Diffusion of technology innovation

Within the context of nursing informatics as a field that addresses the use of information technology by nurses as
they care for patients, carry out administrative tasks in health facilities, and educate others in the discipline, this
article presents the theoretic perspectives of the adoption and implementation of such technologies. Research in
the area of diffusion of innovations is reviewed from the perspective of classical diffusion theory and organiza-
tional theory. The state of the art and methodological issues of research in this area are addressed. Areas for future

study are proposed.

Carol A. Romano, RN, MS, FAAN

Director, Nursing Information Systems
and Quality Assurance

Nursing Department, Clinical Center

National Institutes of Health

Bethesda, Maryland

EW TECHNIQUES of disease preven-

tion, diagnosis, and treatment have
clearly had a significant impact on the
nation’s health. In addition, new methods for
improving the effectiveness and efficiency
of health care delivery systems have been
consistently pursued, particularly in the past
decade of rising health care costs. Although
technical innovations in health care are not
viewed as a panacea, they are certainly a
central part of the effort to improve health
care services and delivery. Because health
care is information intensive and because up
to 35% of a nurse’s time is believed to be
consumed in information-related activities,
information technologies are of particular
interest. Nursing informatics is a field that
addresses the use of information technolo-
gies by nurses as they care for patients, carry
out administrative tasks at health facilities,
and educate others in the discipline.! The
existence of technology per se, however,
does not ensure that it will be adopted or
incorporated into an environment.
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As concern with the adequacy of the health
care system increases, and as it is recognized
that some effective innovations diffuse
slowly while other less effective or harmful
ones diffuse quickly, the importance of
understanding how technologic innovations
become incorporated is apparent.2 As de-
mand rises for creative strategies to fix the
sick health care system, nurses as the largest
provider group in that system need to be
aware of the processes for diffusing innova-
tions, especially those related to information
technologies. Research in this area has been
conducted from the perspective of classical
diffusion theory, organizational theory, and
political issues involved in decision making.
This article reviews the research and the
state-of-the-art information on the diffusion
of technology innovations.

DEFINITIONS

An innovation is defined as an idea, prac-
tice, or objective perceived as new by an
individual, a group, or an organization.?
Shortell and Kaluzny* note that the concept
of innovation is more restrictive than the
generic concept of change; that is, all inno-
vation is considered change, whereas not all
change is innovation. An innovation pre-
sents an individual or organization with new
alternatives or new means for solving prob-
lems. The probability of an innovation being
superior to previous practice is usually not
known. Problem solvers are thus motivated
to seek new information about the innova-
tion to cope with the uncertainty it creates.?

The Office of Technology Assessment®
defines technology in the broadest sense as
the practical application of science, whether
the results are tools and devices or social

instruments exemplified by processes and
systems. In health care, technology refers to
the drugs, devices, and procedures used in
the delivery of health care and the organiza-
tional or administrative systems that support
its use. Diffusion is defined as the process by
which technology is communicated through
certain channels over time among members
of a social system.

THE CLASSICAL DIFFUSION
MODEL

The study of diffusion of new ideas or
innovation began in the late 1930s when
sociologists investigated the spread of hy-
brid seed corn from agricultural scientists to
Iowa farmers. Subsequently, over 3,000 re-
search publications investigated ways in
which ideas spread among such varied audi-
ences as physicians, housewives, industrial
plant managers, and Australian aborigines.?
Central to diffusion research are four ele-
ments: (1) the innovation, (2) communica-
tion channels, (3) time, and (4) members of
a social system.

Although all innovations are not equiva-
lent, the five most frequently studied attrib-
utes perceived by potential users and noted
to affect the rate of adoption of the innova-
tion are: (1) relative advantage, (2) compati-
bility with existing values and experiences,
(3) complexity, (4) ability to be tested, and
(5) visibility of results. The essence of the
diffusion process is the interaction by which

The innovation-decision process
can lead to either adoption or
rejection of an innovation.




one person (source) communicates a new
idea to another (receiver). The relationship
between source and receiver influences the
“telling” as does the communication channel
used.

