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Targeting Disciplines for GIS Outreach Using
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CAROLYN S. FISH
Department of Geography, The Pennsylvania State University, University Park, Pennsylvania,
UsA

NATHAN B. PIEKIELEK

University Libraries, The Pennsylvania State University, University Park, Pennsylvania, USA

Academic libraries increasingly offer geospatial services to support
the teaching and research activities of all university disciplines.
Ironically, services tend to be most used by those who are already
routinely using geographic information systems (GIS) in their re-
search and similar activities. We present a workflow by which
library-based GIS service providers can identify, connect, and fos-
ter relationships with potential GIS users who stand to benefit the
most from their services. Potential users include those who are not
currently aware of GIS and its potential contribution to their par-
ticular discipline. The workflow begins with a bibliometric anal-
Vsis to assess trends in the usage of GIS across a variety of disci-
plines. The result of the bibliometric analysis is a categorized list
of those departments that stand to benefit the most from GIS ser-
vices, based on Diffusion of Innovation Theory. Library-based GIS
service providers can partner with liaison-librarians who serve as
“change agents” to bring geospatial services into those disciplines
not involved with GIS. From this, GIS service providers and liaison-
librarians can connect with “opinion leaders” within each depart-
ment to belp diffuse GIS throughout their discipline by helping to
organize seminars where library GIS service providers can educate
departmental faculty. The goal of this workflow is to help library-
based GIS service providers identify and collaborate with faculty
who stand to benefit the most from GIS services at the library.
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INTRODUCTION

Geographic information systems (GIS) is a term that refers to technologies
designed to capture, store, query, and analyze spatial and geographic data.
GIS is used within many academic fields (e.g., Couclelis 2004) and is also
worthy of study in its own right by the disciplines of cartography, remote
sensing, and GIScience (Gold 2006; UCGIS 2006). The prominence of GIS in
academe and society is expected to increase coincident with rapid techno-
logical evolution, especially in remote sensing applications, mobile devices,
and Big Data analytics (Kerski 2015; Guan and Bol 2012). “GIS is a good ex-
ample of an IT tool that can be used to analyze and visualize huge quantities
of historical and topical geo-data and invite new in-depth studies” (Jensen
2012, 73). Those university educational programs that prepare the next gen-
eration of GIS professionals are typically centered in academic departments
of geography, whereas programs that train students in the application of
GIS as a tool in a particular discipline are more diffuse across institutions
of higher learning. In recent years, academic research libraries have begun
to play a larger role as central providers of GIS services including provid-
ing educational opportunities to their university communities (March 2011,
Abresch et al. 2008; Argentati 1997). However, with limited resources, an
unanswered question remains, i.e., how to strategically design and imple-
ment library-offered GIS services so as to maximize their impact (MaKinster
et al. 2014). In this article, we propose one way to target specific academic
departments (i.e., disciplines) for library-initiated GIS outreach and educa-
tion based on anticipated impact using bibliometric analysis and the ap-
plication of Diffusion of Innovation Theory. Bibliometric analysis has been
used in the past to understand the usage of GIS outside of geography (e.g.,
Allen 2005), and we extend this work of using bibliometrics as a first step
in a larger workflow that aims to help connect library-based GIS support
services with potential new users of GIS.

Potential GIS users across the university fall into two categories whose
needs must be assessed using different methods. The first group consists of
people who already understand how GIS can be leveraged for research or
teaching within their discipline. These users need to be made aware of po-
tential collaborations and training opportunities offered across the university,
but do not need to be convinced of the utility of GIS in their discipline(s).
This has been the target audience of many library-based GIS support ser-
vices and the challenge in assessing the needs of this group is merely to
seek their input, compile their responses, and develop the requisite support
services within the library. The needs of this group are usually assessed
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through generic surveys to the university community. Many library-based
GIS support services have been successful in reaching this population of
GIS users (Scaramozzino et al. 2014).

The second group of stakeholders includes university researchers and
educators who may not know what GIS is or the full extent of what it
can offer their discipline. These stakeholders may be unlikely to respond
to surveys and/or be unable to articulate their GIS support service needs
(Dodsworth 2010). Currently there is a lack of well-established methods to
identify members of this group. One notable exception within the literature
is detailed in an article by Dodsworth (2010), which aimed to move be-
yond providing GIS support to only current GIS users. Dodsworth (2010)
developed a library-based indirect outreach campaign specifically to reach
non-GIS users. A result of her program was a six-fold increase over five years
in non-GIS users taking advantage of library-based GIS services, which out-
paced the growth of GIS-savvy service users over the same time period. This
single anecdote suggests the largely untapped potential for library-based GIS
services to positively impact non-GIS users, perhaps even more so than GIS-
savvy users. Reaching non-GIS users with library-based GIS services remains
a challenge of contemporary academic libraries and provides a fruitful area
of research and an opportunity to increase the impact of library services.

BACKGROUND

An innovation is a new or perceived new “idea, practice, or object” (Rogers
1995, 11). As long as the idea is unknown to a group, it can be considered
an innovation regardless of the recency of the idea or technology. Diffusion
of Innovation Theory is a framework that describes the adoption of an inno-
vation across a group or society. The theory describes the communication,
persuasion, decision-making, and implementation of an innovation over time
(Rogers 1995). Diffusion of innovations is mediated by social change, that
is, it works through communication channels within a social system (Rogers
1995). In nongeography disciplines, the application of GIS as a methodolog-
ical innovation should follow Diffusion of Innovation Theory. For example,
the application of GIS to some nongeography disciplines is not new; how-
ever, for other disciplines the tools, methods, and incorporation of spatial
thinking could be considered innovative. Diffusion of Innovation Theory has
been used in many academic research domains (e.g., Hameed et al. 2012;
Damanpour and Wischnevsky 2006; Frambach and Schillewaert 2002) and
has recently been associated with GIS diffusion in education (e.g., Milson
et al. 2012; Baker and Bednarz 2003).

