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ARTICLE INFO ABSTRACT

Purpose: In the last decade, psychology and other sciences have implemented
numerous reforms to improve the robustness of our research, many of which are
based on increasing transparency throughout the research process. Among these
reforms is the practice of preregistration, in which researchers create a time-
stamped and uneditable document before data collection that describes the
methods of the study, how the data will be analyzed, the sample size, and many
other decisions. The current article highlights the benefits of preregistration with a
focus on the specific issues that speech, language, and hearing researchers are
likely to encounter, and additionally provides a tutorial for writing preregistrations.
Conclusions: Although rates of preregistration have increased dramatically in
recent years, the practice is still relatively uncommon in research on speech,
language, and hearing. Low rates of adoption may be driven by a lack of under-
standing of the benefits of preregistration (either generally or for our discipline
in particular) or uncertainty about how to proceed if it becomes necessary to
deviate from the preregistered plan. Alternatively, researchers may see the ben-
efits of preregistration but not know where to start, and gathering this informa-
tion from a wide variety of sources is arduous and time consuming. This tutorial
addresses each of these potential roadblocks to preregistration and equips
readers with tools to facilitate writing preregistrations for research on speech,
language, and hearing.
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When a researcher accesses an empirical article in
the Journal of Speech, Language, and Hearing Research,
their goal is likely to use it to inform the design of their
own experiments and ensure that their work is well situ-
ated in the literature. A clinician’s goal may be to opti-
mize treatment for a client through rigorous evaluation of
previous work, weighing the costs (e.g., time, effort,
money) and benefits (e.g., improved quality of life for the
client) of particular rehabilitation methods. Whether the
goal is experimentation or rehabilitation, these outcomes
are best achieved when the reader has access to detailed
information about how the study was run. For example, if
an effect only emerges in one of three versions of an
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experiment or only when one of many possible outlier
exclusion criteria was employed, it is important that the
reader is aware of that information so they can better
understand the boundaries of the effect. Thus, as writers,
we can increase the value of our research by reporting it
as thoroughly and transparently as possible.

Despite the benefits of transparency, several barriers
may hamper a researcher’s ability to transparently report
all features of an experiment. As a hypothetical example,
imagine that a researcher analyzes a dataset and finds null
results that do not support their hypothesis. However,
upon further inspection, the researcher notices that several
participants performed especially poorly on the task and
discovers that excluding those participants produces
results that are statistically significant and in line with
their hypothesis. When the researcher writes the manu-
script, they do not mention that the outcome of the study
is contingent on excluding those participants (i.e., they
only describe the second analysis). Although the decision

Journal of Speech, Language, and Hearing Research « 1-10 « Copyright © 2022 American Speech-Language-Hearing Association 1

Downloaded from: https://pubs.asha.org Washington University - School of Medicine on 12/12/2022, Terms of Use: https://pubs.asha.org/pubs/rights and_permissions


https://orcid.org/0000-0001-5310-6499
https://orcid.org/0000-0001-5950-0139
https://doi.org/10.1044/2022_JSLHR-22-00317
https://doi.org/10.23641/asha.21644843

to exclude these participants may be perfectly justified
(e.g., data from participants who fell asleep during the
study are not informative), different researchers might
make different decisions about what is reasonable, and in
only reporting the second analysis, the researcher has
obscured information about the specificity of the findings.

If the analysis that produced null results was the
one the researcher had originally planned to conduct, why
might they have omitted it from the manuscript? One pos-
sibility is that they simply forgot. That is, sufficient time
may have passed between when the researcher ran the
analyses and when they wrote the paper that they did not
remember they had run the analysis both ways. Alterna-
tively or in addition, the choice to only report the second
analysis may be influenced by human biases in decision
making such as confirmation bias (i.e., seeking out or
interpreting information in ways that are consistent with
our expectations; Nickerson, 1998). The incentive struc-
ture of academia may also deter the researcher from
wholly transparent reporting: Statistically significant find-
ings with unambiguous conclusions are most likely to get
published (i.e., publication bias; Rosenthal, 1979), and
success in academia depends on the individual’s publica-
tion record. The researcher may therefore omit the first
analysis from the manuscript to tell an uncomplicated
story. Regardless of which of these factors were at play,
readers lost access to information about the research
because the results were reported selectively.

