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ABSTRACT

This paper proposes a new contingency view of tigarazation and it contributes to the theme throtigh
complementary perspectives. First, it proposes itiognas a function which acts as the main mediatiween
the organization and the environment. Second,tibdluces cognition as the core organizational tabitihich
supports individuals, groups and organizations wititelligence, autonomy, learning and knowledge
management, whereas, in such a perspective, cogrigi viewed as the core resource in the servicthef
organization. Both perspectives, the mediation twedcore organizational resource views, imply t@gnition
contributes toward managing environmental compjeaitd uncertainty. From this picture, this work Ismas
the organization in the pursuit of high degreesfanizational cognition in order to manage higbels of
environmental complexity and uncertainty. Groundedthese views, this paper presents a model of the
organization as a set of fuzzy abilities. Fromtladlse backgrounds, this research opens new dinsdiio future
research on organizational abilities which subswognition, intelligence, autonomy, learning and Wiexige
management as important elements of organizatamalysis.

Key words: organizational ability; cognition; environmentaicertainty; complex systems.

Received 09 February 2009; received in revised i 2p10.

Copyright © 2010 Brazilian Administration Reviewll Aights reserved, including rights for
translation. Parts of this work may be quoted withprior knowledge on the condition that
the source is identified.

* Corresponding author: Farley Simon Nobre
Av. Pref. Lothario Meissner, 632"%loor, Jardim Botanico, Curitiba, PR, 80210-170a38|.



F. S. Nobre, A. M. Tobias, D. S. Walker 380

INTRODUCTION

Studies of complex systems and their classificatioough hierarchical levels of complexity were
proposed by Boulding (1956) and Simon (1996). lesthstudies, a system is defined as a large
number of objects together with relationships betwthem and between their attributes or properties.
The parts, elements or objects that form the systeamy from being very simple to very complex in
structure, and from being highly stable to highjywamic and variable in their interactions. Moregver
each system of higher level of complexity incorpesahe features of those systems below it. I suc
a context, this paper proposes that differencéisarevels of complexity of systems reside not anly
the properties and structure of their elements gt importantly, in the abilities of these eletisen
The former, i.e., properties and structure, referphysical, biological and chemical attributesthué
system, and the latter, i.e., abilities, means itmyn intelligence, autonomy, learning and knovged
management capabilities of the system.

Therefore, analyzing Boulding's (1956) typology,iefhclassifies systems according to their levels
of complexity, this research proposes that the drnighhe complexity of a system on Boulding's
classification scale, the higher its degree of d@amn (Nobre, Tobias, & Walker, 2009a, 2009b,
2009c). This classification of Boulding’s systemsjich is enumerated from 1 to 9 in the order of
growth of their levels of complexity, is given as) (frameworks, (2) clockworks, (3) cybernetic
systems, (4) open systems, (5) blueprinted-growtitems, (6) internal-image systems, (7) symbol-
processing systems, (8) social systems and (Qdeadental systems, respectively. According to this
typology, levels 1 to 3 include the technical ardygical systems. Levels 4 to 6 subsume the
biological systems. Levels 7 to 8 involve the hunaaud social systems. Level 9 is any imaginary
level. Moving from level 1 to 8, the systems becgmegressively more complex and their structures
become somewhat less rigid and constrained, andcéheections between the interacting parts
become relatively loose, where less constraintlésqa on the behavior of one element by the
condition of the others (Scott, 1998). Additionaland most importantly, moving from level 1 to 8,
the systems grow towards higher degrees of cognitio

From these analyses, it can be asserted that aliffes between theories of natural and social
sciences reside not only in the properties andcttre of their elements of study, but most
importantly, in the abilities of these elements. tBa one hand, the main elements of social systems
are humans and networks of people, and also oz and networks of organizations. Social
systems possess high degrees of cognition andegoestly, high levels of intelligence, autonomy,
learning and knowledge management capabilities,vamereas these abilities are distributed among
their individuals and among their relationships. @® other hand, the elements of, and the
relationships with, physical, biological and cheahisystems, including all the objects and organisms
of the ecological system, but excluding man, ase Bmplex than those found in social systems if we
consider that they have low degrees of cogniti@nif in most cases. Therefore, the nature of ayheo
of organizations resides in principles of humanawigr and cognitiof?.

