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ABSTRACT
The HCI community has been advocating preregistration as a practice to improve the credibility of scientific research. However, it
remains unclear how HCI researchers preregister studies and what
preregistration users perceive as benefits and challenges. By systematically reviewing the past four CHI proceedings and surveying
11 researchers, we found that only 1.11% of papers presented preregistered studies, though both authors and reviewers of preregistered
studies perceive it as beneficial. Our formative studies revealed key
challenges ranging from a lack of detail about the study design,
hindering comprehensibility, to inconsistencies between preregistrations and published papers. To explore ways for addressing these
issues, we developed Apéritif, a research prototype that scaffolds
the preregistration process and automatically generates analysis
code and a methods description. In an evaluation with 17 HCI
researchers, we found that Apéritif reduces the effort of preregistering a study, facilitates researchers’ workflows, and promotes
consistency between research artifacts.
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1

INTRODUCTION

Preregistration is the practice of documenting a study’s objective
and analysis plan prior to conducting it and observing its outcomes [62]. When preregistering a study, researchers define their
research questions, hypotheses, sampling plans, and analysis plans.
To do so, public preregistration repositories, such as the Open Science Framework (OSF) [29] and AsPredicted [48], are available
across disciplines. Previous work has shown that preregistration
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boosts the credibility of quantitative [61], qualitative [34, 49], and
exploratory research [21]. A growing number of research communities advocate preregistration, including in medicine for clinical
trials [18, 37], psychology [61], economics [66], biology [31], political science [59], and human-computer interaction [14].
While efforts encouraging preregistration are also underway in
the HCI community [15, 43, 44, 70], adoption is still in its early
stages [14, 15]. It remains unclear whether adoption has increased
with growing awareness of preregistration and what challenges
to preregistration authors and reviewers perceive. To address this,
we conducted a systematic review of CHI proceedings between
2018–2021, finding 32 out of 2,874 papers (1.11%) that included
one or more links to a total of 47 preregistrations. The majority of these (91.49%, 43/47) were quantitative studies, of which
74.42% (32/47) were reporting on Null-Hypothesis Statistical Testing (NHST). Given that the vast majority of CHI publications report
on at least one study [52], we conclude that preregistration in the
HCI research community remains a rare practice. A content analysis of the preregistrations and their corresponding papers revealed
two main challenges for the reproducibility of preregistered studies:
(1) varying levels of detail and (2) inconsistencies between a preregistration and its corresponding paper. In a survey of 11 researchers,
participants pointed out the benefits of preregistration but also
expressed a desire for scaffolding of preregistration questions, integration of preregistration into the research workflow, and for
supporting consistency between preregistrations and papers.
In the learning sciences, scaffolding refers to supporting learners
with concrete structure and guidance to ensure successful completion of a task [77, 93]. The term has been adopted in the HCI
community to refer to step-by-step instructions, such as providing
non-experts with a structured workflow required for designing
rigorous scientific experiments [68]. In line with these definitions
and in the context of this paper, we refer to providing structure,
interactions, and automation for completing a preregistration form
as scaffolding the preregistration process.
Guided by our formative studies and existing design requirements for preregistration, we developed a research prototype called
Apéritif to explore how the preregistration process could be improved. Apéritif is a Chrome extension for the popular preregistration platform AsPredicted. The system scaffolds the preregistration
process of quantitative studies with finer-grained questions and suggestions, offers a high degree of automation for generating analysis
code (in Python and R), a methods description for a future publication, and enables version control to allow changes throughout the
research process.
Our evaluation of Apéritif with 17 HCI researchers showed that,
when compared to using the conventional AsPredicted template,
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Apéritif reduces the time to preregister a study, enhances the preregistration user experience, and increases the likelihood of continued
preregistration usage for future research.
In summary, this paper contributes:
(1) An empirical study showing that the number of preregistrations in HCI remains low and that level of detail and
consistency with the corresponding paper vary substantially
between existing preregistrations (Section 3).
(2) A set of design requirements for preregistrations, compiled
from past literature and the findings of our formative study.
These include best practices for preregistration templates, integration into the research workflow, and consistency across
research artifacts (Section 3.3).
(3) Apéritif, a research prototype for scaffolding the preregistration process and automating the generation of analysis
scripts and methods descriptions (Section 4).
(4) An empirical evaluation, based on Apéritif, showing that
scaffolding and automation improves the preregistration
experience (Section 5).

2

RELATED WORK

Our work is motivated by prior work showing the benefits of preregistration and recent tools that help with the design and statistical
analysis of experiments.

2.1

Preregistration Platforms and Practices

Current preregistration platforms, including domain-specific and
domain-general registries, support researchers in various disciplines [61]. Domain-specific registries exist for clinical trials [64],
economics [6], and political science [36]. Furthermore, over 1,100
journals and conferences have implemented the Transparency and
Openness Promotion (TOP) guideline, a standard addressing open
science practices, which include study and analysis preregistration [61]. In contrast to domain-specific registries, AsPredicted [65]
offers a domain-general preregistration template, where researchers
answer nine questions about their research designs and analyses.
The platform subsequently generates a short time-stamped preregistration PDF. The Open Science Foundation (OSF) [28] offers
another domain-general registry, where authors preregister in fields
such as social and behavioral science, education, business, and life
science. OSF contains nine preregistration templates, including a
standard template, a more flexible open-ended template, a qualitative template, a secondary data template, a registered report
protocol template, a pre-data collection template, the template from
AsPredicted, a post-completion template, and a preregistration template in social psychology. Both platforms elicit similar information
but ask slightly different questions to guide researchers through the
preregistration process (see Table 1 for a list of questions of both
templates and supplementary materials for both template interfaces). Notably, both AsPredicted and OSF provide detailed answer
examples for each field. Researchers can also use open registration by posting a customized PDF instead of the form on existing
registries [62].
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2.2

Preregistration Benefits and Drawbacks

Preregistration can help research teams to reach consensus on specific research procedures at an early stage in their work [83]. Designing a research study typically demands that researchers identify
abstract concepts, determine measures, assign different conditions,
formulate hypotheses, and decide sample sizes, among other studyspecific requirements [40, 90]. These tasks consume considerable
time. Preregistration facilitates this process by inviting all research
members to reach agreement in a timely manner. For example, a
team member can preregister an initial study plan, after which the
team can make changes and deliberate until a final agreement is
reached. As a result, it encourages collaboration and team science
that facilitates complete and high-powered study designs [60].
Preregistration also promotes trustworthy and transparent analysis. Researchers have argued that it may mitigate HARKing (Hypothesizing After Results are Known [46]), a sloppy research practice of post hoc “fishing” for a significant effect after data has been
collected [81]. This typically occurs when researchers conduct Null
Hypothesis Significance Testing (NHST), which relies on a critical 𝑝-value to assess whether an effect is significant. In response,
preregistration timestamps any variables, hypotheses, and analysis plans before data collection, mitigating “questionable research
practices” [39]. Evidence in clinical trials shows that preregistration reduced the number of studies that rejected null hypotheses
from 57% to 8% [42]. As a result, it de-emphasizes a commonly
used dichotomous threshold (e.g., 𝑝 < 0.05) and reinforces rigorous study designs and method planning [94]. Researchers may be
more likely to conduct risky but rigorously planned studies that
could produce null results [15]. More studies reporting null results
increases the likelihood of more publications with non-significant
findings; this weakens the “file-drawer effect” [73], whereby studies that do not reach the critical threshold are more likely to be
rejected for publication and kept hidden. Because other researchers
cannot benefit from seeing such null results, they may be prone to
repeating similar dead-end research studies.
While rapidly gaining attention, preregistration is also under
careful scrutiny. A recent study of 27 papers with preregistered
badges in Psychological Science found that all published studies
deviated from the preregistered plans, but only one explained the
deviation [13]. Yamada [94] noted that researchers could selectively
report data by over-issuing multiple preregistrations or “preregistering” after completing an experiment. Instead of solely emphasizing
preregistration, some researchers argue that a reputable scientific
report should focus on whether an analysis is appropriate given
the nature of the data [50, 63, 69, 76].
Promoting preregistration of qualitative studies also has led to
intense debate in the research community. Compared to quantitative methods, qualitative studies emphasize the qualities of a
particular technology and how people interact with it, thus generating theories or hypotheses rather than testing hypotheses based
on experimental manipulation [4, 80]. For example, qualitative researchers may apply thematic or grounded theory analysis for data
collected from ethnographic, interview, focus groups, diary or observational studies [4]. The high level of subjectivity in qualitative
studies might challenge the notion of preregistration, which generally promotes replication of objective findings [78]. In fact, the

