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Abstract

Psychological researchers may be interested in demonstrating that sets of scores are equiv-
alent, as opposed to different. If this is true, use of equivalence analyses (equivalence and
non-inferiority testing) are appropriate. However, the use of such tests has been found to
be inconsistent and incorrect in other research fields (Lange and Freitag 2005). This study
aimed to review the use of equivalence analyses in the psychological literature to iden-
tify issues in the selection, application, and execution of these tests. To achieve this a sys-
tematic search through several databases was conducted to identify psychological research
from 1999 to the 2020 that utilized equivalence analyses. Test selection, choice of equiva-
lence margin, equivalence margin justification and motivation, and data assessment prac-
tices for 122 studies were examined. The findings indicate wide variability in the reporting
of equivalence analyses. Results suggest there is a lack of agreement amongst researchers
as to what constitutes a meaningless difference. Additionally, explications of this mean-
inglessness (i.e., justifications of equivalence margins) are often vague, inconsistent, or
inappropriate. This scoping review indicates that the proficiency of use of these statistical
approaches is low in psychology. Authors should be motivated to explicate all aspects of
their selected equivalence analysis and demonstrate careful consideration has been afforded
to the equivalence margin specification with a clear justification. Additionally, there is also
a burden of responsibility on journals and reviewers to identify sub-par reporting hab-
its and request refinement in the communication of statistical protocols in peer-reviewed
research.
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1 Introduction

Increasingly, psychological researchers are faced with questions such as whether or not a
new therapy is just as good, or no worse than, a pre-existing therapy (Rogers et al. 1993).
However, traditional statistical analyses (based on the classical Fisher—-Neyman—Pearson
paradigm) are predicated on the assumption that two groups may be different, with a null
hypothesis representing no difference or no effect. Such tests, referred to as superiority test-
ing, could not provide answers to questions regarding whether or not groups are the same
as these statistical predictions would map onto the null hypothesis and the latter can only
be rejected. Rather, such research questions require procedures grouped under the rubric of
equivalence analysis (Schuirmann 1987). Equivalence analyses provide specialised proce-
dures that enable researchers to test if groups of scores come from the same population—
the logic of which runs opposite to the foundations of superiority testing. Furthermore,
equivalence analyses necessitate several critical judgments, such as the specification of
an equivalence margin that are absent in superiority testing paradigms. However, existing
systematic reviews in other disciplines suggest that researchers using equivalence analy-
ses are inconsistent in the selection, execution, and reporting of such analyses. Further,
these reviews indicate researchers frequently fail to follow recommendations from educa-
tional material, which is often inconsistent or vague in or of itself (Althunian et al. 2017;
Lange and Freitag 2005; Rehal et al. 2016; Wangge et al. 2010). Additionally, many exist-
ing reviews are situated within medical research fields (Althunian et al. 2017; Lange and
Freitag 2005; Rehal et al. 2016; Wangge et al. 2010). This is problematic because issues
faced in medical research fields are not necessarily relevant to psychological research. For
example, in many medical fields, stipulation of the equivalence margin, the range within
which confidence intervals are seen to demonstrate equivalence (further explanation to fol-
low), may be strongly determined by external factors, such as the Food & Drug Adminis-
tration (e.g., FDA 1992). By contrast, no such governance exists within psychology, and
researchers stipulate their margins independently. Therefore, findings and recommenda-
tions regarding the reporting conventions of medical researchers may not be relevant to
psychological researchers. Accordingly, the present paper reports a scoping review into the
selection, application, and execution of equivalence analyses (i.e., equivalence tests and
non-inferiority tests) in psychological research.

1.1 Existing reviews

Reviews examining the use of equivalence analyses have focussed heavily upon aspects
of the statistical design that are relevant for establishing equivalence. For example, Lange
and Freitag (2005) reviewed equivalence analyses in medical research. Their findings
focus upon quantification of the equivalence margins, justifications for such margins, and
the sample selection (i.e., intent-to-treat versus per-protocol). Their review found that the
selection, application, and reporting of such analyses is largely inconsistent and heteroge-
nous (Lange and Freitag 2005). However, since this review was published the medical field
has seen the establishment of guidelines and recommendations for conducting equivalence
trials (Piaggio et al. 2006, 2012). Thusly, it follows that the quality of reporting of equiva-
lence analyses should now have increased considerably.

More recent reviews, for example, by Wangge et al. (2010), Rehal et al. (2016) and
Pong et al. (2021) may provide insight into the use of equivalence analyses following the
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addition of new guidelines (Piaggio et al. 2006, 2012). However, despite the introduction
of refined guidelines, these reviews demonstrated that study design and analyses are still
inconsistent and of poor quality, suggesting that equivalence analyses are still not well
understood (Althunian et al. 2017; Pong et al. 2021; Rehal et al. 2016; Wangge et al. 2010).
Additionally, these reviews did not address psychological research, but rather medical
research. Specifically these reviews tend to examine clinical trials, and outcomes such as
bioequivalence or mortality rates of treatment (Pong et al. 2021). While equivalence analy-
ses are utilised in clinical psychological trials in psychology, such tests are often applied
to a range of non-clinical research questions. For example, Lewis et al. (2009) and Epstein
et al. (2001) conducted equivalence analyses on measurement approaches (e.g., pen-and-
paper versus internet-based measurement). Beringer and Ball (2009) provide an additional
example, where the authors applied equivalence analyses to understanding the interpreta-
tion of in-flight heads-up-displays for pilots during flights. These examples highlight that
the nature of psychological research is extremely varied and taking a narrow approach by
only examining clinical research would not provide an accurate quantification of the extant
literature using equivalence analyses.

Given that medicine research differs heavily from psychological research, and that the
focus of existing reviews has largely centred on clinical trials, the relative utility of these
existing reviews may be limited in psychology. For these reasons, a review of psychologi-
cal literature would allow for the identification of strengths and limitations in the selection,
application, and execution of equivalence analyses in the field. Further, quantification of
these strengths and limitations would allow for the development of targeted guidelines that
would help to increase the quality of such analyses in psychology.

Finally, existing reviews primarily examine a single effect or phenomenon and are less
concerned with a broad mapping of the current state of the extant literature. A scoping
review differs from existing reviews, which are frequently systematic in nature (e.g., Althu-
nian et al. 2017; Lange and Freitag 2005; Pong et al. 2021). Given that psychological liter-
ature varies widely between subdisciplines, and the primary issues to be addressed are not
specific to a subdiscipline or study design (e.g., clinical trials) but rather require synthesis
of broader research factors, a scoping review is appropriate (Arksey and O’Malley 2005).
To this end, this present study presents a scoping review into the selection, execution, and
reporting of equivalence analyses within the psychological literature.

