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Isthere amap that traces the stages of organizaional change & it moves from order to
chaos? Are there charaderistic organizational rtyhms that regulate this dissolution and
reforming processat criticd points on the map? This paper presents a theoreticd argument
that the Feigenbaum Diagram provides such a map and that the cncept of temporal
signature predicts organizaional rythms at various mapped points. In support of these
claims, the paper presents empirica evidencethat organizaions under extreme stressfollow
the path shown by the Feigenbaum Diagram. The paper defines the ancept of temporal
signature, shows how it has been used to study organizations, and makes edfic and
testable predictions about how it might change acossthe Feigenbaum map. We will draw
on the organizational disaster response literature and present original reseach to ill ustrate
and test our theory.

Workplace Rules and Fields Of Action

Generdly, employees are goplying policies, work processes, work behaviors and attitudes,
or “workplacerules’ within a“field of adion” (Kiel, 1994). The field of adion is defined as
the interface(surface between the physicd workplace ad external environment. Although
it is usually experienced as relatively ordered and predictable from day-to-day, the field of
adion is multidimensional and highly complex. In the cae of a disaster, the field of adion is
influenced by the initial conditions following an abrupt transformation of the environment.
Kiel tells us that:

It isthe interadion of the [workplacg rules of motion with the field of adion that
determines the diredion and result of motion in the workplace The dynamic ceaed
by the interadion of the ‘rules and the ‘field of adion’ lead to agency outputs and
performance (Kiel, 1994).

The timing of the rules of motion isintimately conneded with what happens in the field of
adion; the ealier is nested in the latter. From this perspedive, agency outputs and
performanceis the result of the interadive dynamic (Kiel’s “motion”) of the organizational
patterning process This abruptly initiated processof transition from one type of
organizational pattern—emergency medicd day-to-day response or planning and pradice
for example--to a another organizational pattern--disaster response--is accompanied by a
change in workplacerules within a unique, disaster creaed field of adion ac@rding to the
rules or “timing” of dynamic motion. Such rules would have agrea ded to do with
emergent organizational form (Thom, 1972. Put another way, processand structure ae




complementary via the dynamic rules of motion. Organizational survival and the emergence
of the response system is related to these time dependent, self-organized adaptive adivities
and to the rules of dynamic motion (Jansch, 1980. Aswe will show, an organization’'s
temporal signature varies acaording to where it is on the Fiegenbaum Diagram. Together
they tracethe emergent results of the dynamic of motion.

Social Time, Temporal Signature, Workplace Rules and Fields of Action

Socia timeis an ordering principle that coordinates, orients, and regulates interadions
between people and groups (Adam, 1990 As sich, social time is embedded in the emergent
organizational pattern of workplacerulesin afield of adion; social time expresssthe
dynamic rules of this “motion”.

Group pocesss crede expedations and ideas of conformity. By doing so these processes
give give meaning to the various dimensions of time orientation in ead areathat the group
isadive in. These group tempora models are not “ided” in the sense of being defined by an
external universal standard such as a dock. Individuals creae time models of how time is
patterned and how it flows. For example, temporal patterns can be drcular based on the
round of the seasons or linea and extending indefinitely into the future. How quickly
change occaurs, its rhythm, and its constancy and uniformity are example of the social
construction of time's flow. Concepts of causation, prediction, personal ability to influence
the future, readinessto ad as well asto whether a person fedsthat they can creae their
own future (fatalism vs. self-determinism) are related to this temporal constructing process

Anindividua’s or group' s temporal signature is a product of the adive pattern forming
proceses of social time. Just as the hand moves to form a unique signature, so too doesthe
individual and group engage in a unique timing of motion acarding to atemporal signature.
The various $hapes resulting from this processtraceout time dharaderistics that can be
interpreted as open, closed, progressve, traditional and so forth. “Temporal signatures vary
from individual to individual by education, social class and other fadors.” (Magy, 1994.
By studying the pattern of the tempora signature & momentsin time, and the rules that
govern this change process(we will cal this morphogensis) we can determine the states of
the components of the processthat regulates the motion defining workforcerulesin afield
of adion. Sincethese motions form the deep structure of pattern we must adknowledge that
processand structure—workforcerules and field of adion are examples of the latter—are
complementary. Eadh offers adifferent and essential construction of the phenomenon, and
eadt are necessary for its complete description.

Generdly, the organization’s temporal signature defines a sort of dancethat people engage
in asthey colledively creae organizational life. Managers and staff define the pattern and
flow of time, and thus the rhythm of this dance (Macy, 1994). All schemes of periodization
of organizaional life ae authoritatively defined in the sense that they refled management’s
view, tempered by the enployees, about what is“good” or “right” within a particular field
of adion for its organizaional “dance” (Koehler and Haden, 1982. Studies of Western
organizational culture note that most managers view time & “monochronic” or extending




like aline into the future that can be divided into equal segments. “Time is a valuable
commodity that can be spent, wasted, or made good use of...” (Schein, 1985. In contrast,
“polychronic” time is defined more by social relationships and what can be acomplished
than by a dock. “Relationships may be more important than efficiency; therefore, rapid
completion of atask or punctuality may not be valued as highly...” (Schein, 1985. The
ability to plan for and control one's future varies by organizaional rank; those higher in
rank have longer time horizons than those lower in rank. Different agencies vary in their
cgpadty to mobilize their personnel, to organizetheir response, to rhythmicaly entrain with
other organizaions, to perform tasks, and to med time deadlines (Macy, 1994. Different
groups and individuals within the organization may be ather future or past oriented making
it difficult to coordinate to achieve cmmon goals. From this perspedive, temporal
continuity, particularly future time perspedive, appeasto be important to the whesion and
internal functioning of the group, to the interadion between the multiple groups that make
up a mmplex organizaion, and probably to inter-group relations. But, temporality may be
even more @wmplex than what we have laid out up to this point.

