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Abstract

AU : Pleaseconfirmthatallheadinglevelsarerepresentedcorrectly:Conducting a replication study is a valuable way for undergraduate students to learn about

the scientific process and gain research experience. By promoting the evaluation of existing

studies to confirm their reliability, replications play a unique, though often underappreciated,

role in the scientific enterprise. Involving students early in this process can help make repli-

cation mainstream among the new generation of scientists. Beyond their benefit to science,

replications also provide an invaluable learning ground for students, from encouraging the

development of critical thinking to emphasizing the importance of details and honing

research skills. In this piece, we outline 10 simple rules for designing and conducting under-

graduate replication projects, from conceptualization to implementation and dissemination.

We hope that these guidelines can help educators provide students with a meaningful and

constructive pedagogical experience, without compromising the scientific value of the repli-

cation project, therefore ensuring robust, valuable contributions to our understanding of the

world.

In scientific research, a replication is commonly defined as a study that is conducted using the

same or similar methods as the original investigation, in order to evaluate whether consistent

results can be obtained [1]. Often carried out by researchers independent from the original

investigators, replications are designed to assess the robustness and generalizability of the orig-

inal findings [2,3]. Beyond their clear scientific merit, replications are also a tremendously

valuable way for undergraduate students to learn about the scientific process and gain research

experience [4–6]. Conducting a replication study gives students a chance to acquire experience

about how to design and manage a study, collect and analyze data, and report findings in a

clear and concise manner. By promoting the evaluation of the methodology and results of the

original study and considering whether the findings are supported by the data, replication

projects also allow the development of critical thinking skills, together with an acute under-

standing of the importance of replicability in science [7,8].

However, replicating a study can also be a challenging and time-consuming task. One chal-

lenge comes from the fact that replication projects often require a high level of attention to

detail and meticulous planning, as students must carefully follow the methodology of the origi-

nal study in order to ensure that their replication is valid and accurate. This can be especially
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difficult if the original study used complex or specialized techniques, or if the materials or

equipment needed to conduct the study are not readily available. In addition, replication proj-

ects may require a significant time commitment and resource investment, as students may

need to collect and analyze large amounts of data in order to accurately replicate the original

study.

When it comes to grappling with these challenges and making the most out of an under-

graduate replication project, a few recommendations can go a long way. Below are 10 simple

rules that can guide or facilitate replication research at the planning stage, while conducting

research, and when preparing a completed replication study for publication. Although these

rules are primarily intended for educators, we hope they can also provide important pointers

for students embarking on a replication project. We provide an open-access questionnaire

supervisors can use with their students to facilitate seamless implementation of these rules

(available at https://github.com/davidmoreau/rep_checklist). Note that we focus our examples

on the replication of empirical work; however, repeating computational or simulation work

can also be a valuable way to engage undergraduate students in the scientific process, especially

in fields where this kind of work is the norm. See [9–11] for more details on the distinction

and practical examples.

Rule 1: Clearly explain the purpose and importance of replication

Do not expect students to just know why replication is important. Many might, but even for

those students the value of replication for science bears repeating [8,12]. Conveying the impor-

tance of replication can take many forms, but it often centers on 2 core aspects: the importance

of replication within the scientific process, and its pedagogical value as part of students’

curriculum.

One way to emphasize how crucial replication is to the scientific process is by discussing

how this type of work allows researchers to verify the results of previous studies and confirm

that they are reliable and consistent [13–16]. Many students might not realize that published

studies, despite having been peer-reviewed, still sometimes report results that are either simply

erroneous, spurious, or based on poor methodological designs. In this context, correcting the

scientific record is a fundamental endeavor, especially for scientific findings that are used to

inform decisions or to guide the development of new theories or treatments. By replicating a

study, researchers can ensure that the results are robust, thus helping build a cumulative, trust-

worthy body of knowledge.

