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1. INTRODUCTION
The purpose of this research is to introduce a conceptual model of intra-unit diffusion as a
framework for the study of how technology diffuses within a unit of adoption. Specifically, the focus
here is on the development of an intra-unit diffuson model and testing of the model to household
application and use of computer and the Internet. The theoretical framework underlying the model is best
described as a structural model of adoption-use-disadoption. The model’s implications for theorizing

about technology in the home and new product developments are also discussed.

2. BACKGROUND AND RATIONALE

Research on diffusion of innovation in marketing dates back to the late 1960’ s (Bass 1969).
Since then there has been a continuous flow of theoretical and empirical work in thisarea. At the risk of
simplification, one might say that the single most common theme in most of this research pertains to how
an idea diffuses across a population of individuals within a given time. According to Everett Rogers
(1995), diffusion is* the process by which an innovation is communicated through certain channels over
time among the members of a social system” (p. 5). The underlying ideais that there is a population of
adopters, distributed across a social system, whereby messages concerned with a new idea are spread
throughout the relevant population by the process of interpersonal communication often mediated by
mass media. The diffusion of an idea starts to move from one person or an entity (e.g., an organization)
to the next person or entity until it reaches a critical mass, a point at which the diffusion is self-sustaining
and rapidly disperses throughout. For our purpose here, this diffusion paradigm is labeled inter-unit
diffusion (as opposed to intra-unit diffusion, which is the focus of the study).

Marketing researchers have made impressive contributions to the inter-unit diffusion paradigm,
especially with regard to forecasting the rate of adoption for new products, the perceived attributes of an
innovation and its effect on purchases, and the impact various combinations of marketing strategies have

on product launches (see Mahajan et a. 1990, 1995 for review). Since the main concern of marketing has



been primarily the adoption and penetration rates, inter-unit diffusion has received greater attention over
the past three decades.
Diffuson Theory: Some Unexplored I ssues

However, an aspect of diffusion that isimportant but often overlooked by marketing scholars is
the intra-unit diffusion. Inter-unit diffusion, as mentioned earlier, is the process by which an innovation
moves from one unit (adopter) to another. On the other hand, the concept of intra-unit diffusion deals
with how an innovation diffuses within a unit of adoption (as opposed to how it spreads across units of
adoption). It seeksto understand how the innovation, once adopted, is integrated into the unit of adoption
through innovation use. Recently, some researchers have voiced their concern of the limited perspective
inherent in the inter-unit model (Ram and Jung 1990, Ridgeway and Price 1994). They argue that to fully
appreciate diffusion of innovation, we need also to examine intra-unit diffusion (Dutton et al. 1985,
Lindolf 1992, Rogers 1995). As Robertson and Gatignon (1986) argued, “ Because the emphasisis on
technological innovation, adoption is not the only relevant concern of diffusion research. The degree of
use of that technology is an important variable that describes the extent of diffusion of that innovation” (p.
3).

The importance of the distinction between inter and intra-unit diffusion can be traced to the fact
that adoption does not necessarily imply that the diffusion of innovation has taken place in a complete
sense (Anderson and Ortinau 1988, Lewis and Seibold 1993). Rather, through out the life cycle of the
innovation, dis-adoption and abandonment occur and thus the act of purchase or adoption does not
guarantee that the innovation will be successfully continued. For diffusion to be considered complete, the
innovation must be put to continuous use by the unit of adoption for some time. Therefore, both inter and
intra-unit of diffusion are crucia to the understanding of the diffusion processin that they a) complement
each other and b) complete the diffusion process. Figure 1 is a heuristic scheme that differentiates the

two diffusion processes.



Figure 1: Intravs. Inter Unit Diffuson
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The unit of adoption in intra-unit diffusion can vary in size and scope from large organizations,
small departments, households, and individuals. For adoption units larger than individuals, the model
examines who within the unit uses the innovation and how are the innovations used. For example, when
a department acquires new office innovation, the intra-unit diffusion model inquires into the process by
which employees of the department accept and use the innovation. Further, it also explores how the
innovation is put into practice, the applications for which the innovation has been applied, and the rate
and pattern of usage for the innovation and its changes. When dealing with individuals, intra-unit
diffusion reduces to inter-unit diffusion with regard to adoption. However, what remains open to inquiry
is how the individuals use the innovation and how (s)he integrates the innovation into daily life.

For the purpose of discussion and analysis, we have chosen the household as the unit of interest.
The choice of household as locus of study is largely due to the fact that majority of innovations that are
introduced annually are targeted for home consumption. Moreover, there is a complex dynamic in the
home regarding communication networks, household structure, and other household technologies that are
often understudied by consumer researchers but provide fertile ground for theorizing. The key issues that
are addressed in this paper are

1. What are the important theoretical and methodological differences and similarities between

inter-unit diffusion and intra-unit diffusion?