Apéritif: Scaffolding Preregistrations to Automatically Generate Analysis Code and Methods Descriptions

CHI ’22, April 29-May 5, 2022, New Orleans, LA, USA

AsPredicted Template

OSF Standard Preregistration Template

1. Data collection. Have any data been collected for this
study already?
2. Hypothesis. What’s the main question being asked or
hypothesis being tested in this study?
3. Dependent variable. Describe the key dependent variable(s), specifying how they will be measured.
4. Conditions. How many and which conditions will participants be assigned to?
5. Analyses. Specify exactly which analyses you will conduct to examine the main question/hypothesis.
6. Outliers and Exclusions. Describe exactly how outliers
will be defined and handled, and your precise rule(s) for
excluding observations.
7. Sample Size. How many observations will be collected,
or what will determine sample size?
8. Other. Anything else you would like to preregister?
9. Name. Give a title for this AsPredicted preregistration.

1. Registration Metadata. (Title, Description, Contributors, Category, Affiliated institutions, License, Subjects)
2. Study Information (Hypothesis)
3. Design Plan (Study type, Blinding, Is there any additional blinding in this study? Study design, Randomization)
4. Sampling Plan (Existing Data, Explanation of existing
data, Data collection procedures, Sample size, Sample
size rationale, Stopping rule)
5. Variables (Manipulated variables, Measured variables,
Indices)
6. Analysis Plan (Statistical models, Transformations,
Inference criteria, Data exclusion, Missing data, Exploratory analysis)
7. Others

Table 1: The questions in the two main preregistration templates on AsPredicted and OSF. Most questions are followed by an
open-ended text box and include example content.

call for preregistration and even transparency in research, primarily focusing on quantitative methods, has provoked disagreement
among qualitative scholars in other social-science fields [15, 38, 49].
For example, the Qualitative Transparency Deliberations (QTD), a
three-year deliberative process by hundred of political scientists,
questioned the usefulness of research transparency [38].
In summary, preregistration does not address all questionable
research practices [39, 94] and adapting preregistration to qualitative studies is open for discussion in the broader research community [15, 38, 49]. Our work extends this prior literature by investigating how the preregistration process in quantitative studies can
be improved to promote sound research practices.

Despite the continued interest, empirical evidence of whether
and how HCI authors adopt preregistration remains unexplored. A
recent study of TOP Guidelines in HCI studies [7] found that only
2 of 51 HCI journals (4%) specify guidelines for preregistration. A
study of 119 CHI PLAY papers [84] showed that over half of their
papers employ NHST without specific statistical hypotheses or
research questions, a finding that preregistration could redress. Our
work is motivated by the benefits of preregistration and the HCI
community’s continued interest in this topic. We aim to improve
preregistration practices to promote its use among HCI researchers.

2.3

Apéritif’s goal of expediting preregistration, data analysis, and report drafting is also informed by preregistration’s relevance for
statistical analysis and method planning. Prior to preregistering
their finalized plan, researchers use various tools to design rigorous experiments. WexTor [71] is a web-based tool that helps
researchers learn how to design an experiment in a step-by-step
process. Touchstone [57] is another platform designed to specifically support HCI researchers as they design and launch studies,
albeit one with a limited data analysis function. Touchstone2 extends the platform by supporting counterbalancing processes and
a priori power analyses [25]. It offers a declarative language to
specify each experiment. Similarly, DeclareDesign [9] describes
research designs in R code and simulates them to better illustrate
their properties. Argus [89] simulates data and visualizes statistical power across different scenarios to faciliate effect size usage
and a priori power analysis. NexP [58] assists beginners who lack
expertise in statistical analysis and controlled experiment implementation. The Flex-ER platform [56] helps researchers prototype
and conduct user studies to evaluate interaction techniques and is
designed specifically for immersive visualizations.

2.4
Preregistration in HCI

The HCI community has increasingly advocated adoption of preregistration practices, but the extent to which it should be adopted
invites ongoing conversations. Prior work has addressed the limitations of NHST [11, 15, 23, 45] and shown a continued prevalence
of dichotomous inferences in CHI studies [8]. A Special Interest
Group (SIG) at CHI 2016 identified HARKing as a problem of statistical practices in HCI and discussed ways to move forward with
transparent statistics [43]. In 2017, organizers of a CHI workshop
proposed developing detailed guidelines that would add voluntary
preregistration to the CHI reviewing process [44]. In 2018, another
SIG on Transparent Statistics Guidelines solicited feedback from
the HCI community on a first working draft of the guideline, which
included preregistrations [86]. Cockburn et al. raised awareness
of preregistration and encouraged HCI researchers to preregister
their studies [15]; the authors anticipated a substantial growth of
preregistered studies and a consequent reduction in the proportion
of significant study results. Preregistration has also been treated as
a user-centered design problem in an interview with researchers
who ranged in seniority and experience [70].

Tools for Study Planning and Data Analysis
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After designing studies, researchers run experiments and analyze
data to test and examine hypotheses in quantitative studies. Programming languages, such as R, Python and STATA, allow direct,
lower-level interactions with a dataset but require knowledge of the
language’s syntax and its libraries. ExperiScope [33] supports users
in analyzing complex data logs for interaction techniques. Statsplorer [87], an educational web tool, supports statistical analysis
by interacting with visualizations. Tea, a domain-specific language
(DSL), lets users specify their variables, study designs, and hypotheses at a high level [41]. Employing constraint-based reasoning, Tea
automatically selects statistical tests for a given study design, with
or without collected data.
While some existing tools guide users in designing experiments
and analyzing results, none integrate with existing preregistration
platforms. Additionally, existing tools and DSLs target different
aspects of a research process such as data analysis, visualization,
or power analysis. Apéritif aims to scaffold the preregistration
process, integrating specialized tools where appropriate, using a
unified interface on top of an existing preregistration platform.

3

FORMATIVE STUDY

Our formative study was guided by three research questions: (RQ1)
How prevalent is the preregistraton of CHI studies?; (RQ2) Is the
information included in CHI preregistrations sufficient to comprehend the research study design and is it consistent with the paper?;
and (RQ3) What are the motivations, benefits, and challenges for
CHI authors and reviewers of preregistered studies?
To answer these questions, we started with a systematic analysis
of preregistrations and their corresponding papers over the past
four ACM CHI conference proceedings (2018-2021) and followed
up with a survey of 11 authors of preregistered studies. We chose
CHI because it is the premier HCI conference and its papers cover
diverse methodologies and a variety of subdisciplines.