Given the barriers to transparency, what can speech,
language, and hearing researchers do to facilitate transpar-
ent reporting and therefore ensure that our findings are
maximally useful to the consumers of our work? One
method of increasing research transparency is preregistra-
tion, whereby a researcher creates a time-stamped and
uneditable document specifying their design and analysis
plan before the study is run (Nosek et al., 2018). Not only
does this provide researchers with a mechanism to docu-
ment these decisions before they are forgotten, but it also
reduces the potential for cognitive biases to influence deci-
sion making. If the exclusion criteria, analysis plan, and
other research decisions are made before the results are
known, it removes the possibility of study outcomes
influencing those choices.

Despite the benefits of preregistration (e.g., Nosek
et al., 2018; Sarafoglou et al., 2022) and its widespread
adoption throughout psychology and other disciplines
(Nosek & Lindsay, 2018), the practice has not become
standard in research on speech, language, and hearing.'

!Although the choice of whether to preregister is made by individuals,
it can be encouraged by journals in their submission guidelines (e.g.,
journal badges; Kidwell et al., 2016) and may be required by granting
agencies (e.g., clinical trials funded through the National Institutes of
Health are required to be preregistered via clinicaltrials.gov).
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Indeed, a recent survey among researchers in communica-
tion sciences and disorders (El Amin et al., 2022) found
that although the desire to learn about preregistration was
high, knowledge and implementation of preregistration
were low (see also Alexander & Green, 2021). Respondents
identified several barriers to preregistration (e.g., “lack of
time”), but the most common response was “I don’t know
how to preregister my work” (El Amin et al., 2022, p. 11).
The goal of the current article is therefore to help over-
come these barriers by describing why preregistration is
beneficial for speech, language, and hearing research (see
Roettger, 2021, for similar arguments about linguistics
research) and providing a guided tutorial—including a
sample “gold standard” preregistration document—to
make the process of preregistration more accessible to
novices.

Why Preregistration Benefits Speech,
Language, and Hearing Research

Researchers studying speech, language, and hearing
(like all subdisciplines) have flexibility in how they design
experiments and analyze data. Many of these choices
(e.g., which covariates to include, which participants to
exclude) do not have clear-cut “correct” answers, so
researchers must make a selection from many reasonable
options. This flexibility creates a “garden of forking
paths” (Gelman & Loken, 2013), whereby each decision
leads the researcher down a different path. Given the
number of decisions that must be made along the way, it
would not be surprising if the various paths led to differ-
ent outcomes even with the same data and hypotheses
being tested. Below, we provide several examples of these
researcher degrees of freedom—choices that researchers
must make throughout the research pipeline (Simmons
et al., 2011)—that are particularly relevant for speech, lan-
guage, and hearing researchers. These examples were
selected because they demonstrate the feasibility of many
available options throughout the decision tree and high-
light the value of preregistration for keeping track of
which decisions were made and when (see also Roettger,
2019).

In research relying on response time tasks, researchers
often opt to exclude observations that are deemed outliers
for being too slow or too fast. However, the criteria used to
arrive at this determination vary considerably across experi-
ments (see Simmons et al., 2011). In the Journal of Speech,
Language, and Hearing Research alone, outliers have been
defined as responses that fall more than 2 SDs beyond the
mean response for each item (Krestar & McLennan, 2019);
more than 3 SDs from a participant’s mean response time
for each task (Strand et al., 2018); more than 3 SDs from
the mean response time for the block (Iuzzini-Seigel, 2021);
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Table 1. Covariates included in four different studies assessing the effect of clustering coefficient on spoken word recognition or word

learning.

Chan & Vitevitch

Covariate (2009)

Altieri et al.
(2010)

Goldstein & Vitevitch
(2014)

Liben-Nowell et al.
(2019)

Phonotactic probability
Neighborhood density

File duration

Familiarity

Word frequency

Spread of the neighborhood
Neighbors in a given position
Neighborhood frequency
Distribution of phonemes
Semantic set size

Biphone probability

Stimulus onset

Stimulus offset

Stimulus duration
Concreteness rating
First-word associate strength
Second-word associate strength

X X X X X X X X X

X X

X X X
X

X

X X X X X X X X

Note. See studies for more details about what each covariate represents and how the variables were calculated/measured.

more than 3 SDs from the by-participant, by-block mean
(Earle & Ullman, 2021); above or below a stable threshold
(Schwartz et al., 2016); or for unspecified reasons. These
extreme values are sometimes removed (as in the studies
above) or sometimes replaced with a fixed value (e.g.,
values greater than 2 SDs above the mean replaced with the
value 2 SDs above the mean; Smith, 2011).

