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Structural change in a network of disaster preparedness relations is
assessed using a staged wo-point repeated measures survey. An earth-
quake scenario simulates a sudden and dramatic jolt to the network.

~ Measures of horizontal and vertical differentiation are found to be

sensitive 1o structural change in the network. We conclude that disaster

theory of interorganizational relations is advanced by using nerwork

analysis to specify and test hypotheses about different types of change.

Social change is one of the oldest and broadest topics in the social
sciences. The term social change suggests many things, but what is basic is
an alteration in the morphology of the unit under study: structural change
(Buckley 1967, p. 31; Bates and Peacock 1987, p. 306). Although the
measures and methods of network analysis correspond to patterns of inter-
acting organizations, there is surprisingly little empirical or theoretical work
to guide inquiry (Aldrich and Whetton 1981; Perrow 1986; Collins 1988).
In this paper, we specify structural change in a network of interorganiza-
tional relations.

Although empirical studies on networks of interorganizational relations
are increasing (Laumann and Knoke 1987; Galaskiewicz and Wasserman
1989; Lachman 1989; Knoke 1990), the analysis of interorganizational

* Data collection for this work was supporied by the National Science Foundation,
Sacietal Response to Earthquake Hazards Mitigation Program, Grant No,
CEE-83-14421, The analyses and writing were made possible with support from
the National Science Foundation, Grant No. BCS-8920472. Any opinions, findings,
conclusions, or reccmmendations expressed in this publication are those of the
authors and do not necessarily reflect the views of the National Science Foundation.
We thank Susan A. Murty for helpful comments and suggestions.

143



144 Internaticnal Journal of Mass Emergencies and Disasters

network change is underdeveloped (Mulford 1984; Perrow 1986, Stinch-
combe 1989). Several scholars have noted that the theory of networks has
lagged behind the methods for analyzing networks (Granovetter 1979;
Mulford 1984; Collins 1988; Scott 1988). For example, Granovetter (1979,
p. 501) argues “...most network models are constructed in a theoretical
vacuum, each on its own terms, and without reference 10 a broader or
common framework.” Collins (1988) and Wellman (1988) offer similar
assessments. We integrate network analysis with a systems framework to
specify structural transformations in an interorganizational network.

The existence of interorganizational networks is minimally a loosely
connected set of relations. Use of the systems framework implies that
networks operate like social systems. Unless some assumption like this is
applied, it is impossible to determine whether change has occurred because
there would be no bascline pattern from which to ascertain the degree
change (Tilly 1984), While it is rcasonable to expect that some overall
pattern of relationships exist among organizations (Gillespie and Mileti
1979), documenting how these patterns change is problematic.

Interorganizational networks are usually emergent and characterized by
informal patterns. Moreover, most interorganizational relations are voli-
tionally initiated &s a response to environmental demands and responsibili-
ties, while only some are mandated, At the interorganizational level,
horizontal and vertical differentiation among structurally equivalent posi-
tions is seldom mapped for constituent organizational members. It is there-
fore more difficult for participants to perceive this differentiation (Boje and
Whetten 1981), which suggests the critical utility of applying network
analysis (Kadushin 1983).

Changes in Network Morphology

Our basic hypothesis about changes in network morphology is sug-
gested by Dynes’ (1974) account of community coordination among vari-
ous task subsystems responding 1o disaster. Dynes (1974, pp. 207-208)
discusses a transformation of functional priorities in which the goals of
particular organizations are “..subjugated or temporarily suspended” 10
work together on behalf of immediate community needs. According to
Dynes (1974, p. 211) “...the predisaster community is characterized by the
pursuit of diverse and predominantly private ends, [while] in the emergency
period, there is a shift toward common and essentially communal ends."

