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REFEREED

Editorial Intent

The Refereed section of URISA Journal strives to share new knowledge
in the technical, social, economic, and institutional subject areas that sup-
port information systems technology. It is the intent that this section of
the Journal contain papers that are representative of URISA’s membership
and the broader information systems community. We encourage the par-
ticipation of system designers, implementors and users as well as the ed-
ucational and research community.

We hope that the refereed section will provide reliable information and
new insights resulting from experience, research and scholarship. We also
hope that this section will link academia, industry and the user commu-
nity through the sharing of critical investigations and organized knowl-
edge. To this end, we are seeking three forms of work: (1) Reports of cur-
rent research and development pertinent to the overall information
systems community; (2) systematic literature reviews of research for the
research and development community; and (3) systematic reviews of ap-
plications which explain successful systems and procedures to the overall
information systems community.

The refereed process consists of a “blind review.” After receiving a
manuscript from an author, we send it out for review to three or more
persons who have been identified as being knowledgeable in the topical
area. The name and affiliation of the author are removed from the paper
so the reviewers can give it an impartial review; likewise, the names of
the reviewers are not revealed to the author. We ask the reviewers to re-
spond to the following: (1) Is the thesis or purpose stated early and
clearly; (2) is the significance of the paper stated explicitly; (3) is the thesis
argued persuasively; (4) is the writing clear, concise, straightforward, in-
teresting, and in the active voice, where possible; (5) is the paper tied in
appropriate ways to relevant literature; (6) is the paper illustrated appro-
priately; (7) are the methods sound and appropriate to the paper; (8) are
the methods explained clearly; and (9) is the paper interesting to many
different types of LRISA Journal readers?

If the manuscript is accepted and does not need revising, it is sent to
the managing editor for comments and final editing. If the manuscript
needs revision, assistance is provided by the editors. If the manuscript is
not accepted, it is returned with an explanation by the editors.

Kenneth |. Ducker



The Likelihood of Becoming a GIS User

Zorica Nedovi¢-Budit

Abstract: Successful introduction of geographic information systems (GIS) into public sector agencies depends
largely on how organizational members accept and utilize the new technology. Personal characteristics, attitudes,
and background exert substantial influence on individual decisions about the degree and manner in which GIS is
employed to pursue an organizational mission and tasks. This paper examines the significance of human factors,
including perception of GIS benefits, compatibility with personal values and beliefs, previous computer experience,
perceived complexity of GIS, exposure to GIS, computer anxiety, attitude toward work-related change, and commu-
nication behavior. Relevant contextual organizational factors and management activities are also considered. Re-
sponses to a mail survey of over 600 local government employees were analyzed using logistic regression procedure
to identify the factors that contribute to the staff becoming GIS users and to the administrators supporting GIS use
int their agencies. The results are interpreted as probabilities of adopting a GIS, given the presence of particular per-

sonal, organizational, or management factors.

tion systems (GIS) users is essential for success-

ful implementation of GIS technology in an or-
ganization. Commercialization and more intensive
diffusion of GIS in the late 1980s and early 1990s (Wig-
gins 1993; Sprecher 1994) have increased the need for
GlS-related skills and expertise (Godschalk and McMa-
hon 1992; Somers 1995). This demand, however, has not
been followed by a proportional supply of GIS profes-
sionals. Public and private agencies alike consistently
list staffing as one of the main problems in implement-
ing GIS (French and Wiggins 1990; Croswell 1991; Gor-
don and Soubra 1992; Brown 1997). This is despite the
considerable efforts of educational institutions and soft-
ware vendors to provide newly required skills through
undergraduate, graduate, and continuing education,
training materials, short courses, and workshops {Cop-
pock 1992; Goodchild and Kemp 1992; Morgan 1996).

GIS expertise generally assumes knowledge of one or

more GIS software products, relevant computer hard-
ware, operating systems, and programming skills. In
many cases, background in a substantive discipline is
desirable (i.e., urban planning, surveying, social policy,
environmental science, engineering). Organizations pur-
sue two basic strategies for acquiring the needed GIS
expertise: 1) hire already trained GIS specialists; and

ﬁ chieving a critical mass of geographic informa-

e

Zorica Nedovié-Budic is assistant professor of urban planning
and geographic information systems (GIS) at the University of
Illinois at Urbana-Champaign. Her main research interest is in
diffusion and implementation of GIS technology in focal gov-
ernments, and evaluation of its impact on the urban planning
process and decisions.

2) build their internal capacity by upgrading the skills of
existing employees, usually through software vendors’
or conference workshops. Many GIS users, however, use
a third strategy and end up being self-taught (Hearn-
shaw 1993). All strategjes have their inherent flaws and
provide only limited security to the agencies in need of
GIS support staff. Self-teaching usually has a very steep
learning curve. Investing in the new employee or in ed-
ucation of existing employees is risky too, given the high
rates of employee turnover and transfer.

In addition to problems with the main GIS support, it
has also been difficult for agencies with GIS to achieve a
wide user base. With the incorporation of GIS technol-
ogy in public and private sector agencies, many employ-
ees are (or will soon be) forced to move from a tradi-
tional to a computerized way of handling spatial data.
But not all of the organizational members are equally ex-
cited about the new wave, or are prone to accept the
new technology immediately. Accumulated experience
shows that it takes more than putting computer hard-
ware and software on an employee’s desk and provid-
ing documentation and training to turn a staff member
into a GIS user. Individuals reject innovation for a vari-
ety of reasons. Garson (1993) lists deskilling, dehuman-
ization, disemployment, and discrimination as the major
social issues in workplace computerization. Rejection of
different technological innovations is often attributed to
individual resistance to change, computer-related anxi-
ety, or other “irrationalities” that are frequently de-
scribed with a negative connotation (Feller and Menzel
1977; Rogers 1983; Leonard-Barton and Kraus 1985).
From a personal perspective, however, those reasons
may appear quite rational. For example, an individual
may find the new technology difficult to work with (Ea-
son 1993), may see no clear personal benefit from using
anew technology, or may not feel confident to engage in
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it. The time and support available for making a transi-
tion might also affect the decision to use a new technol-
ogy.
The other side of the resistance issue is the question
of motivation to adopt a new technology. What is usu-
ally described as resistance to change, may very well be
a lack of motivation to accept a particular technology, in
this case GIS. Eason (1993), for instance, mentions the
mismatch to organizational purposes and functions, as a
possible reason for failure to accept a particular technol-
ogy. In addition, the staff members may not have a
clearly defined need for employing the new system.
Those and other reasons for not using the technology,
whether classified as subjective or objective, are impor-
tant to consider. Accepting them as rational and justified
behavior is a step forward toward a better understand-
ing of the process of diffusion of innovations (Feller and
Menzel 1977; Rogers 1983; Leonard-Barton and Kraus
1985).

The literature on human factors in GIS concentrates
primarily on applying the knowledge about the human
mental and cognitive processes toward better design of
hardware, software, user interfaces, visualization, and
decision-support tools (Medyckyj-Scott and Hearnshaw
1993). The human factors that are related to the individ-
ual adoption decisions have received less attention in
both research and practice. Even when the social aspects
are more specifically considered, the focus is often on
the people as participants in the implementation process
(Eason 1993), political issues (Buchanan 1993), and orga-
nizational culture (Benwell 1993), rather than on the per-
sonal psychological and experiential dispositions to ac-
cepting GIS technology and becoming a GIS user. Recent
attempts to measure the implementation success of vari-
ous information systems have confirmed the signifi-
cance of end-users and their characteristics, motivation,
experiences, and perceptions of the technology (Ives et
al. 1983; Danziger and Kraemer 1986; Raymond 1987;
Baroudi and Orlikowski 1988; Carey 1988; Igbaria and
Nachman 1990; Budi¢ and Godschalk 1994).

This paper addresses the personal factors that affect
the individual decisions regarding adoption and future
use of GIS technology. It examines the significance of
perceived organizational and personal benefits of GIS,
values and beliefs about computerized technology, pre-
vious computer experience, perceived complexity of
GIS, exposure to GIS, computer anxiety, resistance to
work-related change, and communication behavior (i.e.,
networking). A number of management and organiza-
tional factors are alse included as relevant contextual
and background information. Following the review of

- previous research on the personal factors that influence

the individual adoption of innovations, this paper de-
scribes the data collection method, and reports on the
analysis and findings of a mail survey to which over 300
North Carolina local government members responded.

URISA Journal | Nedovié-Budic

The respondents were staff members, both GIS users
and non-users, and administrators in agencies using,
and not using, a GIS. Staff members were surveyed to
inquire into individual GIS adoption, while the re-
sponses from agency administrators provided insight
into the likelihood of support for organizational adop-
tion of GIS.

Data were analyzed using logistic regression model-
ing. The statistical coefficients were translated into odds
of becoming a GIS user in the case of staff members, and
into odds of becoming a GIS supporter in the case of
agency administrators. The odds reflect the increase or
decrease in the probability of becoming a GIS user or
supporter, given the presence of particular personal, or-
ganizational, or management factors. The results indi-
cate the personal characteristics and areas that require
special attention if a widespread diffusion of GIS within
an organization is desirable.

- GIS Adoption Decisions and Personal Factors

General Framework

Introducing GIS technology into an organization is a
complex process of organizational and individual adop-
tion behaviors. The adoption is influenced by a variety
of factors including organizational environment, inter-
nal organizational context, management activities, and
personal factors (Budi¢ 1993b; Figure 1). Basically rooted
in a systems interactionism model of computing change
(Kraemer et al. 1989), this framework postulates that the
stimulus for considering incorporation of GIS technol-
ogy comes from both external and internal organiza-
tional environments, and is shaped by deliberate man-
agement action. The outcomes of GIS diffusion and use

FIGUREL Diffusion of GIS Organizations (After Budic
1993b}
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at the individual and organizational level provide a
feedback to the organization and its environment.

The success of implementing an innovation is often
labeled as organizational achievement, and the decisions
regarding the adoption of innovations are usually
thought of as either collective or authority-based rather
than individual (Rogers 1983). Organizational adoption,
however, is ultimately the result of a series of adoption
decisions by individual employees in professional sup-
port, management, or administrative roles (Budié¢ 1993b;
Budi¢ and Godschalk 1994). Moore (1993) agrees that
“diffusion of innovations occurs through the collective,
yet individually based decisions of individual level
adopters.” (p. 80) Important “filtering” that opens up
the possibility for GIS acquisition and implementation
often happens at the administrative, decision-making, or
higher management organizational levels, and is mani-
fested as the organizational attitude toward GIS. How-
ever, the staff members who decide to become either di-
rect or indirect (i.e., through other employee services)
users of GIS are those who make the GIS happen (Budi¢
and Godschalk 1994). Their decisions and activities cu-
mulatively contribute to organizational adoption and
utilization of GIS.

The factors that most strongly influence the decisions
of individual staff members are the personal attitudes,
experiences, characteristics, and behavior, Those per-
sonal factors are the main subject of the research pre-
sented here. Several attributes of organizational context
and environment, and management activities are also
considered, as they affect the behavior of staff members,
and consequently, their adoption decisions.

Previous Research on Personal Factors

Rogers (1983) classifies individual adopters into five cat-
egories regarding their innovativeness (i.e., likelihood to
experiment and adopt an innovation): 1) innovators;

2) early adopters; 3) early majority; 4) late majority; and
5) laggards. The temporal distribution of adopters of a
given innovation follows a bell-shaped curve and ap-
proaches normality.

The five adopter categories are characterized by three
sets of variables;

* Socioeconomic status: age, education, literacy, social sta-
tus, upward social mobility, size of business operation
commercial orientation of business, attitude toward credit,
and level of specialization of operations;

* Personality variables: empathy, dogmatism, ability to deal
with abstractions, rationality, intelligence, attitude toward
change, ability to cope with uncertainty, attitude toward
education, fatalism, achievement motivation, aspirations;
and

* Communication behavior: social participation, intercon-
nectedness in the social system, level of urban sophistica-
tion, contacts with change agents, exposure to mass media,

exposure to interpersonal communication, activity level in
seeking information, knowledge of innovation, opinion
leadership, belonging to highly interconnected systems.

