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ABSTRACT. Information and telecommunication technologies are expected to
Jacilitate rapid information diffusion and bomogenize society. These expec-
tations, bowever, are based on the assumption tbat the underlying structure and
culture of society remains unchanged. When new technologies are introduced
and the structure of society changes, the advantages of the neu technology may
not be clear. Specifically, in conjunction with the move to modern information
and telecommunication tecbnologies, if both the size of the group and the
amount of information increases, then the expected speedup in information dif-
Jusion may not be realized. Moreover, ITT may also increase the relative rate at
which information diffuses to smaller and more intellectually advantaged
groups, thus exacerbating social differences. Copyright © 1996 Hsevier Science Lid

Popular and academic press are rife with discussions on the impact of infor-
mation and telecommunication technologies on society. Terms such as the
“information society,” the “networked nation,” the “global society,” “tele-
science,” and the “networked organization” speak to a growing assumption
that telecommunication technologies will become ubiquitous and that such
omni-presence will have the major effect of getting more information to
more people more quickly. This generic assumption aside, researchers and
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futurists provide a dizzying array of visions for the 21st century. These writ
ers provide a variety of views on whether these technologies will advantag
all groups equally, or only a select few.

While most agree that information and telecommunication technologie:
dTT) have the potential for creating a global network, there are multiple
views on how behavior will be affected by the simple ability of the members
of this extended community to rapidly interact among themselves and access
information.!- 2 A great deal of research has demonstrated that various com-
munication technologies can have profound social, and even psychological,
consequences and that these consequences are dependent on various fea-
tures of the technology such as enabling one-to-many communication.>* ITT
will influence the way in which work is done in society,>” the type of work
that is done,® how individuals are trained to take their place in society,” and
how organizations will communicate'® and be redesigned.!’ Nevertheless,
there are disagreements. On the one hand, ITT is seen as having a leveling
or homogenizing effect and so leading to a global culture.’® On the other
hand, whether it is even possible for ITT to create an “information society”
is questioned.!? Electronic mail, for example, has been studied extensively
with respect to its effects on communication style and its ability to break
down geographic or social boundaries;!*'® but may not always do so.'> *°
Electronic mail has been shown to facilitate many types of communication,
such as the development of panels for conferences,?’ group coordination,?
and interpersonal communication;?*-?5- 14 however, whether all types of
communication are equally advantaged is not clear. Overall, in the world of
virtual reality it is simply not clear what information will be diffused, how,
and to whom;? it is simply not clear what effect ITT will have other than
to speed up the flow of information.

Research on the impact of ITT often focus on the features of those techno-
logies. The basic assumption is that differences in these features will, in
and of themselves, be sufficient to effect social change. However, there are
complex interactions between ITT, the underlying socio-cultural environ-
ment, the content of the communication, and the sheer volume of infor-
mation and communications.

For example, although ITT enables communication to the masses through
one-to-many communication, that does not guarantee that a particular piece
of information will diffuse. There is a difference between an innovators
potential and actual reach (number of others to which information can/does
diffuse). ITT increases the former, but not necessarily the latter. Rather the
diffusion of specific information depends on the way it is presented and
whether there is 2 point of contact for the consumer, some content that
ties the new idea to previously held ideas.?”- 2® Without this supporting con-
tent, new ideas are less likely to diffuse and individual innovators will not
reach with their new idea all those others whom they have the potential to
reach. In general, the content of communications need to be carcfully
designed for maximal reach.?”- %

As another example, ITT enables not only communication to the masses;
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but also, communication from the masses. Many researchers have discussed
the existence of information overioad* and questioned the ability of individ-
uals to absorb the vast quantities of information made available by ITT.>
Research has demonstrated that information overload can degrade decision
making performance when individuals are under time pressure®? and that it
is the diversity of information, and not just the amount of information, that
affects decision making performance.?® Strategies for dealing with infor-
mation overioad have even been suggested.** However, the potential
increase in information enabled by ITT may be advantageous. That is, some
increase in the number of innovative messages diffusing through one-to-
many technologies may actually increase the rate at which any of the new
ideas diffuse.?”: 28

Finally, consider the interaction between ITT and the underlying socio-
cultural environment. The literature on ITT has its predominant emphasis
on the features and use of the technology,® 3% 36 jts psychological and social-
psychological consequences,! '4 16.37. 38 and jts historical impact.>*4' Rarely
do these studies focus on the structure of the underlying socio-cultural
environment and how changes in that environment, that may co-occur with
the advent of the technology, might alter the impact of the technology. Two
issues are of critical importance. First, is there an interaction between the
size of the population and the impact of ITT? Second, is there an interaction
between the use of ITT and the shape of the underlying social network (the
web of relations linking individuals to each other) that affects the diffusion
of information?