2. What is an appropriate model of intra-unit diffusion?

3. Giventhat the interest of intra-unit diffusion is on the integration of innovation in the home,
by what process does this integration take place? What are the factors that influence how
innovations are integrated into the household?

4. What manageria implications can we draw for product development from the study of intra-
unit diffusion?

5. What methodologies are appropriate for the investigating intra-unit diffusion?

3. COMPARISON OF INTER AND INTRA-UNIT DIFFUSION MODELS

Before introducing the intra-unit diffusion model, it would be useful to compare and contrast the
theoretical and methodological differences with inter-unit diffusion model, the current paradigm of
diffusion research. The intention here isto highlight the differences as points of departure and accent the
similarities so the two models may be integrated within the diffusion framework. The constructive
position isto view the two models as complementing each other, where understanding of one provides
indgghtsinto further development of the other, and together they complete the picture of the diffusion
process. The difference between the two models is wide ranging from the sample of study to research
guestions asked and marketing strategy implications. Despite the differences, there are some theoretical
themes that are common among these two models and some concepts are even wholly interchangeable.
However, because the initial research question and the investigative approach taken differ, the intra-
household diffuson model takes on a distinct flavor from adoption models. The section below isa brief
summary of the similarities and differences between the two models. They are also summarized in Table

1.



Tablel

Issues Inter-Unit Diffusion Intra-Unit Diffusion
Focus and Adoption Process and Pre-adoption process Post adoption usage in terms of
Theoretical (e.g., knowledge -> persuasion -> decision -> - Variety of use

Issues implementation -> confirmation) - Freguency and duration of usage

Rate of penetration, time of adoption, and role
of marketing agents that impacts them.

Segmentation of population
(e.g., innovators, early adopters, early
majority, late magjority, laggards)

Perceived innovation characteristics
(e.g., relative advantage, trialability,
observaility, complexity)

Two-step model in which mass media
influence opinion leaders, which influence a
set of followers.

Word of Mouth Effect
- Diffusion occurs within a social system
with similar set of values and norms.

The diffusion process generally follows S-
shape pattern where at point of critical mass
the diffusion takes off. The exact shapeis
determined by the nature of the innovation.

Individual decision processes follow a
hierarchy of effects model in a cumulative
sequence.

Individual traits and characteristics can
determine the rate or timing at which the
individual adopts the innovation.

Diffusion determined by the fit of innovation
with other technology already possessed in
terms of

- schematic fit

- relative advantage

- switching cost

Applicable to continuous and discontinuous
innovations, though most studies focuses on
continuous innovations

And how these behaviors changes

Width (who in the unit adopts) and depth
(number of units adopted / upgrades) within
the unit.

Types of users

Perceived technological characteristics and
symbolism of the innovation and the benefits
from usage.

Two-stage model in which adoption is the pre-
condition for intra-unit diffusion.

Cohesion
- Effects of personal communication
network on individual’ s usage behavior.

Internal Dynamics

- Interaction of adopting unit and other
structural characteristics' impacts on the
diffusion of innovation for the HH and
the individual.

Effects of knowledge and skills on usage
behavior

- Product familiarity

- Product experience

Role of use innovativeness

Fit of the technology within the overall
organizational technological configuration
- complementary

- competitive

Role of use satisfaction in sustaining
continuous usage behavior

Most applicable to discontinuous innovations
where usage pattern has not been established




Table 1 (cont.)

Issues Inter-Unit Diffusion Intra-Unit Diffusion
Assumptions Innovation is fixed and does not change over Innovation does and often changes over its life
the diffusion process cycle
Implicitly assumes that adopters of the For some innovations, particularly
innovation will use it in manner that is discontinuous innovations, adopter's use often
consistent with the intent of the producers changes in the process of integrating the
innovation and the use may or may not be
anticipated by the producers of the innovation
Major Who adopts Who uses
Dependent When they adopt How often they use
Variables Why they use
How benefited from using
Sample of Sudy Across unit of adoption Within unit of adoption
Across population Within individual
Acrosstime Acrosstime
Marketing Forecast of market penetration rate Design of the innovation
Srategy Effects of marketing mix variables Impact of the innovation on the unit of
Implications adoption

Satisfaction with the innovation

*** Extensively investigated in past
**  Some existing research
* No existing research found

Focus and Theoretical 1ssues

The existing diffusion research seeks to answer severa different research questions. Among the

guestions asked are the pre-adoption and the adoption process (Rogers 1995). The focus on the processis

because it has long been recognized that an individua’ s decision about an innovation is not an

instantaneous act (Greenleaf and Lehmann 1995). Rather it is a process that occurs over time, consisting

of a series of actions and decisionsthat start from knowledge that may eventually lead to adoption. This

behavior consists essentially of dealing with the uncertainty that is inherently involved in deciding about a

new aternative to those previoudly in existence. Modelsthat deal with the adoption process are based on

the hierarchy of effects (i.e., knowledge -> persuasion -> decision -> implementation -> confirmation), a

highly cognitive process where each stage of the process can be affected by different communication




channels (Ray 1973). Although such model is a useful schematic, it has been criticized that its
appropriateness seems to vary with types of innovation under question.