Via the role it plays in addressing and correcting errors or biases in research, doing replica-

tion work also provides a great opportunity to highlight the human side of the scientific enter-

prise, and particularly how scientists may make mistakes or be influenced by their own biases,

which can lead to flawed or biased results [17,18]. In this context, replication allows research-

ers to identify and correct these errors or biases, which helps improve the reliability and valid-

ity of scientific findings. More generally, replications present an unparalleled platform to

develop critical thinking skills and improve students’ understanding of the scientific process

by providing them with a hands-on approach to research.

Rule 2: Choose the right study

When choosing a study to replicate, it is important to select a project that is appropriate for the

student, yourself, and also given the resources available. For example, consideration of the spe-

cific skill level of your students is key. This means selecting a study that is not too complex or

advanced for students to handle, given their current level of knowledge and experience.

Choosing a study that is overly difficult or technical may result in frustration and difficulties
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for the students and could even lead to poor results or a lack of interest in the project. On the

other hand, choosing a study that is too simple may not provide students with a meaningful

learning opportunity or challenge them to think critically.

There are several factors to consider when determining whether a study is appropriate for

the skill level of your students. These may include the complexity of the study’s methodology,

the amount of data that needs to be collected and analyzed, the level of statistical or technical

knowledge required to understand the study results, and the amount of time and resources

that will be needed to complete the project. It may also be helpful to consider the interests and

goals of your students, as well as their previous experience with research or similar projects.

Have they conducted or participated in research before? Do they have experience writing up

results? Do they already have basic or perhaps more advanced statistical skills? By carefully

considering these factors, you can choose a study that is challenging yet achievable for your

students and that will provide them with a valuable learning experience.

In addition to skill level, the availability of funding, equipment, and personnel, as well as

the amount of time available to complete the study should also be factored in. This will help

ensure that the study chosen is appropriate to the resources and time available and that it can

be completed in a timely and efficient manner. To do this effectively, make sure you consider

the scope of the original study and the methodology used, as these factors can have a signifi-

cant impact on the resources and time required to complete the replication. For example, if the

original study used complex statistical techniques or required specialized equipment, the repli-

cation may require additional resources and time that are not available given the constraints of

the program or the institution.

Finally, not every study is worth replicating: A number of criteria have been proposed to

maximize the benefit derived from a replication study, including via a consideration of the

expected utility gain of the replication [19]. Here, it can be worth joining one of the large-scale

consortia that advertise multi-lab replication work, as these often focus on replicating work

that is known to be highly impactful in a field of study. Examples abound, but many calls get

advertised on platforms such as the Center for Open Science—which has published calls for

multi-lab replication projects in fields such as psychology, neuroscience, or cancer biology—or

via more informal announcements on social media. The specifics of replication work is chang-

ing at a rapid pace [20], and so it is important to stay up-to-date with the literature to ensure

discussions with students are current and constructive. By taking all these factors into account,

you can propose a replication study that is appropriate and meaningful to students, and one

that sets them on a path to success and fulfillment.

Rule 3: Use preregistration to increase transparency and reduce

bias

Planning ahead is essential to the success of a replication study. This often means preparing

potential projects long before students join your lab or research group, for example, by con-

sulting resources about good practices for designing replications [20] or applying for ethical

approval via your institutional review board if appropriate. This way, students are able to start

working on a replication study immediately after it has been selected, without further delay.

Once a clear plan has been made with the student, it is important to preregister it to

increase transparency and reduce bias [21]. Preregistration refers to the practice of publicly

sharing the research plan for a study, including the research question, hypotheses, design, mea-

sures, and analysis plan, before the study is conducted [22]. Preregistration can increase trans-

parency by making the research plan for a study publicly available and allowing other

researchers to evaluate and comment on it before the study is conducted (for example, with
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Registered Reports [23]; see also Rule 10). This can reduce bias by allowing researchers to iden-

tify and correct any potential problems or biases in the research plan before the study is con-

ducted [24].