1.2 Equivalence analyses

Equivalence analyses were first developed in areas such as pharmacology (e.g., Schuir-
mann 1987) to address the research question that two treatments (e.g., one being the more
expensive or having more adverse impacts) do not differ in their therapeutic effect. In the
case of non-inferiority analyses, the test responds to the research question that one treat-
ment is not worse than another (Schumi and Wittes 2011). Importantly, while equivalence
and non-inferiority are two separate approaches to two different research questions, the
way in which they are conducted is similar. This is especially true for the establishment of
the equivalence margin. As such, this scoping review will refer to equivalence analyses to
encompass both equivalence tests and non-inferiority tests. See Leichsenring et al. (2018)
for more specific and nuanced descriptions of these tests with contrasts to typical superior-
ity testing.

The application of typical null hypothesis significance testing (NHST) approaches to
research questions that are primarily concerned with equivalence (or non-inferiority) of
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scores is erroneous, because research questions of equivalence would assert the null
hypothesis, resulting in unfalsifiable predictions. From statistical and logical perspectives,
one cannot establish equivalence with non-significant superiority tests (Rogers et al. 1993;
Schuirmann 1987). A failure to reject the null hypothesis in superiority testing would
only allow a researcher to argue that the groups of interest were not different or that the
test lacked sufficient statistical power to reject the null (Lakens 2017). A lack of an effect
does not quantify equivalence because superiority testing does not establish criteria with
which to define meaningless differences. By contrast, when employing equivalence analy-
ses researchers construct a set of falsifiable hypotheses that together provide evidence of
equivalence, rather than no evidence of superiority (Lakens 2017; Rogers et al. 1993).
Generally, equivalence analyses have been applied to a range of research areas including
medicine, communications, and physiotherapy. One of the more recent applications of such
analyses has been to psychology.

1.3 Equivalence analyses in psychology

Examples of research where demonstration of equivalence is the primary goal are plentiful
within psychological research. For example, the aim may be to demonstrate that a shorter,
more intense cognitive-behavioural therapy (CBT) protocol is equally efficacious as a
standard CBT protocol offered to individuals with depression. The researcher’s question
is whether the outcomes of the intense, treatment protocol are equal to the current gold-
standard approach (or in the case of non-inferiority testing, that the outcomes of the intense
treatment protocol are not worse than the current gold-standard). Importantly, equivalence
analyses involve several key deviations from superiority testing that researchers must be
familiar with if they are to appropriately apply these paradigms. One primary considera-
tion to be made concerns the null and alternative hypotheses relevant to equivalence analy-
ses. In traditional superiority testing with two independent samples, the null hypothesis
posits that the two samples’ scores arise from the same population and any differences
in observed means are due to random error: that is, the population means of the samples
are the same. The alternative hypothesis posits the inverse. In equivalence analyses, these
hypotheses are reversed. The null hypothesis posits that the samples are not from the same
population (i.e., not equivalent). Importantly, this ensures that a falsifiable prediction can
be generated and enables logically correct evidence to be drawn from the tests to demon-
strate an effect. Finally, like superiority testing, equivalence analyses can be used to inves-
tigate several statistics. One familiar approach to psychological researchers would be the
comparison of two independent group means. However, equivalence analyses can also be
applied to investigate the equivalence of dependent (within-subject) group means, correla-
tion coefficients, and meta-analyses (Lakens 2017). Equally, the mechanisms that underlie
these analyses involve the specification of the equivalence margin, a unique challenge of
equivalence analyses procedures.

1.4 Equivalence margin

In practical terms, equivalence analyses also need to account for random chance; even
when observed samples do arise from the same population, the means may differ only
because of random variation. The equivalence margin (common nomenclature includes
equivalence interval, equivalence bounds, and margin of equivalence) is an important com-
ponent of such analyses that addresses this issue. This margin represents an area within
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which the means of two sets of scores can be different yet still be considered equal (Rog-
ers et al. 1993). An example for visualisation of such an analysis is presented in Fig. 1. As
can be seen, conducting an equivalence analysis is akin to constructing a confidence inter-
val around the mean difference of two sets of scores. If the confidence interval is entirely
encapsulated within the equivalence margin, it can be said that these sets of scores are
equivalent (Lakens 2017). As seen in other frequentist inferential statistics, researchers can
use the p values of the Two One-Sided Test (TOST) procedure to examine equivalence
of the groups. The TOST procedure will involve two simultaneous tests, one of the upper
portion of the margin and one of the lower portion of the margin. As such, there are two p
values to consider; if both values are below the nominal alpha (typically equal to 0.05) then
one can infer that the groups are equivalent. However, if just one of the p values is above
the nominal alpha (e.g., exceeds 0.05) one can infer that the groups are non-equivalent. In
Fig. 1, both tests are statistically significant at an alpha of 0.05, visually this is represented
as the mean difference (black square) being entirely encapsulated by the equivalence mar-
gin (vertical dashed lines at 2, — 2 on the x-axis).

Careful consideration should be afforded to the equivalence margin because an incor-
rectly specified margin results in a meaningless equivalence test. In order to maintain Type
I error rate (i.e., a false positive, demonstrating equivalence of groups despite the popula-
tion-level effect being non-equivalent) at a desired level, the margin must be set a priori
rather than after having seen the data (Schuirmann 1987). If the margin is established post-
hoc, it would be difficult to ensure that no biases have confounded the appropriateness of
the equivalence margin (Rogers et al. 1993). Further, the margin needs to be sufficiently
specific to reflect true meaninglessness.

Two One-sided Test 90% Confidence Interval [-0.88;0.913]

[ I I
-2 -1 0 1 2
Mean Difference

Fig.1 Example Visualisation of an Equivalence Analysis, Specifically the Two One-sided Test Procedure.
Note. Vertical dashed lines indicate the equivalence margin. The vertical perforated line indicates a mean
difference equal to 0. The square in the centre indicates the mean difference between two groups. The hori-
zontal black line indicates a 90% Confidence Interval around the mean
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The quantification of meaninglessness is a critical aspect of equivalence analyses. Mar-
gin specification involves balancing several aspects of research including study feasibility
limitations (e.g., recruitment resources). However, these practical considerations are not as
important in the conduction of equivalence analyses as the theoretical issues researchers
face in quantifying meaninglessness. Consequently, more practical issues should not be the
primary motivator for specifying an equivalence margin, and it is the theoretical issues that
should be considered more carefully. In psychology it is unlikely that clear, explicit, and
direct information is available from theoretical perspectives that quantify meaninglessness.
Psychological researchers face a unique challenge in that, in the face of ambiguity sur-
rounding theoretical quantifications, they are tasked with establishing the margin indepen-
dently and without clear guidance. Indeed, research suggests the use of effect size bench-
marks (e.g., d=0.3) in the absence of clear directives for theoretical meaninglessness may
be appropriate (Lakens 2017). However, it is unclear if these benchmarks are appropriate
for psychological research. For example, the use of effect size benchmarks is still arbitrary
(Cohen 1988). Additionally, together with issues associated with quantifying meaningless-
ness, the equivalence margin must have an appropriate width such that study feasibility
(e.g., the need to gather an exorbitantly large sample) does not prohibit study completion
(Cribbie et al. 2004; Lange and Freitag 2005; Walker and Nowacki 2011). If the equiva-
lence margin is too narrow, it may be impossible to demonstrate equivalence of scores even
when the sets of scores are drawn from the same population (without collecting data from
the whole population). Conversely, if the equivalence margin is too wide the differences
within the margin would not accurately reflect practical or theoretical meaninglessness
(Walker and Nowacki 2011).

