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Scientists produce knowledge by building on previous researchers’
findings. This process only works if the research being built upon can
be trusted. A major quality that affects how trustworthy research is
involves whether it is reproducible. A scientific study is reproducible
if it shows the same results when it is repeated, usually by other
researchers. Reproducibility is incredibly important for all scientific
fields. If a study is reproducible, it is more likely that it does not
contain mistakes and that others can trust the findings. Research
can be made reproducible by sharing all the information that other
researchers need to repeat a study. In this article, we will explain what
reproducibility means, why it is important, and some steps that can
be taken to increase the reproducibility of scientific research.
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RESEARCH FINDING

The result or outcome
of a scientific study
(e.g., the observation
that, in a test
comparing two types
of medication, one
medication brings
down your

fever quicker).

REPRODUCIBILITY

Getting the same
results when a research
study is repeated using
the same materials and
steps—like making a
medicine that works
the same every time.

MATERIALS

The “ingredients”
needed for a research
project, such as the
different chemicals
needed to make

a medication.

PROCEDURES

The steps in the
“recipe” of a research
study, like the specific
step-by-step manner in
which chemicals must
be combined to make
a medication.

WHY IS IT IMPORTANT TO VERIFY STUDY RESULTS?

Scientists do research to understand the world better and because
they want to apply this knowledge in real-life situations. When a
scientist discovers something interesting, it is important that others
can confirm, or verify, the study results by repeating the study.

This is important for different reasons: imagine that someone just
developed a potion that can make you fly. How cool would that be?
If a researcher conducts a study and claims that their potion indeed
gives people the ability to fly, you would want to make sure (1) that it
works, and (2) that there are no negative side effects before you give
it to other people.

If the potion turns out not to work after all, this could have serious
consequences: people could get injured if they try to jump off a tree
as they attempt to fly. That would be quite a problem, and we would
definitely want to avoid this.

There could also be side effects even if the potion works. What if the
people who drink the potion get blue spots on their faces? Unless this
becomes a new trend, most people would probably prefer their faces
without blue spots.

This means that we need a quality check to verify research findings.

HOW CAN SCIENTISTS VERIFY RESEARCH FINDINGS?

In the research process, this quality check ideally happens by
reproducing a research finding, which means that someone else
repeats the study. Reproducibility refers to obtaining the same results
when using the same materials and procedures [1]. In the case of the
flying potion, this would mean using the same ingredients to create
the potion and following the same production steps to see whether it
indeed gives people the ability to fly.

Itis probably not very likely that someone is currently researching such
a potion, but the same ideas apply to actual research. For example,
during the Covid-19 pandemic, researchers developed “recipes” for
vaccines. These shots aimed to prevent people from becoming
seriously ill. Before everyone could be vaccinated, the researchers
needed to know how well the vaccine worked and if it had any
side effects. As in our potion example, a quality check of the new
finding was needed. This quality check was done by many other
researchers who repeated the vaccine production process. To do so,
they needed to know which ingredients were required and how to
combine them.
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Figure 1

(A) A person reads a
step-by-step guide for
building a LEGO®
truck, with all the
necessary materials
ready in a box. (B) The
person successfully
reproduces the truck
using the building
blocks from the

box and the
information provided in
the guide.

In an ideal world, research findings should always be reproducible. If
another scientist does the same research the same way, they should
get the same result. However, sometimes research is not reproducible
because, for example, materials or information are missing.

WHAT HAPPENS IF SOMETHING IS MISSING?

We can break down what happens if materials or information are
missing from the scientific process by thinking about playing with
LEGO®. LEGO® has building sets with which you can build things like
a truck, for example (Figure 1). When you open the package, you get
all the pieces you need (your materials) and a step-by-step guide that
explains the steps of how to put the pieces together to build the truck.
If you give this set to a friend after you have built the truck yourself,
but you accidentally lost a wheel, then your friend will not be able to
reproduce the truck. The truck will have only three wheels instead of
four, and reproducibility is about obtaining the exact same result using
the same materials.

Figure 1

A similar problem arises when there is a mistake or missing information
in the guide. If a few steps are not clear or missing because a page is
damaged or torn out, for instance, your friend will likely have a hard
time building the exact same truck shown on the box. It would be
even trickier if the whole guide or the example picture on the box
was missing.

This means thatitis very difficult, maybe even impossible, to reproduce
the same outcome when materials or information on the procedure
are missing [2]. This was nicely shown in a recent study in which
one group of researchers received all information about a study (i.e.,
what was studied and how) and the materials. The other group did
not receive all the materials. Both groups were asked to reproduce
the original study results. The researchers without the materials ended
up with different results than the original study more often than the
researchers who had all the materials available [3].
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OPEN SCIENCE

Public sharing of
materials, detailed
procedures, and data
by researchers, much
like you might share
your homework with a
friend so that they can

check it or learn from it.