ITT are thought to have greater speed and flexibility than conventional
communication channels (e.g. they support both one-to-one interaction and
onec-to-many interaction). Based on these technological differences,
rescarchers have argued that we may sce the development of far-flung inter-
personal networks held together by telephone interaction;*? and the creation
of extended research groups at multiple research sites.2? Such interpersonal
and scientific networks have the potential to be much larger than the net-
works of the past.*® ITT may increase the size of communication groups.
Historically, as group size grew the speed at which information could diffuse
within the group decreased. But what does it mean for size of the group to
grow when the group is linked through ITT?

Diffusion researchers have long argued that the shape of the underlying
social network, the structure of the society, affects the rate at which infor-
mation diffuses and who is relatively advantaged in gaining access to new
information.*! For example, a study of two separate Dutch neighborhoods
demonstrated that the diffusion of information depended on the number of
.network ties in the community.¢® In general, the potential reach of the inno-
vator depends on the underlying structure of the society.?” With respect to
ITT a frequently asked question is whether ITT will replace or enhance
existing networks or social structures.* Claims about how the ITT altered
the underlying social structure abound; e.g. print communication made poss-
ible the professions by enabling regular and rapid contact,*” and electronic
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communication increases connectedness among individuals and decreases
their isolation.!* However, whether there is an interaction between structure
and technology is not known. That is, it is not known whether the type of
socio-cultural landscape that facilitates rapid diffusion will depend on the
type of ITT available to the members of the society.

The foregoing discussion suggests that a change in communication tech-
nology is not just a change in technology, but also can co-occur with, and
may even result in, changes in the underlying socio-cultural landscape. Ques-
tions, such as those previously raised, are being addressed using a number of
approaches including field studies, experiments, and computer simulation. It
is difficult for people to think through the implications of these kind of
dynamic systems unaided by accounting devices. Computational models, in
particular, provide a promising avenue for addressing these concerns as they
allow the researcher to examine these dynamic systems in a systematic
fashion, and to study long term effects, larger populations, and a greater
variety of ITT. Researchers in this area can bring to bear the power of com-
plex adaptive agent modeling techniques and an understanding of social
networks in addressing the issue of the impact of ITT. Consequently, the
models available today have a higher degree of realism and accuracy than
previous diffusion models. These computational models can be thought of
as the embodiment of theory and their predictions as hypotheses which can
be tested in later studies.

Herein, a particular computational model of information diffusion is used
to examine the interplay between the underlying socio-cultural landscape
and ITT in affecting the rate at which information diffuses. The specific
model used is based on the constructural theory.“*%° According to this the-
ory, information diffuses as individuals interact, and as individuals Jearn the
innovative information their body of knowledge changes which in turn
affects whom they choose to interact with in the future. Interaction partners
are chosen on the basis of relative similarity. As individuals change whom
they interact with the social network changes. As the social network
changes who communicates what to whom changes. ITT can have a variety
of effects including adding new communication partners and altering the
number of individuals with whom the individual can communicate at once.
Unlike traditional models of diffusion this model has multiple pieces of infor-
mation diffusing simultaneously and thus competing for the atrtention of the
individuals. And, unlike traditional models of diffusion, the individuals alter
what they know and so their probability for learning the new piece of infor-
mation over time may decrease. And, unlike traditional models of diffusion,
the underlying social structure can change over time.

Using this model a series of virtual experiments are run in which the
shape and size of the initial underlying social structure are varied. Two com-
munication technologies are considered. The first technology can be thought
of as standard oneto-one communication. This can be thought of as simply
talking. The second technology differs only in that it allows the individuals
to communicate in a one-to-one or one-to-many fashion. This can be thought
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of as email. In all cases, the rate at which a particular piece of information,
and the rate at which all of the information in the society, are communicated
to the entire population are tracked. There exists a single innovator, an
individual who discovers a new idea, in each of the artificial socicties exam-
ined. Initially, this idea is known only by the innovator. The results shed
light on the interplay between social structure and ITT in affecting the rate
of information diffusion.