These issues suggest that establishing the margin requires significant deliberation. In
some instances, margin specification may draw upon several resources, including but not
limited to, expert researcher or clinician consultation, existing literature, and pilot data
(Lange and Freitag 2005). However, this may not always be possible (e.g., if there are no
resources to draw upon), and instead, researchers may establish their margin based only on
their perception of a meaningless difference between the sets of scores. In medical research
external factors commonly govern the equivalence (or non-inferiority) margin. For exam-
ple, the U.S Food and Drug Administration (FDA) recommends establishing a margin at
20% of the reference group mean for drug trials in areas such as pharmacokinetics (FDA
1992). No such governance exists in psychological research. In the absence of externally
stipulated standards (e.g., what the FDA specifies as an appropriate equivalence margin),
psychological researchers rely much more on researchers approximating meaningless.
In psychology, the margin is intrinsically related to cognition and behaviour, and meas-
urement of such phenomena involve considerable error relative to areas from which this
statistical approach originated (e.g., cell metabolization, a construct measured with high
accuracy; Alavijeh et al. 2005). Consequently, psychological researchers must establish a
margin that is sufficiently narrow to ensure equivalence of groups is meaningful, while
balancing the unduly effects of poorer measurement tools (relative to other research areas,
such as pharmacology). Because of this, establishing a margin that truly reflects meaning-
lessness is not a trivial process; however, given the relative recency of equivalence analyses
in psychological literature, a strong set of discipline specific norms regarding margin stipu-
lation is unlikely to have developed.

Additionally, to communicate that the specified margin reflects meaningless, authors
should provide a justification for the specification of such a margin (Althunian et al. 2017;
Lange and Freitag 2005; Rehal et al. 2016); however, as is evidenced by previous reviews,
justifications for margins are often vague, inconsistent, or missing entirely (Althunian et al.
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2017; Lange and Freitag 2005; Rehal et al. 2016). This results in an equivalence analysis
that is difficult to interpret and severely limits the generalisability of inferences drawn from
such tests (Cribbie et al. 2004; Lange and Freitag 2005). Further, researchers should be
aware of any data related complications (e.g., assumption violations) that may affect the
validity of their statistical inferences.

1.5 Assumption checking and outlier management

Similar to other tests from the general linear model, specific equivalence analyses are sub-
ject to a set of assumptions (Schuirmann 1987). A failure to meet the assumptions associ-
ated with a test may result in biased coefficients leading to an increase in Type I error rate
or reduced statistical power (Glass et al. 1972; Srivastava 1959), because certain analy-
ses assume that sample(s) and population(s) meet specific criteria regarding their struc-
ture (Nimon 2012). Despite the demonstrated need to verify that certain assumptions are at
least not violated too severely, Hoekstra et al. (2012) suggested that researchers are misin-
formed with respects to the relevant assumptions of popular tests (e.g., ¢ tests) and how to
check these assumptions. Given the relative infancy of equivalence analyses in psychology,
and that typical statistical training does not address equivalence and non-inferiority tests,
it is unclear how familiar researchers are with assumptions relevant to this novel approach.

In the case of the TOST procedure for example, a set of assumptions exist that should
be met prior to conducting and interpreting the test results. It is assumed that the data is
normally distributed, the variance across groups is homogenous in nature and the sample
size is relatively large (at least 30 observations; Schuirmann 1987; Witte and Witte 2017).
Additionally, tests such as the TOST procedure are often subject to the effects of outli-
ers (i.e., extremely influential scores; Bakker and Wicherts 2014). Statistical outliers may
bias or distort otherwise accurate statistical models, and it is generally accepted that outlier
detection techniques be used prior to conducting the chosen analysis (Bakker and Wicherts
2014; Smiti 2020). Despite the availability of information surrounding assumptions and the
effects of outliers, the predominant educational material neglects aspects of these issues,
or entirely neglects the topic (Lakens 2017; Lakens et al. 2018; Leichsenring et al. 2018;
Rogers et al. 1993). Additionally, existing reviews on the use of equivalence analyses in
other research areas have neglected assumption checking and outlier identification pro-
tocols reported in studies (Althunian et al. 2017; Lange and Freitag 2005; Wangge et al.
2010). Given these factors may bias statistical tests, this present scoping review aims to
quantify the extent and nature of reporting on assumption checking and outlier identifica-
tion processes in psychological research using equivalence analyses. Another specific issue
researchers face with equivalence analyses in clinical trials is sample selection.

1.6 Selecting the analysis samples

One specific issue clinical trials face using equivalence analyses is sample selection for
analysis—intention-to-treat (ITT) versus per-protocol (PP). This issue has been debated for
several years in medical research fields because clinical trials form a large basis of the
research in medicine (Piaggio et al. 2006, 2012). Given this, it is reasonable to expect psy-
chological researchers to first turn to the recommendations and regulations established in
fields such as pharmacodynamics and bioequivalence trials when selecting their analyti-
cal sample. For superiority testing, the ITT sample (participants analysed based on their
treatment allocation, regardless of treatment adherence) is generally preferable. The ITT
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sample is believed to underestimate the true effect of a treatment in a superiority setting,
and therefore it reduces the risk of committing a Type I error (i.e., falsely finding a dif-
ference between two measures of an outcome variable; D’Agostino et al. 2003). In such
an instance, the treatment effect is underestimated because all individuals involved in a
treatment arm are involved in the final analysis, and non-adherent, or less adherent partici-
pants diminish the efficacy of the treatment (Ggtzsche 2006). As a result, the ITT sample
will tend to demonstrate reduced or no differences in treatment arms, thereby assisting to
safeguard against false positives in superiority settings. This poses an issue in equivalence
(or non-inferiority) designs, because ITT samples would tend to lead to the desirable out-
come (diminished differences in treatment arms; Ggtzsche 2006; Gupta 2011). Contrast-
ingly, the PP sample (i.e., only participants who are adherent to treatment are included in
the final analysis), in a superiority setting is believed to reflect more accurately the differ-
ences between two treatment arms. As only treatment-adherent individuals are retained in
the final analysis, the PP sample is believed to provide a more accurate estimate of the true
treatment effect. Both the I'TT and PP samples offer estimates of different treatment effects,
and for equivalence analyses, sample selection has been debated several times (Ggtzsche
2006; Matsuyama 2010; Piaggio et al. 2006, 2012).