Characteristics of Innovation

Rogers (1995) identifies several characteristics of innovations. First, the
innovation must be advantageous compared to its predecessor. For many
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disciplines, there is no tool or method predecessors to GIS because spatial
context had not previously been considered. Second, the innovation must
be compatible with existing methods, meaning that the innovation must
complement the well-established tools and methods of a discipline rather
than replace them. Third, the innovation must not be too complex for an
individual or group to understand. Some faculty may understand the ad-
vantages of GIS in their research or teaching, however, they may have not
had the time to invest in learning GIS on their own. Fourth, the innovation
must be testable, meaning individuals must be able to try the technology
to form their own opinions toward it. As geospatial services in libraries in-
crease, researchers and educators across the university campus will have
greater opportunity to engage with GIS and form their own opinions in a
low commitment way. Finally, Diffusion of Innovation Theory emphasizes
the influence of peers on the formation of opinions towards a new inno-
vation. As individuals see colleagues around them adopting an innovation
in their own work and being rewarded for it, the more likely they are to
engage with the innovation themselves.

Adoption of Innovations

Innovations tend to diffuse through social systems with some regularity and
predictability (Figure 1). Adoption of the innovation begins with an innova-
tion phase whereby the innovators are the first users. When just the inno-
vators are using a particular technology, usage is low relative to the entire
population of potential users. If the innovation shows promise, gradually a
second group of users known as “early adopters” incorporate the innovation
into their work during the early adoption phase. Adoption of the innovation
remains slow until the next phase of diffusion, known as the takeoff phase,
begins. The takeoff phase is dominated by what Rogers (1995) calls the
“majority” after which the innovation is likely well-accepted in the popula-
tion of users. The takeoff phase is perhaps the most exciting period in the
adoption of any innovation and is often the realm of research and there-
fore the focus of academics. Prior to takeoff, there is likely little familiarity
with the innovation and therefore skepticism, whereas following the takeoff
phase the innovation has likely lost its novelty. In the case of the addi-
tion of a new innovation in academic work, adopting a new technology
is most innovative before the loss of novelty (i.e., adoption of GIS by a
nonuser in geography is unlikely to be celebrated as innovative because the
innovation has already reached its saturation point in this discipline). The
so-called “late-adopters” are the last group within the community to adopt
the innovation. The late-adopters join once there has been a large increase
in adoption across a population. At this point, the innovation will reach
the saturation phase by which the majority of the group uses the particular
innovation.
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FIGURE 1 Illustration of the diffusion of innovation and ideal curve for diffusion of GIS
across university disciplines. Adapted from Rogers (1995).

Communication, Diffusion, and Social Structure

The diffusion of an innovation relies on communication through a social
structure about the innovation. Diffusion of Innovation Theory identifies
several actors who participate in the diffusion. The change agent, or the
individual who aims to persuade the group to utilize the new technology,
must have some similarity to the group. Similarity with the rest of the group
means these individuals share the same culture, language, and social con-
texts, and this homophyly means these similar individuals will be more effec-
tive communicators. Opinion leaders are more influential in the uptake of an
innovation than one particular change agent. Opinion leaders are individuals
who are able to influence others. Opinion leadership is designated through
the workings of the social system. These individuals do not necessarily hold
high esteem in a group, but they do drive behavior within their social sys-
tem because they are central within a communication network. This network
connects communication and knowledge within the social system. How the
opinion leaders interact with a change agent can put their centrality within
the network in peril; being cautious while still helping to drive change is
necessary to maintain their status within the group.

Bibliometrics and GIS

Bibliometric analysis has become a well-accepted method, especially in
the library and information profession, to quantitatively and qualitatively
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analyze trends in publications (Liu et al. 2016; Tian et al. 2008; Cronin 2001),
and can provide one way in which to identify where in the diffusion phases
a discipline falls at a given point in time. This type of analysis has been
used to evaluate publishing trends both within GISscience and to better un-
derstand trends in using GIS outside of the geography discipline (Wei et al.
2015; Mohamad et al. 2013; Allen 2005). Several of these bibliometric re-
search endeavors have implications for the present study. Allen (2005) used
bibliometric analysis to identify publication trends on GIS use in agricul-
tural disciplines. Results of the study illustrated that natural resources, urban
planning, and environmental sciences were the top agricultural subfields that
were using GIS.

Mohamad et al. (2013) used bibliometric analysis to identify pat-
terns in publications about GIS that focused on identifying the research
areas currently using GIS, trends in publications over time, types of docu-
ments published, as well as language and affiliation of the authorship. The
results of their study identified that GIS publications were largely from the
United States and were published in English. Their results also showed that
publications about GIS are increasing, and these articles mainly focused on
the environmental sciences and ecology (Mohamad et al. 2013).

More recent research has aimed at using other bibliometric analysis
methods to identify trends, changes, and connections between literatures
on GIS. Wei and others (2015) used a document co-citation analysis to in-
vestigate evolution of the GIS knowledge domain over time. This research
project used network analysis methods to identify connections, and changes
within a set of literature. Their study was novel in the type of analysis
used, although the authors note its limitations to understanding trends in
GIS publishing. Their results revealed that GIS is used across a wide variety
of disciplines “which are tied together by GIS technology” (Wei et al. 2015,
382). Similar to Wei et al. (2015), Liu et al. (2016) used network analysis
methods to identify connections between authors on topics related to GIS as
well as to identify disciplines that are using GIS methods. They found that
the top disciplines using GIS were environmental sciences, multidisciplinary
geosciences, and ecology.

