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ELEMENTS OF DIFFUSION

There is nothing more difficult to plan, more doubtful of success,
nor more dangerous to manage than the creation of a new order
of things. . .. Whenever his enemies have the ability to attack the
innovator they do so with the passion of partisans, while the oth-
ers defend him sluggishly, so that the innovator and his party alike
are vulnerable.

—Niccold Machiavelli, The Prince

Getting a new idea adopted, even when it has obvious advantages, is of-
ten very difficult. Many innovations require a lengthy period, often of
many years, from the time they become available to the time they are
widely adopted. Therefore, a common problem for many individuals and
organizations is how to speed up the rate of diffusion of an innovation.

The following case illustration provides insight into some common dif-
ficulties facing diffusion campaigns.

Water Boiling in a Peruvian Village:
Diffusion That Failed

The public health service in Peru attempts to introduce innovations to vil-
lagers to improve their health and lengthen their lives. This change agency
encourages people to install latrines, to burn garbage daily, to control house
flies, to report cases of infectious diseases, and to boil drinking water. These
innovations involve major changes in thinking and behavior for Peruvian vil-

lagers, who do not understand the relationship of sanitation to illness. Wa-




Diffusion of Innovations

ter boiling is an especially important health practice for villagers in Peru.
Unless they boil their drinking water, patients who are cured of infectious
diseases in village medical clinics often return within a month to be treated
again for the same disease.

A two-year water boiling campaign conducted in Los Molinas, a peasant
village of 200 families in the coastal region of Peru, persuaded only eleven
housewives to boil water. From the viewpoint of the public health agency,
the local health worker, Nelida, had a simple task: to persuade the house-
wives of Los Molinas to add water boiling to their pattern of daily behavior.
Even with the aid of a medical doctor, who gave public talks on water boil-
ing, and fifteen village housewives who were already boiling water before
the campaign, Nelida’s diffusion campaign failed. To understand why, we
need to take a closer look at the culture, the local environment, and the in-
dividuals in Los Molinas.

Most residents of Los Molinas are peasants who work as field hands on
local plantations. Water is carried by can, pail, gourd, or cask. The three
sources of water in Los Molinas include a seasonal irrigation ditch close to
the village, a spring more than a mile away from the village, and a public well
whose water most villagers dislike. All three sources are subject to pollution
at all times and show contamination whenever tested. Of the three sources,
the irrigation ditch is the most commonly used. It is closer to most homes,
and the villagers like its taste.

Although it is not feasible for the village to install a sanitary water system,
the incidence of typhoid and other water-borne diseases could be greatly re-
duced by boiling the water before it is consumed. During her two-year cam-
paign in Los Molinas, Nelida made several visits to every home in the village
but devoted especially intensive efforts to twenty-one families. She visited
each of these selected families between fifteen and twenty-five times; eleven
of these families now boil their water regularly.

What kinds of persons do these numbers represent? We describe three
village housewives—one who boils water to obey custom, one who was per-
suaded to boil water by the health worker, and one of the many who rejected
the innovation—in order to add further insight into the process of diffusion.

Mrs. A: Custom-Oriented Adopter. Mrs. A is about forty and suffers from
a sinus infection. The Los Molinas villagers call her a “sickly one.” Each
morning, Mrs. A boils a potful of water and uses it throughout the day. She
has no understanding of germ theory, as explained by Nelida; her motiva-
tion for water boiling is a complex local custom of “hot” and “cold” distinc-
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tions. The basic principle of this belief system is that all foods, liquids, med-
icines, and other objects are inherently hot or cold, quite apart from their
actual temperature. In essence, hot-cold distinctions serve as a series of
avoidances and approaches in such behavior as pregnancy, child-rearing, and
the health-illness system.

Boiled water and illness are closely linked in the norms of Los Molinas;
by custom, only the ill use cooked, or “hot” water. Once an individual be-
comes ill, it is unthinkable to eat pork (very cold) or drink brandy (very hot).
Extremes of hot and cold must be avoided by the sick; therefore, raw water,
which is perceived to be very cold, must be boiled to make it appropriate to
consurne.

Villagers learn from early childhood to dislike boiled water. Most can tol-
erate cooked water only if a flavoring, such as sugar, cinnamon, lemon, or
herbs, is added. Mrs. A likes a dash of cinnamon in her drinking water. The
village belief system involves no notion of bacteriorological contamination
of water. By tradition, boiling is aimed at eliminating the “cold” quality of
unboiled water, not the harmful bacteria. Mrs. A drinks boiled water in obe-
dience to local norms, because she perceives herself as ill.

Mrs. B: Persuaded Adopter. The B family came to Los Molinas a gener-
ation ago, but they are still strongly oriented toward their birthplace in the
Andes Mountains. Mrs. B worries about lowland diseases that she feels in-
fest the village. It is partly because of this anxiety that the change agent, Nel-
ida, was able to convince Mrs. B to boil water.

Nelida is a friendly authority to Mrs. B (rather than a “dirt inspector” as
she is seen by other housewives), who imparts useful knowledge and brings
protection. Mrs. B not only boils water but also has installed a latrine and
has sent her youngest child to the health center for a checkup.

Mrs. B is marked as an outsider in the community of Los Molinas by her
highland hairdo and stumbling Spanish. She will never achieve more than
marginal social acceptance in the village. Because the community is not an
important reference group to her, Mrs. B deviates from village norms on
health innovations. With nothing to lose socially, Mrs. B gains in personal
security by heeding Nelida’s advice. Mrs. B’s practice of boiling water has
no effect on her marginal status. She is grateful to Nelida for teaching her
how to neutralize the danger of contaminated water, which she perceives as
a lowland peril.

Mrs. C: Rejector. This housewife represents the majority of Los Molinas
families who were not persuaded by the efforts of the change agents during
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their two-year water-boiling campaign. In spite of Nelida’s repeated explé-
nations, Mrs. C does not understand germ theory. How, she argues, can mi-
crobes survive in water that would drown people? Are they fish? If germs
are so small that they cannot be seen or felt, how can they hurt a grown per-
son? There are enough real threats in the world to worry about—poverty
and hunger—without bothering about tiny animals one cannot see, hear,
touch, or smell. Mrs. Cs allegiance to traditional village norms is at odds
with the boiling of water. A firm believer in the hot-cold superstition, she
feels that only the sick must drink boiled water.

Why Did the Diffusion of Water Boiling Fail?

This intensive two-year campaign by a public health worker in a Peruvian
village of 200 families, aimed at persuading housewives to boil drinking wa-
ter, was largely unsuccessful. Nelida was able to encourage only about 5 per-
cent of the population, eleven families, to adopt the innovation: The
diffusion campaign in Los Molinas failed because of the cultural beliefs of
the villagers. Local tradition links hot foods with illness. Boiling water makejs
water less “cold” and hence, appropriate only for the sick. But if a person is
not ll, the individual is prohibited by village norms from drinking boiled wa-
ter. Only individuals who are unintegrated into local networks risk defying
community norms on water boiling. An important factor regarding the adop-
tion rate of an innovation is its compatibility with the values, beliefs, and past
experiences of individuals in the social system. Nelida and her superiors in
the public health agency should have understood the hot-cold belief syst('am,
as it is found throughout Peru (and in most nations of Latin America, Africa,
and Asia). Here is an example of an indigenous knowledge system that
caused the failure of a development program.

Nelida’s failure demonstrates the importance of interpersonal networks
in the adoption and rejection of an innovation. Socially an outsidfer, Mrs. B
was marginal to the Los Molinas community, although she had lived there
for several years. Nelida was a more important referent for Mrs. B than were
her neighbors, who shunned her. Anxious to secure social prestige from the
higher-status Nelida, Mrs. B adopted water boiling, not because she un.der-
stood the correct health reasons, but because she wanted to obtain Nelida’s
approval. Thus we see that the diffusion of innovations is a social process, as
well as a technical matter.

Nelida worked with the wrong housewives if she wanted to launch a self-
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generating diffusion process in Los Molinas. She concentrated her efforts
on village women like Mrs. A and Mrs. B. Unfortunately, they were per-
ceived as a sickly one and a social outsider, and were not respected as social
models of appropriate water-boiling behavior by the other women. The vil-
lage opinion leaders, who could have activated local networks to spread the
innovation, were ignored by Nelida.