More recently, recommendations from existing literature have encouraged reporting of
both the ITT and PP samples (Piaggio et al. 2006, 2012). This is recommended because
the ITT and PP samples provide different information that can be relevant to the research
question being investigated. ITT samples will tend to provide an estimate of the overall
treatment effect (e.g., CBT intervention). This occurs because not all individuals from the
population will undertake the treatment for its full course, as prescribed. Contrastingly,
a PP sample tends to provide an estimate of the overall effect for a full course of treat-
ment, as prescribed (e.g., the effect of “perfect” treatment adherence). While the informa-
tion gathered is different, both aid in comparing the relative efficacy of treatment and as
such, analyses on both the ITT and PP samples should be reported (Piaggio et al. 2012).
Although there are benefits to reporting on both samples, existing literature reviews show
that authors tend to reject the guidelines available and frequently only report analyses of
one sample (Kay 2014; Lange & Freitag 2005; Le Henanff et al. 2006). Given the discrep-
ancies between existing guidelines and issues in reporting the ITT versus the PP analysis
samples in the medical literature, this present scoping review aims to quantify the sample
selection and reporting processes for clinical trials in psychological research where sample
selection is relevant.

1.7 Aims of the present review

In sum, existing reviews of the use of equivalence analyses demonstrate inconsistencies in
the selection, application, and execution of such tests. However, these reviews have limited
application to psychological literature because psychology has been largely overlooked. As
an extension of this, the recommendations laid forth by existing reviews may have limited
utility for psychological researchers looking to implement equivalence analyses. If psychol-
ogy as a science is to develop, particularly with respects to the use of equivalence analyses,
the literature needs to be examined for inconsistencies so that issues may be addressed. To
this end, these inconsistencies may provide a clear direction for future research that will
lead to increased proficiency in the use of equivalence analyses.

Given the current state of the literature, the present study presents the findings of a
scoping review into the use of equivalence analyses in psychological research. This review
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aims to ascertain several key characteristics of the literature. Given that equivalence anal-
yses depend on the selection of a statistical model for determining equivalence (or non-
inferiority), and on the specification of an equivalence margin, the first and second aims of
this review are to quantify the most used tests of equivalence and the most reported equiva-
lence margins, respectively. Further, given the importance of the equivalence margin, the
third aim is to quantify the extent to which researchers describe and justify their equiva-
lence margin specification process. The final aim of this review focuses on the reporting
of assumptions, outlier identification and management and trial-specific sample selection.
Given that inferences based upon equivalence analyses are subject to bias due to data-
related issues, this present review aims to quantify the extent to which assumptions and
outliers checking are reported. Additionally, for clinical trials, this present review aims to
quantify the nature of sample selection.

2 Method
2.1 Transparency and openness

This review follows the reporting guidelines presented in the Preferred Reporting Items for
Systematic and Meta-analyses Protocols Extension for Scoping Reviews (PRISMA; Tricco
et al. 2018). Additionally, this review follows the recommendations for conduction and
reporting of scoping reviews as advocated by Arksey and O’Malley (2005). Further to this,
how the data was identified, evaluated for inclusion in the review and charted are made
explicit. The charted data and associated notes are available at https://osf.io/v7j5z/?view_
only=8de42816bea64215b45003922de8922.

2.2 Eligibility criteria

This review included only peer-reviewed journal articles published between 1999 and
2021 that conducted an equivalence analysis as a component of the statistical protocol.
The timeframe was expected to yield sufficiently representative results. The articles had to
conduct an equivalence analysis to answer a research question primarily concerned with
psychological phenomena. This is to say that the included studies investigated mind and/or
behaviour. The search strategy was restricted to include papers only published in English.
Articles that did not meet the above inclusion criteria were excluded as they were deemed
irrelevant or out of the scope of the review.

2.3 Literature search strategy

The literature search was conducted primarily by one member of the research team. The
literature search was limited to the databases Embase, PsycINFO, PubMed and, Scopus.
Grey literature was retrieved in two ways: (1) manual searches completed with the Griffith
University database and Google Scholar and (2) reference scanning of all articles included
in the full-text review. The search strategy began by constructing a comprehensive search
string and conducting a search in each of the databases. After narrowing the initial body of
studies from 11,260 to 101 for full-text review (via title and abstract, and keyword scan-
ning), two manual searches were completed in the Griffith University database and Google
Scholar. Following this, the reference list of each article included in the full-text review
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was scanned for any relevant studies. The function of the manual searches and reference
list scanning was to identify and gather any articles missed by the initial searches that may
have been relevant to the review. The manual searches in conjunction with the reference
list scanning facilitated the identification of an additional 12 relevant papers. Approxi-
mately 12 months from the initial search for this review, a second follow-up search was
conducted to ensure papers published since the first search were considered for inclusion
in this review. This process involved repeating the database searches above (however, there
was no follow-up manual searches or reference list scanning). This resulted in an additional
nine papers being identified. As a result, this present review found a total of 122 papers that
met all inclusion criteria. See Fig. 2 for an overview of the literature search and screening
process.

To ensure that the papers omitted and included for this review were appropriate an inter-
rater reliability task was completed. This process involved randomly sampling 20 papers
that were omitted from full-text review and 20 papers that were included in the full-text
review. Another member of the research team reviewed each paper and decided to omit or
retain the paper from the review. When comparing the two raters’ judgments, there were no
discrepancies as to the omission or retention of papers, with 100% agreement across all 40
articles.

2.4 Search string

The search string for this review had three components. First, it included variations of the
term “equivalence analysis”, to capture the various ways in which equivalence analyses
can be described. Second, the search string included variations of the term “non-inferiority
analysis”. Finally, the search string included a Boolean function to eliminate two research

[

((ncludea ]

of studies via

and registers

Identification of studies via other methods

Final count of studies included in
review (n = 122)

Records identified from: o
: et amonsssome | | o tasom=1) | | Mt e 2
ki Studies identified from: screening: Grey literature search (n = 6)
g Databases (n = 11,260) Duplicate records
= removed (n = 1,259)
H
=
— l Reports excluded:
Studies scre_e;\gdo ;i‘Ia title scan Records extih;d;11  , f:;i‘s’:?:é::; s::i;ted
(n=10,001) (n=9211) as published article
l was located (n = 5)
Studies screened via abstract Reports excluded
. scan (n = 790) (n=576)
£ Studies retained for full text-
s l review (n = 12)
S
@
Studies retained for full-text Reports excluded:
review (n =21 Study duplicates
removed (n = 42)
Studies that do not
meet inclusion criteria
for review (n = 71)
Studies included from initial
database search (n = 101)

Fig.2 CONSORT diagram of the literature search and screening process
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areas (i.e., pharmacokinetics and pharmacodynamics). These research fields are populated
by equivalence analyses to a far greater degree than almost any other field in that the use of
bioequivalence trials and equivalence analyses are pertinent to many research questions in
these fields. Retaining these fields, the search resulted in an almost insurmountable num-
ber of papers that would have been infeasible to scan. Further, scans suggested that these
fields rarely involved any psychological phenomena as primary outcomes, so including
these fields served little function in completing the present review. Titles, abstracts, and
keywords were screened using the following search string:

Equivalen* test*" OR "equivalen* analy*" OR "equivalen* trial*" OR "non-inferior-
ity analy*" OR "non-inferiority test*" OR "noninferiority analy*" OR "noninferiority
test*" OR "non-inferiority trial*" OR "noninferiority trial*" NOT "pharmacokinet*"
OR "pharmacodynam*"

2.5 Data charting process and data items and synthesis of results

The data charting process for this review involved constructing a large table that housed
key information required to answer the research questions presented above. This table was
constructed in Microsoft Word and can be found in the supplementary material.