In addition to flexibility in choosing which observa-
tions to exclude, researchers also have flexibility in the
covariates included in statistical analyses. For instance, if
a researcher is interested in how a particular lexical char-
acteristic influences word identification, it is common
practice to statistically control for the influence of other
lexical variables. However, studies differ widely on the
particular covariates they include. For example, in testing
the effects of clustering coefficient (the proportion of pho-
nological neighbors of a target word that are also neigh-
bors of each other; Chan & Vitevitch, 2009), research
teams have opted to statistically control for different com-
binations of at least 17 lexical covariates (see Table 1).
Even after researchers have identified covariates that may
be relevant, they also have flexibility in choosing how to
operationalize them. For example, although three of the
studies shown in Table 1 included word frequency as a
covariate, two different measures of word frequency were
used (Brysbaert & New, 2009; Kucera & Francis, 1967).

Beyond excluding outliers and selecting covariates,
researchers must make decisions about sample size,
method of analysis, whether and how to transform vari-
ables, and so on, and each of these decisions has the
potential to substantially affect outcomes (Simmons et al.,
2011). In a recent study, researchers provided multiple
independent teams with the same dataset and asked them

to test two hypotheses regarding whether scientists’ gen-
ders and professional statuses affect verbosity during
group meetings (Schweinsberg et al, 2021; see also
Silberzahn et al., 2018). Crucially, choices about variable
operationalization and data analysis were made indepen-
dently by each research team. As a result, research teams
differed substantially in both how they operationalized
variables (e.g., “verbosity” could be quantified using the
number of comments made or the number of words within
comments) and how they conducted their analyses (e.g.,
the type of statistical tests run, covariates included). This
analytic flexibility produced statistically significant find-
ings in both directions as well as null effects. Thus, even
seemingly straightforward research questions can produce
a garden of forking paths, and researchers embarking
upon different (perfectly reasonable) paths may come to
different conclusions.”

These findings demonstrate the value in making
experimental decisions before knowing how those deci-
sions affect study outcomes. If conflicting conclusions can
be derived from the same dataset, making these decisions
and justifying them beforehand reduces bias and ensures
that those decisions are driven by what the researcher
thinks is most appropriate rather than how the decisions
affect the results. Specifying decisions before data collec-
tion also reduces the likelihood that researchers will inten-
tionally leverage the flexibility of the process by testing
multiple combinations of choices until they find one that

’It is worth noting that the Schweinsberg et al. (2021) study was lim-
ited to analytic flexibility, but additional researcher degrees of free-
dom are also introduced through study design, stimulus selection, and
SO on.
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is statistically significant (i.e., p-hack; see Wicherts et al.,
2016). Preregistration therefore increases research trans-
parency by clarifying the point in the research process at
which each decision was made.

How to Preregister

A preregistration is a written document, finalized
before data collection, that outlines the research plan. The
key features of a preregistration are that it is time-stamped,
uneditable, and includes a stable link that can be viewed by
peer reviewers (during the review process) and readers
(after the paper is published). Below, we catalog informa-
tion that is particularly useful to consider when preregister-
ing speech, language, and hearing research. It is worth not-
ing that these suggestions, when implemented in full, serve
as an example “gold standard” preregistration, but the level
of detail included in a preregistration can vary. For exam-
ple, a lab may opt to preregister the study procedure and
intended sample size, but not the analysis plan. Although it
is certainly desirable to specify as much detail as possible,
preregistering any information about the study is useful,
provided that the particular aspects of the study that were
and were not preregistered are transparently reported in the
manuscript. Researchers who are just beginning to imple-
ment preregistration may prefer to start by preregistering
certain components of their experiment and add more
detail to future preregistrations as they gain familiarity with
the process (though see the “Addressing Deviations From
the Preregistration” section below to help ease concerns
about having to modify a preregistered plan).

The most common platform for preregistering
research in psychology is the Open Science Framework
(OSF; https://osf.iof). The OSF offers several formats for
preregistration that differ in the number of questions and
level of detail required, ranging from a single open-ended
registration without a prompt to forms that contain a vari-
ety of specific prompts regarding experiment design and
analysis.> Researchers within a team can collaboratively
work on the preregistration on the OSF and receive a link
to the preregistration document once it is submitted.

