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ABSTRACT OF THE DISSERTATION

INNOVATION DIFFUSION THEORY AND SOCIAL EMBEDDEDNESS-A NEW

PERSPECTIVE

by
Xuan Tan
Florida International University, 2020
Miami, Florida
Professor George M. Marakas, Major Professor

This study focuses on the impact of social embeddedness on the diffusion and adoption of
innovations. Historically, the primary factors influencing the adoption and diffusion of an
innovation have been the perception of its’ relative advantage to other technologies, its’
perceived compatibility to previous innovations, and the degree to which the innovation
is perceived to be difficult to use or understand (complexity). The additional
characteristics of observability and trialability have been shown to be less important.
However, with the effect of social embeddedness, this situation has likely changed.
Trialability and observability, may outweigh the importance of the first three

characteristics.

The goal of this study is to explore this phenomenon by reexamining the relative weight
of the five characteristics of innovation with regard to innovations under the influence of
social embeddedness. Therefore, provide a more informed way of looking at innovation

diffusion theory. The results of this study found that social embeddedness have positive

Vi



and significant effects towards all perceived characteristics of innovation. However, the
ease of use was not as important if the adoption intention was for an emerging

innovation; while for an enabling innovation, ease of use become important and people
are willing to sacrifice the compatibility of the innovation. Results also found that
observability and trialability were important factors to consider for emerging innovation,
but they are less of concern when it comes to enabling innovation. Relative advantage has
been consistently showing significant effects regardless of the type of innovation. The
study contributes to both theory and practice by furthering the understanding of
Innovation Diffusion Theory and by helping innovation providers develop better

strategies when they advertise their products.
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INTRODUCTION

Problem Statement

Historically, among the five characteristics of innovation diffusion theory: relative
advantage, compatibility, complexity, trialability, and observability, the first three
characteristics have been considered as more important than the latter two on the
successful diffusion of an innovation. However, with the bloom of social media, this
situation may have changed. People no longer ignore the importance of the trialability
and observability of certain innovations, and trialability and observability may even

outweigh the importance of the first three characteristics.

Amara’s Law states that: “we tend to overestimate the effect of a technology in the short
run and underestimate the effect in the long run” (Ratcliffe, 2016; Searls, 2012). The
Law has been described as best illustrated by the Gartner Hype Cycle (Gartner, 1995;
Linden & Fenn, 2003). This cycle (Gartner, 1995; Linden & Fenn, 2003) is developed by
the American research, advisory and information technology firm Gartner. According to
Gartner (Gartner, 1995; Linden & Fenn, 2003), the life cycle of technologies such as the
Internet of Things and quantum computing progresses through several stages. The
emerging technology starts with a technological breakthrough, a proof-of-concept, or
prototypes, which triggers public interest in the new technology (Innovation Trigger).
The new technology is still at the experimental stage and no viable business applications
have been developed yet. Typically, the innovation trigger is followed by increased
publicity. Overemphasized success cases and stories of selected adopters tend to neglect

the technology’s technical limitations. In additional to survival bias, the benefits may



have been exaggerated. Then the technology enters the period of unrealistic expectations
(Peak of Inflated Expectations). Unrealistic expectations towards the technology and the
herding behavior to follow the fad made innovators to adopt the technology at this stage.
Soon the majority of the first adopters finds out that the technology is still at early stage
and there is no proven benefits, they fail to extract value from their investment and the
initial hype is followed by disappointment (Trough of Disillusionment). While, some of
the developers and adopters exit, some continue to improve the technology. Gradually,
updated versions and new instances of the technology shows that the technology can
benefit the adopters, public gain the renewed interest and spawn a new generation of
adopters (Slope of Enlightenment). Their success provides proof that the technology is
viable and generates benefits, thus the general public (or the majority adopters) began to
adopt the technology (Plateau of Productivity) (Gartner, 1995; Linden & Fenn, 2003). A

general illustration of the Gartner Hype Cycle is shown below in Figure 1.
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Figure 1 Gartner Hype Cycle
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The iPhone X release serves as an excellent example of this cycle. Long before the actual
product launch, social media hosted much discussion about the product, and many made
the decision to adopt the iPhone X without ever having seen the product firsthand simply
based on the product-related specifications and videos available online. People made up
their minds after viewing how other people used the iPhone (observability); or test with
iPhone (trialability). Intention to adopt the innovation is developed based on these two
innovation diffusion characteristics. During this same period, the relative advantage,
complexity, and compatibility of the innovation played a minor role in the decision to

adopt.

In this sense, simply considering relative advantage, compatibility, complexity,
trialability, and observability together as a unified predictor of adoption of an innovation
appears to be no longer tenable or appropriate. As such, it seems relevant to consider how
adoption intention before product launch transfers to actual adoption after product launch

given the ubiquitous nature of social media.

It seems clear, with the increased publicity of an innovation through social media, the
trialability and observability characteristics should become more salient. In contrast,
relative advantage, compatibility, and complexity become less of a consideration when it

comes into a decision given the absence of the actual product.

The removal of the iPhone 3.5 mm earphone jack can serve as an example. Initially,
removing the 3.5 mm earphone jack would appear to affect backward compatibility.
Despite this, with the massive number of iPhone adopters, this minor change in the

design began to immediately change user behavior by increasing the use (and likely,



sales) of Bluetooth earphones. In this example, compatibility becomes less important than
in the past, or at least of less consideration when it comes to a decision whether to adopt
the new innovation. Given these scenarios, the interpretation of the innovation diffusion
theory may need to be updated to be in better correspondence with the fast-changing

social media-driven environment.

Research Gap

Diffusion is a social process that occurs among people in response to learning about an
innovation (Rogers Everett, 1995). The diffusion process consists of four key elements:
innovation, communication channels, time, and the social system (Mahajan, 1985).
Factors that influence the diffusion of innovation involves three general sets of variables:
each innovation’s set of pros and cons, or attributes; the characteristics of the adopters;

and the larger social and political context (Dearing & Cox, 2018).

Since the development of innovation diffusion theory in 1962 by Rogers, there are
different genres of research aimed to explain and predict user acceptance and time to
adoption of an innovation. It is not uncommon to include the perceived characteristics of
an innovation as key independent variables (Agarwal & Prasad, 1997). The perceived
characteristics of an innovation include considering relative advantage, compatibility,

complexity, observability and trialability.

Relative advantage is the degree to which the innovation is perceived as better than the
innovation it supersedes. Compatibility represents the degree to which the innovation is
perceived as being consistent with existing innovations. Complexity, or sometimes

referred as simplicity, is the degree to which the innovation is perceived as difficult to



understand and use. Observability is the degree to which the results of the innovation are
visible to others and the trialability is the degree to which the innovation can be tried

without commitment and minimal investment (Rogers, 2003).

Previous literature considers relative advantage, compatibility, and complexity as more
powerful factors when making their decisions to adopt, while observability and
trialability have been generally viewed as less important (Tornatzky & Klein, 1982).
Given the epidemic growth of social media, this may no longer hold true. There is a lack
of empirical evidence within the extant literature regarding the relative effects of the five
characteristics in influencing peoples’ decision making in a digital age. As such, this
study aims to fill this research gap by re-examining the relative importance of the five
characteristics when it comes to a technology/innovation adoption decision given a
person’s social embeddedness under social media settings. The concept of social
embeddedness, originally proposed by Granovetter (1992), refers to the extent an
individual’s action is materially driven by the normative assumptions they share with the

individuals they interact.

In addition, previous literature has mainly focused on how the perceived attributes of
innovation affect the adoption and diffusion of innovation as a whole while ignoring the
effects of time, i.e. people may change their mind during the process of transferring from
adoption intention to actual adoption (Rogers Everett, 1995). This condition can also be
seen in the Gartner Hype Cycle (Gartner, 1995; Linden & Fenn, 2003) as people may
make changes in their decisions on whether or not to adopt an innovation according to

positive or negative reviews on the innovation through mass media. Valente (1996)



expanded the social model proposed by Ryan and Gross (Ryan & Gross, 1943) by
looking specifically into social networks and individual’s personal network. Valente
believes these network thresholds can be used to vary the definition of behavioral
contagion, to predict the pattern of diffusion of innovations, and to identify opinion
leaders and followers in order to understand the two-step flow hypothesis better. The
two-step flow hypothesis states that the media inform opinion leaders who, in a second
step, influence opinion followers (Katz, 1957; Weimann, 1982). More recent study has
also provided evidence of a social network’s influence on innovation diffusion. Wear
(2008) showed that significantly more innovation appears in communities with stronger

inter-personal networks, particularly in regional and rural areas.

Beyond re-examining the relative importance of the perceived characteristics of
innovation, this study also takes a step further and takes the time between adoption
intention and actual adoption attention action into account. Few studies have focused on
how the perceived characteristics of innovation interact with social factors, and
consequently, how this interaction may affect customers actual attention to adopt. In this
study, attention is focused on how social embeddedness may affect the adoption intention
before product launch and actual adoption action after product launch, especially in a
digital age, where one can get information of certain technology/innovation easily. This
study aims to fill the research gap by examining how observability and trialability before
and after product launch will affect the relationship between adoption intention and

adoption action. Therefore, we have the following research questions:



Research Questions

1. What is the relative contribution of relative advantage, compatibility,
complexity, trialability, and observability to adoption intention and actual adoption in the

presence of social embeddedness?

2. How does observability and trialability before and after product/innovation

launch and social embeddedness affect innovation diffusion?

Significance of the Problem

Re-examining the relative weight of the five perceived characteristics of innovation will
provide a more informed way of looking at innovation diffusion theory. As innovation
diffusion theory is widely applied to areas such as marketing, information systems, and
the health care sector, it is important for us to continually revalidate the theory, as well as
discover how can we refine it. Apart from this, the process of turning innovation adoption
intention before product/innovation launch to actual innovation adoption after
product/innovation launch has been something of a black box. Uncovering the veil of the
process may help us better understand consumer behavior as well as enhance the

understanding of the theory of innovation diffusion.

Research Contributions

This study bears both theoretical and practical implications. The findings of this study

provide us with insights into the extant understanding of innovation diffusion theory.



This study is also beneficial to practice as the impact of observability and trialability may
help product/innovation providers develop better strategies when they advertise their
product/innovation and enhance the innovation adopters’ experience to promote more
successful transformation from innovation adoption intention to actual innovation

adoption.



LITERATURE REVIEW

Overview of Innovation Diffusion Theory

Diffusion of innovation theory describes the process through which new ideas, practices,
or technologies are spread into a social system (Rogers, 2003). Rogers was the most
prominent developer of diffusion of innovation theory in the literature and his book,
Diffusion of Innovations, was first published in 1962 and is now in its fifth edition
(Rogers, 2003). Rogers’ theory of innovation diffusion has laid the foundation for many
of the studies in this area along with the development of a variety of dependent variables
related to innovation diffusion such as the acceptance of innovation, adoption of
technology, diffusion rate, and diffusion speed. Diffusion of innovation theory has since
spread to many different fields and developed into diverse streams with its tenets

(Murray, 2009).