How potential adopters view the change agent affects their willingness to
adopt new ideas. In Los Molinas, Nelida was perceived differently by lower-
and middle-status housewives. Most poor families saw the health worker as
a “snooper” sent to Los Molinas to pry for dirt and to press already harassed
housewives into keeping cleaner homes. Because the lower-status house-
wives had less free time, they were unlikely to talk with Nelida about water
boiling. Their contacts outside the community were limited, and as a result,
they saw the technically proficient Nelida with eyes bound by the social hori-
zons and traditional beliefs of Los Molinas. They distrusted this outsider,
whom they perceived as a social stranger. Nelida, who was middle class by
Los Molinas standards, was able to secure more positive results from house-
wives whose sociceconomic level and cultural background were more simi-
lar to hers. This tendency for more effective communication to occur with
those who are more similar to a change agent occurs in most diffusion cam-
paigns.

Nelida was too “innovation-oriented” and not “client-oriented” enough.
Unable to put herself in the role of the village housewives, her attempts at
persuasion failed to reach her clients because the message was not suited to
their needs. Nelida did not begin where the villagers were; instead she talked
to them about germ theory, which they could not (and probably did not need
to) understand. These are only some of the factors that produced the diffu-
sion failure in Los Molinas. Once the remainder of the book has been read,
it will be easier to understand the water-boiling case.

This case illustration is based on Wellin (1955).

5

What Is Diffusion?

Diffusion is the process by which an innovation is communicated through
certain channels over time among the members of a social system. Itis a
special type of communication, in that the messages are concerned with
new ideas. Communication is a process in which participants create and
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i i r in order to reach a mutual under-
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through a natural event like a drought or an earthquake, or by means of
a government regulation.

Some authors restrict the term “diffusion” to the spontaneous, un-
planned spread of new ideas, and use the concept of “dissemination” for
diffusion that is directed and managed. In this book we use the word “dif-

fusion” to include both the planned and the spontaneous spread of new
ideas.

Controlling Scurvy in the British Navy:
Innovations Do Not Sell Themselves

Many technologists believe that advantageous innovations will sell them-
selves, that the obvious benefits of a new idea will be widely realized by po-
tential adopters, and that the innovation will therefo

re diffuse rapidly.
Seldom is this the case. Most innovations, in fact, diffuse at a disappointingly
slow rate.

Scurvy control illustrates how slowly an obviously beneficial innovation
spreads (Mosteller, 1981). In the early days of long sea voyages, scurvy was
aworse killer of sailors than warfare, accidents, and all other causes of death.
For instance, of Vasco de Gama’s crew of 160 men who sailed with him
around the Cape of Good Hope in 1497, 100 died of scurvy. In 1601, an Eng-
lish sea captain, James Lancaster, conducted an experiment to evaluate the
effectiveness of lemon Juice in preventing scurvy. Captain Lancaster com-
manded four ships that sailed from England on a voyage to India; he served
three teaspoonfuls of lemon Juice every day to the sailors in one of his four
ships. Most of these men stayed healthy. But on the other three ships, by
the halfway point in the Jjourney, 110 out of 278 sailors had died from scurvy.
The three ships constituted Lancaster’s “control group”; they were not given
any lemon juice. So many of these sailors became sick that Lancaster had to
transfer men from his “treatment” ship in order to staff the three other ships.

The results were so clear that one would expect the British Navy to adopt
citrus juice for scurvy prevention on all its ships. But it was not until 1747,
about 150 years later, that James Lind, a British N avy physician who knew
of Lancaster’s results, carried out another experiment on the HMS Salis-
bury. To each scurvy patient on this ship, Lind prescribed either two or-

anges and one lemon, or one of five other diets: A half-pint of sea water, six
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spoonfuls of vinegar, a quart of cider, nutmeg, or seventy-five drops of vit-
riol elixir. The scurvy patients who got the citrus fruits were cured in a few
days, and were able to help Dr. Lind care for the other patients. Unfortu-
nately, the supply of oranges and lemons was exhausted in six days.

Certainly, with this further solid evidence of the ability of citrus fruits to
combat scurvy, one would expect the British Navy to adopt this technolog-
ical innovation for all ship’s crews on long sea voyages, and in fact, it did so.
But not until 1793, forty-eight years later. Scurvy was immediately wiped
out. And after only seventy more years, in 1865, the British Board of Trade
adopted a similar policy, and eradicated scurvy in the merchant marine.

Why were the authorities so slow to adopt the idea of citrus for scurvy
prevention? A clear explanation is not available, but other, competing reme-
dies for scurvy were also being proposed, and each such cure had its cham-
pions. For example, Captain Cook’s reports from his voyages in the Pacific
did not provide support for curing scurvy with citrus fruits. Further, Dr. Lind
was not a prominent figure in the field of naval medicine, and so his exper-
imental findings did not get much attention in the British Navy. While scurvy
prevention was generally resisted for years by the British Navy, other inno-
vations like new ships and new guns were accepted readily. So the Admi-
ralty did not resist all innovations.

This case illustration is based on Mosteller {(1981).

Obviously more than just a beneficial innovation is necessary for its dif-
fusion and adoption to occur. The reader may think that such slow diffu-
sion could happen only in the distant past, before a scientific and
experimental approach to evaluating innovations. We answer by calling
the reader’s attention to the contemporary case of the nondiffusion of the
Dvorak typewriter keyboard.

Nondiffusion of the Dvorak Keyboard

Most of us who use a typewriter or who do word processing on a computer
do not realize that our fingers tap out words on a keyboard that is called
“QWERTY,” named after the first six keys on the upper row of letters. The

QWERTY keyboard is inefficient and awkward. This typewriter keyboard

p——
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takes twice as long to learn as it should, and makes us work about twenty
times harder than is necessary. But QWERTY has persisted since 1873,
and today unsuspecting individuals are being taught to use the QWERTY
keyboard, unaware that a much more efficient typewriter keyboard is
available.

Where did QWERTY come from? Why does it continue to be used, in-
stead of much more efficient alternative keyboard designs? QWERTY was
invented by Christopher Latham Sholes, who designed this keyboard to slow
down typists. In that day, the type-bars on a typewriter hung down in a sort
of basket, and pivoted up to strike the paper; then they fell back in place by
gravity. When two adjoining keys were struck rapidly in succession, they
jammed. Sholes rearranged the keys on a typewriter keyboard to minimize
such jamming; he “anti-engineered” the arrangement to make the most com-
monly used letter sequences awkward. By thus making it difficult for a typ-
ist to operate the machine, and slowing down typing speed, Sholes
QWERTY keyboard allowed these early typewriters to operate satisfacto-
rily. His design was used in the manufacture of all typewriters. Early type-
writer salesmen could impress customers by pecking out “TYPEWRITER”
as all of the letters necessary to spell this word were found in one row of the
QWERTYUIOP machine.

Prior to about 1900, most typists used the two-finger, hunt-and-peck sys-
tem. Later, as touch typing became popular, dissatisfaction with the
QWERTY typewriter began to grow. Typewriters became mechanically
more efficient, and the QWERTY keyboard design was no longer necessary
to prevent key jamming. The search for an improved design was led by Pro-
fessor August Dvorak at the University of Washington, who in 1932 used
time-and-motion studies to create a much more efficient keyboard arrange-
ment. The Dvorak keyboard has the letters A,O,E,U,I.D,H,T,N, and S
across the home row of the typewriter. Less frequently used letters were
placed on the upper and lower rows of keys. About 70 percent of typing is
done on the home row, 22 percent on the upper row, and 8 percent on the
lower row. On the Dvorak keyboard, the amount of work assigned to each
finger is proportionate to its skill and strength. Further, Professor Dvorak
engineered his keyboard so that successive keystrokes fell on alternative
hands; thus, while a finger on one hand is stroking a key, a finger on the other
hand can be moving into position to hit the next key. Typing rhythm is thus
facilitated; this hand alternation was achieved by putting the vowels (which
represent 40 percent of all letters typed) on the left-hand side, and placing

9




10 Diffusion of Innovations

the major consonants that usually accompany these vowels on the right-hand
side of the keyboard.

Professor Dvorak was thus able to avoid the typing inefficiencies of the
QWERTY keyboard. For instance, QWERTY overloads the left hand, which
must type 57 percent of ordinary copy. The Dvorak keyboard shifts this em-
phasis to 56 percent on the stronger right hand and 44 percent on the weaker
left hand. Only 32 percent of typing is done on the home row with the
QWERTY system, compared to 70 percent with the Dvorak keyboard. The
newer arrangement requires less jumping back and forth from row to row:
with the QWERTY keyboard, a good typists” fingertips travel more than
twelve miles a day, jumping from row to row. These unnecessary intricate
movements cause mental tension, typist fatigue, and lead to more typo-
graphical errors.