3.1

Method

3.1.1 Analysis of CHI Conference Proceedings. The HCI community does not use a single, domain-specific registry, unlike clinical
trails. To analyze the prevalence of preregistrations (RQ1), we identified CHI papers between 2018–2021 with preregistered studies by
querying the ACM Digital Library, using full text search and the
following keywords1 : preregistration, pre-registration, preregister,
pre-register, AsPredicted, Open Science Framework, OSF and Github.
The first four keywords cover papers that explicitly address preregistration. For example, a paper might link to the preregistration
by stating: “We preregistered our hypotheses and methods prior
to the study at URL.” The latter four keywords cover papers that
link to a preregistration or research repository, in the paper or
supplementary materials. Our initial query returned 137 candidate
CHI papers, from which we excluded 99 false positives by reading
the paper and searching the research repository and supplementary
materials. Finally, we followed the link and validated whether each
linked preregistration was available online.
3.1.2 Analysis of Preregistrations. To analyze whether the content
of the preregistrations fulfilled prior recommendations (RQ2), we
1 The

ACM Digital Library dataset is provided for non-commercial research purposes,
courtesy of the Association for Computing Machinery, Inc. [2021].
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compiled a list of what should be included in preregistrations from
prior literature (shown in Table 2). Based on these recommendations, we extracted the following categories from each preregistration and corresponding paper: (1) a priori description, (2) research
questions/anticipated outcomes (hereby RQ), (3) variables, (4) analysis plan, (5) design plan, (6) sampling plan, (7) analysis script, (8)
and any additional information. We then labeled each of these eight
categories according to three binary variables:
• Available: Is the category provided in the preregistration?
• Comprehensible: Is the category’s content sufficiently comprehensible to support reproducibility?
• Consistent: Is the category’s content consistent with the description in the paper?
A category was labeled as available if its content related to this
category appeared anywhere in the preregistration, regardless of
where this information was entered. We followed any link in the
preregistration (e.g., to supplementary materials of a survey design).
None of the preregistration templates explicitly requested analysis
code. Therefore, we searched for any analysis code in the research
repository (OSF and Github) if the paper provided a link to it.
We labeled a category as comprehensible if it contained sufficient information for us to comprehend the plan and potentially
reproduce it. The first author initially coded each section in each
preregistration based on Table 2. Then, all authors met twice to
discuss the preregistrations and resolve any uncertain cases for consistent labeling. Our labeling was guided by the recommendations
in Table 2, and each of the eight categories was scored with either a
0 or 1. Our labeling was independent of our perceived correctness
of the study design. For example, we did not consider a study design
to contain insufficient information if the study could have used a
different or more sophisticated statistical model that might have
been better aligned with the research questions. We also did not
rate the preregistration based on presentation quality.
We labeled a category as consistent between a preregistration
and corresponding paper if the two artifacts generally expressed the
same intent, study design, and analysis methods, even if the wording
differed. Note that we included both undisclosed and disclosed deviations from the preregistered protocol—the latter being explicitly
mentioned in the paper (e..g, “beyond our preregistered method, we
analyzed ...”) [82]. Prior work found that disclosed deviations from
a preregistered objective can boost confidence in claims whereas
undisclosed deviations may reduce a study’s credibility [62, 82].
One author of this paper reviewed all preregistrations and papers
and discussed potential inconsistencies with the other authors in
research meetings. If an inconsistency was found, we recorded
whether the paper reported the deviation from the preregistration.
We labeled analysis scripts, a priori description, and additional
information as NA: rerunning the analysis scripts was beyond the
scope of this project, and evaluating the latter two would have
required domain knowledge and would be highly subjective.
3.1.3 Survey with Preregistration Users. We additionally surveyed
HCI researchers who had authored and/or reviewed papers with
preregistered studies to gain a deeper understanding of the benefits
and challenges of preregistration (RQ3). We recruited participants
via the Transparent Statistics in HCI group Slack workspace [35].

Apéritif: Scaffolding Preregistrations to Automatically Generate Analysis Code and Methods Descriptions

CHI ’22, April 29-May 5, 2022, New Orleans, LA, USA

Design Requirements

Recommendations

Preregistration as a template

A preregistration should include the following categories:
A priori Description: this should describe the goals, intended outcomes and
methods as specifically as possible. Experience has shown that the utility of preregistration increases with the specificity of the information recorded. [15, 62, 83]
Research Questions/Anticipated Outcomes: For quantitative studies, especially studies that use NHST, preregistration should specify expected relationships
between two or more variables. Qualitative studies should clearly state the fact if
no formal hypotheses are present. [11, 15, 62, 83, 91]
Variables: Preregistration should clearly define dependent and independent variables and how researchers will measure them. Conditions are levels of the independent variable that are manipulated by the researcher in order to assess the
effect on a dependent variable. [11, 15, 62, 83, 91]
Design Plan: For quantitative studies, especially studies that use NHST, preregistration should include how researchers assign their manipulated conditions
(within- or between-subjects). All preregistrations should include study procedures, including the participants’ tasks and measures. [11, 15, 62, 83, 91]
Analysis Plan: For quantitative studies, especially studies that use NHST, preregistration should include assumptions and statistical models. For qualitative
studies, preregistration should include the data analysis approach (e.g., thematic
analysis, content analysis, and grounded theory) and the data analysis process
(e.g., who will be involved in the analysis, and what evidentiary criteria will be
used to assess the qualitative research question). [11, 15, 34, 62, 83, 91]
Sampling Plan: Preregistration should include sample size, sample size rationale,
and exclusion and inclusion criteria. [10, 11, 15, 34, 62, 83, 91]
Additional Information: Informational that is not covered by template questions. [15, 62]
Analysis Script: Data analysis files, such as Python or R scripts, should be uploaded. [15]

Preregistration as a practice

Research Process: Preregistration should be integrated into researchers’ existing
workflow. [15, 70]
Consistency Across Research Artifacts: Preregistration should enable easy
preregistration-to-paper checking. [15, 70]

Table 2: Design requirements and recommendations for preregistrations based on past literature.
The group ran Special Interest Groups (SIGs) on transparent statistics at CHI 2016 and 2018 [43, 86], and a workshop at CHI 2017 [44].
Our survey asked open-ended questions about the motivation for,
and the challenges of, reviewing preregistered studies and completing preregistrations. We preregistered our survey2 and included the
survey questions as supplementary materials. 11 participants completed the survey, including 3 who had both authored and reviewed
papers with preregistered studies. The participants had previously
preregistered studies using AsPredicted (3/11) and OSF (8/11).

3.2

Results

3.2.1 Prevalence of Preregistrations in CHI (RQ1). Of 2,874 papers
published in the CHI proceedings from 2018–2021, 38 papers (1.32%)
included at least one link to a preregistration. Out of those, 6 papers
contained links to non-existent pages or empty preregistrations.
Overall, we found 32 papers (1.11%) with available preregistrations,
2 https://osf.io/uk75c/?view_only=1aa3003d1e42411a99f2391606566e65.

Note that we
initially preregistered to survey authors of CHI papers, similar to the approach in [85],
but decided to recruit preregistration users from the active Slack workspace due to
the low number of preregistered CHI studies.

authored by 108 unique authors, 96 of whom authored exactly one
of 18 papers and 12 authored at least two of the remaining 14.
The 32 papers linked a total of 47 preregistrations, which spanned
quantitative (43/47) and qualitative studies (4/47). Among the 43
quantitative studies, 32 used NHST, 8 used interval estimation, and
3 used Bayesian statistics. Among the 4 qualitative studies, 2 used
interviews and 2 used surveys. Among the 32 NHST studies, 2
reported non-significant findings.
Figure 1 shows an increase in the number of papers using prereigstration 2018–2020 and a similar number for 2020 and 2021. Of
the 32 papers, 16 used AsPredicted, 12 used OSF, and 4 used open
preregistration. The first two provide a fixed template, while the latter allows authors to customize their preregistration. (None of the
open preregistrations were timestamped, and all papers that linked
multiple preregistrations consistently used the same registry.)
3.2.2 Comprehensibility of Preregistrations and Consistency with
Papers (RQ2). Figure 2 shows that most of the 47 preregistrations
included information about RQs (43), variables (44), design plan (40),
analysis plan (43), and sampling plan (44). This makes sense given
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Figure 1: The number of CHI papers with at least one preregistration, broken down by year and registry. There were a
total of 32 papers with a total of 47 preregistrations.

