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Extended Abstract

Following Schumpeter’s observations on Business Cycles (Schumpeter 1939), invention is considered
as a process of recombination (Fleming 2001), and theoretical and systematic explanations of
technological innovation have become an important scholarly topic for innovation management. The
suitability of patents for indicating technological innovation has been discussed considerably since the
1990s and even before (Basberg 1987). A number of patentometric indicators have been applied to
measure technological innovation from diverse econometric perspectives -- e.g., patent citations,
cross-collaboration of assignees, number of claims, and other bibliographic information (Archibugi
and Planta 1996; Fleming 2001; Qian 2007; Funk and Owen-Smith 2016). Based on statistics and
empirical studies, determinants of patent value regarding economic potential were observed, where
both quantitative indicators [e.g., backward patent citations, non-patent citations, the number of
inventors, and the number of co-assignees (Sapsalis et al. 2006)] and qualitative ones [e.g., technical
importance, inventing difficulty, and learning value for competitors (Reitzig 2003)] are involved.

How to evaluate patent value quantitatively and systematically is also a challenge for bibliometrics.
As a pioneering study, Pavitt (1985) pursued de Solla Price’s argument on the practical needs to
explain new empirical data provided by measurement systems (de Solla Price 1983), and foresaw
positively on using patent statistics in analyzing technological activities for policy making. Patent
indicators were then widely introduced to measure patent value, which could constitute technological
value, or direct and indirect economic value (Lee 2009). Such indicators involve not only patent
statistics but also legal status information. For a wide range of science, technology, & innovation (STI)
studies, such indicators are selected to evaluate a corpus of patents that represents a given
technological area or entities like country, organization, and individual (Narin and Hamilton 1996;
Meyer and Tang 2007; Zhang et al. 2014).

Indicator systems are not unfamiliar for econometrics, which usually apply regression-based
statistic models to measure the relationships between economic outcomes and bibliometric indicators,
but a bibliometric indicator system to automatically identify meaningful patents and patent portfolios
remains elusive. On the one hand, currently, blending patent citation/co-citation analysis and social
network analysis to seek patents at traffic hubs is one mainstream approach to identify “key” patents
(Choi and Park 2009; Funk and Owen-Smith 2016), for which it becomes critical to consider citation
information. On the other hand, engagement of multiple indicators also introduces issues — e.g., how
to weigh those indicators? Delphi-based or Analytic Hierarchy Process-based qualitative approaches
could be promising in some sense. However, even if we ignore the biases possibly resulting from
subjective opinions of experts, such traditional weighting approaches mostly could lead to
“moderation” results — i.e., patents ranked to a top list could well be neither those with highest
backward citations nor those with the most active cross-national collaborations, but they would have
good-looking values on all indicators. In Chinese philosophy, such a phenomenon is summarized as
the Doctrine of the Mean, but it is definitely not good for indicating innovation.

Aiming to address the above concerns, this paper attempts to construct an entropy-based indicator
system to measure the technological innovative capability of patents. One basic target is to identify
significant patents with high technological innovation rather than those multi-dimensional moderate
ones. This paper first proposes a patent indicator system that contains three macro-level perspectives:
technological perspective, legal perspective, and market perspective. Each perspective is constituted
by a number of patent indicators; we calculate the correlation of these indicators to make sure they are



suitably independent variables. We, then, based on a small training set, apply a learning-based
collaborative filtering technique to remove noise and reduce the scale of the target patent corpus.
Shannon’s entropy (Shannon 1948), well-known as a coefficient for measuring complexity and
uncertainty, is introduced to quantitatively weigh indicators. Its basic weighting criterion is that the
more common an indicator is, the less weight it would have. In other words, patents with irregular
indicator values would be ranked higher. We identify the entropy-weighted value as indicating
technological innovative capability. The output of our method is a set of entropy-weighted patents.
Aided by expert knowledge, it could be used to seek patents with technological values and innovative
potential. Furthermore we consider how the entropy measures could serve to forecast possible
technological recombination in the near future. We apply our method to all 26,982 patents with
Chinese assignees in the United States Patent and Trademark Office (USPTO) database, covering the
period from 1976 to 2014. The results demonstrate the feasibility and efficiency of our method, and
also provide interesting insights for related Research & Development (R&D) planning and strategic
management.
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