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Abstract

With increasing pressure to demonstrate a return on investment, scientific user facilities and
government funded research projects must strive to demonstrate positive impact of their research on others.
Historically, citation counts and journal impact factor have been widely used as a single quantitative
measure of impact. However, with the expansion of various modes of communication, citation counts no
longer hold as much merit as a single measure of impact. This work seeks to expand on citation counts by
considering the audience to which a publication draws attention. Based on communication mode, there are
various audiences that may be "impacted" but those audiences are not fully captured by citation count.
Consequently, we propose that impact measures for publications should be oriented around the audience

with quantifiable measures based on the various communication modes.

CCS Concepts
Applied computing — Digital libraries and archives; ¢ Information
systems— Information retrieval;

1. Introduction

Scientific research continues to expand both human understanding of our world and solve societal
problems through technical progress. Accomplishing progress in scientific research typically requires a)
scientific user facilities, b) funding to cover expenses, and c) people capable of pursuing this progress.
Unfortunately, the limiting factor of these three is often funding. On one hand, the people who need the
funding are those who understand and can accomplish the technical or scientific hurdles. On the other hand,
the people who control the -ow of funding must balance the need for scientific discovery with meeting the
practical needs of society. This conflict has driven the desire for a single metric that can accurately,
objectively, and quickly evaluate proposed scientific research or the results of scientific research already
performed. Funding decisionmakers desire to use this evaluation in order to help decide where to invest
funding and ensure a return on that investment while the scientific individual desires to use this evaluation
to establish their credibility as an expert in their respective field. Metaphorically, an evaluation metric that

is a two-edged sword.



The origins of scientific publications can be traced back to a small group of scientists whose work
would have been published in a physical book, most likely in a limited distribution [18]. Publications within
this small group would most likely be reference by those members in future publications. In this case, a
citation count makes practical sense under the assumption that if someone were to reference a prior work,
then it must have in some way shaped or influenced the theory or paradigm behind the current work being
published. Furthermore, the audience for these publications would be sufficiently small such that awareness
or visibility of prior works would not likely have been an issue. In this case, there is small audience of
scientists with at most two modes of communication (written documents or oral discussion via face to face
meetings). Consequently, citation counts would be an accurate, objective, and quick metric for evaluating

publication impact for both funders and scientists.

In sharp contrast, today’s science communities can reach multiple audiences whose sizes,
educational backgrounds, cultural backgrounds, geographic locations as well as other characteristics can
vary widely. Further, the mediums by which to reach these audiences can vary widely: hard copy books,
soft copies available via the Internet, blogs, news, social media, etc. Consequently, citation counting
becomes severely diluted in its ability to accurately, objectively, and quickly evaluate publication impact.
Is a low citation count indicative of low quality, or is it that the work was published in a closed access
journal that is not widely subscribed? Or, is a low citation count a result of the impacted audience not even
capable of citing the work (e.g., policy makers, librarians)? Despite this dilution of citation counting, it is
still used as a means to measure publication impact, and for good reason as highly cited works continue to

demonstrate influence in moving an audience from one way of thinking to a different way of thinking.

We are not proposing that citation counting must be replaced or ignored. Instead, we must realize
that for a specific audience (e.g., scientific community) and specific modes of communication (e.g.,
conferences and journals), citation counting can still be an accurate, objective, and quick assessment of a

publication impact despite its flaws and its ability to be manipulated. However, what of the other audiences



and modes of communication outside this scope? Are there metrics appropriate for those audiences and

communication modes that could be used in conjunction with citation counts that can measure impact?

Altmetrics provides a means of measuring interest from audiences beyond the scientific community
and beyond the normal mode of communication within the science community (e.g., conference and
journals) [17]. In this context, this work explores the comparison of citations with altmetrics and show how

they may be used together to view publication impact with respect to audiences.

2. Related Works

A recent survey by Waltman [22] provides an overview of current developments in the area of
bibliometrics. This form of analysis has historical been used to evaluate research quality and impact [8],
and, despite the problems with citation analysis identified in [14], this approach to evaluating research
continues today. As will be discussed, our work differs in that the paradigm adopted here is that citation
analysis is a measure of the interests of the audience, and not necessarily a measure of quality of the
researcher or research performed.

In [5], a description of altmetrics and an overview of its advantages and disadvantages is provided.
As highlighted in that work, there continues to be mixed reviews as to the value that altmetrics provides.
While it captures information regarding research from different communication mediums, the context of
[5] is from the perspective of evaluating the particular research or researcher. As will be discussed, our
work differs in that our context is not to evaluate the research or researcher, but rather the opposite: to
evaluate the interest of the audience in the published research, specifically the general public. In fact, the
work of [16] investigated whether altmetrics could be used as a proxy for bibliometrics. The author shows
that this is not the case and that altmetrics "could describe an alternative dimension of the academic uses,
close to science popularization, networking abilities and social skills."We extend on this premise that
altmetrics is another dimension and suggest that altmetrics should be considered as a measure of audience

interests in a particular research work.



