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ABSTRACT

What is the impact of human-computer interaction research on
industry? While it is impossible to track all research impact path-
ways, the growing literature on translational research impact mea-
surement offers patent citations as one measure of how industry
recognizes and draws on research in its inventions. In this paper,
we perform a large-scale measurement study primarily of 70,000
patent citations to premier HCI research venues, tracing how HCI
research are cited in United States patents over the last 30 years. We
observe that 20.1% of papers from these venues, including 60-80%
of papers at UIST and 13% of papers in a broader dataset of SIGCHI-
sponsored venues overall, are cited by patents—far greater than
premier venues in science overall (9.7%) and NLP (11%). However,
the time lag between a patent and its paper citations is long (10.5
years) and getting longer, suggesting that HCI research and practice
may not be efficiently connected.
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1 INTRODUCTION

What is the impact of human-computer interaction research beyond
academia? Does HCI research diffuse into the industry', contribut-
ing to technological inventions and products? Are most its insights
ignored by the industry? As an applied field of study intended to be
closely relevant to application — where a considerable proportion
of our research community’s contributions are functional proto-
types and design implications for practitioners — the answers to
these questions are critical to evaluating our translational success.
There have been rich discussions regarding the industry impact of
HCI research since the early years of the field, and the relationship
between research and practice in HCI has long been a focal subject
in both research papers [18, 19] and conference panels [9, 15, 22].

The literature remains unclear on the field’s level of success
in achieving this impact. One line of the literature suggests high
barriers: that HCI research has remained distant from industry
impact, and that “HCI researchers and HCI practitioners work in
relatively separate spheres of influence” [22]. This line of work
also argues there is a considerable research-practice gap, one that
is “real and frustrating” [60] and likely the result of a long list of
barriers [18, 75]. However, another line of literature argues that the
field achieves considerable success, that “HCI is at the vanguard
of innovation and has repeatedly influenced industry” [32] and
that “there is no question that research in the area of user interface
software tools has had an enormous impact on the current practice
of software development” [57].

These threads of work are not necessarily incompatible—high
barriers do not rule out the existence of successes that overcome
these barriers—but the field’s overall status remains unclear: how
far have we come, and how far do we have to go? One approach to-
ward resolving this debate is to pursue new methods for measuring

!In this paper, we use ‘industry’ to refer to non-research efforts that aim at practical
impacts, e.g. patents, products, design practices, which usually target a broad audience
than academic researchers. Thus, in this paper, industry labs whose primary focus is
to publish research papers are considered academia rather than industry.
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HClI's impact. Prior work has developed rich in-depth qualitative ev-
idence ranging from personal technology transfer experien2d [

to interviews with multiple stakeholders involved in the translation
process1€. Yet as the HCl community grows and both well-known
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of patent citation as a method, we conclude that HCI has had a
considerable impact on industry and is nding more relevance to

practice than most disciplines in science. Yet, it takes a long time for
innovations in academia to be recognized and taken up by industry,

successes and painful failures become easier to point to, it becomes corroborating the long nose theory on HCI innovation [12, 32].

more and more urgent that we also assess broader patterns.

To |l this gap, we draw on methods from the growing measure-
ment literature on innovation in translational scienceg,[7, 45 50
77, where patent citations to research have been regarded as a
valuable proxy of the impact that science has on industrial practice.
While patent citation to research citation does not directly guar-
antee industry impact, it reveals one potential pathway through
which industrial inventors are aware of and recognize research ar-
ticles: a necessary but not su cient step towards industry impact.
Work using this approach has revealed the relevance of research
and practice across scienc[mapped the translation landscape
in bio-medicine B5 50, and demonstrated that referencing science
in the invention is associated with greater practical value [34].