In research, we are usually not trying to reproduce a LEGO® truck,
but researchers are working on various topics to generate more
knowledge and better understand the world. If a researcher finds
something interesting, they must make sure that the results can be
reproduced. Unfortunately, this is not always the case.

WHY IS RESEARCH NOT ALWAYS REPRODUCIBLE?

There are multiple reasons why research is not always reproducible.
We already discussed that missing materials and missing information
on the procedure can cause a researcher to end up with different
findings than the initial study. The initial findings might have been true,
but it is impossible to check this if crucial information is missing, like
when you are missing the guide for the LEGO® truck. This is a very
common reason why research cannot be reproduced. Researchers are
very busy and sometimes forget or do not have the time to note down
all the details of their work. They also know their own work very well,
so they do not always understand what kind of information someone
else needs to repeat the study. For example, people unfamiliar with the
topic might need more detailed instructions.

Another reason is that researchers are human and can make mistakes.
Even if they are willing to share all their materials and information, they
might make a mistake that causes different study results. Research
is quite complex and requires many skills. Throughout the entire
process—from deciding what to study to sharing the results—things
can and do go wrong. For example, it is very easy to accidentally type
anincorrect number when writing down how much of each ingredient
is needed. This can happen just as easily as typing the wrong letters
when texting a friend. Usually, such mistakes are found and corrected
during the research process, but it is important to ensure that no
mistakes are overlooked. Fortunately, researchers are aware of this and
have come up with some strategies to improve the reproducibility of
research [4].

STRATEGIES TO INCREASE REPRODUCIBILITY OF
RESEARCH

There are many ways to achieve reproducibility, and the exact steps
that are necessary depend on the specific type of research. Many
of the practices that contribute to reproducibility are referred to as
open science practices [5]. Those practices mostly relate to sharing
materials, data, and all relevant information about how the study was
conducted on a website where everyone can find it. When all this
information is available, other people should be able to reproduce the
research results.
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REVIEWERS

Researchers who check
other researchers’ work
to see whether they
forget to mention
important information
or made mistakes,
much like your parents
might check your
homework before you
hand it in.

Figure 2

For research to be
reproducible, scientific
articles should carefully
describe the research
process and the
materials. You can think
of the research process
as a recipe and the
materials as the
ingredients and the
supplies. Other
researchers check to
see if all necessary
information is provided
in an article. They
carefully read the
article and ask for
changes if important
information is missing.
This is called reviewing
the article, and the
researchers who do this
are called reviewers.

When researchers find something interesting in their research, they
usually describe it by writing an article for a scientific journal (much like
this article describes what reproducibility is). A scientific article should
contain information on how the study was conducted, with detailed
information about the materials and the procedures. Some scientific
journals have a checklist to make sure the researcher provides
all of the relevant information needed to reproduce the findings.
Reviewers—fellow researchers with expertise on the topic of the
article—are responsible for checking whether all relevant information
is provided, and they can ask for additional information if something
is missing (Figure 2). Nowadays, it is also easy for researchers to share
their articles publicly on the internet. This allows everyone (not only
journal reviewers) to access and verify a study’s findings.
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Figure 2

HOW CAN RESEARCHERS AVOID MISTAKES IN THEIR OWN
RESEARCH?

Earlier, we mentioned that researchers can make mistakes. Some
researchers are helping other researchers by developing technical
solutions that detect or avoid mistakes [4]. For example, there is
software that lets a researcher check if they made a mistake in writing
down their findings, and there are tools that keep track of what
a researcher has done, to prevent accidental loss of information.
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Collaborative research, where multiple researchers work together on
the same project, can also help reduce such mistakes. In such projects,
the researchers double-check each other’s work.

Nowadays, researchers are devoting more and more time and energy
to carefully documenting and sharing their work so that other
researchers can check it and build upon it. By being very open about
how they do their work, researchers make sure that their findings can
be reproduced by other researchers. The more often research findings
are repeated, the more we can trust them.
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YOUNG REVIEWERS

HUFFAKER ELEMENTARY SCHOOL, AGES: 9-10

The 4th grade class enjoyed reading this article about reproducing science,
especially since the mentor brought in real human brain slices and walked
them through parts of the brain. By reviewing the work of other scientists, they
were excited about participating in the challenging process of peer review. The
class cannot wait to learn more about the brain in the future, and see the
paper published!

SOPHIA, AGE: 12

Hi, my name is Sophia and | am currently going into 7th grade. A few things | enjoy
are reading, piano, art, and, of course, neuroscience! | love to learn neuroscience
because it allows me to understand more of the brain, and | can use my knowledge
to make a difference in my community.
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