The intra-unit diffusion model extends beyond the process that influences adoption. The focusis
on what happens after adoption has taken place. In particular, the research question is 1) who uses the
innovation within unit of adoption, 2) how is the innovation used in the unit of adoption, how often isit
used, and how does the usage change over time. The focus on post-adoption process is associated with
the growing emphasis in diffusion research on product use information as a key variable in explaining
consumer acceptance of new technologies (Venkatesh and Vitalari 1987, Lindolf 1992, Lewis and
Seibold 1993). The model is cast in the emerging research stream that has been varioudly labeled as
product “ consumption,” “use,” and * experience,” terms which suggests a broader framework that extends
beyond product information search and acquisition (Belk et al. 1989).

As afurther point of departure from the adoption perspective, intra-unit diffusion examines how
the innovation fits into the existing consumption system. A major barrier to diffusion occursif the
innovation is not compatible with the existing consumption system, in which case the innovation may be
“ disadopted.” Examining how the innovation is used and the frequency or rate at which it is used, lends
ingght into how the innovation fitsinto the household consumption scheme and it evolves over time.

Other areas of interest in past diffusion research have been the rate of penetration, timing of
adoption, and the potential market for the innovation. Research in these areas tendsto focus on
forecasting of the success of the innovation and the role of marketing agents in impacting its success
(Mahajan et al. 1995). Typicaly, the S-shaped diffusion curve is adopted for this purpose with exact
functional form determined by the type of innovation under question and the assumed diffusion process
involved (Mahajan and Peterson 1985).

With exception of few studies (e.g., Rao and Y amada 1988), most work in this area use the
concept of adoption in arather limited way to refer to asingle decision. 1n other words, the typical
models of diffusion assume one unit of adoption per household under investigation. In such a case, once

the household adopted an innovation, it is assumed that everyone in the household has adopted the



innovation. However, for many consumer products, this may not be the case. The innovation under
guestion may not necessary be used by everyone in the household and for some products, repeat purchase
isthe key to adoption (Mahgjan et a. 1990). Therefore, the maximum long-run diffusion potential
appears to be a function of both width and depth of adoption (Gatignon and Robertson 1985). Thus,
instead of examining the rate of penetration and the potential market size, afocal point of the Intra-
Household Diffusion is on who in the household adopts and the number of units (or related
products/upgrades) adopted within the household. These interests have been labeled as the width and
depth of adoption.

The existing diffusion literature also extensively examines the segmentation of adopters. Based
on the fact that individualsin a socia system do not adopt an innovation at the same time but adopt in an
over-time sequences, individuals can be classified into adopter categories on the basis of when they first
begin using the new idea or product. Generally, five categories have been assumed and they consist of
innovators, early adopters, early majority, late majority, and laggards (Rogers 1995). The usefulness of
identifying these segments is that diffusion research typically favors atwo-step model. In the two-step
model, it is assumed that innovators and early adopters are more risk taking and prone to influences of
mass media. In turn the innovators and early adopters will influences the rest of the population into
adopting the innovation through word-of-mouth effect (Robertson 1971). Thus for the marketer, it is
important for them to target the innovators and early adopters through their media selection and let them
influence others who are more risk averse and less prone to the effects of advertising.

Parallel to the segmentation scheme of adoption, Intra-Household Diffusion also segment
innovation users into different categories. However, unlike adoption, the segmentation is not defined
unidimensionally by the relative time of adoption. Rather, users can be segmented multidimensionally
based on their usage behaviors. The frequency with which users use the innovation and the reasons for
which they use the innovation are two of the dimensions that can be used for segmentation purposes.
Like adoption, once user categories have been identified, they can then be profiled for category

characteristics on the bases of demographic and psychographic variables.



Intra-unit diffusion also assumes the existence of network effect (i.e., word-of-mouth). Similar to
adoption process, the model operates under the principle that diffusion is a social process that consists of
an individual A who knows something about an innovation and an individual B who does not yet know.
Therefore the social relation between A and B can in part determine whether individual B learns about the
innovation. However, unlike adoption, the word-of-mouth effect is not a discrete event in time, in that it
occurs once before adoption takes place and influences only flow from early adopters to late adopters.
Rather, after adoption has taken place, word-of-mouth can take place continuoudly in influencing usage
behaviors. Early adopters of innovation may also be influenced by late adopters (and vice versa) to learn
about new usage opportunities for the innovation or new product upgrades. Each individual can play both
the roles of information provider and receiver for the innovation under question instead of just one role as
in adoption.