Leveraging the modern analysis approaches from this line of
work [51, 52, we report the rst large-scale quantitative analysis
of how HCl research is (and is not) being cited by patents. In do-
ing so, we focus on one possible route of industry impact through
HCI research: patents. There are many types of contributions in
HCI design patterns, behavioral results and theory among many
others and a patent lens focuses us only on styles of contribution
that are considered prior art for patents, often systems and inter-
action contributions. Speci cally, we draw on data from Microsoft

Academic Graph, Semantic Scholar, the United States Patent and

Trademark O ce (USPTO), and linkages between thef1,[57.
This dataset enables us to study research papers from four premier
venues in HCI, including CHI, CSCW, UIST, and UbiComp, and

then replicate across all 20 SIGCHI sponsored venues that appear in

Microsoft Academic Graph, tracing how those research papers are
cited in patent documents from the 1980s through 2018. We study
the institutes involved in the process, leverage citation analysis to
measure the number and proportion of papers cited by patents over
time and measure the length of time it takes before a paper is recog-
nized by patents. We further conduct textual analysis to understand
the topics that are likely to be cited in patents, and compare how
patent-cited research di ers from its non-patent cited counterparts.

We observe that: (1) HCI research has been cited extensively

by patents overall 20% of papers from CHI, CSCW, UIST and

UbiComp, and 13.4% of SIGCHI sponsored venues, are patent-cited

including a surprising 60-80% of UIST papers over a twenty year

period, higher than 1.5% of science overall and 7.7% of biomedicine
(2) The patent-paper time lag is long (on average 10.5 years) and

is getting longer, such that citations from academic HCI research
have dropped o by the time a paper receives patent attention;
and (3) Within HCI research, there is substantial heterogeneity in
patent citations across topics, for example, interaction and input

techniques research are especially likely to be referenced by patents

while theory, social and experience design research are not. This
analysis provides the rst quantitative survey of the HCI technol-
ogy transfer landscape. While acknowledging potential limitations

2More discussion and re ection on the usage of patent citation to science to study
industry impact of research in Section 3.1 and Section 5.3

The contributions of this paper are as follows:
We introduce measuring patent citations to science as a novel
method to study research-practice relationships in HCI. This
provides quantitative evidence that complements qualitative
evidence in existing HCI literature. We release our analyzed
dataset to enable future analysis.
We present the rst large-scale, empirical study measuring
the translational, longitudinal landscape of HCI research
from paper to patent inventions with comparisons to other
elds. This allows us to better understand and evaluate how
HCI as an applied eld is or is not nding connections to
practice.
Our work contributes to re ections and recommendations
for the HCI community to better foster a translational envi-
ronment and recognize impacts beyond academia.

2 BACKGROUND AND RELATED WORK

In this section, we position our work in the literature on industry
impact, the HCI research-practice divide, and bibliometric analysis
in HCI.

2.1 Industry impact
Industry impact are often achieved through technology transfer,

which refers to the transmission of knowledge generated by an

individual, the university, government agencies, or any institution
capable of generating knowledge, to another person or organiza-
tion, in an attempt to transform inventions and scienti c outcomes
into new products and services that bene t societyq. Govern-
ment and funding agencies (e.g., in the United States, NSF and NIH)
increasingly seek to nurture translational research to facilitate
industry impact from basic research so as to generate greater ap-
plied value and promote technology advanc&$,[79, and prior
research has shown inventions that refer to high-quality research
are more likely to be great inventions of value [34, 61].

Prior research has sought to identify when, where, and how sci-
enti c research in uences industry invention$, 7, 17, 45. There,
patent citations to science have been widely used as a proxy for

studying technology transfer from research to practice despite

.noises, as it is one of the only available large-scale records of the

knowledge ow from research to practice that demonstrate the ini-
tial awareness and recognition of research in industrial inventions.
For instance, Tijssef68] revealed through patent-paper citations
how Dutch-authored research papers in uence inventions. Like-
wise, Ahmadpoor and Jong$] studied 4.8 million US patents and
how they link to 32 million research articles, nding that over half

of patents cite back to a research article and that patents and papers
are on average 2 4 degrees separated from the other domain, pro-
viding some insight into the interplay between patents and prior
research. Je erson et a]37], Manjunath et al [50] used patent cita-
tions to science data, measuring and reporting statistics describing