Based on Rogers’ (1983) meta-analysis of those factors
in a variety of innovation-diffusion settings, early
adopters of innovations are, on average, younger indi-
viduals with higher socio-economic status, higher level
of intelligence and rationality, more open to change, and
more knowledgeable about innovation.

The perceived characteristics of innovations also in-
fluence the rate of individual adoption (Rogers 1983;
Zaltman ef al. 1973). These characteristics include:

* perceived relative advantage;

* compatibility with personal values, past experiences, and
needs;

* perceived complexity of an innovation;

* trialability (i.e., opportunity for experimenting with an in-
novation}; and

* observability of an innovation,

Feller and Menzel (1977) list an additional set of per-
sonal variables relevant for adoption of technological
innovations: motivation, professionalism, informedness,
resources, pride, and risk propensity.

Among the personal factors, age, gender, and educa-
tion appear less significant when compared to other per-
sonal attributes (Danziger and Kraemer 1986; Igbaria
and Nachman 1990). Studies of innovative behavior in
genera) also reveal the secondary importance of individ-
uals’ demographic characteristics. Roles and positions,
for instance, are found to exert stronger influences on
the involvement of individuals in the innovation process
than the demographic factors (Baldridge and Burnham
1975; Srinivasan and Davis 1987; Chakrabarti and
Hauschildt 1989). Employees in the role of intermedi-
aries (also called integrators or champions}), comprising
both non-technical and technical knowledge, usually
serve as facilitators in the implementation process (Srini-
vasan and Davis 1987; Chakrabarti and Hauschildt 1989;
Azad 1997).

Relationships and interactions among people within
an organization represent yet another relevant factor af-
fecting the implementation of computerized technology.
Relationships among staff members holding different
positions within organizations (especially between
users and experts) are as important as the relationships
between personalities in general (Chakrabarti and
Hauschildt 1989). The significance of relationships is
particularly apparent when varying interests and moti-
vations of individuals become primary drivers of their
behavior and, consequently, of the decisions regarding
an innovation. This behavior is likely to lead to conflicts
(Nolan 1973). The introduction of a new information
system is usually seen as a threat to the existing balance
of power (Campbell 1990). The implementation process
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itself may turn highly political (Markus 1983; Pinto and
Azad 1994).

Finally, the personal reasons for ignoring, resisting
and even sabotaging new technology have also been
considered in previous research. Resistance to change is
a widely recognized phenomenon (Mohr 1969; Zaltman
et al. 1973; Leonard-Barton and Kraus 1985; Carey 1988;
Rogers 1983; Robey 1987). Organizational members un-
der-utilize, or even sabotage, the new technology if they
feel they may be adversely affected by the change
(Leonard-Barton 1987). At the individual level, the most
important attitudinal factors are fear of change (Brod
1985; Mohr 1969; Peterson and Peterson 1988), and
computer-related anxiety (Peterson and Peterson 1988;
Mitchell 1994). Fear of change is expressed through
one’s concern about safety, security, or self-esteem. It is
manifested primarily through worrying about loss of
skill or possible replacement by more efficient equip-
ment. The second attitudinal factor, anxiety, is a natural
feeling of uneasiness when exploring or facing unfamil-
iar situations. This feeling, in some persons, is intensi-
fied when confronted with new technology.

Attributing the rejection of innovations only to anxi-
ety and fear of change, however, is an oversimplified
view of the process of technology transfer (Raghavan
and Chand 1989). Carey (1988} finds a correlation be-
tween acceptance of change and variables such as previ-
ous use (experience), education, and current usage of a
new system. She also reports commitment, exposure to
change, and preparation for change are important for
successful implementation of new technologies and sys-
tems,

Research on implementation of GIS technology in lo-
cal government encounters mixed findings with regard
to staff’s resistance to change. Campbell and Masser
{1991), in their inquiry into the resistance to change, de-
tected no problem of general staff resistance, but indi-
cate that effective implementation of GIS technology re-
quires changes in personnel attitudes. In their multiple
case study of four local government agencies in a North
Carolina county, Nedovi¢-Budi¢ and Godschalk (19%6)
confirm the mixed evidence on the employee behavioral
rigidity. They tested seven additional theoretical propo-
sitions and found:

* perceived relative advantage of GIS technology and previ-
ous experience were the two most significant personal fac-
tors;

* exposure to GIS technology and more intensive communi-
cation behavior also contributed to individual adoption
of GIS;

* evidence on personal values and beliefs was mixed; and

* the hypotheses on computer-related anxiety and perceived

complexity of GIS were falsified.

A variety of organizational contextual factors and man-
agement activities were also found to affect the diffusion

URISA Journal [ Nedovid-Budi¢

of GIS among organizational members (Campbell 1990;
Budic 1993b; Budit and Godschalk 1994; Campbell
1994).

Research Method
Hypotheses and Variables

Drawing on the previous research, and extending on the
Nedovi¢-Budi¢ and Godschalk (1996) and Budic (1993b)
case studies, a survey was designed to further test the
eight propositions on the personal factors forwarded in
their research. These propositions hypothesize that the
individual staff members are more likely to adopt GIS
technology if they:

1. Perceive GIS technology as relatively advantageous when com-
pared to current technologies and practices used {Downs and
Mohr 1979; Zaliman et al. 1973; Rogers 1983; Leonard-Bar-
ton 1987; Rivard 1987);

2. Experience GIS as compatible to their personal values and beliefs
about computerized technology (Zaltman et al. 1973; Rogers
1983; Danziger and Kraemer 1986; Rivard 1987; Igbaria
and Nachman 1990);

3. Have substantial experience with computerized technology
(Zaltman et al. 1973; Ives et al. 1983; Rogers 1983; Danziger
and Kraemer 1986; Leonard-Barton 1987; Carey 1988;
French and Wiggins 1989; Igbaria and Nachman 1990);

4. Do not perceive GIS as a complex technology (Zaltman ef al.
1973; Ives et al. 1983; Rogers 1983; Danziger and Kraemer
1986; Leonard-Barton 1987; Raymond 1987; Rivard 1987,
Baroudi and Orlikowski 1988; Croswell 1991);

5. Have been exposed to or had an opportunity to try out a GIS
(Ives et al. 1983; Rogers 1983; Raymond 1987; Baroudi and
Orlikowski 1988; Carey 1988);

6. Do not have computer-related anxiety (Raub 1981; Danziger
and Kraemer 198¢; Petersen and Peterson 1988; Igbaria
and Nachman 1990);

7. Have a positive attitude foward work-related change (Mohr
1969; Zaltman et al. 1973; Rogers 1983; Brod 1985; Leonard-
Barton and Kraus 1985; Leonard-Barton 1987; Rivard 1987;
Robey 1987; Carey 1988; Peterson and Peterson 1988;
French and Wiggins 1989; Raghavan and Chand 1989;
Campbell and Masser 1991; Croswell 1991); and

8. Have active communication (i.e., networking) behavior (Zalt-
man et al. 1973; Ives et al. 1983; Rogers 1983; Danziger and
Kraemer 1986; Lecnard-Barten 1987; Raymond 1987;
Baroudi and Orlikowski 1988; Kearns 1989; Campbell 1990;
Croswell 1991).

In addition to the personal-level variables, the survey
elicited information on organizational and management
variables that were found relevant in the previous re-
search:

¢+ Three organizational context variables: agency size
(French and Wiggins 1990); staff turnover (Campbell 1990;
Budi¢ 1993b), and organizational conflict (Croswell 1991;
Budié 1963b: Pinto and Azad 1994);

¢ Three organizational environment variables: population
of the jurisdiction (French and Wiggins 1990; Campbell



and Masser 1991), growth rate (French and Wiggins 1990),
and political support (Budi¢ 1993a); and

* Four GIS management variables: availability of GIS hard-
ware and software (Budi¢ 1993b; Masser and Craglia 1997),
provision of GIS training (Crosswell 1991; Hearnshaw
1993; Brown 1996), involvement in GIS implementation
(Leonard-Barton 1987; Eason 1993; Campbell 1994), and
supply of incentives for prospective GIS users (Leonard-
Barton 1987; Budi¢ 1993b; Budié and Godschalk 1994).

Operational definitions of the involved concepts were
developed as a series of dimensions derived from previ-
ous research and theory (Table 1). The constructs that are
central to the eight propositions were measured as 14
independent variables whose values were determined
either as a choice from a multiple-item menu, or on a
Likert-type 1-5 scale. Six of the 14 variables were derived
from multiple questions, and converted to indexes,
whose validity was checked with Cronbach’s Alpha test.
The Cronbach’s Alpha was 0.70 or higher for all indexes.
The survey instrument is attached in Appendix A.

Data Collection

Three sources of data were used to elicit the needed in-
formation: mail survey, telephone interviews, and cen-
sus data. Telephone interviews were conducted at the
outset of the research with 56 contact persons, depart-
ment heads, and section chiefs. The purpose of estab-
lishing those contacts was to identify staff members who
were GIS users and non-users and to secure support for

the mail survey. The key informants also helped supply
information about internal organizational context and
the GIS management variables—however, only in agen-
cies using GIS. Census data were used to obtain values
for environmental variables—population size in 1990,
and population change from 1980 to 1990.

Information on the personal factors was elicited by
mail. The mail survey of individual employees—staff
members and administrators—was administered in the
fall of 1992. The sampling framework was based on the
population of local governments in North Carolina iden-
tified in a 1990/91 survey as using or planning to ac-
quire GIS technology (Budi¢ 1993a). The survey in-
volved 15 local governments that had operational
geographic information systems. Presence of multide-
partmental GIS setups, joint city/county systems, and
agencies that were indirect GIS users, yielded 56 organi-
zational units surveyed (Table 2). An additional 84 agen-
cies that did not employ a GIS, but were located within
the same local governments, were also included. Among
a variety of units surveyed, the majority were repre-
sented by planning, tax assessor, land records, public
works, engineering, police, fire, and environmental
health agencies.

Four versions of the survey questionnaire were de-
signed to address four different target groups:

1. GIS Users: staff members who either directly (hands on) or

indirectly (by requesting GIS products from other employ-
ees) use GIS technology;

TABLE1. Description of Independent Variables Used in Modeling

Variable Type Description

1 ORGBEN Continuoys MIM2:' Perceived organizational benefits {1-5 scale}

2 TANGI Index {2%CA=0.91%) M1,M2;  Perceived tangible personal benefits: salary raise ot position advancement (1-5 scale)

3 PERBEN Continuous MIM2:  Perceived other (intangible) personal benefits: job satisfaction or professional prestige (1-5 scale)

4 PROG [DIR} Categorical Mi: Engagement in ¢omputer pregramming M2: Direct use of computers

5 VALUES Index (4;CA=0.70) MIM2Z: Values, beliefs ahour computerized technotogy (1-5 scale)

6 COMPLEX Continuous MIM2:  Perceived complexity of GIS technology relative to own function/tasks {1-5 scale)

7 APPREH Index (4;CA=0.81) MI,M2:  Apprehensiveness, fear and avoidance of GIS technology (1-5 scale)

§ ANXIETY Continuous MI,MZ: Number of 1erms used to express GIS related anxiety

9 CHANGE Index (3;CA=0.80) MIM2:  Attiude toward work-related change (1-5 scale)

10 RESIST Catcgorical MI,M2:  High frequency and substantiveness of work-related change (marked 5 on 1-5 scale)

11 EXPO [DEMXPO| Categorical Ml: Opportunity to try cut GIS technology M2: Opportunity 1o view a farmai demonstration
12 OPINION Index® MIM2:  Opition about GIS products on 4 aspects, 3 optiens; low, medium, high (1,2,3); summed up

13 COMMUN Index® MI M2 Intensity of communication within the agency and local government; 4 levels (1-4); summed up

14 TALKGIS Categorical MI,M2:  Information about GIS technology received through contact[s] with GIS user[s]

13 EMPLR[EMPLALL]  Continuous Ml Ratio: number of employees within agency and govemment M2: Number of employees in government
16 STAFF Categorical M1 Staff tumover; 2 levels {low and high) MZ: NA
17 CONFL Continuous Mi1: Presence of organizational conflict (1-5 scale) M2: NA
18 POLSUPE Continuous M1 Political support from elected officials for GIS implementation in the agency M2 NA
19 INCENT Categorical M1: [ncentive offered to employee(s} who decide ko use GIS technotogy M2: NA
20GIS Categorical MI GIS installed within agency M2, NA
2} TRAIN Categorical Mi: GIS training provided to the employees M2 NA
22 INVOLV Categorical M1: Invelvement in GIS implementation process M2 NA
23 POPUL Continuous M1L,M2:  Logged population of the jurisdiction