While ealier approadesto the study of social time have reduced time perspedives to
smple linea cause and effed relationships, on refledion we seethat, when considering the
entire temporal signature, the nature of the phenomenon is neither simple nor linea. The
futureinall it s multiple forms and meanings, together with the present and the numerous
constructions and reconstruction’s of the past, can be entertained in one mind with illogicd
and even conflictual smultaneity. Time flows quickly and slowly, toward a future which
appeasto be & onceopen and closed, bringing consistent but digunctive change. In
contrast, linea models of time look rather like "flatland” where dements and their values
appea to exist in inexplicable and fragmented independence from ead other. This siapshot
of how things look or fed at a particular point in time--and which hes been taken to reflea
aunigue and enduring perception--denies the mmplex processes and interpretations that
lurk beneah the surface

As an dternative Koehler-Jones proposes a model for the generation of group' s temporal
signature where every element can potentially hold any range of values within a particular
domain; it is the relationships between and among elements that gives sape and defines the
temporal signature charader of the workplacerules interadion with afield of adion
(Koehler-Jones, 19963). The temporal signature tends to be stable but is not static
particularly under extreme anditions as $own later in this paper. It isamultilayered
processwhere the salience and dominance of various elements is continually shifting to
augment, overshadow, or obscure others. The description that emergesis more like
hypertext where various aspeds move acosslayers of depth, in and out, interweaving in
fluid, multiple, interlinking, yet paralel operating forms. Although the mathematicd
expresson "non-linea™ has been used as a single term for this complex of motionsit has
been suggested that aricher description would include humanistic connotations. J.T. Fraser
has suggested: kaleidoscopic, unrestrained, multi-dimensional, volcanic, many-colored,
unruly, elusive, rhapsodic, and, our favorite, unpredictably ordered (Koehler-Jones, 1996o).




For the purposes of this paper, we will speaulate that disaster response organizaions of
whatever kind have dharaderistic temporal signatures and these signatures go through a
particular change sequence—a “continuity” through time--ill ustrated by the Feigenbaum
Diagram. Our “timeless’ temporal signature model helps to understand the implicaions of
these dhanges for workplacerules and organizational change. First we discussthe dements
of the temporal signature, drawing from the disaster literature to provide examples. Next,
we show that disaster response can be described by the Feigenbaum Diagram and that there
are five distinctly different organizational timings as we move from order to chaos. We
finish with an exploration of the termporal signature of ead of the five different time zones
and provide hypothesis for testing ead.

The Elements of Temporal Sgnature

The temporal signature and its dynamic temporal perspedive ae aeaed by temporal
progresson which forms the temporal pattern.

Temporal progresson.

Thisis the dimension of processand motion describing the movement or flow of the present
into the future or into the past (i.e., the “remembering of it”). The question is "how" isthe
present moved into the past or future. The components that describe the speed and nature
of this"how" in motion are tempo and rhythm. It is the qualitative relationship between
these dements, their existential quality, that isimportant for forming the temporal
progresson.

Tempo refers to the paceof adivity. With resped to future events, tempo includes both the
rate & which the future goproadches and the speed of onset of spedfic events. (With resped
to past eventsit is how fast they fade avay.) Thiselement has sgnificancefor situations
like the one referred to by Green and asociates where people living around Mt St. Helens
believed they could outrun the rising river (tempo as on-set of the river’s rising/personal
running speed) if volcanic mudflows suddenly raise its level. *

Tempo is aso conditioned by the relativism or independence of flow, i.e. therole of
external forces, and/or other dimensions such as ace on the "flow of life." For example,
the Einsteinium view argues that speed depends on position or motion relative to space
shaped by gravity; the Newtonian view argues for uniform consistency unperturbed by
context. The dimension of tempo then, covers "fastness' and whether that "fastness' is
independent of other conditioning fadors.

Rhythm refers to the regular reaurrence of certain feaures of time. Does time move in
"pulsating” or periodic cycles as described by Zerubavel.? Isits motion smooth, or irregular
and unpredictable. If the latter, one must ask whether isit truly unpredictable or only
apparently unpredictable being embedded in a dhaotic atrador.




A distinction can be drawn between rhythm, and the dharader of change of feaures within
it. 1t may be that, within a rhythmic system, change occurs gradually or in sharp dgunctive
motions bringing unexpeded novelty. Isthe calencewithin the rhythm smoath, choppy,
digunctive?

Overall, the dharader of the "how"--the structuration of the tempo and rhythm of the flow
into the future--is an esentia part of future and past perspedives even though it has not
been previously recognized.

Pattern

Pattern reveds the shapes (cyclicd, €ellipticd, linear, and so forth) of the temporal
perspedive (discussed below) and, more broadly, of the temporal signature. Pattern
includes degreeof demarcaion of past, present and future & well as Tope or "wholeness'
of perspedive. Pattern has two parts. shape and the structure within shape; and modal
differentiation.

Shape. The structure of the existential flow is highly personal and idiosyncratic in small
chunks of time like weeks.: Anthropologists and others have charaderized the shape of
cultural time as cyclicd, ellipticd, spira, linear, and so forth.

Conventional views projed these patterns in two dimensions but, as we have shown, their
complexity suggests that designs with overlapping levels of temporal experience ae more
faithful expressons of the underlying progresson. Cyclic (and other) biologicd processes
combine with external rhythms--natural, manmade, social and so forth--to crede tangled
arrangements cgptured in multi-dimensional patterns, symbolizing the intricagy of the shapes
creaed by these intermeshing, intermingling movements (Diagram 1 Phenomenologicd
Complexity in Temporal Patterns).

(Diagram 1 about here)
Modal differentiation. The second asped of pattern is the degreeof differentiation
assgned modalities of past, present and future. Asuming a ontinuum of time running
from past to future, thereis also a mntinuum of predsion of demarcation of these
dirediona elements running from cleally demarcated segments to a minimally demarcaed
state where everything exists at one time--in the present.’

Cottle's (1977 work points to two additional charaderistics of modal differentiation;
atomistic, and gestahltist.” This refersto the tendency to seetime dther in chunks
(atomistic) or as an infinity of points (gestaltist) creaing a unified whole within the broader
model differentiation context (Diagram 2). We might refer to Cottle's variable a "scope,”
or

(Diagram 2 about here)

1 It is not known whether the experience of pattern is ubiquitous, or at what age it begins to develop. Might
someindividuals expressno discarnible pattern at all ?




extension of these diredional demarcaions. Differentiation and scope ae aspeds of the
patterning dmension which have important implications for perception of causal
relationships because they define the way the flow is ssgmented and the charader of
connedions between things. In short, pattern is useful in investigating disaster response
attitudes because, as cognative maps sowing tempora experience and expedation, they
portray the inevitability or uncertainty of future occurrences, where in time they lay, how
they approacdh, and they portend how adions will be organized to respond.