Results were synthesized with narrative form and tables. Narrative form involved
extracting the main themes relevant to answering the research questions and connecting
these major themes across the body of literature. Creation and population of the table
allowed for each datapoint to be tracked, facilitating the synthesized analysis. The charting
process and data analysis was primarily conducted by one member of the research team.

3 Results

Refer to the supplementary material for the charted raw data analysed in this scop-
ing review (available at https://osf.io/v7j5z/?view_only=8de42816bea64215b4500392f
2de892).

3.1 Selection of the equivalence analysis

The first aim of this review was to ascertain the tests frequently used to specify equiva-
lence. Broadly, there are two categories that capture almost all specified tests in this scop-
ing review (1) equivalence tests and (2) non-inferiority tests. There exists a third category
that encapsulates all other approaches, accounting for only a very small subset of papers in
this review.

3.1.1 Equivalence testing

Of the 122 papers examined, 42 utilized equivalence testing in their analysis. The most
popular approach in this review was Schuirmann’s (1987) TOST procedure, with 15 papers
specifying this approach. The use of inferential confidence intervals as detailed by Westlake
(1972) and Rogers et al. (1993), were the next most utilized approaches. These approaches
involve specification of the Cls, with 13 papers using 90% CIs and 10 papers using 95%
CIs. A further three papers utilized Wellek’s critical constant approach (Fals-Stewart et al.
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2005; Fals-Stewart and Lam 2008; Schmitz et al. 2001). And finally, a single paper used
Wellek’s goodness-of-fit approach to assess the equivalence of modelling (Gagnon et al.
2016).

3.1.2 Non-inferiority testing

Of the 122 papers examined, 76 used non-inferiority testing and inferential confidence
intervals comprise the majority of tests in some form. The most common was the use of a
one-sided 95% CI, with 33 papers using this approach. A further 25 papers reported the use
of a two-sided 95% CI approach. The remaining tests appear at reduced frequencies, with
two papers reporting the use of a one-sided 90% CI approach and five papers reporting the
use of a two-sided 90% CI approach. A further three papers reported the use of a one-sided
97.5% CI, and a single paper reported the use of a one-sided 98.75% CI approach. Con-
versely, there are several papers that fail to adequately report the test specified: in 7 papers
authors reported only parts of the tests utilized. For example, Dirkse et al. (2020) reported
the use of a non-inferiority test but did not report the CI for the approach. This lack of
information varies, with some papers failing to report on the selected CIs, the direction of
their test (one- or two-sided), and at times failing to specify a statistical test at all.

3.1.3 Other approaches

Of the remaining five papers identified in this review, there were various approaches used.
Beck et al. (2018) reported the use of an ANCOVA to test for non-inferiority. It is unclear
how specifically the ANCOVA was used as a test of non-inferiority. de Zwaan et al. (2012)
reported the use of a two-sample #-test to test for equivalence. Finally, two papers did not
state their selected equivalence analysis (Mathiasen et al. 2016; Romijn et al. 2015).

3.2 Selection of the equivalence margin

The second aim of this review was to quantify the most frequently specified equivalence
margins. To achieve this aim, margins were categorized by units of expression: percent-
ages/proportions, raw scale scores, standard deviations, and effect sizes. Below is the pres-
entation of such findings and reporting on the most specified equivalence margins (refer to
Fig. 3).

Of the 122 papers reviewed, 32 expressed their margin in proportions or percentages of
the mean. This occurred to various degrees; however, the most popular approach was the
use of 20% of the reference group mean, with 12 authors using this approach. A further
eight papers specified a margin equal to 15% of the reference group mean. Three papers
used 10% of the reference group mean. Two papers used 25% of the reference group mean,
and two papers used 5% of the reference group mean. The remaining three papers used pro-
portions equal to 50%, 17.85% and 15.95% (grose Deters et al. 2014; Hofmann et al. 2015;
Malinvaud et al. 2016).

Sixty papers expressed the equivalence margin in raw scale scores. This category
houses the largest number of papers reviewed in the present study and is also the most vari-
able in nature, in that no discernible patterns could be identified by standardizing the raw
scales scores presented. Compounding this issue was the identification of instances where
papers from specific sub-disciplines reported different equivalence margins for the same
constructs and outcome variables (e.g., Driessen et al. 2017; Ly et al. 2015). This issue also
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Fig. 3 Frequency of unit of expression for the equivalence margin

exists amongst papers that examined the same constructs in the same population (e.g., Aci-
erno et al. 2017; Mathersul et al. 2019).

Thirteen papers expressed the equivalence margin in standard deviations. Ten papers
used half a standard deviation (i.e., 0.5SD) and the remaining three papers used various
levels. Gagnon et al. (2016) reported an equivalence margin equal to a standard devia-
tion of 1, Ball et al. (2013) utilised one-third, two-thirds and a full standard deviation (and
interpret their analyses with all 3 specifications), and Norton and Barrera (2012) express
their margin using 0.6 of a standard deviation. There was little consistency between papers
with respects to the standard deviation selection. For example, Gagnon et al. (2016) used
the standard deviation estimate from a population (the authors had access to this data
before conducting the study). However, Liu et al. (2019) used half of the pooled standard
deviation between the examined groups. Finally, Gross et al. (2019) do not explicate which
standard deviation is used (e.g., it is unclear if the margin is based on the standard devia-
tion of the reference/treatment group, or if it was the pooled standard deviation from both
groups). In many cases, authors do not distinguish what standard deviation is used, and this
reduces clarity regarding margin specification.

Twenty-two papers expressed the equivalence margin in effect size. Nine papers used
an effect equal to Cohen’s d=0.3 (e.g., — 0.3 to+0.3 representing the equivalence margin;
Charig et al. 2020; Forand et al. 2019; Goldstein et al. 2020). Seven papers reported a mar-
gin equal to d=0.2 and five papers used d=0.5 (e.g., Dunn et al. 2019; Romijn et al. 2015;
Sloan et al. 2018). Yeung et al. (2018) utilized a margin equal to d=0.8 and d=0.4. Three
papers specified their margin with epsilon (g), however it was not made clear what unit of
expression this was (Fals-Stewart et al. 2005; Fals-Stewart and Lam 2008; Gagnon et al.
2016). Lastly, two papers used Hedge’s g=0.4 (Hedman et al. 2011, 2014).