24 GROWTH Continuous MIM2: _Annual population growth for the period 1980-1990

' The same in Model | and Madel 2

? Number of items the index is composed from

* Cronbachs Alpha

* Variable name in Model 2

-+ Those indexes did not require Cronbach’s Alpha test

Perceived relative advantage: variables 1, 2, and 3

Personal values and beliefs about computerized technology: variable §
Previous expericnce with computer; variable 4

Perceived complexity of GIS technology: variable 6

Exposure to GIS technolagy: variable 1]

Computer/GES anxiety: variables 7 and 8
Altitude toward work-related change: variables 9 and 10
Communication behavior (networking): variables 12, 13, and 14
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TABLE2. Number of Agencies Surveyed

TABLE4. Survey Respondents by

by County / City GIS Use Category
Numher of Agencies Surveyed GIS Use Category
Local
Government Using GIS Not Using GIS Subject Direct Indirect Non-user TOTAL
GIS USERS o0 67 Q 127
Burke County 2 10 21.6% 24.1% 4.0% 45.7%
Gaston County 1 9
Guilford County 5 3 GIS NON-USERS [1} [} 72 12
Lee County H 5 0.0% 0.0% 15.9% 25.9%
Lincoin County 11 2
Nash County 4 3 ADMINISTRATORS/ 8 35 3 46
New Hanover County 2 ? AGENCIES USING GIS  29% 12.6% L1% 16.6%
Stanly County 5 10
Wake County 6 ? ADMINISTRATORS/ 0 o » #
Watauga County ! 5 AGENCIES NOT USING  0.0% 0.0% 118% 118%
Wilkes County 2 5 GIsS
City of Greensboro 2 0
City of Raleigh 1 9
i TOTAL o8 102 108 278
ity of Wilmington 2 H 24.5% 36.7% 3BA% 100.0%
Town of Cary 9 0
TOTAL 56 84

2. GIS Nor-Users: staff members who do not use GIS technol-
ogy either directly or indirectly;

3. Administrators in Agencies Using GIS: department heads, di-
vision chiefs, or other employees in higher administrative
positions in agencies that directly or indirectly (by relying
on GIS services from other agencies) use GIS technology;
and

4. Administrators in Agencies Nof Using GIS: department
heads, division chiefs or other employees in higher admin-
istrative positions in agencies that do not use GIS technol-
ogy either directly or indirectly.

The survey was pre-tested with a group of ten em-
ployees in a county government that was excluded from
the subsequent data collection. Out of 627 question-
naires sent, 349 forms returned with a 55.7% response
rate (Table 3). Two hundred seventy-eight responses
were used in the final analysis. Some questionnaires
were excluded because they returned blank, mostly
from individuals who did not work with spatially dis-
tributed data or maps. Those respondents were as-
sumed not to need GIS technology. The question about
working with spatial data or maps was used to screen

TABLE3. Distribution of Questionnaires and

Response Rate
Questionnatres Sent  Questionnaires Returned
Subject Number Percent
GIS USERS 7 143 52.8%
GIS NON-USERS 230 106 46.1%
ADMINISTRATORS/ 6% 48 69.6%%

AGENCIES USING GIS

ADMINISTRATORS/ 84 52 61.9%
AGENCIES NOT USING GIS

TOTAL 627 349 55.7%
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the respondents for whom the questionnaire content
was not applicable.

Survey respondents were grouped into three cate-
gories: direct GIS users, indirect GIS users, and GIS non-
users (Table 4). Those three categories were the approxi-
mations for the level of GIS adoption, and served as the
dependent variable in the modeling procedure. Respon-
dents who filled out the forms intended for GIS users
were either direct or indirect GIS users. Administrators
in agencies using GIS technology were represented in all
three categories. They were more frequently found in
the indirect GIS-user group, although there were a few
administrators who were direct GIS users, and a few
non-users. The individuals who were surveyed as GIS
non-users and administrators in agencies not using GIS
technology obviously fell under the non-user category.

Data Analysis

Data analysis comprised of two modeling attempts—
one with information derived from the staff members,
and the other with information derived from the agency
administrators. Model 1 has the three GIS-use categories
for its dependent variable: direct GIS users, indirect GIS
users, and GIS non-users. It also includes all personal,
organizational, and GIS management variables, a total
of 24 variables (15 continuous and nine categorical vari-
ables).

Model 2 has a dichotomous categorical dependent
variable with two values: 1} administrators in local gov-
ernment agencies that use GIS technology; and 2) ad-
ministrators in local government agencies that do not
use GIS technology. It contains the same number of
individual-level variables as Model 1 (14), but only one
organizational-context variable (number of employees
in the local government), and two organizational-envi-
ronment variables (population size and growth rate).
Other environmental, contextual, and management vari-
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ables were not elicited from agencies not using GIS.
Model 2 has 13 continuous variables and four categori-
cal variables,

The categorical nature of the dependent variable in
both models required the use of logistic regression for
deriving the coefficient estimates and their significance
Jevels. Logistic regression uses the maximum-likelihood
method to derive parameter estimates. Also, by assum-
ing logistic distribution of sample disturbances, logistic
regression takes care of the problem of unequal variance
(ie., heteroscedasticity) that is inherent in the situations
when the dependent variable is categorical. The three-
level dependent variable in Model 1 required the multi-
nomial logistic procedure, which considers and gener-
ates parameters for each category separately. The
decision to rely on multinomial logistic regression was
based on a statistic derived by running the model with
the regular logistic procedure. A Chi-Square test pointed
to a problem of unequal distance between the chosen
categories, which implied that less accurate coefficient
estimates would result from the regular logistic proce-
dure. The score test for the proportional odds assump-
tion was highly significant at p = 0.0001, with a value of
90.3687, and with 24 degrees of freedom. Model 2 was
run with a regular logistic regression, since it had a cate-
gorical dependent variable with only two levels.

A Pearson correlation coefficient was derived for all
independent variables to test for linear correlation be-
tween them (i.e., multicollinearity). The highest coeffi-
cient obtained was a correlation between the index mea-
suring the attitude toward work-related change and an
index measuring the apprehensiveness toward GIS tech-
nology. The value of the coefficient of 0.48442 was still
very low to indicate a collinearity problem. Other bivari-
ate relationships were all weaker than this one.

Findings

Interpretation of the Modeling Results

Both Model 1 and Model 2 had a high coefficient of de-
termination—R-Squared was over 0.7. The independent
variables included in the two models explained a great
portion of variance in two dependent categorical vari-
ables. The value of the coefficients of determination indi-
cate high overall goodness of fit of the two models to the
data (Table 5).

Because the coefficients reported in the maximum-
likelihood estimation do not, taken individually, show
the substantive significance of a given variable and the
probability of falling into a specific category of GIS use,
the results are interpreted in terms of odds and log odds.

. Table 6 shows the impact of each explanatory variable

on the odds and log odds of being either a direct or an
indirect user of GIS technology versus being a non-user.
The variables with positive log odds, i.e., odds larger
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TABLES. Coefficients of Determination for the Two
Models and the Model Chi-Square Test

Pseudo R-Squared Chi-Square

Model 1:
Direct Users
Indireet Users

208.91263 (af=48)
4.79429
0.73236

Model 2!
Administrators

48.835 (df=17)
0.77015

than one, have a positive effect on the probability of be-
ing a direct or an indirect GIS user versus being a GIS
non-user. The variables with log odds less than zero, i.e.,
odds less than one, decrease the probability of being ei-
ther a direct or an indirect GIS user versus being a non-
user.

The effects of the explanatory variables on the log
odds are additive, while the effects of these variables on
the odds are multiplicative. For example, with other
variables held constant, a unit increase in perceived or-
ganizational benefits (variable ORGBEN) will result in
an expected 031877224 increase in log odds of being a
direct GIS user versus being a GIS non-user; the same
increase in value of the ORGBEN variable will result in
the odds of being a direct GIS user versus being a GIS
non-user multiplied by a factor of 1.375. Similarly, for
dummy variables, engagement in computer program-
ming (variable PROG) will lead to an expected
20143176 increase in the log odds of being a direct GIS
user versus being a non-user; the same distinction will
result in the odds of being a direct GIS user versus a
non-user being multiplied by a factor of 7.496, The inter-
pretation for other continuous variables is analogous to
that for ORGBEN, while the values for the remaining
categorical variables in the table may be interpreted sim-
ilarly to the variable PROG.

Personal Factors Relevant for Becoming
Direct or Indirect GIS User

Similar to the Nedovi¢-Budi¢ and Godschalk (1996) case
study findings, perceived personal benefits (variables 2
and 3 in Tables 1 and 6), and compatibility with com-
puter experience {variable 4 in Tables 1 and 6) clearly
emerged as the most significant determinants of individ-
ual adoption of GIS technology. Previous use of comput-
ers had a large effect on becoming either a direct or an
indirect GIS user, confirming the importance of the ex-
perience for the acceptance of new technology (Carey
1988). Presence of programming skills increased the
odds of being a direct or an indirect GIS user versus be-
ing a non-user by approximately seven-fold.

Perceived tangible personal benefits {increase in
salary or advancement in position) were important for
both GIS direct and indirect users, consistent to
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TABLE 6. Coefficient Estimates Interpreted as Log Odds and Odds and Their Statistical Significance for

Direct GIS Users, Indirect GIS Users and GIS Non-users

Variable

DIRECT GIS USERS versus NON-USERS

INDIRECT GIS USERS versus NON-USERS

Log Odds Odds Significance Log Odds Odds Significance
1 ORGANIZATIONAL BENEFITS 0.3(8772240 1375 0.15396%*+ 0.387644660 (474 0.05554%*
2 TANGIBLE BENEFITS 0.415556470 1513 0,60090+ 0.166714520 £.181 0.06652%*
3 PERSONAL BENEFITS 0.595437220 1.814 0.02520* -0.182212690¢ 0.833 0.23406
4 PROGRAMMING SKILLS 2.014317600 1.49¢ 0.00619** 1.932619100 6.908 0.00553*
5 BELIEFS, VALUES 0.045328670 1.046 0.29514 0.02908347] 1.030 0.34731
& COMPLEXITY OF GIS 0041281757 0.960 0.43645 0.040944633 1.042 0.4319%
7T APPREHENSION OF Gis -0.0537101821 0.948 0.27500 {.00094993 | i.00! 0.4950%
8 GIS ANXIETY -0.200555360 0.818 0.00171* -0.166312030 0.847 0.00249%
9 ATTITUDE TOWARD CHANGE  0.21785(220 1.243 0.02859 0.131587490 1141 0.08320%+
10 RESISTANCE TO CHANGE 1.137275200 3118 003150 -0.326851940 o721 9.29059
11 EXPOSURE TO GIS 1036122900 2.963 0.04505* +0.899894640 0407 0.08436**
12 OPINION OF G1S -1.2095342350 0.311 0.01066* -0.121975430 0,885 G.05963*
13 NETWORKING -0.249993130 0.779 0.01355* -0.280210190 0.756 0.00212*
14 GIS COMMUNICATION 1.259925700 3.525 0.03671* 2.330738500 19.286 0.00020*
15 AGENCY SIZE -0.030017714 0.970 0.34583 -0.27423 1780 0.760 0.32879
£6 STAFF TURNOVER ~1.315081000 0,268 0.12568""" -0.217867230 0.804 0.42140
17 CONFLICTS -0.120116510 0.3 0.26634 0584878050 1.795 0,00343%
18 POLITICAL SUPPORT 0.525300680 1.691 0.03358* 0214177090 1.239 (.18045**
19 GIS INCENTIVES 3.257159000 25976 0.00203* 3094128000 22.068 0.00153*
20 GIS INSTALLED -0.157571960 0.854 0.39686 -0.84008951¢ 0.432 0.05390*
21 GIS TRAINING 0.737497230 2.091 GLLSESI*** 0111338560 1.118 0.49218
22 USER INVOLVEMENT -0.767654700 0.464 0.14850*+* -2.137444500 0118 0.00028*
23 POPULATION S1ZE -0,255513130 0.775 027738 -0.546985520 0.579 0.4383!
24 GROWTH RATE -0.028850185 0972 040323 0.187068780 1.206 0.02243+

N=245; n (GIS Direct Users)=68; n (GIS Indirect Users)=102; n (GIS Non-usery=75

* Significant at 0.05 level ** Significant at 0.10 tevel

**% Qimmificant at 0.20 level

Leonard-Barton’s (1987) conclusion about the need for
an explicit reward structure at the individual user level.
As might be expected, the overall personal benefits were
less important for indirect users. Those employees con-
sidered organizational benefits as more relevant in de-
ciding whether to use GIS technology.