Temporal perspedive

Temporal perspedive refers to temporal signature’ s phenomenologica or existential view
emerging from temporal progresson and pattern. Generally, a person’s sense of identity
depends on “continuity in temporal perspedive, espedally future time perspedive.
...[P]erspedives on the future ae more permanent than other elements of time...If the
continuity of the future perspedive is disrupted one bemmes estranged from one's slf
leaving an uneasy feding of strangenessand unfamiliarity.” ® Most time related research
deds with what we ae cdling concept of temporal perspedive. Elements edficdly
identified in this literature and that will be briefly discussed below are: orientation or
diredednesswith resped to the modalities (past, present and future); depth or expansion of
past and future horizons; and redity. Redity isthe orientation that emerges from the
interadion between the density, richnessand coherence (substance or concretenessof
future or past images) of the temporal perspedive.

Orientation refersto the relative importance of, or degreeof involvement in the various
modalities. past, present or future. Following Schneider, there ae seven (smplified)
possbili ties for which modality or combination of modalities predominate & $own in Table
1.

(Table 1 about here)
Depth/Expansion: While orientation hasto do with dirededness depth hasto do with
distanceor read. A subtle distinction exists between "extension,” or the range of yeas
between subjed age and the most distant event named (as investigated by Wallace), and
"expansion,” or meaningful depth of the past and future (as explored by Fraise and
Kastenbaum).® "Expansion” asks how far forward or backward in time the subjed occupies
himself within conceptualizing a particular type of event, either objedive or mythicd.
Projedive aility appliesto both extension and expansion, but memory decay is only
relevant to expansion. Expansion then is a broader, hence more useful, term.

Reality qualifies orientation and depth by spedfying how well articulated spaces of time ae.
First introduced by Lewin, the cncept is based on the ideathat predasion indicates how
redistic future or past images are in the mind' s eyé. This asped of temporal signature has
to do with order and planning and consists of threeparts. density, richnessand coherence




Density measures and explains orientation and depth by asking how many events, plans,
goals, apprehensions or anticipation's are placed in what temporal spaces. By asking "..the
number of events, roles and experiences an individual expeds to populate his future,”
Kastenbaum asks how many relationships or connedions are drawn from present adivities
to future states. Connedionsto past states, and relationships to present experiences are dso
highly relevant. In a comparative analysis one can ask, for example, about the number of
future expedations relative to present and pest experiences. Or the question may be posed
to explore depth, as Nowotny suggests, by asking whether an overly dense proximal future
has negative implications for thoughtful consideration of the distal future.® The relationship
between density and extension is iown in Diagram 3.

(Diagram 3 about here)
Richness refers to the level of existential or phenomenologicd detail in present planning or
past remembrances. It provides qualitative differentiation by assessng the unity,
intelli gibility, or logicd integration of the event itself.

Coherence refers to the degreeof consistency in the structuring and ordering of
differentiated events. Wallaceoriginally used the term to refer to consistency in sequential
ranking tasks. Kastenbaum later used it for the broader purpose of arranging the
occurrences of important past life events. Here aherence should be used in its broadest
sense & aterm for relating events--whether past or future--to ead other.

Trommsdorff and Trommsdorff and Lamm observe that coherenceisrelated to causality
because the ordering of events in temporal sequenceis primary to establishing causation.’
We ague that the "order" suggested by these aithorsislinea and, to freeourselves from
unnecessary methodologicd prejudice, coherencewould be better conceptualized as an
asped of pattern. While mherencerefersto concrete and finite arangements of particular
events or experiences, pattern refers to abstrad structure with multiple dimensions and
limitlessposshili ties (Digram 4).

(Diagram 4 about here)
Eadh element of the time signature can have various levels of concreteness providing a
wide range of possble ways of "sedng" time. Temporal distances and concrete
expedations are manifest by future planning or past remembrances at both fuzzy and
detailed levels.

Ead of the dements of the time signature depend on subjed/objed relationships, (what one
is talking about and to whom it is relevant). We normally plan only weeks or months into
the future when we ae thinking of such things as holidays, birthdays and the purchase of
big-ticket items, but Svenson’ swork shows that thoughts turn to longer time periods with
environmental subjeds such as climate diange and hazadous waste. Desirable planning
horizonsincrease a we move from self to other. Context is also criticd for optimal density
which depends upon the subjed being discussed and for whom it is relevant. With resped
to context and the relationship between coherence and redity, Schneider made this value
judgment: "..we can asuume that the future perspedive is more favorable the more mherent
and in touch with redity it is," but he negleded to explain what is meant by "favorable,” and
we ae left to wonder whether it means being right about what actually comesto passor




whether it means emotional satisfadion (both being meaningful relational redities). 1nour
concern about how far into the future extreme disasters are percaved--and perceived in
such as way that they are made of sufficient concern to change or impad the everyday
world--we must be dea in our definition of subjed and objed.

Our brief discusson of the temporal signature shows just how complex the rules are that
shape the timing of organizationa workplacerules. Many fadors are entertwined with
concepts of future planning, current work organization pradices, and how aresponseis
“supposed to go” from the perspedive of “normal” time. These fadors are listed in outline
form below. Disasters sverely upset this comfortable timing out of group life.

Table 2 about here

Disaster Characteristics That Disorder Response Organizations

A public disaster response agency (ambulance and hospital services for example) trying to
organizeitself to respond is an example of an organization under extream stress A disaster
occurs when the locd emergency response system’'s means for managing and coordinating a
response ae overwhelmed and require outside intervention to succeel (Drabek, 1994
Dynes and Tierney, 1995 and Quarantelli, 1994 They smply don’'t have the resourcesto
do the job.

The dfort to organize adisaster response structure involving multiple public, private, and
non-profit agencies can be disrupted in any one number of unpredictable ways (Drabek,
1994 1986 Auf der Heide, 1989 and Waugh and Hy, 1990.