Proceeding further, what makes this paper disanct unique is that it puts forward a new analysis
perspective of the organization and the environmamd also of the relations between them through
the concepts of cognition and complexity. From frgsspective, the paper proposes that cognition is
the core asset of the organization since it comied to control and to reduce the level of
environmental complexity and uncertainty. It alsonttibutes by explaining what distinguishes
organizational cognition from the concepts of oigational intelligence, autonomy, learning and
knowledge management. It most outlines the relatiamd frontiers between these concepts, and it
explains that, despite being distinct, they forrmptementary abilities. These concepts, all together
form the set of abilities in the organization. Gndad in such a background, this paper presents a
model of the organization as a set of fuzzy ab#itihowever, it also extends this model to the gpnc
of the environment, relations between the orgamiratnd the environment, and networks of
organizations.
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ORGANIZATION, UNCERTAINTY AND COMPLEXITY

Environmental uncertainty can be associated wighlglrel of uncertainty that the organization and
its participants perceive or sense from the enwremt (Ducan, 1972). Moreover, the contingency
theory (Galbraith, 1973, 1974, 1977, 2002) definesertainty as the variable which makes the
organizatioff’ contingent upon the environmé&ht Hence, organizational design, and thus
organizational choice, depends on the concept oémtminty. Briefly, uncertainty can be associated
with the mathematical concepts of probability antziness (Klir & Folger, 1988). However,
uncertainty can also be associated with propositihbounded rationality (Simon, 1982a, 1982b,
1997a, 1997b). In this latter perspective, uncetyacarries the meaning of lack of informatiyn
which leads the organization to unpredictabilityootcomes, in addition to insufficiency of cognéiv
abilities for general information-processing antkipretation (Nobret al, 2009a). The former, lack
of information, means that uncertainty is the ddfece between the total amount of information that
the organization needs to have in order to compdetiask and the amount of information the
organization actually possesses. The latter, iitseificy of cognition, means that uncertainty is the
difference between the degree of cognition thatotiganization needs to have in order to complete a
task and the degree of cognition in possessioheobtganization. These approaches to uncertainty ar
complementary to each other since the greaterriwuat of information that the organization needs
to have in order to perform and complete a tasg, dreater is the degree of cognition that the
organization needs to have in order to processnaantage this information for task execution and
completion. Therefore, the question which arisesuinquest is: what can we do to control the lefel
uncertainty that the organization is faced with amekds to manage? This paper implies that
organizational cognition plays an important rolesirch a task (Nobret al, 2009a, 2009b, 2009c).

Complementarily to this view, this paper definee tomplexity of the environment and being
contingent upon the level of uncertainty that ipresents to the organization. Similarly, the
complexity of a task environment is contingent uploa level of uncertainty that it represents to the
organization during task execution and completibimerefore, it can be asserted that the greater the
level of environmental complexity, the greater e tlevel of environmental uncertainty that the
organization confronts and needs to manage (N@b@5, 2008; Nobret al, 2009a).

ORGANIZATIONAL ABILITY

Ability is a general term concerning the capaaitytt mentally, physically, financially, legally or
some other way. Cognitive ability refers specificdb mental capacity (Ree, Carretta, & Steindl,
2002). In the context of this paper, cognitive ipilnvolves processes and representations which
support the pursuit of intelligence, autonomy, @@y and knowledge management in the
organization. Therefore, this paper sets cogniéisithe main element of organizational ability. From
this viewpoint, abilities within the organizatiom, gimply, organizational ability, involve concefub
cognition, intelligence, autonomy, learning andkheilge management. In the following subsections,
this paper proposes concepts and principles oihargaonal cognition. It also reviews the concegits
organizational intelligence, autonomy, learning &ndwledge management. In this review, the paper
contributes to defining the frontiers between oig@tional cognition and the other organizational
abilities.
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Organizational Cognition

. Overview

The subject of cognition in organizations has fislued over the last fifty years in an environment o
extensive and multidisciplinary research influend®d developments in general systems theory,
cognitive and social psychology, artificial intgince and cognitive science, social psychology of
organizations, sociology of knowledge, organizalolearning and knowledge management. Most
recently, this subject has been referred torganizational cognition (Eden & Spender, 1998; landoli
& Zollo, 2007; Lant & Shapira, 2001; Nicolini, 199Blobreet al, 2009a, 2009b; Porac & Thomas,
2002; Walsh, 1995).