Contact with GIS users was the most significant ele-
ment in the individual communication that affected the
adoption of GIS technology, as suggested by traditional
theory of diffusion of innovations (Rogers 1983). It sig-
nificantly influenced individual employees” decisions
about using GIS technology, thus agreeing with the posi-
tion that interactions with others do affect our attitudes
and behavior (Kearns 1989). Direct communication with
GIS users increased the odds of becoming a direct or an
indirect GIS user threefold and tenfold, respectively.
These contacts were more important for receiving GIS-
related information than the other aspects of personal
networking,. For instance, the overall intensity of com-
munications was related to the dependent variable in an
opposite direction from expected. An extensive commu-
nication pattern did not imply connection with GIS
users. A small network, but one that included crucial in-
dividuals to transfer the GIS information or knowledge,

——— was sufficient to affect the decisions about engagement

with GIS technology.

Exposure to GIS technology also exerted considerable
influence on whether or not a staff member would be-
come a GIS user, but only in case of direct GIS users. An
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opportunity to try out GIS technology increased the
odds of being a direct GIS user versus being a non-user
by a factor of 3.5—consistent with the theoretical expec-
tation about the trialability of innovations (Zaltman ef al.
1973; Rogers 1983). In the case of indirect users, the rela-
tionship was negative. Opinion about GIS technology
resulting from exposure to the technology also had a
negative association with the dependent variable. High
opinion decreased the odds of becoming a direct or an
indirect GIS user. Similarly, a reversed relationship was
found in the Nedovi¢-Budi¢ and Godschalk (1996} case
study, where GIS users were more skeptical about qual-
ity of GIS products than non-users.

Responses on GIS-related apprehension and anxiet
were also opposite from expected. While the finding on
GIS-related apprehension was statistically insignificant,
GIS-related anxiety was associated to the dependent
variable contrary to the hypothesized negative influence
on the decisions to become a GIS user. The data suggest
that GIS users expressed more anxiety about the new
technology than GIS non-users, as in Nedovi¢-Budi¢ and
Godschalk’s (1996) case studies.

Compatibility with personal values and beliefs about
computerized technology and perceived complexity of
GIS technology were both falsified by the survey find-
ings, contrary to the traditional research on diffusion of
innovations (Rogers 1983}. The coefficient estimates on
both variables were statistically insignificant. The direct
and indirect GIS users and GIS non-users did not differ
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in their views about how complex GIS technology
would be to apply in their work, and did not have sub-
stantially opposing values and beliefs with regard to
computerized technology.

Finally, the lack of behavioral rigidity related to
change situations in the work place significantly in-
creased the odds of becoming a GIS user. In case of di-
rect GIS users, both a general positive attitude toward
work-related change and a higher preferred frequency
of change raised the odds of becoming a user, by about
one and three times respectively. In the case of indirect
users, only the general attitude toward work-related
change was statistically significant. The highly signifi-
cant influence of the attitude toward work-refated
change on becoming a direct GIS user is consistent with
the widely recognized problem of resistance to change
{Eason 1993), but contrary to recent research on imple-
mentation of GIS technology conducted in British local
authorities by Campbell and Masser (1991). In their sur-
vey of 514 governments, the authors encountered no
problem of general staff resistance. Carey (1988) found
other variables (such as experience, education, and cur-
rent usage of a new system) more significantly related to
the acceptance of change than behavioral rigidity. Con-
clustons related to this factor in Nedovié-Budié¢ and
Godschalk’s (1996) case studies were mixed.

Personal Factors Relevant among
Higher Level Administrators

Employees at higher administrative positions, like de-
partment heads and section chiefs, were modeled sepa-
rately because their role with regard to GIS technology is
different. Rather than expecting them to directly employ
the technology, their role is primarily in initiating and
supporting its acquisition and use. Most administrators
in the agencies that implemented GIS technology were
either direct or indirect users of the technology (43 of 46,
with only three non-users). Model 2 disregards this dif-
ference between the administrators with respect to the
GIS use category. It divides the administrators between
those from agencies using GIS and those from agencies
not using GIS. The model examines the influence of the
eight personal and three organizational factors on ad-
ministrative decisions to introduce GIS technology into
an agency’s operations. Results are shown in Table 7.
For the administrators, only two personal factors—
perceived organizational benefits (variable 1 in Tables 1
and 7) and computer experience (variable 4 in Tables 1
and 7)—had statistically highly significant coefficients.
While, for the direct and indirect users, perceived per-
—sonal benefits were crucial for engagement with the
technology, for the employees in administrative posi-
tions, the personal benefits were irrelevant. The admin-
istrators of agencies using a GIS differed substantially in

14

TABLE7. Coefficient Estimates Interpreted as Log Odds
and Odds and Their Statistical Significance for

Administrators of Agencies Using GIS and Not
Using GIS

Administrators in Agencies Using GIS versus
Administrators in Agencies Not-Using G1S

Variable Log Odds Odds Significance
1 ORGANIZATIONAL BENEFITS 09767 2.656 0.0233*

Z TANGIBLE BENEFITS 0.2440 1.276 0.3020

3 PERSONAL BENEFITS -0.3179 0.728 0.4945

4 COMPUTER USE 20715 1.937 0.0514**
5 BELIEFS, VALUES 00128 1.013 0.9435

6 COMPLEXITY OF GIS 0.5679 1.765 0.2925

7 APPREHENSION OF GIS -0.3507 0.704 0.0376*

8 GIS ANXIETY -0.0609 0.94] 0.6378

9 ATTITUDE TOWARD CHANGE 00929 1.097 0.6514

10 RESISTANCE TO CHANGE 09738 378 0.3152

11 EXPOSURE TO GIS 1.6249 5.078 0.1243% %%
12 OPINION OF GIS 0.0873 1.091 0.5860

13 NETWORKING -0.1247 0.883 0.5254

14 GIS COMMUNICATION -0.3445 0.709 0.7661

15 NUMBER OF EMPLOYEES 0000542 1.001 0.6838

23 POPULATIONS SIZE -24149 0.089 0.0861**
24 GROWTH RATE 0.6121] 1.844 (0. ] 495% %+

*  Significam ai .05 level
*+ Significant at 0.10 level
*## Significant al 0,20 leve)

the perceived organizational benefits from those that did
not use a GIS. Consideration of organizational benefits
from GIS increased the odds of being an administrator
inan agency using a GIS by a factor of 2.5. Decisions by
the employees at higher administrative positions have
more bearing on the organizational adoption of GIS
technology than on the adoption by individual staff
members. The attention to relative advantage from us-
ing GI5 technology in organizational terms is, therefore,
plausible.

Administrators who have more experience with com-
puters were more likely to support the introduction of
GIS technology. Direct operation of computerized tech-
nology by an administrator resulted in an eight-fold in-
crease in the odds of being a head of an agency which
uses a GIS versus being a head of an agency which does
not rely on GIS technology. Exposure to GIS technology,
although not having a high significance level, exerted a
large effect on the odds of being a supporter versus not
being a supporter of GIS technology. Presence at a for-
mal demonstration of GIS technology increased the
odds of being an administrator who is supportive of the
technology by five times. While these findings did not
take into account the possibility of variable need for GIS,
the screening questions at the beginning of the survey
instrument were to ascertain that only the agencies that
operated with spatial data and maps, and that could,
therefore, benefit from using GIS technology, were in-
cluded in the sample.

Anxiety about computerized and GIS technology had
a high statistical significance, but in an opposite direc-
tion from expected. Consistent with findings from
Nedovi¢-Budit and Godschalk’s (1996) case studies and
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regression results from Model 1, the non-users and non-
supporters of GIS alike, avoided it less, feared it less,
and were less confused by the technology than direct
(IS users, indirect GIS users, and administrators in the
agencies that rely on GIS.

Finally, all other personal factors, including the com-
patibility with personal values, perceived complexity of
GIS technology, attitude toward work-related change,
and networking were not significantly related to the de-
pendent variable in Model 2. The result on the latter two
is opposite from the finding from Medel 1 with the sam-
ple of staff members, GIS users and GIS non-users.
While the low significance of the behavioral rigidity of
the agency administrators could perhaps be attributed
to the fact that the administrators do not expect to per-
sonally operate the technology and, therefore, be af-
fected by a possible organizational change, the insignifi-
cance of the communication-behavior factor is
somewhat more surprising.

GIS Management

Four GIS management factors were considered in Model
1: provision of incentives, training, access to GIS equip-
ment, and user involvement in the implementation
process. Provision of incentives to staff members to start
using GIS technology was the most significant of the
four surveyed GIS management activities. It was also by
far the most substantively significant factor of all in
terms of the effect on odds of becoming either a direct or
an indirect GIS user. The presence of tangible or intangi-
ble stimuli to employees (for instance, salary increases,
recognition, advancement in position, or title change) in-
creased the odds of being a direct or an indirect GIS user
versus being a non-user by more than

20 times, consistent with the hypothesis in this survey
research and to the findings in the previous studies
{Leonard-Barton 1987; Budi¢ 1993b; Budi¢ and God-
schalk 1994).

GIS training was clearly more relevant for direct GIS
users than for indirect users. While the coefficient esti-
mate for this factor was statistically insignificant in case
of indirect GIS users, for direct users the significance
was still low at the 0.16 level, but with doubled odds of
becoming a GIS user. This finding affirms the impor-
tance of training, but also is a reminder of the still sub-
stantial practice of self-teaching (Hearnshaw 1993).

Having GIS equipment installed within the agency
and involvement in the GIS implementation process had
an unexpected direction (i.e., negative sign) and were, in
the case of indirect users, highly statistically significant.
Apparently for the indirect users it was irrelevant
whether a GIS was located physically in their agency or
not, as the majority of them probably used the services
provided by other agencies. The indirect users, there-
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fore, did not seem to require either access to the equip-
ment or involvement in the process in order to use the
technology through the employees of other organiza-
tional units.

It is also plausible that the lack of involvement in GIS
implementation did not necessarily prevent employees
from becoming direct GIS users. Despite the frequently
mentioned importance of user involvement (Eason
1993), the findings of the studies on user involvement in
GIS and other information systems are generally mixed
(Ives et al. 1983; Raymond 1987; Baroudi and Orlikowski
1988; Carey 1988; Igbaria and Nachman 1990; Budic
1993b; Budi¢ and Godschalk 1994). The insignificance of
the accessibility of GIS technology for direct GIS users,
however, was quite peculiar and hard to interpret. It
could, perhaps, be attributed to a measurement prob-
lem.

Organizational Factors

Different organizational factors were shown as relevant
for employees to become direct or indirect GIS users,
and for administrators to initiate and support the use of
GIS technology. Political support was the most signifi-
cant factor for direct GIS users. Considering that high
political support is generally more present in agencies
which house the systems, and that the support is neces-
sary for implementation to take place (Budi¢ 1993a), the
coincidence between becoming a direct GIS user and ex-
periencing high political support appears reasonable.
The importance of the political support for adoption of
GIS technology, however, was not addressed in the pre-
vious research at the individual end-user level.