* Thetype of disaster that could occur at any time is unpredictable.

*  Where adisaster will occur is often unpredictable.

» How adisaster will unfold in geographic spaceover time is often unknown.

* Thetype ad dstribution of injuriesin space ad time is often unknown.

*  Which elements of the response system or of supporting organizations (law enforcement
for example) will be damaged, how they are damaged, and the resulting delay in their
response is unpredictable.

» Sdf-organizing efforts by citizens, responders in the field, and other emergency
organizations at the state, federal level, non-profit and private sedor level will crede
unexpeded communications paths and response structures.

» Information about the entire emergent disaster response structure or even parts of
response (including how it extends acossthe cmmunity, city, operational area the
status and organization of the regional response, state response, and federal response) is
incomplete. A disaster response structure is “emergent” becaise it did not exist at atime
prior to the disaster. It involves the birth of new units or the restructuring of old ones at
the work group, organizaional, inter-organizational, community, or regional level that
are more or lessadaptive to a particular circumstance within the disaster (Drabek,
1989. It isdifficult to not only identify what and where the new structures are or how




old ones have dhanged, but also to identify the form of inter-group and interagency
connedions.

* Existing strains between organizations may be exacebated. Existing strains between
organizations due to competition with other organizations, organizaiona placement
(fire service or policefor example), under funding and under staffing and other fadors
may come forward or be reveded making inter-organization coordination more difficult
(Drabek, 1989

* Because of initial starting conditions, and varying resource demands, criticd adivity
rates of the response within and between organizaions drive eat other and the overall
response in unpredictable and complex ways. For example, the EM S disaster response
depends on tight and effedive cordination between many different public and private
organizations including, for example between citizen self-organizing rescue dforts,
ambulance ompanies, law enforcement, hospitals, pharmaceuticd suppy houses,
surface ad air transport, military forces, and federal, state, and loca government
agencies. The rate of victim rescue dfeds how quickly transport vehicles must be
identified and dispatched which in turn affeds how many injured people ae waiting for
caeinahospital emergency department, emergency department staffing, etc. These
fadors are driven by the availability of communicaions, of hedth care personnel and
suppies, and by whether transport can move necessary resources to where they are
needed.

Barbara Adam in her analysis of the Chernobyl reador acadent, provides an excdlent
example of how such problems can leal to a cadastrophic response:

The difficulty of appredating and handling complexity, | want to suggest, istied to
the tendency to think in terms of one-dimensional, linea event chains asociated
with ams, thus negleding to take acount of feedbad and amplification, of side-
effeds and exponentially acawmulating processes. To adiieve the urgently required
cooling down and thus renewed stability of the reacor, the operators adivated all
eight pumps insteal of the dlowed maximum of six. Whilst the operators aded in
acordance with their one-dimensional safety goal, the reacor went into a series of
predetermined interconneded safety measures which procealed along a very
different rationale and lay outside the operator’s control: operators and system
functioned according to different underlying theories, assumptions, principles, time
scales, implicit rules and mechanisms. They were on a ®lli sion course that ended
in caastrophe (Adam, 1995.

Chaos Theory And The Rules Of Organizational M orphogenesis

Bateson tells us that: “ The pattern which connectsis a metapattern. It is a pattern of
patterns. It isthat pattern which defines the vast generalization that, indeed, it is patterns
which connect” (Batson, 1979. By this Bateson meant that there is a nested relationship
between the unique individual pattern and the overall metapattern that guides its formation.
For example, a spiral is a pattern that the growing shape of various gedes of snails,
conches and other smilar cregures exhibit in their shells; it is a predse relationship that




defines how one segment is added after another that informs ead growth process
Paraphrasing Bateson:

e All symmetry and segmentation is mehow aresult of growth;

* Growth makesitsformal demands for patterning; and

*  One of these formal demandsis stisfied (in amathematicd, an ided sense) by spiral
form (Bateson, 1979.

Or inthe terms we ae using here:

» All organizational change is aresult of growth ordered by the temporal signature;
*  Growth makesits forma demands for patterning; and
*  One of these formal demandsis traced by the Feigenbaum Diagram.

Thus an uneque pattern is an expresson of a general guiding metapattern that conneds
particular elements into a dance of interading parts as they grow or change. Workplace
rules are aparticular interpretation of a metapattern charaderistic of the interfaceformed by
these particular rules and the environment. It is our view that the Feigenbaum Diagram
provides a guiding metapattern for uneque danges in organizational structures as they
respond to extreme conditions. How do we go about understanding the relationship
between these two domains; the metapattern and the unique pattern of a particular response
organization under extreme mnditons?

According to Kellert: “chaos theory is the qualitative study of unstable geriodic behavior
in deterministic nonlinear dynamica systems. .. As a qualitative study, chaos theory
investigates a system by asking about the general charader of its long-term behavior, rather
than seeking to arrive & numerica predictions about its exad future state”(Kellert, 1993.
Rather than answering the “why questions’” such as explaining why a particular event
ocaurs, it answers the “how questions’. It does this by pointing to a computer graphic that
has been creaed by along series of iterations and asking how this complex pattern occurs.
The answer to this “how” question often involves a cmplex geometric historicd process
such as stretching and folding and period doubling that bring these holistic, historica
pattern forth (Peitgen, et.al.,1992. The unique organzationa patterning at the interfaceis
one point or interpretation of this larger, bounded metapattern.

These geometric mechanisms are not law-full or casual mecdhanisms. The geometric process
reveds patterns; it does not need to show the workings of an adual causal mechanism in a
spedfic system.

“..[l]tis transcendentally’ impossble to tracethe adual causal influencesthat lead
from one state to alater one. Not even an ‘ided explanation text’ could contain the
full causal acount....

10



Two physicdly identicd chaotic systems with identica boundary conditions and
laws and with their one particle in the same physicd state tocan be different states at
t>to. That is, determinism as uniquenessof evolution failsto hold” (Kellert, 1993.

What is being shown are the qualitative geometrica fedures tracel out by continuous
interadions of a particular set of non-linea conditions. It is a“dynamic pattern that
conneds.” The term "morphogenesis’ will be used to refer to this degoer dynamic
qualitative set of organizing, response system dislution/reforming rules acossan
extended time period.