In studying the adoption of innovation, one stream of research seeks to understand the perceived
characteristics of the innovation (e.g., relative advantage, trialahility, observability and complexity) as it
relates to the rate of adoption (Rogers 1995). Generdly, it isfound that if the innovation fits
schematically with existing products aready consumed, has high relative advantage and low switching
cog, it will diffuse a a higher rate then innovations that do not have these characteristics (Dickerson and
Gentry 1983). In thisview, technology is seen as exogenous to the adopting unit. Models of this type do
not presume interactions between the innovation under question and other technologies within the
adopting unit. Thereisa parallel to perceived innovation characteristics in the intra-unit diffusion model.
However, the model views the technological characteristics more broadly beyond the perceived characters
of the innovation to include the symbolic dimensions of the innovation and its technological fit and
interactions with other technology with the unit. Technology is viewed in this perspective as a system of
tools and tool-using behavior (not just the product). It is premised on the notion that technology isa
means to achieve practical and symbolic ends and therefore must be viewed in both utilitarian terms and
the social context in which it is embedded. Because the focus is on the use of the technology, the model

must provide an understanding of use in relation to other technologies that compete for use. Thisisa
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significant departure from current adoption models because here technology is viewed endogenoudly, and
its useisjointly determined by the social context of use and its interaction with other household
technologies.
Assumptions

Although not explicitly stated, inter-unit diffusion model assumes that the innovation is fixed and
does not change over the diffusion process. It further assumes that the adopters of the innovation will use
it in manner that is consistent with the intent of the producers. However, intra-unit diffusion does not
make these assumptions. Instead, it presupposes that the innovation often does change during its life
cycle and that such changes often have direct impact on the diffusion process within the unit of adoption.
In addition, the intra-unit diffusion model assumes that for some innovations, particularly discontinuous
innovations, adopter’ s use often changes in the process of integrating the innovation and that their use
may or may not be anticipated by the producers of the innovation.
Sample of Study

The sample of study for most diffusion research has three mgjor themes, across household units,
across population, and acrosstime. By far the most common unit of study isindividuals (i.e., across
population) because individuals are more accessible in terms of survey studies. For example, if the
household is the adopting unit, one member of the household is surveyed to represent the response of the
entire household. The overwhelming focus on the individual as the unit of analysisin diffusion, while
largely ignoring the importance of the individual’ s network relationships, is often due to the assumption
that if the individual is the unit of response, he or she must consequently be the unit of analysis. The
focus on individuals offers some interesting insights into the adoption phenomenon, such asthe
psychological characteristics of adopters and the cognitive processing of the adoption process. When
viewed across a large collection of individuals, it also provides a means of segmenting the population into
adopter categories.

Unlike inter-unit diffusion, the unit of study for intra-unit diffusion is within the adoption unit,

within the individual, and acrosstime. By within the unit, we mean collecting data for all members of the
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adoption unit and by within individual we mean collecting individual data over time. The use of within
household sampling is the distinguishing feature of intra-unit diffusion and reflects the sociological nature
of the moddl. For example, when adopting the household as the sampling unit, the model makes the
assumption that individual behavior does not represent the household, rather there are nuances of the
household that can only captured when the behavior of every member of the household are probed.
Further, in atypical household, the children may be heavy users of the family computer while the mother
isalight occasiona user and the father isanon-user. If we only take the behavior of the head of the
family (i.e., the father) as representative of the household behavior, we are grossly misrepresenting the
actual computer usage in the data and ignoring the complex dynamics of household behavior. Thus while
surveying across household and within household can furnish us with the same rate of product adoption
(which household owns a computer at home), only within household sampling can tell us something
about product usage behavior of the household and reconstruct the sociological context of the technology.
M arketing Implications

Finally, the marketing implications of the two models differ. The aim of marketing adoption
model isto forecast the rate of penetration and the potential market for the innovation (Mahajan et al.
1995). Inthe process of this endeavor, the hope isto determine the appropriate marketing mix variables
such as advertising and channel requirements that will assist the adoption of the innovation in reaching its
maximum potential promptly. With few exceptions, the aim of the marketing strategy under the adoption
model is rarely on designing the innovation, rather the innovation is taken as exogenous and given, with
little room for change. The study of innovation usage in the intra-unit diffusion model seeksto provide a
different set of marketing strategy implications. Through the understanding of how people actually use
the innovation, the aim is to develop intuitions on the design of the next generation of the innovation.
Additionally, the model also examines the impact of the innovation on household activities, life style and
use satisfaction. Together, marketers can take these information as input for refinement of the innovation

that are more pertinent for household use.
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4. INTRA-UNIT DIFFUSION: MODEL DEVELOPMENT

To reiterate, the primary focus of the intra-diffusion diffusion model is to study the usage of the
innovation. Usage can be broken down into three basic components, who is using it, why are they using
it, and how often are they using it. The first component, who uses, isreferred to here as intra-unit
adoption. The other two components, why and how often it is used, is collectively labeled post-adoption
behavior (see Figure 1 above).
Intra-Unit Adoption