SAvailable dataset at: https://doi.org/10.7910/DVN/QM8S1G.
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how research in biomedicine turns into inventions. Liaw et §46]

proposed a method to rank academic journals that utilizes non-
patent references in patent documents to evaluate their practical
impact. Other works used patent citation to science to study the
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design practice and discussed the bene ts of translation led by
researchers, by practitioners, or co-produced by both as bound-
ary objects. Colusso et dl19] proposed a continuum translational
science model for HCI that consists of three steps: basic research, ap-

strategy of inventors (e.g. deep search vs. wider scope search) andplied research, and design practice. Shneiderrf@sj wrote a book

how the strategy relates to technology impacts and organization
performance 2, 25 28 3§. To facilitate further studies on how
inventions rely on basic science, Marx and Fuésf, 52] linked
and disambiguated patent citations to science linking the USPTO
dataset and Microsoft Academic Grafh.

We build o this rich social science literature by studying indus-
try impacts of HCI research through leveraging and extending their
methods[32].

2.2 From HCI research to practice

HClis a eld that emphasizes the design and the use of computer
technology, especially interfaces between people and computers.
HCI research implement, demonstrate and test new technologies
through prototyping and end-user feedback?, and most HCI
work includes “design implications' sections aiming to translate
their research insights to more practical outcomes. The applied
nature of HCI lead to the community's long-standing interest in
industry impact, with many publications and panel discussions at
conferences aimed at facilitating better technology transféb[

22 39. One line of the literature primarily focus on the many
barriers HCI faced in translating research insights to industrial
practice [L8 22, while another line of literature speaks to the
considerable impact that HCI research has had or could have on
the industry [32, 57, 65].

Many papers argue that despite the insights that HCI research
can o er to practitioners, HCl research ndings are rarely usedinin-
dustry [18: that there has been an immense research practice gap
in practice that is real and frustrating 60, that HCI researchers
and HCI practitioners work in relatively separate spheres of in u-
ence [24, and that attendees at venues like ACM CHI often lament
that no HCI research ever goes into producBZ. Colusso et al
[18] interviewed design practitioners so as to understand why they
do not use academic research and why and how they use other re-
sources in their works, presenting a detailed catalog of barriers that
inhibit academic resources usage in industry, such as the content
being hard to read, hard to nd, and not actionable. Chilana et al
[16] stated the distinct goals of HCI research and product may result
in a research-practice gap, that the users who are the major focus

proposing principles to better blend science, engineering and design
to achieve innovations and breakthroughs. Other work discusses
the challenges and lessons learned from the speci c translation of
HCI research to practice [62, 63].

Meanwhile, another line of work argues that HCI research could
have considerable impact on industrial practice despite the barriers.
Harrison argues that HCI is at the vanguard of innovation and
has repeatedly in uenced industry [...] HCI research has a much
greater impact in identifying opportunities in the rst place, es-
tablishing the science and methods, building a shared vision, and
developing a pipeline of human talent3Q. Likewise, Myers et al
[57] wrote There is no question that research in the area of user
interface software tools has had an enormous impact on the cur-
rent practice of software development. Virtually all applications
today are built using window managers, toolkits, and interface
builders that have their roots in the research of the 70's, 80's, and
90's . Shneiderman's workdg further stated that The remarkably
rapid dissemination of HCI research has brought profound changes
that enrich people's lives, but also providing a tire-tracks diagram
showing how HCI research on subjects such as hypertext, direct
manipulation, etc. turned into product innovations by industry.
Similarly, product innovations over the years mirror the early ideas
of canon HCI visions 11, 74). Other research detailed successful
cases of tech transfer, such as the translation of the multi-touch
interface from research into the Apple iPhone and Microsoft Sur-
face, while highlighting a long time lag between initial research
and commercialization, which can be 20 years or mat2 B2, 6.