Time is the most important element in the
study of diffusion and includes considera-
tion of the innovation-decision process. This
decision process is essentially an informa-
tion-seeking and information-processing
activity in which an individual is motivated
to reduce uncertainty about the advantages
and disadvantages of an innovation. The
innovation-decision process can lead to ei-
ther adoption or rejection of an innovation.
Researchers propose that the innovation
decision process has four stages: knowledge,
persuasion, decision, and confirmation. The
time element also includes study of an
individual’s creativity and the innovation’s
rate of adoption.

The structure of the social system is the
fourth element that affects an innovation’s
diffusion. Investigators have studied it in
terms of diffusion boundaries, roles of opin-
ion leaders, and types of relationships of
system members.?

Classical studies from nonhealth fields
have laid the basis for innovation diffusion
research in the health fields. Rural sociolo-
gists studying agricultural diffusion found
that commercial channels of information
had an important impact at the knowledge
awareness stage of decision making. The
influence of these channels lessened, how-
ever, as peer communications became more
salient.®Ryan and Gross®identified different
types of adopters, and their study influenced
the understanding of an individual’s role in
diffusion.

The education field has produced a large
amount of research on the diffusion of inno-
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vation. Heamn’ suggested that increasing the
visibility of program outcomes does not
always lead to successful adoption, but edu-
cators have paid little attention to concepts
related to organizational theory.

Research on diffusion of innovation in
industry focuses on both the diffusion of
technology and the transition from research
to development and experimentation. Re-
search on diffusion in industry has a strong
economic orientation, and adoption deci-
sions in this field are based on the potential
payoff and costs of an innovation.
Mansfield’s? classic study of the decision-
making processes in this field underlines the
importance of two factors not previously
studied: characteristics of the overall organ-
izational system (ie, size), and the intraor-
ganizational processes that lead to adoption
decisions.

Diffusion research in the health sciences
began in the late 1950s when Coleman et al’
studied prescription writing patterns after
the introduction of a new drug. They found
that physicians used two communication
channels before adopting a new drug—
commercial channels for information and
professional channels for validation. The
faster adopters often identified outside insti-
tutions as their source of medical knowl-
edge, frequently attended professional meet-
ings, and subscribed to a large number of
medical journals. Becker'® and Kaluzny et
al"! divided innovations into those with high
and low risks. They found that the cosmopo-
litanism of organizational members and staff
training strongly predicted the adoption of
new programs in local health departments
when the programs did not diverge sharply
from traditional activities. In contrast, they
found that adoption of risky innovation fol-
lowed no clear pattern.
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Mohr'? placed a professional’s motivation
to innovate into organizational context, and
noted that motivation will be successful in
direct ratio to availability of resources and in
inverse ratio to the obstacles to innovate. He
also noted that health officials were moti-
vated to innovate by a desire to obtain profes-
sional status. These motives, however, had
little impact on actual utilization of the inno-
vation when resources were unavailable and
staff training was absent. Anderson et al*?
reported a two-step process whereby physi-
cians learn about and try out an innovation
and subsequently influence others to adopt
it. Physicians who heavily used computer
information systems were more involved
with outside professional activities, more
centrally located in the group’s professional
networks, and had more frequent contacts
with other users of the innovation. Scientists
view these findings as demonstrating the
importance of peer influence in the introduc-
tion of medical technology and in attempts to
modify clinical practice, supporting the or-
ganizational perspective that action is exter-
nally controlled.