For the direct GIS users, all other organizational fac-
tors were statistically insignificant. The results support
the conclusions that the agency size, professional staff
turnover, population size, annual rate of population
growth, and organizational conflict did not affect the de-
cisions to become a direct GIS user. Overall then, except
for the political support, the organizational environment
and internal context did not strongly influence the direct
use of GIS technology by individual employees. This
finding is contrary to the previous findings, particularly
to the well-acknowledged association between two envi-
ronmental factors—large jurisdiction size and high
population-growth rate—and the adoption of GIS tech-
nology (Howard 1995; French and Wiggins 1990; Camp-
bell and Masser 1991; Budi¢ 1993a), and to the confirmed
disruptive effect of the organizational conflict (Markus
1983; Budic 1993b; Pinto and Azad 1994). Similar to po-
litical support, those factors also have been studied only
as determinants of the overall organizational adoption
and implementation of GIS.

Interestingly, organizational conflict was very signifi-

- cant in employees becoming an indirect GIS user. Ap-
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parently, the indirect use of GIS technology involves
more contacts between employees, and requires a non-
conflicting environment. Also opposite from the direct
GIS users, political support was less important for indi-
rect users of GIS technology.

Another significant factor for the indirect GIS users
was the change in the agency environment, expressed as
the annual population growth rate. There was insuffi-
cient evidence, however, to answer the question of why
the intensive change of the external environment would
provide stronger stimulation for indirect GIS users than
for direct users. Previous research has shown that the
size of jurisdiction and the environmental variability can
influence the innovation-adoption decisions, but those
factors may work differently at the individual and orga-
nizational levels.

Of the three organizational factors tested with the ad-
ministrators, only annual population growth was re-
lated to the dependent variable in the expected manner,
but with relatively low significance. Jurisdiction size had
a higher significance, but with an inverse relationship.
Previous research also pointed to the large size of a juris-
diction as a possible justification for postponing the in-
troduction of GIS technology (Budié 1993b).

Conclusion

Following the notion that “people make or break a GIS
effort” (Somers 1994) and that adoption of GIS happens
through people (Budi¢ and Godschalk 1994), this re-
search focuses on the personal factors that determine
whether employees will become direct or indirect GIS
users, and whether administrators will support inclu-
sion of GIS into their agency’s toolbox. A few of those
factors are found to significantly influence adoption at
the individual and the organizational level.

Perceived relative advantage and previous experi-
ence with computers emerged as two primary personal
factors determining involvement in GIS technology. Tan-
gible personal benefits were particularly stimulating for
direct GIS users. Provision of incentives had a highly
significant effect on their acceptance of GIS. Unlike the
GIS users’ concern with personal benefits, the adminis-
trators primarily considered organizational benefits in
their decisions to support the technology. Experience
with computerized technology was found to consider-
ably increase the likelihood of staff turning into direct
and indirect GIS users, and of administrators supporting
GIS acquisition and use. Exposure to GIS technology
and personal contact with GIS users were also signifi-
cantly related to “pro-GIS” behavior and acceptance of
the new technology. Organizational conflict detrimen-
tally affected the diffusion of GIS among organizational
members, especially among indirect users for whom the
GIS services received depend on the overall nature and
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quality of the relationship with other employees. Finally,
the employees with positive attitudes toward work-
related change were more likely to become GIS users.

Falsification of the three propositions on computer-
related anxiety, perceived complexity of GIS, and values
and beliefs about computerized technology, contradicts
the findings of the traditional diffusion of innovation re-
search. All three factors are rooted in personal attitudes
toward GIS and computerized technology in general,
expressed as a personal value system, or experientially.
One explanation for the discrepancy conceivably lies in
the change of the overall status of computerized technol-
ogy since the 1960s and 1970s—when computers were
first introduced in organizations, and when the tradi-
tional diffusion of innovation theory started to consoli-
date (Rogers 1983). In the meantime, general computing
has become a common component of modern public or-
ganizations (King and Kraemer 1985), and has been in-
ternalized into the individual and societal environments.
Some of the factors derived from the research and the-
ory that were aimed at understanding the early comput-
erization in the workplace, therefore, may not be applic-
able to the diffusion of GIS technology. The GIS
technology itself needs to be re-examined with respect
to its definition as a true innovation. Treating it as an ex-
tension and new capability offered within an existing
technological development may be more appropriate.

Applicability of several other organizational environ-
mental factors, such as the jurisdiction growth rate and
size, also needs clarification and further study-—particu-
larly with regard to differentiating these factors’ rele-
vance for individual and organizational adoption of GIS.
The discrepancy between the findings of previous stud-
ies on GIS diffusion and the results of this survey may
not really be a discrepancy. A majority of past studies
have dealt primarily with an organization as the unit
of analysis, while this study focused on individuals.
Finally, there are other factors, such as educational
grounding in geography and skills in spatial cognition,
that may be relevant for individual adoption of GIS and
should be addressed in future research.

GIS obviously imposes a considerably different way
of handling spatial data and maps, and many of the fac-
tors studied in the research presented here are important
for understanding the adoption of GIS technology by or-
ganizations and their members. Based on the survey
findings, several points of advice are offered to organi-
zations that desire a widespread use of GIS by their em-
ployees:

* Do not forget to provide the means of stimulating and re-
warding prospective and new GIS users. Provision of in-
centives for utilization of GIS technology is the single most
significant GIS management activity that will encourage
both direct and indirect use of GIS.
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* Make sure to provide training for your staff, particularly
for those lacking extensive computer experience. While the
“techies” are most likely to take time and effort to figure
the new tool out on their own, the other employees {usu-
ally in the majority} will require more guidance and sup-
port.

* Do not assume that everyone is excited about using GIS.
Many employees like their job as it is and do not feel the
urge to change and switch to a new way of doing it, even
when they understand the advantages of the new system.

¢ Create opportunities for exposure to GIS technology and
contact between GIS users and non-users.

¢ To secure support from administrators and decision-mak-
ers, organizational benefits need to be clearly emphasized
and demonstrated.

* Administrators who do not use computers themselves will
need an extra enticement to realize the utility of the new
tool.

*+ Last, but not the least, beware of the interpersonal conflicts
and work hard on understanding and eliminating their
causes. The organizational conflicts are the major road-
block to wide diffusion of GIS among organizational mem-
bers. Non-conflicting environments are much more con-
ducive to mutual support and cooperation needed in GIS
technology transfer.

References

Azad, Bijan. 1997. “Leading and Managing the GIS Implementa-
tion Process: Beyond the Myth of GIS Champion.” In Geographic
Information Research—Bridging the Atlantic. Massimo Craglia and
Helen Couclelis, (eds.), pp. 146-64. London: Taylor & Frandis.

Baldridge, Victor J. and Robert A. Burnham. 1975. “Organizational
Innovation: Individual, Organizational, and Environmental Im-
pacts.” Administrative Science Cuarterly Vol. 20(2): 165-76.

Baroudi, Jack ]. and Wanda ]. Orlikowski. 1988, “A Shert-Form
Measure of User Information Satisfaction: A Psychometric Evalu-
ation and Notes on Use.” Journal of Management Information Sys-
tems Vol. 4(4): 44-59.

Benwell, George L. 1993. “Culture, Change, Incorporation and Ge-
ographical Information Systems.” In Human Factors in Geographi-
cal Information Systems David Medyckyj-Scott and Hilary M.
Hearnshaw, (eds.), pp. 223-32. London: Belhaven Press,

Brod, Craig. 1985. “How to Deal with Technostress.” In Managing
New Technologies: The Infermation Revolution it Local
Government Costis Toregas, (ed.), pp. 70-74. Washington, DC: In-
ternational City Management Association.

Brown, Maureen Mary. 1997, “An Empirical Assessment of the
Hurdles to Geographic Information System Success in Local Gov-
ernments.” State and Local Gevernment Review 28(3%193-204,

Buchanan, David A. 1993. “The Organizational Politics of Techno-
logical Change.” In Haman Factors in Geographical Information Sys-
tems, David Medyckyj-Scott and Hilary M. Hearnshaw, (eds.),
211-22. London: Belhaven Press.

Budi¢, Zorica D. 1993a. “GIS Use Among Southeastern Local Gov-
~ ernments.” URISA Journal, Vol. 5(1): 4-17.

URISA Journal | Nedovié-Budié

. 1993b. Human and Institutional Factors in GIS Implementation
by Local Governments. Ph.D. Dissertation, University of North
Carolina at Chapel Hill.

Budi¢, Zarica D. and David R. Godschalk. 1994. “Implementation
and Management Effectiveness in Adoption of GIS Technology
in Local Governments.” Computers, Environment and Urban Sys-
temns, Vol. 18(5): 285- 304,

Campbell, Heather ]. 1994. “How Effective Are GIS In Practice? A
Case Study of British Local Government.” Infernational Journal of
Geographical [nformation Systems, Vol. 8(3): 309-25.

. 1990. “The Organizational Implications of Geographic In-
formation Systems for British Local Government.” In Proceedings
of the Association for Geographic Information Conference.

Campbell, Heather ]. and lan Masser. 1991. “The Impact of GIS on
Local Government in Great Britain.” In Proceedings of the Associa-
tion for Geographic Information Conference, London: AGL

Carey, ]. M., {ed.). 1988. Human Factors in Management Information
Systerns, New Jersey: ABLEX Publishing Corporation,

Chakrabarti, Alok K. and juergen Hauschildt. 1989. “The Division

of Labour in Innovation Management.” R&D Maragement Vol,
192): 161-71.

Coppock, ]. T. 1992. “GIS Education in Europe.” International Jour-
nal of Geographical Information Systems, Vol. 6(4): 333 36.

Croswell, Peter L. 1991.” Obstacles to GIS Implementation and
Guidelines to Increase the Opportunities for Success.” URISA
Journal Vol. 3(1}: 43~ 56.

Danziger, James N. and Kenneth L. Kraemer. 1986. People and Com-
puters: The Impacts of Computing on End Users in Organizations.
New York: Columbia University Press.

Downs, George W. and Lawrence B. Mohr. 1979. “Toward a Theory
of Innovation.” Administration and Society, Vol. 10(4): 379~ 408.

Eason, Ken D. 1993. “Planning for Change: Introducing a Geo-
graphical Information System.” In Human Factors in Geographical
Information Systems, David Medyckyj-Scott and Hilary M. Hearn-
shaw, (eds.), pp. 199--210. London: Belhaven Press.

Feller, Irwin and Donald C. Menzel. 1977. “Diffusion Milieus as a
Focus of Research on Innovation in the Public Sector.” Policy Sci-
ences,” Vol 8(1): 49 -68.

French, Steven P. and Lyna L. Wiggins. 1990. “California Planning
Agency Experiences with Automated Mapping and Geographic
Information Systems.” Environment and Planning B, Vol. 17(4);
441-50.

.1989. “Computer Adoption and Use in California Planning
Agencies: Implications for Education.” fewrnal of Planning Educa-
tion and Research, Vol. 8(2): 97-108.

Garson, David G. 1993, “Human Factors in Information Systems.”
In Handbook of Organizational Behavior, Robert T. Golembiewski,
(ed.), pp- 231-61. New York: Marcel Dekker, Inc.

Godschalk, David R. and Gerard McMahon, 1992, “Staffing the
Revolution: GIS Education for Planners.” fournal of Planning Edu-
cation and Research, Vol. 11(3): 21626,

Goodchild, Michael F. and Karen K. Kemp. 1992. “NCGIA Educa-
tion Activities: The Core Corriculum and Beyond.” International
Journal of Geographical Information Systems, Vol. 6(4): 309 -20.

Gordon, William R, and Nader M. Soubra. 1992. “(Geographical In-
formation Systems and Planning in the USA: Selected Municipal
Adoption Trends and Educational Concerns.” International Jour-
nal of Geographical Information Systems, Vol. 6(4): 267-78,

17



Hearnshaw, Hilary M. 1993, “Learning to Use a Geographical In-
formation System.” Human Factors in Geographical Information
Systems, David Medyckyj-Scott and Hilary M. Hearnshaw, (eds.),
pp- 70--80. London: Belhaven Press.