METHODS

Applying Diffusion of Innovation Theory to the problem of targeting non-
geography disciplines for library-based outreach activities suggests a set of
methods and general workflow (Figure 2).

First, bibliometric analysis can be used to identify disciplines that are
in the takeoff phase of adoption of GIS into their toolbox of well-accepted
methods; next, disciplines can be categorized based on their diffusion of
innovation phase and those in the takeoff phase can be prioritized; third,
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Bibliometric analysis

Categorize
disciplines by
diffussion phases

Partner with
liasons librarians

Recruit
departmental
pariners

Develop
discipline-specific
educational
materials

FIGURE 2 Flowchart of how proposed method for using bibliometrics allows for the cat-
egorization of disciplines by diffusion stage, followed by partnering with liaison-librarians,
and connecting with new departments to develop partnerships for collaboration between the
library and the departments that serve to benefit the most.

library-based GIS service providers can partner with liaison-librarians to be
change agents in academic departments; fourth, departmental partners can
be solicited as opinion leaders in their fields to promote GIS; and fifth, a
discipline-specific GIS outreach and education campaign can be developed
and implemented for as many high-priority departments as library resources
allow. Assuming that bibliometric analysis accurately describes the promise
for adoption of GIS into new disciplines, this workflow will ensure that
library-based GIS resources are allocated in the most efficient way possible
to maximize impact on the university community. “Impact” here is defined
as the extent to which library GIS services positively affect the research and
teaching practices of departmental faculty and the reputation of university
departments as methodological innovators in their respective disciplines.
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Why focus on faculty? This focus comes from the perspective that recruiting
even just one faculty member to incorporate the teaching of GIS methods
in their graduate and undergraduate courses will likely reach more students
than library-based GIS service providers could by interacting with students
themselves on a one-on-one basis. The authors do not suggest that academic
libraries abandon student-focused GIS services, but rather, that departmental
faculty may be the conduit (opinion leaders) to introduce GIS tools and
methods into their departments and disciplines. In doing so, we hope that
they are celebrated as innovators in their fields, and therefore demonstrate
the positive impact of offering library-based GIS services to the university.

Using Bibliometric Analysis to Identify Trends

The present study interpreted trends in academic publishing (i.e., bibliomet-
ric analysis) as an indicator of adoption of GIS in the tools and methods of
academic disciplines. The objective of this step was to identify disciplines
that are in the “takeoff” phase and are presently on the very steep slope of
the adoption curve as an example of how to begin to follow the proposed
workflow. Ideally, these disciplines have begun to use GIS in new ways and
at least a few innovators have been successful at publishing this method-
ological innovation in the primary literature. At this early stage of adoption
it is unlikely that there is a faculty-member at every institution using GIS in
their discipline; however, faculty-members may be aware of peers at other
institutions who have used GIS in exciting new ways in their work.

To demonstrate the use of bibliometric analysis to analyze adoption
of GIS in academic disciplines, we used the database tool Scival to gener-
ate a time-series of publications (Table 1, Table 2), although any database
of primary literature (or other scholarly output) could be used. SciVal is
a value-added tool produced by the company Elsevier that searches the
Scopus database of primary literature and is commonly used by university
administrations to compare scholarly output between and across institutions
(Vardell et al. 2011).

At the time of publication, SciVal indexed publications from 1996 to
the present. Since GIS has become more popular in academic research pri-
marily beginning in the 1990s (Liu et al. 2016), the 1996 cutoff year served
as a good starting point for bibliometric analysis. To search the database
for GIS adoption in disciplines, we used the keyword search term “GIS” in
combination with the name of the academic departments at our home insti-
tution for the time-period 1996-2015. Academic departments were deemed
the most comprehensive search terms for all the disciplines at the university.
However, others performing bibliometric analysis could use the names of
the academic departments at their institutions or any other terms to describe
the disciplines at an institution. The conjunction term used for the search
was “AND.” There was a total of 131 searches conducted for 95 department



