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Abstract

As structuralists assert, structural constraints define the probabilities of social interactions. | argue, however, that
structural constraints are not static. Using Carley’s (1991) social interaction model as a starting point, I discuss
three modified scenarios to illustrate two points: 1) shared facts can either increase or decrease the probability of
a desirable interaction, and 2) at the same time, social actors’ active differentiation, selection, and creation of
shared facts change the interaction patterns and further reconstruct the social structure. I supplement Carley’s
dynamic network model by taking into account the role of social actors in the formation of social interactions;
the results highlight the need to study social networks from the structural level and individual level
simultaneously.
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1. Introduction

One of the focuses in the recent development of social network studies is network dynamics, regarding which
scholars seem to have reached a consensus that social interactions between individuals are the basic component
that forms all types of networks. Given this argument, understanding changes in social interactions is the key to
understanding the formation and evolution of social networks. Among other work, Carley’s (1991) dynamic
network model convincingly shows that the number of social facts two individuals share determines the
likelihood that an interaction will occur between them. Because the probability of social interaction between
pairs of individuals varies, the resulting social networks involve different groups of social members and different
types of tie strengths. In this regard, Carley’s (1991) social interaction theory provides a helpful understanding of
the formation of social networks. However, by treating social facts as exogenous determinants of social
interactions, the theory fails to explain how, once formed, a social network evolves if exogenous determinants
remain constant.

In this paper, | derive three adaptations of Carley’s (1991) original dynamic network model to illustrate how an
individual can actively alter the number of shared facts in order to increase or decrease the probability of an
interaction with a specific person, which in turn leads to changes at the network level. By providing an overview
of the origins and development of social network research, | demonstrate the necessity of combining structuralist
and individualist perspectives in order to understand the formation process of a given network. | illustrate my
theoretical approach by modifying Carley’s (1991) social interaction model. Following an introduction of
Carley’s (1991) original theory about the formation of social networks, I present three modifications. First,
instead of assuming a positive impact of a shared fact on the interaction probability between two actors, | argue
that a shared fact can either increase or decrease the interaction probability. Second, | argue that as social actors
with initiatives, individuals can contextualize and facilitate the occurrence of an interaction by selectively
focusing on facts that increase the probability of the interaction, while downplaying those that decrease this
probability. In the third modification, | show that social facts are not necessarily exogenous; individuals are able
to create new facts based on their shared ones. The creation of new facts can significantly increase the
cohesiveness of the whole network by fostering more dyad ties among network members. | conclude by
highlighting the need for scholars to focus on the role that individual behaviors play in the dynamics of social
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networks.
2. Overview of Social Network Research: Two Approaches

From a structuralist perspective, social network research is based on three foundational schools (Berry, Brower,
Choi, Goa, Jang, Kwon & Word, 2004): (1) sociometric studies rooted in Gestalt psychology, which used the
sociogram to diagram relationship networks among individuals; (2) the work of the Manchester anthropologists,
who emphasized social structures as the structure of social roles; and (3) the research of Harvard structuralists
(i.e., Harrison White and his students), who developed a block-modeling approach to measure social roles
mathematically. These three schools provided the social network research that followed with a foundation of
guantitative analysis methods. Through these methods, significant contributions have been made in identifying
the strength of relationships, resource mobility patterns, and patterns of social interactions. However, this purely
structural focus may have prevented scholars from applying social network analysis to a broad range of fields in
the social sciences.

There have been some attempts to bypass the paradigm of structuralism in the study of social networks. In this
regard, Granovetter’s (1973, 1974) theory of the “strength of weak ties” initiated a new phase of social network
analysis. According to Granovetter (1973), weak ties provide individuals with access to information that is useful
in finding a better job, and facilitate the integration of a community at the collective level. In his paper on
“network embeddedness,” Granovetter (1985) further demonstrated the importance of a social network
perspective, by showing that economic activities are embedded in social relations. As other scholars have
summarized, in Granovetter’s view, “social structures are ongoing, continually changing phenomena that are
constructed historically through the specific, concrete actions of particular actors in specific circumstances.”
(Berry, Brower, Choi, Goa, Jang, Kwon & Word, 2004:544) Thus, “the behavior and institutions to be analyzed
are so constrained by ongoing social relations that to construe them as independent is a grievous
misunderstanding.”(Granovetter, 1985:482)

