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Abstract

Reuse of research data requires knowing what the data is about but also of how it was created and
previously processed, interpreted and used. The major challenges in capturing enough — but not too
much — such process information, termed paradata, are to know what to document and how to
document it in adequate detail and form. This paper showcases research and findings from the ERC-
funded research project CAPTURE, which develops in-depth understanding of how paradata is
being created and used today and which elicits and explores methods for capturing paradata. From
a research infrastructure perspective, the most challenging question for managing paradata is how
to enable and support the creation of paradata that is sufficient, relevant for its future reusers, and
not too labour-intensive to produce and maintain. Considering the significant extent to which
paradata is coincidental and exists because of the lack of data cleaning and management, a major
challenge is also how to strike a balance between too much and too little standardisation.
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1. Introduction

Reuse of research data requires not only knowing what the data is about but also a comprehensive
understanding of how the data has been created and previously processed, interpreted and used (e.g.
[1,2]). Without sufficient documentation of data, we risk ending up in a digital dark age [3] where hard-
to-(re)use “dark data” dominates [4]. In the worst case, lack of context around the creation of
archaeological research data — both digital and analog — can lead to substandard datasets that are difficult
to interpret. Such datasets may not support future research and the creation of new archaeological
knowledge to a sufficient extent.

The research project CApturing Paradata for documenTing data creation and Use for the REsearch
of the future (CAPTURE) is funded by the European Research Council. It investigates the previously
fairly unexplored question of exactly what information about the creation, management, and use of
research data is necessary for the data to be reusable in the future. CAPTURE also examines how this
information can be captured in a way that is both efficient and comprehensive enough to support data
reuse. The empirical focus of the project is archaeology. As a transdisciplinary and paradigmatically
diverse field that operates with a broad range of data types, from textual evidence to measurements,
visual information, and physical evidence, it provides an outstanding context to delve into the
complexities of data documentation.

In the project, data about data creation and manipulation processes is referred to as paradata [5]. The
concept, first introduced in survey research to refer to data that describes or concerns processes [6], was
introduced in the early 2000s in cultural-heritage visualisation research through the London and Seville
principles [7], which stipulate fundamentals for the documentation of visual (re)presentations in
archaeological and cultural heritage-related contexts. More recently, paradata has been instituted in
information and data management [8] and Al and records management contexts [9].
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The aim of this paper is to highlight the significance of capturing, documenting, and preserving
research-data-related paradata in research infrastructures and, on the basis of the ongoing research in
CAPTURE, to outline key challenges and opportunities relating to the management of paradata.

2. New knowledge on paradata that supports research data management
and open science

The purpose of CAPTURE is to create new knowledge and increased understanding of how paradata is
created and used today, as well as to develop and test methods for working with paradata. Based on the
results, CAPTURE contributes to creating standards and tools for paradata and advances in data-
intensive research areas that use heterogeneous research data of different origins. The project does this
by creating knowledge that supports the implementation of national, European, and global policies for
data management and open data (cf. [10-12]).

CAPTURE also contributes to the effective sharing and reuse of research data in discipline-specific,
thematic, and interdisciplinary knowledge ecosystems and repositories (cf. [13]). The project develops
a critical understanding of the social contexts and use of infrastructures emphasised in recent research
agendas (e.g. ARTADNE [14-16]) and empirical research (e.g. [17]). It creates new knowledge about
what data creators and users find important to document regarding data-related processes, what explicit
and implicit needs for documentation there are, and how these needs can be satisfied in practice.

3. Document enough, not too much

A major challenge for capturing and preserving paradata is that different data users have different needs
in different situations. Literature on data reuse has identified differing needs across various disciplines
and how these needs depend on what methods and theoretical perspectives underpin the scholarly
enterprise [18]. At the same time, it is both practically impossible to document everything and very
hard to decide what should and should not be documented. The variety of needs along with the difficulty
of predicting what needs exist make it complicated to document data-related processes.