This prior work guides us to the following research questions:

RQ1: Whatis the impact of HCI research on patents? How much
HCI research is cited in patents?

RQ2: Whenis the impact of HCI research on patents? How long
does that impact take?

RQ3: Whereis the impact of HCI research on patents? Which
topics of research are especially likely or unlikely to di use?

RQ4: Whois involved in the process of recognizing HCI research
on patents? Which institutions produce such work, and which
consume it?

The rich qualitative insights derived from case studies, eld-

of the user-centered design approach in HCI research are generally WOrK, interviews, and personal experience, open an opportunity

not the buyers of HCI products, and that to make a research-to-
product transition one has to switch from being user-centered to
adoption-centered. Furthermore, prior worRp, 75 suggested that
HCl researchers usually lack the knowledge, resources, connections,
experience, interest, or time to pursue technology transfer. Other
work has shown similar results demonstrating a research practice
gap in HCI [10, 27].

for complementary work that engages in quantitative, longitudinal
analysis that directly measures how HCI research gets recognized
in industry inventions and technologies. We believe that such a
viewpoint might systematically detail the translation landscape of
HCl as a eld.

Prior research has discussed potential approaches to address the2 3 Bibliometrics and HCI

research-practice gap. For instance, Velt ef&9] identi ed two
key dimensions of the research-practice gap general theory vs.
particular artifacts, and academic HCI research vs. professional UX

“We leverage this particular dataset in our analysis.

As an important area of computing and information science, HCI
has featured several projects (e.@glQ[49) that quantitatively un-
derstand the structure and evolution of the eld through the study
of writing and citation patterns, known as bibliometrics [26].
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One commonly used bibliometric method is an analysis of a large-
scale citation network, which leverages the increasingly available
citation data from publishers such as Web of Science and Microsoft
Academic Graph and their associated metadata of the scienti c
publications (e.qg. institutes, authors), and even textual analysis (e.g.
topic modeling, keyword extraction) of the scienti ¢ publications,
S0 as to gain insights on patterns behind the di usion of scienti c
ideas R6 70, research productivity 48 72, and identify potential
ethical and social issues in scien®541]. For instance, Koumaditis
and Hussair{42] leveraged citation data from 962 HCI publications
and reveal that HCI research can be categorized into major themes
of design, data management, user interaction, psychology, and
cognition, and they identi ed more recent trends in HCI in the
workplace, sensors, and wearables. Likewise, K4 reported
some statistical analyses of CHI, including author counts, gender
analysis, and representations of repeat authors so as to motivate dis-
cussions on the preferred state of CHI. Bartneck and [Hureveal
that only a small percent of countries account for the majority of
CHI proceedings, and present a ranking of countries and organiza-
tions based on their H-index of CHI proceedings. Correia ef21]

Hancheng Cao et al.

step towards producing industry impact. Alongside with studying
other forms of in uence, such as design processes (e.g., usability
testing, heuristic evaluation), design patterns, open source software
(e.g., d3, Vega), patent citations to science could help us piece to-
gether the translational landscape in HCI. This method is widely
used in the innovation literature (e.g.1]25 28 38 50 51]). Patent
citations to research are considered valuable signals indicating the
in uence of research on the industry, signals that re ect genuine
links between science and technology6q, and appear to be a
substantive if a noisy indicator of the role of speci c, prior scienti ¢
advances 1. While citations between research articles capture
research in uence 26, patent-to-research citations capture how
basic research in uences commercialization and thus provides a
complementary measure of impacts{]. Such data has been used
extensively to measure knowledge spillovers from academia and
government to industry [1, 23, 51].