Under Granovetter’s influence, a school of social network analysis that focuses on the impacts of social relations
on individual socioeconomic success has emerged. For example, based on the strength-of-weak-ties theory, Lin
(1982, 1999a, 1999b) developed a social-resources theory, according to which social resources are unequally
embedded in a pyramidal social structure. An individual who can reach a contact in a higher position has a
greater probability of attaining a high-status job. To do so, mobilizing weak ties, instead of strong ties, is
arguably more effective for one to reach a contact beyond one’s own social status. This approach has generated a
long-lasting debate on the effectiveness of tie strength, and both strong ties and weak ties have been found
effective in various social settings (Bian, 1997; Bian & Ang, 1997; Bridges & Villemez, 1986; Marsden &
Campbell, 1984; Murray, Rankin & Magil, 1981; PreisendOfer & Voss, 1988; Wegener, 1991). In addition to tie
strength, studies have also shown that an individual’s location within networks is important. This approach is
represented by Burt’s (1992) structural hole theory. According to Burt (1992), structural holes between networks
not only generate non-redundant information, but also produce control benefits, because individuals whose
networks span these holes have relative advantages as they negotiate favorable terms in the opportunities they
pursue.

As shown in the above literature, proponents of this approach focus on the benefits that individuals accrue from
resources embedded in networks, and take the existence of the network for granted, rather than regarding the
network as dynamic outcome constructed by “ongoing social relations” (Granovetter, 1985:482). Research
conducted within a different framework — the dynamic network approach, is thus of great importance in
understanding the formation and evolutionary processes of networks.

A typical example of this type of work is analyzing social interactions as the basic component of a network
(Carley, 2002; Carley, Lee & Krackhar, 2001; Topper & Carley, 1999). Inspired by Turner’s (1988) social
interaction theory, Carley (1991) characterizes social interactions as a cyclical process that starts with “action”
(what occurs during an interaction), followed by “adaptation” (what happens to the individual and society as a
result of interactions) and “motivation” (who interacts with whom), and eventually returns to “action.” In
Carley’s view, the more facts two individuals share, the higher the likelihood that an interaction will occur
between them. Because social structure forms in the process of social interactions, the change of a given network
is ceaseless as individual interactions continue. Despite the uncertainty of social interactions, however, a
relatively stable structure (social network) is possible, because the shared culture, values, and conventions
among individuals can, to some degree, maintain the patterns of social interactions.

Although the social interaction model focuses on the process by which a social network is formed, this approach
is mainly structuralist. A fundamental assumption of this approach is that individual behaviors are completely
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predictable, because every individual behavior can be traced back to certain environmental constraints. If this
were true, under the same external conditions, identical network structures would emerge even when different
individuals were embedded in the networks. However, this pattern has not been observed in real-life settings;
rather, network structure varies when different individuals are involved. Namely, individuals, as active social
actors, are able to alter the probabilities of interaction through their own behaviors.

Simply speaking, the previous research on social networks has fallen into two approaches: individualist and
structuralist. In general, scholars from the individualist approach emphasize how social actors maneuver network
resources for their own benefit and overlook changes that occur at the network level. At the same time, those
working within the structuralist framework explain individual interactions as outcomes that are purely
determined by the social structure and neglect individual initiatives. This raises the question of whether or not
there is a possibility of bridging the two approaches, so as to study the network structure and individual
behaviors simultaneously. In this paper, | thus exemplify this combined approach, in which an individual
perspective is incorporated into the structuralist approach, by utilizing Carley’s social interaction model. Three
modifications of Carley’s original model will be introduced.

3. Carley’s Social Interaction Model

Carley’s (1991, 2002) social interaction model examines how a network forms based on individuals’ voluntary
interactions. According to her, social structure is the distribution of interaction probabilities, and culture is the
distribution of facts (with equal weights assumed). Consequently, the extent to which an interaction would occur
between two individuals is based on the number of facts shared between them. Because different pairs of
individuals share different numbers of facts, the probability of interaction also varies. Specifically, the more facts
individuals share with one another, the more they are similar to one another, and thus the more likely it is that
they will interact with one another (see Diagram 1; quoted from Carley, 1991: 337). This pattern explains the
homophily principle of social networks. The model also shows that individuals are much more likely to interact
with those with whom they share many facts than with those with whom they share few facts. Thus, the model
also explains variations in tie strength, as shown in the following Diagram 1.

