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Historians of science e. Steven Shapin and Simon Schaffer , in their book Leviathan and the Air-Pump ,
describe the debate between Boyle and Hobbes, ostensibly over the nature of vacuum, as fundamentally an
argument about how useful knowledge should be gained. Boyle, a pioneer of the experimental method ,
maintained that the foundations of knowledge should be constituted by experimentally produced facts, which
can be made believable to a scientific community by their reproducibility. By repeating the same experiment
over and over again, Boyle argued, the certainty of fact will emerge. The air pump, which in the 17th century
was a complicated and expensive apparatus to build, also led to one of the first documented disputes over the
reproducibility of a particular scientific phenomenon. In the s, the Dutch scientist Christiaan Huygens built his
own air pump in Amsterdam , the first one outside the direct management of Boyle and his assistant at the
time Robert Hooke. Huygens reported an effect he termed "anomalous suspension", in which water appeared
to levitate in a glass jar inside his air pump in fact suspended over an air bubble , but Boyle and Hooke could
not replicate this phenomenon in their own pumps. Huygens was finally invited to England in , and under his
personal guidance Hooke was able to replicate anomalous suspension of water. However, as noted above by
Shapin and Schaffer, this dogma is not well-formulated quantitatively, such as statistical significance for
instance, and therefore it is not explicitly established how many times must a fact be replicated to be
considered reproducible. Reproducible data[ edit ] Reproducibility is one component of the precision of a
measurement or test method. The other component is repeatability which is the degree of agreement of tests or
measurements on replicate specimens by the same observer in the same laboratory. Both repeatability and
reproducibility are usually reported as a standard deviation. A reproducibility limit is the value below which
the difference between two test results obtained under reproducibility conditions may be expected to occur
with a probability of approximately 0. Replicates are performed within an experiment. They are not and
cannot provide independent evidence of reproducibility. Rather they serve as an internal "check" on an
experiment and should not be shown as part of the experimental results within a scientific publication. It is the
independent repetition of an experiment that serves to underpin its reproducibility. Open research computation
The term reproducible research refers to the idea that the ultimate product of academic research is the paper
along with the laboratory notebooks [12] and full computational environment used to produce the results in the
paper such as the code, data, etc. Fewer than half of the attempted replications were successful. This group has
recently turned its attention to how better reporting might reduce waste in research, [25] especially biomedical
research. Reproducible research is key to new discoveries in pharmacology. A Phase I discovery will be
followed by Phase II reproductions as a drug develops towards commercial production. That study found that
47 out of 53 medical research papers focused on cancer research were irreproducible. Nobody else has been
able to produce this latter result. The report was astounding given the simplicity of the equipment: The news
media reported on the experiments widely, and it was a front-page item on many newspapers around the world
see science by press conference. Over the next several months others tried to replicate the experiment, but
were unsuccessful. In he built Wardenclyffe Tower on Long Island to demonstrate means to send and receive
power without connecting wires. The facility was never fully operational and was not completed due to
economic problems, so no attempt to reproduce his first result was ever carried out. However, it still applies to
the probabilistic description of such phenomena, with error tolerance given by probability theory.