Diffusion of innovation theory holds that innovation diffusion is “a general process, not
bound by the type of innovation studied, by who the adopters [are], or by place or
culture” (Rogers, 2004, p. 16). Rogers defines innovation as “an idea, practice, or object
that is perceived as new by an individual or other unit of adoption”. Rogers and
Shoemaker (1971) emphasized that whether the “idea” or “object” is far from its first use
or discovery does not change its definition as innovation. How a person reacts to the idea
or object determines the perceived newness. “If the idea seems new to the individual, it is

an innovation” (Rogers, 2003, p. 12).

Diffusion occurs through a five-step decision-making process, including knowledge,

persuasion, decision, implementation and confirmation (Rogers Everett, 1995).
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Figure 2 Five-Step Decision Making Process of Diffusion
Source: (Rogers Everett, 1995)

As shown in Figure 2 above, the knowledge stage is when a person gets to know a new
idea, product, or innovation with no prior knowledge. The individual then progresses to
find out more related information or details on the innovation in the persuasion stage.
After the individual understands the innovation and weighs the advantages and
disadvantages of innovation, the individual will decide whether or not to adopt the
innovation (the decision stage). Next, in the implementation stage, the individual
determines the how useful the innovation is and finally, in confirmation stage, the

individual executes the decision (Rogers Everett, 1995).

The key elements considered in innovation diffusion theory include innovation, adopters,
communication channels, time and the social system (Rogers, 2003). Innovation, as

previously mentioned, is a broad category, and can be any idea, practice, or object that is
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perceived as new. Adopters are the minimal unit of analysis, they can be individuals,
groups, or organizations. Communication channels are the infrastructure for to allow
innovation to diffuse from one to another. Time is necessary for an innovation to be
adopted or diffused. The social system is the combination of both external and internal
influences including mass media, surfactants, organizational or governmental mandates,

social relationships, and distance from opinion leaders (Rogers, 2003).

According to Rogers (1995) adoption of a new technology by individuals or firms tends

to follow an approximate bell shaped distribution as shown in Figure 3.

Diffusion of innovations

Professor Everett M. Rogers 100
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system S—
3
50
-
w
o
25 ©
| ! | 0
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25% AdoptersMajority Majority 16 %
135% 34% 34 %

Figure 3 Diffusion of innovations
Source: (Rogers Everett, 1995)

Rogers (1995) argues that the adoption of new technology follows the bell shaped
distribution because of the cumulative influence upon potential adopters from peer

networks. In business terms, this means that the documented profitability and efficiency

11



gains of early adopters would make the following followers to make a choice between
follow to catch up or in a disadvantageous position (Porter, 1985). Using the properties of
the bell shaped distribution (The empirical rule, or the three sigma rule, which determines
the percentage of values around the mean for the standard deviation width of 1 sigma, 2
sigma and 3 sigma to analyze the bell shaped curve statistical data), Rogers (1995)
proposed the following five categories of technology adopters:* Innovators (the first
2.5%), early adopters (the following 13.5%), early majority (the next 34.0%), late
majority (another 34.0% after early majority), and laggards (the last 16.0%). Innovators
are the first to adopt a new technology and often adopt due to excitement and novelty.
The second group, early adopters, though not as risk seeking as the innovators, are those
who appraise the innovation’s advantages and disadvantages but still are willing to deal
with relatively high levels of uncertainty. Typically, this category has the advantage of
observing and learning from the successes and failures of innovators and, as such opinion
leaders and trend setters tend to adopt at this time. The role of early adopters is, therefore,
pivotal. Their success will often trigger mass adoption (early majority), their failure
usually marks the end of the new technology. The early majority will join the adoption
process at this stage as they perceive the risks have been mitigated while the benefits of
the adoption are still relatively high. They may also join the adoption process because
they feel pressured to do so due to their social environment. Collectively, these three

groups represent approximately 50% of potential adopters. The remaining 50% is

! The classification is only applicable in the case for successful technological innovations. There are many
innovations that fail to go beyond the innovator or early innovator stage.
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identified by the last two categories of adopters: late majority and laggards. The former
reflects adopters that invest in the new technology as a result of strong peer pressure,
while the laggards are less susceptible to social pressure and feel free to take their time

(Dearing & Cox, 2018; Rogers Everett, 1995).

Numerous studies have attempted to explain the relationship between user perceptions,
attitudes, and eventual system use, as well as factors that influence the innovation
adoption and diffusion. Moore and Benbasat (1991) developed and tested measurements
for perceived characteristics of innovation, and provided a useful tool for the study of
innovation diffusion theories of 38-item instrument comprising eight scales. Fishbein and
Ajzen (1975) attempted to illustrate the relationship between user acceptance and
innovation adoption. Research has also been focused on suggesting analytical models that
describe and forecast the diffusion of innovation with the main thread of diffusion models
being based on the framework developed by Bass (1969). This model suggests the
probability that an individual will adopt the innovation - given that the individual has not
yet adopted it- is linear with respect to the number of previous adopters (Peres, Muller, &
Mahajan, 2010). Besides developing instruments, connecting with other theories such as
the theory of planned behavior, and validating the theories empirically, recent literature
also suggests additional mechanisms for innovation diffusion. Peres, Mahajan and Muller
(2010) suggested that signals and network externalities may also have an impact on
innovation diffusion. Signals are defined as any market information other than personal
recommendation that can be used by a potential adopter to make an adoption decision

while network externality refers to the observation that the utility of some products or

13



services may increase as more consumers adopt the new product (Mahajan, 1985; Peres

etal., 2010).

Overview of Theory of Planned Behavior

The Theory of Planned Behavior (TPB) (Ajzen, 1985), extending the Theory of Reasoned
Action (TRA) (Ajzen & Fishbein, 1980; Fishbein & Ajzen, 1975), posits that an
individual’s attitude towards a behavior, her subjective norm, and perceived behavioral
control combine to form her intention to perform a particular behavior, and in turn, lead
to that behavior. By taking into consideration a person’s unequivocal perception of
control, the theory expands on the application of TRA to refer not only to merely
voluntary but also to intrinsic behaviors. This is particularly important in the case of
innovation diffusion which often involves an adopter’s attitude towards the innovation as

well as the environment adopter lives in.

Behavioral
attitude

Subjective
norms

Perceived
behavioral
control

Figure 4 Main Variables of the Theory of Planned Behavior

Source: (Fishbein & Ajzen, 1975)
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Attitude toward the behavior is defined as the person’s feeling about the behavior. The
feeling is determined based on the assessment of his/her beliefs towards the action of the
behavior and his/her desirability of the corresponding consequences. Formally, overall
attitude can be assessed as the total of one’s assessments towards the consequences of
certain behavior. Subjective norm is defined as one’s perception of how others that are
important to him/her think they should behave. Overall subjective norm can be summed
as the total of one’s motivation and perception assessments of the ones he/she thinks
important. Behavioral control is defined as the degree of difficulty to perform a behavior

(Ajzen, 1985).

TPB thinks that one’s control towards his/her behavior lies on the behaviors that can be
easily performed. Ajzen has suggested that the link between behavior and behavioral
control outlined in the TPB model should be between behavior and actual behavioral
control. But the difficulty to measure the actual behavior control has led the model to

measure the perceived behavior control as a proxy (Furneaux, 2019).

The theory of planned behavior has received considerable attention in the literature. The
Theory of Reasoned Action (Fishbein & Ajzen, 1975) is a general theory applicable to an
array of behaviors, including the forces which influence the use of IT, and the adoption
and diffusion of an innovation. Thus, certain concepts of diffusion research could be used
to apply the theory of reasoned action, or the theory of planned behavior. For example,
Moore and Benbasat integrated the innovation of diffusion theory and the reasoned action
models to predict utilization of information technology by end-users (Moore & Benbasat,

1996). Their research undertakes such a study by using diffusion research to provide a

15



basis for identifying a set of generic perceptions or beliefs which could affect one's
attitude towards using IT. It then integrates these perceptions with several constructs
from TRA to develop and test a model which helps explain individual use of end-user IT

(Moore & Benbasat, 1996).

Overview of Social Embeddedness

Granovetter (1992) pointed out that:

"Embeddedness" refers to the fact that economic action and
outcomes, like all social action and outcomes, are affected by
actors' dyadic (pairwise) relations and by the structure of the overall
network of relations. As a shorthand, I will refer to these as the
relational and the structural aspects of embeddedness. The structural
aspect is especially crucial to keep in mind because it is easy to slip
into "dyadic atomization," a type of reductionism. (P. 33, italics in

original)

The core argument of social embeddedness is that embedded relations, in contrast to
atomistic arms-length exchanges, exhibit shared norms and values, reduce the need for
monitoring and control, and facilitate the transfer of information and integration of
specialized knowledge and capabilities (Granovetter, 1985; Uzzi, 1997). The economic
implications of social embeddedness are expected to be especially important in an
innovation diffusion context, where the decision process of adoption intention to actual
behavior needs to be understood. Peres et al (2010) characterize social embeddedness

into two dimensions, network externalities and social signals. Network externalities refers

16



to the observation that the utility of some products or services may increase as more
consumers adopt the new product (Peres et al., 2010; Tucker, 2008). Social signals refers
to any market information other than personal recommendation that can be used by a

potential adopter to make the decision (Peres et al., 2010).

The effect of social embeddedness was examined in a strategic IS project development
context. Using data from a longitudinal field study of 155 offshore IS projects managed
by 22 project leaders, Rai, Maruping and Venkatesh (2009) found evidence of a
relationship between project cost overruns and client satisfaction over the effects of
project characteristics and agency factors. Specifically, they found that social
embeddedness reduced project cost and improved client satisfaction. Rai et al. (2009)
characterized social embeddedness as joint problem solving, fine-grained information
transfer, and trust referring to MacNeil’s review (Macneil, 1985). All of which leads to
superior outcomes, when transfer, and trust-lead to superior outcomes, especially when
all information cannot be codified and transferred through market mechanisms and each
partner in the exchange relationship possesses significant tacit knowledge and domain

specialization.

More recently, an increasing number of studies have also addressed the importance of
social embeddedness using mathematical modelling. For example, Vastag and Montabon
(2002) proved the role of social acculturation in journal rankings by showing that the
perceived journal impact has been developed through many layers of social
connectedness, of which doctoral education is one prominent factor. Benedek, Lubl&y,

and Vastag (2014) argued the importance of social embeddedness at mobile providers by
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examining the effects of customers’ network topological properties on churn
probability—the probability of a customer switching from one telecommunication
provider to another. Using snow sampling, which is the only practically feasible network
sampling method, this study found that social embeddedness blocks the impact of the
very same marketing efforts. Moody and White (2003) focused on how social cohesion
and social embeddedness is linked by developing a concept of structural cohesion based
on network node connectivity. Structural cohesion is defined as the minimum number of
actors needed to hold the group. A structural dimension of embeddedness is then defined
as the hierarchical nesting of these cohesive structures. In their study, the social network
based concept is developed based upon on Simmel (Simmel, 1950) and Durkheim
(Durkheim, 2014) and methodologically grounded in classical graph theory (Cartwright,
Harary, & Norman, 1965; Harary, 1969). They implemented an algorithm for measuring
embedded levels that provides an operational specification of one dimension of social
embeddedness (Granovetter, 1985, 1992). Abrahamson and Rosenkopf focused on
explaining why certain innovations diffuse extensively. They suggest the structure of
social networks, through which potential adopters of innovations find out information
about innovations, can cause such individuals to adopt an innovation. Thus, they propose
that the number of network links, and the social structures can have very large effects on
the extent of an innovation's diffusion amongst members of a social network community
(Abrahamson & Rosenkopf, 1997). Angst, Agarwal, Sambamurthy, and Kelley (2010)
used social contagion instead of social embeddedness to study the dynamic, temporal
process of the diffusion of electronic medical records in the population of U.S. hospitals.