Who Knows What

Facts
Peope A B C D E
Aaron 11 0 0 0
Zebadiah 11 1 0 0
Deety 0 1 1 1 |1
Hilda 0 0 1 1 |1
Shared Knowledge
) y People
' People Aaron Zebadiah Deety Hilda
Aaron 2 2 1 i
Zebadiah 2 3 2 1
Decty 1 2 | 3
Hilda 0 1 3 3
Probability of Interaction
People
— People  Aaron Zcebadiah Deety  Hilda

Aaron 0.40 0.40 020 0.00
Zebadiah - 023 038 025 012
Deety 0.10 0.20 040 030
Hilda 0.00 0.14 043 043

Diagram 1. A small society
(Original diagram is seen in “A Theory of Group Stability.” Carley, 1991: 337)
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While Carley’s social interaction model explains the formation of social networks to a certain degree, it does not
account for either variations in the formation process of networks or their evolution. Particularly, why would the
same environmental constraints (i.e., the same number of facts) cause different network structures among
different individuals? And why would a social network still change when there is no external influence on the
number of shared facts? Individual initiatives must be taken into account to answer the above questions.
Arguably, the relationship between social structure and individual social actors is reciprocal. While social
structure constrains individual behaviors, individuals can also shape the social structure by their behavior. As Lin
noted, “social capital contains three elements intersecting structure and action: the structural (embeddedness),
opportunity (accessibility) and action-oriented (use) aspects” (Lin, 1999:35). The three elements refer to,
respectively, resources embedded in the network, channels or means by which an individual accesses desirable
resources, and subsequent outcomes resulting from individuals’ actions at the structural level. This relationship
can be represented in a circular diagram, as shown in Diagram 2.

Social Social

Individuals [

Relations Structure

Diagram 2. Reciprocity between individuals and social structure
(Based on Lin’s definition of social capital. Lin, 1999b: 35)

Individuals are able to change social structure through shaping the social relations among them, while their
behaviors are indeed constrained by social structure. In the following sections, I modify Carley’s social
interaction model by elaborating on the ways in which individuals can use their behaviors to modify the
probability of a social interaction for their own purposes.

4. Three Modified Versions
4.1 Modification 1: Negative Impacts of Shared Social Facts

In contrast to Carley’s assumption that shared social facts always increase the chance of social interaction, |
argue that shared facts can either increase or decrease the probability of social interaction. Consider a typical
example: two hypothetical individuals become friends when they work together and have a similar status at the
workplace. Their shared facts about friendship lead to interactions beyond the workplace, such as spending time
together after work, inviting one another to social gatherings, visiting one another’ s houses, and so on. The
frequency of their interactions is high because interactions occur in both the workplace and private settings.
However, if one of the friends is promoted, the introduction of newly shared facts about a supervisor-subordinate
relationship may not facilitate more interactions between the two, because the nature of such a relationship
emphasizes social distance in order to maintain the authority of the supervisor, and thus prevents informal,
emotion-driven interactions. Because they share a common understanding of the social relation between a
supervisor and a subordinate, these two individuals may now choose to meet only in formal settings and to
discuss business, instead of personal issues. It is thus obvious that the newly emerged shared facts decrease,
rather than increase, the probability of their interactions.

As shown in Diagram 3, the same four individuals in Carley’s (1991) original model still share five facts. My
modification is to assign directions to these facts: While facts A, C, and D still impact the likelihood of an
interaction positively, facts B and E now exert negative impacts on the occurrence of a voluntary interaction.
Consequently, the probability of an interaction between each pair of different individuals is determined by the
result of a subtraction of the negative shared facts from the positive shared facts. If the number of shared fact is
negative between two individuals, these two individuals would avoid interacting with one another. Thus, the
probability of an interaction determined by a negative number of shared facts is zero. It is also obvious that the
direction of a social fact should apply only when one interacts with a second individual. When one interacts with
him- or herself, the probability of an interaction is determined by the summation of the absolute values of facts
0ne POSSesses.
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Whoe Knows What

Facts
People A -B C D -E
Aaron 1 o 0 0
Zebadiah ] 1 I 0 0
Deety o1 1 1
Hilda o 0 1 1 1
Shared Knowledge
People
— _I_." People  Aaron  Zebadh Dieety Hilda
'
Aaron 2 1-1=0 -1 0
Zebadiah  1-1=0 3 1-1=0) 1
Deety -1 1-1=l) 4 2-1=1
Hilda 0 1 2-1=1 3

Probability of Interaction

People
o I_.-'J People Aaron  Zebadiah  Deety  Hilda
Agron 1.00 0.00 0.00  0.00
Zebadiah (.00 0.75 000 025
Decty 0.00 0.00 080 0.20
Hilda 0.00 0.20 020 0.60