When the unit of adoption is larger then the individual user such as household or organization, we
can enrich the definition of diffusion to include multiple adoption decisions within the unit (see Figure 2 —
dimension labeled adopters within the unit of adoption). The basic research question posed here is how
do innovation diffuses across members of the adoption unit? That isto say, who in the unit isthe first to
adopt the innovation and how do other members come to adopt the innovation over time, if at al. Itis
important to point out that for some innovations, once adopted, it does not automatically imply that every
member of the adoption unit is capable or willing to use it. The personal computer offers an excellent
example in which a significant percentage of the computer owning household members do not use it,
relative to other technologies (e.g., telephone, television, Kraut et a. 1998). When over time, most or all
of the members of the adoption unit use an innovation, it is assumed that the innovation is well diffused
within the unit.
Post-Adoption Behavior

From prior works, we can conceptualize usage as having two equally important dimensions,
frequency and variety (Ram and Jung 1989). Usage frequency refersto how often the product is used,
regardless of the different applications for which it isused. Variety refersto the different waysin which
the product can be used. To illustrate this with an example, consider two consumers, both are using the

Internet for two hoursaday. The first consumer uses the Internet only for work purposes; the second
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consumer uses the Internet for work, for personal correspondences, to shop for Christmas gifts, etc. Both
have the same usage frequency, but the second consumer exhibits more usage variety.

Within the present conceptualization of usage variety, distinctions can be made for two types of
usage variety: creative re-use and multiple use (Hirschman 1980; Price and Ridgeway 1982). Cresative
reuse involves using a previously adopted product in a single novel way. An example of this behavior
would be using an old coffeepot for flower vase. In thisregard, the usage decison may be based solely
on an economical reason or may be a demonstration of personal creativity. Multiple use entails using a
product in awide variety of ways (not necessarily but often in more than a single novel way). An
example would include the use of the Internet discussed earlier. Motivations for thislevel of usage
variety often are beyond smple economic reasons or the need to express creativity; they may involve
varied and complicated factors and often depend on the features of the product.

The present distinction between frequency and variety parallels the breadth and depth of diffusion
suggested by Gatignon and Robertson (1985) in which they define breadth of diffusion as the number of
people within adoption units who uses the product and depth as the amount of related products purchased.
The definition provided by Garignon and Robertson (1985), however, focuses on product purchase within
the context of the first purchase diffusion. Dutton, Kovaric, and Steinfield (1985) offered similar
dimensions of usage in the context of personal computers: frequency of usage (light vs. heavy, regular vs.
irregular) and variety of usage (high vs. low). However, none of these authors have empirically tested the
determinants of usage have leaving them open for future research.

Empiricaly, usage frequency and usage variety are likely to be correlated since the more ways a
consumer uses a product, the more likely the product will be used frequently. Theoretically, however, we
can differentiate and contrast the two dimensions on several characteristics. First, usage variety may be
driven by product features and its interaction with the variety of usage situations. Usage frequency, on

the other hand, is dependent on the task requirements of the consumer (Ram and Jung 1990). Second,

11t isimportant to distinguish between “usage variety” and “variety seeking.” The former deals with different
reasons for using the same product regardless of the brand of the product. The latter deals with using different
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high usage frequency may signal routinized needs (narrow range and heavy use), while high usage variety
is associated with variety seeking behavior (wide range and light use) (Ridgeway and Price 1994). Third,
usage frequency is likely to be limited by the amount of hours that the consumer is able to devote to
certain tasks. Research on time budget studies indicates that time alocations are relatively inflexible and
that certain amounts of time are devoted to leisure activities, home production, and market work
(Leuthold 1981, Vitalari, Venkatesh, and Gronhaug 1985). Thus frequency of usage is limited naturally
by allocable time, while variety of usage suffers no such restriction and is limited only by the ways the
consumer can think of to use the product. Finally an increase in variety of usage (vs. frequency) is likely
to have a postive effect on the market development of the product and to promote new innovations within
the product line (Von Hipple 1982, 1986). The higher the sophistication of the product and the more
ways in which consumers can use it, the higher the diffusion potential of the product. Similarly, the more
ways the product are used, the more motivations manufactures have to expand the features and develop
complementary product lines.

To motivate the discussion further, frequency and variety, though theoretically distinct
dimensions of usage behavior, are equally important in studying how consumers use computers. As
Dutton et al. (1985) argued, studying any one aspect of usage behavior in isolation ignores the richness
and complexity of the issues involved. Because different combinations of frequency and variety produce
different usage behaviors, one dimension should not be examined without consideration of the other.