Critically, the OSF provides the option to “embargo”
the preregistration—meaning that the document is completely
hidden from everyone except the creator of the project and
the people they choose to add as collaborators—until a date
specified by the researcher. Embargoing ensures that only
people involved in the project can access the preregistration
before the paper is submitted, thereby alleviating concerns

3Although most preregistration options on OSF are plain text, there
is also an option to create an “open-ended registration” in which
researchers can upload a PDF that can contain code, images, tables,
or other information beyond text.
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of being “scooped.”* The preregistration can be unembar-
goed at any point, which is necessary before the paper is
submitted for publication so it can be accessed by
reviewers.

Here, we include a sample preregistration (see Sup-
plemental Material S1) based on a previous study con-
ducted by one of the authors (Brown et al., 2021) that has
been modified for the purposes of this tutorial (the origi-
nal, unedited preregistration can be accessed at https://osf.
10/g2j94). This example uses the “AsPredicted” preregistra-
tion format (one of the several formats the OSF offers).’
We opted to use the “AsPredicted” format because it pro-
vides some structure by asking targeted questions about
the experimental design and analysis, but is short enough
that it is still accessible for people with limited experience.
It contains seven open-ended prompts (specifying hypothe-
ses, dependent variables, conditions, analyses, outliers and
exclusions, sample size, and a free-response section to
include additional details) along with other questions
about whether data collection is already underway (which
is discouraged) and what type of study is being conducted
(e.g., experiment or survey). Although the sample preregis-
tration is specific to a particular research question (“How
do different types of face masks affect speech intelligibility
in young and older adults in various levels of background
noise?”), we use it to highlight issues that are likely to
arise in research in many related areas.

In the following sections, we walk through the
headers that appear in most manuscripts reporting find-
ings related to speech, language, and hearing research
(e.g., Introduction, Participants, Procedure, Analysis) and
describe some of the decisions that we recommend prere-
gistering.® Note that preregistration documents are not
typically formatted like manuscripts, but we categorize the
decisions this way below so that our suggestions can flexi-
bly be applied to any preregistration template.

“It is worth noting, however, that “scooping” is far less common and
has fewer adverse consequences on academic careers than people typi-
cally assume (“How to Deal with Being ‘Scooped,” 2016; “It’s Not
the End of the World,” 2016; Laine, 2017; “Who’s Afraid of Open
Data,” 2015).

SNote that it is also possible to preregister research using this format
directly on AsPredicted.com. However, the OSF has several features
that are appealing, such as adding data and stimuli to the same page
after the experiment is run to consolidate all research materials.

®This tutorial is intended to be used for new empirical work, but it is
also possible to write a preregistration for a secondary data analysis
(see Weston et al., 2018). For example, a researcher may use an exist-
ing database of auditory lexical decision times (e.g., Tucker et al.,
2019) to assess how a previously unexplored lexical variable affects
response times. The data have already been collected in this case, but
the researcher can still preregister an analysis plan as long as they
have not analyzed the data (e.g., which items they will include, which
covariates they will control for; see also Roettger, 2021).
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Introduction

Because preregistrations are primarily concerned
with methods and analyses, most information that appears
in the introduction section of a paper does not appear in
the preregistration. The only exception to this is that
hypotheses or research questions—which often appear
near the end of an introduction section in a manuscript—
are often included in the preregistration.

Hypotheses

Preregistrations can include explicit, directional
hypotheses about both main effects (e.g., “We hypothe-
size that older adults will have lower sentence identifica-
tion scores...”) and interactions (“...and be more
affected by the presence of background noise than young
adults, leading to an interaction between age group and
noise level”). Although some findings in speech, lan-
guage, and hearing research are robust and the hypothe-
ses are clear even without preregistration (e.g., produc-
tion of common or contextually expected words are pho-
netically reduced), many others are not. Thus, explicitly
preregistering all hypotheses guards against Hypothesiz-
ing After the Results are Known (HARKing; Kerr, 1998),
that is, reporting post hoc findings as if they had been
predicted a priori. In addition to being an ethically dubi-
ous practice, a danger of HARKing is that if hypotheses
are developed based on the results of a study, it becomes
impossible to falsify the resulting theories. Adding to this
concern, if the finding was a false positive, HARKing
can turn those Type I errors into theory (see Kerr, 1998;
Rubin, 2017).