One might expect, on the basis of its overwhelming advantages, that the
Dvorak keyboard would have completely replaced the inferior QWERTY
keyboard. On the contrary, after more than 50 years, almost all typists are
still using the inefficient QWERTY keyboard. Even though the American
National Standards Institute and the Equipment Manufacturers Association
have approved the Dvorak keyboard as an alternate design, it is still almost
impossible to find a typewriter or a computer keyboard that is arranged in
the more efficient layout. Vested interests are involved in hewing to the old
design: Manufacturers, sales outlets, typing teachers, and typists themselves.

No, technological innovations are not always diffused and adopted
rapidly. Even when the innovation has obvious, proven advantages.

As the reader may have guessed by now, the present pages were typed
on a QWERTY keyboard.

Details on resistance to the Dvorak keyboard may be found in Dvorak and others (1936), Parkin-

son (1972), Lessley (1980), and David (1986a).

Four Main Elements in the Diffusion of Innovations

Previously we defined diffusion as the process by which an innovation is
communicated through certain channels over time among the members
of a social system. The four main elements are the innovation, commu-
nication channels, time, and the social system (Figure 1-1). These ele-
ments are identifiable in every diffusion research study, and in every
diffusion campaign or program (like the diffusion of water-boiling in a
Peruvian village).

Elements of Diffusion 11

Figure 1-1. Diffusion Is the Process by Which (1) an Innovation
(2) Is Communicated Through Certain Channels (3) Over Time (4)
Among the Members of a Social System
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The following description of these four elements in diffusion const;-

tutes an overview of the main co t . 3.
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innovation (Chapter 7), (2) how the perceived attributes of an innovation,
such as its relative advantage or compatibility affect its rate of adoption,
whether relatively rapidly (as for Innovation I in Figure 1-1) or more
slowly (Innovation III), as is detailed in Chapter 6, and (3) why the S-
shaped diffusion curve “takes off” at about 10- to 25-percent adoption,
when interpersonal networks become activated so that a critical mass of
adopters begins using an innovation (Chapter 8). It should not be as-
sumed that the diffusion and adoption of all innovations are necessarily
desirable. Some harmful and uneconomical innovations are not desirable
for either the individual or the social system. Further, the same innova-
tion may be desirable for one adopter in one situation, but undesirable
for another potential adopter in a different situation. For example, me-
chanical tomato-pickers have been adopted rapidly by large commercial
farmers in California, but these machines were too expensive for small
tomato growers, and thousands of farmers have thus been forced out of
tomato production.

TECHNOLOGICAL INNOVATIONS, INFORMATION, AND UNCERTAINTY. Most of
the new ideas analyzed in this book are technological innovations, and wg
often use the word “innovation” and “technology” as synonyms. A tech-
nology is a design for instrumental action that reduces the uncertainty in
the cause-effect relationships involved in achieving a desired outcome.®
A technology usually has two components: (1) a hardware aspect, con-
sisting of the tool that embodies the technology as a material or physical
object, and (2) a software aspect, consisting of the information base for
the tool. For example, we often speak of (1) “computer hardware” con-
sisting of semiconductors, transistors, electrical connections, and the
metal frame to protect these electronic components, and (2) “computer
software” consisting of the coded commands, instructions, and other in-
formation aspects of this tool that allow us to use it to extend human ca-
pabilities in solving certain problems. Here we see an illustration of the
close relationship between a tool and the way it is used.

* This definition of technology as information is based upon Thompson (1967) and Eve-
land (1986), who stress the uncertainty-reduction aspect of technology, and thus the im-
portant role of information, a view of technology that has not been widely recognized.
Technology is information and transfer is a communication process, and so technology
transfer is the communication of information (Eveland, 1986).

Elements of Diffusion 13

The social embedding of the hardware aspects of a technology is usu-
ally less visible than its machinery or equipment, and so we often think
of technology mainly in hardware terms. Indeed, sometimes the hard-
ware side of a technology is dominant. But in other cases, a technology
may be almost entirely composed of information; examples are a politi-
cal philosophy like Marxism, a religious idea, a news event, a rumor,
assembly-line production, and quality circles. The diffusion of such soft-
ware innovations has been investigated, although a methodological prob-
lem in such studies is that their adoption cannot be so easily traced or
observed in a physical sense.

A number of new products involve a hardware component and a soft-
ware component, with the hardware purchased first so that the software
component can then be utilized. Examples are VCRs and videotapes,
cameras and film, and compact disc players and CDs. Often a company
will sell the hardware product at a relatively low price in order to capture
market share, and then sell the software at a relatively high price in or-
der to recover profits (Bayus, 1987). An example is the Nintendo game-
player, which is sold at a fairly low price (about $100), but with each
Nintendo video game sold at a relatively high price (about $60). This is
sometimes called a shaver-and-blades strategy.

Some innovations only have a software component, which means they
have a relatively lower degree of observability and thus a slowey rate of
innovation. Such idea-only innovations have seldom been studied by dif-
fusion scholars, perhaps because their spread is relatively difficult to
trace. kS ‘

Even though the software component of a technology is often not so
easy to observe, we should not forget that technology almost always rep-
resents a mixture of hardware and software aspects. According to our de-
finition, technology is a means of uncertainty reduction that is made
possible by information about the cause-effect relationships on which the
technology is based. This information often results from scientific R&D
activities when the technology is being developed. A technological inno-
vation usually has at least some degree of benefit for its potential adopters.
This advantage is not always very clear-cut, at least not to the intended
adopters. They are seldom certain that an innovation represents a supe-
rior alternative to the previous practice that it might replace.

So a technological innovation creates one kind of uncertainty (about
its expected consequences) in the mind of potential adopters, as well as
representing an opportunity for reduced uncertainty in another sense (re-
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duced by the information base of the tech‘nology). The lat;;e;dl ty}:le 'of ;t)}cl)(;
tential uncertainty reduction (from the 1nfonnatl'on erfrfxi e ! tlLle ne
technological innovation itself) represents the possible e c(:iacy (t) in-
novation in solving an individual’s percem?d problem; this advan agg P >
vides the motivation that impels an individual to exert .effort in or ir 0
Jearn about the innovation. Once such inforrflatl,on-seeklng activities ha :
reduced the uncertainty about the innovation’s expected‘ con(slequ‘encer
to a tolerable level for the individual, a decision corxc«?rm.n%‘1 a ;PE::}] zr
rejection will be made. If a new idea is useq by an 1nd1§ ual, ther
evaluative information about its effects is ol?tamed. Thus, tdc.e ni}novaﬁon-
decision process is essentially an inforx'm'ltlon—sgelong.an :ln torm::duce
processing activity in which the indlv%dua] is mOth?t(;l to r duce
uncertainty about the advantages and disadvantages of the innov

ter 5). .
(sesvglzl?fﬁi;uzsh two kinds of information in respect to a technological

innovation.

1. Software information, which is embodied in a tec}.\nology a.nd s;x:ves

" to reduce uncertainty about the cause-effect relationships in achiev-

ing a desired outcome. o o ]

2 In%wvation-eualuation information, which is the reduction in uncer
tainty about an innovation’s expected consequences.

The main questions that an individual t'ypic’z’d}y asks in re.zgard 1:(')9’ ’sorflté
ware information are, “What is the innovation?” “How does it vi/;r P a d
“Why does it work?” In contrast, an individual usually ?vants t(? ’ow Suc :
innovation-evaluation information as, “What are an mnovatlm}s consi
quences?” and “What will its advantages and disadvantages be in my sit-

uation?”

TECHNOLOGY CLUSTERS. An important conceptual and me'thOd'doglciil is-
sue is to determine the boundaries around a technologlcal ml[lovatons.
The practical problem is how to determine where o.ne mno'vataon s ogv
and another begins. If an innovation is an idea that is pe.rcelvle) a}s1 new,
this boundary between innovations ought to be d.etermlnedh oy t edpl())-
tential adopters who do the perceiving. In facF, this approach is dlixse " )j
diffusion scholars and by market researchers in positioning ngf es ef
scribed in Chapter 6). For example, a California study of thea] llixls(l(in f()o
recycling found that households that recycled .p.aper were 5(1) i ely to
recycle bottles and cans, although many families only recycled pap
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(Leonard-Barton and Rogers, 1980); presumably the two recycling be-
haviors represented two innovations that were part of an interrelated
cluster of recycling ideas. A technology cluster consists of one or more
distinguishable elements of technology that are perceived as being closely
interrelated. Some change agencies promote a package of innovations be-
cause they find that the innovations are thus adopted more rapidly. An
example of a technology cluster was the package of rice- or wheat-growing
innovations that led to the Green Revolution in the Third World coun-
tries of Latin America, Africa, and Asia. In addition to the so-called mir-
acle varieties of rice or wheat, the cluster included chemical fertilizers,
pesticides, and thicker planting of the seeds.