9T 6T 92 11 9z €T 1z 21 6 €1 8 9T ¢ L S ¢ 1T 0 ¥ 1T SIO ANV SonewayIey
SID
¢ ST 0T 9 L ¢ L ¢ z < 0 I 1 0 I T T T 0 ¢ ANV Sunoauiduyg SULnENuEpN
% 8y [y [T LS 9 ¥ 6¢ Lz ¥¢ 61 <TI0 O ¥ ¥ 8 0Ol S 6 SID ANV UaWwaSeuey
66 LS T9 €C TE W LS €% T ST 6T €1 61 ST € T ST 8 8 ¢ SID ANV SwalsAg Sururea]
08 ¥ 00 I8 %6 89 0L 0L 95 8 6y 81 9z 1z LI 1L ST ST €2 ¥l SID ANV MET
¥ Yy o % L 1 ¢ ¢ 1 T 0O O O O T 0 T 0 0 o0 SID ANV Sa1ptug JoqeT
¢1 9z 1Z 0T € 97 ¥ 9 ¥ < 8§ T ¢ I ¥ 1 1 O T T SID ANV wsieuInof
9¢  FE¢ ¢F ¢ 8y 1€ 1€ LE 9T 9z ¢z FI ¢ Iz 8T LI 7T Ol HI 1T SID (INV uononnsup
o¢ €T €T 0z 61 1z 8 Lz IT 61 LI ST 6 LT 9T 6 T L 8 &I SID ANV UYouaiy
6 Lz €T ST T1Z ¥ 6 9T 7T L 9 O Ol L S 9 ¢ 7T 0 0 SID ANV 20U210§ poog
8 L %Y 9 % ¥ < 9 9 L < 0 0 I I T 0 0 0 0 SID ANV 43o[0wouy
T 0§ ST Lz 1€ 1T €T ST IT ¥ L 8 S ¢ 1 0 T € 1 % SID NV Suteaurdug [eoLoa[g
z 8 ¥ ¥ L ¢ ¢ ¥ o0 0 T ¢ 1 1 € ¢ 1 1 0 0 SID ANV A80[0yp4sd [euoneonpy
¢ ¢ L % L T T 1 T T O T O T O O I 0O 0 0 SIDANV Ssaps Ao uoneonpg
L ST 9T % 61 7T 6 9 8§ 8§ 9 ¢ ¢ 0 T 6 ¥ 1 ¢ ¢ SID ANV WnnomIny
I€ 99 8 ¢ €& 09 € 05 6 € ¥I 0Z 9 6 S 6 8 8I Ol HI SID ANV Suneauidug sendwo)
9¢ Ly <S¢ ¥ S¢ 0oF 7€ 0 9T 0§ LZ 9 6 €18 I S L L ¢ SIO ANV £50701g
9 y ¢ 7 % 9 0o 0 I ¢ € € T 0 T 0 0 1 0 0 SID ANV $21pnI§ UBISY
4 s 6 L 9 ¢ % T T 1 € 0 O 1T 0O O O 0 0 O SID ANV 2IMOAIIY
L L €1 71 9 6 € ¥ ¢ ¢ 1 I ¢ I 9 T T T 0 0 SID ANV 20U2Ig [ewfuy
65 TI€ ¥T 6T T€ LT T €T LT ¥ 61 L T T T 1 T 1 0 T SID NV Uonesnpy [eimnousy
< ¢t Ir 9t Zzr 11 1 ¢ 8 9 o L € 9 ¢ ¢ T ¥ ¢ % SID NV SONsnody
iIm ot 6 L o L 9 8 7 ¢ ¢ 1 0O 7 1 1 1T O 1 O SID ANV Sununody
Omﬂdh uoneAouuy
ST %I €T Tl 1T 0T 60 80 LO 90 <O %O €0 TO T0 00 66 86 L6 96 WIS, YOIeas
JEOX

[BAIDS WOIJ SISA[EUY JINOWOIIg JNO WOoIJ sINSoy MeYy 2], T TIIVL

266



(28pd jxxo1 UO panuLIUoD)

91
8

6

6¢
)
1
4
LE
201
€Ll
€<
!
4
¥
€<
<1
9
L
L
69
vl
L

~\o O\

=

09¢

0T
49

¢ T <1
T IT 6
¥ < ¢
8¢ 99 8¢
Ic 01 Ol
8¢ 1€ €I
v LT 81
8¢ LT I¢
LOT 88 98
ST 8¥L 8¢l
6T L1
81 ¢l ¢l
S ¢ 4
< 4 <
It <I 6
or ¥l 9
8 ¥ L
oc 1T ¢
6 < L
18 69 29
€T 01 L
9 I ¢
L < 9
4 ¥ 4
1 T ¢l
4 L S
162 67¢ 80¢
< 8 6
¥ <1 11
v 1C €
9 L 9

81
€1

€

6%
Zl
98
0C
0¢
L6
08T
9¢
L
¢
1
(028
1T
Zl

9
<

8L
It
8

¥
8
¥e
9
162
9
1T
€C
¥

6 i4 6 ¢
L% 9 6
4 4 4 4
8y 8¢ T ¢C
LT < (A
It ¢t 0l 4
Ir ¢t o ¢
€ LT T SC
LS9 ¥s LS
LET TIT L8 T8
¢ ¥ U
¢ 8 ¢ 9
¢ c I 0
4 1 4 0
8 ¥ S ¢
9 ¢ T 9
6 ¥ 4 <
(AN 8 1T
1 ¥ I 1
SIS A TA S 4
I4 ¢ 4 L
1 4 I ¢
8 i4 4 <
¥ 4 14 <
L2 9 0T 1T
C I 4 1
L0€  LLT 9ZT SOT O
¢ <1 L 6
<l 4 ¥ ¥
¢ ¢ 61 81
4 14 ¥ 4

O
o0
o0
—
—

[o\]
o0
(=)
(=)
(=]

\O
(o]
g
—

N N
N 0 0O
SEC RS =)

QQ©
N
O NN N
o AN
—

o N

N O — A~ O NN
o = O O N\

~
N
g
—

“—aFovo—noanoZId I~ w0
o

v—it—igr—immv—imv—iNOOl\:\‘%\ﬁl\\ﬁ\og
~H wn o0 AN
coformoco—~o—~—=0 RV cuama
cnfo—~ococoocoorTmRIn—aow
o=MroN—~oNO—~u+N oA~
ocnMNOoO <000 —=onmQY~ ~a o
cofoocococoocococonEmoocod

coDNano—~cnoo—~=nw

(=)
S

XD —
ﬂO\ml\ngNw
cnvoP—anoco
—vcovxPRoomno
con—=~Rno—o
oS —-ngoo—~
oclNovw8oocoo
NOOﬂO‘\prOOH
ocDoconQP—o o —