There are a number of platforms available to preregister: consider using the general-pur-

pose Open Science Framework (OSF; https://osf.io/) or AsPredicted (https://aspredicted.org/)

for studies that are not interventions or reviews. For most specific study types such as clinical

trials or meta-analyses, specialized registries exist, such as ClinicalTrials.gov (https://

clinicaltrials.gov/), the AEA RCT Registry (https://www.socialscienceregistry.org/), or the

International Prospective Register of Systematic Reviews PROSPERO (https://www.crd.york.

ac.uk/prospero/). By making their research plan publicly available on one of these platforms,

researchers can improve transparency and lessen the influence of biases, helping improve the

reliability and validity of the replication study results.

Rule 4: Encourage open communication and collaboration with the

original authors

It is often a good idea to encourage open communication and collaboration with the original

authors. This means actively seeking out the original authors of the study and engaging in dia-

logue with them about your replication study. It is recommended to follow good practices in

this process such as being respectful and professional, clearly explaining the purpose and goals

of the replication, and asking for any relevant information or materials needed to accurately

replicate the study. Students might not typically be well-versed in those aspects of academic

life; fortunately, templates have been developed that can be adapted to fit specific purposes of

the project [25]. It is also important to keep the authors informed throughout the replication

process and to be open to their feedback and suggestions. Maintaining open communication

with the original authors can help ensure the replication is conducted accurately and can also

foster a positive and productive relationship between the replicating and original research

teams.

Communication with the original authors can be beneficial for several reasons. First, it

allows asking questions and clarifying any points that are unclear or confusing in the original

study. Although the primary purpose of methods sections in journal articles is to allow under-

standing and reproducing procedures and analyses exactly, empirical evidence has indicated

this is typically not the case [26]. As a result, direct communication with the original authors is

often invaluable, as it can help better understand the study and replicate it more accurately.

Conversations with the original authors can also facilitate the identification of any errors or

mistakes in the original study that may have been overlooked or even lead to the sharing of

new insights and perspectives, helping to advance scientific knowledge.

Finally, corresponding with the original authors about the replication can help build rela-

tionships and foster a sense of community within the scientific field. This can be especially

beneficial for undergraduate students, as it can facilitate the development of new connections

and help gain valuable mentorship and guidance from experienced researchers. When done

well and in a considerate manner, this open process can help increase the visibility and reputa-

tion of your students within the scientific community, possibly leading to future collaborations

and opportunities for them.

Rule 5: Follow the original study’s methodology as closely as

possible

For a replication project to be both valid and valuable, it is important to follow the original

study’s methodology as closely as possible. Note that we assume here that the intent is to
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conduct a direct replication, as these are often better suited to undergraduate research projects

given that they tend to be less complex and require fewer resources [20], but see [27] for a dis-

cussion of conceptual replication. Conducting a direct replication involves attempting to repli-

cate the study as closely as possible, including using the same research design, measures,

procedures, and data analysis techniques as the original study [20,28].

There are several reasons why it is essential to follow the original study’s methodology as

closely as possible when conducting a replication study. One reason is that replication allows

researchers to identify and correct errors or biases, and this function might be compromised if

the replication protocol does not match the original. Another, perhaps more important reason

stems from the primary purpose of replications, which is to verify the results of previous stud-

ies and confirm that they are reliable and consistent. In this context, if a replication departs

substantially from the original, it is difficult to know what a discrepancy in findings would

mean. Are the original study and the replication coming to a different conclusion because the

original findings were not reliable? Or is it because of the change in methodology or poor

implementation of the replication? Without abiding by the original protocol, the conclusions

one can draw from a replication can be limited, especially when results are discrepant across

studies. By replicating a study using the same methods as the original study, researchers can

ensure that the results are robust and trustworthy.

Despite these potential challenges, some replication studies might deliberately opt to vary

parameters, for example, by involving a different population (e.g., healthy versus clinical) or

different measures (e.g., one measure of cognitive ability versus another) than in the original

investigation. Those studies might be extremely valuable, but they need to be very carefully

planned to yield insight, and often require a deeper understanding of the research question

and of its subfield compared to direct replications. Because such thorough understanding

takes time, undergraduate students often do not bring this kind of expertise to a project, so it

typically falls upon the supervisor to design an adequate replication study. That said, such rep-

lication studies arguably have greater potential to spark new programs of research for students

to pursue, which might be a factor to consider for those aiming for a career in science. More

complex replication protocols might thus be more suited to more experienced graduate stu-

dents, whose time commitments are usually greater.