Howard, Eric W. 1985. “New Technology and Organizational
Change in Local Authorities.” Computers, Environment and Urban
Systems, Vol. 10(1): 9-18,

Igbaria, M. and S. A. Nachman. 199¢. “Correlates of User Satisfac-
tion With End User Computing: An Exploratory Study.” Informa-
tion and Management, Vol. 19(2): 7382,

Ives, Blake; Margrethe H. Olson and Jack J. Baroudi. 1983. “The
Measurement of User Information Satisfaction.” Communications
of the ACM, Vol. 26(10): 78593,

Kearns, Kevin P. 1989. “Communication Networks among Munici-
pal Administrators.” Knowledge, Creation, Diffusion, Utilization
Vol. 10(4): 260-279.

King, John L. and Kenneth L. Kraemer. 1985. The Dynamics of Com-
puting, New York: Columbia University Press.

Kraemer, Kenneth L.; John L. King; Debora E. Dunkle, and Joseph
D Lane. 1989. Managing Information Systems: Change and Control in

Organizational Computing, San Francisco, CA: Jossey-Bass Pub-
lishers,

Leonard-Barton, Dorothy. 1987, “Implementing Structured Soft-
ware Methodologies: A Case of Innovation in Process Technol-
ogy.” INTERFACES,17, 3: 6-17.

Leonard-Barton, Dorothy, and William A. Kraus. 1985. “Imple-
menting New Technology.” Harvard Business Review, 6: 102-10.

Markus, M. Lynne. 1983, “Power, Politics, and MIS Implementa-
tion.” Communications of the ACM 26, No. 6: 430-444,

Masser, lan, and Massimo Craglia. 1997. “The Diffusion of GIS in
Local Government in Europe.” In Geographic Information Re-
search—Bridging the Atlantic. Massimo Craglia, and Helen
Couclelis {eds.), 95-110. London: Taylor & Francis.

Medyckyj-Scott, David, and Hilary M. Hearnshaw. 1993. In Human

Factors in Geographical Information Systems. London: Belhaven
Press.

Mitchell, Susan. 1994. “Technophiles and Technophobes.” American
Demographics, February: 36-42.

Mohr, Lawrence B. 1969. “Determinants of Innovations in Organi-
zations.” American Political Science Review, 63: 111-26,

Moore, Gary C. 1993. “Implications from MIS Research for the
Study of GIS Diffusion: Some Initial Evidence.” In Diffusion and
Use of Geographic Information Technologies. Tan Masser, and Harlan
I. Onsrud (eds.), pp. 77-94. Dordrecht, Netherlands: Kluwer
Academic Publishers.

18

Morgan, John. 1996. 1996 Academic Directory fo GIS Education,
Kendall/Hunt Publishing Co., Dubuque, 1A.

Nedovié-Budié, Zorica, and David R. Godschalk. 1996. “Human
Factors in Adoption of Geographic Information Systems: A Local

Government Case Study.” Public Administration Review, 56(6);
554-67.

Nolan, Richard L. 1973. “Managing the Computer Resource: A
Stage Hypothesis.” Communications of the ACM 16, 7: 399--4085.

Peterson, C. M., and T. O. Peterson. 1988. “The Dark Side of Office
Automation: How People Resist the Introduction of Office Au-
tomation Technology.” In Human Factors in Management Informa-

tion Systems,” Editor . M. Carey Norwood, NJ: ABLEX Publish-
ing Corporation.

Pinto, Jeffrey K., and Bijan Azad. 1994. “The Role of Organiza-

tional Politics in GIS Implementation.” LIRISA journal, 6(2):
35-61.

Raghavan, Sridhar A., and Donald R. Chand. 1989. “Diffusing
Software Engineering Methods.” IEEE Software, July: §1-90.

Raub, Annalyse C. 1981. Correlates of Computer Anxiety in College
Students. Dissertation, University of Pennsylvania.

Raymond, Louis. 1987. “Validating and Applying User Satisfaction
as a Measure of MIS Success in Small Organizations.” Information
& Management, 12: 173-79.

Rivard, Suzanne. 1987. “Successful Implementation of End-User
Computing.” INTERFACES, 17, 3: 25-33,

Robey, Daniel. 1987. “Implementation and the Organizational Im-
pacts of Information Systems.” INTERFACES, 17, 3: 72 - 84.

Rogers, Everett M. 1983, Diffusion of Innovation. Third Edition, New
York: The Free Press,

Somers, Rebecca. 1994. “GIS Staffing and Personnel.” Geolnfo Sys-
tems, 4,4: 25-27.

- 1995. “Organizing and Staffing a Successful GIS: Organiza-
tional Strategies.” LIRISA Journal, 7(1): 49-52.

Sprecher, Milford H, 1994, “ICMA. Survey Dissects Local Govern-
ment IT Use.” URISA Journal, 6(2): 9294,

Srintvasan, Ananth, and Joseph G. Davis. 1987, “A Reassessment
of Implementation Process Models.” INTERFACES, 17, 3: 64—71.

Wiggins, Lyna L. 1993. “Diffusion and Use of Geographic Informa-
tion Systems in Public Sector Agencies in the United States.” In
Diffusion and Use of Geographic Information Technologies. Tan
Masser and Harlan ]. Onsrud {eds.), 147-63. Dordrecht, Nether-
lands: Kluwer Academic Publishers.

Zaltman, Gerald, Robert Duncan, and Jonny Holbeck. 1973. Inno-
vations and Organizations. New York: John Wiley & Sons

URISA Journal | Refereed | Vol. 10 No. 2 Fall 1998



URISA Journal | Nedovic-Budi¢

APPENDIX A: SURVEY INSTRUMENT

ABOUT THE RESEARCH

You ave participating in a research project that is corcerned with adoprion of geographic
inforntation sysiems (GIS) in local governments. The purpose of the research is to learn about theGIS
implemeniation process, and factors relevant for individuals in starting o wse the technology. The survey
is a follow-up on a case study research initiated by the Nutional Center for Geographic Information and
Analysis (NCGIA). The resuits of. z.ke case smdy and .rurvey reseamh wn'l be bereficial for all local
govermmeni agencies curvently imp 20 2y oF pi g to employ the techrology in
futwre. The findings will help improve GIS manugemem sirategies and prawde guidance for building
more successful geographic information systems.

T0 THE SURVEY PARTICIPANTS
Because the survey population s relatively small (only 28 local governments In the states of
Florida, Georgia, North Carofina and Seuth Caroling} yowr input is vatuable and the most criucial spurce
af information for this research. All that is needed isyour opinion on a sei of statements presented below.

Pigase answer git of the questions, even {f you have not thought about them before. Additiona!
comments wouid be also appreciated. If you are unsure of how to interpret a question, please answer as
well as vau are able. Please feel free 1o write or cail (919/914 0757) at any time if you have any
questions.

CONFIDENTIALITY
All information that you provide in the questionnaire is confidential. The Nv information thar you

give ws will be revealed in any way that identifies a specific individual. Afier you filt out the
questionnaire, please seal it in an envelope and return to the assigned person.

A Iniroduction

‘What is your current position with the agency?

Years in present position?

For how long have you besn working with the agency?

List the major task ponsibilities iated with the position?

Do any of ihe tasks involve wotking with spatially distributed daa?
How many years of professional experience do you have?

Education:

High school graduate
Assoclate depree
Bachelors degree
Masiers degree
Ph.D. degree

LT

Area of specialization:

When did you start using GIS technology {year}?

What kind of training in using GIS technology do you have?
What do you do withGIS technology? Check all that apply.

Data input

Data cetrieval

Mazpping

Data analysis (overiay or statistical analysis)
Data synthesis (modeling)

System management

Other (Please explain)

FELTTT

8 This section aims to elicit information abouryowr experience with computer technology in
general. and your exposure to GIS technology before vou decided (o start using the technology.

1. Did you use computers?
YES NO

bR If YES, for what purposes did you use them? Check all that apply. I the answer to the Question |
was NO, skip to Question 5.

Word processing
Spreadsheet
Data base management
Data/statistlcat analysis
Grapll.lcul presen(atiuns
g (AM) or p alded design (CAD)
Other (Please, explnln)

I

ARy

ED How frequently did you work on a computer? Check only one answer.
. Daily
— Weekly
__ Monthly
— Yearly
— Other (Please, explain),
4, Did you engage in computer programining, e.g., writing macro comzmands?
- YES NO
5. Listed below are several situations. Choose the ones that mast closely correspond tarour

19
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experience with GIS technology before you decided te start using it. Check all that apply.

() You had an opportunity to try out (hands on) GIS technology.

[L)] You had participated on a ion of GIS technology presented by a vender.

() You were present st sp informal In-house of GIS technology, Le,,
observed a collengue working with it.

()] You had an opportunity (o observe maps g d with GIS technology.

(0] Other exposure to GIS (Plense, explain):

Based on your exposure toG1S technology whatwas your impression about quality ofGIS
products before you decided to stan usingGIS technology? Circle 2 number on the scale that best
corresponds 1o your opinion about the following:

Low Medium High
Accuracy 1 2 3
Graphlc Clarity 1 2 3
Analytical Capabllity 1 2 3

The following sel of questions is aiming to assessyour communicafion patiern and intensity of
contacts within your agency and government at the time before you decided to start using GIS
technology.

With how many stafl colleagues did you have at Jeast weekly communication? Check all that
apply.

15-100% 50-15% 15-50% 0-25%

From your depariment —

From your Jocal governmeni

Did you have formal or informal contacts withGIS user[s]?
YES NO
If YES, how frequent were those contacts? Check only one answer.

__  Daiy
— Weekly
.. Monthly
Yearly
Other {Please, explain)

Through your formal and informal contacts withGIS users and other employees, did you get
information about GIS technology?

YES NO
If YES, bricily describe theprevailing namre of messages you received. Check only one answer.

Posltive
Neutral
Negative

Instructions: Unless otherwise stated, most of the following questions invaive choice among §
possible levels marked with numbers from [ strong disagreement (o 5 strong agreement with a
particular statemend. Circle the number for the level that best corresponds toyour feeling or
opinion on the subject at the time before you decided to start using GIS technology.

Through your exposure to GIS technology did vou believe thar

STRONGLY STRONGLY
DISAGREE AGREE
GIS iechnology would be
diffielt o employ in your work. 1 2 3 4 5
In general, imcerporating GIS
technolegy in your agency would
bring about substantial
organizational benefits. 1 2 k] 4 5
Where did you perceive the
benefits to appear in comparison
10 work approach that you used
at that time?
{a) Money saviags 1 2 3 4 5
(b) Timw 1avings 1 2 3 4 5
(d) Improved quality of work 1 2 3 4 5

in general, involvement withGIS
technology in your agency wouid
bring abont substantial persona)

benefits o you. 1 2 3 4 5
‘Where did you perceive your

personal benefits?

(a) Salary rajse b3 2 3 4 5
(b) Advancement in position 1 2 3 4 5
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(<} Increased job satisfacilon 1 2 3 4 5
{d)} Impreved organizational
inNuence 1 2

3 4 5
(¢) Enhanced professional prestige 1 2 3 4 5
Did you feel that:
STRONGLY STRONGLY
DISAGREE AGREE
17. Computers were changing the
world rapidly. 1 1 3 4 5
i8 Computers were creeling more jobs
than they were eliminating, 3 2 3 4 5
19. Computers were dehumanizing
society by treating everyone as
a nurmber, 1 2 3 4 5
20. In the future, power would be
concentrated in the hands of
the technology elite. 1 2 3 4 H
21 Computers had the potential to
control our lives. 1 2 3 4 5
22, You had avoided using GIS
technology becavse it was
uafamiliar te you. i 2 3 4 5
23 You hesitated to use GIS
technology for fear of making
mistakes that you could not
cofrect. 1 2 3 4 5
24. GIS terminclogy sounded like
confusing jargon to you. 1 2 3 4 5
25. You felt apprehensive about
using GIS technology. 1 2 3 4 k3
26. If given an apportoniey you
would like to learn and use
GIS technology. 1 2 3 4 5
27, One could never feel at ease
on a job where the ways of doing
things were always being changed. 1 2 3 4 5
28, You would prefer to stay with a
job that you knew you could handle
than to change to one where
mosi things would be new to you. 1 2 3 4 H
29, You liked a job where you knew
that you would be doing your work
about the same way from one month
0 the nexe. 1 4 3 4 5
30. The job that you would consider ideal for yoy would be one that:
___ Isalways the same
. Changes infrequently, not substantially
___  Changes infrequently, but substantialiy
. Changes substantially, but infrequently
__ Changes substantlally, but frequently
E. Read and respond to the scenario described below. Imagine yourselfin the following sttuation at

the time before you decided to stert using GIS technology:

You had been assigned a project which required the assistance ofGIS technology. Picture
yourself sitting in front of a compurer lerninal. You had to feed the necessary infarmation: inlo the
computer and enter the necessary commands to perform a particular operation. Afier the computer
processed the information, you had to preduce and interpret the output.