Potential Impact of ITT On Diffusion

Most researchers will agree that ITT will speed up the rate at which infor-
mation diffuses. In a sense, such an argument dismisses what may be the
more important social consequences of ITT, the subtle shifting of which
subgroups become more or less advantaged by the presence of ITT. If the
relation between the socio-cultural landscape and the rate of information
diffusion remained the same but faster as ITT enter society, then in a sense,
ITT would be having a trivial effect on society. But is this case? Are the
types of groups and societies that are afforded the highest/lowest rate of
diffusion under only one-to-one communication the same as those when
one-to-many communication is also easily available to the masses?

Let us begin by considering the tradeoff between the rate of information
diffusion and population size (Fig. 1). The results suggest that as the size of
the group grows information diffuses more slowly and that this effect is
even more pronounced in an ITT environment. This suggests that as ITT
become more prevalent, that groups that remain smaller will have a greater
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advantage to learning new information. If learning novel information first is
advantageous cconomically or socially then smaller groups will be advan-
taged. In principle, in an ITT environment groups can grow arbitrarily large
as they need no longer rely on one-to-one communication to maintain close
ties to each other. However, these results suggest that groups may still wish
to restrict their membership and so remain small in an ITT environment as
by doing so they can feap a greater advantage from the increased rate of
diffusion afforded by ITT. These results also suggest that if groups automati-
cally grow in size as them move to an ITT environment they may not see
an increase in the rate of diffusion. The group may be larger, but it stili may
take as long to learn novel information.

Now consider the tradeoff between the rate of information diffusion and
the complexity of the culture (Fig. 2). We can think of cultural complexity as
the amount of information in the socicty. Regardless of the communication
technology, new information diffuses more slowly the more other infor-
mation there is in the community. An effect of information overload is simply
that as the amount of information that can be communicated increases the
rapidity with which any one picce of information may diffuse on average
decreases. The results suggest that as the amount of available information
grows information diffuses more slowly and that this effect is even more
pronounced in an ITT environment. This suggests that as ITT become more
prevalent, that groups that restrict information in general will have a greater
advantage in learning specific new information. If learning novel information
first is advantageous economically or socially then cultural or knowledge
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restriction will be advantageous. In an ITT environment the amount of infor-
mation available is expected to grow arbitrarily large. However, these results
suggest that groups may still wish to restrict information in an ITT environ-
ment as by doing so they can reap a greater advantage from the increased
rate of diffusion afforded by ITT. Intellectual gatekeepers or high information
accessing costs which may restrict the growth of information in general
have the paradoxical impact of increasing the rate at which new information
will diffuse; and such restrictive mechanisms may have even greater impact
in an ITT environment. These results also suggest that if the amount of
information in a groups automatically grows as they move to an ITT environ-
ment the group may not see an increase in the rate of diffusion. The group
may become more culturally complex, but it still may take as long, or even
longer, to learn novel information.

Gantz et al.*! found that while 80% of individuals first hear about local
news events through interpersonal sources, mass media quickly becomes
the dominant provider of follow-up and detailed information on the event.
If as 1 have been suggesting, smaller groups are more advantaged by ITT
than are larger groups, then they are likely to here a novel idea fast enough
to prevent it from going out to masses. If more complex cultures less advan-
taged than simpler cultures by ITT then even though individuals access mass
media sources for information the sheer increase in information in the ITT
environment may still decreases the speed with which individuals are able to
access the follow-up information. If ITT increases the amount of information
available on any event then individuals in these societies will spend more
time utilizing mass media to locate follow-up and detailed information than
will individuals in simpler and non ITT cultures. _

So far the discussion has been only in terms of the rate at which one piece
of information, the novel piece of information, is diffusing. Other pieces of
information are also diffusing at the same time. In general, the novel piece
of information diffuses faster on average than the rate at which the members
of the society come to know all of the other information under both ITT
and non ITT conditions. However, the correlation between the rate of dif-
fusion of one piece of information and rate of diffusion of all pieces of
information moves from 0.686 to 0.825 as the society moves from only one-
to-one communication to also admitting one-to-many communication. This
means, that in an ITT environment, all picces of information are equally
advantaged and that the society is less likely to exhibit social artifacts and
fads caused by one piece of info hitting the news before the competing or
contradictory piece of information. In this sense, in an ITT environment
unfounded rumors should be short lived.