The rationale behind the validity of this approach is that in
patented inventions, inventors are obliged to disclas®y prior
art related to their invention, i.e., all information known to that
individual to be material to patentability® including materials that

used 1713 CSCW publications and characterized top CSCW papersthe inventors leveraged in the invention process, or other similar

citation patterns, prominent institutes as well as frequent topics,
highlighting the fact that CSCW is in uenced primarily by a few
highly recognized scientists and papers. The authors further quanti-
tatively explored the relationship between collaboration types and
citations, paper frequency, et@(). Similar types of analysis have
also been done on more regional HCI conferenc&3D 56 59 as
well as studying subcommunities in HCI [49, 71, 73].

Visual analytics is another approach used to help understand
HCI's evolution. For instance, Lee et §3] proposed a system
PaperLens to reveal trends, connections, and activity of 23 years
of the CHI conference proceedings. Matejka et[&4] proposed
an interactive visualization that highlights family trees of CHI and
UIST papers. Henry et a|33] presented a visual exploration of
four HCI conferences. They showed that the years when a given
conference was most selective are not correlated with those that
produced its most highly referenced articles and that in uential
authors have distinct patterns of collaboration.

To the best of our knowledge, there have been no analyses lever-
aging quantitative methods to study recognition of HCI research
beyond academia as we present in this article. In contrast with
prior work, we leverage large-scale patent citations to quantify the
impact of HCI research in practice.

3 METHOD

In this section, we describe the method we used to study the impact
of HCI research papers in practice using patent citations to science.

3.1 Patent citations as a pathway to study
industry impact of research papers

We leverage patent citations to research as a proxy to study the
in uence of HCI research on industrial practice at scale. While
patent citation to research citation does not directly mean industry
impact, it reveals one important potential pathway from research
to practice where industrial inventions become aware of and recog-
nize research articles, which is often a necessary but not su cient

material to the focal invention in order to distinguish it. The prior
art includes both references to prior patents, and references to non-
patent literature, such as academic articles. Patent citation is an
important part of a patent, as missing prior art (either prior patents
or non-patent literature), could have potential legal issues. Apart
from citations provided by inventors, patent examiners who review
patents for approval or rejections also add references they think
are of relevance to ensure the legitimacy of the patent.

Prior work has validated this method. Nagaoka et &g[sur-
veyed 843 inventors nding patent citations to science are indeed
important linkages to science, despite possible errors of over- and
under-inclusion. Callaert et al 13 interviewed 36 inventors and re-
port 44% of patent citations to science are considered as important
or very important, and another 34% are background citations.
Based on the rich literature in this space, we conclude that patent
citation to science can be used as a reliable data source to measure
the recognition of HCI research e orts in inventions, thus provid-
ing a valuable proxy of HCI research impact in the industry. Of
course, there is no perfect appoach for studying industry impact:
we discuss and re ect on the limitations of our method in detail in
Section 5.3, and it is especially important to bear in mind there are
multiple translational gaps in HCI researcii§|, and we are only
studying one important step in the process with regard to patent,
where certain types of contribution such as theory are likely to be
under evaluated through this dimension.

Empirically, we nd support for the validity of using patent
citations to research as a proxy of impact in industry. We manu-
ally check patent reference lists of a number of patents. As shown
in Figure 1, the highly-cited patent by Apple Inc. Mode-based
graphical user interfaces for touch sensitive input devices (cited
1,898 timesY, cites closely related research papers in CHI on multi-
touch, such as A Multi-Touch Three Dimensional Touch-sensitive

Shitps://www.uspto.gov/web/o ces/pac/mpep/mpep-2000.pdf
Shitps://patents.google.com/patent/US8239784B2/en
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Tablet", which is the case of technology transfer discussed by Bux- published papers, citation count) are missing or hard to process in

ton [12. The even more well-cited Apple Inc. patent (cited 4,018
times) Method and apparatus for integrating manual inputalso

the original Microsoft Academic Graph metadataTo further ex-
pand data information about authors, papers, citations, and venues,

made reference to several relevant HCI papers. These cases motivatewe utilize the Semantic Scholar Academic Graph APwhich lis

us to leverage patent citations as a signal indicating the invention's
recognition of research.