Research on cognition in organizations has itssrdot the publications of Simon (1947) on
Administrative Behavior, and March and Simon (1968) Organizations. In these publications, the
organization was associated with information precegssystems whose picture resembles a nexus of
cognitive agents and processes organized throwgtaland vertical relations. In this perspectibhe
organization benefits individuals and groups byesging their cognitive limitations to more advanced
models of rationality (Simon, 1997a, 1997b). Howeuwbee meaning of this perspective has been
separated by some researchers into two main stretirascomputational and the interpretive
approaches (Lant & Shapira, 2001). The computatiapproach investigates the processes by which
the organization manipulates information, and dases the organization with information processing
machines. In this stream, the emphasis is on irdtam and efficiency. This approach is grounded in
cognitive psychology, cognitive science and aiifintelligence. The interpretive approach exarsine
how meaning is created around information in aadamintext, and is related to social collectived an
knowledge systems. In this stream, the focus ikmwledge and collectivities. This approach has
been grounded in the sociology of knowledge, sausgichology of organizations, social cognition
and, most recently, in knowledge management anahargtional learning, whereas the latter has also
been associated with processes for creating, netgisnd transferring knowledge in organizations
(Argote, 2007).

Most of the perspectives on organizational cognitave placed somewhere in the continuum
between these computational and interpretive appesa Moreover, further research has suggested
that integration of these two perspectives is thst lway to make progress (Choo, 2005; Lant &
Shapira, 2001).

. Preliminary Concepts

Cognition comprises the perspectives of processdsr@presentations in the organization. On the
one hand, when viewed as processes, cognition si#ssgensation, perception, attention, concept
identification, categorization, knowledge repreaéinh and organization, memory, language, decision
making, learning and problem solving (Nolakeal, 2009a). These cognitive processes mediate the
effect of external events or stimuli on the decisidbehaviors and actions of individuals, groupd an
organizations in response to their experiences. dhganization which is able to integrate these
processes is defined as a cognitive organizatiwhjrmparticular the organization which integreattes
processes of sense making, knowledge creation aotsion making is described as a knowing
organization (Choo, 2005). In these classes ofmirg#ons, information about the environment is
sensed and interpreted, and its meaning is sod@aligtructed in the organization participants’ mind
Tacit knowledge is converted to explicit knowledmad vice-versa, and individuals’ knowledge is
expanded to the group and organizational levelsrdoog to the knowledge creation processes of the
spiral cycle presented by Ichijo and Nonaka (200®)k processes of sense making and knowledge
creation provide the organization with the appratgricontext for decision making, problem solving,
action and learning. On the other hand, as reptasams, cognition is synonymous with mental
images, knowledge models and cognitive maps caristiufrom the experiences and learning of
individuals, groups and organizations. Represamtatplay a major role in directing behavior in the
absence of environmental stimuli (Brewer & Hewst®@04).
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. Degree of Organizational Cognition

Organizational cognition can also be associated dagree of cognition in the organization (Nobre
et al, 2009a, 2009b), whereas degree of cognition casyb®olically associated with tangible and
intangible measures of processes and represergatitmbreet al. (2009a), for instance, presented a
case study about an international telecommunicaitaord software business organization, in which
they associated the degree of cognition in the rorgéion with levels of organizational process
maturity, capability and performance, along witlganizational learning results. Qualitative analyses
and quantitative measurements of the case studigated that improvements in the levels of
organization process maturity and performance \ess®ciated with improvements in the degree of
organizational cognition, and also that improveradntorganizational learning could be associated
with improvements in organizational cognition. Sani methods have been adopted by other
researchers who have associated performance addgbirdty gains with practices of organizational
learning (Argote, 2007).