Determining how to document and preserve just enough therefore becomes a key issue. Like all data
about data [19], paradata will be incomplete. As a consequence, it is necessary to focus on striking an
acceptable balance between what can be captured automatically and what has to be documented
manually (e.g. [20]). It is thus important to examine what information is already embedded in the data
itself [21,22] and what can be left to future users to find out for themselves through various types of
“archaeological” or “forensic” post-hoc methods [23] for “excavating” existing data. To date, a great
deal of research has explored each of these approaches but there has been a lack of research covering
the entire paradata phenomenon and how it can be used to support the reuse of research and survey data.

The CAPTURE project uses several methods to investigate the intellectual processes that underlie
the creation and use of research data within and outside of archeology and to propose and develop
strategies for capturing them. This palette of methods consists of document and documentation studies
(e.g. [24-26]), conceptual [27] and citation analysis [28], ethnography, review and testing of previously
proposed and newly developed methods for documenting paradata, as well as interviews [29] and focus
group discussions with key stakeholders.

4. Much paradata is available in existing documentation

The results from interview and survey studies and the analysis of research publications and data show
that a great deal of paradata is already available in the existing scholarly output. In archaeology, survey
reports constitute an important source of paradata. They are expected to document both research results
and the investigation process. In addition to regular job descriptions, they convey knowledge of work
processes, for example in description of results and in information about participating actors.
Photographs provide an important paradata source, especially those showing work in progress,
environment, and physical conditions at investigation sites [24]. Even a close reading of the dataset can
contribute information about underlying processes. Word choices, descriptions, and time stamps are
just a few examples of elements in databases that can yield process knowledge. Much of this
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information is not documented explicitly but is inherent in the messiness of primary research data.
Standardised data and metadata formats lack the flexibility to document all possible forms of process
information and are unsuited to preserve such implied or inherent paradata. Perhaps somewhat counter-
intuitively from a research data management perspective, therefore, extensive standardisation and data
cleaning therefore risk resulting in a loss of essential paradata [26].

The fact that much paradata can already be found in existing documentation means that the main
challenge with process documentation is not necessarily to expand its quantity or scope. One of the
problems is that the paradata is fragmented across different parts of the documentation and that it can
prove complicated to get an overall grasp of what paradata is available. Key challenges involve finding
the paradata, understanding what is missing, and complementing it with the necessary additional
information.

5. Documenting useful information

Another problem in finding paradata is that it is not always available or that available paradata do not
correspond with user needs. In particular, information about data management procedures, standards,
and structuring of data is rarely documented in detail. Results also demonstrate that data creators and
users often have different views on what paradata is needed [26]. When paradata is documented, the
data creator would probably focus on those elements that are obvious to them, that accord with their
ideas about what is central to data creation, and that are easy to document. Data users, on the other
hand, expect and need paradata that help them understand the data based on their particular situation.

The apparent gap between what data creators and data users consider to be important makes it
difficult to create and provide paradata that is meaningful to both parties. Data creators have to
understand how users think, anticipate what paradata is likely to be helpful, and consider data usage
when creating and documenting data. The users similarly need insight into how data creation has taken
place and capacity to understand how the data creation process works. An additional complication is
that the specific needs depend on the purpose, context and situation of data use. Reproducing research
and reanalysing data again for the same purpose and in the same research field as the original study to
verify or disprove results require a different set of paradata than if the purpose is to extend the original
analysis temporally, spatially, or for example socially, by combining data with other (possibly new)
data in the same research field. The same applies if the data is used, possibly in combination with other
or new datasets from the same or other research fields, for analysis in another research field, to produce
new results using new analytical methods, or to conduct a historical study of a phenomenon related to
the dataset or to the research itself.

6. Conclusions

The practical key challenges in providing enough — but not too much — paradata to make research data
usable relate to documenting data creation, processing and use: what to document, but also how to
document it in adequate detail and form. It is equally crucial to realise what is understood as paradata.
The term “paradata” is used with different meanings in different contexts [27]. Therefore, it is necessary
to clarify exactly what is meant when the term is used in theory as well as in practice. From a research
infrastructure perspective, the most challenging question is how to enable and support the creation of
paradata that is sufficient, relevant for its future reusers, and not too labour-intensive to produce and
maintain. Considering the significant extent to which paradata is coincidental and exists because of the
lack of data cleaning and management, a major challenge is also how to strike a balance between too
much and too little standardisation.
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