that both the AsPredicted and OSF templates specifically ask about
these five categories. Only 25 preregistrations contained an a priori
description, presumably because the AsPredicted template does not
explicitly ask about it. Several preregistrations also reported on
additional information (19) and analysis scripts (14).
From analyzing the comprehensibility of each preregistration
(PR), we found that not all preregistered information was sufficiently detailed for us to understand and potentially reproduce the
research study. Specifically, comprehensibility varies across categories: RQs (36/43), variables (33/44), design plan (18/40), analysis
plan (25/43), and sampling plan (26/44). For example, PR20 introduced the goal of the study and explained the related work in detail
but did not describe any research questions. In a study that used
NHST, PR19 preregistered the hypothesis section (“This study is examining the usability of [Interaction A]”) but did not mention null
or alternative hypotheses that other researchers could test. In terms
of variables, P3 preregistered a list of high-level concepts, such as
user perception, but did not explain how to concretely measure them,
or what their variable type is (e.g., categorical or continuous). When
specifying the analysis plan, PR22 broadly stated that “we will test if
there is a significant difference in [Measure A] between [Condition
A] and [Condition B]” without specifying any statistical methods to
be used in the study. For the sampling plan, PR31 intended to recruit
40–60 participants but did not mention the rationale, inclusion or
exclusion criteria, and the sampling procedure.
When analyzing consistency, we observed that 45/47 (95.74%)
preregistrations (PR) were inconsistent with the corresponding
31/32 (96.87%) papers (P). In other words, only one paper precisely
adhered to the preregistered plan. For example, P17 reports results
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Figure 2: The number of preregistrations (out of 47) with
information that was comprehensible and consistent with
the paper, broken down by category of information. (Note
that we did not label consistency for a-priori description,
additional information, and analysis scripts.)
using interval estimation, guided by five hypotheses, none of which
appears in the preregistration (PR21). P31 reported that the researchers conducted 31-40 trials per participants but preregistered
30 trials per participant in PR47. P35, a paper that used Bayesian
statistics, described a non-preregistered analysis with Bayesian linear regression but claimed that the method was preregistered. In
terms of sampling plan, P24 planned to recruit 120 participants in
PR31, but the actual sample size was 50. In short, we found that a
number of preregistrations were inconsistent with the papers in
terms of RQs (18/43), variables (24/44), design plans (31/40), analysis plans (18/43), and sampling plans (29/44). Only 3 of the 31
papers with inconsistencies reported on all of them. These papers
explicitly addressed the inconsistencies and offered a justification
for a deviation from the plan. For example, P6 mentioned that “We
originally pre-registered a 2 × 2 repeated measure ANOVA” and
went on to justify the performed 2 × 3 repeated measure ANOVA
with 3 levels of a condition in a dedicated paragraph. Note that our
results are consistent with prior work that analyzed 27 preregistered studies published in Psychological Science [13], finding similar
deviations. Overall, our results underline that inconsistencies are
frequent—likely due to the fact that preregistrations are a separate
artifact from the final paper, with little to no support to keep the
contents of the two in sync.
3.2.3 Motivations, Benefits, and Challenges for CHI Authors and
Reviewers of Preregistered Studies (RQ3). Our survey results show
that both authors and reviewers recognized the benefits of using
preregistration when stating their motivation for preregistration.
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Participants (P refers to participants hereinafter) had various motivations for preregistration. Four participants (P3-6) indicated that
preregistration helped them make a snapshot of research decisions,
and four researchers (P1-3, P7) wanted to openly communicate
research goals and design. Three participants (P3, P6-7) said preregistration helped them define research specifics in the presence
of too many degrees of freedom. As P7 said:
“My research starts with exploratory studies of user
needs followed by empirically testing if [an interaction] could be effective. Sometimes, I felt that my studies had too much flexibility, and I was letting it slide
based on the shared belief iterative design processes
do require some flexibility. However, preregistration
would help me have a structured plan prior to data
collection to limit the excessive flexibility.” [P7]
Two researchers (P2-3) said preregistration avoids publication bias
in case the result is null. P1 also acknowledged that “it might look
better to reviewers to show that we were rigorous in planning out
the study.” Our survey generally confirmed Pu et al.’s finding [70]
that preregistration delimits flexibility and increases transparency.
All participants who had previously reviewed preregistrations
stated that they use them to obtain more information and check for
any deviations from the paper. For example, P10 stated the reason
was to understand “some important details that were unclear in the
paper.” P11’s motivation was to “investigate how sincere and meticulous the authors were with method planning and justification”
and whether “they had followed their initial plan and gave proper
justifications for why they had to stray from the initial plans if they
did in their study.” In one paper he reviewed, P9 indicated that the
sample size and exclusion criteria differed and he felt less confident
in the scientific rigor of the work. P10 found that “one study has
changed the analysis description, but the rationale for the change
was not sufficiently explained.” These findings suggest that reviewers benefit from additional information provided in preregistrations
and that consistency is an important concern for them.
One of the reviewers’ major challenge was the different levels of
detail in the preregistrations they reviewed. P9 said “some preregistration can have lots of information repeated multiple times and go
into too much details about the motivation, which the preregistration isn’t really for.” This made them tedious and time consuming
to review. P10 thought that “It could be unclear where to find the
information I want.” They re-emphasized the importance of consistency, expressing that “I wish I could be directed to the related
parts of the preregistration.”
Participants who preregistered studies reported similar challenges. It was generally perceived as difficult to know how much
detail to provide (P1-3, 5-8). For example, P3 noted that “it is still a
bit unclear what has to be included or which template is the right
one.” P7 thought that “there was so much freedom with the preregistration template,” and added “more than what was required to
give the readers a better understanding.” P2’s lab resolved the issue
by having a separate standard to the analysis plan.
Another challenge is additional time and efforts for authors. P11
expressed that “definitely time” is a concern for him that might
have made him choose not to preregister otherwise. He explained
“If I have enough time to put in extra effort to the study planning,
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I would do so but sometimes it’s not realistically possible.” Three
other participants (P1, P3, P7) also considered time and effort to be
a challenge, in particular when it is not required.
Additionally, two researchers (P1, P8) stressed that the current
preregistration is hard to evolve as the study unfolds. P1 said, “I
am the kind of person who makes changes to studies frequently,
so I wanted to thread the line between being specific, but making
sure I had a little wiggle room if some particular feature of my
design didn’t work.” P8 commented that “preregistration definitely
takes extra time and effort, but it helped me to design my study
but didn’t do much when we changed [our plan]. So I didn’t attach
the URL in my submission.” These findings indicate that authors
perceived preregistrations as potentially inflexible and potentially
disadvantageous if the final study and analysis plan deviated.

3.3

Design Requirements

Based on the results of our formative study, we conclude that an
effective interface to preregistration should:
D1 Scaffold the preregistration template to elicit necessary and
specific information. This addresses the issue of current templates posing a challenge for anticipating an adequate level
of detail for the provided information.
D2 Integrate preregistration into the research process and connect it with other research artifacts. This addresses the issue
of inconsistent information in preregistrations and papers.
Preregistration authors could also gain a quick overview of
where inconsistencies arise.
D3 Track the evolution of a research plan. This addresses the
desire for more flexibility, in particular making (justified)
changes after a study has been preregistered. Since flexibility should not come at the expense of consistency, version
control for preregistrations could support evolving, yet consistent, research artifacts.
D4 Reduce the time and cognitive effort needed to complete a
preregistration. The overall goal is to lower the barriers to
using preregistration, avoid errors, and speed up the process.
In addition, our findings revealed that most preregistrations
in CHI used the AsPredicted platform, a vast majority of them
preregistered quantitative experiments, and most of them used
NHST, which continues to be the most prevalent statistical analysis
paradigm in HCI [8, 24]. We therefore decided that supporting
the preregistration of quantitative studies with NHST statistical
analyses is a reasonable first step to studying possible remedies to
the challenges identified in our formative study.

4

APÉRITIF

Based on our findings and the design requirements, we developed
Apéritif, a research prototype that is built on top of the AsPredicted
preregistration platform. Apéritif is designed to scaffold the preregistration process and integrate it into the research workflow.
In particular, Apéritif is designed to meet the design requirements
D1-4 and allows us to study how scaffolding is perceived by researchers. Apéritif is a Chrome extension and publicly available as
open-source to enable others to build on it.3
3 https://github.com/rrrrrrockpang/aperitif
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5) Analyses. Specify exactly which analyses you will conduct to examine the main question/hypothesis?