The multidimensional definition of usage allows usto investigate one aspect of intra-unit
diffusion, namely the change in usage patterns. Using the two dimensions of use, variety and frequency,
change in usage behaviors can be conceptualized as four different patterns. Asillustrated in Figure 2: 1)
avid use — increase in both variety and frequency, 2) use specialization — decrease in variety but increase
in frequency, 3) use experimentation — increase in variety but decrease in frequency, and 4) reduced use —

decrease in both variety and frequency.

brands of the same product but for the same reason.
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Figure 2: Multidimensional View of Diffuson
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The most common expectation regarding the change in usage behavior can be characterized as

increase in variety of use and frequency/rate of use, or avid use as depicted in Figure 2. For example, a
person may begin personal computing in alimited way, using few popular productivity applications (e.g.,
word processing and spreadsheets) and progressively branch out to graphics, video games etc. Moreover,
the progression from productivity application into wider variety of applications may be accompanied by
increasingly higher amount of time spent computing. In such a case, we can make the argument that the
innovation, personal computer, isincreasing being integrated into daily life and high amount of use
diffusion has taken place (Venkatesh 1996).

Actual patterns of innovation utilization are likely to be far more variable as users might limit
their use over time. In a common evolution of computer usage, the beginning stages might better be
described as use experimentation, where through a process of trial and error, users exploit various
computing applications and evaluate, based on their needs, whether to continue or discontinue particular

application. After encountering various usage scenarios, the user eventually reaches an equilibrium stage
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and establishes a stable usage pattern. 1n many instances, the resulting usage may be described as use
specialization, whereby the use of the innovation is limited to a number of applications, but it is used
extensively. Such is the case of the anecdote that computer is just a fancy word processor.

Finally, afourth possible scenario is decrease in both variety and frequency/rate of use from the
time of adoption, or reduced use. In such acasg, the innovation was not found to fit the user’ s needs, thus
usage declines and the innovation may eventually be “ disadopted,” such as the computer that collects dust
in the garage.

To briefly summarize, this section defined three dimensions of diffusion within the intra-unit
diffusion framework: 1) diffusion across members of the adoption unit, 2) diffusion across usage variety,
and 3) diffusion across usage frequency. The first dimension is dubbed intra-unit adoption and the other
two is labeled post-adoption behavior. The next section proposes a genera modd of intra-unit diffusion
for post-adoption behavior, focusing on the two dimensions of diffusion in usage variety and usage
frequency. The model proposes the antecedent factors that promote or hinder the post-adoption diffusion
process for the individual, and addresses some of its consequences.

Modéd for Post-Adoption Behavior

The intra-unit diffusion model for post-adoption behavior is shown in Figure 3. The most
important distinguishing characteristics of this model, versus the inter-unit diffuson mode!, are twofold.
First is the application of the multidimensional view of changes in usage diffusion. Asargued earlier,
usage behavior has not been pursued in prior diffusion research, but is crucia to the understanding of the
entire diffusion process. Second, the model explicitly links the outcome of changes in usage behavior to
future adoption decisions. This link provides us with understanding of how adopting one innovation can
be related to the adoption of other related innovations.

A brief description of the intra-unit diffusion for the post-adoption behavior is as follow. For the
purpose of clarity, we will examine the post-adoption behavior at the individual level with the
understanding that intra-unit diffusion model is an aggregate of all individualsin the unit. Diffusionis

the outcome of the different patterns of changes in the individual’ s usage decision over time. The
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individual’ s usage decisions are influenced by severa antecedent factors, particularly the organizational

context in which the user is operating in, the technological characteristics of the innovation itself, and

characteristics of the individual user. The resulting usage diffusion is seen to impact the individual user’s

satisfaction with the innovation and the impact which (s)he perceive the innovation has on hisher

activities. These perceptions in turn influence future adoption decisions regarding related innovations.

The objective now will be to elaborate on the antecedent factors and itsimpact on usage

diffusion. A set of propositions will be developed for research on the intra-unit diffusion of information

technology (computers and the Internet) within the context of the household.

Figure 3: Intra-Unit Diffuson Mode: Post-Adoption Behavior
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How innovations will be used, how much and to what ends, are often the source of major
differences in expectations among researchers and theorists interested in information technologies (1T)
and its social and psychological implications. Therefore there are as many antecedent factors as there are
research questions and equally numerous ways in which it can be grouped. For clarity, these antecedent
factors have been classified according to their primary stress on the determinants of IT use. 1t should be
stressed here that this classification is introduced for conceptual reasons and that few researchers operate
by solely investigating one factor.

First isthe organizational structural factor of the user. By organizational structure, we mean
structure of the social unit in which the user is operating. What is of interest here is the make up of the
socid unit, the interactions and communication patterns among members of the unit, and the
technological support and resources that the social unit provides for the user. Diffusion of any kind is
inevitably a social process that involves an individual A who knows something that individual B does not
know (Czepiel 1974). Therefore, the social relation and communication between A and B have a great
deal to do with how B uses the innovation. Besides acting as a source of influence, members of the unit
may also act as resources and knowledge support for the user to experiment with novel uses of complex
technologies. However, users of technological innovations can often become functionaly fixated with
the innovation and tend to useit in familiar or routine ways in the absence of external influences (Warlop
and Ratneswar 1993). When the communication is solely within the social unit, it can act as abarrier to
usage diffusion because members of a close social unit seldom exhibit unique knowledge that othersin
the unit do not possess. Thus the socia relation to outside membersis often an important aspect of
influences in determining usage behaviors.