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If you consent, you are giving us permission to track your online behavior with technologies such as cookies,
beacons, tags and scripts used by CPH and our partners such as advertising, marketing and analytics ,
affiliates, or service providers. In the event that you have or in the future create an account with us, we will
collect personally identifiable information about you, such as your full name, address, phone number, email
address, or similar, for the purpose of providing our services to you. Please see the privacy policy in full
below. You can provide your consent by clicking I Consent; if you prefer to not continue to our website, click
Decline or leave this page. We will not use or share your information with anyone except as described in this
Privacy Policy. This Privacy Policy also applies to information we collect by other means including offline or
from other sources. The use of information collected through our Sites shall be limited to the purposes under
this Privacy Policy and our terms of service to customers. If you choose to purchase a product from us, we or
our third-party payment processors will collect your payment information. We also may collect data through
our partners on their websites or mobile applications. When you visit such websites or mobile applications, we
may receive certain information about you as described below. We do send promotional emails and we may
send you service related emails related to your account. If you no longer wish to receive these emails, you may
opt out of them at privacy cph. We may receive reports based on the use of these technologies by such
companies on an individual as well as aggregated basis. Our partners may also use such technologies to
deliver advertisements to you as described below. Users can control the use of cookies at the individual
browser level. If you reject cookies, you may still use our Sites, but your ability to use some features or areas
of our Sites may be limited c We are headquartered in the United States of America. Personal information may
be accessed by us or transferred to us in the United States or to our affiliates, partners, merchants, or service
providers elsewhere in the world. By providing us with personal information, you consent to this transfer. For
example, when you access our Sites, our servers automatically record certain information that your web
browser sends whenever you visit any website. We do not link this automatically-collected data to personally
identifiable information. Individuals seeking to access or correct, amend or delete inaccurate data on CPH
Web Products should direct his or her query directly with the Entity who has collected that information. For
example, a church may collect personal information about members and input it into a church management
software program licensed from CPH. In the event an individual desires to access or correct, amend or delete
such data, the individual should contact the church directly. CPH will retain this personal information as
necessary to comply with our legal obligations, resolve disputes and enforce our agreements. How We Use
Your Information. We use the information that we collect to operate and maintain our Sites, send you
marketing communications, and respond to your questions and concerns. How We Share Your Information.
CPH will not rent or sell your personally identifiable information to others. We may store personal
information in locations outside the direct control of CPH for instance, on servers or databases co-located with
hosting providers. Any personally identifiable information you elect to make publicly available on our Sites,
such as posting comments on our blog page, will be available to others. If you remove information that you
have made public on our Sites, copies may remain viewable in cached and archived pages of our Sites, or if
other users have copied or saved that information. Some of our services are managed by a third party
application that may require you to register to use or post a comment. We do not have access or control of the
information posted. You will need to contact or login into the third party application if you want the personal
information that was posted removed. To learn how the third party application uses your information, please
review their privacy policy. We partner with third parties to display advertising on our Sites and to manage
our advertising on other sites. Our third party partners may use technologies such as cookies to gather
information about your activities on other sites in order to provide you advertising based upon your browsing
activities and interests. If you access the CPH Service or Sites on your mobile device, you may not be able to
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control tracking technologies through the settings. We collect information globally and primarily store that
information in the United States. We transfer, process and store your information outside your country of
residence, wherever we or our third-party service providers operate for the purposes of providing you the
services. You agree that CPH may store and process personal date in the United States of America and any
other country where CPH or its third-party service providers maintain facilities. Whenever we transfer your
information, we take steps necessary to protect it. How We Protect Your Information. CPH is concerned with
protecting your privacy and data, but we cannot ensure or warrant the security of any information you transmit
to CPH or guarantee that your information may not be accessed, disclosed, altered or destroyed by breach of
any of our industry standard physical, technical or managerial safeguards. Therefore, we cannot guarantee its
absolute security. We use an outside a credit card processing company to process your payment if you
purchase goods or services from CPH. Compromise of Personal Information. In the event that personal
information is compromised as a breach of security, CPH will promptly notify our affected customers in
compliance with applicable law. Our Choices About Your Information. For current CPH customers, you can
review, correct, update or delete inaccuracies to the information about you that CPH keeps on file by logging
into your account to update your password and billing information. We will acknowledge your request and
handle it promptly. We will retain your information for as long as your account is active or as needed to