<+ S

SID ANV AS1[0d el
SID ANV saIpmg e
SIO
ANV AS0[OIqOIDIN [EIUWUOIIAUY
SIO
ANV SULI2UISUY [BIUDWUONAUY
SID NV 20U210§ SuLoauIduy
SID ANV SOIUBUIN Suliodurdug
SIOD ANV suoney wawiodwy
SID ANV 20U2I0S SWIISASOdT
SID ANV JUSWaSeUBN SWaISASOdT
SID ANV Soruouody
SID ANV S20USI0S UOMEDTUNTIIO))
SID ANV SIOPIOSI(J UOHEDITUNTWIOD)
SID ANV SHV UOTIEDTUNWIIOD)
SID ANV $IISSED
SIO ANV Ansiway)
SID ANV Suloaurdug [ed1uay)
SIO ANV ANSIuayog
SID NV SULQUISUY [EINDYILY
SID ANV A3ojodorgiuy
SID ANV Suloaurdug [eIrnnousy
SIO ANV s2Ipni§ Uedljy
SID NV S21pNi§ UEDLIOWY UELILJY
aseydq uvondopy Ajreq
SID ANV ystuedg
SIO NV £30[01008
SIO ANV SisA[euy A1noag
SIO ANV Aydosoqyq
SID NV SWISAS 20UBWIONDJ
SIO ANV UOoneziuesio
SID NV S90UaI0§ [BUONIINN
SID ANV Suisiny
SID NV SulIoouIduy [eIdUly

267



9 6 9 ¢ ¢ L 9 ¥ ¢ ¢ 7 ¢ ¢ 0 T T 0 1 0 ¢ SIO NV UONENSIUIWPY YI[ESH]
¥S €0l 78 0¢ S€ L& ST ¥Z ST 0T ST LT O 6 ¥ T 8 ¥ ¥ 9 SID ANV $90UIS09D)
¢ ¢ 6 T ¢ < 1 I v 1 I ¢ ¢ 1T 0 0 7 1 0 0 SID ANV Suneauiduy A3reuyg
1 T¢ % 11 %I ¢T 91 oI I 9 ¢ ¢ % 1 ¢ 1 T T 1 % SID NV 2Wh)
v 1. 1S Sy ¢ ¥ 6 7Tl 6 I 9 9 T ¥ T € € ¢ 0 8 SID ANV Suneauisug 1A
z o 8 ¢ L ¢ % 9 7T ¢€ 0 0O O S 0 O T T 0 0 SID ANV SORUOUOD [EIM[NOMSY

aseyd JJoaye],

6 6 9 % ¢ ¢ I ¢ 7 ¢ € 7 T 1 T 0O T 0 0 o0 SID ANV S9IPNIS S,USWOA\

¢ ST 8% 81 61 ¥ Il ST 9 9 T ¥ ¥ 1 0 ¢ 1 0 T SID NV USWISLUBY WSHNO],
¢ 0oL 9 8 6 6I 6 W S L 8 9 % ¢ ¥ < 9 ¥ 0 % SID ANV SUOHEIUNWWOIS[A],

V.S 8TF 8L SSC STV HSE OI¢ 78T 6T W0OT €91 6ZT OST HZT SOT €8 €L %L 79 8¢ SID NV SonsneIs
€1 ¢ T ¢St 61 11 ¥ 9 L ol ¥ T T € T ¥ T 1 1 T SID NV uoneonpy [enadg

1 z I ¥ 0 1 I % 1 4 T ¥ 0 0O 0 T 0 0 I I SID ANV A30[0UdAsd [00YdS
8 9 ¢ % ¢ T 9 9 ¥ ¢ ¢ ¢ T 0 0O 0 0 T 1 0 SID ANV suoney orqnd
¢ or I ¢ oL 9 ¥ ¢ ¢ ¥ ¥ % 1 ¥ 1 T 0 0 T 1 SID NV 20US10S [EONIO]
% 1€ 67 L1 9¢ ST ST Lz 1z €T Ol ¢ 6 8 LT 0 T ¥ T % SID (INV 20USI0S JUB[]

99T 68T IS8T 09T 09T 12T TIST 90T HHT 68 I8 18 %9 €% 26 8F < 65 6¢ SF SID ANV $I184yd
¢ v €€ 8 €€ Lz vT ST €1 ¢ €1 ¥ Il 8 ¢ II 9 ¢ ¢ ¢ SIO ANV JUsWaSeuey sIed

z ¥y < 0 T I T Iz 1 z I 0 0 0 0 0 T 0 0 SIO ANV SULL2UISUY JESNN
L ¢T ¢ 11 11 ¢ 8 L ¥ 8 9 1 T O 1 T T 1 T O SID ANV AS0[01g JE[NO9[O
16 60T 06 %L 00T %L 8 65 €5 TF 05 L§ 9¢ 8§ [z 8T Ol 2T ¢ 9 SID ANV AS0[010910

S8IT I¥L 10T ZIT 96 €6 9L LS 79 TS T°6 62 % ¢ % €1 ¢ 6 0L 6 SID NV QURIPI
21 8 1€ €1 <1 I 7zt oL ¢ €1 S T 1 ¢ € 1 T T T O SID NV Sulaauisug [EOIUBYISN
8T <% 0S¢ 1z Lz ST L1 L1 6 I ¥ 8 0 € ¢ ¥ 9 1 L 1 SID ANV Suneauisuy s[eualey
Im ¥ 1 ¢ ST % 72T 8 9 ¥ 8§ ¢ ¢ ¢z o 1 1 1T ¢ ¢ SID NV Sunasiey

9 ¢ ¢ 7z T 1 0 0O 0 I I 0 0O O O O 0O 0 0 O SID ANV 21moayary adedspuet
1 y o1 S 7 ¢ L 7T T € ¢ ¢ 0 1 O O O O 0 O SID ANV UBle)]
IZ 6 1€ 07z < 11 ¢ 81 8 9 20 % 9 ¢ T T T ¥ T % SID (INV Sunauidug [emmsnpu]
ST ¥I €1 1 11 Ol 60 8 L0 90 SO ¥O €0 TO 10 00 66 86 L6 96 wiIa], yoreas