They define social contagion as the mutual influence among organizations within an
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institutional field using either direct or indirect contact mechanisms. They hypotheses
that the likelihood of a hospital’s decision of adopting electronic medical records is
related to its susceptibility to the influence of prior adopters. They found strong effects
for social proximity and significant regional effects for spatial proximity and hospital size

towards the decision of adoption.

In this study, the definition of social embeddedness is adapted from multiple sources.
Hultman (2004) characterizes social embeddedness into four facets: relational,
structural, temporal, and institutional embeddedness. The relational embeddedness of
technology adoption refers to how adoption and adoption processes are influenced by,
direct and indirect relationships (Granovetter, 1992). Structural embeddedness of
technology adoption refers to how adoption and adoption processes are embedded in and
influenced by structural positions (Granovetter, 1992). Temporal embeddedness refers to
how adoption and adoption processes are influenced by time effects, including previous
and current experiences (Rosenberg, 1982; Utterback, 1994). Finally, institutional
embeddedness refers to how adoption and adoption processes are embedded in and
influenced by socially constructed norm systems (DiMaggio & Powell, 1991). Reed and
Selbee (2003) characterize social embeddedness into three dimensions: social
connectivity, social anchoring and social continuity. Social connectivity refers to the
extend an individual is linked to his/her social context. Social anchoring refers to one’s
values, beliefs, and life-ordering principles, especially when periodically affirmed with
like-minded people. Social continuity indicates if there is an absence of social change.
The extent to which an individuals within societies need depends on significant factors

like age, gender, education, access to wealth, vested interest, etc (Lipset, 1959).
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Hypotheses

Embeddedness is referred as the dependence of a phenomenon on its environment in
social science. It can be the dependence of the economy or the market, a set of
relationships, an organization, or an individual on its environment. It can also be defined
alternatively in institutional, social, cognitive, or cultural terms (Schmidt, 2013). The
social embeddedness describes how the innovation is embedded into the social network.
Apple products, which can be seen everywhere, either online or offline, and can be
categorized as deeply social embedded innovations. When Apple decides to launch a new
product, the information and related commercial can easily penetrate to the audience,
since they are deeply embedded. Trialability and observability refers to if the innovation
is visible and available to experience. With a deeply embedded social network, it is not
unnatural to think that Apple products will be more visible and available to the audience
than those with less deeply embedded social network. Therefore, it is hypothesized that
social embeddedness has a positive impact on the perceived characteristics of technology.
With higher level of social embeddedness, the innovation is more penetrated and can be
easily tried and observed by the consumers. Drawing on past studies, we propose that the
level of social embeddedness would have positive effects on the perceived observability
and perceived trialability, and finally affects the adoption intention through the perceived

characteristics.

H1: Social embeddedness will have a positive impact on the perceived characteristics of

Technology.
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H1a: Social embeddedness will have a positive effect on perceived observability before

product launch.

H1b: Social embeddedness will have a positive effect on perceived trialability before

product launch.

H1c: Social embeddedness will have a positive effect on perceived observability after

product launch.

H1d: Social embeddedness will have a positive effect on perceived trialability after

product launch.

Rogers argued that the main drivers of the adoption are the interpersonal channels of
communication (Rogers Everett, 1995). Empirical studies have also provided evidence. A
study by Naseri and Elliott (2011) found that consumers who are more socially oriented
would be more influenced by the pressure of two social forces, namely word-of-mouth
and social signals. According to a meta-analysis done by Sultan, Farley and Lehmann, the
word-of-mouth is the main deriver of innovation diffusion (Sultan, Farley, & Lehmann,
1990). Besides the influence of social influence or social embeddedness have on adoption
intention, literature has also provided support on the direction of the influence. Dickerson
and Gentry mentioned that the literature often consider innovators as social integrated
and as belonging to more social groups (Dee Dickerson & Gentry, 1983). Therefore, it is
reasonable to consider that the higher the level of social embeddedness, the higher the

likelihood of adoption. However, different from previous studies, which considered
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social influence as parallel of the other perceived characteristics, we posit that the social
embeddedness influences the adoption intention through the perceived characteristics of
innovation. With the higher level of social embeddedness, consumers’ opinions towards
the innovation are more likely to be influenced by the opinions of the people around

them.

A recent Google Pixel 3 advertisement serves as another good example. There are only
two photos in the advertisement, one shot by iPhone in the night and another shot by
Pixel 3 in the night. The one shot by Pixel 3 clearly performs better than the one shot by
iPhone. With the deeply embedded social network, it is easy for the consumers to come
to the conclusion that Pixel 3 is outperforming iPhone in taking pictures while neglecting
the other shortages such as time lag in accessing the camera app etc. of Pixel 3. Similarly,
we believe that other perceived characteristics would also be influenced by the social

embeddedness. Thus, we proffer the following hypotheses:

H1e: Social embeddedness will have a positive effect on perceived relative advantage.

H1f: Social embeddedness will have a positive effect on perceived complexity.

H1g: Social embeddedness will have a positive effect on perceived compatibility.

The Baader-Meinhof phenomenon (Kershner, 2015), or the frequency illusion, happens
when one stumble up something new, and will find him or herself hearing about it more
often afterwards. The Baader-Meinhof phenomenon is true about that one may actually
hear it more often, but more because one notices it more often than one previous do

(Zwicky, 2005). The phenomenon explains why the perceived product observability
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before product launch would influence perceived product observability after the product
launch. Therefore, if one perceives the observability before the product launch as high, it
is more than likely that one will perceive the observability of the product after the launch
high. Thus, we have the hypothesis H2a, the perceived observability before product

launch will have a positive effect on the perceived observability after product launch.

H2a: The perceived observability before product launch will have a positive effect on the

perceived observability after product launch.

H2b: The perceived trialability before product launch will have a positive effect on the

perceived trialability after product launch.

According to the hype cycle (Gartner, 1995), the life cycle of nascent technologies goes
through the several stages: The emerging technology starts with a technological
breakthrough or a proof-of-concept, which triggers public interest in the new technology.
The new technology is still at the experimental stage and no viable business applications
have been developed yet. Typically, the innovation trigger is followed by increased
publicity, which are normally stories, videos, and articles from the first test users or
adopters made available through social media. The technology enters the period of
unrealistic expectations. During this stage, people formulate their intention whether to
adopt the innovation based on the reviews and specifications such as complexity, relative
advantage, compatibility, observability and trialability of a certain product/innovation,
despite no actual availability of the product/innovation. As such, we separate

observability and trialability into pre- and post-product launch. Consistent with previous

24



literature, we believe the observability and trialability before the product launch will have

positive effects on the adoption intention

H3: The perceived characteristics of innovations will have a positive effect on the

adoption intention.

H3a: The perceived observability before product launch will have a positive effect on the

adoption intention.

H3b: The perceived trialability before product launch will have a positive effect on the

adoption intention.

H3c: The perceived observability after product launch will have a positive effect on the

adoption intention.

H3d: The perceived trialability after product launch will have a positive effect on the

adoption intention.

The present study is based on Rogers’ (2003) theoretical framework of the diffusion of
innovations theory. Rogers’ framework describes the processes through which ideas,
practices or objects are communicated and thereby adopted by members of a society over
time. Rogers explained how certain attributes of an innovation impact a person’s choice
to adopt that innovation. These innovation attributes are perceptual rather than objective
realities. Various authors have described these attributes in detail and have named them
perceived characteristics of innovations (PCIs) (Chiasson & Lovato, 2001; Moore &

Benbasat, 1991; Tornatzky & Klein, 1982; Zhu & He, 2002).
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Weigel, Hazen, Cegielski, and Hall conducted a meta-analysis on innovation diffusion
and the theory of planned behavior, and found that all the antecedents yielded with
“medium” effects: compatibility (p = .43), relative advantage (p = .42), perceived
behavioral control (p=.41), observability (p = .38), subjective norm (p =.33), and
trialability (p = .32). None of the confidence intervals for the relationships noted above
include zero. Except for complexity, all of the proposed antecedents were found to have a
positive and significant correlation with adoption propensity (Weigel et al.; Weigel,
Hazen, Cegielski, & Hall, 2014). Al-Gahtani (2003) conducted research on computer
adoption in Saudi Arabi. This researcher used Rogers’ (2003) five PCls to understand
computer adoption and use. Al-Gahtani found that all five characteristics correlated
significantly with computer use and adoption with complexity having a negative
correlation. Chiasson and Lovato (2001) investigated factors impacting the adoption of
software. These researchers found that initially, all five of Rogers’ (1964) characteristics
were important to adopters, but importance narrows down to a few factors as time

progresses. Aligned with previous literature, the following hypotheses are proffered:

H3e: The perceived relative advantage will have a positive effect on the adoption

intention.
H3f: The perceived complexity will have a negative effect on the adoption intention.

H3g: The perceived compatibility will have a positive effect on the adoption intention.
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METHODOLOGY

Participants and Procedure

Research Design

The unit of analysis for this study is at the individual level. The target population we are
interested in is the residents in the U.S. who have considered adopting a new technology.
We separated the participants into two groups randomly, with one group answering the
survey for adopting an emerging technology, and the other group answering the survey

for enabling technology. We collected at least 200 usable responses for each survey.

This study employs a survey method. Following appropriate informed and blind pilot
studies and revisions, an exploratory study was conducted using an online survey in order
to gain a better understanding of the social embeddedness and the perceived

characteristics of an innovation as well as to validate the model.

The survey was separated into two versions: one for emerging technology, and one for
enabling technology. In this study, emerging technology is defined as a radically novel
and relatively fast-growing technology with the potential to exert a considerable
influence on society. Most of its influence lies in the future and so it is still somewhat
uncertain and ambiguous. For example, Dyson is a product innovator that follows a
radical, emerging technology approach to its product offerings. Dyson has gone through
the process of reinventing often overlooked categories of domestic appliances such as the
vacuum and fan. They have delivered market innovation and influence through their

technology. Other examples of emerging technologies include the Apple watch, Amazon
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dash button, Augmented Reality (AR), 3D printing, self-driving cars and drones, vertical

farming, and solar photovoltaic for personal use etc.

The enabling technology is defined as either relatively simple extensions or modifications
to existing products or technologies that result in a new way to do old things or may
provide a vehicle for new opportunities. Enabling technologies can often be realized by
combining existing technologies to create something entirely new. For example,
combining the Internet and a simple computer with a common gasoline pump to create a
smart pump, other examples of enabling technology include Google Nest Thermostat
(controlling the temperature through mobile app), cameras with direct editing abilities via
onboard computers, Smart Home Security Systems in which home surveillance cameras

are connected to the internet to automate the security of your home.

The survey instrument was constructed and delivered online via Qualtrics and recruited at
least 200 subjects for each version. The research model was tested and refined using data
collected for the two different types of technologies. Then the results for these two types

of technologies were analyzed and compared.

