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Organization Culture as a Complex System:
Balance and Information in Models of Influence
and Selection

Kenneth A. Frank < Kyle Fahrbach
Room 460, Erickson Hall, East Lansing, Michigan State University, Michigan 48824-1034

Abstract Each form of equilibrium can be induced by exogenous
We define the complex system underlying organizational culeffects (Cohen etal. 1972, Stacey 1996, Thompson 1967,
ture by incorporating the social-psychological principles of bal-Woodward 1965). In light of these inputs, the organiza-
ance and information (B-1) into models of influence (changedtion is itself changing in complex, unpredictable ways.
in attitudes as a function of interaction) and selection (changeBut if this conceptualization dominates, the boundaries
in interaction). We identify information based influence as agf the organizations are extremely open to the point of
potential anchor for actors’ sentiments so that they are not ovelyging undiscernible. In these circumstances it is difficult
thelmedhby ”Orm.at"f’? 'fnﬂ”e”.ce' In the model of Se'ec“ont')""leto predict organizational structures and to understand or-
identify the pursuit of information as an important counter al-ganizational decision making, as the organization is

ance to the effect of homophily (interacting with others like wash with the effects of the exogenous effects
oneself). Using the tools of dynamic systems we show how ouft . . . 9 .
In this article we will develop models of the intraor-

models generate the full range of equilibria of complex systems. ™" " - L .
Through simulations we also explore how our system respondg@nizational processes through which actors’ interactions

to exogenous effects. and sentiments (values, attitudes, beliefs, opinionsletc.)
(Complexity in Organizations; Interpersonal Influence; ~ become interrelated, and we will show that the system
Selection Models; Smulation) they define is complex. In particular, we will combine

balance theory and information theory to specify models
of influence (changes in actors’ sentiments as a function
of interaction) and selection (changes in the pattern of
interaction as a function of actors’ sentiments). These
. processes define the core elements of organizational cul-
IntrOd_UC“_on' What Makes An ture. But while the processes are internal to an organi-
Organization A Complex System? zation, they are dependent on the assumption that actors
Even if we take as given that organizations are complexire exposed to exogenous shocks to the system. Thus we
systems (Carley 1995, Stacey 1996, Thietart and Forguesughly characterize the processes through which orga-
1995), in this article we ask “What makes an organizatiomizational members shape organizational culture as they
a complex system?” To describe organizations as contransmit exogenous effects to the organization.

plex (and chaotic) systems we should be able to demon- In the next section we characterize the basic processes
strate that they feature three types of equilibria (Alligood,through which actors construct and are influenced by the
et al., 1996, Stacey 1996, Stewart 1989, Thietart angattern of interaction and the distribution of sentiment.
Forgues 1995). The first is an explosive situation causeWe then develop formal models of each process incor-
by positive feedback in the system. In the second form oporating balance and information theories. As we do so,
equilibrium the organizational structure quickly returnswe use the tools of dynamic systems to demonstrate how
to a stable state even after the introduction of fairly largehe combination of information and balance generates the
shocks to the system. Finally, and most interestingly forfull range of equilibria of complex systems. We then ex-
most systems, when there are counteracting influencggore how our system responds to exogenous effects. In
involving positive and negative feedback, the system mayhe last section we draw some conclusions and identify
approach a state in which the system continually changeppssible extensions, emphasizing how actors construct
but the structure is bounded and has periodic stability. and reconstruct organizational cultures as well as form
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the medium through which exogenous effects permeatinked with organizational productivity (Kotter and
the organizational boundary. Heskett 1992, Siehl and Martin 1990), culture affects pro-
cesses of reorganization and adaptation that ultimately
affect productivity. For example, fluid cultures that afford

Processes Deflnlng Orgamzatlonal opportunities to share information and opinions may help

Culture ' _ o ~anorganization to adapt to external changes more quickly
Barnard (1961) provides a basis for defining organizathan other cultures (Caldwell and O'Reilly 1995, Nemeth
tions as a particular form of a system: and Staw 1989). Thus the processes associated with the

A cooperative system is a complex of physical, biological, per-  Pattern of interaction among organizational members rep-
sonal and social components which are in a specific systematic €Sent the geological forces that shape the landscape on
relationship by reason of the cooperation of two or more persons  Which organizational productivity is built.
for at least one definite end. Such a system is evidently a sub- ~ Though we describe the formation of culture as “geo-
ordinate unit of larger systems from one point of view; and itself  logical,” it is the product of individual level action. For
embraces subsidiary systems—physical, biological, etc.—from  example, O'Reilly and Chatman (1996) comment that or-
another point of view. One of the systems comprised within a ganizational culture “can be thought of as the normative
cooperative system, the one which is implicit in the phrase *co-  5rder, operating through informational and social influ-
operation of two or more persons” is called an ‘organization’ ence, that guides and constrains tiekavior of peoplein
(p- 14). collectives” (p. 160, emphasis adde@y.ganizations do
Note that Barnard emphasizes that a critical aspect afot decide to become bureaucratic. Bureaucracy, or any
systems in general, and organizations in particular, is thether organizational form, is the function of the actions
cooperation between persons. Enduring cooperation caof people in the organization, perhaps in response to con-
occur only if actors engage in some form of communi-ditions outside the organization (e.g., March and Olsen
cation that changes some attribute of the actors, eithet976, Macdonald 1995). Thus in exploring the processes
their beliefs, sentiments, or behaviors (Durkheim 1976that generate organizational culture, we will develop
Parsons and Shils 1954, Simon 1965). Thus we will focusnodels at the individual level. But while the models are
on two defining aspects of organizations—interactionglefined at the level of the individual or pair of individuals,
among individuals (Alexander 1987, Collins 1981, the parameters that govern the processes generally char-
Durkheim 1976, Merton 1957, Parsons and Shils 1954acterize the organization. Thus it is the parameters, and
Turner 1988, Weber 1958) and sentiments or behaviorthe way they govern the distribution of sentiment and the
that are affected by interactions (Coleman 1986 pattern of interaction, that define organizational culture.
Durkheim 1976, Goffman 1959, Mead 1962, Parsons There are two general streams of literature on which
1951, Turner 1988). Correspondingly, we focus less omne can draw to generate models of the causes and con-
the structure of the formal organization that affects thesequences of actors’ interactions. There is an economic
sharing of immediately relevant information affecting model in which actors seek to maximize their own utility
productivity (Davis and Lawrence 1977, Lin and Carley (Dosi 1995, Williamson 1985, 1995) or exogenously de-
1995, Radner 1992, Roberts 1989) and more on the strufined preferences (Jacoby 1990), and the organization is
ture of the informal organization that affects the patterndefined by its ability to coordinate action (Marschak and
of interaction through which actors influence one an-Radner 1972, Williamson, 1991). Even when actors share
other’s sentiments. preferences such as in teams (Lin and Carley 1992,
The causes and consequences of interaction are tiarschak and Radner 1972), the models are economic in
core of organizational culture (Cushman 1977,the sense that actors seek to maximize productivity and
Pacanowsky and O’Donnell-Trujillo 1982, Schall 1983, their access to resources. Alternatively, the interactions
Spradley 1979). The sentiments that change as aresultof actors may be considered from the social-
communication can accumulate into an organizationapsychological perspective, and the organization defined
ethos such as one of caring, bureaucracy, or entropy. Tha terms of the pattern of actors’ interactions and distri-
pattern of interaction itself can be indicative of organi-bution of sentiment (Alexander 1987, Durkheim 1976,
zational culture, to the extent that interactions are hierGiddens 1984, Goffman 1959, Kaufer and Carley 1993,
archical, concentrated within cohesive subgroups, or rarParsons and Shils 1954, Turner 1988).
domly distributed. Thus, for some, the pattern of Of course, each model can be cast in the others’ frame-
communicationdefines the culture of an organization work because the social-psychological motivations that
(Hall 1959). generate actors’ actions can be characterized in terms of
While organizational culture has only tentatively beenmaximization of utility (e.g., DeVree and Dagavos 1994).
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When one’s focus is on the pursuit of common resourcesgsponse to external conditions (such as is typically con-
the economic perspective may be more informativeducted by sociologists of organizations or in the literature
whereas when one’s focus is on resources that cannot lm& business—see Krackhardt and Brass 1994). The study
valued and exchanged across an organization, the sociaf internal organizational culture has often taken a man-
psychological theories may be more applicable. In thisagerial perspective on how to cultivate a particular type
article our focus is on the construction of organizationalof culture to enhance performance, regardless of the ex-
culture, which is not directly a function of competition ogenous effects on the organization (Chandler 1962,
for resources. Correspondingly, we build our models orCharters 1973, Cyert and March 1963, Etzioni 1961,
social-psychological principles. March and Simon 1958). But sociological perspectives
We will draw on two fundamental principles of social such as contingency theory (Lawrence and Lorsch 1967,
psychology that link actors’ interactions and their senti-Thompson 1967, Woodward 1965) and open systems the-
ments. First, actors seek balance (Davis 1967, Heidesry (Berman 1978, Bidwell and Kasarda 1987, Katz and
1958, Newcomb 1961) that they may achieve either byKahn 1978, Pfeffer and Salancik 1978) have questioned
modifying their sentiments to correspond to others aroundhe ability of a single or small set of actors to direct an
them (e.g., Festinger 1950, Steiner 1966, Schachterganization. Instead, organizations are conceived of as
1951), or by choosing to interact with others who holdgenerally reacting to their external conditions.
similar beliefs (Blau 1977, Durkheim 1976, Festinger et While theories of the organization have long recog-
al. 1950, Heider 1958, Homans 1950, Marsden 1981nized that the internal culture of the organization also
Newcomb 1961, Simmel 1955; see Byrne 1971, chapteaffects organization response, recently the new institu-
2 for a review). Second, actors’ sentiments are affectetionalists (e.g., DiMaggio and Powell 1991, Meyer and
by the information to which they are exposed throughRowan 1977, Zucker 1988) have described how organi-
interaction with others (Anderson 1971, Hovland andzational culture is itself responsive to external conditions.
Kelly 1953), and actors may choose to interact with oth-Drawing on implications from loose coupling, advocates
ers to gain access to new information (Miller and Jablinof “The New Institutionalism” argue that many “deci-
1991, Morrison 1993, Reichers 1987, Rosen 1961). Whilsions” in organizations are based on the accumulation of
balance and information are often considered competingmall changes in cognitions and schema (sentiments) of
processes, we will incorporate them side-by-side in foractors in the organization (DiMaggio and Powell 1991,
mal models of influence and selectibiWe refer to the Rowan 1995). Most importantly, these cognitive schema
system defined by our models as a balance and infoform in response to conditions external to the organiza-
mation (B-I) system. tion, as institutions external to an organization “penetrate
In general, our models allow us to explore how orga-the organization, creating the lenses through which actors
nizational culture emerges from social-psychological proview the world and the very categories of structure, ac-
cesses at the level of the individual and the dyadion, and thought” (DiMaggio and Powell 1991, p. 13).
(Alexander 1987, Coleman 1986, Dewey 1958, But while open systems theorists and the new institu-
Durkheim 1976, Giddens 1984, Parsons and Shils 1954ionalists have rightly focused our attention on the general
Turner 1988), an approach sometimes referred to as metpermeability of the organizational boundary, they do not
odological individualism (Brodbeck 1958, Coleman extensively addressthe mechanisms through which actors
1986, Giddens 1984, Haines 1988). The approach takdgnslate effects external to the organization into changes
the individual as an actor reacting to the influences ofnithin the organization. Discussions of these processes
others, but also selecting those with whom to interact anéither imply a return to control theory in which a few key
who thus define the actor’'s context. This allows us toactors mediate between the organization and the external
specify the dynamic processes through which individualgnvironment (Katz and Kahn 1978), fall back on char-
construct and reconstruct organizations, processes thatterization of the organization as the unit (Bidwell and
cannot be explored through analyses at the organization&lasarda 1987, DiMaggio and Powell 1991, Meyer and
level (e.g., Cheng and Van de Ven 1996, Hannan an®Rowan 1977, Pfeffer and Salancik 1978, Zucker 1988),
Ranger-Moore 1990, Stinchcombe 1965). or alternate between individual and organization levels of
Through our models we also explore how organiza-analysis (Astley and Van de Ven 1983). The limitation is
tional culture affects organizational response to exogenot in the conceptualization of the relationship between
nous effects (adaptation). This addresses a critical gajhe organization and its environment, but in the concep-
between studies of the internal processes of organizatiorigalization of processes through which the organizational
(such as is typically conducted by social psychologistdoundary is permeated.
studying organizational behavior) and of organizational By modeling intraorganizational processes at the level
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of the individual, we can identify the role that each in- Hannan and Freeman 1984). Further, because the man-
dividual plays in generating organizational culture and inagers of schools—principals and administrators—cannot
mediating between exogenous influences and the interndlrectly assess the productivity of faculty, they have rela-
organizatiort In this sense, each individual potentially tively little formal control over others in the school
functions as a gatekeeper (Allen 1966, Gruber andLortie 1977, Meindl 1993). Therefore the organizational
Marquis 1969, Macdonald 1995) or a boundary pressurstructure is essentially flat (Bidwell, 1965), and existing
point (Abrahamson and Rosenkopf 1997) for organizapractices, sentiments, and patterns of interaction that typ-
tional change. If organizations respond to external conify the school culture have considerable effect on school
tingencies, who recognizes those contingencies, who fodecision making (Berger and Luckmann 1967, Bird and
mulates possible responses, who executes the responddttle 1986, Purkey and Smith 1985, Reyes 1990,
If the organizational boundary can generally be permeRosenholtz 1989).
ated by external institutions, who is responsible for me- Methodologically, we will draw on the mathematical
diating the effect? And how are these processes affectd@0ls of dynamic systems to describe the processes we
by the internal structures of organizations? Do member§€enerate through our models of selection and influence.
of an organization equally and independently convey th&Ve begin by using differential equations to generally de-
effects of external institutions to their organization, or doSCcribe the continuous processes implied by basic models
a few convey the effect that is transmitted throughout th@ influence or selection (e.g., Alligood et al. 1996). But
organization through the structures defining the organi@S We incorporate components based on information and
zational culture? The models we develop in this articld?@lance, our respecifications include discontinuities and
will provide a glimpse into the processes related to sucrrponlln_earltles that cannot be readﬂy_captureq with the dl_f-
questions. ferential equations meant for continuous time dynar_n_lc
Substantively, throughout this article we will consider Processes. Therefore, like others (Carley 1995, Hillis
the example of the generation of school culture defineig_gz’ Hummon 1990, Reynolds 1985), we turn to simu-
by the sentiments and interactions among teachers a gtion studies to explore the organizational processes and
administrators. In many ways the study of schools haSTUctures generated by our models.
paralleled or been representative of the general develop-