3.3 Description and justifications for the equivalence margins

The third aim of this present study was to assess the extent to which researchers justified
their equivalence margin specification. To analyse this aspect of the data, four categories
were defined to aid in understanding these justification (see Table 1). Level of specificity
and clarity were the main factors for determining an appropriately comprehensive justifica-
tion. The four groups represent varying degrees of these factors. Papers in the first category
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provide highly specific, clear descriptions and justifications of the equivalence margin.
Each subsequent group does this to a lesser extent, reducing specificity and clarity. The last
group presented in Table 1 houses papers that provide little to no information regarding the
margin, in some cases, the margin itself was not even stated.

3.4 Assumption checking and outlier management

The fourth aim of this present review was to examine the extent to which researchers
reported on assumption checking, assumption violations and outlier identification and
management. Of the 122 papers reviewed, 104 made no comments regarding the assump-
tions associated with their selected statistical approach or the presence or absence of outli-
ers. Of the remaining 18 papers, 16 make comments surrounding assumption checking,
outlier identification and management, or a combination of both. However, these com-
ments are often vague, frequently addressing only one or two issues, and ignoring or dis-
regarding others. Additionally, these comments are not made directly to the equivalence
analysis and these issues are reported in a general manner (e.g., Alfano 2012; Beukes et al.
2018). The remaining two papers make specific comments about assumptions and/or out-
liers as directly related to the equivalence analysis. First, de Zwaan et al. (2012) makes
a direct comment about utilising Welch’s correction considering an assumption violation
concerning homogenous variance between groups. Second, (Bauer et al. 2020) makes spe-
cific comments regarding violations to normality assumptions and the presence of outliers,
and how these issues are handled during data analysis. These two papers (i.e., Bauer et al.
2020; de Zwaan et al. 2012) are an exception in a body of literature that largely ignores
such issues when reporting analyses.

3.5 Selecting the analysis samples

The final aim of this present scoping review was to determine the extent and nature of
sample selection in clinical trials. To begin, 69 clinical trials were identified in this review,
44 of which reported the use of the ITT sample. An additional 11 papers reported the use
of only the PP sample and in the remaining 14 trials, the authors report conducting anal-
yses on both the ITT and PP samples. However, not all 14 trials report on the analyses
of the ITT and PP samples clearly, and frequently only one analysis is presented. When
this occurs, it is not always the case that the authors justify reporting on only one analysis
despite having two samples. When authors do provide a justification, the reasoning centres
on the outcomes of the two analyses being equal or non-different, and as such, reporting on
both samples is not required.

4 Discussion

In the present review, 122 psychology research papers using equivalence analyses, pub-
lished between 1999 and 2020 were examined. The findings indicate that the use of equiv-
alence analyses is highly inconsistent both across the literature and within specific sub-
disciplines. These results indicate that definitions of meaningless vary greatly between
researchers—additionally, the descriptions associated with how researchers determine what
is a meaningless difference (i.e., justifications for margin specification) are often vague and
lack enough information to adequately describe the specification process and describe the
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meaninglessness within the equivalence margin. Finally, the papers reviewed indicate that
data complications are an underreported and potentially under-examined component of
statistical analyses. Taken together the findings have implications for drawing appropriate
inferences from specific tests and threatens the generalisability of analyses in much of the
existing literature.

4.1 Selection of the equivalence analysis

The first aim of this review was to quantify the most used tests of equivalence (and non-
inferiority). This first finding relevant to this research aim is that a substantial proportion of
the literature favoured non-inferiority testing. This may be linked to the popularity of the
approach in medical and bioequivalence fields, and thus its popularity in psychology may
be jointly linked to the availability of applicable educational material and the popularity of
non-inferiority testing in other research fields. Additionally, non-inferiority testing involves
only specifying the lower half of the equivalence margin because the primary research
question being addressed involves demonstration that the mean of one set of scores is not
worse than the mean from another set of scores. As such, it may be easier to stipulate the
margin and justify its specification when the goal is not just to demonstrate that the scores
are equivalent, but also that one mean is not much lower than another mean.

The selected test was inadequately or inappropriately described in only six papers of the
122 reviewed. Of these six, only two papers explicitly used superiority testing to examine
equivalence of scores (Blom et al. 2015; de Zwaan et al. 2012). Finding evidence that only
two papers from this review incorrectly applied superiority testing to issues of equivalency
is an indication of increased statistical sophistication within the field and is a largely posi-
tive finding, despite issues.

4.2 Equivalence margin specification

To address the second aim of this review, the most commonly specified equivalence mar-
gins were quantified. The primary finding was that equivalence margin specification was
inconsistent and varied widely across papers. The largest issue with this finding is that these
inconsistencies can be observed across the literature and within specific sub-disciplines,
suggesting little agreement exists regarding the exact nature of meaninglessness. Across
the literature, little to no discernible pattern that emerged from examining the equivalence
margins reported in the studies reviewed. Despite comparing across several studies, this
present review found no evidence of a set of psychology-specific norms with respects to
establishing the equivalence margin. Incongruently, Lange and Freitag (2005) found that
roughly one-third of the articles examined used approximately half a standard deviation,
although authors expressed their margins in various units. No such trend emerged from the
findings in this review. It is possible that, given the relative recency of equivalence analyses
in psychology the field requires more time (and more discussion) regarding what consti-
tutes meaninglessness.

Additionally, inconsistencies are also present from more specific perspectives: Dries-
sen et al. (2017) and Ly et al. (2015) provided clear examples of this. Despite examin-
ing the same phenomena and using the same outcome measure(s), the equivalence mar-
gins specified were not the same. This is not an issue unique to this instance and several
examples exist in the present review. This finding suggests that researchers do not agree
on what represents meaninglessness with respects to equivalence analyses within specific
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sub-disciplines. These inconsistencies may indicate that researchers need to afford more
deliberation to the equivalence margin. Inconsistency in margin specification is not neces-
sarily problematic, particularly considering that the margin may be expressed in various
units (e.g., raw scale units or proportions of mean differences). However, it is imperative
that margin specification is clearly explained and justified so that readers can assess its
appropriateness. More collaboration within specific research areas would possibly enable
a consensus to be reached with respects to an agreed upon meaningless difference. Addi-
tionally, it may benefit the field of psychology research if research were to be conducted
comparing the relative appropriateness of fixed equivalence margins, which is particularly
relevant given more recent educational material suggesting fixed-margins may be appropri-
ate if no existing discussion of meaninglessness is available (Lakens 2017; Meyners 2012).

