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Abstract. Due to the comparatively more recent emergence of data retrieval
systems than text-based search engines, the former have still yet to achieve
similar maturity in terms of standards and techniques. Most of the existing
solutions for data retrieval are more or less makeshift adaptations of text
retrieval systems rather than purpose-built solutions specially designed to cater
to the particular peculiarities, subtleties, and unique requirements of research
datasets. In this paper we probe into the key differences between text and data
retrieval that bear practical relevance to the retrieval question; these differences
we demonstrate by evaluating some representative examples of research data
repositories as well as presenting findings from previous studies.
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1 Introduction

Among the more comprehensive definitions of research data is that they are “entities
used as evidence of phenomena for the purposes of research or scholarship”, which
may range in form from digital records (e.g. text, audio, video, spreadsheets, etc.) to
physical objects (e.g. laboratory specimens, historical artefacts, soil samples, etc.) [1].
A stricter definition, however, stipulates that in addition, research data must be asso-
ciated with useful metadata, or “information describing its creation, transformation,
and/or usage context” [2]. Research data repositories perform various useful functions,
among the first of which is storage/curation of research datasets, and not the least of
which is enabling the discoverability of the same by authorized parties. The latter
function is primarily fulfilled by the retrieval system via (a) a search interface by means
of which the underlying database may be queried; (b) a browsing interface through
which the same may be accomplished in a structured way; or (c) a URL that links
directly to the resource itself. Data retrieval systems are still at a relatively early stage
of development, and most of the data repositories currently in use are essentially
text-based in their methods of metadata indexing, query processing, and retrieval; and
as well in the way that their search results are presented. Superficially, this fact may
hardly be regarded as constituting a definite issue in itself, until the question is con-
sidered whether we interact differently with data than with publications; and, if so,
whether there may not be better advantage, then, in modelling data retrieval systems
specially to reflect the unique requirements and opportunities indicated by these
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differences. This is an important question retrieval-wise, partly because the task of
tagging research datasets with metadata, which is the central component that powers
the retrieval engine, is often complex; and partly because unlike the indexing of
research papers by services like Web of Science, the indexing of research datasets is
not standardized or controlled [3]. This paper recognizes the need to not only identify
existing problem areas in data retrieval, such as the aforementioned; but as well the
relationships of these problems to one another, in order that they may be traced to, and
addressed at the root. There is need, also, to ascertain the requirements of a proper data
retrieval system in order that appropriate means may be devised for the achievement of
that end. It is not our object in this paper to expound on the theoretical differences
between text retrieval and data retrieval; but rather, to investigate on the more evident
and frequently encountered differences that bear practical relevance to retrieval. The
particular aims of this paper form a part of an ongoing research, and have been tailored
expressly with this purpose in mind; they are:
To —

1. Review the currently supported features and functionalities of RDM repositories as
pertains retrieval. It is not part of our aim to critique these services from a usability
perspective, nor to compare their general features, but to provide a snapshot of the
standard search and retrieval features available;

2. Assess the degree to which these services cater and are adapted to the special
requirements of data retrieval as distinguished from text retrieval (i.e. research
publications);

3. Ascertain as to the existence of any marked improvements in retrieval performance
and output, between services that support only simple-keyword searches and those
that support more advanced querying options; and

4. Establish, via an exploratory study, the differences, as specially pertains retrieval,
between the requirements of research data content and text content.

This paper addresses points 1 and 4 above.

2 Appraisal of Repositories in Current Use

As of date re3data.org lists upwards of 900 research data repositories in its directory.
For better manageability of this mammoth number, and for the purpose of giving
structure to our review we have organized these into 6 broad, non-mutually exclusive
groups viz. disciplinary, institutional, publisher-service, location-based, dedicated
content-type, and commercial/general purpose repositories. For each group, we have
hand-picked a few representative examples for evaluation against the following yard-
sticks which have special relevance to the retrieval question:

1. Metadata. The method by which the metadata associated with each dataset is
extracted and used for indexing; and the degree to which this metadata appears to be
exploited to provide features for browsing, searching/querying, filtering and result
presentation;



Data Retrieval = Text Retrieval? 255

2. Querying facility. The level of expressiveness allowed in searching/querying the
repository; which, in addition, further enhances discoverability; and

3. Result filtering. The availability of options for filtering down search results, and the
furthest granularity to which this is possible.