. Human vs. Organizational Cognition

Organisms of the ecological system have evolvediapdoved their abilities and mechanisms for
fithess and adaptation to the environment. Amorudy firganisms, the human being is the species that
is the most likely to survive, reproduce, and awm evolving and developing. This human
predominance is a particular privilege providedloy evolution of the brain, emotional and cognitive
processes (Heyes & Huber, 2000; Simon, 1983). Antbagesults of such a continuous evolutionary
path are their abilities to search for informatiorganize knowledge, make decisions, learn andesolv
complex problems. Humans adapt to the environnaemt, they also change the environment to suit
their own needs. In such a continuum, humans haen liransferring some of their abilities to
systems, and most importantly, to organizationsb{idp2008). Certainly, one of the main rationales
for organizing can be explained by the perspedhaé organizations benefit individuals and groups b
extending their cognitive, physical, temporal, itngtonal and spatial limitations (Carley & Gasser,
1999; Nobre, 2008).

In such a perspective, while human cognition i¢ pfia natural system, organizational cognition is
part of an artificial system because it involveg tirt of design (Simon, 1996). Therefore, the
cognitive ability in the organization can be chathged improved through processes of organizational
change and design. Hence, organizational cogniéiod,more precisely, the degree of cognition in the
organization, is contingent upon the goals, sastialcture, participants, technology and environment
of the organization.

. Ten Principles of Organizational Cognition

Principles of organizational cognition are impottdrwe wish to understand the roles of cognition
in the organization. Initial lines on this subjestre proposed by Nobet al. (2009a), with emphasis
on information processing only. This subsection tdbuates to the theme by restructuring and
extending such principles to a more advanced petigpe that subsumes computational and
interpretive views of organizational cognition, wh@mphasis is placed on knowledge, organizational
abilities and strategic context.

1) Organizational cognition is the main ability whistipports agents, groups and organizations with
intelligence, autonomy, learning and knowledge rgenzent.

2) Organizational cognition is associated with cogeitiprocesses and representations in the
organization. At the individual level, mental preses and representations contribute to the
creation of tacit and explicit knowledge of the tit#pants in the organization. At the group and
organizational levels, processes and represensatbrcognition contribute to the creation of
collective tacit and explicit knowledge which argpanded and crystallized in the whole
organization. The knowledge creation processedattanv the spiral cycle presented by Ichijo and
Nonaka (2006).
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3) The main agents of organizational cognition arepdicipants in the organization and the social
networks they form. Agents of organizational coigmitinclude humans and cognitive machines
(Nobre, 2008; Nobret al, 2009a, 2009c).

4) Cognitive processes and representations in thenag#on are influenced and supported by the
goals, technology and social structure of the degdion.

5) The cognition in the organization is also influethdgy inter-organizational processes and the
environment.

6) Organizational cognition can be associated witlreksyof cognition in the organization, whereas
degree of cognition can be symbolically associatétth tangible and intangible measures of
processes and representations (Nebra, 2009a).

7) Research on organizational cognition is importami amecessary when we decide to design
organizations with higher degrees of cognition ¢@neral information processing, knowledge
management, learning, decision making, problemisgpland the management of environmental
uncertainty.

8) The degree of organizational cognition dependsherchoice of models of organizing. Therefore,
the degree of organizational cognition dependshendhoice of the organization’s elemétts
(goals, social structure, participants and techmgland strategy.

9) The choice of the organization’s elements depends tlte environment. Consequently,
organization cognition (and the degree of cognitiorthe organization) is contingent upon the
environment (and the level of environmental unaety

10) Cognition is the core ability in the organizatidmat contributes to the development of core
competencié€® and, consequently, provides the basis for thetioreaof the organization’s
sustainable competitive advantéye

Organizational Intelligence

Intelligence is a general mental ability (SchmidtHunter, 2000) that depends on rational and
emotional processes (Goleman, 1994). Rational peoam rationality is the ability to follow
procedures for decision making and problem solvimghe pursuit of goals (Simon, 1997a). When
rational processes lead individuals to satisfact{gsgtisfice) outcomes, rationality can be assodiate
with intelligence. Emotional proce8ss less procedural than rationality and it is lpssposeful in the
context of achieving goals. However, researcheve lshown that emotions play an important part in
motivating, directing and regulating actions in #exvice of goal pursuit (Bagozzi, 1998; Keltner &
Gross, 1999; Keltner & Haidt, 1999). When emotiopedcesses lead individuals to excel in‘ife
emotion can be associated with intelligence. Comptgarily, while emotion influences cognitive
processes such as attention, learning, decisioningnaknd problem solving (Goleman, 1994),
cognition is in the service of emotion when intetprg stimuli (Plutchik, 1982) and regulating
emotional processes and states. Therefore, irdalligg and, in particular, intelligent behavior depen
on cognitive and emotional processes.