Currently no formal empirical investigation exists that compares pre-specified equiva-
lence margins such as fixed proportions (e.g., 20% of the reference groups’ mean) or a
fixed effect size (e.g., d=0.3, which is equivocal to a SD of 0.3). In areas such as pharma-
cokinetics the use of pre-specified margins is considered the gold-standard, and due to the
nature of the research, stronger assumptions can be made with respects to the true effect
of interventions (e.g., drugs). However, measurement of psychological variables involves
more measurement error, and consequently, fewer assumptions can be made regarding the
direct effect a manipulation (e.g., intervention) has in the change of scores (Anastasi and
Urbina 1997). Currently it is unclear if pre-specified margins can be applied to research
fields where measurement error is markedly higher than the field in which equivalence
analyses was developed. If pre-specified margins were demonstrably appropriate in psy-
chology, many of the current issues researchers face surrounding margin specification
would be resolved. Given this, a comparison of pre-specified, fixed equivalence margins
may demonstrate that a such pre-specified margins are appropriate for a wide range of
research areas.

4.3 Reported justifications for equivalence margin specification

To achieve the third aim of this scoping review, the extent to which researchers provide
justification for their equivalence margins was investigated. The goal of the justifications
should be to demonstrate that the differences between the groups, within the equivalence
margin, are meaningless (Lakens et al. 2018; Lange and Freitag 2005). This present review
demonstrated that the justifications for the equivalence margins vary widely and fre-
quently lack necessary information. Several studies failed to provide any justification at all,
with just a statement of the equivalence margin. A large proportion of studies provided a
description of only one to three resources accessed when considering an appropriate mar-
gin. These justifications, however, varied greatly in how much detail was afforded to each
resource. In some papers, a list of resources is presented, in other papers, each resource is
afforded some elaboration as to why it was selected and how it was useful in establishing
the margin. The spectrum of information provided is alarming and suggests that no clear
benchmarks exist for researchers to refer to when reporting their analyses. Unfortunately,
we considered that only a handful of papers examined provided a sufficiently elaborative
approach to justifying the equivalence margin. Papers that provided such a justification
are examples of the gold-standard approach, where each resource accessed is listed and
described, and a corresponding argument is given as to how the margin reflects a meaning-
less difference.
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In some instances, it is true that resources with which to base the equivalence margin
upon are non-existent. For researchers implementing equivalence analyses, particularly
outside of clinical psychological research, this may be a frequent issue. Indeed, multiple
resources are not a prerequisite of an appropriate margin, and an equivalence margin can
be specified in the face of zero available resources. However, researchers should provide
an elaborate and transparent justification for their margin and highlight potentially limiting
aspects of the margin specification (e.g., a lack of equivalence analyses in a specific sub-
field, where the true nature of meaninglessness has not been discussed). Linde et al. (2021)
recommended that, if discussions of meaningless are absent from a specific field, a Bayes-
ian approach to equivalence analyses may provide a better estimate of equivalence over the
frequentist approaches discussed in this present scoping review.

Given that the specification of the margin is arbitrary and non-trivial, the information
accessed should be explicated as clearly as possible (Lange and Freitag 2005). In cases
where information is vague or missing it is very difficult for the reader to judge the appro-
priateness of the equivalence test (Cribbie et al. 2004; Lange and Freitag 2005). This poses
a risk to the use of the inferences drawn from such tests. This present review recommends
that papers afford very careful deliberation and explicit reporting to their justifications. The
justification should demonstrate that the researchers considered carefully (1) the available
resources, if any and (2) what true meaninglessness would reflect on the outcome measure
under investigation.

While it may appear that much of the onus is being placed on the authors of papers
to meet these criteria, it is equally the responsibility of journals and reviewers to identify
poorly conducted equivalence analyses and ineffectively justified margins. The peer-review
process is designed to identify aspects of research that need refinement, and this area
should be focused upon in the review process. Papers that do not provide a justification for
the equivalence margin in sufficient detail should be queried further, because the inferences
are not readily useful or helpful in better understanding phenomena.

4.4 Assumption checking and outlier management

The fourth aim of this present review was addressed by quantifying the extent to which
researchers report on the assumptions of their selected tests and outlier management pro-
cesses. Alarmingly, a gross underreporting of information was found concerning such
aspects of analyses. A small proportion of studies reviewed made comments about, for
example, the shape of distributions (e.g., normality); however these comments are fre-
quently not tied directly to the equivalence analysis conducted. That is, these comments
are often discussed in a broad sense, in instances where multiple modelling techniques are
used. Due to the broad nature of these comments, it is unclear whether the assumption
checking and outlier management was applied to all analyses in a paper, or only select
aspects of the analytical plan.

One possible explanation for this underreporting is simply that psychological research-
ers are unfamiliar with data-related issues that may compromise their selected equivalence
analysis. (Hoekstra et al. 2012) demonstrated that psychological researchers are unfamiliar
with relevant assumption checking and outlier management processes for typical superior-
ity tests (e.g., t-tests, linear regression). This is surprising given that these common supe-
riority tests are addressed repeatedly in research methods courses in typical psychology
undergraduate degrees (Hoekstra et al. 2012). A lack of familiarity with typical tests may
suggest that researchers are even less knowledgeable on more novel, less educationally
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integrated, statistical testing such as those required for equivalence analyses. Contrastingly,
researchers are possibly familiar with the assumption checking and outlier management
processes—but believe that the modelling techniques are robust to such issues.

In the case of assumptions, research has demonstrated the robustness of certain superi-
ority techniques with respects to violations (Bathke 2004; Bradley 1980; Kohr and Games
1974). Given that aspects of the standard arsenal of statistical techniques psychological
researchers use is believed to be robust to non-severe assumption violations, the same logic
may have been (incorrectly) extended to equivalence analyses. This is to say that research-
ers assume that equivalence analyses are robust to assumption violations, or that assump-
tion violations bare little on the validity of the inferences of such tests, and therefore do not
check or report on such issues. Additionally, little empirical research exists on the relative
performance of various equivalence analyses under the effect of various data-related issues
(e.g., severe non-normality; Counsell and Cribbie 2015; Kong et al. 2004; Mangardich and
Cribbie 2014; Rusticus and Lovato 2014). Researchers may be motivated to address the
assumptions of their associated test but be unfamiliar as to which issues to address or how
to address them given the limited educational and simulation research on these topics. As
a consequence, researchers may incorrectly assume that their selected equivalence analysis
is robust to all data-issues researchers frequently face, and therefore ignore checking their
data and reporting on their findings. Finally, it may be that researchers are familiar with
the associated assumptions underlying their selected analysis and are aware that such tests
are susceptible to increased error rates when subject to violations of such assumptions but
checking and management processes are omitted from published manuscripts. This may
be because they are deemed unimportant, or at least, less important than other aspects of
the manuscript. If, for example, authors are held to stringent word or page count limits by
their selected journal(s), they may be motivated to omit assumption checking and outlier
management information to meet these standards. If this is true, researchers would be (1)
aware of the assumptions of their associated tests and (2) conducting correct and appropri-
ate checks where relevant and choosing to exclude such information for pragmatic reasons.
Future research may attempt to address these speculations via qualitative interviews where
researchers are tasked with conducting and reporting equivalence analyses. Such an activ-
ity may provide insight into aspects of equivalence analyses that are considered important
to understanding the outcomes of such tests.

