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Abstract: The cross-disciplinary future of knowledge domains mapping requires the fusion of multiple
data sources, methodologies, and theories, shifting from descriptive to predictive models. This paper
explores some of the National Research Council Canada challenges in using knowledge domain mapping
to better forecast the future and advances a call for action.

1. Introduction
Accurately forecasting the trajectories of scientific domains and technologies is essential to
the investment strategies of public and private organizations that operate in the area of science
and technology. Mapping these trajectories represent a significant challenge because of the rapid
pace at which new technologies are introduced, and their transformative impact on global,
societal, cultural, and economic environments. While an important part of knowledge domain
mapping research has focused on research evaluation and the social studies of science, emerging
attention is devoted to the forecasting of science and technology evolution for future planning
purposes (Boyack & Klavans, 2014).
The National Research Council Canada (NRC) is Canada’s premier Research and
Technology Organization. Since 2002, the National Science Library and Knowledge
Management branch of the NRC has developed expertise in the visualization of knowledge
domains to meet the NRC’s competitive intelligence needs and support strategic investment
decisions. In producing knowledge maps, the NRC Knowledge Management team faces a series
of challenges in the production of plausible futures and technology forecasts. These challenges
are particularly relevant for the Canadian information science community, as they relate to data
manipulation limitations, the development and diversification of analytical methods, and the
production of interpretative and actionable intelligence.
This paper provides a brief overview of the evolution of knowledge domain mapping
research and practices, followed by practical challenges from NRC initiatives used to support
future R&D investment decisions. In closing, the paper advances a call for action to the
Canadian information science community to suggest how information science researchers and
professionals could contribute to knowledge domain mapping cross-disciplinary research and
practice.
2. Brief Overview of Mapping Knowledge Domains
The recognition of the social function and institutionalization of science (Bernal, 1939), the
exponential growth of science publications (Price, 1965), and the advent of computerized citation
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indexes led to the development of a science of science in the late 1950s (Garfield, 2007). Rapidly
thereafter, the desire to map the science landscape, graph the boundaries of knowledge domains,
and understand the structural dynamics of the science phenomena became a focus area for
research in information science. A series of landmark publications during the 1960s through
1990s explored the use of quantitative and basic visualization techniques on science and
technical communication artifacts, to reveal the evolution of scientific knowledge domains. The
concepts of bibliographic coupling (Kessler, 1963), direct citation network graphs or
historiographs (Garfield, 1973), co-citation mapping (Griffith, Small, Stonehill. & Dey, 1974;
Small & Griffith, 1974), and co-word analysis (Callon, Courtial, Turner & Bauin, 1983) fueled
the emergence of science mapping. While knowledge maps during this period evolved around
the institutional concept of scientific disciplines and research fronts (Small, 1999), the advent of
the Internet and the science of networks in the late 1990s emphasized the analysis of scholarly
social networks and the collaborative nature of science (Barabâsi et al., 2002). In the early 2000s,
new capabilities offered by visualization interfaces and data processing techniques propelled the
use of information visualization capabilities on large bibliographical datasets (Börner, Chen, &
Boyack, 2003). Mapping knowledge domains was then labeled as an emerging interdisciplinary
field (Shiffrin & Börner, 2004) and attracted contributions from the computer sciences, R&D
management, science policy, and innovation studies. In parallel, a market for specialized
commercial software and methodologies emerged to meet the needs of R&D organizations,
corporate and legal firms engaged in intellectual property management as well as strategic and
competitive intelligence activities (Porter & Cunningham, 2004).
Two interconnected streams can categorize current knowledge mapping initiatives. First, a
mostly academic, research-oriented stream geared towards science policy formulation and the
understanding of science and scholarly network dynamics. Second, a stream residing in a set of
methods, applications, and services seeking to produce actionable insights for the benchmarking
of university research programs, R&D strategic planning (Boyack & Klavans, 2014), competitive
intelligence, and technology forecasting (Porter et al., 2004). The next section will illustrate this
second stream through examples from recent initiatives and projects at the NRC. These examples
describe two major challenges the NRC faces in using knowledge mapping practices, methods,
and tools to anticipate technological trajectories.

3. NRC Challenges in Mapping Knowledge Domains
The first example highlights challenges in the development of future awareness capabilities
used to strengthen investment decisions and the second highlights the modeling and mining of
complex knowledge networks.
Challenges in mapping the future: The NRC faces an increased demand for forward-looking,
future-oriented knowledge to better manage the uncertainties brought by R&D planning
programs, using time horizons of five, fifteen, and even twenty years. Mapping scientific and
technological trajectories based exclusively on lagging indicators and data points from scholarly
and technical publications is insufficient. These data-driven methodologies have to be combined
with future assessment approaches, such as foresight and qualitative methods more attuned to
deal with the uncertainty of the future through scenarios, probability, and plausibility
frameworks. The shift from descriptive to predictive assessment capabilities raises questions
pertaining to how the NRC can best detect and map the emergence and trajectories of new
technologies. Other unknowns include the emergence and modeling of the evolution and
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convergence of knowledge domains, and how data analytics, qualitative methodologies, and
futuristic scenarios inform one another.
Challenges in integrating complexity: The NRC’s understanding of the interplay of crossdisciplinary science, society, economic development, and global issues is evolving with the
complexity of mapping the dynamics of knowledge networks (Börner et al., 2010).
Consequently, the NRC faces a challenge in tapping into, fusing, and meshing a wider variety of
data sources, beyond the traditional scholarly communication channels. Data analysis and
sourcing requirements at the NRC are being redefined by the advent of open science and data
policies, as well as the increased participation of multiple social and non-state actors in social
media and knowledge production models (European Commission, 2009). Going forward, the
NRC is actively interested in discovering how social media conversations may provide more
timely access to early insights on the evolution of knowledge domains, versus traditional
scholarly communication channels. Important questions pertain to the media of meaningful
conversations on science and technology developments and how to integrate them, along with
other data sources, into the analysis.
4. Call for Action
The future of mapping knowledge domains expands across disciplines, requiring the fusion
of multiple data sources, methodologies, and theories, shifting from descriptive to predictive
simulations (Edmonds, Gilbert, Ahrweiler, & Scharnhorst, 2011). Therefore, resolving some of
the current challenges of mapping knowledge domains requires the engagement of crossdisciplinary research and teams. Some of the relevant aspects that should be considered by
information science researchers and professionals include:
1. Data manipulation limitations – the identification and integration of new and diversified
sets of data sources, as well as the transition from applying analytics on static data
(databases) to dynamic data (streaming text and data sources);
2. Development and diversification of analytical methods – the development of composite
indicators that would include social, political, and economic parameters for the detection
and monitoring of emerging technologies, and uncovering new applications for existing
ones;
3. Production of interpretative and/or actionable intelligence – the enhancement of
capabilities to increase the actionable knowledge value and multidimensional
perspectives through the integration of quantitative and qualitative methods.
As our understanding of the interconnectedness of science, society, economic development,
global issues and the participation of individuals within the innovation ecosystem increases, so
does the complexity and value of mapping the dynamics of networks involved (Börner et al.,
2010). Having access to future-oriented knowledge mapping capabilities could provide the
Canadian information science community with a better understanding of the trends and forces
shaping R&D activities, and offer them a more robust future-aware perspective in these times of
high uncertainty.
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