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A B S T R A C T

Many groups within the broad field of nanoinformatics are already developing data repositories and analytical
tools driven by their individual organizational goals. Integrating these data resources across disciplines and with
non-nanotechnology resources can support multiple objectives by enabling the reuse of the same information.
Integration can also serve as the impetus for novel scientific discoveries by providing the framework to support
deeper data analyses. This article discusses current data integration practices in nanoinformatics and in com-
parable mature fields, and nanotechnology-specific challenges impacting data integration. Based on results from
a nanoinformatics-community-wide survey, recommendations for achieving integration of existing operational
nanotechnology resources are presented. Nanotechnology-specific data integration challenges, if effectively
resolved, can foster the application and validation of nanotechnology within and across disciplines. This paper is
one of a series of articles by the Nanomaterial Data Curation Initiative that address data issues such as data
curation workflows, data completeness and quality, curator responsibilities, and metadata.

1. Introduction

Understanding and addressing complexities involved in integrating
nanomaterial and non-nanomaterial data resources to enable and ad-
vance scientific research is a key focus of nanoinformatics (Thomas

et al., 2011a). This article discusses the integration of data resources
across nanotechnology, including non-nanotechnology resources. It is
one in a series of papers focusing on important aspects of nanoinfor-
matics produced by the Nanomaterials Data Curation Initiative (NDCI),
which is part of the National Cancer Institute (NCI) Nanotechnology
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Working Group (Hendren et al., 2015). Other articles in this series
discuss data curation workflows (Powers et al., 2015) and data com-
pleteness and quality (Marchese-Robinson et al., 2016).

1.1. Background

The NDCI is currently working to advance nanoinformatics and is
exploring the role of data integration as an essential component within
the field. The following definition of nanoinformatics (expanded from
the Nanoinformatics 2020 Roadmap (de la Iglesia et al., 2011)) has
been proposed (Hoover et al., 2015).

“Nanoinformatics is the science and practice of determining which in-
formation is relevant to meeting the objectives of the nanoscale science and
engineering community, and then: developing and implementing effective
mechanisms for collecting, validating, storing, sharing, analyzing, modeling,
and applying the information; confirming that appropriate decisions were
made and that desired mission outcomes were achieved; and finally, con-
veying experience to the broader community, contributing to generalized
knowledge, and updating standards and training.”

Data integration within nanoinformatics and with outside data re-
sources supports productive nanotechnology, fostering the application
and validation of nanotechnology within and across disciplines.
Integration of data means combining different data sets such that they
are compatible with one another in format and meaning to enable
comparison and co-analysis. The nanoinformatics vision is that, beyond
achieving individual project goals, the potential exists for broadly-in-
tegrated data sets to yield new and unexpected insights from deeper
data mining, to generate new hypotheses and knowledge not antici-
pated by the originating data resources, and to benefit multiple stake-
holders. To realize these secondary benefits of integration, individual
projects and disciplines participating in integration efforts must see
improvement in their ability to meet their own objectives.

The overlap of interests among biomedicine, materials science,

precision agriculture, and environmental, health, and safety (EHS) re-
search is illustrated in Fig. 1. The figure shows that each field pursues
research relating to its discipline-specific questions, yet at the inter-
section of these fields is a common kernel of questions and answers that
would advance each individual research field as well as open new vistas
on a multi-disciplinary basis. By looking across all four disciplines, data
integration potentially positively affects the entire data life-cycle, from
experimental design through data sharing.

Integrating data from different data resources supports multiple
goals specific to diverse organizations or projects (Oksel et al., 2015)
and is a necessary precursor to deeper data mining to enable inter-
disciplinary scientific discovery, facilitate regulatory decision making,
and provide insight into improving the properties and performance of
nanomaterials.

1.2. Importance of data integration to nanotechnology

Nanomaterials (Boholm and Arvidsson, 2016; Rauscher et al., 2012)
are becoming ubiquitous in science and technology (Vance et al., 2015;
Xia, 2014). Biomedical researchers are making multifunctional nano-
materials to diagnose, target, and treat many diseases looking for ways
to increase nanomaterial stability and optimize nanomaterial perfor-
mance while minimizing potential negative effects (Xia, 2014). Other
researchers are harnessing similar useful properties of nanoscale ma-
terials for a host of other applications ranging from energy storage to
water treatment to improved mechanical strength and flexibility of
advanced materials (Roco et al., 2011).

To design optimal nanomaterials and predict their behaviors, re-
searchers must use data from disparate, non-standardized resources
across biomedical, environmental, health and safety, and materials
science disciplines. Problems abound. Even when the composition of a
nanomaterial is provided, the nomenclature used to describe its com-
ponents - the base nanomaterial formulation and the material

Fig. 1. Examples of use cases that can be addressed and might mutually benefit from data integration.
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