Below are words which describe different kinds of moeds and feelings. Check each word that
describes your feelings about or reaction to this situation. Some of the words may sound alike, but check

all the words that describe your feetings. Answer as thcugh you had actually been confronted with the
situation. Work quickly.

Active Curious Nervous
Adventurous Daring Panicky
Afraid Desperate Pleased
Agitated Discouraged Powerfut
Alive Enthusiastic Powerless
Angry Fearful Shaky
Annoyed Frightened Stimulated
Anxious Hopeful Tense
Awed Ignorang Threatened
Bewildered Impatient Uncomfortable
Cautlous Interested Upset
Challenged Lost Waorrylog
Cenfused
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Integrating Spatial Data with Photography for
Visualizing Changes In a Forested Environment

Gary R. Clay and H. Randy Gimblett

Abstract: Forest managers increasingly are employing computer simulations or visualizations fo communicate
the visual effects of change. Applying this technique, land managers can render different concepts as visualizations,
and present them to public groups for their reactions to various proposed alternatives. This paper reviews a research
effort that produced a series of scenic visualizations using combinations of GIS data and photographic-based simu-
Iation fechnigues.

A photographic survey of a forested site was initially developed to record the visible changes within the tree
canopy. Later, image processing extracted color/change data from forested portions of those photographs. This effort
recorded tree color shifts that were due, in part, to the effects of date and time, view orientation, and a documented
insect outbreak. A second site survey was conducted to measure several physical and biological variables in a popu-
lation of 5000 trees. These data were input into a GIS, and three-dimensional models were generated to display the
data in view relationships equal to those of the photographs, The combined tree color/GIS data were applied to a vi-
sualization effort that simulated the measured color/changes in other similar scenes. The resulting visualizations
were presented to observer groups to record their responses to the simulated conditions. This process offers potential
for providing managers an effective set of tools for recording, analyzing, and presenting environmental change rela-

tionships based on existing or projected conditions.

emote sensing and geographic information sys-
tem (GIS) technologies previcusty have been ap-

plied to forest-based activities to assess the effects
of environmental change (Dull et al. 1990; Maus ef al.
1992; Schriever and Mehrwein 1994; Mladenoff et al.
1996). Typically, such assessments present complex rela-
tionships and can be difficult to interpret. Developing
improved presentation formats for these data have,
therefore, become a priority. The research presented here
addressed this need and developed new procedures for
creating scenic simulations or visualizations to illustrate
change conditions in forest settings. The basis for these

Gary R. Clay is an assistant professor in the Department of
Landscape Architecture at California Polytechnic State Uni-
versity. He received a masters degree in Landscape Architec-
ture from the University of Illinois, and a Ph.D. from the
School of Renewable Natural Resources at the University of
Arizona. His research interests include scenic visualization,
and the integration of GIS and image processing technologies
for the analysis of large-scale environments.

Randy Gimblett is an associate professor in the School of Re-
newable Natural Resources at the University of Arizona. He
has a masters degree in Landscape Architecture from the Uni-
versity of Guelph, and a Fh.D. from the University of Mel-
bourne, Australia. His research interests range from the explo-
ration and development of visualization technologies, to
environmental assessment, simulation and modeling,
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visualizations was color/change data, which were ex-
tracted from ground photographs using sampling tech-
niques analogous to satellite image processing. GIS was
applied in this effort as a registrational device and as a
spatial link to a series of three-dimensional (3D) site
models. This report emphasizes the data collection, ref-
erencing, and image-merging techniques applied during
the visualization process. A more detailed account of the
image processing and tree sampling performed on the
site photographs will be addressed in a separate paper.

A research program was established to satisfy the fol-
lowing goals: 1) to produce scenic visualizations that
replicated the visible color changes that were measured
at a forested site, and 2) to present the resultant visual-
izations to citizen groups to obtain their reactions to the
changed conditions. From these goals, a methodology
was formulated that combined programs of data inven-
tory, geographic registration, digital image processing,
and environmental simulation. Initially, an extended tree
survey was conducted using global positioning (GPS) to
geo-reference a range of physical and biological attrib-
utes per tree. A photographic inventory was then devel-
oped at the same site using similar GPS methods to co-
ordinate all camera/target bearings. Data from these
combined surveys were later entered into a GIS to regis-
ter the measured tree characteristics and the photo-
graphic positional data with other site variables.

The acquired site photographs were applied to an im-
age processing effort that recorded the red, green and
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blue (RGB} color variation in selected forested portions
of each scene. These measurements represented the sta-
tistical color changes (if any) that occurred in each forest
sample due, in part, to issues of date and time, view ori-
entation, and insect agency. From these data, relation-
ships were developed between the measured color shifts
and the change condition being studied. Statistical mul-
tipliers (one per red, green and blue color band of each
image) were generated that represented the increments
of color change based on the specified change condition.
These multipliers were then systematically applied to
other, similar landscape photographs to simulate the
color shifts observed in the initial photographs.

To insure that the color/change data were applied to
the desired photographic zones, a set of 3D models was
generated from the combined GIS data. These models
were used to illustrate the following: 1) the study area’s
ground terrain, 2) the 3D form of the study area’s tree
population, and 3) individual trees or selected tree clus-
ters within the study area based on factors such as
species or tree size. The extended tree clusters were then
displayed in view relationships equal to those of the site
photographs. This view replication facilitated the trans-
fer of tree data from a GIS plan view to a photographic
perspective. Applying this transfer mechanism, portions
of the processed site photographs that illustrated differ-
ent change increments were systematically re-positioned
in the correct locations of unedited versions of those
photographs to simulate a hypothetical spreading pat-
tern across the site.

The final visualizations were then subjected to per-
ceptual testing to document the reactions to the simu-
lated conditions. During that testing, unedited baseline
images with similar landscape conditions were pre-
sented with the visualized scenes to assess the reliability
of the visualizations to produce responses comparable
to those obtained from the baseline scenes. Data ob-
tained from this testing were reviewed with previous
test results (Buhyoff ef al. 1982; Brown and Daniel 1986;

Orland et al. 1992) to measure the reliability of the meth-
ods used.

Background

Visual resources have gained in importance to where
they represent a legitimate factor in defining public land
policy (Zube, Sell, and Taylor 1982; Daniel and Vining
1983). Understanding the implications of visible change
is an important component of managing those areas.
Landscape change is common (Hull and McCarthy
1988) and managers, through their daily activities, are
agents of such changes. Actions such as harvesting or
remedial programs (Palmer ef al. 1986; Kellomaki and
Pukkala 1989) can remain visible for decades, and can
influence the reactions to those settings (Daniel 1990).
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Predicting the extent and severity of those reactions has,
therefore, become a management priority. Computer-
based visualizations have been applied to this effort in an
attempt to assess and predict the perceptual ramifica-
tions of different change conditions.

Advances in scenic visualization have provided man-
agers with powerful tools for articulating the implica-
tions of different planning alternatives (Bishop and Hull
1991; Daniel ef al. 1993; Orland ef al. 1993). Recently,
these efforts have focused on a data-driven approach (Or-
land 1993; Bishop and Hulse 1994), using geo-referenced
spatial information. Typically, this work has required
procedures for combining data from different orienta-
tions and view relationships. Attempts at merging data
with photography (Bishop and Flaherty 1990; Berry
1993; Orland 1994) have emphasized some mechanism
to reference plan-view data with images acquired from
either ground or aerial positions. Referencing tools have
included GIS, computer-aided design (CAD), digital ele-
vation models (DEM) (Gimblett and Itami 1988; Bishop
and Hull 1991; Shang 1994), and global positioning sys-
tems (GPS) (Zavala and Zavala 1993). Vector displays
have provided the greatest utility, allowing the base
scene to show through to visually assist in verifying the
registration.

Two data-merging strategies have been previously
applied. The first combines data and imagery in a plan
relationship and then presents the composite data in
perspective. Variations of this approach have included:

* draping or texture mapping of generalized surfaces
(Bishop and Flaherty 1990; Gimblett 1990),

¢ arubber sheeting approach similar to a GIS/satellite image
rectification {Zhou 1989; Welsh et al. 1992), and

* anextended texture mapping approach using a complex
surface that applies graphic primitives to articulate indi-
vidual trees (Rich, Hughes, and Barnes 1993).

While spatially precise, these techniques have limita-
tions with respect to realism and color fidelity. A second
approach uses ground photographs, and merges corre-
sponding perspectives of GIS or CAD data with those
photographs (Lynch and Twery 1992; Shang 1994). Such
efforts have typically required some operator interven-
tion, but the achieved levels of color and realism have
justified their use. Additionally, when applied to percep-
tual testing, the resultant visualizations have been
shown to be valid representations of scenic conditions
(Burkhart 1992; Daniel and Orland 1993). Because of the
output quality plus the ease of operation, this approach
was chosen for the described research activities.

Data Visualization: A Test Case

A 22-acre study area within the Cedar City Ranger Dis-
trict of the Dixie National Forest in southern Utah was
selected for analysis (Figure 1). The site, generally
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FIGURE1. General Location Map of the Midway Face /

Sidney Valley Study Area
| Cedar Breaks
: National
I Monument

- Cedar
RN (56) Ci
STUDY
' AREA [z
| zion g
*: National National
N | Park Park

known as Midway Face, is populated by dense stands of
mostly Engelmann spruce (Picea engelmannii), has an
east-west orientation, and has an elevational range of
between 9,650 feet (2941 meters) and 10,150 feet (3094
meters). Since the late 1980s, Midway Face and its sur-
rounding landscape have been experiencing the effects
of a significant spruce bark beetle (Dendroctonus rufipen-
nis) outbreak (Munson and DeBlander 1992). The beetle,
a mortality agent of spruce forests, produces a series of
observable color changes as the outbreak moves through
the population. Previous efforts (Buhyoff ef al. 1982;
Brown and Daniel 1986) have shown that visible beetle
activity can impact a person’s preference toward that
landscape. Documenting the preference levels for the
various color transitions provides managers with clues
regarding the acceptance of remedial strategies for those
conditions. Computer visualizations have assisted this
effort by providing managers with tools to simulate and
then test the effects of different planning alternatives
(Orland et al. 1993).

Three related field surveys were initially conducted at
Midway Face, and at a second site, known as Sidney
Valley. The first measured a selection of physical, biolog-
ical, and spatial characteristics of all trees at the Midway
Face site. A second survey located a series of camera po-
sitions at both sites, which were applied to a two-year
photographic inventory. This inventory would later be
utilized in the image-processing phase to document the
visible changes (if any) that occurred to the tree’s color
characteristics. A third survey, conducted with the assis-
tance of members of the USDA Forest Service, would vi-
sually identify tree clusters at both sites that displayed
the effects of a bark beetle outbreak. From this combined
data, the balance of the research activities were devel-
oped.
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Tree Inventory

During the summer of 1992, a survey of approximately
5000 trees at the Midway Face site was conducted by
USDA Forest Service field crews. The following per-tree
data were acquired:

1. a tree identification number,

2. the relative distance in feet and degrees from a control
point,

a tree species name,

the estimated height,

the estimated trunk diameter at breast height,

a live/dead rating, and

the estimated elevation at ground level.

Moy W

Each tree was located using combinations of global posi-
tioning and laser surveying. A series of control points
was initially located and referenced to a UTM grid using
a Trimble 4000SE Polycorder, generally known as a GPS
unit. From these control points, linear transacts were de-
veloped along the study area’s east and west sides.
Laser instrumentation was then used to locate sec-
ondary points along the transacts. These secondary
points were then applied to an extensive surveying ef-
fort (using the described laser instrumentation) to spa-
tially locate all 5000 trees. All site data were recorded in
survey log books and later compiled on a personal com-
puter using spread-sheet software. Data corrections later
compensated for satellite range errors, tree and terrain
interference, and recorder ertors.