Past diffusion research has generally investigated each innovation as if
it were independent from other innovations. This is a dubious assump-
tion, in that an adopter’s experience with one innovation obviously influ-
ences that individual’s perception of the next innovation to diffuse
through the individual’s system. In reality, a set of innovations diffusing
at about the same time in a system are interdependent. It is much sim-
pler for diffusion scholars to investigate the spread of each innovation as
an independent event, but this is a distortion of reality.

CHARACTERISTICS OF INNOVATIONS. It should not be assumed, as it some-
times has in the past, that all innovations are equivalent units of analysis.
This assumption is a gross oversimplification. While consumer innova-
tions like mobile telephones or VCRs may require only a few years to
reach widespread adoption in the United States, other new ideas such as
the metric system or using seat belts in cars require decades to reach com-
plete use. The characteristics of innovations, as perceived by individuals,
help to explain their different rate of adoption.

1. Relative advantage is the degree to which an innovation is perceived
as better than the idea it supersedes. The degree of relative advantage
may be measured in economic terms, but social prestige, convenience,
and satisfaction are also important factors. It does not matter so much if
an innovation has a great deal of objective advantage. What does matter
is whether an individual perceives the innovation as advantageous. The
greater the perceived relative advantage of an innovation, the more rapid
its rate of adoption will be.

2. Compatibility is the degree to which an innovation is perceived as
being consistent with the existing values, past experiences, and needs of
potential adopters. An idea that is incompatible with the values and norms
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of a social system will not be adopted as rapidly as an innovation that is
compatible. The adoption of an incompatible innovation often requires
the prior adoption of a new value system which is relatively slow process.
An example of an incompatible innovation is the use of contraceptive
methods in countries where religious beliefs discourage use of family

planning, as in Moslem and Catholic nations. Previously in this chapter

we saw how the innovation of water boiling was incompatible with the

hot-cold complex in the Peruvian village of Los Molinas.

3. Complexity is the degree to which an innovation is perceived as dif-
ficult to understand and use. Some innovations are readily understood by
most members of a social system; others are more complicated and will
be adopted more slowly. For example, the villagers in Los Molinas did

not understand germ theory, which the health worker tried to explain to

them as a reason for boiling their drinking water. New ideas that are sim-

pler to understand are adopted more rapidly than innovations that re-
quire the adopter to develop new skills and understandings.
4. Trialability is the degree to which an innovation may be experi-

mented with on a limited basis. New ideas that can be tried on the in-

stallment plan will generally be adopted more quickly than innovations
that are not divisible. Ryan and Gross (1943) found that every one of their
Towa farmer respondents adopted hybrid seed corn by first trying itona

partial basis. If the new seed could not have been sampled experimen-

tally, its rate of adoption would have been much slower. An innovation

that is trialable represents less uncertainty to the individual who is con-
sidering it for adoption, as it is possible to learn by doing,

5. Observability is the degree to which the results of an innovation are
dividuals to see the results of an in-

visible to others. The easier itis for in
novation, the more likely they are to adopt it. Such visibility stimulates

peer discussion of a new idea, as friends and neighbors of an adopter of-

tion-evaluation information about it. Solar adopters of-

ten request innova
ten are found in neighborhood clusters in California, with three or four

he same block. Other consumer innovations like

adopters located on t
home computers are relatively less observable, and thus diffuse more

slowly.
Innovations that are perceived by individuals as having greater rela-

tive advantage, compatibility, trialability, observability, and less complex-
ity will be adopted more rapidly than other innovations. Past research
indicates that these five qualities are the most important characteristics
of innovations in explaining the rate of adoption.
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through which one individual communicates a new idea to one or several
(1) an innova-

others. At its most elementary form, the process involves
tion, (2) an individual or other unit of adoption that has knowledge of the
innovation or experience with using it, (3) another individual or other unit
that does not yet have experience with the innovation, and (4) a commu-
nication channel connecting the two units. A communication channel is
the means by which messages get from one individual to another. The na-
ture of the information-exchange relationship between a pair of individ-
uals determines the conditions under which a source will or will not
transmit the innovation to the receiver, and the effect of the transfer.
Mass media channels are often the most rapid and efficient means to
inform an audience of potential adopters about the existence of an inno-
vation, that is, to create awareness-knowledge. Mass media channels are
all those means of transmitting messages that involve a mass medium,
such as radio, television, newspapers, and so on, which enable a source

of one or a few individuals to reach an audience of many. On the other
ffective in persuading an indi-

hand, interpersonal channels are more €
vidual to accept a new idea, especially if the interpersonal channel links
two or more individuals who are similar in socioeconomic status, educa-

tion, or other important ways. Interpersonal channels involve a face-to-
face exchange between two or more individuals.

Diffusion investigations show that most individuals do not evaluate an

innovation on the basis of scientific studies of its consequences, although

such objective evaluations are not entirely irrelevant, especially to the
very first individuals who adopt. Instead, most people depend mainly
upon a subjective evaluation of an innovation that is conveyed to them

from other individuals like themselves who have previously adopted the

innovation. This dependence on the experience of near peers suggests

that the heart of the diffusion process consists of the modeling and imi-
tation by potential adopters of their network partners who have adopted
previously. So diffusion is a very social process (see Chapter 8)-

HETEROPHILY AND DIFFUSION. An obvious principle of human communi-
cation is that the transfer of ideas occurs most frequently between two
individuals who are similar, or homophilous. Homophily® is the degree

were first called to scientific attention by
e opposite of homophily, is defined as the
t are different in certain attributes.

-
« This concept and its opposite, heterophily,
Lazarsfeld and Merton (1964). Heterophily. thy
degree to which two or more individuals who interac
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3. Time

Time is a third element in the diffusion process. Much other behavioral
science research is timeless in the sense that the time dimension is sim-
ply ignored. The inclusion of time as a variable in diffusion research is
one of its strengths, but the measurement of the time dimension (often
by means of the respondents” recall) can be criticized (Chapter 3). The
time dimension is involved in diffusion (1) in the innovation-decision
process by which an individual passes from first knowledge of an innova-
tion through its adoption or rejection, (2) in the innovativeness of an in-
dividual or other unit of adoption—that is, the relative earliness/lateness
with which an innovation is adopted—compared with other members of
a system, and (3) in an innovation’s rate of adoption in a system, usually
measured as the number of members of the system that adopt the inno-
vation in a given time period.

/THE INNOVATION-DECISION PROCESS. The innovation-decision process is
the process through which an individual (or other decision-making unit)
passes from first knowledge of an innovation to forming an attitude to-
ward the innovation, to a decision to adopt or reject, to implementation
and use of the new idea, and to confirmation of this decision. We
conceptualize five main steps in the innovation-decision process: (1)
knowledge, (2) persuasion, (3) decision, (4) implementation, and (5)
confirmation. Knowledge occurs when an individual (or other decision-
making unit) learns of the innovation’s existence and gains some under-
standing of how it functions. Persuasion occurs when an individual (or
other decision-making unit) forms a favorable or unfavorable attitude to-
ward the innovation. Decision occurs when an individual (or other
decision-making unit) engages in activities that lead to a choice to adopt
or reject the innovation. Implementation occurs when an individual (or
other decision-making unit) puts an innovation into use. Re-invention is
especially likely to occur at the implementation stage. Confirmation oc-
curs when an individual (or other decision-making unit) seeks reinforce-
ment of an innovation-decision that has already been made, but the
individual may reverse this previous decision if exposed to conflicting
messages about the innovation.

Previously we stated that the innovation-decision process is an infor-
mation-seeking and information-processing activity in which an individ-
ual obtains information in order to decrease uncertainty about the
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innovation. At the knowledge stage, an individual mainly seeks software
information that is embodied in the technological innovation, informa-
tion that reduces uncertainty about the cause-effect relationships in-
volved in the innovation’s capacity to solve an individual’s problem. At this
stage the individual wants to know what the innovation is and how and
why it works. Mass media channels can effectively transmit such software
information.