ment of organizational theory (see Bidwell and Kas 1987\ odels of Social Networ k Processes:

Bolman and Heller 1995, and Perrow 1986 for reviews), . . : :
from control theory (Callahan 1962) to contingency the—Dyn Ic Systems in Or ganizations .
In order to represent the processes through which orga-

ory (e.g., Greenfield 1975) and then the new inStiJ[Ution'nizational culture is generated we integrate two of the
alism (Meyer and Rowan 1977, Rowan 1995). For an 9 9

example of the latter, teachers’ schema form the underF-)rimary models used in social network analyses. First,
P ' most specifications of dynamic processes treat actors’

ducti " the ol ) «decisi ,%entiments or behaviors as outcomes, influenced by the
production process in ine classroom, any “0eciSIONS 4ihqrg \with whom they interact (Abelson and Bernstein

made by administrators must be responsive to the curre 976 Burt. 1987 Cariey, 1989, Helbing, 1994, Friedkin

practices and beliefs of many teachers in the schodl,q \arsden 1994), or treat actors’ interactions as out-
(Cleveland 1985, Fuller and Izu 1986, Rosenholtz 1989).,mes hased on similarities in actors’ sentiments or be-

Moreover, the context of schools allows us to focus OMaviors (Banks and Carley 1996, lacobucci and

the processes associated with organizational culturgyasserman 1988, Leydesdorff 1991, Sanil et al. 1995,
First, schools are bounded organizations. During thespjjders 1996, Zeggelink 1994, Zeggelink et al. 1996).
school day, we generally know the membership and loynti| recently, the models for each process were devel-
cation of the teaCherS, admInIStl‘atOI’S, and staff of th%ped independent'y, without apprec|at|on for the poss|_
school. Thus we can focus on the sentiments of schodijlity of cointegration and codevelopmehBut the two
members and the interactions between them that defingrocesses are inherently complementary, as actors inter-
the school culture. Second, it is difficult to define the pro-act with one another based on their sentiments, and sen-
ductivity of a school or of an individual teacher (Bidwell timents are formed and reformed based on interactions
1965). In this context, competition cannot be defined andcf. Homans 1950). Recently, there have been a series of
schools have become monopolies (Crozier 1964, Rowaspecifications of cointegrated dynamic models including
1995, Michaelsen 1978). As monopolies, schools do nosocial network processes as both predictor and outcome
adapt to changing conditions through selection as de{Collins 1981, Carley 1990, 1991, DeVree and Dagavos
scribed by niche theory (Bidwell and Kasarda 1987,1994, Frank 1995, Leenders 1995, Stokman and
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Zeggelink 1996). Only with these specifications is therewhich interaction occurs (Collins 1981, Dewey 1958,
the potential to represent the nonlinear dynamic process@airner 1988). Interaction betweéandi’ begins with an
we expect to observe in organizations. action ofi that is perceived and internalized by The

interaction is fulfilled when'’ then responds to the action
The Mode of Influence

A basic feat f " iz ati is that actors infl of i in a way thati perceives. For example, in defining
asic teature of most organizations Is that actors in Yinteraction, Stogdill (1959) wrote: “By interaction is
ence one another through interaction, for exampl

through face-to-face contact (e.g., Homans 1950 eant that, in a system composed of two members, A
Festinger 1950, Mitchell 1973) Wri.tt.e,n communicationreaCtS to B and B. reacts t(.) A in such a manner that the
(e.q., Kaufer an’d Carlev 1993 c,)r e-mail exchanaes (e.q cSPONse of each is a reaction to th_e behawor_ofthe o_ther”

9., Rau y ) all ex 9 s(eg . 18). Because interaction consists of multiple actions
Freeman 1986). In schools, teachers interact to |anuenct

each other’s orientations towards teaching (Fuller and IthJi ere is no single time point of interaction, and interac-
1986, Grant 1988, Hanson 1978, Lightfoot 1983, ons may occur over variable intervals of time. Therefore

) ) t may not be accurate to refer k.. Instead lek;; .1 ;
Rosenholtz and Simpson 1990, Zeichner and Gore 1%gb?present all interaction that occurs betweandi’ from

This process can be represented through the model Qf ™ ; ; .
influence through a social network (Doreian 1981, 1tot. The model of influence s then:

Friedkin and Johnsen 1990, Marsden and Friedkin 1994). Nt
In order to write the model, defing, to represent the Yie = «a _21 (Kit-1_tYir-1) + Wi-1. 3)
sentiments of actarat timet, andk;;,_, to represent the i

extent of the interaction betweérandi’. The influence ) i
of i’ oni is then represented b, ; Vi, 5, and the The units oft can be as short as the few seconds required
I't— I'—21

influence of all others onby ;.. ki1 Vix_ 1, the model for interaction in some experimental studies, or a few

of influence through a social network (see Marsden anf0nths over which meaningful interactions occur be-

Friedkin 1994, Equation (3) and for earlier referenges) Ween members of an organization, such as between
is: teachers in a school.

Given the specification of a deterministic system as in
Model (3), we explore the properties of systemic behavior
by employing the tools of complex systems (e.g.,

] ] . Alligood et al. 1996). To begin, we define the system for
In general, at time, the sentiments of actorare a func-  gpjy two actors1 and2, as in (Duncan et al. 1968), and
tion of the sentiments of the others with whom the actorassyme thalt,, ; = koy_1 .« = k. That is interaction
engages In interaction. o is symmetric and occurs at a constant rate across all time

Note that the influence of an actor upon itself is capperiods. We rewrite the system as:
tured through the terrk;;_,. This effect can be parame-

N
Yiie = « tgl (Kitrt—1Yirt—1)- 1)

terized and more explicitly represented in the following Y = oK Va1 + Wu-1,
model:
- Ya = @K Y1 + Wa-1. (4)
Vi = a 2 (Kir_1Yi 1) + Wi 1 (2) InFigure 1 we demonstrate the progression of values of
i'=1 y; andy, for a system in which the actors respond to each

e other’s sentiment, as in Model (3). The data were gen-

We can use Model (2) to represent theoretical arguerated via simulation, with starting valuesyef= 1 and
ments regarding how structures produce and reproduge = —0.9,k = 1, and parameter values pf= 1, a =
themselves through the actions and internalizations of in@.1. Subsequent values for each time point were gener-
dividual actors (DeVree and Dagavos 1994, Durkheimated from Model (4) (Alligood et al. 1996, Devaney
1984, Giddens 1977, Parsons and Shils 1954). The larg&®90). The process can also be observed in the phase
the value ofy, the more actors retain their sentiment andportrait in Figure 2 (see the technical appendix for the
the structure of sentiment¥; = (i, Yo - - - » Yer)» F€-  Specification of our system in continuous time required
produces itself. On the other hand, the larger the value db produce the phase portrait). The phase portrait is one
a, the more actors are influenced by others, and the struof the early and unique tools used to represent complex
ture of sentiments is more dependent on the structure afystems. It allows one to show the continuous time rela-
interactionsK; = (Kya Kigr - -+ Knne 10)- tionship between two variables with time represented

Before continuing, we explore the notationlgf,. At  only in the directionality indicated by the arrows
the most micro level there may be no single time point a(Alligood et al. 1996; see Gleick 1987, pp. 49-51 for the
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Figure 1  Trajectories of Sentiment When All Paths Are Op-  Second, a peculiar feature of Figure 1 is that although the
erative actors move towards agreement, their sentiments explode
8 towards extreme positive or negative values (depending
on the sign of the mean sentiment at time zero). That is,
if the actors started with original sentiments eflL and
2, their sentiments would eventually move to$, + ).
Although this result is implied by Asch’s (1951) experi-
ments and may occur naturally in the type of mob behav-
ior that overwhelms the individual (Le Bon 1895,
Moscovici 1981), it seems an unusual occurrence.