Photographic Inventory

A 1993/1994 photographic inventory was conducted at
Midway Face. The objective was to acquire photography
from identical days and times, from both years using
identical camera/target relationships. Prior to the 1993
activities, 14 camera positions were staked out in three
quadrants to the northeast of the study area. These posi-
tions provided several camera/target options with a di-
versity of photographic distances (200 to 1100 meters). A
two-step geo-referencing approach was employed. First,
five positions were located using the GPS methods ap-
plied during the tree inventory. The remaining points
were then referenced from the GPS points using laser in-
strumentation. The positional data were later converted
from decimal feet to metric equivalents and input into
the study’s GIS. To verify its accuracy, each point was vi-
sually reviewed during GIS development using a geo-
referenced aerial video site mosaic. Photographs were
taken from each position using three bearings: South 30°
East, South, and South 30° West. A tripod-mounted
3bmm camera with a 50mm lens, a UV Haze filter, and
Ecktachrome 100 slide film were employed for all pho-
tography.
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Documenting an Existing Beetle Outbreak

The Sidney Valley site was selected to visually identify
increments of beetle activity in mature Engelmann
spruce. Sidney Valley is located in the Dixie National
Forest, about 15 miles to the northeast of Midway Face.
Its tree population, elevation, slope, and general physi-
cal characteristics conform to those represented at Mid-
way Face. Sidney Valley was deemed attractive for
analysis because the existing beetle activity was in an
advanced state. Examples of beetle damage at different
stages of development were readily apparent and easily
photographed. The identification of incremental beetle
activity was conducted with Forest Service staff mem-
bers who had extended knowledge of the visual and bi-
ological characteristics of an outbreak. Three incremen-
tal ranges were identified and photographed: 1) healthy
or visibly unaffected trees, 2) fader trees with visible
beetle activity at the 1-2 year level, and 3) advanced
faders with visible beetle activity at the 3-5 year level,
but not yet losing their main branches. During the pho-
tography, the locations and extent of the beetle incre-
ments were recorded on USGS 7.5-minute series topo-
graphic maps. These mapped regions were later
transferred to the study’s GIS, where they were used to
transfer the tree color-signature data from the Sidney
Valley photographs to other, similar photographs taken
at Midway Face.

Scanning and Processing of Site Photographs

A selection of slides representing several distances,
times of day, and camera bearings were sent to Kodak
laboratories for digitization and archival storage on a
Kodak Photo CD master disk. From this extended in-
ventory, five images representing unique view relation-

ships were selected for analysis (Table 1}. These five im-
ages were initially extracted from the master disk, using
resolution option 4: 4 x base, (approximately 1,570,000
screen pixels). The digital image files were then con-
verted to an uncompressed 24-bit TIFF file format

in Adobe Photoshop, and stored. A series of pre-
processing operations were undertaken to prepare the
imagery for analysis. An initial operation removed ex-
traneous black perimeter pixels that were a reflection of
the cardboard slide holders. This reduced the image files
to approximately 1,380,000 screen pixels.

The cropped images were then transferred to an im-
age processing software (ERDAS), where RGB color sig-
natures indicative of the three beetle increments were
extracted from forest portions of the scene SID2 (Figure
2). The sample data were applied to regression analysis,
where mean and standard deviations per color band
were recorded. Multiplicative relationships were devel-
oped per band to numerically distinguish the dynamic
color ranges. By transforming the field-observed beetle
increments into discrete RGB color relationships, it be-
camne possible to transfer the assessed levels of tree
canopy shifts to other, similar forest conditions. This fa-
cilitated the manipulation of secondary scenes to simu-
late the color characteristics of the three beetle incre-
ments. The multipliers were systematically applied to
four Midway Face scenes that visually displayed no bee-
tle activity. Each image was processed uniformly, using
a pixel-by-pixel approach that assigned a revised color
definition to the entire scene. This processing step cre-
ated revised images that illustrated the color characteris-
tics of trees with a 1-2 year beetle level, and an advanced
3-5 year beetle level. These new simulated conditions
joined with the initial, unaffected scenes, to form a suite
of images illustrating all three beetle increments.

TABLE 1. Schedule for the Five Photographs Designated for the Image Processing Activities

Photo. Camera Camera

Position XUTM YUTM ZMTRS Date Time Bearing Lens
Img19 337940.4 4159724.2 2989 7-21-94 12:30 S30°wW 50mm
Img11 ** 337881.2 4159711.7 2978 7-20-94 10:30 5 50mm
Img28 *** 337720.6 4159727.1 2986 7-21-93 11:30 5 50mm
Img 11 **+* 337910.0 41599258 2998 7-20-94 10:45 5 50mm
SID2 *+ 344173.16 4172282.50 3058 7-21-94 10:20 S30°W 50mm

XUTM = X Coordinate (meters), YUTM = Y Coordinate (meters), ZMTRS = Elevation (meters), CP#1 = Control Point 1, CP#2 =

Contro! Point 2, CP#3 = Control Point 3

ok

*%%

Designates a position located using GPS triangulation
Designates a position located using laser surveying instrumentation
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FIGURE2. A ground perspective photograph of the Sidney Valley site showing sample areas that illustrate the

following three ranges of beetle activity: (1) no visible beetle impact, (2) 1-2 year level of visible beetle
impact, and (3) 3-5 year level of visible beetle impact.

GIS Development

Portions of three USGS topographic maps were digi-
tized to create one AUTOCAD release-10 drawing with
the following data layers: 1) 40-foot contours, 2) major
and minor roads, 3) streams, and 4) selected spot eleva-
tions. Topographic break and ridge lines, and selected
tree edges were later interpolated from the maps, the
site photographs, and from aerial videography, and
were added to the drawing file. These layers were sepa-
rated, saved as individual DXF files, exported to an
ARC/INFO environment, and transformed into vector
GIS coverage. Using the coordinate system (UTM) estab
lished during the initial digitization, the coverage was
assigned a northing /easting registration. To provide
three-dimensionality to the GIS contour lines, the origi-
nal CAD file named each contour line layer to corre-
spond to its actual elevation. When the CAD data layers
were converted to.a GIS format, these layer names were
converted to an elevation-meter specifier, thus provid-
ing three-dimensional attribution.
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The 1992 tree survey data were converted froma
spread-sheet format to an ascii format, and then im-
ported into ARC/INFO, where it was converted to point
coverage. Initially, the tree locations had to be converted
from relative distances to a control point, to a UTM coor-
dinate grid. This was achieved by revising the
northing/easting registration of control point one,
which was originally given a subjective designation of
(5000, 5000). This designation was replaced by a GPS co-
ordinate, which was obtained during the photographic
survey. After this conversion, the GIS attribute table was
modified to reflect the revised registration. All other tree
and control points were re-referenced to the revised con-
trol point one. A series of corrections and reductions
were then performed to remove redundant and/or ex-
traneous tree information. This reduced the initial inven-
tory to a total of 4473 individually attributed trees.

Digital Elevation Model (DEM) Development

Two sets of three-dimensional surfaces representing 1)
the ground terrain, and 2) the study area’s overall tree
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canopy were developed using combinations of GIS line
coverage and tree coordinate data. To model the undula-
tion of the area’s ground plane, a strategy was imple-
mented whereby the contour lines were applied to
model the ground surface outside the study area, and
the individual trees’ ground elevations (obtained from
the tree survey) were applied to generate the ground
surface inside the study area. This combined approach
provided a better representation of the ground plane be-
cause the survey data exhibited both a spatial resolution
and an elevational estimation that was finer in detail
than the digitized contours,

A second model—of the tree canopy—was then de-
veloped by applying the field-estimated heights of the
4473 individual trees to the ground surface model. Indi-
vidual height attributes were added to their associated
elevation at-ground attributes to extend each tree’s
ground coordinate up to its field-estimated height. Us-
ing this approach, specific trees or tree clusters were iso-
lated and extended three dimensionally to facilitate the
display of parameters such as species type, size, and/or
selected tree zones. In each instance, the peripheral
ground plane was maintained so only the selected trees
were displayed in their extended form. This technique
created a series of bump-map-type surfaces (see Gim-
blett and Itami 1988) that simulated the generalized
three-dimensional form of the area’s coniferous vegeta-
tion.

Applying this approach, a series of ground /canopy
surfaces was constructed to simulate a typical beetle-
spread pattern across the Midway Face site (see, Mun-
son and DeBlander 1992; USDA Forest Service 1993).
The proposed spreading characteristics were developed
with the assistance of Forest Service personnel who had
knowledge of beetle activity in similar landscapes (Fer-
guson 1994). Based on the stand’s age, its composition,
and the climatic conditions, it was hypothesized that the
tree mass would be most vulnerable to attack at the ap-
proximate center of the site. Accordingly, an initial tree
canopy model delineated a small cluster of only Picen en-
gelmannii in the center of the study area. This was desig-
nated the starting point of an event (Figures 3, 4 and 5).
From this model, perspectives were generated to repli-
cate the camera/target relationships of the selected Mid-
way Face photographs. The actual coordinates for the
perspectives were obtained from the positional data ac-
quired during the photographic survey. A second tree
canopy model was then generated, using the initial tree
cluster plus an enlarged set of Picea engelmannii periph-
eral to this core (Figure 6).

DEM/Photographic Merging

The DEM perspectives were then merged with the
scanned site photographs (Figure 7). Generally, the
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mergers were accomplished by super-imposing a DEM
wire frame over the corresponding photographs using
Adobe Photoshop. The process was assisted by two GIS
layers that illustrated the study area’s boundary and the
tree population’s lower edge. Merged images were de-
veloped using the three versions of each photograph,
one unprocessed version, and two other processed ver-
sions that illustrated the two increments of beetle activ-
ity. A four-step approach was employed during photo-
graphic merging. First, a composite scene was generated
using the unprocessed version of the photographs. This
would later be used to locate sub-regions within the
scene where levels of beetle activity would be inserted.
These sub-regions had been articulated during the tree
canopy model development, which had created unique
tree clusters representing projected activity areas. Sec-
ond, the DEM perspectives were merged with the two
processed versions of the site photographs. Third, spe-
cific quadrants of each composite image, representing
only those trees required to simulate a beetle spread pat-
tern in the different increments, were isolated and ex-
tracted from the composites. The final step relocated
those extracted tree quadrants into the initial, un-
processed images. This produced a final set of visualiza-
tions that simulated the desired beetle activity across the
site. An edited and unedited example of the visualiza-
tion process is presented in Figure 8.

Testing the Visualizations

The final visualizations {(converted to 35mm slides)
formed the basis of an assessment of preference to the
simulated conditions. The assessment was conducted in
the spring of 1994 at the Environmental Psychology Lab-
oratory at the University of Arizona. Responses were
collected from a subject pool of 180 undergraduate stu-
dents from the University of Arizona’s Department of
Psychology. The motivation for testing the various con-
ditions was to see if respondents could distinguish be-
tween: 1) computer-generated scenes with introduced
percentages of a simulated beetle outbreak, 2) unaltered
scenes depicting landscapes with some percentage of a
visual beetle outbreak, and 3) unaltered scenes with no
visible areas of beetle outbreak.

A mixed presentation format was employed whereby
one set of visualizations was arranged with unedited,
baseline scenes, Six slide sets were assembled, and one
each of these slide sets was presented per group. Eight
pre-test slides were shown first, followed by 50 slides
which formed the basis of the test. In each instance, the
baseline slides were kept in the same order, while differ-
ent visualization versions were inserted into the sets to
provide unique combinations of simulated conditions.
All scenes emphasized a spruce-dominated forest, with
elements of open meadows and pine-aspen combina-
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FIGURE3. An aerial plan of the Midway Face site showing a central cluster of only Engelmann Spruce.

FIGURE4. A perspective view of the digital elevation model of the Midway Face study site. A central core of only
Engelmann Spruce is located within the stady area. These tree positions represent the actual coordinate data
acquired during the 1992 tree survey at Midway Face.