JEOX

(ponunuod) T AIIVL

268



1eak 1od

uonedrqnd ouo uey) SSO] PASEIVAE 1BY) SINSOI PuUE ‘UoneInies ‘Jjoayel ‘uondope A[Ies ‘UONEAOUUT JO SILIOSIED UOISNJJIP OIUT PIZILIOSIIED I SINSDI UL, 910N

<
1c
£8C

181

4
1574
LLT
¢
9
891
18
<9
1c
(34

8¢
LT
<
0¢
90T

v
0¢
042
8
1T
0¢¢
L
YL
0c
LS

9!
<
0

Pl

8LT

9
0¥
192

¥

9
e
8¢
99
91
c¢

81
Cl
v
€1
¥S1

S
29
54

L

L
98¢
€6
8L
€
8¢

¥T
6
¢
61

L91

AR
69 8¢
6L1 ¥81
8§ 1
6 01
99%  T¢C
€8 oL
01 1L
LT 6
% 8¢
9T 61
L9
¢ 1
Iz 11
9zZT 0ZT

9
¢¢
¥91
4
¢
9sT
89
Ly
8
1c

81
€
0

01

L6

4
9¢
orL
¢
1T
298
0¢
LS
<
0c

o
Lo ona

8
0¢
88

4
(028

148
9
1c

9
¢r

¢
e
9
S
z
¢St
vy
e
i
6

01
¥
I
<

%9

nin o FIR o fo

AN O

¢
<
01

n
Go ownvo

0
¢
4
0
0
9¢
il
9¢
T
(44

S o0

[Q)]
i

~oco®Nwrowoo

N O

ool Ponmna—~o

o0
Lo

SO“‘O\YY‘H

1c
ST

=+ o

~ofQwoor~o =

0O NN\O

81

SID NV USWISEUBN SR

SIO ANV SisA[euy sy

SIO ANV S21pnis BIpaN

SO NV Sonsimsury

SID ANV 2onsn[

SID ANV A3o[ouyoa], uonewojug
SID ANV SW2ISAS UOnBWIOJU]
SIO ANV S$20Ua10§ uonewIojuy
SID ANV A101SIH

SID ANV 20u2p8 Jandwo)
Iseyd uonesmes

SID ANV JUSWOSEUBN UONEIIOY
SID ANV A3o[oyd4sq

SID ANV S91pniS [EASIPIN

SID ANV 90U910§ S[BLIIBN

SID ANV wawdopas uewngy

269



270 C. S. Fish and N. B. Pickielek

Table 2. Table of Disciplines Averaging Less Than One Publication Per Year

Search Term Number of Publications 1996-2015
Advertising AND GIS 6
Aerospace Engineering AND GIS 10
Agricultural Sociology AND GIS 4
Ancient Mediterranean AND GIS 4
Applied Linguistics AND GIS 8
Art History AND GIS 11
Astronomy AND GIS 17
Astrophysics AND GIS 13
Biobehavioral Health AND GIS 1
Bioengineering AND GIS 9
Bioethics AND GIS 3
Biomedical Sciences AND GIS 19
Caribbean Studies AND GIS 4
Comparative Literature AND GIS 11
English AND GIS 16
Film-Video Studies AND GIS 16
Finance AND GIS 14
Forensic Science AND GIS 13
Francophone Studies AND GIS 2
Germanic Languages AND GIS 8
Hospitality Management AND GIS 5
Integrative Arts AND GIS 6
Jewish Studies AND GIS 3
Kinesiology AND GIS 1

Latin American Studies AND GIS 9
Middle Eastern Studies AND GIS 16
Music AND GIS 15
Plant Pathology AND GIS 10
Portuguese AND GIS 17
Religious Studies AND GIS 5
Russian AND GIS 12
Supply Chain AND GIS 7
Theatre AND GIS 4
Veterinary Sciences AND GIS 6
Visual Arts AND GIS 4

names. The difference between number of searches and number of depart-
ments is a result of some departments having compound names such as
“Spanish, Ttalian, and Portuguese.” In these cases, the name was split into
two or more searches. Additionally, search results were further refined by
limiting them to the Scopus journal categories that aligned with each search
term. For instance, “Animal Science + GIS” was refined to only the jour-
nals in the Scopus journal category of “Agricultural and Biological Sciences.”
Lists of publications generated by search results were summed for each
year and normalized to account for general publishing trends in each Sco-
pus journal category. For example, the “Animal Science AND GIS” search
was normalized by the Scopus publication trends within the category of
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“Agricultural and Biological Sciences.” Where growth in GIS related publica-
tions in a given discipline outpaced the background growth in publications
in its respective Scopus journal category, normalized results were positive
values, whereas in cases where GIS related disciplinary publications either
shrank in number or grew more slowly than the background rate of growth
in its respective Scopus journal category, normalization reported negative
values. The normalized results were then plotted in a time-series format with
normalized publication rate on the Y-axis and time on the X-axis to match
the format of the diffusion of innovation curve. To help visualize results,
we further fit a nonlinear cubic-regression spline to the publication time-
series data along with 95% confidence estimates based on bootstrap random
sampling with replacement (see Figure 3). The publication plots were qual-
itatively categorized as belonging to one of the four phases of adoption of
an innovation—-innovation; early-adoption; takeoff; or saturation.