3. Pasteur’s Quadrant

In the traditional, linear view of innovation [20], scientific research ranges from basic to applied.
This model suggests that innovation starts with basic research, then adds applied research, development
and production. In this view, basic research intends to understand fundamental phenomena within the
universe regardless of its applicability to solving societal problems. At the other end of the spectrum is
applied research, which intends to directly solve societal problems without necessarily expanding our
fundamental understanding of natural phenomena. This model has been much studied over the past decade

[3, 9, 20].

Stokes [19] challenges this traditional view of innovation. He motivates this by the growing need
to harness science for societal benefits and technological race on the one hand and the inappropriateness of
the linear model for describing “oriented basic research” on the other hand. He introduces the phrase
“Pasteur’s Quadrant”, and describes this quadrant as being research that spans both basic and applied
research. The author states that the research of Louis Pasteur, a renowned biologist and chemist whose use-
inspired studies led to many fundamental contributions to science and laid the foundations of microbiology,
exemplifies this dual-purpose research. When using the linear model, the first instinct might be to place
Pasteur’s research at a point between basic and applied research. However, Stokes points out Pasteur’s
research should be placed at both ends, thanks to his quest for understanding the microbiological processes
he discovered and the inventions he made which had direct effects on society. Stokes therefore proposes to
use a two-dimensional rather than a linear view of science. In this view, the axes describe the degree to
which the research focuses on fundamental understanding (vertical axis) or immediate applications
(horizontal axis), and which therefore enables representing Pasteur’s research as a single point. Aside of
the Pasteur’s quadrant, Stokes goes on to define a Niels Bohr quadrant that represents more purely basic
research, and a Thomas Edison quadrant that represents more purely applied research. These quadrants are
shown in Figure 1. The remaining quadrant, which represents research, which is neither focused on

fundamental understanding nor on specific societal problems, is not empty, but includes “research that



systematically explores particular phenomena without having in view” specific objectives. Such research

may be driven by the curiosity of the researcher.

4. Approach

In this work, we consider the context of the people who control the flow of funding must balance
the need for scientific discovery with meeting the practical needs of society. As such, we define broadly
that a scientific publication will simply have two audiences: the scientific community and the general
public. In addition, we define that the modes of communication for the scientific community audience
would be conference and journal publications and we assume that citation counts continue to accurately,
objectively, and quickly measure at a minimum, the interest of the audience in the work, and at most,
measure the influence of a publication to move the audience from one way of thinking to a different way
of thinking. Further, we define that the modes of communication for the general public audience would be
news and social media and that an altmetrics count provides an accurate, objective, and quick measure of
the general public interest in the publication, which we also assume would be a result of the publication

addressing a societal problem.

Further, we adopt the paradigm described by Stokes [19]. Our approach extends this paradigm to
leverage citation counts as a measure of interest in a publication by the scientific community. The
assumption here is that a high citation count tells us that the science community is very interested in the
work, and vice versa. Likewise, our approach leverages altmetrics as a measure of interest in a publication
by the general public; with a high altmetric count telling us that the general public is very interested in the

work, and vice versa.

With this quantifiable paradigm of "Pasteur’s Quadrant” in place, we applied this to a set of 1,117
papers spanning publication years 2012 to 2017. These papers specifically acknowledge having used the
resources provided by the Oak Ridge Leadership Computing Facility and are recent enough that altmetric
values for the publications could exist. The results are shown in Figure 2. Each dot of the graph represents

one of the publications, with publications from different years being distinguished by color. The X-axis is



the immediate application represented by altmetric value (collected from altmetric.com) and the Y-axis is
the fundamental understanding represented by citation count (collected from Web of Science). The

dashed gray lines in the figure represent mean value, which is what we used to separate the quadrants.

4.1 Bohr’s Quadrant

According to Stokes [19], the top left quadrant represents purely basic research with the goal of
fundamental understanding without thinking about practical use. Based on our quantified version of this
paradigm, strong examples of this quadrant have very high citation counts and no altmetric counts.
Examples include [6], [7], [12], and [13]. In reading these examples, it is clear that these papers are simply
studying and reporting on experiments and research of very specific natural phenomena, and that there does

not appear to be an implied or explicit claim to solving a specific societal problem.