Measurements

We used a 7-point Likert scale in order to measure the questionnaire items with 1 indicating
‘Low degree/Strongly disagree’ and 7 indicating ‘High degree/Strongly agree’. The final

items used for constructs are listed in the survey in Appendix.

The constructs for perceived characteristics of innovations are mainly adapted from Moore

and Benbasat (1991) as reflective constructs; the construct for Adoption Intention (Al) was
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developed and adapted from Carrus, Passafaro, and Bonnes (2008); Casalg Flavian, and
Guinal v (2010); Kim, Yun, and Lee (2014); and the construct for Social Embeddedness
was developed and adapted based on Reed and Selbee (2003) Kim et al. (2014); Kurz,

Linden, and Sheehy (2007) and was developed as formative construct.

For the perceived characteristics of technology, modifications were made to Trialability
and Observability. The two constructs were split into Trialability — before (T-before),
Trialability — after (T-after), Observability — before (O-before), and Observability — after
(O-after) basing on the product launch time. In other words, the degree the innovation can
be experimented with or practiced before the product launch is categorized as T-before,
while the degree the innovation can be experimented with or practiced after the product
launch is categorized as T-after. The same is for Observability. The rest three perceived
characteristics of technology had the similar definition as in Moore and Benbasat (1991).
The Relative Advantage (RA) is the degree an innovation is perceived as a better idea; the
Compatibility is the degree of perceived consistency with values, experiences, and needs
of potential adopters; and the Ease of Use (EOU), or complexity is the degree of difficulty

with using the innovation.

The social embeddedness was tapped into three dimensions, including social connectivity
(links to one’s social context) (Reed & Selbee, 2003), social anchoring (values, beliefs,
and life-ordering principles, especially when periodically affirmed with like-minded
people) (Reed & Selbee, 2003), and social continuity(Kim et al., 2014; Kurz et al., 2007;

Reed & Selbee, 2003).
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DATA ANALYSIS AND RESULTS

The psychometric properties of the measures were examined in terms of item loadings,
internal consistency, and discriminant validity. The former two metrics are deemed
acceptable if greater than 0.70 (Claes Fornell & David F Larcker, 1981). To check if the
results support the discriminant validity of the constructs, we checked whether: a) items
load more strongly on particular constructs than on other ones; b) the square root of the
average variance extracted (AVE) is larger than the inter-construct correlations (Chin,

1998).

We carried out an exploratory factor analysis to check the item loadings and confirmatory
factor analysis to examine convergent and discriminant validity of the constructs. EFA
were conducted using SPSS and we used it to determine the latent constructs necessary to
account for the correlations among all the variables. The analysis informs us how the
items load towards the constructs and whether there is no cross-loading. In EFA the items
can load towards any constructs, while in CFA the measures can load only on previously
defined constructs (based on subject matter knowledge). Thus, further on, confirmatory
factor analysis using ADANCO (ADANCO, 2019) was be carried out. Beta coefficients
and R-squared values of the path equations informed us of the loadings of the items
towards particular constructs. This way we also examined for convergent validity — that
items of a particular construct are correlated; and discriminant validity — that items of
different constructs are not correlated. Inter-item correlation matrices were used to
examine and present the convergent and discriminant validity. The fit indices indicating

whether the measurement model is a good fit were reported.
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We used Partial Least Squares to test the hypothesized structural model. The justification
for using PLS is two-fold: a) it allows us to study patterns of causation among the
variables; and b) our model consists of multi-item constructs and PLS enables
examination of such constructs. Furthermore, PLS enables the construction of formative
models (as well as reflective relations), which are embedded in this study. In formative
constructs, the items influence their corresponding composite variable. PLS is also a good
solution for studies with relatively small sample sizes (Hsu, Chen, & Hsieh, 2006). The
general criterion is for the minimum sample size for PLS to be ten times greater than the
maximum number of paths towards any variable in the model (Chin & Newsted, 1999).
In this case the planned sample size 200 for emerging technology and enabling

technology should be sufficient as it well crosses the necessary threshold.

Characteristics of the Survey Sample

For the emerging technology survey, we received survey responses from 447 individuals.
After eliminating 38 invalid responses, we retained 409 usable responses for data

analysis. The effective response rate is 91.5%.

For the enabling technology survey, we received responses from 212 individuals. After
eliminating 6 invalid responses, we retained 206 usable responses for enabling

technology. The effective response rate is 97.2%.
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Table 1. Characteristics of the Sample

Emerging Technology | Enabling technology
Gender
Female 157 38.39% 75 36.41%
Male 250 61.12% 131 63.59%
Unknown 2 0.49% - -
Age group
18-25 66 16.14% 35 16.99%
26-40 289 70.66% 130 63.11%
41-59 42 10.27% 33 16.02%
60+ 12 2.93% 7 3.40%
Unknown - - 1 0.49%
Ethnicity
African American 21 5.13% 11 5.34%
Amgrlcan Indian or Alaska 16 3.91% 5 2 43%
Native
Asian 193 47.19% 100 48.54%
Caucasian 162 39.61% 81 39.32%
Hispanic or Latino 15 3.67% 6 2.91%
Middle Eastern 1 0.24% 1 0.49%
Native Hawaiian or Pacific 1 0.24% 0 0.00%
Islander
Unknown - - 2 0.97%
Education
High School 14 3.42% 14 6.80%
Some College 31 7.58% 27 13.11%
Bachelor's Degree 240 58.68% 115 55.83%
Some graduate school 18 4.40% 9 4.37%
Master's Degree 99 24.21% 38 18.45%
Doctoral Degree 7 1.71% 3 1.46%

As shown in Table 1, the sample represented a wide range of population with different
age group, education and ethnicity. The proportion of female and male respondents is
balanced, with the number of male respondents slightly higher than the number of female
respondents. Most respondents come from the age group of 26 to 40, then followed by

the age group of 18-25, indicating that almost 80% of the respondents are young adults.
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As of ethnicity, Asian and Caucasian comprised of nearly 90% of the respondents. Of all
the respondents, at least half of them had bachelor’s degree, and around quarter of them
had master’s degree. The sample showed that the respondents are generally highly

educated and come from young to middle aged group.

Non-response bias occurs when the respondents participated in the survey differ great
from those who didn’t (Fowler, 2009). To examine if non-response bias was a possible
problem, we split the sample into two subgroups based on the response time, and then
compared the two groups of data on demographic, social embeddedness and perceived
characteristics of technology. No significant differences were found, hence non-response

bias was determined not be an issue.

Common method bias (CMB) happens when variations in responses are caused by the
constructs rather than the actual predispositions of the respondents that the constructs
attempts to measure (Podsakoff, MacKenzie, Lee, & Podsakoff, 2003). To assess if
common method bias was an issue, we performed the Harman’s one-factor test. If the
total variance for a single factor is less than 50%, then CMB should not be a serious
problem. All items are loaded on one single factor, and the results showed that the total
variance for a single factor is 36.8% for the emerging dataset, and 37.6% for the enabling

dataset, indicating CMB does not affect the data and results (Podsakoff et al., 2003).
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Measurement Validation

We modeled the indicators of perceived characteristics of technology, social
embeddedness and adoption intention. Our validation results suggest that all measures
reached satisfactory construct validity and no significant multicollinearity. The detailed

results are listed below.

The reliability indexes of latent constructs were evaluated by composite reliability.
Composite reliability of 0.70 or higher is considered acceptable (Werts, Linn, &
Jaeskog, 1974). For adequate convergent and discriminant validity, the square root of
the average variance extracted (AVE) should be at least 0.70 and exceed the correlations
between the foal construct and other constructs (Gefen, Straub, & Boudreau, 2000).
Furthermore, standardized item loadings should be greater than 0.7 and items should load

more highly on their intended construct than on other constructs (Gefen et al., 2000).

The details of the reliability indexes are shown in Table 2. Dijkstra-Henseler’s rho (pa)
estimates the reliability of reflective measurement models when PLS mode A was used.
“Currently the pA is the only consistent estimate of the reliability of construct scores
obtained through PLS path modeling.” Then composite reliability (also called Dillon-
Goldstein’s rho, factor reliability, J oreskog’s rho, McDonald’s ®) is an estimate of the
reliability of sum scores pertaining to a reflective measurement model (Henseler, Ringle,
& Sinkovics, 2009). Cronbach’s alpha (o) is a lower bound estimate for the reliability of
a reflective measurement model (Henseler et al., 2009), and is considered as a measure of
scale reliability. Cronbach’s Alpha measures internal consistency, that is, how closely

related a set of items are as a group. If the value of Cronbach’s Alpha is greater than 0.7,
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it is thought to be acceptable. As shown in Table 2, all reliability indexes for the seven

perpetually measured reflective constructs (relative advantage, compatibility, ease of use,

observability, trialability, adoption intention and social embeddedness) are much higher

than 0.70, suggesting acceptable reliability of the measures.

Table 2. Construct Reliability ‘

Construct Dijkstra-Henseler'srho | J&eskog's rho | Cronbach's alpha
(pa) (pe) ()
Observability-before 0.877 0.913 0.872
Observability-after 0.850 0.891 0.837
Trialability-before 0.818 0.912 0.808
Trialability-after 0.741 0.884 0.739
Relative advantage 0.884 0.908 0.878
Compatibility 0.805 0.868 0.799
Ease of use 0.801 0.869 0.799
Adoption intention 0.831 0.895 0.824

The square roots of the variance extracted (AVE) are listed in Table 3. AVE is a number

between 0 and 1 that assess the average indicator reliability. It is often used to assess

whether the construct was unidimensional. Common cut-off point for a reflective

construct to exhibit sufficient unidimensionality is above 0.5 (Claes Fornell & David F.

Larcker, 1981). As shown in Table 3, all constructs showed good unidimensionality.
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Table 3. Convergent Validity

Construct Average Variance Extracted (AVE)
Observability-before 0.724
Observability-after 0.671
Trialability-before 0.839
Trialability-after 0.793
Relative advantage 0.623
Compatibility 0.623
Ease of use 0.624
Adoption intention 0.739

Discriminant validity assesses if the two conceptually different constructs are truly
different statistically. Table 4 is showing discriminant validity results using the Fornell-
Larcker criterion (Claes Fornell & David F. Larcker, 1981). The criterion is often used to
assess the degree of shared variance between the latent constructs. It postulates that a
construct’s AVE should be higher than its squared correlations with all other constructs

in the model. As illustrated by Table 4, all constructs showed good discriminant validity.

Table 4. Discriminant Validity for Reflective Constructs

Constructs | O-before | O-after | T-before | T-after | RA C EOU Al
O-before 0.724

O-after 0.168 0.671

T-before 0.468 0.105 0.839

T-after 0.145 0.443 0.139 0.793

RA 0.256 0.324 0.177 0.264 | 0.623

C 0.204 0.280 0.090 0.302 | 0.568 | 0.623

EQU 0.142 0.307 0.049 0.315 | 0.416 | 0.558 | 0.624

Al 0.211 0.243 0.086 0.275 | 0.546 | 0.522 | 0.391 | 0.739

Notes: O-before: observability — before; O-after: observability — after; T-before:
trialability — before; T-after: trialability -after; RA: relative advantage; C:
compatibility; EOU: ease of use; Al: adoption intention.
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Table 5 contains the correlations between indicators and constructs. The cross-loadings
are calculated using correlations of indicators to constructs. Bolded numbers are loadings

to for indicators to its’ own construct.