Organizational intelligence can also be associatdudegrees of intelligence in the organizatian. |
has similar principles to organizational cognitiodowever, while organizational cognition is
associated with cognitive processes and represamgah the organization, organizational intelligen
is associated with the degree to which the orgéioizaatisfies - satisfice (Simon, 1997b) - its Igoa
and sub-goals. Therefore, the greater the degremgniition in the organization, the greater is its
chance to exhibit intelligent behavior (Nolateal, 2009a, 2009b).
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Organizational Autonomy

Autonomy is the ability of individuals, groups aodjanizations to act through the use of cognition.
Autonomous organisms are continuously in pursuiindéllectual independence and therefore are
continuously attempting to improve their cognitiedilities. Like organizational cognition and
intelligence, organizational autonomy is a mattedegree. The degree of autonomy of individuals,
groups and organizations improves as much as thieyaict with the environment by capturing,
processing, creating, storing, exchanging and magagew resources. From this viewpoint,
organizations with higher degrees of cognition hiaigier degrees of autonomy (Nolateal, 2009a,
2009D).

Organizational Learning

Organizational learning has been associated wighctieation and management of knowledge in
organizations (Argote, 2007; Dierkes, Antal, Chikl, Nonaka, 2003). In psychology research,
learning is the process of making changes in tb&vidual’'s mind and behavior through experiences
along with cognitive, emotional and environmentdluences (Bernstein, Penner, Clarke-Stewart, &
Roy, 2008; llleris, 2007; Lefrancoies, 1995; Minsi®86; Reed, 1988). In such a process, learning
involves acquiring, enhancing or making changesnie's knowledge, skills, values and world views.
This paper supports this definition and puts fooMire perspective that organizational learnindnés t
process of making changes in the organization'metfes (goals, social structure, technology and
participants) and behavior through experience, itiogry emotion and environmental influences for
the benefit of the organization. Such a perspedtiyaies relations on the effect of organizational
learning on organizational cognition and vice-ver&€n one hand, it is plausible to say that
organizational learning affects organizational ¢tgn and, more specifically, the degree of
organizational cognition by changing cognitive meges and representations in the organization. On
the other hand, it is also plausible to state trganizational learning depends on organizational
cognition and, more specifically, on cognitive prsses and representations for the corroboration of
change and for the creation and management of latmelin the organization. The process of change
in the organization follows mechanisms and moddiglvare mostly based on principles of feedback
control, adaptive and learning systems that origithan the broad fields of cybernetics and general
systems theory (Ashby, 1968; Bertalanffy, 1968; IBey, 1968; Wiener, 1961). Well-known models
of organizational learning include single-loop afalble-loop types (Argyris & Schén, 1978) along
with meta-learning, the concept of which was introed by Biggs (1985) to describe the state of
being aware of and taking control of one’s own néay. Further studies on the concept of meta-
learning and its distinction from deuteron and pkitlearning are discussed in Visser (2007); aad th
use of organizational meta-learning for the coms$tnf dynamic core competencies is presented by
Lei, Hitt and Bettis (1996).

In such a view, cognition is what provides indivédk) groups and organizations with the ability to
learn. Therefore, organizations with higher degreesognition have greater capacity or higher
degrees of learning (Nobe al, 2009a).