Diagram 3. Negative impacts of shared social facts

As shown in the “Probability of Interaction” table in Diagram 3, the existence of a shared negative fact sharply
increases the probability of an individual interacting with him- or herself, and decreases the number of alters
with whom the individual may be able to interact. Compared to the scenario shown in Diagram 1, in the Diagram
3 each network member has a smaller likelihood of a possible interaction with an alter. Namely, a shared fact
among network members prevents the occurrence of a social interaction. Arguably, the more negative social facts
the network members share, the less likely it is that they will interact with one another. As network members
become increasingly isolated from one another, the initially existing network will gradually disappear. This
pattern can explain the failure of some organizations. While the number of shared facts increases as the
organization evolves, not all shared facts facilitate interactions among members. The probabilities of social
interaction would exponentially decrease as group members’ isolated positions create more negative shared facts.
As Diagram 3 shows, sharing negative facts may cause a member to become completely detached from the
group. A group would subsequently collapse when most of its members reach a minimum likelihood of
interacting with other members.

4.2 Modification 2: Contextualization and Selective Use of Shared Social Facts

Although the outcome described in the previous section may occur, another possibility is that the two
hypothetical individuals may maintain their friendship, while also accepting their new superior-subordinate
relationship. To do so, the two may interact with one another based on a superior-subordinate relationship in the
workplace, but interact as friends after work. Although social facts that influence the probability of social
interactions in opposite directions co-exist, social actors have the ability to decide which social facts dominate in
a certain context. In other words, social actors are able to contextualize shared facts, by emphasizing those that
encourage a desirable interaction and downplaying those that prevent the occurrence of this interaction. As
shown in the above example, to maintain their friendship, the two individuals must ignore the
supervisor-subordinate relationship and interact like friends when they are in a private setting. | thus modify
Carley’s model as shown in Diagram 4.
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Who Knows What

Facts
People A\-B C D\-E
Aaron 1 L0 0 A\
Zebadiah ] I 0
Deety [ I 1 1
Hilda o oy 1 1 1
Shared Knowledge
People
— 4 People  Aaron  Zebadiah Deety Hilda
' Aaron 2! I 0 0
Zebadiah ] 3 1 1
Deety 0 1 4 2
Hilda 0 1 2 3
Probability of Interaction
People
— People  Aaron Zebadiah  Deety  Hilda
’ Aaron 23 113 000 0.00
Zebadiah 16 142 1/é 146
Deety 0.00 147 47 217
Hilda 0.00 146 143 142

Diagram 4. Contextualization and selective use of shared social facts

In Diagram 4, I emphasize that the direction of a shared fact’s impact on the probability of a social interaction is
contextualized. Assume that the impacts of shared facts B and E are negative on a specific interaction. For
individuals who desire the occurrence of this interaction, they can actively choose to block facts B and E and
only focus on facts A, C, and D, which encourage this interaction. Thus, the probability of this specific
interaction is now determined not by the difference of the subtraction of negative facts from positive facts, but
only by the number of positive facts. Compared to the scenario in Diagram3, Diagram 4 shows that the first three
actors have all increased their chances of interacting with other members by ignoring negative facts. Although
the last actor has the opportunity to interact with only one alter, the probability of an interaction between these
two increases significantly.

4.3 Modification 3: Creation of New Shared Facts

In addition to blocking negative shared facts in order to reduce social distance and increase the probability of an
interaction, social actors can also create new facts that increase the probability of a desirable interaction. The
actions of members of a cohesive immigrant community provide a helpful example in this case. Before
immigration, the community members may have had no chance of interacting with one another. Once
immigration united them, their interactions would focus mainly on shared facts about immigrant identification,
especially if the individuals had different ethnic and linguistic backgrounds. However, sharing an immigrant
identity does not guarantee social interactions between immigrants, since not all immigrant communities are
cohesive. What distinguishes a cohesive immigrant community from a socially disorganized one is that members
of a cohesive community do not just regard other members as “other immigrants.” Members often regard one
another as brothers and sisters, and consider the community a family. The presence of new shared facts that were
created based on a kind of pseudo-kinship leads to much stronger interactions than mere immigrant identification
does.