The problem of exploding sentiment can be addressed
by a priori constraining the mean at each time point to be
zero or a constant (Leenders 1995). Exploding sentiment
is not a concern if the sentiment is specified as dichoto-
mous (Carley 1989, Kaufer and Carley 1993, Stokman
and Zeggelink 1996), as is the case in most analyses of
the diffusion of an innovation, in which case the inno-
vation is either adopted or not (Abrahamson and
Figure2  Convergence of System to the Line y1 = y2 Rosenkopf 1997, Bartholomew 1973, Coleman 1964,

[ p— — Rogers 1995). But we wish to explore the conditions un-
SN, e, der which sentiments that define organizational culture
werees?” e et etl explode or not, which we cannot do if the sentiments are
0.5 ""'--............--”’""’ . constrained by a constant base or by the range on which

%
/{ Thus we return to Model (3) in which observe how the
\ potential for explosion is produced by feedback in the
051 @ B R " the sentiment of that actand potentially all other actors

Sentiment

Time

they are measured.
0.0
} 239 . .
. P " model. Note that actor's sentiment at time- 1 affects

L( o e in the system at timé Thus each actor is influenced by

g0 e, IS ING the other’s sentiments that themselves were functions of
10 05 00 0.5 10 the prior sentiments of the two actors. As one actor’s
) sentiment increases so too will the other’s, until both ap-
Sentiment of Actor 1 proach = o,
To constrain the processes of influence, the sentiments

of the actors must be anchorédéfor example, Friedkin

development of phase portraifsin this case the multiple @nd Johnsen (1990) anchor the sentiments at each time
flows in the phase portrait reveal that the same equilibPCINt to the sentiments predicted by a host of background
rium will be reached regardless of the starting conditionsCharacteristics of the individual at time zero, and Friedkin
At one level, the processes represented in Figures 1 arffd Johnsen (1997) anchor each actor's sentiments at
2 are quite sensible, suggesting that the two actors in thme t to the actor's sentiments &t= 0. The conception
system will move towards agreement in sentiment. Thid!€re is one of an individual being influenced through in-
is an equilibrium of a complex system, in which the SyS_teractlon with others, but retaining some of his or her

tem moves towards a specific state assuming there are {fgial sentiment. In the next subsection we extend

external shocks. And yet, there are several limitations t§Ti€dkin and Johnsen (1997) by drawing on social-

the system. First, the two actors move toward agreemerﬂsychological theories of influence to separate between

in almost all cases. While we accept that in some circuminformation effects and normative effects. The anchor to

stances two actors will come to agreement, surely therf'€ Systém is then defined by the information that has
must be many in which they do not. In the present casetNtered the system at any time.

two actors will not come to agreement only if they beginL ongitudinal and Informational Conceptualization

with exactly opposite sentiments. That is, our represenef the I nfluence M odel

tation of systemic processes is limited because the systeithere are two fundamental limitations to Model (3). First,
that we generate is not sensitive to most initial conditionsit is based on an influence process whereby an actor is

Sentiment of Actor 2
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influenced by thesentiments of the other actors with interactions linking actor’ at timet-v to actori at time
whom he/she interacts. An alternative conceptualizatiot).

builds on the notion of changes in sentiment as a result LetA;, = yif i’ =i,and/;, = «if i’ #i, thus allowing

of exposure to information (Carley 1991, Coleman 1964us to recombine effects of an actor upon itself and of
Kaufer and Carley 1993, Pfeffer 1982). Here the erroothers into one term. The information-based representa-
terms of Model (3) represent facts that actors accumulatéon is:

through interaction (Festinger et al. 1950, Garfinkel 1967, N N
Granovetter 1974) and that affect their sentiments;, = E Jir Kiq tYiro1 + 8 = O
(Burnstein and Vinokur 1977, Carley 1990). For exam- i'=1 i"=1

ple, teachers may modify their attitudes regarding stu- N

dents with disabilities on the basis of information they [/li, Kiri—1.t (E Air Kijt—2_t—1Yji—2 + e,rtl)}
obtain from other teachers (e.g., Houck and Rogers 1994, =

Pugach and Johnson 1989). In this context, the organi-

zational culture represents the distribution of information + €, = 2 Air Kit—1.t 81-1

(Cushman 1977, Hall 1959, Kaufer and Carley 1993, =1

Leydesdorff 1991, Pacanowsky and O’Donnell-Trujillo NN

1982, Schall 1983, Spradley 1979), and organizations can + [E > i Kire1 i ki’jt—zﬂt—lyjt—Z] + &
i'=1j=1

be defined in terms of how they manage information
(Arrow 1979, Cyert and March 1963, Galbraith 1973,

Marschak and Radner 1972). In our example, schools = E Zi K1t 8og [E 2 Zir Kiirg—1 i
may be characterized partly in terms of the distribution ' reti=

of the awareness of techniques for teaching students with N
disabilities (e.g., Fuchs et al. 1995, Jones and Guskin Kijt-2.1-1 mz_:l Jir Kmt-3.t-2Ymi-3 T €mi—2
1984). -
Second, although Markovian models have been used _ % P % D
to represent many phenomena accurately (Puterman © St = Kirt—1.1 @1 +

i'=1 i'=1j=1

1994), there are Markovian-like assumptions within NN N
Model (3) that may not be applicable for organizational K, g ko I BNDYBS
processes. Specifically, not only is the link from an actor ' Kit=1-t4" Kiit-2-t-1 G2 Dy e
to itself throughy reflective of a Markovian process, but

so too are the sentiments of the others incorporated in the

termZ; ki1 Vi1 Representing the influence of oth- A K1 Kz aGh Kime s 2Yom 3)} T G
ers based on the sentiments of the others at timel _

masks the processes through which the others’ sentiments —

were themselves formed through exposure to information

at earlier time points. To make this clear, we reconsider — E Jir K1 @1 Z Z Air Kirt—1 i
Model (3) from the perspective of information theory. o T

In the information, or learning theory model (e.g., N N
Anderson 1971, Hovland and Kelly 1953) a person is Kijt-2.t-1 G2 + . z 2 'El
influenced by a “fact” or piece of information when they
are exposed to it, and their sentiment is a culmination of 4" Kirt—1.tdir Kije—a_t—1 - - - 4ir Kivo1 @v0- (5)

the facts to which they are exposed, regardless of the npodel (5) reveals the limitation of Model (3) from the
frequency of exposure. These facts can be represented @$ormation perspective. In particular, we observe that
exogenous effects,, that enter the system at any time. each exogenous effect that entered the system prior to
For example, a fact may enter the system when tedacher— 1 has multiple effects on actorthat are transmitted

at timet learns of new legislation regarding the educationthrough all possible paths linking to the actor who first
of students with disabilities. We can then represent a gerexperienced the effect. The exogenous effect experienced
eral solution (Enders 1995) to Model (3) consisting of theby actori’ at timet-v can actually have a greater subse-
chains of interactions connecting the exogenous effectguent effect on actdrthan oni’.®

to each actor (the chains are called paths: a path from There are many circumstances under which we do not
actori’ at timet-v to actori at timet is a combination of need to account for effects of information that accumulate
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throughout the network. For example, in exchange modterm representing all paths frarro i overvtime periods,
els (e.g., Blau 1967), actors transfer a resource to othetg;;_,_+:

through exchanges. Therefore, each time actengages ) - ke

. . qu’tflat - A ku’tflqtv

in an exchange, actaf transfers some of the resources
he might use to exchange with others. The quantity of the N

outcome is fixed (except for exogenous inputs) and there- Girt—2-t = 21 i Kiat—1_thir Kait—2 11,
fore any component of the outcome cannot have repeated o=

and multiple influences on others that accumulate N

throughout the system. In other words, because in an ex- Giit—3-t = ;1 bzl Jir Kat-1.thi
change model the values gf; are themselves adjusted

after each exchange, it is not as necessary to control for Kabt—2-t—14i" Kpirt—3.t-2,

repeated effects a single actor may have on others through

. ; and, in general,
interpersonal influence. 9

But influence through information is not an exchange AN N
process. When one actor informs another, the total Girt—v-t = 2 2 i Kae e
amount of information is increased in the system. It is astb=t o umd
this process that allows for an accumulation of effects that Kapt—21—14i" Koct—3.t—2 - - - Air Kiiro1- (6)

can produce an explosion in sentiment. Therefore we may, ihe |ast expression there are- 1 summation symbols
wish to limit the extent to which a single exogenous effect(z) andu terms representing interactioky(; , . 1).
can have cumulative effects on actors’ sentiments ovefne nested summations represent the multiple paths
time. , , through whiche,,_, can affecty,.