Table 5. Cross-Loadings

. O- O- T- T-
Indicator before | after | before | after RA C EOU Al

Q41 0.801 | 0.285 | 0.505 | 0.264 | 0.402 | 0.404 | 0.300 | 0.385
Q4 2 0.888 | 0.375 | 0.564 | 0.348 | 0.449 | 0.408 | 0.344 | 0.411
Q4 3 0.857 | 0.337 | 0.604 | 0.343 | 0.429 | 0.358 | 0.306 | 0.397
Q4 4 0.855 | 0.392 | 0.652 | 0.335 | 0.439 | 0.367 | 0.329 | 0.372
Q4.5 0.311 | 0.776 | 0.286 | 0.481 | 0.420 | 0.345 | 0.365 | 0.306
Q4.6 0.414 | 0.866 | 0.383 | 0.554 | 0.511 | 0.453 | 0.477 | 0.450
Q4 7 0.275 | 0.800 | 0.190 | 0.573 | 0.483 | 0.474 | 0.495 | 0.438
Q4.8 0.329 | 0.832 | 0.183 | 0.572 | 0.445 | 0.454 | 0.473 | 0.407
Q51 0.630 | 0.312 | 0.905 | 0.320 | 0.377 | 0.258 | 0.192 | 0.263
Q5 2 0.624 | 0.283 | 0.927 | 0.361 | 0.394 | 0.289 | 0.213 | 0.273
Q5.3 0.394 | 0.583 | 0.367 | 0.884 | 0.453 | 0.472 | 0.465 | 0.444
Q5 4 0.287 | 0.602 | 0.299 | 0.897 | 0.462 | 0.506 | 0.532 | 0.490
Q6_1 0.401 | 0.419 | 0.405 | 0.394 | 0.793 | 0.575 | 0.488 | 0.546
Q6_2 0.430 | 0.460 | 0.367 | 0.405 | 0.795 | 0.609 | 0.516 | 0.576
Q6_3 0.423 | 0.437 | 0.355 | 0.388 | 0.789 | 0.562 | 0.489 | 0.555
Q6_4 0.323 | 0.412 | 0.277 | 0.373 | 0.689 | 0.512 | 0.419 | 0.524
Q6.5 0.360 | 0.467 | 0.222 | 0.424 | 0.811 | 0.668 | 0.575 | 0.661
Q6_6 0.455 | 0.495 | 0.379 | 0.444 | 0.848 | 0.626 | 0.549 | 0.622
Q7 1 0.370 | 0.413 | 0.238 | 0.385 | 0.628 | 0.798 | 0.573 | 0.613
Q7.2 0.445 | 0.442 | 0.279 | 0.467 | 0.694 | 0.830 | 0.616 | 0.652
Q7.3 0.298 | 0.439 | 0.181 | 0.446 | 0.545 | 0.777 | 0.611 | 0.524
Q7 4 0.294 | 0.374 | 0.243 | 0.441 | 0.492 | 0.751 | 0.560 | 0.473
Q8 1 0.277 10377 | 0.171 | 0.422 | 0.479 | 0.589 | 0.756 | 0.470
Q8_2 0.321 | 0.464 | 0.177 | 0.447 | 0.536 | 0.611 | 0.801 | 0.516
Q8_3 0.319 | 0.472 | 0.189 | 0.463 | 0.510 | 0.600 | 0.785 | 0.505
Q8 4 0.274 |1 0.437 | 0.165 | 0.441 | 0.512 | 0.563 | 0.816 | 0.485
Q9 1 0.420 | 0.378 | 0.283 | 0.372 | 0.628 | 0.576 | 0.469 | 0.838
Q9 2 0.368 | 0.409 | 0.199 | 0.447 | 0.572 | 0.606 | 0.565 | 0.842
Q9 3 0.400 | 0.479 | 0.273 | 0.524 | 0.702 | 0.676 | 0.576 | 0.898
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The results suggest that all items load higher on their intended construct than other
constructs (Notes: O-before indicates observability — before; O-after indicates
observability — after; T-before indicates trialability — before; T-after indicates trialability -
after; RA indicates relative advantage; C indicates compatibility; EOU indicates ease of

use; Al indicates adoption intention).

Table 6 shows the result for variance inflation factor (VIF) statistics for construct social
embeddedness. Since social embeddedness is a formative construct, a high reliability
score could lead to excessive multicollinearity problems and hence make the model less
stable. In general, if the VIF statistic is less than 3.3, we could keep the indicator and
assume that multicollinearity is not significant problem (Diamantopoulos & Siguaw,
2006). As shown in Table 6, all VIF statistics for social embeddedness are lower than 3.3,

so multicollinearity should not be a problem.

Table 6. VIF Statistics for Formative Indicators

Indicator Social Embeddedness
Q10 1 1.726
Q10 2 1.768
Q10 4 1.464
Q10 6 1.526

Test of the Structural Model — Emerging Technology

The final sample size for the analysis of the proposed structural model for emerging
technology was 409 after excluding 38 responses with extreme values. We conducted t-
tests to compare these 409 responses with the 38 responses on variables of demographic,

social embeddedness and perceived characteristics of technology. No significant
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differences were found between the two groups on these variables. Missing values are
imputed using the hot deck method. The hot deck method replaces the missing values
with an observed response from a “similar” unit. Compared to mean imputation method,
the hot deck method only generates plausible values. In addition, compared to listwise
deletion, hot deck imputation provides more efficiency, since information in the

incomplete cases is kept for analysis as well (Andridge & Little, 2010).

Our Structural equation modelling results are shown in Figure 6.

Trialability-after
Re=0272

Adoption intention
R? =063

Figure 6. Model Results for Emerging Technology

As indicated by Figure 6, social embeddedness has significant effect on all the perceived

characteristics of technology. However, under the influence of social embeddedness, two
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previously considered important perceived characteristics (ease of use and observability -
after) are no longer considered important when it comes to adoption intention for

emerging technology.

Table 7 shows the coefficient of determination and adjusted R-squared values for
emerging technology. The coefficient of determination shows how much of the variance
in the endogenous variable is explained by the independent variables. The adjusted R-
squared is a modification for the coefficient of determination for the sample size and
addition of independent variables. Only observability and trialability before product

launch had relatively low but still acceptable R-squared values.

Table 7. R-Squared — Emerging Technology

Construct Coefficient of determination (R?) Adjusted R?
Observability-before 0.1001 0.0979
Observability-after 0.2796 0.2760
Trialability-before 0.0546 0.0522
Trialability-after 0.2720 0.2684
Relative advantage 0.2292 0.2273
Compatibility 0.2784 0.2766
Ease of use 0.3269 0.3253
Adoption intention 0.6354 0.6290

Table 8 shows the effect size using Cohen’s 2. The effect size indicates how substantial a
direct effect is, usually a Cohen’s 2 value greater than 0.35 is considered to have a strong
effect; a Cohen’s 2 value between 0.15 to 0.35 is considered to have moderate effect; a
Cohen’s f2 value between 0.02 to 0.15 is considered to be weak; and less than 0.02 is

considered to be unsubstantial. Except for observability-after, all effects had substantial
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effect. The bolded numbers are the effects that are moderate and strong. For emerging
technology, the social embeddedness had only weak effect on observability and
trialability before the product launch; however, it had moderate effect on observability
and trialability after the product launch. Social embeddedness had generally strong
effects on other three perceived characteristics of technology, but only relative advantage

had moderate effect on adoption intention.

Table 8. Effect Overview - Emerging Technology

Effect 32 | oo | effeet |
Social Embeddedness -> Observability-before | 0.316 0.316 0.111
Social Embeddedness -> Observability-after 0.353 | 0.094 0.447 0.155
Social Embeddedness -> Trialability-before 0.234 0.234 0.058
Social Embeddedness -> Trialability-after 0.375 | 0.067 0.441 0.182
Social Embeddedness -> Relative advantage 0.479 0.479 0.297
Social Embeddedness -> Compatibility 0.528 0.528 0.386
Social Embeddedness -> Ease of use 0.572 0.572 0.486
Observability-before -> Observability-after 0.298 0.298 0.111
Trialability-before -> Trialability-after 0.286 0.286 0.106
Observability-before -> Adoption intention 0.138 | -0.012 | 0.126 0.023
Observability-after -> Adoption intention -0.039 -0.039 | 0.002
Trialability-before -> Adoption intention -0.106 | 0.037 | -0.069 | 0.015
Trialability-after -> Adoption intention 0.130 0.130 0.021
Relative advantage -> Adoption intention 0.410 0.410 0.161
Compatibility -> Adoption intention 0.270 0.270 0.054
Ease of use -> Adoption intention 0.083 0.083 0.006
Social Embeddedness -> Adoption intention 0.445 0.445
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Table 9 shows the results of the hypotheses testing for the emerging technology. we use
the p-value of the parameters in the research model to determine the order of estimating

the influence of the perceived characteristics of innovation and social embeddedness.

Table 9. Summary of Hypotheses — Emerging Technology

Hypotheses t-value | p-value | Supported
Hla | Social Embeddedness -> Observability-before | 5.431 0.000 v
H1b | Social Embeddedness -> Observability-after 7.449 0.000 v
H1c | Social Embeddedness -> Trialability -before 4.432 0.000 v
H1d | Social Embeddedness -> Trialability -after 8.175 0.000 v
Hle | Social Embeddedness -> Relative advantage 7.809 0.000 v
H1f | Social Embeddedness -> Compatibility 9.274 0.000 v
H1g | Social Embeddedness -> Ease of use 10.541 | 0.000 v
H2a | Observability-before -> Observability-after 4.672 0.000 v
H2b | Trialability -before -> Trialability -after 5.076 0.000 v
H3a | Observability-before -> Adoption intention 2.108 0.035 v
H3b | Observability-after -> Adoption intention -0.703 | 0.483 -
H3c | Trialability-before -> Adoption intention -1.398 | 0.162 -
H3d | Trialability -after -> Adoption intention 2.754 0.006 v
H3e | Relative advantage -> Adoption intention 5.728 0.000 v
H3f | Compatibility -> Adoption intention 4.147 0.000 v
H3g | Ease of use -> Adoption intention 1.354 0.176 -

Relationship Between Social Embeddedness and the Perceived Characteristics of

Technology

Of the 7 hypotheses regarding relationship between social embeddedness and the
perceived characteristics of technology, all of them are supported. The result suggests
that the degree how a person is socially connected, how his values, beliefs and life-

ordering principles are periodically affirmed with like-minded people, and the level of
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social continuity affects how one perceive the technology. The more one is socially
embedded, the more one can perceive the observability of a technology, both before
(coefficient: 0.316, standard error: 0.058 p-value: 0.000) and after (coefficient: 0.298,
standard error: 0.064 p-value: 0.000) the product launch. It would be obvious to see the
conclusions that the more one connects with his social surroundings, the more
information he would get, the more likely one would hear the information related to the
technology from his social relations, thus increasing the chance of seeing the technology,
or the perceived observability of the technology. The effect from social embeddedness to
observability should persist from before to after the product launch, and the hypotheses
test results backed it up. The coefficient for observability — after is slightly larger than
observability — before. The results are reasonable, since one would expect to see more of

a product after the product launch.