It turns out that in mathematicd theory the change for dynamic systems from order and
predictability into unpredictability or chaosis governed by a single law, and that the 'route’
between the two conditions is a universal one. According to Pietgen and his colleges:
“Route meansthat there ae drupt qualitative danges--cdled bifurcation’s--which mark
the transition from order into chaos like aschedule, and ‘universal’ means that these
bifurcaion’s can be found in many natural systems both qualitatively and quantitatively”
(Peitgen, et.al.,1992.

The Disaster Response Is At The Edge Of Chaos

By applying the logistic equation to the gpropriate disaster response data it appeasto be
possble to determine if a disaster organizaion or response system traces the universal route
to chaos (Priesmeyer and Cole,1995. The logistic equation is particularly useful for
showing the relationship between various competing but interdependent forces, such as that
between an animal population’s growth and some limiting fador in the environment
(chickens, foxes, and chicken fead for example). Priesmeyer provides a detailed dscusson
of how the formulais applied to alarge number of businesses and other phenomenato
producewhat is cdled alogistic map. (The logistic map is a spedal case of the Feigenbaum
Diagram.) The level of adivity or use of resources charaderistic of a particular set of
organizational work forcerulesis displayed on the X or verticad axis, and the stability of the
environment on the k (horizontal axis) ranging from stable and cam (1.0) to highly
disturbed (4.0). Each point on the Logistic map represents an organizational or system state
or attrador at a particular moment in time (Diagram 5).

(Diagram 5 about here)
Priesmeyer's and Cole's Chaos paper, "Nonlinea Analysis of Disaster Response Data,"
applies the logistic equation to time series data set representing 146valid responses from
interviews with 257 key participants (EMS, fire, police, and other personnel) in 106
organized disaster responses.2 The time series was derived by determining the number of
hours from initial impad before the individual became involved in the response and the time
they terminated their response. According to Priesmeyer:

Theresulting data set was ...“dliced” in one hour intervals to credae afrequency
distribution of the adivity levels. Spedficdly, the data set was ached to count the

2 The data were provided by Kreps and Bosworth. They extracted data from 1,062 tape recorded and
transcribed interviews of individuals involved in disaster response: 250from one erthquake, 198from two
hurricanes, 330from six tornadoes, and 284interviews from six floods (Bosworth, and G. Kreps,1986).
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number of individuals involved within the first hour after impad, then searched
again to identify the number of individuals involved after one hour but before two
hours after impad. Twenty four of these searches provided a time seriesindicaing
the number of individuals involved in disaster response during ead hour for ead of
the first 24 hours (Priesmeyer and Cole, 1995.

In this particular case, the variable X can be taken as the level of adivity of all
respondents at the initial condition and during ead subsequent hour. The @nstant k
is a parameter defining the level of disorder in the environment. The value of k can
be computed from the data to indicate the level of stability or chaos in the system.

Digram 5 shows the statisticdly significant results of this analysis. The data indicate that the
level of disorder among responders occurring during the first twenty-four hours following
this group of disasters traces out the Feigenbaum Diagram and is at the edge of chaos.
Returning to Priesmeyer’s and Cole's data, we find that disaster systems exist at the elge of
chaos:

When the @juationis fitted to the first 24 haurs of disaster response activity for this wide
range of events it reveals avalue of k of 3.66 with aninitial value of X of .10. It also
provides an F value of 6.75which is sgnificant at the 95 percent confidence leve.

The logistic map shows that the opportunity for true system change is built into the
[disaster response] system, but is only possble when the system is operating in or
nea the daotic region (when k exceeals 3.7). One will note that the derived value
for k of 3.66isvery nea but does not exceel the alge of the dhaos domain of 3.7.
[Italicsinthe original.] (Priesmeyer and Cole, 1995.

An important caved isthat the data ae for a heterogeneous colledion of disasters with
varying levels of adivity. Aggregating them together might creae a daotic time series.
This approach of aggregating cases acossdisasters and dsciplines has been used to arrive
at generalized findings about disaster management (Draybek, 1989 1990. Additional
efforts need to be made to colled similar time series data for individual disastersto seeif
the logistic equation fits as well.

The Feigenbaum Diagram As A Universal Map Of Organizational M orphogensis

Diagram 5 ummarizes the relationship between work placerules and their environment, and
the rules of morphogenesis driven by the interadion of resource depletion and
environmental disorder as mapped by the Feigenbaum Diagram. The Feigenbaum Diagram
(Diagram 5 about here)
demonstrates a mnsistent mathematica geometry no matter how the mapping is generated;
the length of ead twig of the bifurcation treeis changed by a scding universal constant of
4.669, and the rate & which the branches open at is expressed by a universal ratio of 2.502
(lan Stewart,1989. These scding ratios don't depend on the mapping equation ke it
logistic or trigonometric. The Feigenbaum Diagram is a graphic of a qualitative universal
attrador. Interestingly, the Feigenbaum Diagram “...makes it relatively easy to test a
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particular classof chaotic models by experiment; but it doesn’'t distinguish between the
different modelsin that class” For example, to describe what the behavior of a particular
organizaionisat apoint on the diagram is not dependent on any particular model; “any
theory in the same universality classwill do just aswell.” (lan Stewart,1989. (ltalicsin
original.)

The Feigenbaum diagram is a qualitative pattern or mapping of patterns. While not
predicting the murse of any one organizaion it graphicdly showsthe dtrador upon which
disaster response organizaions reside & a dassas key variables are dhanged (resources and
environmental disorder). We ae proposing that for ead point on the map thereisa
charaderistic qualitative organizational temporal signature that, like the mathematics of the
spiral, guides a general bounded classof behaviors (Diagram 5 dvides the diagram into five
possble temporal signatures). Exadly how these behaviors form their particular pattern can
not be predicted. But it is this general mapping of the process of change, this qualitative
history of the states that shows how organizational morphogensis proceeds under extreme
conditions and upon which this uneque pattern generating processrides that is important.
Thusif we can understand the topology, stability, and timings of the Feigenbaum Diagram
we can understand the geometric progresson of classes of individual organizaional patterns
without knowing the exad, organizaional causes of a particular pattern.