The limit we propose is based on the idea that actors ag an aside, note that since each of the effects of,
will be affected only through the maximal path conveyingOnyit must pass through an actor at each time point, each
the piece of information to the actor. To begin, considerq”,tfvﬁt can be expressed in terms of the product of the
the possible ways in which a piece of information tointeraction between actdrand all others fromt — 1 —
which actori’ was exposed mlght be Conveyed to agtor t and the paths |eading from,t_v to all actors at time
over time. The simplest example might be as shown irpointt — 1. Indeed it is easily verified from Equation (6)

Figure 3. that:

In Figure 3 the exogenous effect, or piece of informa- N
tion, &, has an effect ory,;,., on the upper route as Gitvt = 2> i Kato1t Oartv 1. )
mediated byki i+ ;4 q andyyi;,q (i’ - i - i). Italso has a=1

an effect on the lower route as mediatedsy;. and g4 ,4ti0n (7) can be used as an updating formula for easy
akiiii1.142 (I" - 1" 5 0). In a sense the two effects are calculation ofg;._, ..

redundant (from an informational perspective), with the 1 remove redundant effects fragp,_, ., we will first
only difference consisting of the juncture at which theidentify the effect ofe.,_, ony, through the maximum
effect is passed froni toi, either during the period from o primary, pathmp,.; Vt LetIQQLl represent the max-

ttot + 1, in which case the upper route is followed, or j;ym for a = 1 to N; then mp.,_, ; can be defined as:
during the period fromt + 1 tot + 2, in which case the -

lower route is followed. Examples of effects that are re- MPirt-1-t = Air K-
dundant include the repetition effect shown abaveon- N
veys information td and theni’ reconveys the informa- M-zt = @ A K1 K-z,

tion toi; an echo effecti’ conveys information to that
i then echoes back i¢; and a parallel effeci’ conveys Mo, _ g
information toj and k thatj and k then independently st e
convey toi. Most importantly, as the number of time

points increases, the number of possibly reinforcing paths

0z

pe

1

Kiat—1.t4i Kabt—2_1—14i" Kpirt—3_t—2 and, in general,

increases exponentially, potentially causing the explosion NN N
in the sentiment. Moy = Q0 Qo @ i Koy i
To isolate the causes of the explosions we differentiate .
between exposure through a single maximal path from Kapt—2..t-1ir Koot—3.t-2 - - - 4ir Kiro_a. (8)

exposure through multiple paths. We begin by creating &nd the updating formula is:
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Figure3 A Redundant Effect of €., 0n y; Up to the 1980s there was considerable debate in the
€r—>Yin >V, 1 >y,;+2  Social-psychological literature regarding the primacy of
(0 Kynrr1) 6% information versus normative or conformity effects (e.g.,

Burnstein and Vinokur 1977, Sanders and Baron 1977).
Although early on Deutsch and Gerard (1955) recognized
Y) (O i) t_hat both processes were possible, this was not fully ar-
Vi1 il ticulated until each process had been theoretically devel-
oped and empirically proven. The two processes have
been roughly retained in relatively recently developed
N “dual process” models. For example, in the elaboration
MPiirc—vor = Q A Karm1t MPari—v_i—1- (9)  likelihood model (ELM), Petty and Cacioppo (1986) dif-
a=1 ferentiate between central processes (persuasion based on
The mp;i.:_,_1 by definition, refers to a single path “consideration of the true merits of the information pre-
from g.;_, to yi;, and therefore contains no “redundant” sented in support of an advocacy,” p. 124, emphasis
effects. Thus, for example, i;,;_;_.is large (or is equal added) and peripheral processes (“the result of some sim-
to 1 whenk;; _,_; is dichotomous), then the maximal ple cue in the persuasion context that induced change
path connecting an exogenous effect experiencadtoy  without necessitatingscrutiny of the true merits of the in-
i is determined the first timg communicates the fact to formation presented,” p. 124, emphasis added). The in-
i. We can then replacg; k;j1_1 Yi't—1 in Model (3) with  formation/non-information distinction roughly aligns
2y Zir MpPi—y.t &¢_, to define a model based only on with the distinction between systemic and heuristic pro-
maximum paths: cesses described by Chaiken (1980, 1987).
t N We can incorporate normative processes in our model
Vi = 2 > MPit_yv.®¢y + € (10) by restoring the effects associated with paths other than
v=1i'=1 the maximum that combined witinp;;;;_,_; to form
If people are influenced exclusively by exposure to in-Git—v..- These effects, represented by,
formation, then Model (10) removes the effects of re-MpPi¢—,_(, are associated within the following model:
peated informatiod.Thus we have extended the theory t N
of persuasion through information to the systemic level y, = > > mpi v &
by identifying and then eliminating effects of information v=rr=t
that circulated throughout the system. t N
still, Model (3) had intuitive appeal. In the most basic ~ * [5 2‘1 izl @irt—vt — mpii,t,u)q,t,v} + e (11)
sense, actors may be influencedregeated exposure to o
information (Cacioppo and Petty 1979). In fact, repeated By parameterizing the effects of maximal and non-
exposure can be stronger when the information is slightlynaximal paths we accommodate social-psychological
modified (McCullough and Ostrom 1974), which likely theories of dual processes in a single model. T@jset
occurs through the nonmaximal paths. More generallyQ is to indicate that only the maximum path frafrto i
embedded in Model (3) was the idea that people are inwill be incorporated into the model, thereby reproducing
fluenced by the sentiments of others around them, beyoritie information model in Model (10) and essentially re-
the specific information underlying those sentiments. Inproducing Carley’s (1991) model of adaptation.®ap-
the social-psychological literature this is described as @roaches 1, the normative effect is stronger as actors are
normative effect. For example, Asch (1951) demonstratedistanced from the informational basis of their initial sen-
that people were likely to modify their description of what timents. To se# = 1 is to reproduce Model (3), allowing
they observed regarding line length or color in order tofor an explosion of sentiments. At the system level, the
conform with confederates who gave intentionally falseinternal dynamic of the system overwhelms the infor-
descriptions. There are extensive explanations regardingation in the system. To specify as midrange estab-
why people conform, ranging from the need to retainlishes an anchor for sentiments based on information that
group membership (Festinger 1950, Schachter 1951), thas entered the systefhThus the influence model con-
the need to ensure group cohesion (Cartwright 1968a), tains balance effects (as actors balance their sentiments
the need to reduce conflict (Steiner 1966), to the reductioto conform to the others around them) and informational
of cognitive dissonance (Festinger, 1950). As Sherileffects (as actors’ sentiments are partly defined by the
(1935) argued, it is the conformity effect that makes theaccumulation of information to which they are exposed),
group more than a sum of its parts. and we refer to Model (11) as the B-1 model of influence.
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The differentiation of maximum paths from all other share new information with each other, and then their
paths can be used to account for an interesting paradementiments subside into their asymptote, neither actor
found in the literature regarding influences on teachers itnaving much influence over the other in the absence of
schools. One camp (Cusick 1983, Lortie 1977) arguesew information with which to persuade the other
that teachers are not strongly influenced by interaction§Anderson 1971, Burnstein and Vinokur 1977, Hovland
with others, while another camp (Darling-Hammond andand Kelly 1953). By defining an information-based model
McLaughlin 1995, Zeichner and Gore 1989) argues tha{d = 0.8) we have produced a second type of equilibrium,
when one attempts to change the sentiments or behavioomie in which the system moves to an essentially static
of teachers one must account for, and work throughposition, with actors’ sentiments eventually ceasing to
teachers’ influences on one another. Both of these obsechange.
vations may be correct. Teachers who have worked to- ) ]
gether for a number of years may have considerable inl he Model of Selection: Who Interactswith Whom
fluence over one another (high valuesbut have little ~ The influence process represented in Model (11) is lim-
new to say to each other—most of the recent error termdted in that the pattern of_lnteractlor_l is considered fixed
in Model (11) are small, and the effects of older errorOVer time. Therefore in this sgbsectlon we de\_/elop mod-
terms have already been circulated throughout the negl!S of the pattern of interaction betweerandi’. The
work. New paths connecting old error terms to currenthodels are described as models of “selection” e.g.,
actors are not maximal, and therefore the sentiments dt-€enders 1995) suggesting a more proactive role for the
the actors are changing little (Cusick 1983, Lortie 1977)actors (Lin and Carley 1995). In the model of selection,
But, if new information entered into the system, in termsactors generate their contexts by seeking out others with
of professional development or a new philosophy ofvhom to interact. _ _
teaching, this would result in a large shock to a few actors Again we draw on the social-psychological processes
that would be transmitted, through interactions and th&@f balance and information to build our model. We begin
relatively large value of, to others throughout the net- b_y contrasting the tendency for interaction patterns to per-
work. Thus the teachers are instrumental in transmittingiSt With the tendency for actors to engage in interactions

the effects of external shocks to one another (DarlingWith others who hold similar sentiments, thus achieving
Hammond and McLaughlin 1995, Zeichner and Gored balance between their attraction/interactions with others

1989). and their own sentiments (Blau 1977, Durkheim 1976,
In terms of Model (11), the effect af can be repre- Festinger et al. 1950, Heider 1958, Homans 1950,
sented graphically as in Figure 4, for whigh= 0.8. The = Marsden 1981, Newcomb 1961, Simmel 1955; see Byrne
actors’ sentiments move moderately towards one anothé®71, chapter 2 for a review). For example, teachers who
in the initial time period, and then approach an asymptotedf€ attempting to be innovative may choose to interact
This process represents a natural occurrence whereby tHéth others who hold beliefs similar to their own

actors have moderate influence over one another as théparling-Hammond and McLaughlin 1995, Lieberman
1995, Zeichner and Gore, 1989). Thus we represent a

model for interactionk;;._,_;, in terms of the extent to
which the two actors interacted during the previous in-

Figure 4 Trajectories of Sentiments When Effects of Redun- terval as well as the commonality in their sentiments:
dant Paths Are Reduced

2 Kio1t = a®li1 = Yoo al* + /M pnmr (12)
The parametep® represents the effect of prior interac-
e _ tions between andi’ [the superscripk is used to differ-

entiate the parameters in Model (12) where interaction is
the outcome from those in previous models where senti-
ment was the outcome]. The terga|.1 — Vii—41|* rep-
resents the difference in the sentiments betwesrdi’,

é ] ﬁCt_Of and the model indicates that two actors will be attracted
= 2.00 to one another to the extent that their sentiments are simi-
3 . L, lar (@ = 0). The * represents the fact that at each time
o s T 10 point, after calculating a matrix of attractiveness values,
we subtract off the mean amount of attractiveness that
Time was in the matrixat time point 1. The purpose of this
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pseudo-standardization is to allow for both positive and 9 "' i )

negative attractiveness values; without it, any distance Yit = ¢ 21 T3 @i Y1) + 7 er (19)
from an other would reduce future interactions (this effect i

could also be compensated by including an intercept i

'Note that we now writex® and»™ to distinguish from
a® andy® in (14).

We can now elaborate the two actor system in Model
n(4) to be defined by three simultaneous equations:

the model).