There may also be cases in which a research team
does not have a clear, directional hypothesis. The sample
preregistration gives examples of how to report direc-
tional hypotheses (e.g., Lines 25-27) as well as hypothe-
sized group differences without specific directional pre-
dictions (Lines 20-23). When a researcher does not have
a directional hypothesis, it is perfectly acceptable to
report why the question is interesting and what the
results would mean without making a specific prediction
(provided that the manuscript matches this style of
reporting).

Method

Participants

The preregistration should specify the number of par-
ticipants or observations that will be included in the final
analysis. Note that this is different from specifying the
number of participants run in the study, as an unpredict-
able number of participants or observations may be
excluded from final analyses. In most cases, we recom-
mend excluding any participants with usable data that

were collected after the preregistered sample size was
reached. For example, if you preregister a sample size of
96 participants but have usable data from 99, we suggest
discarding data from the final three participants.” Although
it may be argued that having more data is preferable, pro-
vided that your experiment is sufficiently powered, it is
more straightforward to justify excluding those participants
and sticking with your preregistered sample size than
including them and justifying why you deviated from your
preregistration.

It is worth noting, however, that removing “extra”
participants may not be appropriate for experiments
involving difficult-to-reach samples (e.g., cochlear implant
patients) or those in which data collection is particularly
time consuming and expensive (e.g., some functional mag-
netic resonance imaging research). Indeed, in these cases,
the preregistered sample size may reflect the maximum
feasible sample size rather than the sample size necessary
to obtain a desired level of statistical power, so including
data from additional participants is advantageous. In
these cases, we urge researchers not to analyze the data
until data collection is complete and to justify the choice
explicitly in the manuscript (and in the preregistration if
this scenario was anticipated). Furthermore, there may be
ethical reasons to include all data even if the sample size
is larger than what was preregistered. In clinical settings,
participants may have made sacrifices such as forgoing
other treatments to participate in the study, so including
their data may be the more ethically justifiable choice (see
Sajdak et al., 2013).

In addition to preregistering a participant sample
size, researchers may also opt to specify their sample size
in terms of the number of observations in each condition.
There are some instances in which this may not be appli-
cable (e.g., missing data are unlikely, participant means
are entered into the analysis, the sample size represents
the maximum feasible number of individuals that can be
run in the study). However, if the power analysis is based
on a certain number of observations in each condition
and the actual number of observations per condition is
less than the anticipated number, collecting data from the
preregistered sample size will lead to an underpowered
study. This may be particularly relevant in response time
studies in which observations are only included in the final
analysis if the associated response was correct. As one

"Note that although excluding three additional participants is not
likely to affect study outcomes, having a consistent rule of exclud-
ing additional participants removes the temptation to analyze data
multiple times and decide whether to include the additional partici-
pants based on how they affect the findings. Another option would
be reporting the analyses including the additional participants, but
also running all analyses excluding those participants to ensure that
the decision to include them did not substantially affect study
outcomes.
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example, in one of our previous studies (Brown & Strand,
2019), we preregistered a sample size of 50 participants
but noted that this number was based on the assumption
that we would include response times from approximately
100 of the 136 trials for each participant (i.e., 5,000 obser-
vations per condition in this within-subjects study). Given
that it is impossible to perfectly predict accuracy at any
task, we noted in the preregistration that if we did not
have at least 5,000 usable observations in each condition
after collecting data from 50 participants, we would con-
tinue collecting data until we reached that threshold. This
required collecting data from 53 participants, which was
more than our preregistered sample size but ensured that
our experiment was sufficiently powered and was consis-
tent with our preregistration.

Stimuli

Many decisions about speech, language, and hearing
research (e.g., which participants to exclude) may be made
either before the study starts or after it ends, and preregis-
tration helps reveal when these decisions were made. Deci-
sions about which stimuli to include, however, typically
cannot be altered after data are collected, so information
about which stimuli were presented is a choice that must
be made ahead of time. Thus, the main purpose of
describing the stimuli in a preregistration document is to
make it clear that what you report in the paper is a full
representation of all the stimuli that were used (e.g., a
study that collected data at four signal-to-noise ratios
reported all four). Although it should be standard practice
(even in the absence of preregistration) to report all condi-
tions that were run or at least justify the decision to omit
conditions in the paper, the presence of a preregistration
document helps alert readers to conditions that were run
but not reported, thereby increasing transparency about
the research process.