Clock Defined Intervals of the Feignebaum Map are not Isomor phic with an
Organization’s Temporal Signature Intervals

Evenly divided clock intervals are used to measure the interadive increments necessary to
generate the Feigenbaum Diagram. The qualitative concept of socia time is different from
clock time. Yet the cncept of “time” itself in both casesis undefined (Levich,1995.

Generdly, the natural sciences depend on the mncept of time formulated in physics. “In
physics time is identified with the set of red numbers. .. Evidently the mathematicd
properties of a straight line should conform to the red properties of the physicd time.
...]However, thereis]...an absence of an explicit non-mathematica concept of time in
physics’ (Levich,1995. In physicstime variesin the way it is conceptualized from subfield
to subfield; the definition of time for statistica thermodynamics is quite incomparable with
that for Hamiltonian formalism.

Not only does physics lac an explicit theory of time, but the question as to whether the
time of physicsisthe time of all natural science and of the social sciencesis unresolved.
(Remember we ae using clock time to trace amap of organizaiona change.) Again, a
straight line divided into predse segments of a spedfic duration is substituted for an answer
to thisimportant question. In fad in the biologicd sciences, it has been recessary to
uncouple from clock time and tie the biologicd clock closer to the biologica phenomena
under examination to discover important processes.

In embryology the development of different organismsis effedively described using
the biologicd time unit equal to the interval between the same fisson phase.... the

13



above unit (“adetlaf”) depends on the temperature and the spedes, therefore the
laws of development reveded using the description in detlafs, remain undiscovered
when the astronomicd time is used (Levich,1995.

A send example is the timing of phases asociated with a trees growth from seed to tree
or inits daily, monthly and seasonal cycles. Palentology and geology have dso credaed units
of time that are not of equal duration but that are much more relevant to tradng long term
changes (Armand,1995.

The iteration of the logisticd equation is a history or system “age” driven process A “true
age” of an organization as it responds to a disaster can be measured only by using the
system’s proper time scale, not by imposing the even segments of clock time. Levich (1995
cautions us that: “Dynamic models include time & an essential variable.... However, for
studying them a ned investigation of the very notion of time, along with everything hidden
under the notion, is necessry.”

Our discusson of an temporal signature suggests that a proper scae for the history of
disaster response organizaions might be quite different from clock time. Rather than
descrete intervals, such a scade may involve qualitatively different periods based on how the
elements of the temporal signature mntained in the workplacerules are reorganized as they
move acossthe metapattern of the Feigenbaum mep (Sharov,1995. Such qualitatively
different periods are not absolute and need not have the same duration. Using this
perspedive, the Fiegenbaum Diagram beammes quite plastic, surredistic dmost as we move
aaossit. This approach shifts the focus to the morphogenic processthat ties these varying
qualitative intervals together.3

Interpreting the Fiegenbuam Diagram asa Map of the Construction of Time

The Feigenbaum Diagram maps various timings from left to right that shape the temporal
signature. There & least five distinct regions (Digram 5). Each zone is qualitative in the
sense that the exad organizationa time signature caanot be known but the dharaderistic
qualitative metapattern driving it can be. The duration of ead segment is highly elastic and
is more like that of palentologicd or biologicd timethanit islike dock time. The five
distinct zones are:

Therelatively stable states tracal by the single ling;
The bifurcation pant(s);

Period-douling kifurcation’s;

The edge of chacs; and

Chaacs.

agrwDdPE

3The temporal signature might have important impli cations for analytical and data coll edion methods, and
for the form that explanatory statements take in Chaos theory and Complexity theory generally. Exploring
these impli cations go far beyond the scope of this paper and the authors' expertise.
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The following threetables tentatively suggest the dharaderistics of the organizational
tempora signature for ead zone. The following sedion combines these suggestions with
descriptions of how a disaster organizaion might behave in ead zone.

(Tables 3, 4, and 5about here)
Sable Sate

Examining the Feigenbaum mep, we seethat a single line aurves from the origin upto a
point where it divides or bifurcaesinto two lines. Regardlessof the initial conditions of the
system (x) the result will always fall on thisline so long as the stabili ty of the environment
(K) isbetween 1 and 3. This means that so long asthe level of disturbancein the
environment remains below 3, the organization or system in the environment will be more
or less sable. (Some values along this line ae more dtradive than others. It will take an
organization more time to settle down into a single mnfiguration at the lessattradive points
(Peitgen, et.al., 1992). Still, exadly what we mean by “stable” is not fully understood since
stabili ty from the perspedive of chaos theory is just one anong many dynamic states. The
points on this line seem to “attrad” the organizaion or system into a particular, stable,
orderly state. Management is able to absorb the disturbances that are disrupting the field of
adion within the existing rules of work because (Kiel,1999.:

» Theworkforcerules temporal signature rhythm is snoothly pulsating adivity
(weekdays are “short” but weekends are “long”) acmrding to an established
pace Change occurs in aknown and regular way. The speed of future onset,
event onset, and event fade avay are known and relatively controllable. The
context does not drive the temporal signatures formation, tradition does.

» Therelationships between work rules, the field of adion and the environment
are generaly predictable;

* Organizaional responsesto changes in the environment are proportional; big
problems require big solutions, little problems little ones.

*  Organizaiona processes may be rhythmic and pusating as they extend into and
contrad out of the environment. For example, cdls for emergency services care
are typicdly cyclicd but the rhythms are predictable, relatively well understood
and are incorporated into workplacerules.

» Disaster responders and victims may not be dhanged much by the event.
“Restoration of flexibility” is when the victim resolves the immediate problems
and attempts to restore their livesto “normal”. In this case, due to the dasticity
of their temporal signature, a dtizen may not move out of aflood plain after a
major flood or responders may not change the way a response went even if it
went poorly. This behavior is analoguesto organizational inertia and policy drift
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charaderistic of an organization that continues to do what it has always done
rather than adapting to changes in its environment (Kress 1981).