But increasingly at the persuasion stage, and especially at the decision
stage, an individual seeks innovation-evaluation information in order to
reduce uncertainty about an innovation’s expected consequences. Here
an individual wants to know the innovation’s advantages and disadvan-
tages in his or her own situation. Interpersonal networks with near-peers
are particularly likely to convey such evaluative information about an in-
novation. Subjective evaluations of a new idea from other individuals are
especially likely to influence an individual at the decision stage, and per-
haps at the confirmation stage. Ep

The innovation-decision process can lead to either adoption, a deci-
sion to make full use of an innovation as the best course of action avail-
able, or to rejection, a decision not to adopt an innovation. Such decisions
can be reversed at a later point; for example, discontinuance is a decision
to reject an innovation after it has previously been adopted. Discontinu-
ance may occur because an individual becomes dissatisfied with an in-
novation, or because the innovation is replaced with an improved idea. It
is al.s¢') possible for an individual to adopt an innovation after a previc;us
fiecmon to reject it. Such later adoption and discontinuance occur dur-
ing the confirmation stage of the innovation-decision process.

The innovation-decision process involved time in the sense that the
five steps usually occur in a time-ordered sequence of knowledge, per-
suasion, decision, implementation, and confirmation. Exceptions to the
usual sequence of the five stages may occur, such as when the decision
stage precedes the persuasion stage. The innovation-decision period is
the length of time required to pass through the innovation-decision
process.

The present discussion of the innovation-decision process is main}
at t'he level of a single individual, and thus to the case of individual)-]
optional innovation-decisions. But many innovation-decisions are made
b?' organizations or other types of adopting units, rather than by indi-
Vldu:als. For example, an organization may decide to implement an elec-
tronic mail system on the basis of a staff decision or an official’s authority
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decision; the individual office worker in the organization may have little
or no say in the innovation-decision. When an innovation-decision is
made by a system, rather than by an individual, the decision process is
more complicated because a number of individuals are involved (see
Chapter 10).

So time is an important dimension in the innovation-decision process.

e
7

’

INNOVATIVENESS AND ADOPTER CATEGORIES. Innovativeness is the degree
to which an individual or other unit of adoption is relatively earlier in
adopting new ideas than the other members of a system. Rather than de-
scribing an individual as “less innovative than the average member of a
social system,” it is handier and more efficient to refer to the individual
as being in the “late majority” or in some other adopter category. This
short-hand notation saves words and contributes to clearer understand-
ing. Diffusion research shows that members of each of the adopter cate-
gories have a good deal in common. If the individual is like most others
in the late majority category, he or she is of low social status, makes little
use of mass media channels, and learns about most new ideas from peers
via interpersonal channels. In a similar manner, we shall present a con-
cise word picture of each of the other four adopter categories (in Chap-
ter 7). Adopter categories, the classifications of members of a social
system on the basis of innovativeness, include: (1) innovators, (2) early
adopters, (3) early majority, (4) late majority, and (5) laggards.

Innovators are active information-seekers about new ideas. They have
a high degree of mass media exposure and their interpersonal networks
extend over a wide area, reaching outside of their local system. Innova-
tors are able to cope with higher levels of uncertainty about an innova-
tion than are other adopter categories. As the first to adopt a new idea in
their system, they cannot depend upon the subjective evaluations of the
innovation from other members of their system.

The measure of innovativeness and the classification of a system’s
members into adopter categories are based upon the relative time at
which an innovation is adopted.

RATE OF ADOPTION. There is a third specific way in which the time di-
mension is involved in the diffusion of innovations. The rate of adoption
is the relative speed with which an innovation is adopted by members of
a social system. When the number of individuals adopting a new idea is
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plotted on a cumulative frequency basis over time, the resulting distrib-
ution is an S-shaped curve. At first, only a few individuals adopt the in-
povation in each time period (such as a year or a month, for example);
these are the innovators. But soon the diffusion curve begins to climb, as
more and more individuals adopt in each succeeding time period. Even-
tually, the trajectory of adoption begins to level off, as fewer and fewer
individuals remain who have not yet adopted the innovation. Finally, the
S-shaped curve reaches its asymptote, and the diffusion process is fin-
ished.

U ( Most innovations have an S-shaped rate of adoption. But there is vari-

ation in the slope of the “S” from innovation to innovation; some new
ideas diffuse relatively rapidly and the S-curve is quite steep. Other in-
novations have a slower rate of adoption, and the S-curve is more grad-
val, with a slope that is relatively lazy. One issue addressed by diffusion
research is why some innovations have a rapid rate of adoption, while oth-
ers are adopted more slowly (see Figure 1-1).

\/f The rate of adoption is usually measured by the length of time required

for a certain percentage of the members of a system to adopt an innova-
tion. Therefore, we see that the rate of adoption is measured using an in-
novation in a system, rather than an individual, as the unit of analysis.
Innovations that are perceived by individuals as possessing greater rela-
tive advantage, compatibility, and the like, have a more rapid rate of adop-
tion (as discussed previously).

There are also differences in the rate of adoption for the same inno-
vation in different social systems. Many aspects of diffusion cannot be ex-
plained by just individual behavior. The system has a direct effect on
diffusion through its norms and other system-level qualities, and also has
an indirect influence through its individual members.

4. A Social System

f\ social system is defined as a set of interrelated units that are engaged
in joint problem-solving to accomplish a common goal. The members or
units of a social system may be individuals, informal groups, organiza-
tions, and/or subsystems. The system analyzed in a diffusion study may
consist of all the peasant families in a Peruvian village, medical doctors
ina hospital, or all the consumers in the United States. Each unit in a so-
cial system can be distinguished from other units. All members cooper-
ate at least to the extent of seeking to solve a common problem in order
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to reach a mutual goal. This sharing of a common objective binds the sys-
tem together.

Diffusion occurs within a social system. The social structure of the sys-
tem affects the innovation’s diffusion in several ways. The social system

.~ constitutes a boundary within which an innovation diffuses. Here we deal

AN

with how the system’s social structure affects diffusion, the effect of
norms on diffusion, the roles of opinion leaders and change agents, types
of innovation-decisions, and the consequences of innovation. These is-
sues involve relationships between the social system and the diffusion
process that occurs within it.

SOCIAL STRUCTURE AND DIFFUSION. To the extent that the units in a social
system are not all identical in their behavior, structure exists in the sys-
tem. We define structure as the patterned arrangements of the units in a
system. This structure gives regularity and stability to human behavior in
a system; it allows one to predict behavior with some degree of accuracy.
Thus, structure represents one type of information, in that it decreases
uncertainty. An illustration of this predictability is provided by structure
in a bureaucratic organization like a government agency; there is a well-
developed social structure in such a system, consisting of hierarchical po-
sitions, giving officials in higher-ranked positions the right to issue orders
to individuals of lower rank. They expect their orders to be carried out.
Such patterned social relationships among the members of a system con-
stitute social structure, one type of structure.

In addition to this formal structure among the units in a social system,

informal type of structure also exists in the interpersonal networks link-
ing a system’s members, determining who interacts with whom and un-
der what circumstances. We define such communication structure as the
differentiated elements that can be recognized in the patterned com-
munication flows in a system. Previously we defined homophily as the de-
gree to which two or more individuals in a system talk with others who
are similar to themselves. A communication structure is thus often cre-
ated in a system in which homophilous sets of individuals are grouped to-
getherin cliques. A complete lack of communication structure in a system
would be represented by a situation in which each individual talked with
equal probability to each other member of the system. Such a situation
might occur when a set of complete strangers first come together. How-
ever, regularized patterns soon begin to occur in the communication net-
work of the system. These aspects of communication structure predict,
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in part, the behavior of individual members of the social system, includ-
ing when they adopt an innovation.

/. The structure of a social system can facilitate or impede the diffusion
A\
o

J

f innovations in a system. The impact of the social structure on diffusion
is of special interest to sociologists and social psychologists, and the way
in which the communication structure of a system affects diffusion is a

icularly interesting topic for communication scholars. Katz (1961) re-
marked, “It is as unthinkable to study diffusion without some knowledge
of the social structures in which potential adopters are located as it is to
study blood circulation without adequate knowledge of the veins and ar-
teries.”

Compared with other aspects of diffusion research, however, there
have been relatively few studies of how the social or communication
structure affects the diffusion and adoption of innovations in a system. It
is a rather tricky business to untangle the effects of a system’s structure
on diffusion, independent from the effects of the characteristics of indi-
viduals that make up the system. Consider an illustration of system ef-
fects, the influences of the structure and/or composition of a system on
the behavior of the members of the system. An example is provided by a
study of the diffusion of family planning in Korea (Rogers and Kincaid,
1981). Two Korean women are both illiterate, married, have two children,
and are twenty-nine years of age. The husbands of both women are high
school graduates, with farms of five acres. One might expect that both
women would be about equally likely, or unlikely, to adopt a contracep-
tive method.