On the other hand, research on inter-firm networks provides a second example. Scholars have found that
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suppliers and manufacturers build close relations that are based on the market relation, but also extend far
beyond the market relationship per se. Such embedded network relationships are characterized by trust and
personal ties, which are difficult to replicate via markets, contracts, or vertical integration (Granovetter, 1985;
Simon and Warner, 1992; Uzzi, 1996). It is these kinds of close relationships, rather than pure market
relationships, which maintain long-term interactions between actors. For example, Boisot and Child (1996)
argued that China’s rapid economic development is characterized as network capitalism because the codification
of information, communal property rights, and the organization of economic transactions are all limited. The
authors argue that because of traditional Chinese culture that is embedded in economic activities, the
relationships between those who fill all types of roles in the market are much closer than those in Western
markets, and that this is especially true when it comes to the distinctive relationships between the governmental
authorities and the enterprises over which they have power. In Western modernization theory, there is a clear
division of roles between the government as the political administrator and enterprises as economic actors. In the
Chinese context, however, the relationship between the government and enterprises is based on interpersonal
reciprocal obligations (guanxi), whose intimacy extends far beyond the conceptual relations between the
government and enterprises. Although the Chinese cultural tradition is not a new creation, its application to
economic activities in the market is new. My final modification of Carley’s model is thus shown in Diagram 5.

Who Knows What

Facts

People AAN=—B C D

Aaron 1 1 o 0
Zebadiah 1 10
Deety 0 l 1 1
Hilda 0 0 1 l
Shared Knowledge
-._'"IJJJ People
People  Aaron  Zebadiah  Deety Hilda
Aaron 3 2 1 1
Zebadiah 2 4 2 2
Deety 1 2 5 3
Hilda 1 2 3 4
Probability of Interaction
» People
TV People  Aaron  Zebadiah  Deety  Hilda
Aaron 37 217 147 17
Zebadiah  1/5 /s 1/5 /5
Decty 1/11 211 2/11 311
Hilda 1/10 1/5 3/10 2/5

Diagram 5. Creation of new shared facts

Compared with Diagram 4, Diagram 5 demonstrates that the newly created shared fact increases the possibility
of an individual interacting with other group members, while decreasing the probability of interacting with him-
or herself. As a result, more dyad ties are created, which means the average number of alters each network
member possesses has increased. As each network member interacts more frequently with other members, the
overall cohesiveness of a network increases as well. Thus, the creation of a positive shared fact can increase
social capital not only for individual network members, but also for the network as a whole. This pattern has
been strongly demonstrated by social capital studies at the community level (Bourdieu [1983]1986; Coleman
1988; Portes 1998).

70



International Journal of Social Science Studies Vol. 1, No. 2; 2013

5. Conclusion

In her dynamic network model, Carley (1991) decomposed a society’s cultural and structural elements into facts
that are shared by social members. Sharing facts lead to interactions between members of social networks. The
more facts two members share, the more likely they are to interact with one another. Because the number of
shared facts between each pair of social actors varies, a diverse set of social relationships develops. While | agree
on the fundamental role that shared facts play in network formation, | argue that individual initiatives should not
be neglected in descriptions of this process. This paper demonstrates that not all shared facts play constructive
roles in fostering social interactions. However, as active social actors, individuals can decide which shared facts
they refer to in a particular social context. Pairs of individuals define the properties of shared facts, and
distinguish the facts that increase interaction opportunities from those that constrain interactions. By prioritizing
positive shared facts and blocking negative ones, individuals can actualize interactions with their target subjects.
A more important strategy for increasing the chance of interactions is creating new shared facts that facilitate
social interactions. The creation of a positive shared fact, such as pseudo-kinship in immigrant communities or
economic activities, decreases the chance of an individual interacting with himself or herself, in other words, the
probability of isolation. Correspondingly, more dyad ties are created as a result of the new positive fact.
Individual network members thus gain more social capital as the diversity of their personal networks increases.
Consequently, social capital at the network level also increases as cohesiveness increases within the network.

Indeed, as structuralists have noted, structural constraints (the existence of shared facts) define the probabilities
of social interactions. However, structural constraints are not static. Social actors’ active differentiation, selection,
and creation of shared facts can change interaction patterns and further reconstruct the social structure. Future
studies should explore the motives of individual actors as they strategize in increasing or decreasing social
interactions with others. Rational choice theory may be one possible framework for such research; as rational
actors, individuals seek to maximize the benefits gained from social interactions, while minimizing the tangible
and intangible costs. This may provide an answer to the question “What type of relationships do individuals want
to construct, and with whom?” in future studies.

In summary, this paper supplements Carley’s dynamic network model by accounting for the role of social actors
in the development of social interactions. My modifications based on Carley’s model explain the ways in which
social structure can be reconstructed and reshaped in the process of social interactions. My modifications also
call for scholars to focus on social structure and individuals simultaneously in future network analysis. This is
because “individuals are the individuals located in the social structure, and the social structure is the structure
composed of the actions of individuals.” (Thireau & Mak, 2000:34)
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Notes

Note 1. Fact blocking only occurs when one interacts with another person. For an individual’s probability of
interacting with one’s self, it should be determined by the total number of facts one possesses.
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