The second antecedent factor is the technological characteristics of the technology under question
and the technological makeup of the adopting unit. The position here is that technologies are not always
used inisolation but often in conjunction with other technologies (e.g., TV and VCR) where use of one
reinforces the use of other. Thus interactions among technologies are relevant in determining how

individual technology will be used. The total technological make up of the adoption unit is especialy

19



important when the focus is on use because while some are complements in use, other may be competing
for use (computer and TV). The technology itself also exerts influences on changes in usage behavior
because technology is not a static object, rather it evolves through upgrades and peripherals thus
potentially causing changes in usage patterns.

The third antecedent factor is personal characteristics. The knowledge and experience of the user
isimportant in determining the degree of usage and usage pattern changes. In addition, persona
innovativeness also impacts the level of use for the innovation (Midgley and Dowling 1978, Hirschman
1980). Persona exposure to media and innovation outside the adoption unit is also posited to impact the
diffusion of use within the unit.

K ey Research Questions

The previous discussion leads to the following questions regarding the diffusion of a particular
technology (i.e., computer and the Internet) within a specific unit (i.e., the household). The questions will
be framed in the context of household adoption and use of computer and Internet technology.

(R1) How does innovation diffuse across members of the household? How does computer use in
the home change over time (i.e., across members of the household and across household
activities)?

(R2) What isthe level of integration of the computer and Internet technology in the household?

(R3) What is the role of household structure in the intra-unit diffusion?

(R4) What is the nature of communication between members of the household regarding the
innovation? How can the communication be captured with network analysis?

(R5) What is the frequency and variety of usage displayed by each member of the household?

(R6) What are the determinants of usage for each individual and members of the household as a
whole?

(R7) What is the technological makeup of the household and its impact on usage?

(R8) What is the relationship between use diffusion and level of satisfaction?
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5. RESEARCH METHODOLOGY

Past studies of diffusion have generdly adopted one of two methodologies, cross-sectiona or
longitudinal, depending on the level of aggregation the researchers were investigating. If the unit of
analysisis on the individual or household level, most studies use the cross-sectional approach (e.g.,
Dickerson and Gentry 1983; Robinson et al. 1997). However, if the research is focused on industry level
diffusion, asin the case of product penetration, longitudinal data are the norm (e.g., Sinha and
Chandrashekaran 1992; Takada and Jain 1994). The difference between the two liesin the fact that
aggregate longitudinal data are used mostly to study firm level marketing strategies and their impact on
consumer product purchases. When using aggregate data, any findings relating to the individual
consumer’ s diffusion processes are made by inferences and are not tested directly. Cross-sectional data
afford direct testing of individual level adoption processes, but the method suffers from respondents
recall biases when the issue of interest is changes to usage patterns over time (Ram and Jung 1994).

Althoughit is generally preferable to collect longitudinal data if one really wantsto investigate
the diffusion process (Rogers 1995), collecting longitudinal data at the individual or household level tends
to be a difficult and costly method for most researchers. Attemptsto collect longitudinal data typically
involve time-diary data methodology whereby the respondents keep diaries of their usage activities (Wind
and Lerner 1979). However, this methodology may suffer from inaccurate recording by participants.
Because maintaining a diary requires considerable effort by participants, the time frame for the diary is
often kept short, making observation of usage pattern changes difficult. To deal with these multiple
research design issues and others that were raised a new method of time-diary data collection that is
augmented by a nationa survey study was used. The data collection was conducted in conjunction with a
larger National Science Foundation project titled “ National Outlook for Automation in the Home 11" at
the University of California, Irvine.

The significance of the methodology is threefold: First, thisisthe first large-scale study of IT
usage contexts. Secondly, this study employed a large national sampling scheme that provides an

external validity for research findings (McGrath 1972). Findly, the use of extended time-diary data

21



solved some of the methodological issues that plague research in thisarea. The following sections
provide details of the data collection for this study.
Sampling Design and Data Collection

Data collection was carried out in March of 1999 after a pretest of the survey instrument
(November 1998). The final data collection used a national survey augmented with adiary panel. The
total sample for the survey consisted of 1200 households geographically distributed acrossthe U.S. Of
the 1200 households, 900 are computer owners, the effective sample size for the analyss, and 300 are
non-owners. The sample design was a multi-stage stratified cluster design. Thefirst step in the design
was to divide the U.S. into distinct geographic districts. From within each geographic district, further
sampling clusters were drawn based on income level and urban vs. suburban districts. Based on current
population data on computer ownership, the penetration of computersin the U.S. is estimated to reach 60
percent by 1999 with strong bias towards high-income households (Nielsen Media Research 1996). To
maximize the sampling opportunity for incluson of computer owners, it was determined that the target
population to be households with an annual income of at least $35,000. Once the various sampling
clusters were identified, arandom digit dialing method was used to contact potential respondents. From
each sampling cluster, a number of respondents were contacted that is proportional to the U.S. census
figures.