Rule 6: Clearly document all steps of the replication process

Although this advice is valid irrespective of the type of research project, clearly documenting

all steps of the research process is particularly important for replications. This means keeping

thorough and detailed records of all aspects of the study, including the research question,

hypotheses, design, participants, measures, procedures, data collection and analysis, and

results. By providing a detailed and transparent record of your study, students make sure other

researchers will understand their methodology and will be able to evaluate the reliability and

validity of the results.

Fortunately, many resources are available that can help document all steps of the project.

First and foremost, the preregistration plan provides a guide for students to follow, making it

clear when deviations from the intended protocol occur. Templates have been developed for

researchers to use (see Rule 3 for examples). Remember to convey to your students that devia-

tions from intended protocols happen, even to experienced researchers, but that they should be

clearly documented. Specifically, one should state what was different from the preregistration,

the reason for deviating from the plan, and what was done, if anything, to address the deviation.

Second, it can help to set up a good communication workflow for your students, for exam-

ple, with a project management platform (e.g., Trello) linked to a communication and
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collaboration tool (e.g., Slack) and a platform for live editing of text, code, or visualizations

(e.g., Jupyter notebooks). Together, such workflow makes communication and collaboration

seamless and can help prevent deviations before they occur. Within this workflow, encourage

your students to keep a detailed lab or field notebook, using clear and consistent terminology,

and including diagrams, tables, or other visual aids where necessary. Discussing good practices

in documenting research might also provide an excellent opportunity to touch on reproducible

protocols, including via computationally reproducible environments—aspects of research that

are becoming more and more important and that we believe should be taught to young scien-

tists [29].

Throughout the project, good documentation also enables you to review your student’s

work. By keeping a clear and detailed record of the study, you can identify any areas where the

student may have made mistakes or where they could have done things differently. This can be

a valuable learning experience for undergraduate students, as it allows them to gain insight

into the research process and to develop critical thinking skills. Furthermore, documentation

also ensures that a replication is reproducible; this means that other researchers should be able

to replicate the replication study using the information that was provided.

Rule 7: Use appropriate statistical analyses

Using sound and adequate statistical analyses is key to extract the most out of replication data.

Here, it is useful to distinguish between 2 different scenarios: one where statistical analyses

have been decided for you, and one in which you have to come up with your own statistical

plan with your student.

In the first scenario—common in multi-lab replication efforts—someone else (usually the

lead team for the replication project) has developed a thorough statistical plan. In ideal cases,

the statistical plan even comes with analysis code (e.g., R or Python). In such a scenario, analy-

ses are typically straightforward, and can be as easy as making sure the data are in the right for-

mat for analysis, and that analytic outputs are interpreted correctly. Oftentimes, scripts for

statistical analysis will be shared on platforms such as the Open Science Framework (osf.io) or

GitHub (github.com), thus making it easy to access for all replicators, and seamless to push

updates from the lead team if necessary. This kind of “ready-to-launch” project is well suited

to students who have limited time available for the replication, for example, as part of a sum-

mer internship or for supervisors looking to get started but who have limited experience doing

replication work.

In the second scenario we mentioned, the replication might either be large scale but not as

readily structured, or it might be part of a more local effort, for example, at the scale of your

own lab or research group. Under these circumstances, building an appropriate statistical plan

is your responsibility and may involve a little more hands-on work. Oftentimes, using the anal-

ysis plan of the original study is the best course of action for the replication as well, yet these

are not always available and may need to be inferred from the methods section of the original

paper. In some cases, however, the original analysis plan might not be sound, either due to

errors or because the statistical framework the original authors used is suboptimal.