The relationship between social embeddedness and trialability assimilates the relationship
between social embeddedness and observability. The more one is socially embedded, the
more one would perceive the trialability of the technology, both before (coefficient:
0.234, standard error: 0.053 p-value: 0.000) and after (coefficient: 0.441, standard error:

0.054 p-value: 0.000) the product launch.

The relationships between social embeddedness and the rest of the three perceived
characteristics of technology: relative advantage (coefficient: 0.479, standard error: 0.061
p-value: 0.000), compatibility (coefficient: 0.528, standard error: 0.057 p-value: 0.000),

and ease of use (coefficient: 0.572, standard error: 0.054 p-value: 0.000) are significant.
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The Effect of Before and After Product Launch

The results suggest that the perceived pre-product launch observability would have a
significant and positive effect on post-product launch observability (coefficient: 0.298,
standard error: 0.064 p-value: 0.000). The same is for pre-product launch trialability and
post-launch trialability (coefficient: 0.286, standard error: 0.056 p-value: 0.000). That is
to say, the more one sees and tries the product before its launch (wither through videos,
reviews, or test models, beta versions etc.), the more likely one can see and try the
product after launch. It can be explained using the Baader-Meinhof phenomenon
(Kershner, 2015). The Baader-Meinhof phenomenon is also known as known as
frequency illusion or recency illusion. It happens when you hear something and suddenly
you found that everyone else around you is talking about it, and you are surrounded by it
constantly (Zwicky, 2005). The truth is you are seeing it more, but you are also noticing
it more. The phenomenon explains why the perceived product observability and
trialability before product launch would influence perceived product observability and
trialability after the product launch. Because one will notice the product more often once

he or she saw the product.

Relationship Between the Perceived Characteristics of Technology and Adoption

Intention

Of the 7 hypotheses regarding adoption intention, H3b, H3c, and H3g did not find
enough evidence of support. The rest four hypotheses were supported. The observability
— before had significant and positive effect on adoption intention (coefficient: 0.126,

standard error: 0.060 p-value: 0.035). While compared with the relationship between
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observability -after and adoption intention, the effect was not significant (coefficient: -
0.039, standard error: 0.055 p-value: 0.482). This is an interesting finding and suggest
that when a company is trying to launch a new product that is emerging technology, the
more it shows up to the public, the more likely people would want to adopt it. However,
the appearance of the technology does not affect people’s adoption intention anymore
once after the product launch. This can be viewed as a support for the disillusionment
phase of Gartner’s Hype Cycle shown in Figure 1. People had high hopes for the product
before the product launch, thus had high level of adoption intention, but once the
products come out to the public, people went into the trough of disillusionment and the
degree of how often people can see the product after the launch does not affect the

adoption intention anymore.

Opposite from observability, the pre-product launch trialability (coefficient: -0.069,
standard error: 0.050 p-value: 0.162) did not have significant effect on adoption intention.
But the post-product-launch trialability (coefficient: 0.130, standard error: 0.047 p-value:
0.006) had significant effects on adoption intention. One possible explanation is that if
one can try out the product before the product launch, it would incur the trough of
disillusionment early. More than often, one can only try out test models, beta versions
etc. before a product launch. And beta versions and test models are often not as perfect as
the final product since the reason for beta versions is to get customer feedback and
improve the product. With this assumption, it would not be hard to understand why post-
launch trialability have significant effect on adoption intention. The more one can try out
the product after the product launch, the more likely one can adjust previous experience

with the product, and thus more likely to adopt the product.
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In line with previous literature, relative advantage (coefficient: 0.410, standard error:
0.072 p-value: 0.000), and compatibility (coefficient: 0.270, standard error: 0.065 p-
value: 0.000) had positive and significant effect on adoption intention. But ease of use
(coefficient: 0.083, standard error: 0.061 p-value: 0.176) did not have significant effect
on adoption intention. It could be the nature of emerging technology, since it’s new and
emerging, people may consider coolness and other effects more over if the product was

easy to use or not.
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Test of the Structural Model — Enabling Technology

The final sample size for enabling technology survey is 206, 6 extreme cases were
removed. We conducted same data process procedures as the one for emerging
technology. We performed t-tests to compare these 206 responses with the 6 responses on
all variables. No significant differences were found between the two groups on these
variables. Missing values are imputed using the hot deck method. The results are shown

below in Figure 7.
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Figure 7. Model Results for Enabling Technology

The social embeddedness is strongly associated with the all perceived characteristics for

enabling technology, however, social embeddedness had less but still significant effect on
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trialability — after. Interestingly, ease of use became significant, whereas compared to
emerging technology, ease of use was not significant. In addition, previous significant
compatibility became borderline significant. Trialability in general did not have any

significant effect. But observability in general was borderline significant.

Table 10 shows the coefficient of determination and adjusted R-squared values for
enabling technology. Compared with emerging technology, all constructs had high R-

squared values.

Table 10. R-Squared — Enabling Technology

Construct Coefficient of determination (R?) Adjusted R?
Observability-before 0.1415 0.1373
Observability-after 0.2766 0.2694
Trialability-before 0.1623 0.1582
Trialability-after 0.3474 0.3409
Relative advantage 0.2265 0.2227
Compatibility 0.2872 0.2837
Ease of use 0.3645 0.3614
Adoption intention 0.6694 0.6577

Table 11 shows the effect size using Cohen’s 2. Except for trialability before and
trialability after to adoption intention, all effects are substantial. The bolded numbers are
the effects that are moderate and strong. For enabling technology, the social
embeddedness had moderate effect on observability and trialability before the product
launch; however, it had weak effect on observability and trialability after the product

launch, which is different from emerging technology. Similar to emerging technology,
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social embeddedness had generally strong effects on other three perceived characteristics

of technology, but only relative advantage had moderate effect on adoption intention.

Table 11. Effect Overview - Enabling Technology

Effect 3 | toos | effeet |
Social Embeddedness -> Observability-before | 0.376 0.376 0.165
Social Embeddedness -> Observability-after 0.307 | 0.123 0.430 0.112
Social Embeddedness -> Trialability-before 0.403 0.403 0.194
Social Embeddedness -> Trialability-after 0.267 | 0.173 0.440 0.091
Social Embeddedness -> Relative advantage 0.476 0.476 0.293
Social Embeddedness -> Compatibility 0.536 0.536 0.403
Social Embeddedness -> Ease of use 0.604 0.604 0.574
Observability-before -> Observability-after 0.327 0.327 0.127
Trialability-before -> Trialability-after 0.429 0.429 0.236
Observability-before -> Adoption intention 0.124 | -0.047 | 0.077 0.017
Observability-after -> Adoption intention -0.143 -0.143 | 0.028
Trialability-before -> Adoption intention -0.028 | -0.006 | -0.034 | 0.001
Trialability-after -> Adoption intention -0.014 -0.014 | 0.000
Relative advantage -> Adoption intention 0.418 0.418 0.171
Compatibility -> Adoption intention 0.217 0.217 0.034
Ease of use -> Adoption intention 0.290 0.290 0.081
Social Embeddedness -> Adoption intention 0.458 0.458

Table 12 provided the summary of the hypothesis testing results, p-value was used to

determine the influence of the perceived characteristics of innovation and social

embeddedness. Relative advantage has been consistently showing significant effect.

However, the rest of the perceived characteristics of technology showed some interesting

results.
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Table 12. Summary of Hypothesis — Enabling Technology

Hypothesis t-value | p-value | Supported
Hla | Social Embeddedness -> Observability-before | 5.893 0.000 v
H1b | Social Embeddedness -> Observability-after 5.133 0.000 v
H1c | Social Embeddedness -> Trialability-before 5.712 0.000 v
H1d | Social Embeddedness -> Trialability-after 5.882 0.000 v
Hle | Social Embeddedness -> Relative advantage 5.585 0.000 v
H1f | Social Embeddedness -> Compatibility 7.119 0.000 v
H1g | Social Embeddedness -> Ease of use 8.525 0.000 v
H2a | Observability-before -> Observability-after 3.574 0.000 v
H2b | Trialability-before -> Trialability-after 6.210 0.000 v
H3a | Observability-before -> Adoption intention 1.101 0.271 -
H3b | Observability-after -> Adoption intention -1.882 | 0.060 -
H3c | Trialability-before -> Adoption intention -0.560 | 0.576 -
H3d | Trialability-after -> Adoption intention -0.156 | 0.876 -
H3e | Relative advantage -> Adoption intention 4.885 0.000 v
H3f | Compatibility -> Adoption intention 1.927 0.054 -
H3g | Ease of use -> Adoption intention 2.687 0.007 v

Relationship Between Social Embeddedness and the Perceived Characteristics of

Technology

Among the 7 hypotheses for social embeddedness and perceived characteristics of

technology, all of them are supported. The results did not differ whether it’s an emerging

technology or enabling technology. However, there is an interesting finding regarding the

coefficients for observability and trialability. Previously, for emerging technology, the

coefficients for observability and trialability before product launch were lower than that

of after product launch. Now, for enabling technology, the coefficient for observability
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before product launch (coefficient: 0.376, standard error: 0.064, p-value: 0.000) was
higher than observability after product launch (coefficient: 0.307, standard error: 0.084,
p-value: 0.000); and the coefficient for trialability before product launch (coefficient:
0.403, standard error: 0.071, p-value: 0.000) was lower than the trialability before
product launch (coefficient: 0.267, standard error: 0.075, p-value: 0.000). This suggests
that for enabling technology, how one is socially embedded is affects one’s perceived
observability and trialability more before the product launch, while for emerging
technology, how one is socially embedded affects one’s perceived observability and
trialability more after the product launch. One possible explanation is that people are
already familiar with enabling technology and enabling technology would be considered
as less fancy than the emerging technology, therefore, there is less eager to see and try
out the technology before the product launch. However, for emerging technology, people
would be intrigued by it and wanting to see it and try it out before it’s launch because

people have never seen it before.

Similar with emerging technology, social embeddedness had positive and significant
effect on the rest three perceived characteristics of technology: relative advantage
(coefficient: 0.476, standard error: 0.085, p-value: 0.000), compatibility (coefficient:
0.536, standard error: 0.075, p-value: 0.000), and ease of use (coefficient: 0.604, standard

error: 0.071, p-value: 0.000).

The Effect of Before and After Product Launch

Same with emerging technology, the perceived observability before product launch had

positive and significant effect on the perceived observability after product launch
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(coefficient: 0.327, standard error: 0.092, p-value: 0.000); the perceived trialability before
product launch had positive and significant effect on the perceived trialability after

product launch (coefficient: 0.429, standard error: 0.069, p-value: 0.000).

Relationship Between the Perceived Characteristics of Technology and Adoption

Intention

For enabling technology, only H3e, and H3g was supported. Observability before the
product launch(coefficient: 0.124, standard error: 0.070, p-value: 0.271), and
observability after the product launch (coefficient: -0.143, standard error: 0.076, p-value:
0.060) had borderline effect on adoption intention; trialability before the product launch
(coefficient: -0.028, standard error: 0.061, p-value: 0.576) and trialability after the
product launch (coefficient: -0.014, standard error: 0.091, p-value: 0.876) had no
significant effect on adoption intention. Compared with emerging technology, people
tend to be more familiar with enabling technology, thus they care less about how much

they can see or test the technology.