Knowledge Management

Different views and definitions of knowledge canadeto distinct concepts of knowledge
management. The perspective of this paper is thawvledge primarily emerges from the information
possessed and personalized in the minds of indilsdAlavi & Leidner, 2001). Moreover,
knowledge is classified into epistemological andotoygical dimensions (Ichijo & Nonaka, 2006).
From these preliminaries, this paper defines thabwledge Management (KM) in organizations
involves a set of practices and socially enactextgsses for (1) creation, including renovation and
conversion (from tacit to explicit, and from exjiiito tacit knowledge), (2) storage and retrie\a),
transfer, exchange, and distribution and (4) appho of knowledge, through individuals, groups and
organizational processes and practices for thefibefethe organization. While individuals are the
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main agents of knowledge creation, the organizaisothe agency which supports them with the
necessary elements and conditions for the producieplication and expansion of their knowledge to
the group, organizational and inter-organizatiavablogical levels (Takeuchi & Nonaka, 2004). The

subject of knowledge management overlaps with drg#ional cognition since both fields share

studies on processes of creation, organizatiomarthgement of knowledge. From this point of view,
organizational cognition supports knowledge managdnwith cognitive processes that include

concept formation, categorization, knowledge orgation and representation, memory and learning,
to name a few. Therefore, organizations with higthegrees of cognition have greater capacity or
degree of knowledge management.

However, more recently, the field of knowledge ngeraent was introduced by some researchers as
a branch of the broad areas of strategic manageamehtesource based view of the firm. In such a
strategic context, knowledge is defined as the retistegic asset in a knowledge-based view of the
firm (Grant, 1996; Ichijo & Nonaka, 2006; Oliveird999; Spender, 1996a, 1996b). From such a new
perspective, research on knowledge managementxdpasaed its frontiers and contributions, and it
has also received a more pragmatic place in orgtoiml studies. Therefore, inspired by these
advancements in knowledge management, this papeests that further investigations can extend
the fields of organizational cognition and orgatiz@al ability toward new contexts of cognition and
ability-based views of the firm.

COGNITION AND THE CONTROL OF UNCERTAINTY

The definitions and propositions introduced in thegtion are mostly grounded in the contingency
theories (Burns & Stalker, 1994; Donaldson, 2004tb@ith, 1977; Lawrence, 2000). However, this
paper differs from and extends these works by éhtcing cognition as the main ability to effectively
control environmental uncertainty. On the one hamdertainty is defined as the state variable, and,
on the other hand, cognition is defined as therobrtriablé'®. Therefore, this paper implies that
uncertainty can be influenced, controlled, govera@d reduced in some extent by the cognitive
abilities in the organization.

Relations on Cognition and Uncertainty

This section introduces relations between orgaioizak cognition and environmental uncertainty
are derived from the proposed concepts of Reldtexgel of Environmental Uncertainty and Relative
Degree of Organizational Cognition.

. Relative Level of Environmental Uncertainty

Definition 1: The Relative Level of Environmental UncertainBy) is defined by the proportional
relation between Level of Environmental Uncertai(iy) and Degree of Organizational Cognition
(Oc), i.,e.,Ru=Ey/ Q.

Definition (1) indicates that the Relative LevelBfivironmental UncertaintyR() varies according
to four distinct circumstances or causalities:

() Ry reduces when there is a growthQg, for a givengy,.
(i) Ry reduces when there is a reductioijn for a givenOc.
(i) Ry grows when there is a reductionQg, for a givengy.

(iv) Ry grows when there is a growthHiy, for a givenOc.
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. Relative Degree of Organizational Cognition

Definition 2 The Relative Degree of Organizational Cogniti@g) (s defined by the proportional
relation between Degree of Organizational Cogni{iog and Level of Environmental Uncertainty
(Eu), i.e.,Rc =0O¢/Eyg.

Similarly, definition (2) indicates that the RelatiDegree of Organizational CognitioR:] varies
according to four distinct circumstances or catisati

(a) Rc grows when there is a growth@, for a givengy,.
(b) Rc grows when there is a reductioniy, for a givenOc.
(c) Rc reduces when there is a reductio®y for a givenEy.

(d) R: reduces when there is a growthgg for a givenOc.