Our choices of data repository examples were guided by the combined recommen-
dations of re3data.org and Nature'.

Disciplinary Repositories. These are dedicated repositories housing research data
from a specific disciplinary branch or sub-branch; e.g. Dryad” for the Biosciences, and
the Virtual Solar Observatory (VSO)® for Solar Physics data. Figure 1. shows the
search interface of the VSO, where metadata can evidently be seen to be made ample
use of to enable searches by an extensive range of variables. To be sure, solar data is a
highly standardized, machine-collected data; and it is exhaustively machine-tagged to a
metadata schema standard to the discipline. The latter affords immense potential for
building, on the strength of it, functionalities capable of supporting very expressive
search queries, as well as result filtering to a fine granularity. It also allows for better
indexing methods, and, consequently, more efficient retrieval.

Search VSO Help or enter Cart Id Go

Search for Solar Physics Data Products:

If you're new to the VSO, see How To Search, the FAQ or click the © icons for online help.
Please select which values you wish to use to search for data products:
Time Virtual Solar Observatory
Search by time interval.
Derive time intervals from event catalogs
Observable
Search based on physical observables®
Instrument / Source / Provider
Search based on instruments® or data archives®
Compact listing
Instrument / Source (not provider dependent)
Instrument Only (not source or provider dependent)
Spectral Range
Search based on a spectral range
Nicknames
Search based on common terms used to describe data products
Note: Nicknames generate an intersection with other search terms, so searching for a nickname, and a physical observable (or other parameter)
when a nickname defines other physical observables will result in no matches.
Show Nickname Definitions

Searching against current VSO instances

Generate VSO Search Form

VSO Documentation

Documentation for Scientists, Programmers and Data Providers, including Changes, FAQs, and contact info.

Help us improve VSO

o Tell us what features you would like to see.
e N s

Fig. 1. The bounded domain of disciplinary repositories affords scope for exploiting
disciplinary metadata to improve query expressiveness, indexing techniques, and retrieval
efficiency among others

! https://www.nature.com/sdata/policies/repositories.
2 datadryad.org/.
? https://sdac.virtualsolar.org/cgi/.
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Publisher-service Repositories. These are provided by journal publishers, some of
whom conduct peer reviews on research data and publish them as regular scholarly
outputs; e.g. Nature’s Scientific Data®. Publisher-service repositories are mostly opti-
mized for linking research data with the publications that they underlie; and, as journals
generally publish around specific subjects/topics, their repositories may share some of
the aforementioned advantages of disciplinary repositories; these services, however, are
few.

Institutional Repositories. Institutions of higher learning may make available
repositories for the exclusive use of their research communities; e.g. Oxford Univer-
sity’s Research Data Oxford’. These repositories are usually hidden behind a login, and
many universities outsource the provision of this service to third-party vendors. Fur-
thermore, the repositories are built such that they could as well house other research
outputs, including books, patents, reports, and theses among others. All these combine
to ultimately give very little scope for specially adapting their retrieval systems to work
well for research datasets. As could be seen in Fig. 2, however, institutional reposi-
tories may have a modest provision of options for advanced searching and for filtering
search results.

T?‘I‘}B;l:thumbria Research Link

= NRL Home

Advanced Search

Fig. 2. Institutional repositories are designed, generally, to accommodate other research outputs
in addition to datasets. Consequently there is little scope for data-centric features.