Classical diffusion theory focuses on indi-
vidual responses to innovation and on the
circulation of information relevant to inno-
vations among professionals. It suggests that
professional norms that reward innovations,
coupled with a desire by professionals to
achieve status, result in the predictable adop-
tion of low-risk innovation by profession-
als." One of the major criticisms of this
classical view is that the research uses the
individual, not the organization, as the unit
of analysis, and ignores the effects of organ-
izational variables on individuals. The
underlying assumptions of the traditional
diffusion model posit that knowledge flows
from scientist to professional practitioner

via communications and contacts, and that
professionals make an individual decision to
adopt or reject a new idea. These assump-
tions, although appropriate in some situ-
ations, are inconsistent with the state of
modem research and the present complexity
of health care environments.!

Most early studies in this field assume the
organization’s perspective on action to be
purposive, intentional, goal directed, and
rational. Evidence of the rational model can
be seen in the assertion of a linear diffusion
process with stages of adoption. The innova-
tionis viewed asmeeting the needs of profes-
sionals who purposefully choose to adopt the
new technology. With members of a social
system as the unit of analysis, the main
independent and dependent variables stud-
ied include the effects of

o the characteristics of individual mem-
bers of a social system (ie, cosmopoli-
tanism, communication behavior) on
early knowledge about an innovation,

o the perceived attributes of an innova-
tion on the rate of adoption,

e the characteristics of members and
system variables on innovativeness of
members and on opinion leadership,
and

o theexistence of a network link between
two members of a system and the nature
of their interaction on innovation adop-
tion.?

ORGANIZATIONAL THEORY

Several factors limit the applicability of
classical theory to organizations. It is impos-
sible to assume an organizational identity
among all participants in a complex system
such as a hospital or health department.



Classical theory can be applied to organiza-
tions only if one assumes that individuals in
positions of formal authority act on behalf of
organizations or if one asserts that organiza-
tions behave as individuals. If one assumes
that organizational wholes adopt innovation,
however, then organizational theory must be
incorporated into research. Investigators
have cited several variables of organiza-
tional structure as important to the diffusion
of innovations.

Studies viewed as consistent with Shortell
and Kaluzny’s* rational model of organiza-
tions are those that focus on structural con-
tingency theory. Hage and Aiken'® reported
that the organizational properties of com-
plexity, centralization, formalization, and
morale were related to the rate of adoption of
new programs in 16 social welfare organiza-
tions. A high degree of participation in deci-
sions, low job codification, and high job
satisfaction were found to be associated with
a high rate of program change. In contrast,
Zaltman et alV suggested that decentralized
decisions and low formalization inhibit the
adoption of innovations. Hage and Dewer'®
noted that structural variables of complexity,
centralization, and formalization, as well as
the executive director’s values, were less
effective than the values of the elite inner
circle of strategic decision makers in predict-
ing innovations.

The resource dependency model empha-
sizes the organization’s dependency on a
larger social system for resources such as
information. The process of acquiring the
resources from the environment is a critical
issue in this model. Information about an
innovation must penetrate an organization’s
boundaries before a decision to adopt can be
made. Kimberly'® used a resource depend-
ency model to examine the role of integra-
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tion into external information environments
on hospital adoption of innovation. He notes
that variability in hospital adoption of an
innovation can be partially accounted for by
variability in mechanisms that provide ac-
cess to information about aninnovation. The
integration of information was found to be a
necessary, but not sufficient, condition for
adoption. Variability in an organization’s
internal structure and decision making ac-
counted for a large measure of variance in
this study.

Greer® studied the decisions of 25 hospi-
tals concemning twelve potential adoptions
oftechnology. The analysis focused on iden-
tification of the decision makers, their values
and the purpose guiding them, and the
people who adopt the innovation. She iden-
tified three “decision systems” for technol-
ogy adoption. Greer found that the medical
individualistic decision system dominated
an evaluation of new clinical tools for treat-
ing patients and was closely related to prior
studies of factors affecting adoption by indi-
viduals. Although decisions were made in an
organizational context, physicians’ deci-
sions in this study were rarely challenged.
The fiscal management decision system
applied to the replacement and accretion of
technologies in hospital departments such as
radiology. Decision makers here (chief ex-
ecutive officers, chief financial officers,
department heads) acted out of concemn for
the organization and patient aggregates.
Important factors included expense, speed,
volume, pricing potential, and quality of
services.