Sudden and broad scope disasters, like earthquakes, require a number
of immediate tasks involving power restoration, medical care, food, shelter,
debris removal, ete. Many of these tasks are the responsibility of particular
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organizations. Other organizations get involved because of their geographi-
cal proximity or the appropriateness of their goals. During the initial stages
of response, the nature and scope of the task is unclear or confused (Dynes
1974, p. 206). Still, there is great urgency to act. This has several conse-
quences, but one of the most important is the emergence of response
coordination organized around predisaster legitimacy (Dynes 1974, p. 207).
Therefore, we expect a pre to post disaster elaboration of the network with
a concentration of relations around emergency service organizations.

The effects of a disaster on a community are paradoxical in that
evidence of both disorganization and organization are observed (Dynes
1974; Britton 1988). During predisaster periods, organizations establish
relationships that are useful to their normal operations. Subsets of organi-
zations differentiate themselves according to the normal operating require-
ments of their tasks and goals. There may be disaster plans which stipulate
contingency changes in the established relations. Such plans, however, do
not influence strongly the normal patterns of interorganizations relations
(Gillespie 1991).

When disaster strikes, the immediate tasks and scope of involvement
for most organizations is uncertain, but there is an urgency to act. This
combination of uncertainty and urgency leads organizations to interact with
organizations outside of their normal set. Many different disaster related
task subsystems are created. There is a reorganization and elaboration of
horizontal differentiation among subsystems within the interorganizational
network. Several organizations become involved in the same task domain.
Al the same time, the number of demands for tasks is proliferating. This is
what gives the evidence for disorganization.

The problem of articulating and coordinating these subsystems is
compounded because pluralistic decision making works too slowly and
chaotically for the demands of the situation. Therefore, a new pattern of
decision making emerges. There is a reorganization and elaboration of
vertical differentiation among subsystems within the interorganizational
network. New groups of organizations assume importance because of their
disaster activities. Other groups play minor roles. Many organizations are
not involved in disaster response. Those that are in the field are accepted
differentially by the community as valid institutions for carrying out par-
ticular courses of action. Generally, greater legitimacy is bestowed on those
with a predisaster history of involvement and designated responsibility for
disaster response,

Coordination becomes a by-product of the search for information.
Organizations search for information which will allow them to accomplish
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tasks which are responsive 1o the demands for service and products, This
process facilitates meetings of those who have information and those who
seek information. As the situation becomes stabilized, those who have been
involved in this process are in effect the coordinating body of the community
(Dynes 1974, pp. 204-208).

Networks of emergency service organizations may be expected to both
elaborate their structure and increase the coneentration of their relations.
The paradox of organization and disorganization represents the structural
transformation of interorganizational networks under conditions of a sud-
den and dramatic event. Analysis of both horizontal and vertical differen-
tiation allows us to simplify the structure of relations in the network in order
to assess change.

Methodology

A staged two-point repeated measures survey was used to describe the
network of emergency service organizations before and after a major
earthquake disaster in a Midwestern urban region (Gillespie et al. 1986). A
combined saturation and snowball sampling procedure identified the popu-
lation of organizations. An earthquake scenario simulated the change be-
tween normal day-to-day operations and the response to a major disaster.

Data Collection

Over 900 emergency service organizations listed in directories were
contacted to identify those which would provide their service in the event
of an carthquake. Eighty-four (9%) of these organizations indicated that
they would provide emergency services in response to an earthquake. This
small percentage is relatively impressive in light of the low earthquake
hazard awareness which existed at the time of the survey, summer 1985
(Gillespie and Streeter 1987). Mail, telephone, and on-site follow-up visits
rendered a 95% response rate. Officials in each of 80 emergency service
organizations served as informants providing information on interorganiza-
tional relations. The chief executive officer designated the informants. In
most cases the informant was the director of planning or emergency
services.