1) Data collection. Have any data been collected for this study already?
Yes, we already collected the data
No, no data have been collected for this study yet.
It's complicated. We have already collected some data but explain in Question 8 why readers may consider this a valid preregistration nevertheless

2) Hypothesis. What's the main question being asked or hypothesis being tested in this study?
How Chrome/Firefox would affect user's performance on reading an article of the same length?

Dependent Variables

Independent Variables

time

browser

effort_rating

Update Assumptions

c1

The mean value of time in

c2

time

Construct: User's Performance

What construct does this variable measure?

a1

x

time

Variable Type: Ratio

c4
Statistical Tests:

x

effort_rating

independent samples t-test

Construct: User's Performance
Variable Type: Ordinal
Orders: 1, 2, 3, 4, 5

Variable Type:
Ordinal

Interval

a2

Ratio

c6
6) Outliers and Exclusions. Describe exactly how outliers will be defined and handled, and your precise
rule(s) for excluding observations

Define dependent variable(s). Specify variable type you plan to measure.
They might be a measure of the construct from the previous step.

a3

How to use this section?

4) Conditions. How many and which conditions will participants be assigned to?
What's the exact independent variable name?
browser

Ordinal

Chrome

x

7) Sample Size. How many observations will be collected or what will determine sample size?

Interval

Cohen's d

Participants: 51
Statistical Power: 0.81

Variable Type: Nominal
Study Design: Between-subject
Categories: Chrome, Firefox

Variable Type:
Nominal

x

browser

We will not include readers with dyslexia. We will accept all participants who finish our experiment.

Statistical Power

There will be 2 key dependent variables: 1) time, 2) effort_rating:
1. time. time is a ratio variable used to measure user's performance. (If necessary, please add a little
description of this variable.)
a4
2. effort_rating. effort_rating is an ordinal variable used to measure user's performance. (If necessary,
please add a little description of this variable)

Categories: Firefox

c5

How to use this section?

Add Variable

b1

Generate a
Hypothesis

H1: The mean value of time in Chrome group will be greater than that in Firefox. We will analyze this
hypothesis with independent samples t-test. See the reproducible statistical code for analysis.

user's performance

Nominal

that in

c3

Firefox

3) Dependent variable. Describe the key dependent variable(s) specifying how they will be measured?
What's the exact dependent variable name?

Chrome

group will be greater than

d2

d1

OK

Calculate Effect Size from Pilot study

Number of Participants

Ratio
Add

with a margin of

Small Effect (0.2)
Medium Effect (0.5)
Large Effect (0.8)

d3
How to use this section?

A prospective power analysis was performed for sample size determination based on Cohen's conventional
effect size d = 0.5. We will achieve the power of at least 0.80 under α = 0.05 within 51 participants per
condition.

b3

b2

d4

How do you plan to assign the conditions?
Within-Subject
Between-Subject
Add Variable
8) Other. Anything else you would like to preregister?
How to use this section?
We design a between-subject study which comprises of the following factors and levels:
1. Browser (Chrome, Firefox). (If necessary, please add a little description of this variable)

NA
9) Name. Give a title for this AsPredicted preregistration?

b4

An Experiment on Web Browsers

Figure 3: Apéritif’s user interface. With Apéritif, a researcher finish a preregistration form by completing the Apéritif toolboxes
(abcd) and subsequently editing the text boxes (a4, b4, c6, d4). Question 1-9 in grey are the same set of questions on AsPredicted.
Bolded boxes are Apéritif toolboxes (abcd), whereas the grey boxes are original textboxes on AsPredicted. The bolded texts (a4,
b4, c6, d4) in the grey textboxes are generated by Apéritif.

4.1

Overview of Apéritif

Apéritif augments the AsPredicted preregistration template, which
includes nine questions (Table 1), with specific questions, interactive tools, and visualizations. In the original template, each question
is followed by an open-ended textbox, with the exception of the
first question (Data collection). Apéritif introduces four toolboxes
(shown with a bold border in Figure 3), each connecting a question
prompt above to a textbox below. These four toolboxes guide users’
answers to Question 3 (dependent variable), Question 4 (conditions),
Question 5 (analyses), and Question 7 (sample size). Rather than
providing only an open-ended textbox, Apéritif asks specific subquestions and constrains the input to scaffold what information
can be entered. The toolboxes for Questions 3–4 elicit information
about variables and study design on the left (a1 and b1) and display the captured information as blocks (a2 and b3) on the right.
Users can add, edit, and remove these blocks as necessary. The
toolbox for Question 5 establishes a link between the dependent

and independent variables provided in the previous two toolboxes
to the specified analyses. Guided by the text suggestion on the right
(c3–c4), users can specify the relationship between any variables
on the left. In Question 7, users can hover over the visualization
on the left, which is derived from the selected effect size on the
right. Apéritif does not augment the remaining questions in the
AsPredicted template.
For each question, users complete the corresponding toolbox,
and Apéritif automatically populates the preregistration textbox
(a4, b4, c6, and d4) with the answer text. Users can edit the text
to provide more details, and Apéritif explicitly reminds them to
expand on the variable that needs further description.
As users complete the toolboxes, Apéritif offers real-time updates
to the generated analysis code and methods section, which users
can view and edit by clicking the respective buttons shown in
Figure 4. Apéritif currently does not update the preregistration
based on changes made to the analysis code and methods section.
After completing the nine questions with Apéritif, users can choose
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import tea

Python code using
the Tea framework

variables = [
{
"name": "time",
"data type": "ratio"

To understand different browser impact user's
performance, we designed a between-subjects study. We
considered the time as the proxy variable for user's
performance. To measure the time, we have users
conduct (you can add detailed experimental procedure
here). Participants were assigned to one of the two
conditions: Chrome, and Firefox.

},
{
"name": "browser",
"data type": "nominal",
"categories": [
"Firefox",
"Chrome"
]
}
]
tea.define_variables(variables)

Before running the experiment, we formulated and
preregistered the following hypotheses.

study_design = {
"study type": "experiment",
"independent variables": [
"browser"
],
"dependent variables": [
"time"
]
}
tea.define_study_design(study_design)
tea.hypothesize(["browser","time"], ["browser: Chrome > Firefox"])

H1: Participants in the Chrome conditions will result in
higher mean value of time than the participants in the
Firefox condition.
We will analyze the hypothesis above with the parametric
independent samples t-test because we made assumptions
of normality and equal variance. The statistical analysis
code can be reproduced by Tea after data collection.

library(car)
df <- read.csv("yourfile.csv")
df$browser = factor(df$browser)

Study Design

R code

Participants
A prospective power analysis was performed for sample size
determination based on Cohen's conventional effect size d
= 0.5. We achieved the power of at least 0.8 under α = 0.05
within 51 participants per condition.

# Shapiro-Wilk normality test on response
shapiro.test(df[df$browser == "Chrome",]$time)
shapiro.test(df[df$browser == "Firefox",]$time)
# Test for homogeneity of variance
leveneTest(time ~ browser, center=median)
# Perform independent samples t-test
t.test(time ~ browser, data = df, var.equal=TRUE)

Figure 4: The statistical analysis and methods description generated by Apéritif.
to connect Apéritif with their Github account, create a repository,
and commit the three research artifacts (preregistration, analysis
code, and methods section). By using version control for these
artifacts, authors and reviewers can see any changes that have been
made after the initial preregistration was created.