Entire textbooks and a wealth of tutorials have been written about choosing the best statisti-

cal tests for a given research problem and data type; however, some specific resources might

come in handy both for the supervisor and for the students involved in a replication. For

example, it is worth considering issues such as statistical power in the context of replication

[30–32], as well as best practices in the design and analysis of replication studies [33,34]. Gen-

eral resources about statistics in science can be beneficial to students who need a refresher on

specific aspects of research methods; see for example [35] for an introductory online textbook
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on statistics, [36] for a great resource on the design of experiments and observational studies,

[37] for a thorough guide covering various aspects of data analysis, or [38] for a primer on bio-

statistics using R. The following webpage (https://bookdown.org/home/tags/statistics/)

includes these resources and many more to choose from depending on the needs of the project

and of your students—all free and accessible to all.

Rule 8: Collaboratively write a clear report of the findings

Writing a report of the findings that highlights the key points and implications of the study is

another very important aspect of replication work. Crucially, this is key even (especially) if the

original study did not replicate, or if the results turned out to not be significant. By presenting

the results in a clear and easy-to-understand manner, you can help other researchers under-

stand the methodology you and your student used and facilitate critical evaluation of the reli-

ability and validity of the results.

For pedagogical reasons, it is often a good idea to collaborate with the student on the writ-

ing. This allows the student to gain hands-on experience in the writing process and to receive

guidance and feedback from an experienced researcher. Scientific writing is a very specific

type of exercise, and it can be greatly beneficial for students to see how the process unfolds for

more experienced writers. Make sure you also point students toward resources to help them

understand how to structure a scientific paper [39,40]. By working with you, students can also

learn about the importance of clear and concise writing, as well as how to effectively communi-

cate their findings. This process is also a great opportunity to discuss different perspectives

and approaches to the research, which can broaden students’ understanding and critical think-

ing skills. Relatedly, writing up the research is also a good occasion to consider potential mod-

erators or alternative explanations for the results, though if possible it is often useful to think

about these at the onset of the project, so as to potentially incorporate additional, relevant data

collection (e.g., moderating variables) as part of the replication plan.

Alongside the report, it might also be a good idea to post (publicly) the study materials and

data, for example, on a repository like the Open Science Framework (osf.io). Make sure your

students are aware of the specifics of data sharing [41,42], such as requesting permission from

participants and from the local Ethics or Institutional Review Board approval. Even when per-

mission is granted, it is important to ensure data is fully anonymized—this includes obvious

identifiers such as first and last names, but also more subtle cues (e.g., extreme values or

uncommon labels) that can give away participants’ identities [43–45]. Overall, this collabora-

tive experience can be an extremely valuable opportunity for students to develop their research

skills and gain a deeper understanding of the research process.

Finally, writing up a research report also facilitates clear communication about the ramifi-

cations of the study—by highlighting the key points and implications of the findings, students

can learn to clearly communicate their work and its potential impact on the scientific commu-

nity and beyond.

Rule 9: Use appropriate citation practices

Essential to any academic write-up, using adequate citations is arguably even more important

for a replication project. Obviously, this means properly citing the original study that was rep-

licated, but also any other sources of information that were used in the replication [46]. Proper

citation practices allow other researchers to find and evaluate the sources of information that

were used in the replication [47] and give credit to the original authors and researchers. This

helps recognize and acknowledge the contributions of the original authors and researchers,

which is an important aspect of academic integrity. Relatedly, proper citations also contribute
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to avoiding plagiarism—a serious offense in the scientific community, though sometimes

underappreciated by undergraduate students.

One way to foster proper citation practices is to provide clear guidelines on how to cite

sources properly and direct students to relevant resources, such as citation style manuals (e.g.,

APA Publication Manual, MLA Style Manual, Chicago Manual of Style), online citation tools

(e.g., Zotero, Mendeley, Endnote, Paperpile), or library databases (e.g., PubMed, ScienceDir-

ect, Scopus, Web of Science). When appropriate, it can also be helpful to incorporate citation

training into the curriculum more formally, for example, by making citation practices a central

component of students coursework, with opportunities to practice and receive feedback.