The termy;_, — V;«_4|* can be thought of as a rep-
resentation of the extent to which the sentimentsafd
i” overlap. If we consider each actor to have a distributio
of sentiment, in a Bayesian sense, then the proportion of gh-1-t

i istributi i Vi = ¥ ————yo g + Py,
overlap in the two distributions is represented by the 1 + g1+t
shaded re_zgion in Figure 5 (see_z F_rank and Fahrpach 1997). .
The metric foryit,l_—.yi,t.,ﬂ* is in terms o.fdeV|ates of. Vo = aV — Vi + YOy, o,
half a standard deviation in the initial sentiments, provid- 1+ et
ing a natural and substantive interpretation for the spec-
ification of the balance effect in Model (12).

Before we proceed we also wish to identify a natural = a®ly; 1 — Yaal* + Wz 51 (16)
metric fork;.;_, .. Because; ;_,_; represents extent of
interaction over an interval, we specify thatOk;; ;1 ;.
Furthermore, we considds;.,_, ; to represent the pro-
portion of time during the interval—1 to t thati andi’
interact, therefore & k;;;_;_; = 1. Note that we do not

andzy 1.t = Za—1-t = Zi—1-t

Because, _ ;. is no longer considered fixed, the mapping
of the system defined in (16) is nonlinear; each of the first
two equations incorporates a product of two endogenous
variables. But we can infer the systemic processes gen-

impose these restrictions to govern systemic process éated by the equations in (16) by observing that the sys-

and a similar range would apply if we were to assign.em has no negative feedback. Thereinrg _; can only

: increase and the system achieves a stable state zvhen
kii't—1.¢ to be dichotomous, (e.g., Carley 1990, Stokman . )
and Zeggelink 1996, Wasserman and Pattison 1996). O@?’S?Qg]k dgﬁnle:jn bWh,{/(l:g dz?s(j)trlsi;hysteg ;ﬁguces Eg the
scale fork can easily be transformed back to the real line y y ' - Y2 =

. ; X . ory,; - —oandy, - —oo,
by taking the logit (Agresti, 1984). The selection model We are able to graphically demonstrate this process

becomes: using a phase plot [see the technical appendix for details
| ( [Kit—q¢ = 1] ) _® _ . of how we constructed the phase plot based on the Ja-
0 T - =) "¢ e T Ve cobian of (16)]. In Figure 6, we specified” = 0.05,
a® = —0.05,6 = 1, and att = 0, k = 0.25. If the
+ ¥ Jog ( [Kit2.1-1 = 1] ) (13) Mean of the initial sentiments is greater than zero then
1 = [Kie-1i = 1] the sentiment of the actor that is initially negative is
- _ e pulled towards the positive and the two sentiments ex-
ﬁ:\tg:]g Zi-1ae = 100(r- 1 ML = Thirea ), we plode towards+ . Simultaneously, their rate of inter-

action increases and approaches the constant rate of one.
Zi1e = d®io1 = Yoo al* + 99000 (14)

And the corresponding model for influence is: Figure6  Convergence of System to the Plane y1 = y2

Figure 5 Overlap in Distributions of y;;_; and y;.;_, 1.005

0.8

Interaction
0.6

0.4

| | Sentiments of Actor 2 -
Yie1 Yit1 2 Sentiments of Actor 1
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A parallel process occurs if the initial mean sentimentis kij_; = a®lyi,_1 — Vieoal* + YOk 11
negative. N1 -2

In general, foN > 2, fixed points, such ag = vy, in n Mo e 17
Figure 6, that are associated with negative eigenvalues in ¢ 21 Zl (Mt v Plic-v-i-) (7
the Jacobian of the equations in (16) will be asymptoti- i

cally stable, attracting other points in their neighbor- hat itive: theref .
hoods. Fixed points that are associated with positive ei’/€ @ssume thalis positive; therefore actors tend to in-

genvalues in the Jacobian will be asymptotically unstablel€ract With others who can increase their exposure to in-
repelling other points in their neighborhood (Alligood et formation (note thaf may have to take relatively large
al. 1996). In other words, because the extent of interactiotf@/u€s—in the 100s—as tmapff _, .  amy;,, are
becomes a constant, the behavior of the system definé@nsiderably less than 1 as is the difference between
by Model (16) is not appreciably more complex than thethem)._ It is this effe_ct assoc_lated with the pursuit of in-
behavior of the system defined by Model (4). formation th_at provides an important countgrbalance to

Not only is the behavior of the system defined bythe h_omophlly effect, pre_ventlng the mterat_:hor; between
Model (16) not appreciably more complex than that de2 Pair of actors to stead.lly increase over tliﬁé. Thus
fined by Model (4), Model (16) is theoretically incom- the B-I selection model in Model (17) contains balance
plete because it does not account for information effect<effects (as actors seek to interact with others who hold
In particular, though actors may prefer to interact withSimilar s_ent|ments_) and informational effects (as actorg’s
others like themselves to maintain a cognitive balanceS€ek to interact with others who have access to new in-
they may also seek to interact with others who have actormation). _ . _
cess to, and therefore have been influenced by, competingWe use the counterbalancing forces of information and
information. They may seek new information because ialance to generate the third and final form of equilibrium
helps them to achieve their ends (Alchain and Demsetdl complex systems, an equilibrium that is bounded but
1972, Burt 1992, Katz and Kahn 1978), reduce uncerchaotic. Methodologically, the inclusion of terms such as
tainty (Radner 1986), make them more powerful (BurngMp;i t—v_. andmp;j ,_, ., makes it difficult to explore the
and Stalker 1961, Pettigrew 1972), give them a betteproperties of the system through differential equations.
understanding of their position on an issue (Rosen 1961} erms based on maximal paths draw on information con-
or out of sheer curiosity (Freedman 1965). In an intertained in the history of the system, and so the system
esting social-psychological theory, McGuire andcannot be represented through a Markovian framework,
Papageorgis (1962) argue that actors use small amourdl€fined primarily in terms of the immediate state and rate
of new information to “inoculate” themselves against po-of change of the system at any fixed point. Therefore we
sitions counter to their own. Newcomers to an organizaturn to simulations to explore the systemic processes im-
tion are especially likely to proactively seek information plied by models containing terms based on maximal
(Miller and Jablin 1991, Morrison 1993, Reichers 1987).paths.

Note that actors typically are not aware of the infor- There are two sets of conditions that we can define in
mation that other actors have (Macdonald 1995). Therethe simulations: starting values and parameter values. For
fore we do not model actors as pursing pieces of inforthe starting values, we must decide the size of the system
mation to which they know others have been exposedthe number of actors), the initial pattern of interaction,
Instead they pursue thmtential information that might and the initial distribution of sentiments. Of course, given
be gained through an interaction. Specifically, potentiathe permutations of just these conditions there are a myr-
information gained by actor as a result of interacting iad of simulations that could be conducted. In general, we
with i’ is defined by the change in maximum paths con-choose our starting values to explore how the structures
nectingi to all exogenous effects that occur as a result oflefining organizational culture might emerge among a
i interacting withi’. Definemgy ._, ; to represent the group of actors or how they might evolve given existing
maximum path between an exogenous effect that gctororganizational structures and exogenous shocks to the
experienced at time— v and actoi, assuming that actor system. For our parameters, we chose values to generate
i interacts with actoi’ fromt — 1 tot (at a prespecified equilibria other than the exploding or stagnant equilibria
rate). Thus the differences betwesnpy; _, ang; we demonstrated for the simpler models.

(—v_: represent the changes in exposure to new informa- We will use five actors in the examples we develop.
tion that result whem engages in interaction witth. The  Like Mark (1998), we have chosen a small number of
effect of potential information is then associated wjth actors because the bases of organizational processes can
in the following model: often be understood in terms of small group dynamics
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(Homans 1950, Sayles 1980, Shaw 1981) which are ana¥et there is still the effect of the system being open to
ogous to interactions among larger components such axogenous effects, as actors seek to interact with others
departments (Smith 1973). We use five so that there it increase their potential for exposure to information.
the possibility for subgroups to emerge, as well as for an In the influence Model (11) we specified) = 1 in-
actor to bridge between subgroups. dicating that sentiments would remain constant in the ab-

While only Carley (1991) has extensively discussed thesence of influencey” = 0.1, allowing a moderate effect
impact of subgroups on systemic processes, our focus o influence, and = 0.8, allowing some effects to ac-
on subgroups because the internal differentiation of oreumulate through multiple paths (that will accrue pri-
ganizations is typically characterized in terms of sub-marily within subgroups). In the selection Model (17), we
groups (Blau 1977, Durkheim 1933, Homans 1950specifiedy® = 1, anda™ = —0.1, allowing a moderate
Roethlisberger and Dickson 1941, Simmel 1955, Simorhomophily effect, and’ = 250, a moderate effect that
1965). For example, organizations may consist of inteprovides a counterbalance to actors’ desires to interact
grated subgroups because organizations evolve throughith others who hold sentiments similar to their own,
the linkages of subgroups (Simon 1965), because sulwhile not artificially requiring constant interaction be-
groups are imposed on organizations for managerial efween disparate actors. The results are shown in Figure
ficiency (Granovetter 1973, Simmel 1955), or becaus§.
subgroups emerge as organizations grow and interactionsIn Figure 7 we observe the dynamic processes of the
among actors cannot be sustained at levels high enougdhird form of equilibrium characteristic of a complex sys-
to integrate each actor directly into the common organitem, in which the system continually changes, but the
zation (Festinger et al. 1950, Newcomb et al. 1965structure is bounded, periodically returning to one of a
Robinson 1981). Most relevant for us, subgroups may bé&ew states (this is known as a “strange attractor'—Gleick
areas of strong subcultures in organizations (Sackmant987). In particular, note that act8is sentimentsysy,
1992). oscillate between positive and negative values as the actor

Consistent with the idea that the organizational strucalternates interacting with members of the two péirs.
tures are to emerge among a previously unorganized s&he members of a pair with whom act®interacts influ-
of actors, we begin by initiating our simulations with ence actoB until actor3 seeks information by interacting
some subsets of actors holding similar sentiments (thawith members of the other pair. Act8iis then influenced
may have formed based on common background chathrough interactions with the other pair and a cycle is
acteristics), but with the pattern of interaction as uniformcompleted. Acto's behavior extends to a cycle the be-
across all pairs of actors (assuming that no pair of actorlavior found in the experimental setting by Brickman and
had special reasons to interact prior to the convening dD’Amato (1975) in which actors explore sources of new
the simulation). Specifically, two actors were initiated information and then interact with others like themselves.
with negative sentiments{1.7, —1.4), and two actors  There are three distinct phases of the system. Two oc-
with positive sentiments, (1.4, 1.7). If one considers thecur when actors is interacting primarily with actord
distribution of sentiment in a standardized metric then
there is minimal overlap in the distributions (in a Bayes-
ian sense) of the sentiments of the members of the twg_ oscillati duced b | ics of S
pairs, and therefore they do not seek to interact with one'?'"”’ ) scillation Produced by Internal Dynamics of Sys-

. . . em (No Shocks)

another to achieve balance between their interactions and

w

their sentiments. The last actor is almost neutral, begin- Actor
ning with sentiment-0.123 2

We designated the initial pattern of interaction to be
uniformly 0.25. Thus, consistent with row normalization, b

each actor’s initial marginal adds to unity (assuming a
value of 0 on the diagonal), although the restriction does

not apply fort > 0. This baseline value of 0.25 was also .~
used in the construction ahpf_,_; , implying that an @
actor seeks interaction to the extent that information wiII-.i—E -2
be obtained by interacting with the other at the 0.25 level.@
All external disturbances in sentiment and interaction af- 0 ' ' ' 40 ' ' ' 80
ter time zero were specified to be zero so that we could

observe the effects of the internal dynamics of the system. Time

ORGANIZATION SciENcE/Vol. 10, No. 3, May—June 1999 265

RIGHTS L



Downloaded from informs.org by [128.122.253.212] on 19 May 2015, at 13:28 . For personal use only, al rights reserved.