4.2 Edison’s Quadrant

According to Stokes [19], the bottom right quadrant represents purely applied research (research,
which is guided by applied goals without considering basic understanding). Based on our quantified version
of this paradigm, strong examples of this quadrant have almost no citation counts and very high altmetric
counts. Examples include [1], [2], [11], and [15]. In contrast to Bohr’s quadrant, these papers are
specifically addressing a societal problem, so it does not surprise us that they have high altmetric counts.
Likewise, these papers are not necessarily researching a basic understanding of some phenomena in the

universe. Consequently, these papers have low, if any, citation counts.

There does appear to be some exception in this quadrant. In particular, the work of [1]. This work
focuses on a societal problem of developing drought resilience in crops. However, the paper is discussing
natural phenomena of the dynamics of drought resistant plants, in order to better understand how they work.
At the time of our study, this paper was published only 5 months prior. As a result, the altmetrics count is
significantly higher than the citation count since altmetric counts accumulate significantly faster than
citations. Consequently, we expect that some of the publications in the Edison quadrant such as [1] will

move into the Pasteur quadrant as time allows the citation counts to accumulate. In contrast, we do not think



that this will hold true for the Bohr quadrant. Since citation counts take time to accumulate, if a publication
has a high citation count but a low altmetric count, then there is little, if any, chance that it would move into

the Pasteur quadrant.

4.3 Pasteur’s Quadrant

According to Stokes [19], this quadrant represents use-inspired basic research. Based on our
quantified version of this paradigm, strong examples of this quadrant have very high citation counts and
very high altmetric counts. Examples include: [4], [10], and [21]. Unlike the Bohr and Edison quadrant, the
Pasteur quadrant is distinctly different based on these examples. In the work of Bhimanapati et al. [4], the
authors state that one of their objectives for the work is to “discuss the newest families of 2D materials,
including monoelement 2D materials (i.e., silicene, phosphorene, etc.) and transition metal carbide- and
carbon nitride-based MXenes.” This clearly positions the publication as basic research. In addition, the
authors also state that another objective of their work is to “discuss the doping and functionalization of 2D
materials beyond graphene that enable device applications, followed by advances in electronic,
optoelectronic, and magnetic devices and theory.” This clearly shows that the authors recognize that their
work is use-inspired basic research in that while it’s basic, it has a clear translational path into technology

that will directly apply to society.

In the work of Hashim et al. [10], the authors state that “Detailed elemental analysis revealed that
the "elbow" junctions are preferred sites for excess boron atoms, indicating the role of boron and curvature
in the junction formation mechanism, in agreement with our first principle theoretical calculations.” In other
words, the authors are performing basic research into the role of boron in forming 3D macroscale nanotube
elastic solids. In addition, the authors recognize the direct translational path of their research to solve a
specific societal problem when they state that “the strongly oleophilic sponge-like solids are demonstrated
as unique reusable sorbent scaffolds able to efficiently remove oil from contaminated seawater even after

repeated use.”



In the work of Tessum et al. [21], the authors state that their approach includes “a state-of-the-
science mechanistic meteorology and chemical transport model.” In other words, the authors are directly
leveraging the very latest in basic research in order to accomplish their objective of assessing “the life cycle
air quality impacts on human health of 10 alternatives to conventional gasoline vehicles.” Clearly, this is a
significant societal problem, but the approach taken was to leverage the latest advancements in chemical

and meteorological basic research.

5. Summary and Future Work

Despite the challenges and issues associated with citation counts and altmetrics individually,
when used together in a complimentary way, they provide insight into the dynamics of the interactions
between a publication and its corresponding audience. These two metrics are often used together in a way
where one is thought to replace or predict the other (in other words, both metrics are thought to express
the same or a similar concept). In this paper we have shown a different view of the two metrics that can
be used for identifying publications representing use-inspired basic research. There are several things we
plan on investigating next. First, we have observed a pattern in the use of language by papers in the
different quadrants. While papers in the Bohr quadrant use very domain specific language that may be
hard to understand for non-experts, papers in the Edison quadrant use more generalized language.
Therefore, we may be able to predict the quadrant in which a paper will fall strictly based off the language
used in the papers at the time of publication. Another avenue of research is to use sentiment analysis on
altmetrics and citations as an additional metric to measure the impact of a particular research paper. Our
current research assumes that all mentions are equal, but that may not be the case. References to a
research paper that counter or contradict its content should weigh differently than references that reinforce
or build on its content. We believe that incorporating this metric can bring additional insight into the way

that research is used.
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Figure 1: As defined in [19], there are different quadrants of research depending on purpose: purely basic, purely applied, and
use-inspired basic research.
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Figure 2: A scatter plot of publications that acknowledge having utilized the Oak Ridge Leadership Computing Facility and their
corresponding citation (Y-axis) and altmetric (X-axis) values. Each dot represents a single publication.