Partnering with Liaison-Librarians and Departmental Faculty

The role of liaison-librarians at academic institutions is changing (Miller and
Pressley 2015), but what has remained consistent is that they serve as a con-
duit to integrate library resources and services into the departments to which
they liaise. In the context of the present study, where they are willing and/or
interested, liaison-librarians could partner with library-based GIS service
providers to be “change agents” in departments that are targeted for GIS out-
reach and education. With domain specific knowledge and existing depart-
mental contacts, liaison-librarians meet the criteria that change-agents have
homophyly with the population of people (i.e., department faculty) whom
we hope adopt the innovation (i.e., GIS). In addition to liaison-librarians,
identifying one or more departmental faculty who could serve as “opinion
leaders” and provide insight to the department and discipline would also
be beneficial to a GIS outreach and education campaign. With a thorough
understanding of the publication trends within a discipline, library-based
GIS service providers can approach potential partners starting with the dis-
ciplines that stand to benefit the most from adopting GIS tools and methods.

Develop and Deliver Discipline-Specific GIS Outreach and
Educational Materials

The final step in the proposed workflow is to collaborate with partners
to develop discipline-specific GIS educational materials. Discipline specific
training materials are an important prerequisite to developing familiarity and
engaging potential new users of GIS. For an example of some discipline-
specific GIS educational materials, see the suite of books and reference
materials offered by Esri Press (www.esripress.esri.com). Materials could
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FIGURE 3 Graphs of examples of different search results. Each row illustrates three examples
from each phase of innovation. The first row is the innovation phase. The second row is the
early adoption phase. The third row is the takeoff phase. The fourth row is the saturation
phase.
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be delivered through a variety of formal and informal methods, and at a
minimum we suggest a research seminar and workshop series (e.g., Guan
and Bol 2012). To develop a research seminar, library-based GIS service
providers can examine the list of publications produced from the biblio-
metric analysis for the most interesting and impactful GIS projects that have
been published in each discipline. Impact here can be defined as the pub-
lications that have received the most citations and/or views depending on
what the publisher’s database reports. A seminar presentation that describes
the methods used to identify departments (i.e., describing this article), and
a number of discipline specific examples of GIS applications would likely
be a presentation that is both interesting and engaging for a departmental
audience. Many academic departments host weekly or monthly research
seminar series, and these could be an ideal venue for library-based GIS
service providers to begin sharing ideas with target departments. The liaison-
librarian and faculty partners could assist with the development of seminar
content, logistics, and delivery. Building on the interest generated from a
research seminar, one or more skills-based workshops could be developed
for a faculty and student audience. Skills workshops could provide concep-
tual and foundational knowledge training as well as develop reconstructions
of the GIS methods that were used in the projects presented in the research
seminar. The workflow may also engage attendees who would then likely
become future patrons of individual-focused library based GIS services.

RESULTS

The total number of publications produced by the bibliometric analysis of
all disciplines was 39,495. Of the 133 discipline specific searches, 34 disci-
plines were found to be in the innovation phase, 41 in the early adoption
phase, 11 in the takeoff phase, 10 in the saturation phase, and 35 averaged
less than one publication per year and were excluded from the results due
to lack of data. Figure 3 shows representative examples of the four innova-
tion phases. Those identified as being in the take-off phase, and therefore
potentially worthy of being targeted for education and outreach activities,
were agricultural economics, civil engineering, crime, energy engineering,
geosciences, health administration, human development, materials science,
medieval studies, psychology, and recreation management.

DISCUSSION

Results of the bibliometric analysis helped library-based GIS service
providers to wade through a large body of literature to identify potentially
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innovative uses of GIS across an array of disciplines in a data-driven, defen-
sible, and repeatable way. Through research and trial-and-error, we encoun-
tered a number of implementation challenges for the proposed methods and
workflow. A discussion of some of the challenges follows.

Refining Search Terms

We found the keyword “GIS” was the most encompassing search term that
produced the most desirable results. Other search terms that did not work
as well included “spatial,” “geographic,” “geographic information systems,”
and “geographic information.” Although in geography the term GIS can be
used both to speak to the science and the systems (Goodchild 2004), GIS as
an acronym for ‘geographic information systems’ is more consistently used
outside the field of geography to mean a technological tool used in research.
Liu et al. (2016) noted the problems with using the term “GIS”; however, in
keyword searching publication databases it was found to be more useful
than other search terms. Additionally, the Scopus journal categories were
helpful in limiting results to only the subset that was most relevant to the
discipline searched.

Limitations of Keyword Searching

In some cases, the name of the discipline used in keyword searching was
misconstrued as having multiple meanings. For example, Comparative Liter-
ature as a discipline refers to literature across different cultures, languages,
and nationalities. However, other disciplines compare within and across their
own literature, and the term “comparative literature” produced some unex-
pected publication results. This challenge was remedied in part by limit-
ing the search to journals within a journal category domain. In the case of
Comparative Literature, we limited to the Scopus journal category of “Arts
and Humanities.”

Once a list of publications was compiled and potential target disci-
plines identified, it was necessary to validate that the results were applicable
to leveraging GIS as a technological innovation as applied to research prob-
lems of the discipline in question. To assess validity, we examined the most
common journal names produced by search results as well as read titles,
abstracts, and in some cases, portions of articles. This examination of search
results served a twofold purpose—-to validate, as well as to familiarize our-
selves with the ways that GIS was being used in particular disciplines. In
our validation of search results, we identified a method that when searching
with an acronym keyword (i.e., “GIS”), produced undesirable results—by
being confused with other acronyms of the same letter combination(s). A
minority of results for the disciplines “Health Administration” and “Health
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Development” were actually about the gastrointestinal (GD tract of the hu-
man body (e.g., Cook et al. 2012) and one was about war veterans and the
military Servicemen’s Readjustment Act (informally known as the G.I. bilD
(Ellison et al. 2012). One other publication included in the results of health-
related disciplines was about river health, as opposed to human health that
is the focus of academic departments (Xia et al. 2014). While not all publi-
cations were relevant to the discipline searched, a surprising many detailed
novel and interesting ways that researchers were using GIS in their work.
Among health-related search results were also publications about GIS being
used to identify populations in need of better access to health care services
(e.g., Hansson et al. 2013), and national scale studies linking environmental
factors with human health disorders (Al-Hamdan et al. 2014).