4.2

Scaffolding the Preregistration Process

Apéritif’s questions prompt users to disambiguate and operationalize research questions, develop concrete measurements, and weigh
trade-offs among different study designs. For example, it asks users
to specify a variable by including its name, any construct it measures, and its type (a1 in Figure 3). Apéritif supports nominal (e.g.,
interaction techniques), ordinal (e.g., Likert-scale), interval (e.g.,
test scores), and ratio (e.g., time) data types [22]. If a variable is
categorical (nominal or ordinal), Apéritif interactively shows a question asking users to specify the categories (e.g., Chrome/Firefox or
Strongly Agree/.../Strongly Disagree, see b2). Additionally, it allows
users to assign conditions to participants (e.g., between- and withinsubject designs). Users can add multiple independent variables, but
currently use only one independent variable per hypothesis (see section 4.3 for details). Apéritif captures users’ alternative hypotheses,
predicting an effect or relationship between two variables [40, 41]).
After all variables are specified, users formulate hypotheses by
clicking on the dependent and independent variables (c1–c2) and
specifying the relationship between variables (c3).
Apéritif also lets users state assumptions based on domain knowledge (e.g., for an independent variable in c2). Often, users’ assumptions are specific to variables and properties, such as independence,

normality, and homoscedasticity (or equal variances) [41]. Note
that all assumptions are selected in Figure 3. In our formative study,
only two preregistrations considered assumptions when planning
statistical analysis. Apéritif makes assumptions optional in case the
knowledge required to express assumptions is lacking at this stage.
A lack of assumptions results in a more conservative test selection,
which Apéritif indicates to a user.
Users can perform an a priori power analysis (d), which allows
them to calculate the minimum sample size required to achieve
a sufficient level of statistical power (1 − 𝛽) based on the probability of Type I errors (𝛼) and a minimal effect size for the target
population. Apéritif asks users to input the anticipated effect size
and visualizes statistical power as a function of the sample size.
Apéritif defaults to 𝛼 = 0.05, 1 − 𝛽 = 0.8 [16]. This design is inspired by Touchstone2 [25], which was shown to lift barriers to
estimating and interpreting standard effects. We did not integrate
the tool itself to keep Apéritif’s interface unified, but rather relied
on the statsmodels Python library [3] for the backend. The current
Apéritif prototype implements the power analysis for parametric
tests (i.e., t-test and ANOVA), both for within and between subjects
designs. Users can specify the expected effect size (e.g., derived
from a pilot study) in terms of mean differences or Cohen’s d. A
user can hover over the visualization (d1) to explore the sample
size and corresponding statistical power for a given effect size (d2).

4.3

Integrating into the Research Process

Apéritif aims to seamlessly integrate preregistration into the investigative process by providing reusable statistical analysis scripts
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Statistical Tests
Comparison Tests (DV=Interval/Ratio, Ordinal; IV=Nominal)
• Independent samples t-test
• Paired-samples t-test
• Wilcoxon rank-sum test (Mann-Whitney U test)
• Wilcoxon signed-rank test
• One-way ANOVA
• One-way repeated measures ANOVA
• Kruskal-Wallis test
• Friedman test
Correlation Tests (DV=Interval/Ratio, Ordinal; IV=Interval/Ratio, Ordinal)
• Pearson’s 𝑟
• Kendall’s 𝜏
• Spearman’s 𝜌

Table 3: Statistical tests, along with the corresponding type
of dependent variable (DV) and independent variable (IV),
for which Apéritif can generate analysis code.
and text suggestions for a methods section. A key challenge to
generating statistical analysis scripts is to determine a valid statistical analysis for the specific hypotheses in question. Apéritif
uses Tea [41], a constraint-based framework and domain-specific
language (DSL) that selects statistical tests based on study specifications and hypotheses. Apéritif translates high-level preregistration
information to lower-level Tea input and obtains an appropriate statistical test using its API. In an evaluation of 12 statistical tutorials,
Tea generally agreed with expert recommendations and was more
conservative in the presence of non-normal data, minimizing the
risk of false positive findings [41]. Apéritif presents Tea code as part
of the generated analysis code (Figure 4). With the recommended
tests, Apéritif also generates equivalent R code to support a wider
population of researchers. The generated R code includes tests of
assumptions (e.g., for normality and homoscedasticity), a procedure
built into the Tea framework. After collecting data, users can rerun
the analysis and examine the result using the preregistered plan,
which is encapsulated in the analysis code.
We chose Tea for its ability to recommend statistical tests in the
absence of an input dataset. However, due to limitations in Tea,
a user can specify multiple hypotheses but only one independent
variable per hypothesis in the initial version of Apéritif. Table 3
shows the statistical tests, as well as the independent and dependent
variable combination, for which Apéritif can generate analysis code
by querying Tea. Replacing Tea or improving it, e.g., with a more
sophisticated constraint system could extend model coverage and
address interaction effects. Such improvements are likely necessary
to support a wide range of preregistrations.
Apéritif also translates all preregistered information into a methods description that can serve as both an a priori description and
a methods section in a paper. It does so by inserting the preregistered information from the toolbox into a template, which is based
on reporting guidelines in HCI [92] and psychology [91]. Apéritif
synchronously updates the statistical analysis script and methods
section as users complete each preregistration question.

4.4

Pang et al.

Apéritif, which uses the Github API. Current preregistration sites,
including AsPredicted and OSF, prevent users from editing the
preregistration once submitted. However, the concept of a preregistration that captures all aspects of an experiment is ideal in theory,
but drafting a preregistration may require a number of iterations.
When a revised preregistration is submitted on AsPredicted, the
earlier version is permanently deleted. The OSF repository has
built-in version control for all files, but it retains only copies of a
file added to OSF instead of concrete change history records. We
chose Git for its tracking functionality and scalability, as well as its
support through the Github REST API.

4.5

Implementation Details

The Apéritif Chrome browser extension and web application are
implemented in HTML, CSS, JavaScript, and Python using the Flask
framework [32]. Apéritif uses Heroku [1] for hosting and MongoDB [2] for data storage. It can be extended to support the OSF
platform by reusing the existing backend and overlaying Apéritif
toolboxes on corresponding template sections. Likewise, components in Apéritif, such as the automated test selection and power
analysis visualization, can be exchanged for other tools. The scaffolding, integrating, and tracking functions can also be extended
to a web application if the HCI community decides to host its own
domain-specific registry.

5

PREREGISTERED USER EVALUATION

We conducted a within-subjects user study to answer the following
three questions:
(1) To what extent does Apéritif reduce the time and cognitive
effort needed to complete a preregistration?
(2) What is the value, if any, of Apéritif’s artifact generation
over simply completing a preregistration template?
(3) How can Apéritif be improved?
We used Apéritif to preregister this study and reused the automatically generated analysis code and methods description as part
of our research process. We slightly edited the description, changes
that later informed improvements to Apéritif, and documented
these changes. Our preregistration is available on AsPredicted4 ,
and our code, data, and documentation are available on OSF5 .

5.1

Apparatus

Our study was conducted remotely over Zoom. To facilitate remote
participation, we did not ask participants to install Apéritif on
their personal computer. Instead, we created a controlled set up—a
temporary website that hosts the original AsPredicted template and
the AsPredicted template augmented by Apéritif. Each participant
interacted with both templates through the same website in our
within-subjects experiment. For the evaluation, we opted for a selfcontained system5 , as opposed to interfacing with external tools.
Specifically, our system implemented the relevant test selection and
power analysis functionality directly in JavaScript.