Procedure

Preregistrations typically detail the tasks participants
will complete and the order in which they will complete
them. We recommend including sufficient detail that an
independent research team could conduct your experiment
based on the description of the methods in the preregistra-
tion (see Lines 64-76 in the sample preregistration for an
example of the level of detail recommended). For exam-
ple, rather than simply saying that participants will com-
plete a spoken word identification task in noise, it would
be preferable to report the type of words, type and level
of background noise, number of trials per condition,
whether the conditions were blocked (and counter-
balanced) or intermixed, how participants responded to the
task (e.g., typed vs. verbal responses), and so on. It may
also be important to describe any catch trials or attention-
check procedures and how frequently they occurred. For
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online auditory research, any procedures to ensure that
participants were wearing headphones should also be
described in the preregistration when appropriate (Eerola
et al.,, 2021; Woods et al., 2017). As with information
about stimuli, one of the goals of detailing the procedures
in the preregistration is to make it clear that the final
paper reports all conditions and procedures that were
included in the experiment, which deters selective report-
ing of conditions or procedures and therefore gives a com-
plete picture of how the work was conducted.

Another advantage of preregistering the methods is
that methodological details are documented immediately
after they are made, thereby more closely linking the writ-
ing phase of the research process to the design phase.
Although preregistration certainly increases workload on
the front end of a project, it streamlines the writing process
down the line because methodological details that may
have been forgotten (e.g., “What was the interstimulus
interval? Was there a fixation cross or just a blank screen?”’)
have already been documented. Thus, the preregistration
can easily be modified to become the “Method” section of
a manuscript.

Results

Exclusion Criteria

It is common to exclude observations (e.g., individ-
ual response time trials) when they are thought to be too
unrealistically short or long to represent the phenomenon
of interest. For example, completing a word/mnonword
judgment for spoken words typically takes less than 1 s,
so responses that are considerably longer (e.g., 5 s) are
likely not reflecting the process of searching for and acces-
sing a word in the mental lexicon. Similarly, word/
nonword judgments cannot possibly occur in 20 ms, so
extremely short response times like these are erroneous.
Excluding extreme observations may therefore allow
researchers to better understand the mechanisms underly-
ing the processes of interest by reducing noise in the data-
set. We therefore recommend preregistering details about
what constitutes an outlier (when applicable).

As one example from our work, given that response
times tend to be skewed, we typically exclude response
time trials that are more than 3 median absolute devia-
tions from a participant’s median response time in that
condition (see Leys et al., 2013). For example, if a partici-
pant’s median response time in a particular condition is
700 ms and the median absolute deviation is 200 ms,
response times below 100 ms and above 1,300 ms would
be excluded for that participant in that condition. If defin-
ing exclusion criteria seems like a daunting task, it may be
helpful to analyze or visualize previous datasets to gain
insight into the kinds of exclusions that may be important
to specify.
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In addition to excluding individual trials, it may also
be useful to plan to exclude all data from participants
who meet certain criteria. For example, a participant who
types “asdf” on 90% of trials may not be providing qual-
ity data on the 10% of trials they do respond to. In our
work, we typically preregister excluding participants who
disclosed completing the study incorrectly (e.g., after com-
pleting a study on audiovisual speech perception they
mention to the experimenter that they kept their eyes
closed or looked away from the screen to focus on listen-
ing), encountered technical difficulties (e.g., the computer
crashed during the experiment), or failed attentional
checks (e.g., did not respond to some proportion of peri-
odic “catch” trials). In addition to these exclusion
criteria—which are made without regard to how the par-
ticipant performed on the task—researchers may also opt
to exclude participants based on poor performance on a
task. For example, we often preregister a plan to exclude
participants whose mean speech identification accuracy
is more than 3 SDs below the mean (across participants)
in that condition (see Lines 151-153 in the sample
preregistration).