Relative advantage (coefficient: 0.418, standard error: 0.086, p-value: 0.000) has been
showing consistently significant effect to adoption intention; but compatibility
(coefficient: 0.217, standard error: 0.113, p-value: 0.054) showed only borderline
significance for adoption intention; and interestingly, ease of use for emerging
technology was not significant, however, ease of use (coefficient: 0.290, standard error:
0.108, p-value: 0.007) is now significant for adoption intention for enabling technology.
Compared with emerging technology, people tend to consider ease of use as more

important when it comes to adoption decision for enabling technology. It is logical since
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people use enabling technology more for regular daily life usage, it is important to be
easy to use. On the other hand, the purpose to try out an emerging technology main due

to its coolness or newness and would consider less of how easy it is to use.
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DISCUSSIONS AND LIMITATIONS

Discussion

We conducted this study to examine the relationship between social embeddedness,
perceived characteristics of innovation and adoption intention. This study supports the
characterization that social embeddedness influences the adoption intention through the
perceived characteristics of innovation. With large sample sizes it was found that with the
effect of social embeddedness, previously considered important perceived characteristics

of innovation to adoption intention may no longer play similar role as before.

Re-Assessed Weights for Each Perceived Characteristics of Innovation

It is not surprising to see that relative advantage still plays an important role in adoption
intention regardless of the type of technology and the level of social embeddedness.
However, for emerging technology, with the effect of social embeddedness, the ease of
use is becoming less important. Due to the nature of emerging technology, it is assumed
that people tend to adopt an emerging technology more because of its newness or
uniqueness and care less about if the technology is easy to use or not. And the fact that
observability after launch did not matter to adoption intention backs up the trough of
disillusionment phase of the Gartner’s Hype Cycle. In the disillusion phase, people tend
to lose faith and lower the inflated expectation of the technology even though the
underlying technology may be growing exponentially. At this time, increased
observability would not affect adoption intention unless there is a newer version/model of
the technology comes out and brings up people’s attention again. However, different

from observability, trialability has had significant effects on adoption intention no matter
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before or after the product launch. But, trialability before product launch had a negative
effect on adoption intention, it could be true, because there is usually a testing phase (or
beta version) before the final product launches market. And these testing phase (or beta
version) is likely to generate negative impression if there are a lot need to be modified
before the final product launch. This could easily happen to emerging technology as it is
still very new in every aspect. Nevertheless, the level that people can try out the
technology after the product launch is important for adoption intention as it could be a
chance for consumers to adjust their expectations and evaluations of the product. Similar
with previous literature, compatibility remained as important aspect towards adoption

intention.

For enabling technology, the observability and trialability became less important to
adoption intention. But the ease of use was significant, compared to emerging
technology. This implies that for a technology that people are already familiar with, it is
more important to them that if the product is easy to use or not. And since that people
understands the technology, it is less important if they can try or observe it. Interestingly,
compatibility was only borderline significant to adoption intention. It seems that if the
product is easy to use, and is relatively advantageous, they care less about if it is
compatible with their current situation. For example, it happens when a previously Apple
IOS system consumer decides to change one’s phone to an Android phone (e.g. the
Google Pixel) due to its innovativeness of camera processing technology etc. In this
sense, people are breaking out one’s old eco-system of technology by compromising
compatibility and gradually develop into a new eco- system of technology. If changing an

iPhone to a Google Pixel can be considered as breaking the old-eco-system, then
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changing one’s phone plans to Google Fi can be thought as a step towards generating a
new eco-system of technology, as only android phones has the ability to switch between
networks smoothly. While switching network intelligently was the fundamental concept

and selling point for Google Fi.

The reliability and validity of the social embeddedness and perceived characteristics of
innovation are established in a number of ways. First, they were established through
extensive literature review. Then they were tested using exploratory and confirmatory
factor analyses. In addition, theses constructs were demonstrated to replicated across two
independent samples, and each construct was demonstrated to be unidimensional and
internally consistent. Thus, we are confident that these measures are capable of reliably

describing the social embeddedness and perceived characteristics of the innovation.

The criterion-related validity of these measures was also assessed through testing a set of
hypotheses derived from the current literature on innovation diffusion theory. As
predicted, social embeddedness had strong, positive effects on all perceived
characteristics. Expect for relative advantage, which has been consistently significant, the
rest of the perceived characteristics played different roles towards adoption intention. It is
reasonable to assume that with a deep social embedded innovation, consumers tend to
ignore the ease of use of a product if it is considered as emerging technology; while
people tend to ignore the trialability if it is considered as an enabling technology. It could
due to the result of comparison effect and the nature of the technology, such that seeing
people in my social network using this product makes me wanted to use this product. Or

it could be an effect of trust, such that | wanted to adopt this technology because my
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friends had used this piece of technology and gave complement to the technology. Future

research is needed to further uncover the mechanisms of the adoption of an innovation.

Addition of Time Element in Traditional Innovation of Diffusion Models

Different from previous study, we introduced the time element in the traditional model
for innovation diffusion. Although Rogers (2003) suggested that there are four main
elements in the diffusion of innovation theory including: 1) innovation, 2)
communication channels, 3) time, and 4) social system, the time aspect is ignored in most
behavioral research (Rogers, 2003). There are few studies that considered the time effect,
mostly in mathematical studies or conceptual papers. Pae and Lehmann (2003) studied
the effect of intergeneration time on innovation diffusion rate for multi-generation
products (Pae, J. H., & Lehmann, D. R., 2003), and demonstrated that the more time
elapse for the adjacent generation of product, the slower the adoption of the subsequent
technology. But the main purpose for the study was to study the diffusion pattern for
multigeneration technologies. As suggested by Lal and Kaicker (1988), earlier models of
innovation diffusion have generally assumed immediate acceptance of a new innovation
without considering the time lag between one knows the product and one adopts the
product. So, they proposed an analytical model with distributed time lag. However, the
focus of time element for their theoretical framework was between the knowledge of an
innovation and its actual adoption. Minakov, Minakova, Galstyan, and Shiyanova (2015)

proposed similar approach but added time as a constant in their analytical models.

To our knowledge, this study is the first study to examine the time effect of perceived

characteristics of innovation, specifically for observability and trialability. The study
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added the time elements to the process of innovation diffusion, which was under
discussed in behavioral research. And found that the observability and trialability before
and after product launch had different impact on the adoption intention. The finding is
important to innovation diffusion theory as it refined the models by integrating the time
and social systems into the model and tested using empirical data, suggesting there
should be new interpretations towards the theory. Practically, the study points ways for
the tech-companies to market their products better by taking advantage of the social

embeddedness and important time points in launching the new product.

Different Type of Technology as Context Rather than Construct

This study employed the survey method, and recruited two independent random sample
for different type of technologies, i.e. emerging technology and enabling technology.
Many studies have taken the innovativeness as a new construct, for example, Goldsmith
and Foxall (2003) suggest that innovativeness is important as how people reacts to the
new technology accounts for the failure and success of the products. They summarized
different ways of how investigators measure innovativeness. Some researchers seek to
understand the social phenomenon better and identify the effect of innovativeness on
market related issues and portraited the innovativeness as independent variable,
moderator or covariate Goldsmith and Foxall (2003). Some emphasize the reliability,
generalizability or uniqueness of the construct. And some studied innovativeness for
commercial reasons. However, all conceptualization of innovativeness considered the
construct as unidimensional and interval measured. In fact, it is true that people react to

different innovations differently, and the different reactions consequently impacts their
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adoption decision. And it seemed logical to assume that holding all other variables
constant the higher level the innovativeness of the product, the more likely one is to adopt
the innovation. But it also makes sense the other way around, in other words, the lower
the innovativeness the more likely one is to adopt the innovation. At least it makes sense
for my grandma. In addition, it’s long been criticized that how should one determine what
can be considered as high level of innovativeness. Therefore, in this study, we applied the
different technologies as contexts to our survey respondents and tried to figure out if
different innovation context would result differently. For instance, both Dyson vacuums
(emerging technology) and Google Nest Thermostat (enabling technology) can be
considered as highly innovative, should they process similar mechanisms to people’s
adoption intention? The results of this study suggest that even though they are innovative,
people react differently towards them basing on other perceived characteristics of

innovation.

Implications

The implications of this work are clear. If research is aimed at understanding the
innovation adoption process, one should consider the effect of social embeddedness, as
previously considered important characteristics may no longer holds true under the
influence of social embeddedness. As we show in the results, the effects of relative
advantage, compatibility and trialability that were related to adoption intention may have
little relationship with consumers’ decision on whether or not to adopt an innovation.
Social embeddedness appears to be related with one’s relationship within a social group,

as well as with one’s reliance on other people. The scale is promising in understanding
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the complex dynamics of social relationships. This work provides empirical evidences

that social embeddedness is a valid and reliable impact for innovation diffusion.

This work also has implications for practice, especially for marketing purposes. First, this
work provide support that consumers’ decision mechanisms have changed compared to
before. This study provides a new venue for marketing new innovations depending on the
technology type, e.g. through extending social embeddedness. For example, Pixel phones
are advertising and extending its social embeddedness by borrowing the popularity, or
social embeddedness of iPhone, by comparing the effects of camera shots. Second, this
study provides new directions on marketing by showing that except for relative
advantage, compatibility and trialability no longer have a strong effect on consumers’

adoption intention, thus companies may rearrange the resources on marketing directions.

Limitation

This study has limitations that needed attention and future research. In this study, we
found evidence that social embeddedness correlates with the perceived characteristics and
adoption intention towards the innovations. We used the word innovation and product
interchangeably. However, innovation correspond to a more general and broader concept,

future research may use a more comprehensive definition for innovation.

Second, this is a cross sectional survey study, it would be interesting to find out if the
participants had actually adopted the innovation and did it differ from their initial
adoption intension, and what may possibly lead to the change. Future studies may use
longitudinal, or experimental design to find out the underlying mechanisms of innovation

adoption.
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Third, the definition of different types of technologies may be different for the
respondents. We tried our best to explain emerging technology and enabling technology
to the survey respondents as plain language, and provided them examples enough not to
confuse them. But as time goes and technology develops, the definitions may have
changed, and a technology previously considered as emerging may progress into an
enabling technology rapidly. Although we have not found any statistical evidence for
misinterpretation, future research is needed to further clarify different types of

technologies.

Fourth, the conclusions drawn from this study could be only one possible explanation
towards the phenomena, there could be other underlying mechanisms not illustrated in
the study. Future research could perform in-depth interviews to confirm the arguments

made in this study.
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CONCLUSION

Due to the ever-increasing development of technology and social embeddedness,
relooking the innovation of diffusion theory has become imperative, both theoretically
and practically. Given the context of emerging technology and enabling technology,
people reacts differently basing on their level of social embeddedness and their
considerations on the perceived characteristics of innovations, while taking the time
element into account. Previous literature offers little guidance on measuring time and
social system effects in innovation diffusion models, this study offers some insights. The
study is theoretically based and are tested empirically. Tech-companies should consider
the type of technology and the time of product launch when they are trying to market, in
order to impact adoption intention positively, and consequently increase the adoption
rate. Social embeddedness is important to all perceived characteristics of innovation. But
for adoption of emerging technology, one would consider less of ease of use but more on
observability and trialability. While for the adoption of enabling technology, one should
focus more on ease of use, but less of observability and trialability. Relative advantage is

important for both type of innovations.