Organizational informants in the initial sample listed up to 10 organi-
zations with which they worked during normal operations. Then, after
reading a scenario describing an earthquake, the informants listed up to 10
organizations with which they would work during a response to the earth-
quake. The limit of 10 organizations was based on a pretest which revealed
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an average of between 3 and 4 interorganizational links in the predisaster
network (Gillespie et al. 1986), The initial interorganizational data matrices
consisted of the original 80 organizations, plus the 1-10 organizations listed.
Only organizations listed by at least two other organizations were included
in the network population. This criterion ensured active participation in the
network (Gillespie and Murty 1991),

Forty-seven additional organizations were listed in the predisaster
network, producing a network of 127 organizations (80 + 47). Similarly,
twenty-seven additional organizations were listed in the postdisaster net-
work, producing a network of 107 organizations (80 + 27). Thirteen of the
47 organizations added to the predisaster network and 27 added to the
postdisaster network were in both the predisaster and postdisaster networks,
This gave us 93 organizations common to both the predisaster and postdis-
aster networks.

Because we study change, the focus is on organizations common to both
the predisaster and postdisaster networks, The final step in operationalizing
the network boundary entailed dropping 13 of the original 80 organizations
because they did not have a linkage with any other organization in either
the predisaster or postdisaster network. It is possible that these organizations
misunderstood the criterion question of providing service after a major
disaster; none of these 13 organizations had capacity to deliver service in
response to disaster. These deletions produced a final “reconstituted” net-
work of 80 organizations with relationships in either the predisaster or
postdisaster or both networks. This constitutes a network population of
emergency service organizations under two different conditions.

Change Stimulus

We view scenario-based research as a point of departure in developing
dynamic models to study actual change. In this study, the scenario provides
standardized stimulus without having to wait for an earthquake, and it
introduces a table-top drill of an earthquake into the network of emergency
service organizations. The disaster was staged for 6 p.m. in mid-March, and
informants were asked to respond as if it was 18 hours after the initial impact
(noon the next day). The shaking was present for less than a minute, but
effects lasted for several days due to delayed building collapses, fires, etc.
All sections of the metropolitan arca were affected. This scenario was
written to be consistent with the empirical damage assessment literature as
well as the opinions of local emergency management officials (Gillespie et
al. 1986, p. 39).
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Table-top drills are useful supplements to field data, especially when
used to study populations like that of emergency services which employ
such drills as a part of normal training (Streeter and Gillespie 1992; Drabek
et al. 1981). A field study by Belardo et al. (1983) found a high correspon-
dence between disaster training drills and the actual disaster responses.
Belardo et al. (1983, p. 600) point out that “the qualitative similarity between
the structure of communication networks suggests that simulation can serve
as a training and research vehicle for the analysis of pairwise communica-
tion linkages during a crisis.”

Measurement

The lists of interorganizational relations provide a description of the
networks for both the predi and postdi; conditions. Two 80 X 80
matrices of Os and 1s were constructed from the data: 0’s represent the
absence of a relationship, and 1s indicate the presence of a relationship
between two organizations. The rows in each matrix represent network
members and the columns represent the same set of members in identical
sequence, The matrices are symmetrical because the data were collected in
that form. That is, informants were asked to list the exchanges they had with
the organizations listed. Therefore, if organization { is linked to organization
J, then organization j is linked to organization 1,

The number of structurally equivalent positions represents the degree
of horizontal differentiation. The measure of position similarity is based on
the standard Euclidean distance of the relational patterns. Our purpose in
identifying the structurally equivalent positions is to describe the network’s
structure of relations and compare the structure before and after the earth-
quake disaster.