The third decision system, strategic-insti-
tutional dominated, involved innovation
proposals that implied major change in the
nature or future of the hospital, such as the
introduction of coronary artery bypass sur-
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gery. These decisions were made by govem-
ing boards; resistance to them was antici-
pated because they redistribute resources
and power of relationships. Greer suggested
that failure to differentiate these three deci-
sion systems allows the blurring of actors,
motivations, and adoption processes. This
study clearly asserts that an organization’s
perspective on action is triggered and de-
pends on processes and social constructions.

Kaluzny et al* contrasted two types of
program innovations within a hospital: those
that improve nonacute services and those
that improve organizational efficiency. Re-
searchers studied differences in the process
and antecedents of adoption of these pro-
grams. The results indicated that when im-
plementation was measured empirically and
in judgmental terms, staff training was the
most common predictor for both programs.
Formalization of positions and organiza-
tional size were predictor variables of health
services programs but not administrative
ones. Although this study contrasted differ-
ent types of innovations, the researchers
used structural contingency theory to assess
organizational predictor variables.

In an attempt to study innovation in the
context of organizations, Kimberly and
Evanisko? examined the combined effect of
individual, organizational, and contextual
variables on organizational adoption of two
types of innovations. One type related to the
organization’s core activity and one related
to administrative concemns. The study ana-
lyzed a large number of hospitals using an
existing data set and sought to examine pre-
viously established relationships in a multi-
variate framework. Three major findings
were reported: the individual, organiza-
tional, and contextual variables were much
better predictors of the adoption of nonad-

ministrative innovations; the educational
level of the hospital administrator, the size of
the organization, and the presence of compe-
tition in the local environment were signifi-
cant predictors in the administrative innova-
tions; and organizational variables were
indisputably better predictors of both types
of innovations. Taking an eclectic approach,
this study borrowed from both the rational
model of organizational theory and the per-
spective of organizational action as exter-
nally constrained.

NURSING RESEARCH

A review of the nursing literature shows a
dearth of studies addressing the adoption or
diffusion of innovation. Chang’s® study of
the willingness of nurses to adopt computer
technology after attending a computer work-
shop applied Hall and Louckes’s* six-stage
approach. The researchers noted that those
nurses with favorable responses and expec-
tations of computers were more willing to
interact with the devices. The study was not
framed in an organizational context, but it is
viewed as related to expectancy theory inthe
rational model of organizational theory,
which addresses an individual’s goal direct-
edness and purposefulness in making
choices.

Kirchoff?® and Brett?¢ used Rogers’s?
model of diffusion to study the dissemina-
tion and use of research findings. Kirchoff

A review of the nursing literature
shows a dearth of studies
addressing the adoption or diffusion
of innovation.




surveyed 600 nurses to assess the impact of
published studies on the practice of restrict-
ing ice water and measuring rectal tempera-
tures in coronary patients. Although re-
search has cast doubt on these practices, the
study showed they were commonly in use.
These findings suggested that diffusion of
new knowledge and adoption of new prac-
tices had not occurred. It was noted, how-
ever, that the number of hours spent reading
and the number of journals read correlated
strongly with greater levels of awareness
among nurses that such restrictions were in
question.

Building on this work and controlling for
organizational size, Brett* surveyed 216
nurses to determine their awareness of, per-
suasion about, and use of the findings of 14
nursing studies. No relationships were found
between the adoption of innovations and the
organizational characteristics of size, loca-
tion, kind of institution, affiliation with a
school of nursing, director’s position or ten-
ure, or the percentage of nurses with differ-
ent educational preparations. The investiga-
tors noted that a nurse’s perceptions about
the existence of organizational policy corre-
lated strongly with adoption of the innova-
tions.