Now let us consider how ITT might affect subgroups or minorities (Fig.
3). When there are two groups, the smaller the minority relative to the
majority, the faster novel information diffuses to the group relative to the
rest of society. And, in an ITT environment, the smaller the minority the
more advantaged they are. This suggests that innovative groups, rescarch
and development organizations, and intellectual communities may wish to
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restrict membership so that the new ideas they generate will diffuse first
within their group.

In societies without ITT novel information tends to diffuse to the new
group almost as rapidly as it does to the group as a whole (correlation of
0.801 when only one-to-one communication is available). In an ITT environ-
ment there is less relation between when the group gets the new infor-
mation and when the society as a whole receives the novel information
(correlation of 0.507 when one-to-many communication is also available).

ITT is often characterized as overcoming at least two human limitations-
ability to track or remember information and ability to communicate with
more individuals at the same time. It is often argued that technology which
overcomes human limitations should advantage the disadvantaged and this
mitigate human differences. This argument can be examined by sceing
whether novel information will diffuse relatively more quickly to groups
with less initial intellectual capital, less initial knowledge, in an ITT than in
a standard one-to-one communication environment. In Fig. 4, we sec that
ITT, rather than having a leveling effect is actually exacerbating social differ-
ences, That is information diffuses faster to the more advantaged groups,
the ones with more initial knowledge. Further, in an ITT environment the
difference in the rate of diffusion to the least and most knowledgeable group
is higher than in a one-to-one environment.

Huber®? has argued that ITT may not automatically have a leveling effect
on society. He suggests that “in a free, market-driven society, powerful new
technology shifts the whole human bell curve to the right. Advanced tech-
nology should be diverted to the least gifted kids in the poorest schools
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resulting in a social equalizer.” In other words, conscious intervention may
be necessary for ITT to actually overcome human limitations and advantage
the disadvantaged. The forgoing results are consistent with his prediction.
Moreover, they suggest that in an ITT environment the difference between
the intellectual haves and have nots may actually grow as novel information
may be communicated faster to those who start out intellectually advan-
taged.

Commentary

This analysis calls into question the general assumption that ITT will facilitate
rapid information diffusion. It suggests that if the move to ITT also effectively
increases group size and or the amount of available information that the
expected speedup in information diffusion may not be realized. This analysis
also suggests that smaller groups will be afforded greater advantages by ITT
than large groups; but, that ITT will not automatically overcome intellectual
disadvantages and may even exacerbate differences. These results should be
thought of as predictions which need to be tested through empirical studies.

.The foregoing results are due in large part to the fact that even in an ITT
cnvironment information will not always be broadcast to all, but may travel
by both one-to-one and oneto-many channels and the many to which it is
transmitted may not be the entire group. In other words, ITT increases the
options available for communicating novel ideas, it does not guarantee that
the fastest mechanism will be used. In general, interpersonal ties, such as
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friendship, neighbor, and mentorstudent relationships coordinate the dif-
fusion of new information.** In an ITT environment, novel information may
be communicated through less proximal ties, but there will still be a reliance
on known others for information. In general interpersonal ties move infor-
mation slowly as they rely on one-to-one contact. In an ITT environment,
novel information may move more quickly due to the possibility of one-to-
many communication.

The foregoing results are also due to the fact that the underlying social
structure is changing in response to the technology and the interactions
among the members of the socicty. For example, in the artificial societies
examined the groups became more homogenous more rapidly when one-to-
many communication was enabled in addition to one-to-one communication.
Research is needed to understand the relative impact of ITT when the under-
lying social structure is changing.

The foregoing discussion has focused on changes in the rate at which
information diffuses. Clearly, ITT might also affect what type of information
diffuses and the way in which information is presented. Such changes may
effect radical changes in society that are not accounted for simply by examin-
ing the rate of information diffusion.

Altenpoh! and Lohmar®¢ argued that the future would be determined not
by new technology, but by how societies exploited the opportunities those
technologies represent. To this I would add that new technologies provide
not just opportunities but constraints. The interaction between the new
technology and the initial social structure can radically alter the extant social
structure. Consequently, predictions made about the impact of a technology
on society based on the current social structure are likely to be wrong.
Understanding the impact of new technologies, particularly communication
technologies, can only be done within a social context. The future, is thus
determined not just by how societies exploit the opportunities those techno-
logies represent but also by how the societies change in response to a tech-
nology and so generate new social and technological opportunities and con-
straints.
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