The Bifurcation Point

Organizations can no longer occupy one point on the ling; only two (or more) distinct
organizational states are available. (The exad point where the single line bifurcaesis caled
arepeller; it cannot be occupied as afinal state, only one of two attrador states are possble
(Peitgen, et.al., 1992.)Which state or if both points will be occupied cannot be predicted.
During this processat the bifurcation point the organization seansto “choose” one of two
paths; ead containing a mixture of elements that might be alaptive to one set of
environmental conditions but not to another within the same environment (Kiel, 1994 This
“choice” isan “instantaneous’ one; it is sudden, “abrupt”, a “discontinuous jump”,
“explosion” (Thompson and Stewart,1986 Abraham and C. Shaw, 1988. A close
examination reveds that unlike the previous dion which is charaderized by an attrador,
the bifurcation point is defined by arepellor; ie. a state which can not be occupied in time.
Semnd, this“timelesspoint” credes a barrier for time; it is no longer reversible to a
previous point even though it may return to asingle atrador (Thompson and Stewart,
1986. Movement through such a bifurcation point isirreversible for biologica organisms
and probably for organizaions as well. “The bifurcaion barrier can be compared with awall
inwhich thereis a hole provided with the valve opening only to one side. The return into
theinitial state if it is possble then only along hysteresisloop, i.e., through other valve or
past thewall (sic)” (Mikhailovsky, 1996).

In summary, thisis arelatively “timelessregion”. The workforcerule’ s tempora signature's
rhythm and motion is unpredictable and exhibits a discontinuous pace Changeis sudden
with a future gopeaing in a discontinuous way. Events vary in the speed of onset, but fade
away quickly. The temporal signature is context driven by the onset of excessve disorder in
the environment.

Region of Period Doubling

Moving further up the diagram, we seethat the line divides. The disorder in the
environment has increased, as has the aommitment of resources.

"Out of the mgjor stem we seetwo branches bifurcating, and out of these branches
we seetwo branches bifurcating again, and then two branches bifurcating out of
ead of these ayain, and so on. Thisisthe period-doubling regime of the scenario.

Let us explain very crudely what period-doubling means. Where we seejust one
branch the long-term behavior of the system tends toward afixed final state... This
final state will be reated no matter where...we start. When we seetwo branches
this just means that the long term behavior of the system is now aternating between
two different states, alower one and an upper one. Thisis cdled periodic behavior.
Sincethere ae two states now, we say that the period is two. Now, when we see
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four branches all that has happened is that the period of the final state behavior has
increased from two to four.... Beyond this period-doubling cascade d the right end
of the figure we see astructure with alot of detailed and remarkable designs. Chaos
has st in, and eventually...chaos governs the whole interval... (Peitgen, et.al., 1992).

The most insignicant event (sensitivity to initial conditions) can cause an organizaion to get
“locked” into one of the two possble states and be unable to shift to the dternate state. The
organization might also crede a @mplex pattern of oscill ations defined by a particular type
of attrador between the two or more points. If the environment becomes even more
disordered requiring the commitment of even more resources or their exhaustion, the
organization isforced to occupy any one of four structural states, then eight, until the edge
of chaos is passed and chaos stsin. Again, it appeas that we have multiple barriers to
time reversibility leading to a variety of complex structures either at a point, oscill ating
between points, or charaderized by a cmmplex attrador of some kind as they move between
two or more points.

Prediction of the next organizaiona structure becomes progressvely more difficult.
Rephrasing thisin inter-organizaiona interadions terms, a series of ever increasing self-
reinforcing “errors’ are made by participants, deviating from established workforcerules
and their relationship to the disaster’ s field of adion (Koehler, 1995. These continuously
repeaed errors become anplified and redefine the functions of the organizaion whichin
turn redefines its gructure. The erorsincrease the organization’s engtivity to small
changes in the environment (sensitivity to initial conditions) which in turn cause large
changes in the organizaions gructure. Thus*...processand structure become
complementary aspeds of the same over-al order of process or evolution. Asinterading
proceses define temporary structures...so structures define new processes, which in turn
give rise to new temporary structures’ (Jantsch and Waddington,1976.

To summarize what happensto organizaions at and following a bifurcation point:

» Theworkforcerule’ stemporal signatureisirregular asit periodicaly and sharply
varies by switching from Feigenbaum branch to branch acerding to the geometric
rules governing this qualitatively predictable branching process Speel of future
onset, of event onset, and of event fade avay are highly complex and variable
depending on the rhythm and tempo of switching between or aaossFigenbaum
branches or by crossng new bifurcation points (see one 2 above for time signature
charaderistics of a bifurcaion point).

» Therelationships between work rules, the field of adion and the environment
become progressvely more complex and unpredictable but not chaotic.

* Problems of varying magnitude and the dfortsto addressthem (“errors’) may
generate aditional bifurcation’s creaing more structural changesin the
organization.
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» The organizaion’'s functions and structures may lock onto one of two or more
states or may oscill ate between them following a cmplex attrador.

» Therate of progresson from one period doubling to another appeasto incresse &
one moves to the right aaossthis zone.

The Edge of Chaos

At or nea the boundary of chaosit appeas that the ordered structure of the disaster
response aency loosens, potentialy making new behavior possble. The response structures
are no longer oscill ating between two or more states or occupying an attrador that ties
them together. It isat the edge of chaos that sufficient fluidity is achieved by continuous
“error” making for new work rules and a redefined field of adion to emerge and be
absorbed into a new but not necessarily more alaptive organizaional structure (Kaufman,
1993. Interestingly, such changes often can lead to structures with an increased level of
organization, that are more cmplex, and are cgable of doing more work, than the
previous date. Kiel suggeststhat “thisis due to itsincreased cgpadty to attrad, utili ze, and
organize available energy for its creaion and maintenance” (Kiel,1989. Recet work in
evolutionary theory and smulation studies supports the view that organisms at the edge of
chaos tend to be highly adaptive (Kaufman, 1993 and Goerner, 1994. Aswith a
bifurcaion point, it may be that the edge of chaos does not permit reversibility to an ealier
bifurcation organizaiona state.

Reseach by Kreps sansto support our finding that a multitude of different and often
complex organizaional forms can emerge. According to Kreps, 423 dfferent short-lived
organizational systems can emerge during the response phase. Lessthan helf exhibit a
rational structure in how they go about doing things (Kreps,1989 and Kreps and Bosworth,
1994).