KENNETH A. FRANK AND KYLE FAHRBACH Organization Culture as a Complex System

and?2 or with actorsd and5, in which cases the sentiments be considered critical to the development of an organi-
across the system are least consensual, and the third wheation, either increasing cohesiveness (Woodward 1965)
actor 3 is intermediate between the two pairs, in which or factionalization (Sherif and Sherif 1966). For example,
case the sentiments are most consensual. The apparenttyschools, teachers may be differentially exposed to ex-
random behavior of the system (which we have deterogenous effects that exacerbate existing factions (Frank
mined continues for at least 500 time points) is bounded 996, McLaughlin and Marsh 1979, Powell et al. 1985)
and has a periodic tendency implying sensitivity to initial or that induce consensus (e.g., Darling-Hammond and
conditions, the trademarks of chaotic complex system#/cLaughlin 1995, Rosenholtz 1987). We begin by show-
(Alligood et al. 1996, Stacey 1996, Stewart 1989, Thietaring the effects of the external shocks administered at the
and Forgues 1995). time of least consensus in the systdm=(64) in Figures
Actor 3's vacillation between pairs affects each actor8a and 8b.
in the system. When act@interacts with members ofa  In Figures 8a and 8b we observe that the effects of the
pair actor3 influences them, bringing their sentiments exogenous shocks did not dramatically alter the nature of
closer to the mean sentiment. In this sense, &fanc-  the equilibrium of the system, regardless of whether the
tions as a weak tie (Granovetter 1973), conveying effectshocks were towards consensus building or to increase
originating in the other pair. When not interacting with factionalization. In either case we observe oscillation
actor3, the members of each pair interact with each othesimilar to what we observed in Figure 7. This is not to
without the counterbalancing influence of ac&rand say that the system was unaffected by the external dis-
thus their sentiments become accentuated, moving awdyrbances. Clearly the actors are closer to consensus after
from the mean. Therefore each actor's sentiment oscilthe consensus shock in Figure 8a and are further from
lates and the bridging act@prevents the sentiments of consensus after the factionalization shock in Figure 8b.
members of either pair from diverging from the mean,But the point is that the oscillating pattern reemerges,
thus preserving the integrity of the system (Blau 1977 suggesting that the equilibrium is resistant to some ex-
Burt 1992, Durkheim 1933, Simmel, 1955). ogenous effects.
But the effects of exogenous shocks to dynamic sys-
. . tems depend on the time at which they are administered
Stochastic Systems: Systemic Responses (Stacey 1996, Thietart & Forgues, 1995). In Figure 8c we
to External Shocks observe that the oscillating equilibrium does not reemerge
Given a baseline understanding of the internal dynamicahen exogenous shocks increasing consensus are applied
of the system characterized by Models (11) and (17), wéo the system when it is most consensuak( 81). In-
can now explore the effects of nonconstant exogenoustead, the effect of increasing consensus is to bring actor
shocks to the system. Here it is important to emphasiz8 close enough to actorkand2 in sentiment such that
that by “exogenous” we mean shocks that are exogenouke effects of influence [as in Model (11)] and balance [as
to thesystem. For example, in a school such shocks mayin Model (17)] overwhelm the pursuit of potential infor-
be attributed to changes in legislation, teacher trainingmation [the counterbalance in Model (17)]. Act8ris
communications from a central administration, etc. Butassimilated by actorkand2 and ceases bridging between
the shocks may also be defined as emanating from thihie two pairs (actor8's movement towards negative sen-
actors in a way that is not explained by systemic protiment continued when the simulation was run for
cesses. In the example of the school, the “shock” that 00). This demonstrates an important potential paradox
teacher experiences in her orientation towards teachinfpr those who seek to modify organizations. In this case
based on self-reflection is considered exogenous to theforce that directly induces consensus actually indirectly
system, although clearly it is not exogenous to the schoolncreases factionalization by eliminating the role of the
Therefore we do not rule out the possibility that the mem-bridging actor. Such a process is not inconsistent with
bers of an organization can be responsible for the transsrganizational evolution in response to external crises de-
formation of the organization. In fact, this is a central scribed for example by Durkheim (1933) and Woodward
feature of the processes we model. (1965) and is consistent with those described by
We begin by considering the effect of forces that bringMcLaughlin and Marsh (1979) upon the introduction of
actors together, assigning an external shock in sentimeptofessional development in a school.
of 0.5 to actorsl and2 and of —0.5 to actors4 and5, We now explore the effects of introducing exogenous
or force them apart, assigning an external shock in sereffects to individual actors independently. By doing so
timent of — 0.5 to actorsl and2 and of 0.5 to actord  we develop a longitudinal conceptualization of centrality.
and>5. The difference between these types of shocks caifiypically, centrality in a social network is defined in
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Figure 8
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together define the dynamic system. In particular, we sep-
arately consider the effect of shocks of positive one to
each actor’s sentiment &t= 64 as shown in Figures 9a
through 9e.

Clearly, when the exogenous effect is experienced by
actor3 it has the greatest effect on the system. Note that
9c is plotted on a larger scale than the other figures. The
positive shock that actoB experiences moves act@8r
close enough in sentiment to actdrand5 for the effects
of balance and then influence to overwhelm the effect of
information seeking. The result is that acBjpins actors
4 and5, and the three actors move together towards posi-
tive sentiments. Furthermore, this positive trend eventu-
ally subsumes actofisand?2, as all actors exhibit positive
sentiments by = 140.

Figures 9a through 9e reveal how the effects of exog-
enous shocks to a system are mediated by specific actors.
In this case, a shock administered to a bridging actor re-
verberates throughout the system, having a strong impact
on the pattern of interaction as well as the distribution of
sentiment, while shocks administered to actors affiliated
with the others have moderate effects on the mean sen-
timent, but do not substantially alter the form of equilib-
rium in the system. While there are subtle differences
among the effects of shocks administered to other actors
(shocks to the more negative actdr&nd 2 have more
of an initial effect but less of an enduring effect than
shocks to actord and5), the extreme effect of the shock
to actor3 suggests that actors occupying the boundary
spanner role serve as focal points for those seeking to
change the average sentiment in an organization. In the
language of Abrahamson and Rosenkopf (1997), &8jor
is a boundary pressure point.

From the methodological perspective, it is critical to
note that actoB's role cannot be defined completely in
terms of the matrix of interactions at= 64:

0 0.999 0.293 0.056 0.2
0.999 0 0.165 0.109 0.1
Kes = | 0.293 0.165 0 0.311 0.3 ,
0.056 0.109 0.311 0 0.9
0.288 0.110 0.358 0.999 0

where actor3 does not have the highest centrality mea-
sure in terms of degree (as defined by the row marginals)
and is moderate in terms of eigenvalue-based centrality
(Bonacich 1972) or information-based centrality
(Stephenson and Zelen 1989). We have thus extended the

terms of a static state of interactions (c.f., Freeman, 1978onceptualization of centrality in a longitudinal sense, ac-
1979, Friedkin, 1991). Here we consider the effect thatounting for the effect of a shock to an actor on the evo-
one actor’s change in sentiment will have on the distridution of structure of interaction and the distribution of
bution of sentiment and the pattern of interaction, whichsentiment in the system.
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Figure 9 Trajectories of Sentiment with Shocks at Time 64
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Organizations as Complex Systems tion (B-1) into models of influence and selection and ex-

We have defined a complex system by incorporating th@loring the systemic implications of each process over
social-psychological principles of balance and informa-ime. We identified information-based influence as a
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potential anchor for actors’ sentiments so that they argarts, each having a special function with respect to the
not overwhelmed by normative influence. In the modelwhole” (Cartwright 1968b p. 1). But this is definitional,

of selection, we identified the pursuit of information asand does not address the emergence of an organization
an important counterbalance to the effect of homophilynor its culture. By exploring the self-organization of the
(interacting with others like oneself). system (Coleman 1990, Hayek, 1973) we can now ask

By defining our models at the level of the individual whether the organizational culture may come first, as in-
or dyad we represent the dual agency of actors who readividuals gather, influence each other, share and pursue
to contexts in organizational culture that they help to coninformation through interaction, etc. If so, then at what
struct (e.g., Lin and Carley 1995). In the influence modelpoint is the organization defined? When it takes on formal
actors essentially react to the information in the organitules or structures? Perhaps the definition is merely in the
zational culture to which they are exposed. In the selecdensity of interaction. Or, perhaps it is in the values of
tion model, actors proactively seek partners for interactthe parameters. For example, O'Reilly and Chatman
ing, thus establishing the contexts that affect thg(1996) suggest that whed”) and «® become large the
information and conformity pressures to which they aresystem is transformed. Certainydefines an essential
exposed. aspect of the culture of the organization.