Once arespondent was identified, telephone interviews were conducted using Computer Assisted
Telephone Interviewing program (CATI). The benefit of CATI isthat it facilitates the interviewing
processes and minimizes recording errors. Actual respondents for the telephone interview were selected
based on the key informant technique. The person in each household contacted who is most
knowledgeable about computers served as the informant and was asked to provide information about the
usage behavior for al computer usersin the household. The only criteriafor selecting the informant was
that (s)he be an adult (18 years or older). At the end of the interview, each household informant was
asked to participate in the time-diary portion of the data collection. Therefore, the time-diary portion of

the study is a sub-sample of the survey study.
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For participants in the time-diary study, a computer disk were distributed to them that contain
AppTrack, software developed specifically for the purpose of this study. What AppTrack doesis
automate most of the mundane record-keeping tasks that are typically required of the diary participants.
AppTrack automatically keeps alog of who uses the computer, the name of the application that was used,
the date and time the application was used, the duration of usage, and why it wasused. This limitsthe
efforts required of the participants to responding to a multiple choice question at the end of using any
application, thus most of the tasks that plague time-diary research are shifted from the participantsto the

oftware.

6. PRELIMINARY FINDINGS
The aim of this preliminary analysisis to test the effects of the various antecedent variables that
affect post-adoption usage diffusion. The preliminary analysis of the intra-unit diffusion model was
conducted with a multinomial logit model of the form:

exp(c(b))

Pr(Y. =jlc)) =P =—
1+8 7 em(ct,h)

where:

usage diffusion pattern for the " individua (i= 1, 2, ..., 1)

3 different post-adoption usage diffusion outcome (avid use, use specialization, use
experimentation) and reduced use is the control category

= the vector of independent variables

covariate effects specific to the outcome category

o X
(2]
o

In the following, | present the descriptive results of my study. The analysis using the multinomial
logit modél is still in progress and will be available within a month or so.
Initial analysis indicates that diffusion of use, as defined above, is a prominent phenomenon.?
Overdl, 75% of respondents reported using the computer more often and 65% reported using the
computer for more reasons since the time of adoption [R2 above]. Further, 55% of respondents reported

that they experienced an increase in both the rate at which they use the computer and Internet at home and
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the reasons for which they use it. The biggest change in reasons for use indicated by respondents are
accessing the Internet, from 39.2% at the time of computer adoption to 76.6% at the time of interview,
followed by family games and entertainment (68.0% vs. 85.7%) and personal financial management
(46.8% vs. 56%) [R2).

The relationship between diffusion of use and the independent variables of interest were analyzed
with amultinomial logit analysis as described above. Compared with reduced use, the control category,
avid use and use specialization are associated with the degree of communication with immediate socia
networks. Further communication with members outside the household, specifically co-workers and
other technical supports, also contributes to usage diffusion [R5, R7]. The technological make-up of the
household also seems to impact usage diffusion pattern. In particular, ownership of complementary
technology (e.g., digital camera, electronic organizers) positively contributes to the likelihood of avid use
and use specialization compared to reduced use [R7, R8]. Similarly, individua’s innate innovativeness,
expertise, and exposure to computers outside the household is positively related to avid use and use
specidlization [R7]. Although not significant, exposure to mass media was found to be positively related
to avid use, use specidlization, and use experimentation [R7].

Findly, relation between use diffusion and satisfaction with computers and Internet and its
perceived impact were examined. Users who experienced avid use reported the highest level of
satisfaction and perceive the computer and Internet having the greatest impact on their daily lives. The
second highest groups of users (in both satisfaction and perceived impact) are those that experienced use
specialization, followed by use experimentation and reduced use [R9]. All differences are significant.

Because glimpses from preliminary analysis offers encouraging support for the Intra-Household
Diffusion model, subsequent analysis will continue along the same line by focusing on the nature of usage
diffusion, the effects of the antecedent factors and their boundary conditions. In particular, it will seek to

address changes in technology and the pattern of network communication and their impact on the

2 The following findings refer to research question on page 20.
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integration of technology into the home. Future analysis will emphasize network data analysis with the
following focus:

Who is the expertise in the home and who is not?

Who talks to whom and who is connected in the household network?

The above issue will be analyzed using gender, generational and expertise structures.

Data analysisis expected to conclude by September1999 with final write-up completed by

December 1999. It isthe hope of this study that research findings can provide insights into how
information technology can be marketed to households and points to direction of future technological

developments by identifying trends in how technologies are used within the context of the home.
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