But the women are different in one crucial respect: They live in dif-
ferent villages, one in Village A and one in Village B. The rate of adop-
tion of family planning methods is 57 percent in Village A, and only 26
percent in Village B. The social and communication structures of these
two villages are quite different regarding the diffusion of contraceptives,
even though these innovations had been promoted equally in both vil-
lages by the national family planning program in Korea. We predict that
the woman in Village A is more likely to adopt a contraceptive method
than her counterpart in Village B because of system effects: Mrs. As
friends and neighbors are more likely to encourage her to adopt since
they themselves have adopted, and the village leaders in Village A are es-
pecially committed to family planning, while in Village B they are not.

This example shows how a system’s structure can effect the diffusion
and adoption of innovations, over and above the effect of such variables




26 Diffusion of Innovations

as the individual characteristics of the members of the system. Individ-
ual innovativeness is affected both by individuals’ characteristics, and by
the nature of the social system in which the individuals are members.

SYSTEM NORMS AND DIFFUSION. The Korean investigation by Rogers and
Kincaid (1981) also illustrates the importance of village norms in affect-
ing the rate of adoption of innovations. For example, this study of twenty-
four villages found large differences from village to village, both in the
level of adoption of family planning and in the adoption of particular types
of family planning methods. One village had 51 percent adoption of the
IUD (intrauterine device) and only one vasectomy adopter. Another vil-
lage had 23 percent adoption of vasectomy. Yet another was a “pill vil-
lage” in which all the adopters chose to use contraceptive pills. These
differences were not due to the nature of the national family planning
program in Korea, which promoted the same “cafeteria” of contraceptive
methods in all villages for ten years prior to our data-gathering. The main
explanation for the different contraceptive behavior from village to vil-
lage was these systems” norms.

Norms are the established behavior patterns for the members of a so-
cial system. They define a range of tolerable behavior and serve as a guide
or a standard for the members’ behavior in a social system. The norms of
a system tell an individual what behavior is expected.

< A system’s norms can be a barrier to change, as in the example of wa-
ter-boiling in a Peruvian community. Such resistance to new ideas is of-
ten found in norms on food habits. In India, for example, sacred cows
roam the countryside while millions of people are malnourished. Pork is
not consumed by Moslems and Jews. Polished rice is eaten in most of
Asia and the United States, even though whole rice is more nutritious.
These are examples of cultural and religious norms. Norms can operate
at the level of a nation, a religious community, an organization, or a local

system like a village.

¥ OPINION LEADERS AND CHANGE AGENTS. The most innovative member ofa
system is very often perceived as a deviant from the social system, and is
accorded a somewhat dubious status of low credibility by the average
members of the system. This individual’s role in diffusion (especially in
persuading others about the innovation) is therefore likely to be limited.
Other members of the system function as opinion leaders. They provide
information and advice about innovations to many in the system.
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.. Opinion leadership is the degree to which an individual is able to in-
!luence other individuals” attitudes or overt behavior informally in a de-
sired way with relative frequency. This informal leadership is not a
function of the individual's formal position or status in the system. Opin-
jon leadership is earned and maintained by the individual’s technical com-
petence, social accessibility, and conformity to the system’s norms. When
the social system is oriented to change, the opinion leaders are quite in-
novative; but when the system’s norms are opposed to change, the be-
havior of the leaders also reflects this norm. By their close conf(;rmity to
the system’s norms, opinion leaders serve as an apt model for the inno-
vation behavior of their followers. Opinion leaders thus exemplify and ex-
press the system’s structure.

\/<e Any system may have both innovative opinion leaders and also lead-

rs who oppose change. Influential persons can lead in the spread of new
ideas, or they can head an active proposition. When opinion leaders are
compared with their followers, they (1) are more exposed to all forms of
external communication, and thus are more cosmopolite, (2) have some-
what higher social status, and (3) are more innovative (although the ex-
act degree of innovativeness depends, in part, on the system’s norms).
'.I‘he most striking characteristics of opinion leaders is their unique and
influential position in their system’s communication structure: They are
at the center of interpersonal communication networks. A communica-
tion network consists of interconnected individuals who are linked by
patterned flows of information. The opinion leader’s interpersonal net-
works allow him or her to serve as a social model whose innovative be-
ha‘lvior is imitated by many other members of the system. The respect
.w1th which the opinion leader is held can be lost, however, if an opin-
ion leader deviates too far from the norms of the system. Oi)inion lgad-
ers can be “worn out” by change agents who overuse them. Opinion
lsl::g;elrs ﬁnay be perceived by their peers as too much like the profes-
Tome :f(z)alrll(;gviearg:nts and may therefore lose their credibility with their
2 Opinion leaders are members of the social system in which they ex-
ert their influence. In some instances individuals with influence in the so-

: galthsystem are professionals represent change agencies external
vl e system, ﬁ : change agent js“an individual who influences clients’
.4 innovation-de inadiréction deemed desirable by a change agency.

§ The change agent usually seeks to obtain the adoption of new ideas, but
Pay also attempt to slow down diffusion and prevent the adoption of un-




28  Diffusion of Innovations

desirable innovations. Change agents use opinion leaders in a social sys-
tem as their lieutenants in diffusion campaigns.

Change agents are often professionals with a university degree in a
technical field. This professional training, and the social status that goes
with it, usually means that change agents are heterophilous from their
typical clients, thus posing problems for effective communication about
the innovations that they are promoting. Many change agencies employ
change agent aides. An aide is a less than fully professional change agent
who intensively contacts clients to influence their innovation-decisions.
Aides are usually homophilous with the average client, and thus provide
one means of bridging the heterophily gap frequently found between pro-
fessional change agents and their client audience.

TYPES OF INNOVATION-DECISIONS. The social system has yet another im-
portant kind of influence in the diffusion of new ideas. Innovations can
be adopted or rejected (1) by an individual member of a system, or (2)
by the entire social system, which can decide to adopt an innovation by
a collective or an authority decision.

1. Optional innovation-decisions are choices to adopt or reject an in-
novation that are made by an individual independent of the decisions of
the other members of the system. Even in this case, the individual’s de-
cision may be influenced by the norms of the system and by interpersonal
networks. The decision of an individual housewife in Los Molinas to
adopt or reject boiling water was an optional innovation-decision, al-
though this choice was influenced by community-level factors, like the
hot-cold complex. The distinctive aspect of optional innovation-decisions
is that the individual is the unit of decision making, rather than the social
system.

The classical diffusion model evolved out of early diffusion investiga-
tions of optional innovation-decisions: The diffusion of hybrid corn
among lowa farmers, the spread of a new antibiotic drug among med-
ical doctors, and the like. In more recent decades, however, the scope
of the diffusion paradigm included collective and authority innovation-
decisions.

9. Collective innovation-decisions are choices to adopt or reject an in-
novation that are made by consensus among the members of a system.
All of the units in the system usually must conform to the system’s deci-
sion once it is made. For example, in Southern California, all organiza-
tions employing more than 100 workers are required by a state law to
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gradually increase the average number of riders per vehicle over a five-

period, or else pay a stiff fine. The purpose is to reduce traffic con-
gestion in Los Angeles, and thus to cut down on the smog caused by
vehicle emissions. A work organization may choose to raise parking fees,
encourage the use of mass transportation, or to provide car pools and van
pools to employees. Freedom of choice is allowed the individual as long
as the goal of reducing the number of commuter vehicles is served.

3. Authority innovation-decisions are choices to adopt or reject an in-
novation that are made by a relatively few individuals in a system who
possess power, status, or technical expertise. The individual member of
the system has little or no influence in the authority innovation-decision;
he or she simply implements the decision. For instance, the president of
alarge U.S. computer corporation some years ago decided that all male
employees should wear a white shirt, conservative necktie, and a dark
suit; this authority decision had to be followed by every man who worked
for the computer company.

"~ These three types of innovation-decisions range on a continuum from
“optional decisions (where the adopting individual has almost complete
* responsibility for the decision), through collective decisions (where the
individual has a say in the decision), to authority decisions (where the
adopting individual has no influence in the innovation-decision). Collec-
ive and authority decisions are much more common than optional deci-
jons in formal organizations, such as factories, schools, or government
organizations, in comparison with other fields like agriculture and con-
sumer behavior, where most innovation-decisions by farmers and con-
sumers are optional.

Generally, the fastest rate of adoption of innovations results from au-
t%]ority decisions (depending, of course, on how innovative the authori-
ties are). Optional decisions can usually be made more rapidly than
collective decisions. Although made more rapidly, authority decisions
may be circumvented during their implementation.