This study is one of the first to add time elements for perceived characteristics into
innovation diffusion theory models in behavioral research. The aim is to see how the
weights for each perceived characteristics of innovation changed over time with the effect
of social embeddedness. Since this study is an initial attempt to refine the innovation of
diffusion theory, there could be problems and issues unaddressed. But we hope that this

study could serve as a stepping stone for future innovation diffusion theory studies.
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APPENDIX

Survey questions

Innovation Diffusion Theory and Social Embeddedness
-A New Perspective

Survey Questions

Thank you for your participation. This survey will take approximately 10 mins to complete. All records associated with this
study will be kept confidential.

Please answer the following questions using the information and definitions we provide to you.

Case Scenario 1 for Emerging Technology Adoption

We define an emerging technology as a radically novel and relatively fast-growing technology with the potential to exert a
considerable influence on society. Most of its influence lies in the future and so it is still somewhat uncertain and ambiguous.

For example, Dyson is a product innovator that follows a radical, emerging technology approach to its product offerings.
Dyson has gone through the process of reinventing often overlooked categories of domestic appliances such as the vacuum and
fan. They have delivered market innovation and influence through their technology. Other examples of emerging technologies
include the Apple watch and the Amazon dash button.

The following questions are focused on your experience with emerging technology. Using the definition and examples above,
please recall some emerging technologies you may have considered to adopt and why you decided (or not) to adopt the them.
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QL. Please identify and briefly describe the emerging technology example(s) you have in mind?

Q2. Perceived characteristics on innovation

Construct

Survey Question Items

Strongly
Disagree

Mostly
Disagree

Somewhat
Disagree

Neutral

Somewhat
Agree

Mostly
Agree

Strongly
Agree

Pre-Observability

| have read what others think
about using the emerging
technology before it was
available to the public (such
as online text reviews,
opinions, news etc.).

It is easy for me to see others
using the emerging
technology before it was
available to the public (such
as video reviews, prototypes
etc.).

| have had plenty of
opportunity to see the
emerging technology (such as
ads etc.) before it was
available to the public.

Video, reviews and
demonstrations of the
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emerging technology are
often seen within my social
group before the emerging
technology was available to
the public.

Post-Observability

| have seen the emerging
technology in use by my
friends and acquaintances.

The emerging technology is
very visible amongst my
friends and acquaintances.

It is easy for me to observe
others using the emerging
technology after it is made
available to the public.

| had plenty of opportunity to
see the emerging technology
being used after it was
available to the public.

Pre-Trialability

| had plenty of opportunity to
try out the emerging
technology myself before it
was available to the public
(such as prototypes, trail
versions, beta versions, in-
store experience, showrooms
etc.).

| know where | can go to try
out the emerging technology
myself before it was available
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to the public (such as stores
providing in store experience,
Apple, Tesla, etc.).

Post-Trialability

| have had a great deal of
opportunity to try out the
emerging technology after it
was available to the public
(through your friends who
own the technology, stores
that sell the technology etc.).

| know friends and
acquaintances who tried out
the emerging technology
after it was available to the
public (through your friends
who own the technology,
stores that sell the technology
etc.).

Relative advantage

Using the emerging
technology helps me to
accomplish tasks more
quickly compared with its
competitors.

Using the emerging
technology improves the
quality of my life or work
compared with its
competitors.

Using the emerging
technology makes my life or
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work easier compared with its
competitors.

The advantages of my using
the emerging technology far
outweigh the disadvantages.

Overall, I find using the
emerging technology to be
advantageous.

Using the emerging
technology gives me greater
control over my work or life
compared with its
competitors.

Compatibility

Using the emerging
technology is compatible with
my work or life.

| think that using the
emerging technology fits well
with the way | think about
things.

The emerging technology is
compatible with other
technologies | am currently
using.

The emerging technology
does not require much effort
to switch from my previous
technologies.
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| believe tha}t the emerging 0 0 o o 0 0 0
technology is easy to use.
It is easy for me to remember
s how to perform tasks using Q Q O O Q O Q
s the emerging technology.
3 My typical interactions with
w the emerging technology are O Q Q Q Q O O
clear and understandable.
Learning to use the emerging 0 0 o o 0 0 0
technology is easy for me.
Q3. Adoption Intention (reflective)
: Strongly | Mostly | Somewhat Somewhat | Mostly | Strongl
Construct | Survey Question Items Disag?e>e/ Disagree | Disagree Neutral Agree Agree | Y Agree
| intend to (or | did) adopt the
_ emerging technology when it Q Q O Q Q Q Q
2 is available.
g | will consider (or | did
= : .
= conS|d_er) adopting the 0 0 o o 0 0 0
oS emerging technology when
g- the opportunity presents itself.
< | plan to adopt the emerging
o o o o o o Q

technology (or similar
technologies) in the future.
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Q4. Social Embeddedness (formative)

to my community.

: Strongly | Mostly | Somewhat Somewhat | Mostly | Strongly
Construct | Survey Question ltems Disagree | Disagree | Disagree Neutral Agree Agree | Agree
My relationships and
interactions Wlth people 0 0 o o 0 0 0
outside my family members
a are generally good.
§ My relationships and
3 interactions with neighbors 0 0 o o 0 0 0
3 and coworkers are generally
5 good.
§ I _pa}rticipate in charit_able 0 0 o o 0 0 0
%) giving and volunteering.
| have a strong sense of
belongingness and attachment O O O O O O O

Question on respondents

The following questions are about your general information.

Gender:
O Male (1)

O Female (2)
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Age Group:

Q 18-25 (1)
Q 26-40 (2)
Q 41-59 (3)
Q 60+

Ethnicity:

African American (1)

American Indian or Alaska Native (2)
Asian (3)

Native Hawaiian or Pacific Islander (4)
Caucasian (5)

Hispanic or Latino (6)

Middle Eastern

000000

Education:

What is the highest level of education you have achieved so far?

High School

Some College
Bachelor’s Degree
Some graduate school
Master’s Degree
Doctoral Degree

00000
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Case Scenario 2 for Enabling Technology Adoption

We define enabling technology as either relatively simple extensions or modifications to existing products or technologies that
result in a new way to do old things or may provide a vehicle for new opportunities. Enabling technologies can often be
realized by combining existing technologies to create something entirely new.

For example, combining the Internet and a simple computer with a common gasoline pump to create a smart pump.

The following questions are associated with your experience with an enabling technology. Please recall one or more enabling
technologies you considered to adopt (or ultimately did adopt), and why you decided (or not) to adopt them.

Q1. What enabling technology examples are you thinking about?

Q2. Perceived characteristics on innovation

Somewhat | Mostly
i Strongly | Mostly | Somewhat Neutral Strongly
Construct | Survey Question ltems Disagree | Disagree | Disagree | ot | Agree | Agree | Agree

I have read what others think about
using the enabling technology
before it was available to the public | O O Q Q Q Q Q
(such as online text reviews,
opinions, news etc.).

Pre-Observability

It is easy for me to observe others 0o 0o O o) o) o) o)
using the enabling technology
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before it was available to the public
(such as video reviews, prototypes
etc.).

| have had plenty of opportunity to
see the enabling technology before
it was available to the public.

Video, reviews and demonstrations
of the enabling technology are often
seen within my social group before
the enabling technology was
available to the public.

Post-Observability

| have seen the enabling technology
in use by my friends and
acquaintances.

The enabling technology is very
visible amongst my friends and
acquaintances.

It is easy for me to observe others
using the enabling technology after
it is made available to the public.

| had plenty of opportunity to see
the enabling technology being used
after it was available to the public.

Pre-
Trialability

| had plenty of opportunity to try
out the enabling technology myself
before it was available to the public
such as prototypes, trial versions,
beta versions, showrooms etc.).
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| know friends and acquaintances
who tried out the enabling
technology myself before it was
available to the public (such as tech
expo events, exhibitions,
showrooms etc.).

Post-Trialability

| have had a great deal of
opportunity to try out the enabling
technology after it was available to
the public (through your friends
who own the technology, stores that
sell the technology etc.).

| know friends and acquaintances
who tried out the enabling
technology after it was available to
the public (through your friends
who own the technology, stores that
sell the technology etc.).

Relative advantage

Using the enabling technology
helps me to accomplish tasks more
quickly compared with its
competitors.

Using the enabling technology
improves the quality of my life or
work compared with its
competitors.

Using the enabling technology
makes my life or work easier
compared with its competitors.
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The advantages of my using the
enabling technology far outweigh
the disadvantages.

Overall, I find using the enabling
technology to be advantageous.

Using the enabling technology
gives me greater control over my
work or life compared with its
competitors.

Compatibility

Using the enabling technology is
compatible with all aspects of my
work or life.

| think that using the enabling
technology fits well with the way |
think about things.

The enabling technology is
compatible with other technologies
| am currently using.

The enabling technology does not
require much effort to switch from
my previous technologies.

Ease of use
(Complexity)

| believe that the enabling
technology is easy to use.

It is easy for me to remember how
to perform tasks using the enabling
technology.

My typical interactions with the
enabling technology are clear and
understandable.
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Learning to use the enabling 0 0 0 o 0 0 0
technology is easy for me.
Q3. Adoption Intention
Strongly
: Strongly | Mostly | Somewhat Somewhat | Mostly
Construct | Survey Question Items Disagree | Disagree | Disagree Neutral Agree Agree | Agree
| intend to (or | did) adopt the
c enabling technology when it O O O O O O O
2 is available.
g | will consider (or | did
C - -
= consu_jer) adopting the o o o o 0 0 0
S enabling technology when the
§- opportunity presents itself.
o .
< | plan to adopt the enabling
technology (or similar Q Q Q ) o o O
technologies) in the future.
Q4. Social Embeddedness
) Strongly Mostly | Somewhat Somewhat | Mostly | Strongly
Construct | Survey Question Items Disagree Disagree | Disagree Neutral Agree Agree Agree
» | My relationships and
__ & [ interactions with people o o o o 0 0 0
2 § outside my family members
& ¢ |aregenerally good.
o : i
g My r9|at|0ﬂ3h|ps and Q Q Q Q QO QO QO

interactions with neighbors
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and coworkers are generally
good.

| participate in charitable
giving and volunteering.

| have a strong sense of
belongingness and attachment
to my community.

Question on

respondents

The following questions are about your general information.

Gender:
O Male (1)

O Female (2)

Age Group:

Q 18-25 (1)
Q 26-40 (2)
Q 41-59 (3)
Q 60+
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Ethnicity:

African American (1)

American Indian or Alaska Native (2)
Asian (3)

Native Hawaiian or Pacific Islander (4)
Caucasian (5)

Hispanic or Latino (6)

Middle Eastern

000000

Education:
What is the highest level of education you have achieved so far?

QO High School

QO Some College

O Bachelor’s Degree

QO Some graduate school
O Master’s Degree

QO Doctoral Degree
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