Note, however, that in the context of speech identifi-
cation in noise studies, when an experiment includes an
easy condition in which accuracy is near ceiling and stan-
dard deviations are small, this can produce a cutoff for
exclusion that is unreasonably high. For example, if mean
accuracy is 98% and the standard deviation across partici-
pants is 0.5%, participants with accuracies below 96.5%
would be excluded based on a 3-SD exclusion criterion.
However, few would argue that an individual completing
a speech identification task with 96.5% accuracy should
be excluded because of “poor accuracy.” We therefore rec-
ommend that researchers include a note in their preregis-
trations to protect against unnecessarily excluding individ-
uals from analyses. In our preregistrations, we often
explicitly state that the 3-SD cutoff does not apply if a
participant has over 90% accuracy in that condition (see
Lines 153-158 in the sample preregistration). As men-
tioned above, preregistering a final sample size (rather
than the number of participants run) means that the par-
ticipants who are excluded from the analysis are replaced.

Correcting Typos

In our area of research (speech perception), it is
common to correct or clean participant responses on
open-set tasks. For example, a target word like “thief”
often has artificially low accuracy because many partici-
pants forget “i before e except after ¢.” It is therefore help-
ful to outline rules for correcting typos that can be applied
blind to condition, and include additional description of
whether inflected forms (e.g., pluralizations), homophones,
or other deviations from the target will be counted as cor-
rect (see sample preregistration, Lines 44-52).

Analyses

Depending on the complexity of the analytical plan,
this section of the preregistration is often the longest and
most detailed. Indeed, this is the point in the research
pipeline at which researchers discover whether their
hypotheses were supported and may therefore be espe-
cially susceptible to embarking upon several forking paths
(i.e., tweaking their analysis plan) if all analytical deci-
sions have not been outlined in a preregistration.® Even in
cases in which the analytic procedure seems straightfor-
ward, researchers must decide which particular compari-
sons to conduct, how they will infer statistical significance
(e.g., likelihood ratio vs. Wald test), whether they will cor-
rect for multiple comparisons, whether variables will be
analyzed continuously or categorically, which covariates
to include, and so on.

As the analysis becomes more complex, the number
of researcher degrees of freedom increases dramatically.
One specific example involves linear mixed-effects models,
which are being implemented with increasing frequency in
speech, language, and hearing research. If a researcher
plans to analyze their data with these models, it is helpful
to specify not only the outcome and predictors, but also
the precise random effects structure that will be modeled,
and to justify these decisions in the preregistration (see
Lines 87-89 in the sample preregistration).

An additional consideration regarding mixed-effects
modeling is what steps will be taken if models fail to con-
verge or produce singular fits. Despite recommendations
not to arbitrarily remove theoretically important random
effects from the model specification in cases of nonconver-
gence (Barr et al.,, 2013; Brown, 2021), this practice is
common. In some cases, the data may not support a com-
plex random effects structure and it may be necessary to
remove those random effects, but the steps leading to their
omission should be described and justified in the preregis-
tration to limit these researcher degrees of freedom to the
extent possible (see Lines 94-105 in the sample preregis-
tration). For example, researchers could note that the ran-
dom slope that contributes the least to the total variance
will be removed if necessary, but only as a last resort if
adjusting control parameters does not facilitate conver-
gence, and only if likelihood ratio tests indicate that remov-
ing the random effect is justified (Matuschek et al., 2017,
see Roettger, 2021, for another example of how to address
the possibility of nonconvergence in a preregistration).

8This p-hacking may not be malicious—when a researcher has a the-
ory predicting a particular pattern of results, it is easier to convince
oneself that analytical decisions are justified when they lead to
expected rather than unexpected results. This is why it is important
to explicitly state which decisions were made beforehand and which
were made after seeing the data, a practice that is facilitated by
preregistration.
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In addition to limiting researcher degrees of freedom
by specifying the analyses ahead of time, being specific in
the preregistration about which particular analyses you
plan to conduct can also have benefits during the review
process. Indeed, having a preregistered analysis plan can
help authors counter reviewer suggestions to include addi-
tional analyses that the authors believe are outside the
scope of the project. In our own revisions, we have replied
to reviewer suggestions for additional analyses by explain-
ing that we prefer not to deviate from our preregistered
plan and noting that interested readers may feel free to
run additional analyses on our data (a benefit of publicly
sharing data and code). Similarly, having a time-stamped
document clearly describing all experimental conditions
protects authors in situations in which a reviewer requests
that an experiment be omitted from a paper.