Because we have focused on changes in sentiment thatOur models do more than just characterize the internal
underlie culture, we have responded to Radner’s (19920rocesses of organizations. Taking the actors as individ-
call to go beyond economic models of organizations deuals, the models demonstrate how exogenous effects enter
fined primarily in terms of the effects of information and and reverberate throughout an organization, allowing us
productivity. Such models typically assume that actordo specify the elusive mechanisms through which insti-
are atomistic, or at most share preferences (e.g., th@itions penetrate organizational boundaries (DiMaggio
“teams” described by Marschak and Radner 1972), buand Powell 1991). For example, in a school we might
do not address the systemic processes through which, fonodel how teachers come to endorse the tracking of stu-
example, consensus in sentiment emerges. Moreovealgents, having been exposed to various divisions of labor
economic models that are based on methodological inand segmentation in other organizations outside the
dividualism still do not account for systemic processesschool. In this case, each teacher need not be equally ex-
such as the circulation of information that we account forposed to the exogenous effect, as the effect is transmitted
in our models. We also have extended socialthrough interactions among teachers.
psychological models by representing their systemic im- At the level of the school, the internal structures of the
plications, for example, by representing the effects of cirschool affect how the school responds to exogenous
culating information. shocks. As a corollary at the level of the teacher, each

By specifying formal mathematical models we haveteacher affects how the organization responds to any ex-
gone beyond the use of “social networks” and “chaosogenous shock as each teacher helps to construct the
theory” as metaphors. Though organizations may be comnstructures of sentiment and pattern of interaction through
plex because of the range of exogenous effects to whictvhich the shock is transmitted. For example, Figures 9a
they are exposed, we have used the tools of dynamic syfhirough 9e showed how the pattern of interaction that
tems to establish that the evolution of the culture of aractors construct affects how they respond to external
organization is itself a complex chaotic process. Furthershocks, revealing that the system was most sensitive to
more, organizations may be complex because of variatioshocks experienced by the bridging ackoBut although
in the characteristics of its members, but our system ishe system is most responsive to shocks experienced by
governed by only a small number of homogeneous paactor3, we do not characterize the system as being con-
rameters{¥, a®, 5, y®, o, and() applying to all actors  trolled by one actor responding to an external contin-
in the system. Thus one answer to the question “Whagiency. Instead we observe the less rational systemic re-
makes organizations complex systems?” can be found igponse through the culture jointly constructed by the
the processes of influence and selection that underlie oparticipating actors.
ganizational culture. As the structures of the organization change in re-

By exploring the processes through which organizasponse to exogenous shocks the organization “learns”
tional culture emerges we generate an alternative to odrom its environment (Macdonald 1995). Exogenous
original question. Now we ask: “What makes complexshocks cause learning at two levels. First, individuals
systems become organizations?” To be sure, organizéearn as they are exposed to new information. In turn, this
tions are defined as “an arrangement of interdependeichanges their sentiments and interactions. Second,
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changes in the overatlistribution of sentiment anghat-  and perfectly communicated. Alternatively we could ex-
tern of interaction constitute learning at the organiza-plore the implications of information that is partially com-
tional level (Hedberg 1981). Conversely, the organizaimunicated, either intentionally or not. Such an assump-
tional structures at any given time affect how thetion is often addressed in economic models (e.g., Radner
organization absorbs information. Thus organizationall986) or policy oriented models (Stokman and Zeggelink
learning is a function of the interaction of exogenous1996). One implication is that information may be partly
shocks and the existing organizational structures that anest in a system as it is inefficiently communicated. To
partly functions of previous shocks (Stymne 1970).  some extent we account for these effects through small
The processes we observe in our systems may be gefialues ofe, which is exponentiated through chains of
eralized beyond our small groups of two or five. In math-interaction. More generally, this opens up an exciting
ematical terms, whenever the pattern of interaction bepossibility to explore the effects of lost information be-
comes static we may expect the equilibrium distributionyond the imprint it leaves on organizational structures.
of sentiment to conform to the eigenvalues of a matrix e could explore the implications of our models for
representing the interaction. In theoretical terms what Weyjternative initial structures, such as a core-periphery
have learned about the processes through which subsegycture of interaction (e.g., Abrahamson and Rosenkopf
of actors become integrated through bridging actorg9g7). What are the implications of our models for the
should apply to subgroups in larger systems. Smithsfiiciencies of information diffusion through various pat-
(1973) has extended this argument, suggesting that thgrns of interaction? By allowing for the structure itself
processes we observe among actors in a small group a§g e modified through exogenous effects we can explore

analogous to the processes we observe among larger Unjfi, rate at which the structure becomes modified and how
of an organization. Through this analogy, studies of smaljyis interacts with the efficiency of information diffusion.

groups in the laboratory, and simulation and mathematiyye could also then explore the effects of variation in
cal methods applied to dynamic systems, may be the mogj,cs (e.g., intermittent, oscillating—see Hannan and

informative in the study of organizations. Freeman 1984) as well as the interaction with variation
Of course, our models have several limitations. To be-

. . ; . in internal culture (e.g., Lin and Carley 1995).
gin, from the social-psychological perspective we could (e.g y )

lore th tent 1o which on s infl db We can also extend our models by introducing exog-
expiore the extent to which persuasion IS Influenced by, ,, ¢ effects that are constant across time or people. For
factors affecting the extent of communication during in-

; . : o xample, in theories of mixed influence of mass media
teraction, such as through distraction, the motivation of b

the receiver. the prior knowledae of the receiver for en_and diffusion, the mass media effects can be introduced
) ’ prio edg 98N s near constant shocks in sentiment across the system to
erating schema for integrating a message, or character;

- . all actors at one time point. Similarly, there could be a
istics of the messenger (see Petty and Cacioppo 1996). ve of shocks to theppattern of int{zraction at a single

a
We h that act I . )
e have assumed that actors are generally aware ﬁf[ne point that could be introduced. Such would be the

each other’s sentiments or exposure to information base . .
on observation in common settings and through Ioatterngase for teachers who interact frequently during a profes-

of association (e.g., Newcomb 1950). One could exten&ional development program at their school. We can also
Model (17) by explicitly including the processes through explore effects of shocks to actors that are constant across

which actors become aware of each other's sentimentéM€- For example, a teacher may be continually exposed
and informational exposure through previous interactiont© & Particular emphasis on a particular philosophy in his
or through information exchanged through common oth©r her home that affects the teacher’s orientation to teach-
ers. These processes could be represented by includiteS- o
terms such as the product of similarity of sentiments and We have narrowly explored the bases of organizational
prior interaction § , 1 — Vi 1|* Ki'1_4_,) OF Of simi- culture in terms of the distribution of a single sentiment
larity in sentiments and the extent to which there are in2nd the pattern of interaction regarding that sentiment. Of
termediaries who can inform actors of each other’s sencourse, organizational culture is more general than that
timents %1 — Yire—al* 2 Kje—1.t Ki—1.0). We could which can be represented in the distribution of a single
also incorporate the feature that two actors are more likelgentiment, and may even include more metasentiments
to interact if they interact with many common others, thussuch as morale or attitude towards the organization. On
achieving balance in their pattern of interaction (Davisthe other hand, these more general cultures are built on
1967, Heider 1958, Newcomb 1961; see Frank andhe processes underlying specific sentiments. For exam-
Fahrbach 1997 for one possible model). ple, the processes through which teachers develop atti-
We have also assumed that information is completelyudes towards tracking students, team teaching, using
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textbooks, teaching students with disabilities, etc. culwe can use the equations in (19) as a basis for exploring the dynamic
minate in a general organizational culture. In turn, thisproperties of the system [see Doreian and Hummon, 1976, p. 127, for
culture may affect teacher’s level of commitment and mo-2n exgmple of taking the limit in Mpdel (19)]. In_particular, the equa-
rale (e.g., Rosenholtz 1989). Therefore our analyses maip"s in (19) can be used as a basis for a mapping of the system:

provide insight into the processes through which more ay,

ethereal aspects of organizational culture are generated. ot | _ A [yl} _ [0 ak} [yj (20)
Of course, we must eventually move beyond simulated 9> Yz ak 0] [ya]

data and theoretical models. We add to the call for more at

longitudinal data including sentiments and interactionsefining the system in this way, the eigenvalues and vectora of
among actors (Leenders 1995), and we encourage the gfdicate the dynamic behavior of the system (Alligood et al 1996, pp.
forts of those who have pursued estimating the parametepg6-287). The eigenvalues #f are @k, — ak), with corresponding

in simultaneous equations defining complex systemsigenvectorsi; = (1,1) andu, = (1, — 1) that define the lineg/{ =
(Carley 1996, Frank 1995, Leenders 1995, Snijdersy) and §, = —V) respectively.

1996). The general solution of Model (20) is given by:
While each of the extensions described above could
i ; Yil = ey, + ce®u (21)
prove valuable, we wish to emphasize here that the most Vor 1© 2

basic and general processes of se_lectlc_)n and I.nﬂu.en%hile the constants,@and ¢ must be defined relative to a fixed set of
alone _Can gpfnera_‘te complex_behawors I_n Orga‘mzatlongtarting points, it is clear that for any constanis @, ast becomes
What |s'reqU|req IS an anch_orlng mechanism, such as thgrge theu, term becomes negligible so that the system asymptotically
core of information we use in our models, and both POSi-approaches the ling/{ = ys) defined byu,. Together the two eigen-
tive and negative feedback, such as the offsetting effectgctorsu, andu,, span the entire phase space of the system as shown
of balance and information-seeking in our model of se-n Figure 1 (withe = 0.1). All initial values on the ling;; = —V,
lection. Most generally, we hope that our work here will approach the origin asincreases. For all other initial valueg, — <
help others specify models that are consistent with th@ndy, - =, ory; -~ —« andy, - — which is represented by the
social-psychological theories of influence and selectior@symptotey; =y, in Figure 1 (see (Alligood et al. 1996, p. 287).
that underlie organizational cultures. It is reasonable td he fixed point at the origin is a saddle pomt, representlng.a tenuous
expect that these models, without extensions, should ha\lt@Iance between moyemept along the '.two.elger}vectors.(AIIlgood etal.
the potential to characterize many of the complex pro—lg%' Pp' 635_65)' Th's basic C.haraCter'Zat'on W".I apply.'n systems fo.r
. .. N > 2; the lines defined by eigenvectors associated with positive ei-
cesses observed in organizations. genvalues will be asymptotically stable, that is, they will be both stable
Acknowledgments and attract the trajectories of nearby initial conditions. Eigenvectors
Portions of this paper were presented at the annual meeting of thgssociated with negative eigenvalues will be unstable sources, repelling

Sunbelt Social Networks Conference, San Diego, California, Februar)},he trajectories of nearby startlpg conditions. ) )
1997. The authors thank Noah Friedkin, JiQiang Xu, and David To represent the system defined by Model (15) in which the extent
Krackhardt for their thoughtful comments on this work of interaction may also change as a function of actors’ sentiments, we
' again use differential equations, following a procedure similar to that
Appendix in constructing the mapping in (20). Here we g = y® = 1 and
To explore the dynamic characteristics of Model (4), we rewrite it assubtract the corresponding components from each side, and set all ex-
a set of linear differential equations. This is done by subtragtipg,  ternal shocks equal to zero to yield:
from both sides, and setting= 1. This gives us
4y, = a(Y)Lth 1 Ay, = a(y)iylt 1
Ay, = oKy, 1, 1+ &7 1+ e 77
a4y, = oKy (_1. (18) 4z = a®y; g = Yol (22)

Because the equations in (18) are expressed for change over one ufiiiom the equations in (22) we can define a system of differential equa-
in time, we can rewrite it as tions as we did in constructing the mapping in (20). In general, the
identification of a fixed point of a system as a sink or a source depends

Ay _ Ay _ ak . = aky. on the linear behavior of the system near that fixed point. In the uni-
1 At 2t—-1 2 t— 4t . . . . . - .
dimensional case this linear component is captured by the first deriv-
Ay Ay ative of the function defining the system. In the multidimensional case
TZ = A_t2 = oKy -1 = aK Y- (19) the linear behavior of the system is captured by the matrix of partial
first derivatives, the Jacobian, and the mapping of the system defined
where the right hand sides are obtained by replating 1 with t— by the equations in (22) can be explored through the eigenvalues of
At (which is sensible since the original units were arbitrary). the Jacobian. The Jacobian for the equations in (22) is (assyming

By allowing the time interval to become infinitely small in the limit y,):

ORGANIZATION SciENcE/Vol. 10, No. 3, May—June 1999 271

RIGHTS L



Downloaded from informs.org by [128.122.253.212] on 19 May 2015, at 13:28 . For personal use only, al rights reserved.