Brett? attempted to validate Kimberly’s'
findings that organizational integrative
mechanisms (activities and structures that
potentially increase information flow into an
organization) influence the adoption of in-
novations. Using 14 research findings as
innovations, she sampled 216 nurses from a
pool of 19 hospitals to assess the existence of
five categories of integrative mechanisms
and the nurses’ awareness of innovations.
The study found that in small hospitals, the
amount of publication and research was re-
lated to innovation adoption. In larger hospi-
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tals, however, the existence of conferences
and presentations, committees responsible
for communicating research, and publica-
tions were significantly but negatively re-
lated to adoption. This result is explained
because existence does not necessarily infer
active participation by members of the or-
ganization.

The nursing literature, although limited,
exemplifies the classical diffusion approach
to the study of innovation with the focus on
the individual. Nursing studies have not
examined innovation diffusion from the
organizational perspective. The studies
found in the nursing literature focused on use
of new knowledge. Although the Conduct
and Utilization of Research in Nursing Proj-
ect (1975-1980) conceptualized research
integration as a process combining elements
of the problem-solving and social-interac-
tion models of knowledge utilization, nurs-
ing research has rarely addressed these per-
spectives.?®

STATE OF THE ART

In a review of 3,000 studies, Rogers? noted
that research in the diffusion of innovation
has been conducted by the disciplines of
education, communication, marketing, gen-
eral sociology, public health, medical soci-
ology, and anthropology. Scientists have
observed that the fields where research has
expanded most since the 1970s are market-
ing, sociology, public health, and medical
sociology. Studies are reported in a variety
of journals and books from the sociology,
management, and health services literature.
Only four studies were found in the nursing
literature reported by nurses in the 1980s.
The major theoretic perspectives in earlier
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studies included diffusion theory with a
focus on individuals; more recent studies,
however, tend to increasingly move from the
rational model of organizations to the con-
tingency and resource dependency frame of
reference with more of an eclectic approach
and multiple variable assessment. This trend
did not surface in the nursing literature that
focused on the classical diffusion model.

Most of the studies reviewed were case
studies that give a detailed analysis of phe-
nomena but offer limited generalization of
results. Several studies used comparative
cross-sectional analysis that demonstrate
association between sets of variables, but are
limited in their ability to infer causality. The
only longitudinal study'® found reported a
relationship between variables after three
years of research. This finding suggests that
one use caution in the interpretation of cross-
sectional studies.

Methodologic problems identified in this
body of literature include the lack of con-
vincing evidence to validate measurement
techniques and the incongruence between a
concept and its empirical indicators. At the
conceptual level, the difference between
innovation as a process of organizational
change and innovation as a new idea or
technology is not always differentiated.
None of the studies focus on the process of
innovation per se. As a dependent variable,
innovativeness was usually measured by the
number of innovations that were adopted.
Difficulty existed with the measurement of
independent variables as well, particularly
when the organization was the unit of analy-
sis. For example, measurement of centrali-
zation differs from one study to another.?

It is also noted that the terms “‘adoption”
and “diffusion” are frequently confused or
used interchangeably, and the boundaries of

each are unclear. That is, when does adop-
tion end and diffusion begin or vice versa?
Rogers? asserts that adoption is the final step
of the innovation-decision process, which is
one element of the diffusion model. In con-
trast, Hall and Louckes* assert diffusion is a
component of a six-stage adoption process.
Clarity is also lacking regarding who adopts
an innovation and what constitutes adoption.
Lack of differentiation also exists between
interorganizational and intraorganizational
diffusion.