provide you services. We will retain and use your information as necessary to comply with our legal
obligations, resolve disputes and enforce our agreements. Protecting the privacy of young children is
especially important. For that reason, CPH does not knowingly collect or solicit personal information from
anyone under the age of In the event that we learn that we have collected personal information from a child
under age 13, we will delete that information as quickly as possible. It is our policy to provide notifications,
whether such notifications are required by law or are for marketing or other business related purposes, to you
via email, written or hard copy notice, or through conspicuous posting of such notice on the Sites, as
determined by CPH in its sole discretion. We reserve the right to determine the form and means of providing
notifications to you, provided that you may opt out of certain means of notification as described in this Privacy
Policy. Links to Other Web Sites. We are not responsible for the practices employed by websites or services
linked to or from the CPH Sites, including the information or content contained therein. Please remember that
when you use a link to go from the CPH Sites to another website or service, our Privacy Policy does not apply
to third-party websites or services. Our Site includes social media features, such as the Facebook Like button
and other widgets that run on our Site. These features may collect your IP address and which page you are
visiting on our Site, and may set a cookie to enable the feature to function properly. Social media features and
widgets are either hosted by a third party or hosted directly on our Site. Your interactions with these features
are governed by the privacy policy of the organization providing it. CPH occasionally offers contests. The full
rules for our contests are clearly posted during each contest. CPH may, from time to time, invite you to
participate in online surveys. The information requested in these surveys may include, but is not limited to,
your opinions, beliefs, insights, ideas, activities, experience, purchase history, and purchase intent regarding
products, events and services. The information collected by these surveys is used to research market trends,
church trends, ministry growth, congregation and community needs. Your input will help us to improve
customer experience, shape new product development, equip church ministry effectiveness and enhance
products for your spiritual growth and experience. CPH welcomes your comments and feedback regarding our
Sites. For this reason, we ask you not to send us any information or materials that you do not wish to assign to
us, including, without limitation, any confidential information or any original creative materials such as
product ideas, computer code, or original artwork. By submitting Feedback to CPH through our Sites or
elsewhere, you assign to us, free of charge, all worldwide rights, title and interest in all copyrights and other
intellectual property rights in the Feedback you submit. CPH will be entitled to use any Feedback you submit
to it, and any ideas, concepts, know-how or techniques contained in any such Feedback, for any purpose
whatsoever, including but not limited to developing, manufacturing and marketing products and services using
such Feedback without restriction and without compensating you in any way. You are responsible for the
information and other content contained in any Feedback you submit to us, including, without limitation, their

Page 3

DOWNLOAD PDF APPENDIX A : REPRODUCIBLE STUDY SHEETS
truthfulness and accuracy. Changes to Our Privacy Policy. All changes to this Privacy Policy are effective
when they are posted on this page. Continued use of the Sites following any such changes means you accept
and will abide by these changes. Concordia Publishing House, Attn: Privacy Policy, S. Louis, MO Error,
please try again. For questions contact us at privacy cph.
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Case Studies in Reproducible Research Daniel Turek and Fatma Deniz Having discussed the context and the
general practices of reproducible research, we will now shift focus to a collection of concrete examples of
scientific research workflows, all of which strive to attain a high degree of reproducibility. These case studies
of reproducible research are the foundation for our study of approaches and current best practices for
achieving computational reproducibility. By studying these real-world examples, we are able to draw
conclusions regarding the tools, software, and current trends of reproducible scientific research. In this
chapter, we begin by introducing the concept and format of the case studies, including the motivating factors
behind the general framework of a case study. Next, we describe the methods and process of collecting the
case studies from researchers spanning a range of scientific disciplines. The case studies themselves shed light
upon a natural classification into two distinct categories. This classification is described, and an index of the
case studies is provided. As a high level summary, we next present broad descriptions and summary statistics
of the case studies. These provide insight into the currently most common tools and methodologies facilitating
reproducible research. Finally, we provide some suggestions for reading the case study chapters to attain a
deeper understanding of these examples. These suggestions are intended to help readers identify ideas and
insights for crafting their own reproducible scientific research workflows. What is a case study? A case study
is a comprehensive description of the computational workflow that a researcher used to complete a single,
well-defined scientific research project. Each case study describes how particular tools, ideas, and practices
have been combined to support reproducibility. Emphasis is placed on the how, rather than the why or what,
of reproducible research. Each case study can be viewed as one approach among many possibilities for how a
researcher approached the challenge of reproducibility. Each case study follows a consistent, standardized
format. Each begins with a short biography of the author, including their affiliation, discipline, and a brief
abstract describing the subject of their case study. The body of each case study consists of the three core
sections: The workflow narrative and diagram are the heart of each case study. The diagram outlines the
project in a manner similar to a circuit diagram: Most diagrams are built around combinations of specialized