Itis most useful to identify a small number of highly reliable structurally
equivalent positions. The identification of too few positions, however, will
cluster together organizations with quite different relational patterns, On the
other hand, too many positions differentiates otherwise quite similar interor-
ganizational patterns. We established through empirical trials that a .80
organization-position reliability criterion (“maximum distance variance™)
at each iteration (Burt 1989, pp. 44-49) provided the most substantively
interpretable set of structural equivalent positions. Preliminary analyses
using alternative criteria (.90 and .70 organization-position reliabilities)
produced too few and too many positions, while .80 provided a stable and
naturally occurring distribution of relationships. Applications of the same
criteria to the pre and post networks makes it possible to compare changes
in structural differentiation between normal and disaster response networks.
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Two criteria are used to evaluate structurally equivalent positions. First,
a principal component analysis yields a single factor which is the “ratio of
variance predicted by the first principal component over the total observed
variance” (Burt 1983, pp. 277-278). Second, we use the range of correla-
tions between the distance of each organization and the average distance
represented in the position. Some authors average these correlations to
obtain a mean ratio of variance predicted within positions (Burt 1983). The
range and average of the correlations both indicate the relative strength of
the structural positions, but the range gives more information.

Vertical differentiation is measured by the prominence of structural
equivalent positions. Prominence is a general concept which subsumes the
stratification features of centrality and prestige (Knoke and Burt 1983, p.
198). This operationalized measure of prominence is based on the density
of relations among structurally equivalent positions. Positions with higher
volumes of relations are more prominent. The measure of a position’s
prominence is the overall average strength of direct and indirect relations
using normalized path distances (Burt 1982, pp. 28-29). Freeman (1979, p.
226) describes the network path distance measure of centrality as a “close-
ness e,” where cle indicates efficiency of communication or
information transfer because there is a shorter distance between senders
(one organization listing another) and receivers (one organization being
listed by another).

Analyses

Several analyses are used to identify the structure of relations in the
network and to specify change between the predisaster and postdisaster
networks. First, tests for the number of reliable structurally equivalent
positions are carried out to document change in horizontal differentiation.
Second, the distribution of density scores between structural equivalent
positions is examined to specify the nature of the change in vertical
differentiation between the predisaster and postdi networks, Third,
domination and coalition matrices are constructed to further specify change
in vertical differentiation (DiMaggio 1986, p. 352). Finally, path distance
matrices are reported with proportional strength measures of position
prominence (Aldrich and Whetten 1981; Freeman 1978; Burt 1982; Meyer
1982).

The identification and testing of structurally equivalent positions and
the calculation of density and prominence are carried out using the maxi-
mum number of steps with version 4.1 of STRUCTURE (Burt 1989a) and
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version 2.0 of STRUCTURE ASSISTANT (Burt 1989b). Other analyses
were done with version 3.1 of SPSS/PC+ (Norusis 1989).

Findings and Interpretations

Horizontal Differentiation

There are two ways to assess changes in horizontal differentiation, First,
if the pattern of relations within the network maintains stability over time
or different conditions, then structural equivalence can be assessed by
stacking or pooling the different matrices. This assumes that across time or
conditions the same organizations occupy more or less the same structural
equivalent positions. These positions become the unit of analysis, and we
study the pattern of relations within and between them.

The second way to determine structural equivalence in specifying
change is to analyze independently each matrix representing one time or
condition. This is necessary when the pattern of relations within the network
is expected to be different from time to time. An expectation of different
relations means that the pattern of relations among particular organizations
changes so dramatically that pooling relations across the two matrices
dissolves the pattern of differences between them and misrepresents the
changes taking place. This second approach must be used first to either
justify the stacking of matrices or to rule out the stacking procedure.

To test network similarity between the pre and post disaster conditions,
we first determined the number of reliable structurally equivalent positions
in the predisaster network. Six structurally equivalent positions were iden-
tified, along with a batch of residual organizations that did not form a
structural equivalent position. These six positions were then imposed on the
postdisaster network to determine how well they would fit. Table 1 presents
the results of this analysis, showing the number of organizations in each
position, the reliability of each position, and the amount of change in
position reliabilities between the pre and post conditions.