3.2 Dataset
To study how HCI papers are recognized by patents, we required

a citation graph from patent to research, and the metadata (e.qg.,

author name, a liation, publication year, title, venue) from both

in this data.
The details of the data we utilize can be found in Appendix A.

3.3 Data Preprocessing

Venue selection.In our analysis, we primarily considered four
impactful Human-Computer Interaction (HCI) venues: the ACM
CHI Conference on Human Factors in Computing Systems (CHI),

the paper side and patent side. The data preparation pipeline is ACM Conference On Computer-Supported Cooperative Work And
composed of three steps: 1) Prepare metadata of papers and patentsSocial Computing (CSCW), ACM Symposium on User Interface Soft-
and the citation graph from patents to research, 2) Select papers ware and Technology (UIST), and International Joint Conference on
from the venues of interest and clean the data, and 3) Link the clean Pervasive and Ubiquitous Computing (UbiComg)-or a broader
metadata based on the citation graph. This pipeline could be applied footprint of HCI research, we created a second dataset of SIGCHI

to other research communities, or other venues within SIGCHI, by
selecting other venues of interest.

Patent citation to science that connects USPTO to Microso
Academic Graph. To capture references from patents to HClI re-
search papers, we drew on a public datase® [53. This dataset
is a state-of-the-art approach to connect each patent reference in

USPTO (1947-2020) to academic papers (1800-2020) from Microso

Academic Graph through matching unstructured front-page and

sponsored venuéé a total of all 20 SIGCHI sponsored venué3

that appear in the Microsoft Academic Graph, which covers not
only large, premier venues such as CHI, but also smaller, more
specialized venues such as MobileHCI and CHI PLAY. We used this
second set as more representative of the overall eld of HCI, to
further validate our ndings and compare with overall patterns
1{eported in other elds of science in a fairer wa§.

Data Cleaning . We further conducted data cleaning on the four

in-text references in patents to published papers using a disam- chosen venues by looking up papers in Semantic Scholar rather

biguation matching method, resulting iB2million patent citations

to research papers (known as Patent Citation Science datéset).
In their papers, the dataset creators veri ed the quality of their
datasets through manual checking and error analysis. We captured
the reference type (e.g., from applicant, from examiner, unknown),
whether the reference appears in-text or on front page, the time
between paper publication and the citing patent application, and
whether a patent citation is a self-citation to a research paper by
one of the patent authors. A paper to patent pair is considered
self-cited when there is an overlap between the inventors of the
patent and the authors of the cited scienti ¢ papers.

Microso Academic Graph Metadata . The Microsoft Aca-
demic Graph is a heterogeneous graph that provides scienti ¢ pub-
lication records, citation relationships, the information of authors,
institutions, journals, conferences, and elds of study. We leveraged
the public Microsoft Academic Graph dataset provided at Zenodo
Reliance on Science project sltso as to extract information with
regard to academic publications, e.g., title, author, author a liation,
and year.

USPTO metadata We leveraged US patent data from the United
States Patent and Trademark O ce (USPT®)o represent tech-
nological inventions. Patents have similar elds as academic publi-
cations, e.g., title, abstract, inventor, assignee, and year.

Semantic Scholar (abstract, citation) . The abstract informa-
tion of the paper and their academic in uence (e.g., number of

https://patents.google.com/patent/US6323846B1/en

8Speci cally, we used the patent-to-article citations of VersioB%(Jul 19, 2022) at
Zenodo: http://relianceonscience.org

Shttp://relianceonscience.org
10https://patentsview.org/download/data-download-tables

than Microsoft Academic Graph. We found that Microsoft Aca-
demic Graph metadata sometimes wrongly classify venues such as
Brazilian Symposium on Human Factors in Computing Systems
as CHI. To solve this issue, we Itered out irrelevant papers by
manually checking the full name of the venue column from Seman-
tic Scholar, which proves to be of better quality. We then applied
this Itering process to all the paper and patent citations to science
les by joining over the paper id.