Nonaka suggests that: “ Chaos widens the spedrum of options and forces the organization
to seek new points of view. For an organization to renew itself, it must keep itself in anon-
equilibrium state & al times' (Nonaka, 1988. Here, the response organization is £eking to
reaede itself to respond to a particular type of disaster with its own timing.

It may be that a new or adaptive response structure amerges from a*“phase transition” at the
edge of chaos. There ae two types of phase transitions: first order and second-order.** A
first-order phase transition involves a sharp change from one state to another. An example
Is the rapid transformation of water to ice The dange is very abrupt and well defined. A
second-order phase transition takes more time to acamplish and is lesspredse. Once a
seoond order phase transition starts, no clea cut structure remains or immediately emerges
but there ae lots of little structures coming into and going out of existence. Effortsto
establish a“better” order or to “seled” a particular organizational structure anong many
possble ones is management’ stask. This gructureis reinforced by what is cdled a path-
dependent process that is, oncethe structure begins to aggregate, there is a tendency to
dired resources towards that aggregation rather than to other alternative ones.** Both of
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these ancepts--phase transition and path dependent processes--are important to understand
how large, geographicaly extended structures may emerge.*

Drawing together what has been said about the edge of chaos:

At least during the first 24 hours after an event, disaster organizations may exist at
the edge of chaos, a position that allows maximum adaptabili ty.

The workforcerules temporal signature has for al pradicd purposes collapsed. An
authoritative, credive ad is necessary to seled and establish a new temporal
signature (second order phase transition) out of the vast range of possbilities.

Very small changes or “errors’ can have large organizaiona consequences.

The acamulation of errors could lead to a seand-order phase transition
charaderized by a period of disconneded organizaional fragments that eventually
come together to form the new organizaion or system.

More mmplex, and adaptive structures may emerge from a phase transition but
they are not necessarily more dficient.

Path-dependent processes may play an important roll in reinforcing an emergent
organizational structure.

An individual’ s temporal perception and orientation at the edge of chaosis case
spedfic and depends on whether or not they are optimistic aout the future and
adively involved in unfolding events. If they are, their cgpadty to plan further into
the future is enhanced.™® Having said this, Koehler-Jones points out that no one
knows “...under what conditions future orientation might function as an
independent, dependent or intervening variable.” **

Chaos

If the environment continues to disorganize, eventually bifurcaion’s and accompanying
oscill ations becme so complex that they become dhaotic. Looking at the Feigenbaum map,
we ae now in the aeawith alarge number of dots, sweeuing arcs aaossthe dots, and
open bands.*®

When chaos occurs a...system does not retraceprior identifiable sequences of
behavior and does not evidence obvious patternsin its behavior. Chaotic behavior
thus appeas extremely disorderly since patterns over time, a symbol of orderliness
do not appea to exist. Chaotic behavior simply skips from one identifiable point to
the next, yet never extends outside dea and dstinct boundaries.*®
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All potential workforcerule rhythms, tempos, speed of future onset, speed of event onset
and fade away, etc., are possble within this highly context drive zone. From an existential
viewpoint, the organizaiion may come to occupy a state cdled “presentism”. “Presentism”
refers to a aondition where the need to ded with the necessties of life is © overwhelming
that no wider perspedive is possble. Tarkowsaka notes that: “The dfeds of extreme
presentism -- immediacy and provisionally, making uptypicd elements of the eisting socio-
politicd system -- intertwine with the dfeds of a mllapse of social hopes and of the
protraded crisis beaing a spedficdly intensive ‘ culture of the present’ limited in its future
visions, permeated with provisionally and temporal discontinuity.”*” Alternatively, lossof a
consistent temporal signature might result in the lossof identity and an inabili ty to function
at all.

Some general observations emerge from this tentative analysis of the relationship between
the temporal signature and the Feigenbaum Map:

* The Feigenbaum Mapping appeasto show that the metapattern of organizaional time
signature morphogensis is complex, resulting in different temporal signatures from zone
to zone.

» The qualities of rhythm, tempo, paceof adivity, speed of future onset, speed of event
onset, and temporal orientation, depth/extension, expansion and redity appea to vary
in charaderistic ways from zone to zone.

» Some temporal signatures may be driven by past workplacerules (zone 1); some by
geometric progressons charaderistic of the Feigenbaum Mapping process(zone 3); and
some by the aedivity and adions of individuals in either bounded (zone 2) or
unbounded ways (zones 4 and 5).

» Clock timeis useful as an analytic tool but insufficient to understand organizational
morphogensis as traced by the Feigenbaum Diagram. It measures but does not provide
understanding.

Spedfic existential conditions charaderize eab zone. The sudden occurrence of a disaster
severely qualifies prior concepts of the present and the future; the future no longer unfolds
in an orderly, predictable way that can be influenced. The sudden onset of a disaster “brings
one aashing to the present” and depending on the zone, credes a dharaderistic temporal
signature.

Discussion

We have reported preliminary data showing that disaster response organizations follow the
Feigenbaum Mapping—a metapattern—as they respond to avery disruptive event. Using
this data, we theorizethat different temporal signatures are generated by ead of the map’s
five temporal zones. These nes are qualitatively different and varying in duration. The
clock time used to generate the Fiegenbaum Map is clealy different from the timing of the
organizational temporal signature. Hopefully, sufficient details of this complex processhave
been provided to permit computer or other modeling, and eventual dired observation of this
complex phenomena. Also, as noted above, the temporal signature might have important
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implicaions for how experimental or other datais colleded and analyzed useing the
methods of chaos and complexity theory.

It may be that the Feigenbaum Map and its relationship to an organization’s temporal
signature has important implications for long term planning. Clealy, very significant and
unpredictable dianges begin to occur when the first bifurcaion occurs. These dhanges are
exacebated by what may be very significant changes in what is participants “see” a “long
term” given athe predicted temporal signature dhianges. Exad predictions of future
organizaional structures or relationships to the environment appea to be highly
problematic if not impossble just when they are needed mogt, following a significant
disruption brought on by environmental disorder relative to resources. Sensitivity to initial
conditions makes this task even more difficult. All of this suggests that a new, process
oriented approach may be necessary to addressemergent contingencies under extreme
conditions. This literature is beginning to emerge.
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