4 https://www.nature.com/sdata/.
3 http://researchdata.ox.ac.uk.
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Location-based Repositories. Research Data housed in these repositories are gener-
ally accessible to anyone globally, but submissions are solicited and accepted only
from researchers within a specified geographical area; e.g. ANDS Research Data
Australia, and the European Union Open Data Portal (EU ODP)®. These repositories
are generally more data-centric than institutional repositories, and feature advanced
search options that are more pertinent to research data (e.g. Fig. 3); but, in their attempt
to accommodate all data that falls within their geographical boundaries, they sacrifice
much of the benefits, such as have been previously mentioned under the example of
disciplinary repositories, of well-exploited metadata which come with having a more
streamlined content.

Advanced Search

Filters

Data Provider m

Licence
Time Period
Location
Review v

@ Help

Fig. 3. Advanced search options by Research Data Australia

Commercial Service-provider & General-purpose Repositories. These place little
to no restrictions on research data submitted to them; e.g. Figshare’. They tend to house
multidisciplinary data, as well as data from niche disciplines that do not have dedicated
repositories. As shown in Fig. 4, general-purpose repositories, by the mere fact of their
being general-purpose, find it harder to achieve any fine-grained filtering of search
results, to say nothing of forming expressive queries. This is because the metadata that
is needed to support such functionalities is, in the interest of inclusivity, kept superficial
at best; and, as such, the retrieval mechanism is essentially very text-like.

6 https://data.europa.eu/euodp/en/data.
7 https://figshare.com.
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Fig. 4. Showing Figshare as an example of general-purpose/commercial data repositories.

Dedicated Content-type Repositories. These exclusively or predominantly house
research data of a certain file type/format; e.g. the Visual Arts Data Service (VASD)®
for image data, shown in Fig. 5. By virtue of the comparative homogeneity of their
supported data, not only do dedicated content-type repositories have the unique
advantage of potentially having their retrieval engines designed specially to cope with
their content type and support interaction possibilities unique to it, but also their search
interfaces to be designed around ideas and principles as best suit or express the special
properties of their content.

2.1 Section Summary

While in the preceding sections we have dwelt on the strengths and advantages that
purpose-built data retrieval systems promise, we have not sufficiently touched on the
disadvantages and consequences of settling for a text-based system for data retrieval.
Unlike research publications (text), data may be said to entail an active interaction:
researchers do not “read” datasets in the passive sense that they do publications; rather,
they “use” it by visualizing, combining, or manipulating it among other things. In the
section that follows we briefly present the findings of a previous exploratory study that
argues a strong case in favor of retrieval solutions designed purposely for use with data [3].

8 https://vads.ac.uk.
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Fig. 5. Showing VADS as an example of dedicated content-type data repositories.

3 Comparison-in-Action Between Text & Data Retrieval

Figure 6 shows the search interface of the popular Web of Science’, a text-based search
engine for research publications. It can be observed that the search options it provides
do not decidedly differ from those previously seen of data repositories. In fact, the

Search

Select a database Web of Science Core Collection M Learn More

Basic Search Cited Reference Search Advanced Search Author Search = Less

Use field tags, Boolean operators, parentheses, and query sets to create your query. Results will appear in the Search History table at the bottom
of the page. (Learn more about Advanced Search)
Example: TS=(nanotub* AND carbon) NOT AU=Smalley RE
#1NOT#2 more examples | view the tutorial

Restrict results by languages and document types:

Allanguages Al document types
English Article
Afrikaans Abstract of Published ltem
Arabic Art Exhibit Review
TIMESPAN
O Alyears v

From 1970 v to 2017 ~

3 Clarivate
Analytics

My Tools ~ Search History ~Marked List

Join the Publons community of
reviewers for Peer Review Week

Booleans: AND, OR, NOT, SAME, NEAR

Field Tags:

Author Identifers
= Group Author [Index]
bication Name [index]
]
Published
nference
ross
rganization- Enhanced [Index]
rganization
= Suborganization

SA= Street Address
Ci=City

PS= ProvincelState

CU= Country

2P=ZiplPostal Code

FO= Funding Agency

FG= Grant Number

FT= Funding Text

SU= Research Area

WC= Web of Science Category
1S= ISSN/ISBN

UT= Accession Number
PMID= PubMed ID

Fig. 6. An example of a text-based retrieval system, Web of Science, showing advanced search

options.