Data Linking . In order to better combine the paper and patent
information for analysis, we linked patent data, Microsoft Academic
Graph data and Semantic scholar data via the Patent Citation Sci-
ence dataset’ The joined data after 2019 has incomplete or little
coverage, thus we focus our analysis on HCI research papers and
patents that cite HCI papers before 2019.

Final Data Statistics . Our nal data for analysis includes 23,432
papers from the four chosen venues, with 16,014 from CHI, 3,084
from CSCW, 1,746 from UIST, and 2,588 from UbiComp adr&88
to 2018 Within these papers, we captured 69,900 citation records

11https://docs.micros,oft.com/en-us/academic-Services/graph/resources-faq
L2https:/iwww.semanticscholar.org/product/api

13starting 2017, the UbiComp conference main technical tracks consist of papers
published in Proceedings of the ACM on Interactive, Mobile, Wearable and Ubiquitous
Technologies (IMWUT), which we captured in our data.
Uhnttps://sigchi.org/conferences/upcoming-conferences/

15petails of the venues in Appendix B

16Note that in this paper we primarily report ndings on the four chose venues rather
than SIGCHI sponsored venues overall. We elect to focus on these four venues as a
practical matter, as we have spent considerable manual e orts in cleaning data related
to the four chosen venues to ensure data quality, as indicated in Data Cleaning”
section, which makes our analysis more likely to re ect actual trends in these venues.
Lconfusingly to HCI researchers, this is known as the Patent Citation Science
(PCS) dataset. We joined information from the patent side using the gédentid to
information from the paper side using the eldhagid
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(a) Patent US8239784 frontpage with abstract, inventors, assignee etc.

(b) Part of the citation list of Patent US8239784.

Figure 1: Patents are obliged to cite prior art, including prior patents and non-patent literature (e.g. research articles). Here, a
patent by Apple Inc., Mode-based Graphical User Interfaces for Touch Sensitive Input Devices [  36], has citation to relevant
HCI papers, including ActiveClick: Tactile Feedback for Touch Panels, A Multi-Touch Three Dimensional Touch-sensitive
Tablet, a mis-named citation to Ken Hinckley ( Kinkley et al.), and many other references to HCI research.
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from patent to science, with 42,676 from CHI, 5,900 from CSCW,
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more directly measure the impact of HCI research in patents. In-

17,040 from UIST, and 4,284 from UbiComp, which are associatedtext patent citation to science, as suggested by prior wo8kg2,
with 30,660 patents. The broader SIGCHI sponsored venue dataare more likely to capture the scienti c articles upon which the

include 57,385 papers in total (41% are papers from the four premier

scientists truly relied upon for inspiration and have the potential

venues), 83,793 citation records (51% are citations made to the fourto more accurately represent the sources of scienti ¢ inspiration

premier venues), and are associated with 36,024 patents in total
(85% patents cited papers from the four premier venues).
Note that for all chosen venues, our data includes not only main

upon which the inventors actually drew in the invention process"
since they tend to be supplied by the inventors themselves, in
contrast to legally binding front page citations which tend to be

conference papers but also extended abstracts, posters and othercarefully reviewed (and sometimes added) by patent attorne§g.[

forms of publications. We did not attempt to Iter and focus our
analysis only on main conference papers, given the di culty to

We nd 4.1% papers in our chosen four venues have been cited in-
text by patents, whereas the proportion of patent in-text citation to

classify and challenge fuzzy matching based on venue name (e.g.science is 2.3% for SIGCHI sponsored venues and 1.4% for science

in our dataset, many posters are not explicitly labeled as poster
publications and are hard to di erentiate from main conference
papers).

We release our dataset at: https://doi.org/10.7910/DVN/QM8S1G.

4 RESULTS
4.1 RQ1: What is the impact of HCI research on
patents?

We rst study the quantity of HCI papers that are later recognized
by patents and present a table of top papers cited by patents.