Studies have generally identified two sets
of factors that appear to affect diffusion:
characteristics of organizational members,
and characteristics of the organization’s
structure. The innovating elite are noted to
be well-educated and cosmopolitan, to view
change with favor, and to prefer the goal of
quality health care to that of maximum eco-
nomic efficiency. There is, however, some
evidence of an interactive effect among
these characteristics, the nature of the inno-
vation, and other variables.'? Although re-
search has not produced clear or consistent
results, the key organizational variables of
complexity, centralization, and visibility of
consequences have been identified in large-
scale surveys as powerful predictors of inno-
vation. There is some evidence that interor-
ganizational factors are relevant to diffusion,
but little research has been done on this topic
and organization-environment interaction is
not well understood.?

AREAS FOR FUTURE STUDY

A review of the literature in organizational
innovation reveals that data are conflicting
and contradictory. One explanation asserts
that organizational variables are related to



innovation in one direction during the adop-
tion decision phase of diffusion, and in the
opposite direction during implementation of
an innovation. For example, the variable of
complexity encourages organizational
members to propose innovations, but this
same variable may make it difficult to
achieve consensus about implementing
them.® One area for future study includes
analyzing the subprocesses of the innovation
process to understand the sequence of
events. Rogers? proposes that the innovation
process be divided into (1) initiation, which
includes the information gathering, concep-
tualizing and planning leading up to adop-
tion decisions; and (2) implementation,
which includes actions and decisions in-
volved in putting an innovation into use.
This approach would replace the tradition of
correlating independent structural variables
with organizational innovation in cross-sec-

Another area for future study is an
investigation of the similarities and
differences in innovation adoption
between leaders and members of an
organization.

tional data analysis and would help explore
the process of innovation.

Another area for future study is an investi-
gation of the similarities and differences in
innovation adoption between leaders and
members of an organization. Previous stud-
ies have depended solely on data from top
leaders and assumed they adopt innovations
on behalf of an organization. This approach
raises questions of how fully the study re-
sults can describe an organization’s behav-
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ior. A third area for further study needs to
address a major shortcoming of diffusion
research—its pro-innovation bias. This bias
implies that innovations should be diffused
and adopted by all members of a social
system.3 The bias leads researchers to ignore
the rejection or discontinuance of innova-
tions or the antidiffusion process that pre-
vents the integration of “bad” innovations,
such as street drugs.

Consequences are the changes that occur
to an individual or to a social system as a
result of the adoption or rejection of an
innovation. An innovation has little effect
until it is distributed to and used by members
of a system. Rogers? asserts that diffusion is
ameans to an ultimate end: the consequences
from adopting an innovation. Despite their
importance, consequences have received
little attention by researchers. Past studies
have assumed that the adoption of new ideas
or technologies will produce only beneficial
results. Consequences that can be studied
include changes in production or effective-
ness, revenues or cost savings, efficiency,
distribution of resources, and cost/benefit
ratios.

A final area for further study includes
focusing on the political approaches to deci-
sion making related to technology innova-
tions. Greer’s? report of three decision sys-
tems for technology adoption suggests that
innovation diffusion should be studied from
a political perspective with a marked depar-
ture from the rational model of organiza-
tional theory. If health organizations are
viewed as pluralistic decision-making bod-
ies, then innovations can be studied from the
perspective of determining the values and
goals of parties interested in the introduction
of an innovation, such as nurses, physicians,
administrators, or governing boards. In addi-
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tion, identifying resources that different
groups command, alliances they make, and
the processes used for decision making
would help clarify the diffusion processes
and identify predictors of adoption or rejec-
tion of technology innovations. It is recog-
nized that different decision processes are
activated for different types of innovations.
The Office of Technology Assessment’s
classification of technologies into drugs,
devices, procedures, and organizational or
administrative systems could be used so that
study results could be compared within cate-
gories. This approach would eliminate the
effects that the type of innovation itself
would have on the dependent variables stud-
ied.

Research on the diffusion of technology
innovations has been extensive but only
several dozen studies have been conducted
on health-related technologies, with fewer
than six focusing on nursing. The classical
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