® https://apps.webofknowledge.com/.
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resemblance is not superficial: at their core the vast majority of currently-available
data-repository retrieval engines are effectively identical to text retrieval engines. This
state of affairs is far from ideal because the differences in file types, size, and format, as
well as the need for documentation for research datasets, have major implications for
search efficiency and resource requirements of data retrieval.

Fundamentally, the basic building block of all scientific publications is text. This
uniformity makes it easy to develop standards and fine-tuned solutions. Data, however,
even by its mere definition indicates variability. The sheer variation in file types and
formats of datasets makes any standardization unfeasible. One of the key challenges of
data retrieval arises from the lack of use of standard metadata and documentation to
contextualize data sufficiently for re-use [4] and discovery [5, 6].

Also, the file sizes of research datasets typically exceed the file sizes of research
publications (text). It could be observed from Table 1 that the average file size of a
single research dataset may in some disciplines amount to as much as 900 times over

Table 1. Average sizes of files retrieved for research datasets and research publications.

Discipline Keywords Data Text Approx. ratio
retrieval® retrieval® of text to data
Arts & Humanities Art museums 6.205 MB | 0.820 MB 1:8
Nineteenth 2.898 MB |1.042 MB |1:3
century
“World war” 6.158 MB |0.508 MB | 1:12
Medieval 5.158 MB | 1.091 MB | I:5
Popular music 9.334 MB |1.000 MB |19
Social Sciences Unemployment 4729 MB 0455 MB | 1:10
Cognition 13.340 MB | 1.612 MB |1:8
“Labour law” 2.827 MB [0410 MB |17
“Trade union” 15939 MB | 0.748 MB 1:21
Imprisonment 2444 MB |0.503 MB | 1:5
Computer & Search behavior 657.707 MB | 0.731 MB 1:900
Information Science Face recognition 1.394 GB 1.535 MB | 1:908
Computer vision 1339 GB [2.782 MB | 1:481
Research data 1.574 MB 0.521 MB 1:3
sharing
Social media data 19.597 MB 1.078 MB 1:18
Natural Sciences Marine life 32.318 MB 1.491 MB 1:22
“Climate change” 2.808 MB | 2.497 MB 1:1
“Renewable 766.432 MB | 3.606 MB 1:213
energy”
“Ultraviolet light” | 496.745 MB | 1.991 MB | 1:250
“Oxidative 41.177 MB | 1.895 MB | 1:22
phosphorylation”

“Average File Size, inclusive of documentation.
bAvemge File Size.
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the average file size of a single research publication. The ordinary web browser,
consequently, cannot support the preview of datasets online as it does research pub-
lications; and consequently in turn, datasets must necessarily be downloaded before
even a glimpse of them could be had [3]. These false downloads of large files result in
considerable processing overhead, and it is more advisable that the retrieval system
returns a manageable subset of the data so that the user may view it beforehand and be
able make an informed decision as to whether to download it.

Research shows that energy consumption increases with increase in server load
because energy is consumed during both phases: while doing computing work and
while waiting for database data to arrive [7]. Hence, a reduction in the volume of data
downloaded will reduce the energy consumption of IT infrastructure of data services as
well as the universities and research institutions, thereby reducing the environmental
costs of research data management.

4 Conclusion

With special reference to retrieval, this paper has expounded on some key differences
between research data and publications (text), and urged the development of data
retrieval systems that are modelled around requirements and opportunities unique to
data. The current state of affairs in which data retrieval and text retrieval are equated
and dealt with interchangeably is unsatisfactory, unsustainable (for details on sus-
tainability of information see [8, 9]) and results in an unnecessarily high consumption
of network, computing, and storage resources. Most of the current data retrieval sys-
tems offer features that are based on keyword searches and are appropriate for text
retrieval, but they seldom meet the specific requirements of data retrieval.
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