\/ The type of innovation-decision for a given idea may change or be
changed over time. Automobile seat belts, during the early years of their
use, were installed in autos as optional decisions by the car’s owner, who
had to pay for the cost of installation. Then, in 1966, a federal lav’v was
Ppassed requiring that seat belts be included in all new cars in the United

] §tates. An optional innovation-decision thus became a collective deci-
Sion. But the decision by a driver or passengers to fasten the belts when

- in the car was still an optional decision—that is, except for 1974 model
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cars, which a federal law required to be equipped with a seat belt-
ignition interlock system that prevented the driver from starting the
engine until everyone in the auto’s front seat had fastened their seat
belts. So for one year, the decision to fasten seat belts became a collec-
tive authority-decision. The public reaction to this draconian approach
was so negative that the U.S. Congress reversed the law, and the fas-
tening of auto seat belts again became an individual-optional decision.
Then, during the 1980s, many states passed laws requiring seat belt
use; if the police apprehend someone not using a seat belt, they issue a
traffic citation.

There is yet a fourth type of innovation-decision that is a sequential
combination of two or more of the three types we just discussed. Con-
tingent innovation-decisions are choices to adopt or reject that can be
made only after a prior innovation-decision. For example, an individual
member of a social system may be free to adopt or not adopt a new idea
only after his/her system’s innovation-decision. In the example just dis-
cussed, until the 1966 law (a collective innovation-decision by elected leg-
islators representing the public), it was difficult for a vehicle owner to
make an optional decision to install seat belts.

One can imagine other types of contingent innovation-decisions in
which the first decision is of an authority sort followed by a collective de-
cision. The distinctive aspect of contingent decision making is that two
(or more) tandem decisions are required; either of the decisions may be

optional, collective, or authority.

\\J The social system is involved directly in collective, authority, and con-

tingent innovation-decisions.

CONSEQUENCES OF INNOVATIONS. A social system is involved in an innova-
tion’s consequences because certain of these changes occur at the system
level, in addition to those that affect the individual (Chapter 11).

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. There are

at least three classifications of consequences:

1. Desirable versus undesirable consequences, depending on whether
the effects of an innovation in a social system are functional or dys-

functional.

2. Direct versus indirect consequences, depending on whether the
changes to an individual or to a social system occur in immediate re-
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sponse to an innovation or as a second-order result of the direct con-
sequences of an innovation.

3. Anticipated versus unanticipated consequences, depending on
whether the changes are recognized and intended by the members of
a social system or not.

Change agents ysually introduce innovations into a client system that
they expect will have consequences that will be desirable, direct, and an-
ticipated. But often such innovations result in at least some unanticipated
consequences that are indirect and undesirable for the system’s mem-
bers. For instance, the steel ax was introduced by missionaries to an Aus-
tralian aborigine tribe (Sharp, 1952). The change agents intended that
the new tool would raise levels of living and material comfort for the tribe.
But the new technology also led to a breakdown in family structure, the
rise of prostitution, and “misuse” of the innovation itself. Change agents
can often anticipate and predict an innovation’s form, the directly ob-
servable physical appearance of the innovation, and perhaps its function

the contribution of the idea to the way of life of the system’s members.
But seldom are change agents able to predict an innovation’s meam‘ng'
the subjective perceptions of the innovation by the clients. ’

Diffusion of Hybrid Corn in Iowa

jl'he Ryan and Gross (1943) study of the diffusion of hybrid seed corn in Iowa
isthe most influential diffusion study. The hybrid comn investigation includes
each of the four main elements of diffusion that we have just discussed, and
serves to illustrate these elements. ,
The innovation of hybrid corn was one of the most important new agri-
cultural technologies when it was released to Iowa farmers in 1928. The new
seed ushered in a whole set of agricultural innovations in the 1930s through
the 1?505 that amounted to an agricultural revolution in farm productivity.
Hybnd seed was developed by agricultural scientists at Iowa State Univer-
sity and at other state land-grant universities. The diffusion of hybrid seed
was heavily promoted by the Iowa Agricultural Extension Service and by
salesman from seed corn companies. Hybrid corn yielded about 20 percent
more per acre than the open-pollinated varieties that it replaced. It was also

m .
ore drought-resistant and better suited to harvesting with mechanical
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corn-pickers. The seed lost its hybrid vigor after the first generation, so farm-
ers had to purchase hybrid seed each year. Previously farmers had saved
their own seed, selected from their best-looking corn plants. The adoption
of hybrid corn meant that an Iowa farmer had to make important changes
in his corn-growing behavior.

When Bryce Ryan, fresh from his Ph.D. studies at Harvard University,
arrived at Iowa State University in 1939, he chose hybrid corn as the inno-
vation of study in his investigation of social factors in economic decisions.
This interest drew him to study how an Iowa farmer’s social relationships
with his neighbors influenced the individual’s decision to adopt hybrid corn.
Ryan had read anthropological work on diffusion while he was at Harvard,
so he cast his Iowa study of hybrid corn in a diffusion framework. But un-
like the qualitative methods used in anthropological studies of diffusion, the
ITowa investigation mainly utilized quantitative data from survey interviews
with Iowa farmers about their adoption of hybrid corn seed.

In the summer of 1941, Neal Gross, a new graduate student in rural so-
ciology, was hired as a research assistant on the hybrid corn diffusion proj-
ect. Ryan and Gross selected two small lowa communities located west of
Ames, and proceeded to interview personally all of the farmers living in these
two systems. Using a structured questionnaire, Neal Gross, who did most of
the data gathering, interviewed each respondent as to when he decided to
adopt hybrid corn (the year of adoption was to become the main dependent
variable in the data analysis), the communication channels used at each stage
in the innovation-decision process, and how much of the farmer’s com
acreage was planted in hybrid (rather than open-pollinated seed) each year.
In addition to these recall data about the innovation, the two rural sociolo-
gists also asked each respondent about his formal education, age, farm size,
income, travel to Des Moines and other cities, readership of farm magazines,
and other variables that were later correlated with innovativeness (measured
as the year in which each farmer decided to adopt hybrid corn).

Neal Gross was from an urban background, and initially felt somewhat
uncomfortable interviewing Iowa farmers. Someone in Ames told Gross that
farm people got up very early in the morning, so on his first day of survey
data gathering, he arrived at a respondent’s home at 6:00 aM, while it was
still half-dark. By the end of the day, Gross had interviewed twenty-one re-
spondents, and he averaged an incredible fourteen interviews per day for
the entire study! Today, a survey interviewer who averages four interviews
per day is considered hard-working. During one personal interview, an Iowa

o

,| innovation with spectacular results. The average respondent took three or
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farmer asked Gross for advice about controlling horse nettles. Gross had
pever heard of horse nettles. He told the farmer that he should call a vet-
erinarian to look at his sick horse (horse nettles are a kind of noxious weed).

Neal Gross personally interviewed 345 farmers in the two Iowa commu-
nities, but twelve farmers operating less than twenty acres were discarded
from the data analysis, as were seventy-four respondents who started farm-
ing after hybrid corn began to diffuse. Thus, the data analysis was based on
259 respondents.

When all the data were gathered, Ryan and Gross coded the farmers’ in-
terview responses into numbers. The diffusion researchers analyzed the data
by hand tabulation and with a desk calculator (computers were not available
for data analysis until some years later). Within a year, Neal Gross (1942)
completed his Master’s thesis on the diffusion of hybrid corn, and shortly
thereafter Ryan and Gross (1943) published their research findings in the
journal, Rural Sociology (this article is the most widely cited publication
from the study, although there are several others).

All but two of the 259 farmers had adopted hybrid corn between 1928
and 1941, a rather rapid rate of adoption. When plotted cumulatively on a
year-by-year basis, the adoption rate formed an S-shaped curve over time.
After the first five years, by 1933, only 10 percent of the Iowa farmers had
adopted. Then, the adoption curve “took off,” shooting up to 40 percent
adoption in the next three years (by 1936). Then the rate of adoption lev-
eled off as fewer and fewer farmers remained to adopt the new idea.

Farmers were assigned to adopter categories on the basis of when they
adopted the new seed (Gross, 1942). Compared to later adopters, the inno-
vators had larger-sized farms, higher incomes, and more years of formal ed-
ucation. The innovators were more cosmopolite, as measured by their
number of trips to Des Moines (Iowa’s largest city, located about seventy-
five miles away).