Tracking the Evolution of a Research Plan

Apéritif leverages Git, a version control system. After completing preregistration, a user can initialize a Github repository using

4 https://aspredicted.org/blind.php?x=/CS4_JDR
5 https://osf.io/tgacn/?view_only=cd81b7c90092458a95c25c49ec469f0f
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Procedure

Participants were given a 10-minute introduction to the concept
of preregistration as well as common preregistered information,
including variables, statistical analyses, study designs, hypotheses,
and sampling plans. We did not introduce Apéritif per se so we
could evaluate how well novice users could interact with it. The
within-subjects experiment included two conditions and research
study scenarios: In one, participants were asked to preregister a prespecified research study with the original AsPredicted interface. In
the other one, they were given a different research study of similar
complexity and asked to register it using Apéritif. To ensure the
same level of difficulty of the two conditions, we chose two similar
study scenarios, which were adapted from an online course that
teaches how to design, run, and analyze experiments in HCI [74]:
(1) Your research team is interested in learning about how
iPhone vs Samsung devices affect a user’s text entry input
time. You are asked to preregister your study and analyze
the data.
(2) Your research team is interested in learning about how
Chrome vs Firefox browsers affect a user’s speed when reading a long article. You are asked to preregister your study
and analyze the data.
We used a counterbalanced, randomized design to avoid any systematic bias due to the order of the two conditions or the differences
between the two scenarios. Each participant designed their own
experiments based on these scenarios and moved forward if they
decided the information would be sufficient.
After preregistering these study scenarios, participants were
directed to write statistical analysis code to test their hypotheses
in the first condition and to edit Apéritif’s analysis code in the
second. We provided synthetic data files for these analyses, and
the participants analyzed the data with any software they felt comfortable with, such as Jupyter Notebook, PyCharm or RStudio. (We
asked participants to set up all software on their own computer
at the beginning of the experiment to avoid conflating our time
measurement with the time to choose, open, and set up additional
software.) To quantitatively evaluate participants’ performance, we
measured the time it took to create the preregistration and write
the analysis code.
At the end, we administered a five-question exit questionnaire
to probe the usefulness and usability of Apéritif (see Figure 5).
Additionally, we conducted a semi-structured interview to further
collect feedback about the utility of the interactions and the overall
workflow when using Apéritif.
We did not ask participants to draft a report that described their
method analysis to reduce the time of the study; a pilot study with
three participants had previously shown that participants spent
more than one hour preregistering the synthetic study, coding the
analysis script and drafting a method section.

5.3

Participants

We hypothesized that Apéritif significantly improves researchers’
efficiency, yielding a large effect size. A prospective power analysis
was performed for sample size determination with Cohen’s 𝑑 =
0.8. According to the a priori power analysis, 14 participants were
required to achieve 0.80 power at 𝛼 = 0.05. We used purposive

I will likely refer to the statistical analysis
code and report generated by Aperitif after my
preregistration.
Aperitif reduces the efforts of my preregistration
process compared to the original template.
Question

5.2
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Aperitif makes me more likely to use power
analysis when preregistering the study compared to
using the original template.
Aperitif makes me more likely to preregister my
future studies compared to using the original
template.
Aperitif improves my confidence in the scientific
rigor of my research plan compared to the original
template.
0%

25%

50%

75%

100%

Percentage
Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

Figure 5: Likert-scale responses to the usefulness of Apéritif.

sampling to recruit HCI researchers by identifying and contacting
authors who had conducted experiments in prior publications. We
included participants with varying experience with preregistration
to evaluate whether Apéritif helped both existing and new users
of preregistrations. Participants were required to have experience
designing experiments and analyzing data with Python or R.
A total of 17 participants (9 identified as female, 8 as male) took
part in our study. Among them, 15 were PhD students and 2 were
undergraduate students. Five participants had used preregistration
on OSF or AsPredicted; eight participants had heard of preregistration but had not used it; and four participants had not heard of
preregistration. None of them were familiar with Apéritif, nor the
content of this study. Each participant was compensated with a $15
Amazon gift card upon finishing the user study.

5.4

Results

5.4.1 Time. To quantify participants’ performance, we measured
the time it took them to complete the preregistration and write
analysis code. We conservatively preregistered the non-parametric
Wilcoxon signed rank test but instead conducted the Shapiro-Wilk
normality test (Apéritif: 𝑊 = 0.97, 𝑝 = 0.81 and AsPredicted:
𝑊 = 0.93, 𝑝 = 0.23) and Levene’s test for homogeneity of variance (𝐹 (1) = 2.72, 𝑝 = 0.11). The test of assumptions, which
was also generated by Apéritif, informed us to use a paired samples t-test. There was a statistically significant effect of condition
(𝑡 (16) = 5.03, 𝑝 < 0.001) such that participants completed tasks
significantly faster with Apéritif (𝑀 = 11.25 minutes, 𝑆𝐷 = 3.28)
than with AsPredicted alone (𝑀 = 17.67 minutes, 𝑆𝐷 = 5.34).
5.4.2 Questionnaire on Apéritif. Figure 5 shows an overview of
participants’ answers to our questionnaire. Almost all participants
indicated that Apéritif reduced the perceived effort of completing
a preregistration (64.71% strongly agreed, 29.41% agreed) and that
Apéritif made them more likely to preregister their future studies compared with the original template (35.29% strongly agreed,
47.06% agreed). As a corollary of Apéritif’s precise question scaffolding, we also saw that participants were more likely to use power
analysis to determine sample size (70.59% strongly agreed, 17.65%
agreed). Participants indicated that they would refer to the statistical analysis code and report generated by Apéritif after their
preregistration (76.47% strongly agreed, 11.76% agreed). Overall,
Apéritif improved participants’ confidence in the scientific rigor
of the research plan compared to the original template (35.29%
strongly agreed, 52.94% agreed).
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5.4.3 Post-Study Interview. In our interviews, all participants indicated that Apéritif’s fine-grained questions gave them a good
idea of what exact information to include in the template. Participants found that “by interacting with the visual components the
preregistration seems less like a laborious form-filling exercise”
(P6). The interaction and automatic research artifacts generation
makes the preregistration “almost like a small game” (P9) that encourages users to “just want to continue to see what’s next” (P10).
Participants acknowledged that the generation of analysis code was
beneficial. P4 stated that when he preregistered with the original
interface, he spent “so much time googling what tests I should use,
though I took a research method class last year”. P5 echoed that “I
needed to find my R script where I did my last experiment”. Further,
participants found that Apéritif saved them time on determining
the analysis (P1-P5, P17) and implementing the hypothesis tests
(P1-P8, P11, P14-P17). P6 mentions that “the final analysis might
not be the same [as the preregistered one] in real-world research
projects, but hey at least I have something to start with.”
Although Apéritif’s generated methods description is concise,
participants commented that it provided “what I needed to start
my own writing” (P14). P14 also commented that “if I were to
preregister my own study, I would read so many other published
tutorials [on the analysis methods] and spend hours before writing
down my own answer”. Participants indicated that they can just
use the generated methods description as the input for the free-text
preregistration summary (P1-3, P6-8, P14).
Participants also noted that Apéritif provides incentives for preregistration in the future. For example, P2 said, “I heard about
preregistration, but I never think it’s worth the effort. Now I can
see some [analysis] code and a method section. That’s pretty neat.”
P6 also mentioned that “now preregistration is advertised as a way
to avoid HARKing. If you don’t preregister for your experiments,
people might wonder whether you did p-fishing. I think Apéritif
gave me an alternative incentive to preregister.”
Although Apéritif adds explanations for terms, such as construct,
data type and within-subject/between-subject design, 9/17 participants went online to search for definitions of these. P14 said that “I
ran into the terminology [construct] in the past, but I just didn’t
recall what it means. I needed to think about it for a second.” To address these issues, we refined and detailed the explanations for the
used terminology. Understanding the power analysis was a hurdle
for 14/17 of the participants. Three participants had not heard of
power analysis, and 11 participants had not used power analysis.
In response, we added more text explanation to Apéritif.
We also found that several participants raised questions about
how Apéritif may be able to handle qualitative studies. P6, a researcher who had preregistered before, mentioned that “this tool
works really well with [a] quantitative study, but I’m not sure how
I can use this for some of my interview study design.” P8, who
had also preregistered previously, cautioned that “[Apéritif ] looks
really cool to preview statistical scripts and the method section, but
it seems that preregistration has to be written in a pretty rigid way.
It may hamper the open mind that researchers need for qualitative
work such as open coding and grounded theory.” While the current
version of Apéritif does not address this concern, future improvements should focus on similar scaffolding approaches specifically
designed for qualitative and explorative research studies.
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DISCUSSION

