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ABSTRACT
Data quality, FAIR-ness and computational reproducibility are achievable
milestones in the field of academic research and research data management.
They add credence to the open access movement by ensuring uniformity in
data availability and reusability. Within the Conquaire project, we have
strived to promote best practices by automating the data quality aspects to
enable data reuse and computational reproducibility. Computational repro-
ducibility experiments were conducted with each Conquaire partner, an at-
tempt tp reproduce the results from their published papers inorder to obtain
a closer perspective of their data and to review the state of data FAIR-ness
with respect to third-party reproducibility of the research analysis workflow.
The Conquaire partners provided their paper to be reproduced along with
the cleaned data sets used and the program scripts they used for the data
analysis.
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1.1 INTRODUCTION
Reproducibility is a cornerstone of the scientific process. While the repro-
duction of an experiment can be extremely difficult, the ability to reproduce
the (computational) analysis of the data that supported a certain conclu-
sion (e.g. the validation of a hypothesis) should be a minimum requirement
on every piece of published research. We call this type of reproducibility
analytical reproducibility.

The ability to reproduce the analytic results of a certain piece of research
requires, as a minimum, that: i) the primary or secondary data is available,
ii) the data is syntactically well-formed and ready-to-use, iii) the data is
appropriately documented, iv) the analysis procedures (e.g. scripts) that
were used to process or analyze the data are available, and v) these analytic
procedures can be run on the data to reproduce the actual result published
in a paper. Analytical reproducibility is often hampered by the fact that one
of the above requirements is not met.

An illustrative example of data sharing and independent validation or
refutation of scientific results by others is conveyed by a recent case: In 2010
Harvard researchers Kenneth Rogoff and Carmen Reinhart published their
paper Growth in a Time of Debt [18]. They had analyzed historical data from
20 industrialized countries since WWII and concluded that economic crises
arise when the size of a countrys debt rises above 90% of the Gross Domestic
Product (GDP). This result had a significant impact on political decisions
worldwide, until in 2013 the student Thomas Herndon tried to replicate the
analysis. He contacted Reinhart and Rogoff and they provided him with the
actual working spreadsheet. Inspection of this spreadsheet disclosed several
serious errors, which rendered the results invalid [6]. The above case is thus
a very good example of the efficiency of the scientific process, albeit a rather
simple one in which both the data and the analytical procedures used to an-
alyze the data were available in the form of a spreadsheet and could thus be
reproduced in a straightforward fashion. In many scientific disciplines, repro-
ducing research results is more complicated as research can involve advanced
and high-tech devices needed to measure certain phenomena, complex exper-
imental protocols, data in different formats (structured vs. unstructured),
different modalities (text, annotations, video, audio, 3D data) etc. which
make it difficult to reproduce a certain scientific experiment.

While reproducing an experiment can be very challenging, as a baseline,
given the primary or derived data resulting from an experiment, the repro-
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duction of the (computational) analysis procedures that yielded a particular
result should be feasible. In fact, an important step in the generation of
scientific results lies in the computational analysis of the primary data or
derived secondary data. In most cases, software packages (such as SPSS, R,
Excel) are used in this part of the process to test a hypothesis by performing
some computational or statistical analyses of the primary or derived data.
We will refer to this part of the process as analytical phase. While being able
to fully reproduce an experiment can be extremely difficult, reproducing the
analytical phase seems more feasible as it would essentially require access to
the primary and/or derived data as well as to the analytical tools used by
the researchers to derive some result.

Thus, a significant step towards supporting reproducibility in science
would be analytical reproducibility, which consists of making sure that
a third party researcher could reproduce the computational and statistical
analysis performed on primary and derived data to yield a particular con-
clusion; thus, being able to independently verify the results and conclusion.
A crucial question is how research data infrastructures should be extended
to support analytical reproducibility, data sharing and thus, indepen-
dent validation of (analytical) research results.

As a prerequisite for a research result or scientific paper to be analytically
reproducible and useful for other researchers, the following conditions need
to be met:

• primary or secondary data is available for inspection and processing,

• data is syntactically well-formed and follows best practices from the
corresponding community, thus being ready-to-use.

• analytic procedures (e. g. scripts, spreadsheets, etc.) that were used to
process or analyse the data are available, and these analytic procedures
can be run on the data to reproduce the actual result published in a
paper.

Analytical reproducibility is often hampered by the fact that one of the
above four elements is lacking. In order to be reproducible, research data
needs to have a certain quality which we operationalize in the context of
this proposal as its readiness to be re-used by others, e. g. to reproduce
the computational analyses described in a scientific publication. Typically,
researchers have no institutional support nor resources to ensure data quality
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