Proportion of papers that get cited by patents. To assess the
extent of HCI research being recognized in patents, we rst cal-
culated the aggregated proportion of the number of HCI papers
at our four premier HCI venues, and SIGCHI sponsored venues
overall, that were cited by patents. We four2f’1%of papers in the
four venues, and . 34%of papers from SIGCHI sponsored venues
overall, are recognized by patents. This rate is much higher than
the proportion of science cited by patents overall (approximately
1.5%51]), and the prominent journal paper patent rate (9.7% across
multiple scienti ¢ elds [ 8]). The rate is also much higher than that
of bio-medicine in general, a eld that has a rich tradition empha-
sizing translational science, which is at 7.7%6)]] We replicated our
analysis on premier venues in other areas of Computer Science by
comparing the premier HCI venue patent rateQ1%) with premier
venue patent rate of other sub elds, nding that Al patent rates
(as measured through AAAI and 1JCAI, two of the largest and pre-

overall. This result further replicates our nding that HCI research
appears to have real impact, surprisingly even moreso than many
other elds.

Investigating temporal patterns, we plot the total number of HCI
research papers in each of the four venue published over years,
shown in red in Figure 2. HCI research has grown rapidly over the
past38years for all four venues, especially at CHI: frord papers
in 1982to 1200in 2018 This growth is particularly pronounced

within the last 10years. We then counted the total number of HCI

papers cited by patents by the publication year of the paper and
calculated the ratio between the number of HCI papers cited and
the total number of HCI papers accepted in a particular year by
each venue (blue line in Figure 2). The citation ratios start climbing
especially starting around 1990 and persist since then (Figul€ 2),

with several conferences observing a third to a half of their papers

cited by patents. At UIST in particular, the patent citation ratio
reache0% 80%rom 1990- 2010

The citation ratio decreased after 2015. One possible explanation
is the time lag between patent and paper is long, e.g., it might take
a decade for a paper to start gathering patent citations, and papers
since 2015 are still too young by this metric. This time lag will be
further discussed in Section 4.2. In other words, the data are right
censored, i.e., more recent papers have not been fully recognized
by patents captured in our dataset. As such, we expect a higher
proportion of HCI papers overall will be referenced by patents
eventually.

Increasing citations to HCI research in patents. A total of

mier Al conferences) are 5%, Natural Language Processing patent30660patents cite research in the four chosen venue, and 36024

rates (as measured through ACL, EMNLP, and NAACL, three of the

patents cite research from SIGCHI sponsored venues overall. This

largest and premier NLP conferences) are 11%, and Computer Vision raw volume began increasing aft&000(Figure 3, and has more
patent rates (as measured through CVPR, ECCV, and ICCV, three ofthan quintupled since2000at CHI from around 175 patents per

the largest and premier computer vision conferences) are 25%. Two-

proportion z tests further con rm the signi cance of the di erence

in percentages with =51.1, 23.9, -13.12 Y "00P when compar-

ing premier HCI venue patent rate with patent rates of premier
venues in Al, Natural Language Processing and Computer Vision.
Taken together, these results suggest that HCI's impact through
patent citations is higher than science overall, biomedicine, Al, and
NLP, and roughly at par with Computer Vision, an area of intense
industry interest.

Are research citations in patents truly central to the patents, or
are they thrown in just to satistfy a patent examiner? To answer
this question, we leverage a distinction between in-text citations
and front page citations in patents. This distinction allows us to

year in 2000 to over 1000 per year in 2014). However, the number
of patents plateaus and even decreases a bit in more recent years,
e.g. patents begin citing less and less CSCW research starting in
2014. This could be a result of changes on the demand side, e.g., the
industry is less interested in novel social computing applications,
or on the supply side, e.g., HCI publishing more papers that are not
intended to be as industry-relevant. More evidence is needed to
derive the mechanisms behind this result, beyond the scope of our
current work.

18e removed years where conferences did not meet from our analysis and smoothed
the curve, e.g. CSCW was only held every other year until 2010.
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