Although hybrid corn was an innovation with a high degree of relative ad-
vantage over the open-pollinated seed that it replaced, the typical farmer
moved slowly from awareness-knowledge of the innovation to adoption. The
innovation-decision period from first knowledge to the adoption-decision av-
eraged about nine years for all respondents, a finding that the innovation-
decision process involved considerable deliberation, even in the case of an

four years after planting his first hybrid seed, usually on a small trial plot, be-
fore deciding to plant 100 percent of his corn acreage in hybrid varieties.
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Communication channels played different roles at various stages in the
innovation-decision process. The typical farmer first heard of hybrid seed
from a salesman, but neighbors were the most frequently cited channel lead-
ing to persuasion. Salesmen were more important channels for earlier
adopters, and neighbors were more important for later adopters. The Ryan
and Gross (1943) findings suggested the important role of interpersonal net-
works in the diffusion process in a system. The farmer-to-farmer exchange
of their personal experiences with hybrid seed was at the heart of diffusion.
When enough such positive experiences were accumulated by the innova-
tors and early adopters, and exchanged with other farmers in the commu-
nity, the rate of adoption took off. This threshold for hybrid corn occurred
in 1935. After that point, it would have been impossible to halt the further
diffusion of hybrid corn. The farm community as a social system, including
the networks linking the individual farmers within it, was a crucial element
in the diffusion process.

In order to understand the role of diffusion networks and opinion lead-
ership, Ryan and Gross (1943) should have asked sociometric questions® of
their respondents, such as, “From which other farmers have you obtained
information about hybrid corn?” The sample design, which consisted of a
complete enumeration in two communities, would have made the use of so-
ciometric questions appropriate. But “information was simply collected from
all community members as if they were unrelated respondents in a random
sample” (Katz and others, 1963).

Even without sociometric data about diffusion networks, Ryan and Gross
(1943) sensed that hybrid corn spread in the two Iowa communities as a kind
of social snowball: “There is no doubt but that the behavior of one individ-
ual in an interacting population affects the behavior of his fellows. Thus, the
demonstrated success of hybrid seed on a few farms offers new stimulus to
the remaining ones.” The two rural sociologists intuitively sensed what later
diffusion scholars were to gather more detailed evidence to prove: That the
heart of the diffusion process consists of interpersonal network exchanges
and social modeling between those individuals who have already adopted an
innovation and those who are then influenced to do so. Diffusion is funda-
mentally a social process.

* Sociometry is a means of obtaining and analyzing quantitative data about commu-
nication patterns among the individuals in a system by asking each individual to whom
he or she is linked.
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<" study of the invisible college of rural sociologists investigating diffusion
“as of the mid-1960s identified the researchers who first utilized a new con-
;cept and/or methodological tool in studying diffusion (Crane, 1972). Ryan
and Gross launched fifteen of the eighteen most widely used intellectual in-

* hovations in the rural sociology diffusion research tradition. So Bryce Ryan
and Neal Gross played key roles in forming the classical diffusion paradigm.
The hybrid corn study has left an indelible stamp on the history of diffusion
research.

This case illustration is based on Ryan and Gross (1943), Gross (1942), Ryan and Gross (1950),
and Valente and Rogers (1994).

Summary

Diffusion is the process by which an innovation is communicated through
certain channels over time among the members of a social system. Dif-
fusion is a special type of communication concerned with the spread of
messages that are perceived as new ideas. Communication is a process in
which participants create and share information with one another in or-
der to reach a mutual understanding. Diffusion has a special character
because of the newness of the idea in the message content. Thus some
degree of uncertainty is involved in the diffusion process. An individual
can reduce the degree of uncertainty by obtaining information. Infor-
mation is a difference in matter-energy that affects uncertainty in a situ-
ation where a choice exists among a set of alternatives.

The main elements in the diffusion of new ideas are: (1) an innova-
tion, (2) which is communicated through certain channels, (3) over time,
(tl) among the members of a social system. An innovation is an idea, prac-
tice, or object perceived as new by an individual or other unit of adop-
tion. Almost all of the new ideas discussed in this book are technological
innovations. A technology is a design for instrumental action that reduces
the‘uncertainty in the cause-effect relationships involved in achieving a
desired outcome. Most technologies have two components: (1) hardware,
consisting of the tool that embodies the technology as a material or phys-
fcal object, and (2) software, consisting of the knowledge base for the tool.
The software information embodied in a technology serves to reduce one
type of uncertainty, that concerned with the cause-effect relationships in-
volved in achieving a desired outcome. But a technological innovation
also creates another kind of uncertainty because of its newness to the in-
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dividual, and motivates him or her to seek information by means of which
the new idea can be evaluated. This innovation-evaluation information
leads to a reduction in uncertainty about an innovation’s expected con-
sequences.

The characteristics of an innovation, as perceived by the members of
a social system, determine its rate of adoption. Five attributes of innova-
tions are: (1) relative advantage, (2) compatibility, (3) complexity, (4) tri-
alability, and (5) observability.

[ W%t‘}m degree to which an innovation is changed or mod-
ified-by-a-user inthe process of its adoption and implementation.

A communication channel is the means by which messages get from
one individual to another. Mass media channels are more effective in cre-
ating knowledge of innovations, whereas interpersonal channels are more
effective in forming and changing attitudes toward a new idea, and thus
in influencing the decision to adopt or reject a new idea. Most individu-
als evaluate an innovation, not on the basis of scientific research by ex-
perts, but through the subjective evaluations of near-peers who have
adopted the innovation. These near-peers thus serve as role models,
whose innovation behavior tends to be imitated by others in their system.

Another distinctive aspect of diffusion as a subfield of communication
is that some degree of heterophily is present. Heterophily is the degree
to which two or more individuals who interact are different in certain at-
tributes, such as beliefs, education, social status, and the like. The oppo-
site of heterophily is homophily, the degree to which two or more
individuals who interact are similar in certain attributes. Most human
communication takes place between individuals who are homopbhilous, a

situation that leads to more effective communication. Therefore, the het-
erophily that is often present in the diffusion of innovations leads to spe-
cial problems in securing effective communication.

Time is involved in diffusion in (1) the innovation-decision process, (2)
innovativeness, and (3) an innovation’s rate of adoption. The innovation-
decision process is the mental process through which an individual (or
other decision-making unit) passes from first knowledge of an innovation
to forming an attitude toward the innovation, to a decision to adopt or re-
ject, to implementation of the new idea, and to confirmation of this de-
cision. We conceptualize five steps in this process: (1) knowledge, (2)
persuasion, (3) decision, (4) implementation, and (5) confirmation. Anin-
dividual seeks information at various stages in the innovation-decision
process in order to decrease uncertainty about an innovation’s expected
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consequences. The decision stage leads (1) to adoption, a decision to
make full use of an innovation as the best course of action available, or
(2) to rejection, a decision not to adopt an innovation.

Innovativeness is the degree to which an individual or other unit of
adoption is relatively earlier in adopting new ideas than other members
of a social system. We specify five adopter categories, classifications of the
members of a social system on the basis of their innovativeness: (1) in-
novators, (2) early adopters, (3) early majority, (4) late majority, and (5)

ards. Rate of adoption s the relative speed with which an innovation
is adopted by members of a social system.

A social system is a set of interrelated units that are engaged in joint

roblem-solving to accomplish a common goal. A system has structure,
defined as the patterned arrangements of the units in a system, which
gives stability and regularity to individual behavior in a system. The so-
cial and communication structure of a system facilitates or impedes the
diffusion of innovations in the system.

Norms are the established behavior patterns for the members of a so-
cial system. Opinion leadership is the degree to which an individual is
able to influence informally other individuals” attitudes or overt behavior
in a desired way with relative frequency. A change agent is an individual
who attempts to influence clients” innovation-decisions in a direction that
is deemed desirable by a change agency. An aide is a less than fully pro-
fessional change agent who intensively contacts clients to influence their
innovation-decisions.

We distinguish three main types of innovation-decisions: (1) optional
innovation-decisions, choices made by an individual independent of the
decisions of other members of the system to adopt or reject an innova-
tion, (2) collective innovation-decisions, choices made by consensus
among the members of a system, and (3) authority innovation-decisions,
choices made by relatively few individuals in a system who possess power,
status, or technical expertise. A fourth category consists of a sequential
combination of two or more of these types of innovation-decisions: Con-
tingent innovation-decisions are choices to adopt or reject that are made
only after a prior innovation-decision.

- A final way in which a social system influences diffusion is conse-
quences, the changes that occur to an individual or to a social system as
aresult of the adoption or rejection of an innovation.
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