KENNETH A. FRANK AND KYLE FAHRBACH Organization Culture as a Complex System

0 o € ” e basis for the procedure. Nor could we find a theoretical basis in Lewin
i e Yatt 1+ &)? for row normalization. Although Lewin repeatedly discusses the forces
o & 0 v, 23) on, and interdependencies among, parts of the whole person which
1+ ¢€ Tra+ et | could be taken as moderate support for row normalization, these ref-
y,a® —y,a® 0 erences do not imply a restriction on the forces to which an individual

is exposed. Moreover, Lewin’s use of force theory borrowed from the
Evaluated ag — o, , that is, when the two actors interact almost 100% physical sciences would suggest that, while the vector representing
of the time, each eigenvalue of the Jacobian is negative, indicating thape direction of the force might be restricted in length for convenience,
the fixed point is asymptotically stable (it is both stable and attractdn® magnitude of the force is not constrained.
other points in the neighborhood). The eigenvectors correspond to At the level of the system, most of the time that row normalization

those for the two-dimensional system in which the pattern of interactiorlS Used the model “leads to an equilibrium wherein everyone eventually
was considered constant. agrees on the characteristics of the job [the sentiment used in the ex-

ample]. The fact that everyone does not agree on such job evaluations

Fndr_mtes _ _ is what prompted researchers to explore the SIP [social information
Sentiments also might refer to actors’ understandings of the organiprocessing—influence] model in the first pladeerefore for the SP

zational mission, orientations to conducting the business of the orggyngel to make such a long-run equilibrium prediction is problematic”

nization, morale, etc. _ _ _(Krackhardt and Brass 1994, p. 219, italics added). The use of row
By specifying formal models, we establish a common basis for cri-ngrmajization therefore limits the behavior of the system.
tiquing and extending the models(PE997). Another complication arises whéf is allowed to vary over time.

*Even if organizations do not modify their cultures rapidly enough to ¢ i is changing, at what time should row normalization take place? If
adapt to external contingencies (Hannan and Freeman 1984), the cWpe row normalizes solely at one time point, there is no guarantee that
tures of the organizations that do survive are continuously modifiedne elements ik from other time points will be normalized. On the
Ethgh exposure to exogenous effects. _ ~ other hand, there are theoretical problems with row normaliziral at
The term cointegration is borrowed from time series analysis in whichjme points. Row normalization transforms the scale of interaction
two nonstationary processes with stationary residual sequences are igased on the density of interaction reported at any given time point,
tegrated of the same order and become intertwined over time throughnq normalizations across many time points change the scale in as
;nutual feedback (see Eqders 1995, p. 69). _ equally many different ways (as long as an actor’s density of interaction
“Note that model has no intercept as the mean valyarothe system s changing). But as Burket (1984) noted in a debate over a similar
is not relevant to systemic processes (Mead 1967). This may be egsse—measuring rates of growth of knowledge (as opposed to rates
pecially true for attitudinal scales which have a somewhat arbitraryy interaction)—one needs a constant metric, a single scale, in order to
gero point. _ _ ~_ answer questions that are not purely normative in nature (e.g., “Does
In general, we present discrete time models, as most organizationg:or 1 influence actor 2 more than actor 3?”). In order to make valid

exhibit a natural periodicity as defined by Alligood et al. (1996). For jnferences about changes in interactions over time, the metric of inter-
example, in schools the periods are defined by the school day, in whichction should not change from time point to time point.

we assume that effects of external disturbances can enter only betweefiis holds even if the absolute values ok,  are all less than
school days and that the system is deterministic over the course of ﬂ\?nity because effects froim to i accumulate through all paths linking
school day. Therefore it is sensible to observe the system at the end ofi, i a5 indicated by the summations in Model (5).

each day. Similar processes are likely to apply in other organizationSigie that Model (2) was based on the Markov principle that the state
with the intervals defined by the exposure of the actors to externajs ine system at timé could be modeled as a function of the state of
disturbances, either at the end of the working day or week. In contrasty,q system at timé — 1. The process captured in Model (10) is no
purely deterministic systems such as specified by DeVree and Dagavqgnger Markovian in the sense that the state of the system (as defined
(1994) do not clearly specify the point at which errors, or externalyy v ) must be specified in terms of the chain of interactions and errors
disturbances, may enter the system. In the Markov literature the phgsmanating from each time point, instead of the state of the system at
nomenon of the error entering only at discrete periods is referred to ag,o immediately preceding time point. That is, evolution in the system
|rT1puIse gontrol (Van der Shouten 1983) and can be accommodated Ryannot be predicted in terms of the state of the system at the previous
discrete time models. time point. The system can be described as Markovian only if the

"The system is also often constrained by use of row normalizationyysiem state is defined in terms of the maximum paths and all errors
(Friedkin and Johnsen 1990, French 1956, Friedkin and Cook 199Qnat have entered the system at previous time points.

Harary 1959). Row normalization is defined ki, = 1, 19 we restate Model (11) as:

thereby preventing explosions in sentiment. French (1956) and Lewin

(1951) have been cited for a theoretical basis for row normalization. t N

Yet, the basis in French for row normalization is given as: “It will be Yie = 0 \;1 21 Giir t—v-t&' t-v
noted that each row ofK[] sums to 1 because it represents the total o

opinion of a member, and the fractions along the row represent the +la—s i % +

proportion of that opinion determined by each person” (p. 192). While -9 == MPir vt v T

this statement clearly endorses row normalization, it does not provide

a theoretical ~ we observe the parallel with Friedkin and Johnsen’s (1997) Model (2).
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There is an effect of influence associated with all paihs._,_; that Alexander, J. 1987Micro—Macro Link. University of California

must be anchored. Friedkin and Johnsen uggdwhile we use Press, Berkeley, CA.

mpPii—v_16¢_v If @ll exogenous effects aftér= 0 are setto O, then Allen, T.J. 1966. Managing the flow of scientific and technological
the only difference is that each actor's anchor in the Friedkin and information. Ph.D. dissertation, Massachusettes Institute of Tech-
Johnsen model is defined by the initial information to whtadt actor nology.

was exposed whereas in our model there is a common anchor for afllligood, K., T. D. Sauer, J. A. Yorke. 199€haos: An Introduction
actors defined by the initial informatian the system. to Dynamical Systems. Springer-Verlag, New York.

Note that we could have accomplished a similar effect by assigningAnderson, N. H. 1971. Integration theory and attitude chaRggeh.

to some individuals a motivation to maintain the coherency of the or- Rev. 78 (3) 171-206.

ganization or the system. Instead we have achieved our result by rékrrow, K. 1979. The economics of information. M. Dertouzos, J.
lying only processes that are motivated at the level of the individual. Moses, edsThe Computer Age: A Twenty-Year View. MIT Press,

20nly Carley (1990, 1991) has incorporated negative feedback in a ~ Cambridge, MA. 306-320.

system in which interaction, even though it may increase the amounfsch, S. 1951. Effects of group pressure upon the modification and
of shared information between two individuals, does not always gen- distortion of judgments. H. Guetzkow, E@roups, Leadership
erate more interaction (Carley 1991, pp. 340-341). But Carley does  and Men: Research in Human-Relations. Carnegie Press, Pitts-
not incorporate competing processes (such as the pursuit of information  burgh, PA. 177-190.

versus balance) that are explicitly defined for individuals or dyads inAstley, W. G., A. Van de Ven. 1983. Central perspectives and debates
either of her models. Instead, the negative feedback in Carley’s system  in organization theoryAdmin. Sci. Quart. 28 245-273.

is a byproduct of row normalization of the extent of interaction (asBanks, D. L., K. Carley. 1996. Models for network evolutidnMath.
opposed to row normalization of the extent of influence), as anincrease  Sociology, 21 (1-2) 173-196.

in the extent of shared information between two actors will not nec-Barnard, C. 1961. Organizations as systems of cooperation. A. Etzioni,
essarily increase their rate of interaction because they may be pulled ed.Complex Organizations. A Sociological Reader Holt, Rinehart
away from each other by more extensive commonalities with others. and Winston, New York. 14-17.

Carley’s approach is dependent on restricting the extent to which actoBartholomew, D. J. 1973. The simple epidemic model for the diffusion
can engage in interaction, and raises the question of why there is a  of news and rumors. D. Bartholomew, eflochastic Models for
common restriction on all actors. And if there is not a common restric- Social Process Wiley, London. 295-334.

tion, then how do we determine which actors are allowed to interacBerger, P., T. Luckmann. 196The Social Construction of Reality.
more or less than others? The latter question can be answered only by Doubleday, New York.

directly incorporating factors which generate positive and negativeBerman, P. 1978. The study of macro- and micro-implemente®iaim.
feedback in the model of selection, as in Model (17). lic Policy, 26 (2) 157-181.

e chose the distribution of sentiment to have nonzero mean so th&idwell, C. 1965. The school as a formal organization. J. March, ed.
we could demonstrate that the effects we observe apply to systems  The Handbook of Organizations. Rand McNally, Chicago. 972—
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corresponding changes in the pattern of interaction. Bird, T., J. Little. 1986. How schools organize the teaching occupation.
15A similar result can be obtained far = 2 without relying on ob- Elementary School J. 86 (4) 493-511.
taining the eigenvalues &. Definez" = y;; + yy andty = y; — Blau, P. 1967Exchange and Power in Social Life. Wiley, New York.
Y. Then we haver, , = (ak + 7)z" and 75 4 = (ak — )7 . 1977.Inequality and Heterogeneity. Macmillan, New York.
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