Finally, supervisors should foster an open and supportive environment where students feel

comfortable asking questions and seeking clarification on citation practices—although the

rules and conventions that govern citations are an inherent part of supervisors’ professional

life, they often remain challenging for less seasoned students.

Rule 10: Disseminate the findings

Sharing the findings of the replication study with the scientific community, either through

publication or presentation, can contribute to the overall understanding of the original study

and the scientific field. There are several ways to publish or present a replication study, includ-

ing submitting it to a scientific journal, presenting it at a conference, or sharing it online (e.g.,

on a preprint repository such as arXiv, bioRxiv, medRxiv, or PsyArXiv). Note that some con-

ferences actively seek out student presentations (see for an up-to-date list across areas of sci-

ence and education: https://waset.org/student-conferences), while virtually all outlets that

publish empirical work accept the submission of replication studies (some journals specifically

encourage the submission of this type of study). Furthermore, many journals now accept Reg-

istered Reports [23,48,49]—a type of publication format where the methodology and planned

analysis of a study are preregistered and peer-reviewed before data collection and analysis. The

idea behind Registered Reports is to promote the transparency and reproducibility of scientific

research by reducing the influence of publication bias and data-driven hypothesis testing [49]

—goals that are well aligned with those of replication work generally. In a Registered Report,

the peer-review process focuses on the study design, methodology, and data analysis plan,

rather than the results, which are then reported regardless of their significance or outcome.

Registered Reports are increasingly becoming a preferred publication format in various fields

of research and provide an opportunity for researchers to promote rigorous and transparent

scientific practices [48]. The Center for Open Science maintains a list of journals who accept

the submission of Registered Reports (https://www.cos.io/initiatives/registered-reports).

Irrespective of the format, publishing or presenting the findings of the replication study is

important for several reasons. Beyond enabling other researchers to review and evaluate the

replication study, disseminating the results helps students contribute to the scientific commu-

nity. This can be especially meaningful for undergraduate students, as it allows them to make a

meaningful contribution to become a part of the larger scientific community. By improving

the visibility and impact of a study, disseminating results can be especially important for

undergraduate students, as it helps raise their profile and increase their career prospects within

the scientific community [50].

In addition, publishing a paper with an experienced supervisor can help students gain a

deeper understanding of the peer-review process and its significance. They can learn about the

criteria used by reviewers to evaluate papers, the types of feedback and comments received,

and the process of making revisions based on the feedback. This experience can help students

appreciate the role of peer-review in improving the quality and credibility of scientific research
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and develop a better understanding of how to write and present their findings effectively to

meet the standards of the scientific community.

Finally, working toward publication with an experienced supervisor gives students a chance

to learn about the ethical and legal aspects of scientific publishing. This includes understand-

ing the principles of plagiarism, data fabrication, and misconduct, and how to avoid these

unethical practices. Students can learn about the importance of obtaining informed consent

from study participants, properly citing sources, and obtaining appropriate permissions for

using images and other copyrighted materials. They can also develop awareness for how to

properly report conflicts of interest and ensure the transparency and accuracy of their research

findings. Understanding the ethical and legal aspects of scientific publishing is critical to main-

taining the integrity and reputation of the scientific community, and students can benefit

greatly from learning these principles while working with their supervisor on a publication.

Conclusion

Conducting a replication study with undergraduates can be a valuable and rewarding way for

students to learn about the scientific process and gain research experience. Replication studies

provide an accessible entry point to the world of scientific research, while at the same time,

engaging them in the laudable process of verifying previous results to confirm their robustness

and reliability. Overall, this process helps build confidence in the scientific community and

advance our understanding of the world around us. By following the guidelines outlined in

this article, we hope educators and students can increase the likelihood that their replication

work will not only constitute an enjoyable learning experience, but will also make a meaning-

ful, high-quality contribution to the scientific record.
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