In another example of undesirable search results, more than half of
the publications for “Material Science” detailed valid applications of GIS, but
they were arguably more relevant to another academic discipline such as the
risks and hazards subfield often found in departments of civil engineering
or geography. Although we do note that some publications were relevant to
the materials science discipline like one on a GIS-based tool to help users
interpret X-ray maps that are often used in material science applications
(Ortolan et al. 2014). In sum, not all results produced by keyword searching
were found to be applicable to GIS and the discipline searched, and the
quality of results likely varies for each discipline searched and publication
database used. Of the eleven disciplines identified in the present study to be
in the take-off phase, four of the searches contained undesirable results (the
three already discussed plus psychology). However, the remaining seven
disciplines produced keyword search results that were highly relevant to
applications of GIS that may be considered innovative in the academic fields
searched.

Different Forms of Scholarly Work

We used the assessment tool SciVal, which searched the Scopus database that
contains publications from many disciplines, but is specifically tailored to-
wards the social, natural, and health sciences. In our experience, the Scopus
database appeared to index a broad selection of journals; however, busi-
ness, arts, humanities, and education journals and/or publications seemed
to be underrepresented. Future research could benefit from searching other
publication databases that may better represent nonscience disciplines than
does Scopus. Additionally, certain disciplines are perhaps underrepresented
in publication databases in general due to the nonpublication nature of
their scholarly output. For example, faculty in the arts and humanities may
not publish their work in the form of journal articles, but still may find
GIS to be an interesting and useful tool. The rapidly evolving field of
digital humanities provides an example of a discipline that is not likely
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FIGURE 4 Illustration of how, depending on when the bibliometric analysis is conducted
within the diffusion of innovation, one might be unable to identify a discipline as having
potential before the “takeoff” phase. Time 1 illustrates what the trend may look like before
the takeoff period, while Time 2 indicates how different the graph looks once the takeoff
period has commenced.

well-represented in publication databases and yet is rapidly adopting GIS
technology.

Emerging Fields and the Publication Time-Lag

While the present analysis proved to be a useful way to identify disciplines
where there was an acceleration in the adoption of GIS across the study
period, it was harder to distinguish a discipline that was in the early adop-
tion phase of the diffusion of innovation (Figure 4, Time 1) due to the
small number of publications in search results and a time-lag in academic
publishing.

Emerging fields with few publications tended to vary from having some
to none year to year over the study period, making it difficult to differentiate
publication trends from noise. The challenge of identifying emerging fields
was exacerbated by the sometimes long time-lag between when the work
was actually performed and when it was published. Given that it also takes
time to develop discipline-specific outreach and educational materials, it
may be that disciplines that are targeted as a result of the proposed analysis
and workflow are closer to the late-adoption phase of innovation by the
time the workflow is completed.
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We discussed here a number of challenges in producing and interpret-
ing the results of a bibliometric analysis in the context of a majority of results
that were highly desirable and informative. Although keyword searching in a
bibliometric analysis is an imperfect method, its value is that it is: defensible
in terms of library-based geospatial service providers being able to justify
the focus of their education and outreach efforts on certain departments and
not others; and repeatable in that it is a method that can be repeated at
different institutions as well as at the same institution through time.

The Workflow as a Self-Selective Process

Moving beyond the bibliometric analysis step of the proposed workflow
requires a further narrowing of focus on just a few disciplines and the
voluntary participation of others who may or may not see the benefit of
collaborating with GIS service providers. Those that do see the benefits of
collaboration, or are more inclined to collaborate in general, likely represent
the most productive partnerships for library-based GIS service providers to
engage. In this way, moving through the workflow itself is a selective pro-
cess that leads from a universe of potential disciplines to target for GIS out-
reach and education, to a subset of disciplines that show the most promise
based on bibliometric analysis, to only those disciplines for which keyword
searching worked well, to only those disciplines that have a willing liaison-
librarian and departmental collaborator at a given institution. Although in
implementing the workflow it is still possible to end up with more promis-
ing disciplines than GIS service providers have the resources to engage, this
would represent a positive result that could further justify the dedication of
resources to library-based GIS services.

CONCLUSIONS

Library-based GIS service providers have a need to identify and engage
potential new users of GIS in their academic communities as a way of
demonstrating and maximizing the impact of their services. In the absence
of well-established practices to identify and reach this group, we drew on
the Diffusion of Innovation Theory to propose a set of methods and work-
flow. The methods and workflow leveraged bibliometric analysis in a way
that is strategic, defensible, and reproducible in focusing on disciplines that
stand to benefit the most from adoption of GIS tools and methods. Moving
through the proposed workflow, GIS service providers can connect with
liaison-librarians as potential change agents and engage departmental opin-
ion leaders. In doing so, library-based GIS service providers can enable the
adoption of spatial thinking, incorporation of spatial data, and the use of GIS
as an innovative research tool in a multitude of new disciplines. Rather than
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being formulaic, we hope that the proposed methods and workflow provide
a starting point of discussion and an inspiration towards more investigation
into how to maximize the impact of library-based GIS services at academic
institutions across the country and around the world.
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