Addressing Deviations From the
Preregistration

Preregistration has been described as “a plan, not a
prison” (DeHaven, 2017), and this point warrants empha-
sis: If circumstances change and it becomes necessary to
deviate from the preregistered plan, those changes simply
need to be transparently described in the manuscript. Pre-
registrations are not binding contracts; they are documents
that describe the intended plan for a research project and
clarify when decisions were made to keep researchers hon-
est with themselves and with others.

Researchers may discover issues that require deviat-
ing from the preregistered plan during data collection. For
example, they may identify a problem with the study that
necessitates stopping it, making a methodological change,
and then rerunning it. Indeed, even with pilot testing, a task
may produce better or worse performance than expected,
and if performance is at ceiling or floor, it may be impossi-
ble for the effects of interest to emerge. In this case, once
the new level of difficulty is determined, the researcher can
simply create a new preregistration within the same OSF
project that links to the original preregistration and
describes the change (see https://osf.io/8rejp for an example
of this kind of updated preregistration from our lab).

It may also be necessary to deviate from a preregis-
tration during data analysis and reporting (i.e., after data
have been collected). As one example, in a recent paper
from our lab (Brown, Fox, & Strand, 2022), we reported
data from 135 participants in the manuscript despite pre-
registering that our final analysis would include data from
136 participants. COVID-related campus closures made it
impossible for us to collect additional data, so we simply
noted and justified this deviation from the preregistration
in the “Participants” section of the manuscript.

Deviations from the preregistration may also come in
the form of analytical decisions. For example, in one of our
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studies, we preregistered that we would remove response
times slower than 2,000 ms (the task was quite simple, so
response times this slow were deemed erroneous). However,
we realized that because one of the two conditions was
expected to result in slower response times, using the same
cutoff in both conditions would systematically remove more
(slow) response times from the harder condition, which would
not only bias results but also make it more difficult to detect
the effect of interest (see Brown & Strand, 2019). This realiza-
tion was made while data collection was underway (i.e.,
before analyzing any data) after learning about a more
appropriate method for removing response time outliers
(Leys et al., 2013), so we simply noted this deviation from the
preregistration in the manuscript. In cases like these, it may
be advisable to specify in the manuscript whether the out-
come is contingent on the decision (i.e., conduct the analyses
both ways and report whether the results were consistent).
Note, however, that this does not mean that a researcher
must conduct all preregistered analyses; indeed, it may be that
a preregistration included an analysis that upon further con-
sideration is not appropriate given the data and research
question. The goal of preregistrations is to indicate when deci-
sions are made, not to dictate which decisions are made.
Similarly, having preregistered an analysis plan does
not preclude conducting exploratory analyses in addition
to the preregistered ones. In other words, preregistrations
“do not tie researchers’ hands, but merely uncover
readers’ eyes” (Nelson et al., 2018, p. 519). It is perfectly
acceptable to present exploratory analyses (i.e., any analy-
ses beyond what you preregistered) in the manuscript, as
long as it is clear which analyses were confirmatory and
which were exploratory. If additional analyses are rela-
tively straightforward, it may be sufficient to simply
describe the exploratory analyses along with the preregis-
tered analyses in the “Results” section of the manuscript
and note which analyses were exploratory (e.g., “An
exploratory analysis revealed that...”). If there are several
exploratory analyses or detailing the analyses would be
cumbersome in the context of the preregistered analyses, it
may be more appropriate to include subheaders in the man-
uscript to clearly distinguish the preregistered analyses from
the exploratory analyses (see Brown, Dillman-Hasso, et al.,
2022, for an example of one of our papers that uses both
approaches). There is no wrong way to report exploratory
analyses, provided that they are explicitly described as such.

Conclusions

In the last decade, many reforms have been imple-
mented to increase transparency about the research process.
Preregistration provides a powerful tool for increasing
transparency by reducing researcher degrees of freedom,
counteracting cognitive biases, and overcoming the
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fallibility of human memory. Of course, preregistration is
not a panacea for low rates of replicability; it is possible to
preregister a study with major methodological flaws, and
preregistered studies with null effects may still be difficult
to publish given publication bias (Rosenthal, 1979). How-
ever, along with more transparent reporting in manuscripts;
sharing data, code, and materials; incentivizing replication
attempts (Simons, 2014); and publishing under the Regis-
tered Report format (Chambers, 2013), preregistration can
help build a more robust and replicable literature in speech,
language, and hearing research.
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