Our work shows that the adoption rate of preregistration in HCI
remains low, despite researchers having anticipated a significant
increase in preregistered studies [15]. The majority of preregistrations reported on studies that used NHST, and only two reported a
non-significant finding. In contrast to the prediction [15], studies
that report null results are still rare—or, in other words, the file
drawer does not seem to have opened up among CHI researchers.
We additionally found that preregistration is still practiced by
only a small number of researchers. However, even among this
small group, preregistrations vary substantially in their level of
details. Our survey results suggest that the varying levels of detail are a result of a lack of structure in existing preregistration
templates, such as those provided by OSF or AsPredicted. Despite
both templates providing example answers, researchers commonly
stated that they do not know what level of detail to provide, nor is
it easy for them to anticipate what information others may need.
Our study also revealed that authors of preregistrations commonly change study or analysis details after the preregistration
has been “locked in.” In other words, there are often inconsistencies between the description of a study in a preregistration and
the corresponding paper. The finding reveals a trade-off between
asking researchers to register their studies a priori and the reality,
in which most research studies evolve and experience changes in
one way or another. Changes to minor details, such as adjustments
of participant numbers or specific analyses, should be expected;
researchers have frequently been found to adapt their analysis procedure [30, 54, 75]. Our work confirms these findings by showing
that the current preregistration process does not match the reality
of the research process, in which researchers often make changes
or add additional information while a study is underway.
Our work shows that scaffolding the preregistration process, as
we exemplified in our research prototype Apéritif, could address
both the issue that preregistrations commonly contain insufficient
details and that they are often inconsistent with the description
in the corresponding paper. Because preregistration should support planning a study rather than serving as a strict accountability
tool [20], scaffolding focuses on adding specific information that
is needed for understanding and potentially reproducing a study.
Additionally, version control enables users to preserve the information of any version and to generate an up-to-date analysis script
and methods section.
Of course, a key question is whether scaffolding has the potential to foster a greater adoption of preregistrations in the HCI
community. In evaluating Apéritif, we found that the scaffold that
the tool provides serves as an incentive for both thinking through
details and for learning about rigorously designing studies. This
added benefit may convince additional researchers to preregister
their study, as suggested by our participants. It was encouraging
to see that Apéritif helps novice researcher to consider important
study design aspects, such as the proper definition of variables and
determination of sample size, that might otherwise be overlooked.
While an added benefit is certainly needed to increase the adoption of preregistrations, a lack of time is usually another important factor that prevents researchers from preregistering their
study [69, 83]. Scaffolding requires taking time up front to think
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through and answer specific questions, but reduces the time to write
analysis code and a methods section by partially automating both.
As the results of our evaluation showed, participants with Apéritif
spent significant less time to preregister, write the analysis code,
and analyze the data than participants using the conventional AsPredicted preregistration template. Participants expressed positive
feedback on Apéritif’s approach to scaffolding, which suggested
they may be more likely to preregister future studies.
Interestingly, despite its detailed questions, we found that Apéritif does not add to researchers’ cognitive load when completing
a preregistration compared to the original template—in line with
prior work that appropriate scaffolding with questions and tools
facilitates the learning experience and helps with decision-making.
Expert-curated scaffolding has been used to create scientific theories [67] and teach domain expertise [88] with crowds, design
video-based reflection exercises to support student learning [72],
and support developers to weigh trade-offs for coding solution [53].
Similarly, instead of asking researchers to simply "figure it out,"
Apéritif provides scaffolding for preregistration process.

6.1

Ways for Increasing the Use of
Preregistration in the HCI Community

While scaffolding lowers barriers and provides incentives that may
encourage more researchers to preregister (quantitative) studies,
additional measures are likely needed to substantially increase adoption rate. For example, a recent study of the 51 journals in which CHI
authors most frequently publish indicates that journals do not set
or specify clear guidelines on preregistration [7]. In response, HCI
conferences and journals could provide more specific expectations
for preregistration and even create a submission track for registered reports, a two-phase preregistration submission process such
as that used in psychology and political science. With registered
reports, authors submit their research questions and methodology
before observing the outcomes of the research, obtaining an inprinciple acceptance for the paper that adheres to the preregistered
plan [12, 62]. In computer science, the Mining Software Repository
conference, a subcommunity in software engineering, established a
registered report submission track in 2020 [17]. Once the report is
accepted, the full study is guaranteed for publication in Empirical
Software Engineering journal. CHI and other HCI venues could start
similar tracks. Given the diversity of methodologies in the HCI
community, it would be essential to encourage preregistration of all
kinds of studies, including quantitative, qualitative, and exploratory.
Conferences could also award preregistered studies with Preregistered Badges [27] which have been adopted by 79 journals to
promote preregistration. This will extend the current ACM badging
system [26] that includes badges for Artifacts Evaluated, Artifacts
Available and Results Validated. The Preregistered Badge would both
acknowledge open science practices and incentivize more authors
to preregister. Scaffolding can be useful approach for guiding new
users through the process. When introducing such measures, it is
likely that reviewers would have to learn how to review preregistrations. Our recommendations for what preregistrations should
include, which we compiled based on a thorough literature review
(see Table 2), could provide guidance and could even be turned into
a checklist for authors and reviewers.
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LIMITATIONS AND FUTURE WORK

The initial prototype of Apéritif allowed us to study the potential
of scaffolding preregistration, but more sophisticated systems are
necessary to support a wide range of preregistrations. We chose
NHST as a starting point because the majority of studies in our
CHI paper analysis used it, and because it generally remains widely
used in HCI [8, 24]. Apéritif currently supports statistical analyses
and sample size recommendations based on a limited set of tests
in Table 3 under the NHST paradigm, though the HCI community
has raised awareness and made efforts to incorporate other methods such as Bayesian analysis [45] and interval estimation [23].
Extending tools like Apéritif to support preregistering other forms
of user interface evaluation, such as demonstration, usage, technical benchmarks and heuristics [51], under NHST [19, 40] and
non-NHST frameworks [23, 45], will be an important next step.
Apéritif is based on the AsPredicted template which is tailored to
quantitative work, but we are also aware of templates for qualitative
studies [5, 34]. Our user study surfaced challenges to adapting
Apéritif to qualitative studies with one participant suggesting that it
might “hamper the open mind that researchers need for qualitative
work.” While qualitative researchers have raised concerns over
the push for overarching transparency [38], future work needs to
investigate how useful the current preregistration templates are
for qualitative studies and explore how to support planning for
qualitative studies with scaffolding.
Apéritif’s approach to scaffolding leverages version control to
track the evolution of a study design and analysis as inspired by
our formative study. After submitting this paper, OSF pushed an
update in December 2021 that enabled support for tracking the
history of preregistrations and justifying changes, which suggests
that version control has been a long-standing need. However, our
user study did not thoroughly evaluate the benefits of this feature,
how well it integrates with the research process for authors, or
how it may be interpreted by reviewers. Future longitudinal studies
should qualitatively assess how researchers use this feature as a
research project evolves and what consequences may arise from it.
For example, it may be necessary to integrate visualizations of a
preregistration’s history for optimal support [47], similar to analytic
decision graphs [54]. The multiverse analysis concept [24, 55, 79]
can also capture alternative analyses and decision making through
a large set of reasonable scenarios and could provide inspiration
for visualizing version control in preregistrations.
Importantly, future work should study deviations between papers and preregistrations in greater detail. For example, adding
justifications to every change may be a great benefit—or a great
burden—for researchers. It is also feasible that reviewers or readers
might inadvertently penalize papers that exhibited many deviations from the preregistration. Future studies may inform detailed
guidelines for communicating these changes.
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CONCLUSIONS

In this work, we presented empirical evidence that preregistration
remains an uncommon practice in HCI. In our content analysis of
CHI proceedings, we found that current preregistrations suffer from
insufficient details and inconsistencies between preregistrations
and the corresponding papers. We treated these problems from a
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user-centered perspective by surveying 11 preregistration users.
Based on this formative study and literature review, we identified
the needs to scaffold the preregistration process, integrate it into researcher’s workflow, and maintain artifact consistency. In response,
we developed a research prototype Apéritif that builds on top of
existing preregistration templates and generates analysis code and
methods descriptions, based on specific questions. Our evaluation
shows that this approach reduces the time of preregistering studies
and enables artifact consistency as well as tracking of evolving
preregistrations. We look forward to our work sparking new conversations on how to preregister in the HCI community and further
the creation of tools that support preregistration practices.
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