As shown in Table 1, position reliabilities decreased between 9 and 43
points from the pre to the post disaster condition in all six structurally
equivalent positions. Five of the six positions have reliabilites below .80 in
the postdisaster network. It is apparent that the structure of relations between
the predisaster and postdisaster networks is different (unstable), and that it
is inappropriate to impose the structure of the pre network on the post
network or to stack them for the purpose of generating common structurally
equivalent positions.
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Table 1. Assessment of Network Stability between the
Predisaster and Postdisaster Network

PREDISASTER POSTDISASTER
Organizational Organizational  Change in

Positions N Ry Reliabilities Rax Relinbilities Reliabilities

1 16 99 .99-99 56 79-17 -43

F 14 4 59-87 J0 98-(-.09) -24

3 23 B85 OB-84 61 92-.04 ~24

4 8 ) | 99-87 a1 92-23 -20

5 T 92 .98-91 B3 9B-82 -09

6 4 B3 04-76 74 80-.70 -09
Residual
set 8 52 S54-(.04) A7 B3.22 -05

Rz = Position reliability

Based on these resulls, we next carried oul an independent analysis of
the postdisaster network applying precisely the same structural equivalence
protocol used with the predisaster network. Differences between the number
of structurally equivalent positions reflect changes in the horizontal differ-
entiation of the network. Table 2 compares the number of positions, number
of organizations in each position, position reliability, and the range of
organizational reliabilities for the predisaster and postdisaster networks.

Table 2 shows a 50% increase in the number of structurally equivalent
positions, from 6 to 9, between the predisaster and postdisaster networks.
The postdisaster network is skewed, with one large position making up
almost half of the total network (43.75%), and eight smaller positions
ranging from 3 to 8 members. The one large position is a mix of 21 (60%)
social service organizations and 14 (40%) emergency management organi-
zations. One of the small positions holds three of the area's major disaster
response organizations: the American Red Cross, Salvation Army, and
County Office of Civil Preparedness. In contrast, the predisaster network
has three moderately large positions (each holding approximately 20-30%
of the total) and three small positions (each holding approximately 5-10%
of the total). Each position is comprised primarily of either social service
oremergency management organizations. The American Red Cross and the
County Office of Civil Preparedness occupy a position with two area-wide
social service agencies. The Salvation Army occupies position 5 with five
other social service organizations and one emergency management organi-
zation.
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The first position of the post network represents individual cases from
all six of the predisaster positions, No postdisaster position subsumes any
predisaster position. Cases from predisaster position 1 are distributed in five
different postdisaster positions; cases from predisaster position 2 are dis-
tributed in three different post positions; cases from pre position 3 are
distributed in eight different post positions; cases from position 4 are
distributed in three different post positions; cases from pre position 5 are
distributed in three post positions; cases from pre position 6 are distributed
in six post positions.

The horizontal structure of the emergency services network changes
significantly between the predisaster period and the immediate—18 hours
later—postdisaster response period. The larger number of structurally
equivalent positions in the post network (N = 9) than in the pre network
(N = 6) indicates increased complexity. Not only is the post network more
complex, but there is a dramatic reorganization of organizations to positions
and a corresponding development of a more skewed distribution for the
number of organizations in positions. These differences suggest that dra-
matic network changes occur between normal and disaster response situ-
ations. These changes are further analyzed by examining pre to post
differences in vertical differentiation.

Table 2. Structural Equivalent Positions in the
Predisaster and Postdisaster Network

PREDISASTER POSTDISASTER
Organizational Organizational

Positions N Ry Reliabilities  Positions N Ry Relinbilities
1 16 .99 899-99 1 35 .86 .85-97
2 14 94 9987 2 5 9 .99-.99
3 23 8BS 98- .84 3 & 86 B1-.98
4 B 9 .99 87 4 £ 93 B81-.99
5 7 92 9891 ) 4+ 93 89-.98
& 4 B3 94-76 6 5 8 84-.95
7 3 93 B81-99
8 i 9 90-.93
9 3 93 90-.95

Residual Residual

set 8 52 S4-(04)  set 6 .61 T0-.85

N = Number of organizations in structurally equivalent positions
Ryx = Position reliability

