4.5 Selecting the analysis sample

This present review achieved its final aim by quantifying the extent and nature of sample
selection in clinical trials. As previously discussed, analyses of ITT samples tend to dimin-
ish treatment effects. As a result, analyses on the ITT samples may bias researchers toward
inferring equivalence of sets of scores incorrectly, and increase the risk of committing a
Type I error (i.e., finding equivalence of samples when the effect in the population is non-
equivalent; D’Agostino et al. 2003). Given this, it is surprising to find in this present scop-
ing review that most clinical trials report on the ITT sample alone. These reporting habits
appear consistent with recommendations for reporting clinical trials for superiority designs,
where ITT is believed to safeguard against Type I errors (Moher et al. 2012). However,
these reporting habits are inconsistent with the literature specially related to equivalence
designs, where the opposite is true (Gupta 2011; Piaggio et al. 2006, 2012). Given the rela-
tive novelty of equivalence designs in psychological literature, researchers may be unaware
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of the key differences in sample selection for such designs, and may default to familiar
sample selection processes, thus using only the ITT sample for analysis.

In the context of existing recommendations for equivalence designs from medical litera-
ture, this present scoping review endorses reporting analyses of both the ITT and PP sam-
ples (Ggtzsche 2006; Le Henanff et al. 2006; Piaggio et al. 2012). In doing so, authors can
demonstrate differences in the efficacy of their treatment arms. The ITT sample analysis
should provide an estimate of the overall treatment effect. This treatment effect is likely to
be consistent with what can be expected for individuals engaged with a treatment, because
barriers to perfect treatment adherence often exist that will manifest with the ITT sample
(Kay 2014; Matsuyama 2010). Contrastingly, the PP sample analysis should provide an
estimate of the true treatment effect. This true treatment effect is likely to reflect “perfect”
treatment adherence, and thus provide slightly different information than what is offered by
only reporting the ITT sample analysis (D’Agostino et al. 2003; Kay 2014).

4.6 Limitations

While the search string used to gather appropriate research articles in this present review
was sufficiently comprehensive such that saturation of information was likely attained, it is
possible that a subsection of the literature was missed. This subsection holds papers that
conducted equivalence analyses but did not include this information in the title, abstract
or keywords of their manuscript. The proportion of the literature that would engage in this
type of reporting is difficult to estimate. However, it can be argued that this present review
was not concerned with papers of this nature, because its primary focus was on research
where a core component of the statistical protocol involved an equivalence analysis. For
this reason, it is reasonable to believe that saturation of information was achieved, and the
potential subsection of research articles missed by this search string would have added lit-
tle to the overall findings presented here. To address this limitation, the search string could
be combined with articles that have cited popular educational material related to equiva-
lence testing (e.g., Lakens 2017; Quertemont 2011; Rogers et al. 1993; Schuirmann 1987).

4.7 Future directions

The findings from this review indicate several directions future research could take. From
the broadest perspective, the reporting habits of researchers is very inconsistent and fre-
quently vague or missing information. To gain insight into the cause of these inconsist-
encies, a qualitative investigation of researchers’ use of equivalence analyses could be
conducted. This could provide insight into decision cues that lead researchers to conduct
such analyses, and the decision-making processes researchers undertake as they navigate
through their analyses (e.g., establish the equivalence margin, assess their data and inter-
pret the tests). This may provide insight into the aspects of equivalence analyses research-
ers struggle with or lack a clear understanding of. Qualitative research with a focus on
a bottom-up approach to understanding these processes may enable the development of
specific, targeted educational material that most readily addresses the issues psychological
researchers face when conducting equivalence analyses.

Another area for future research concerns the equivalence margin. This present study
found evidence that equivalence margins vary widely: This is true for research conducted
within specific sub-disciplines, as well as across sub-disciplines. In non-psychology
research fields the equivalence margin is heavily influenced by external factors such as the
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FDA (FDA 1992). Consequently, research in areas such as pharmacokinetics frequently
use the same margin (e.g., 20% of the reference group mean). However, it is unclear if this
approach could be readily and appropriately adopted in psychology. If the application of a
pre-specified margin could be shown to be appropriate in psychology issues surrounding
margin inconsistencies would be largely resolved. Given this, there is room to select sev-
eral pre-specified margins (e.g., 20% of the reference group mean, half a standard deviation
of the reference group (e.g., SD=0.5) or a prespecified effect size (e.g., d=0.3) and com-
pare the feasibility of these approaches. This is a particularly timely point because more
recent educational materials have suggested the use of pre-specified margins if the specific
research area is lacking existing discussion on meaningless differences that would be used
to inform equivalence margin specification (Lakens 2017).

An additional area for future research focuses upon assumption testing and the effects
of various data related issues (e.g., sample size). Limited research exists with respect
to assumption checking and handling for equivalence analyses. The existing literature
addresses several different issues, however lacks a cohesive base from which clear guide-
lines can be generated (Linde et al. 2021; Mangardich and Cribbie 2014; Rusticus and
Lovato 2014; van Wieringen and Cribbie 2014). As such, one direction for future research
involves investigation of the effects of various data-related issues (e.g., non-normality,
sample size, heterogenous group variance) on the Type I and Il error rates of various equiv-
alence analyses. From a practical perspective, combining the investigation of these fac-
tors with the testing of pre-specified margins (as mentioned above) would provide a cohe-
sive body of simulation research with which to offer some clear guidelines for conducting
equivalence testing for psychology researchers. In conducting simulation research address-
ing these issues cohesively, and in conjunction with existing literature, a set of cohesive,
clear guidelines for assumption checking and management protocols could be derived. An
empirical undertaking of this nature would aid to increase statistical sophistication of psy-
chological research, and researchers would be better able to apply equivalence analyses
correctly.

5 Conclusion

The extant psychological literature using equivalence analyses appears highly inconsist-
ent. The aim of this scoping review was to provide a cohesive mapping of the literature
to identify areas that researchers struggle with when conducting equivalence analyses.
To this end, several critical aspects of equivalence analyses were shown to be poorly
reported, vague or information poor, and several areas for future research were identi-
fied consequently. One area for future research identified involves a qualitative approach
to understanding researchers’ use of equivalence analyses. Another involves simulation
research to address existing gaps within the literature regarding the performance of spe-
cific equivalence (and non-inferiority) tests under various circumstances (e.g., the pres-
ence or absence of various assumption violations). This research has far-reaching impli-
cations and applications within the meta-scientific community, where the primary goals
are to identify areas for improvement in statistical inference for psychological research-
ers and provide guidance to psychological researchers. While the use of equivalence
analyses may initially appear simple (particularly when using tests such as the TOST
procedure), several critical judgements must be made that, if performed incorrectly, may
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jeopardise the validity of the analysis. The findings from this review indicate the likeli-
hood of misapplication or misinterpretation of findings appear high given the issues we
found in the existing literature.
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