tools, version controlled repositories, databases, scripts, and end products such as statistical conclusions,
functional software, or scientific publication. The workflow narrative ties closely to the diagram, and explains
various stages and flow of information shown in the diagram. The narrative provides an opportunity for
authors to discuss topics such as the appropriate use of tools, how various steps were automated, the history of
raw data, and whether the software that is used for analysis is publicly available with sufficient documentation
and testing. Following the workflow narrative and diagram, each case study highlights the main successes of
reproducible research from the project. This section may also discuss how the project benefited from the
reproducible or open-source nature of other projects and how other researchers could reuse portions of the
workflow. Finally, in the Pain Points section, each case study reflects on the most troublesome obstacles
encountered in the pursuit of reproducibility. These challenges may have been successfully navigated, or may
still remain. Examples include data sets that could not be made publicly available, legacy code inherited from
other scientists, or difficulties in collaborating with other scientists without experience or interest in
reproducible research. These troublesome aspects should be equally as instructive as the successes and key
tools, since they highlight the practical hurdles to producing fully reproducible research. Case studies may also
include a Key Tools section, which specifically points out any software or other tools that helped achieve a
reproducible workflow. And finally, some case studies address several optional questions, which touch on the
broader context of reproducible research and its challenges. Where provided, answers to these questions are
included at the close of the case study. The optional questions posed to each author were: What does
"reproducibility" mean to you? Why do you think that reproducibility in your domain is important? How or
where did you learn about reproducibility? What do you see as the major challenges to doing reproducible
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research in your domain, and do you have any suggestions? What do you view as the major incentives for
doing reproducible research? Are there any best practices that you would recommend for researchers in your
field? Would you recommend any specific resources for learning more about reproducibility? This format for
case studies was designed largely before eliciting the case studies from contributing authors. This format was
selected to serve several purposes. Either alone would not provide a comprehensive idea of their approach to
achieving reproducibility. While similar information may also appear in the workflow narrative, the Key
Benefits, Pain Points, and Key Tools sections isolate these concepts, and force each author to reflect clearly on
the strengths and weaknesses of their approach. Combined, these sections provide a comprehensive view of
authors approach and experiences in their quest to achieve reproducibility. Collecting the case studies The
process of collecting case studies was coordinated by a core group from the Berkeley Institute for Data
Science, at the University of California, Berkeley. This process of collecting case studies spanned a period of
approximately six months. Initially, the core group drafted a general framework of a reproducibility case
study. At its inception, this consisted only of the workflow diagram and accompanying narrative. Members of
this group each wrote a case study describing one of their own research projects. After examining these initial
submissions, a formal template for a case study was created. This consisted of the introductory biographical
questions for each author, a description and guidelines for the narrative and diagram, and a set of questions
regarding various aspects of reproducibility. This template was later distributed to attendees of a
Reproducibility Workshop hosted at the Berkeley Institute for Data Science. One session of this workshop
gave attendees the opportunity to draft a case study describing their own research. Although attendees only
had a few hours to work on their submissions during the workshop, the majority took additional time after the
workshop to finalize their case study. A third and final round of case studies was later elicited through
personal requests to leading scientific researchers. Classification and Index As described in the last chapter, a
data-intensive research workflow can be divided into three main stages: The first stage represents data
acquisition, input, or creation. Regardless of the source of the data via collection, simulation, or otherwise , the
final result of this stage is one or more raw data sets. The second stage includes both cleaning and processing
of this raw data. This can include many different tasks such as consolidating, organizing, or digitizing, the
output of which is a cleaned dataset fully prepared for the third stage. Finally, the third stage includes all
statistical analyses, visualizations, and the creation of output products. This may frequently result in scientific
publication, but many other forms of output are possible, such as software tools, public repositories, scientific
conclusions, or actionable insights. An outline of a fully generic scientific workflow into these three distinct
stages is shown in Figure 1. Using this three-stage taxonomy, the case studies naturally fell into one of two
broad categories. The first we called "high-level" case studies, which describe a complete scientific workflow
involving all three stages. These generally provide a lighter treatment of each stage, and contain fewer
technical details. The second category is called "low-level" case studies, which consists of those case studies
describing only one or two of these three stages. These low-level examples generally provide a more detailed
or technical treatment of the various stages. Low-level case studies are further classified by which stage s they
describe. Using this classification, we present in Table 1 an index of all case studies contained in this book.
Each case study is classified as either high-level or low-level, and according to the scientific discipline from
which it is drawn. This index is intended to help guide readers in their exploration of the case studies. Guide to
case study chapters Author.
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