. Analyses of the Relations

Definitions (1) and (2), and more specifically, itheespective causalities (i) to (iv), and (a) &), (
suggest a total of eight alternatives of strategyctv can lead to four possible goals: the reduation
the growth in the Relative Level of Environmentaidgrtainty R;), and the reduction or the growth
in the Relative Degree of Organizational Cognitidt). As this paper focuses on organizational
cognition, it selects strategies (i) and (a). Bethategies increase the Degree of Organizational
Cognition Qc) in order to reduce the Relative Level of Envir@emtal Uncertainty Ry) and to
increase the Relative Degree of Organizational Giogn(Rc).

From these conceptualizations, this paper propibses

Proposition 1 The higher the Degree of Organizational Cognitj®g), the lower is the Relative
Level of Environmental UncertaintyR(), and the higher is the Relative Degree of Orgsional
Cognition Rc).

Proposition (1) suggests that, while the environngtuences the organization through information
and uncertainty, to some extent the organization azatrol the environment through its cognitive
abilities along with intelligence, autonomy, leangiand knowledge management.

Fuzzy MODEL OF COMPLEX ORGANIZATIONAL SYSTEMS

This section contributes mathematical definitionsd &uzzy models of organizational ability,
environmental ability, relational ability betwedmetorganization and the environment, and networks
of organizations.

Model of Organizational Ability

Definition 3 The organization is a special type of dynamictesyS™ characterized by a level of
ability A_ which is contingent upon its degree of cognitiy intelligencely, autonomyAy, learning
Lg, and knowledge manageméivl.

Axiom 1. Considers tha#\ is the level of ability of an organizatidds and thatCy, l4, A4, Lg and
KMy are its degrees of cognition, intelligence, autopotearning and knowledge management,
respectively. Moreover, it assumes thatcan be characterized by a function g of paraméletg I,

Ag, Lg andKMy:
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A~9(G, e, AL, KMy |12 A, Gy, lg, Agy Lo, KMa2 0 1

Cu la, Ay, Ly andKMy are defined in the interval [0,1] since they cancbaracterized by using the
concepts of fuzzy sets and membership functi8ri@adeh, 1965). The application of the fuzzy sets
theory is encouraged to this definition of orgatimas because ability, cognition, intelligence,
autonomy, learning and knowledge management angevagd loose concepts in the sense defined by
Black (1937, 1963), and they also are fuzzy cotxcapthe way defined by Zadeh (1965, 1973).
Therefore,Cy, 14, Ag, Ly and KMy can be represented as matters of degree in thengous interval
[0,1].

Axiom 2: In this way, let us define an organizatiOgdenoted here by an object u belonging to an
universe of discoursd, which contains the all classes of organizatioes, (; € U |i=1,...,N), fori
integer.

Axiom 3: Let us also define the level of abiliy, and the degrees of cogniti@y, intelligencely,
autonomy Ay, learningLy and knowledge managemeKiMy as fuzzy sets with their respective

membership functions denoted oy (), Pcg(U), Hig(U), Pag(u), Hg(u), Pmg(u)e [0,1], i.e.:

AL ={u| pa (u) € [0,1], ue U} (2)
Ca={u | peg(u) € [0,1], ue U} 3)
lg={u | py(u) € [0,1], ue U} (4)
Ag={u| pag(u) € [0,1], ue U} )
Lg={u] myu) € [0,1], ue U} (6)
KMg = {U | pkmq(u) € [0,1], ue U} (7)

Therefore, Os can assume degrees of ability, intelligence, dagni autonomy, learning and
knowledge management respectively, where such degean be interpreted as degrees of
compatibility or membership @ of the respective fuzzy sets@©f, l4, Aq, Ls andKMg.

From equation (1), it can be stated that:

Definition 4 The level of abilityA, is a function g which can be represented by ataro or an s-
norm. (Dubois & Prade, 1985):

AL (M) = {u | pa(U) = g ign agn Lan kvgy € [0,1], ueU} (8)
AL (1) = {u[pa (U) = KegLig Lt agt Lat kmg € [0,1], ueU} 9)

where the t-normf and s-norm. can be viewed as respective representationsesedtion and union
operations in fuzzy sets (Zadeh, 1973). Therefegeations (8) and (9) denote thqtis a fuzzy set
which membership function is the result of theligéetion or union o€, 14, Ay, Lg andKMg.

Model of Environmental Ability

This subsection is about the environmenand it subsumes relatioRs between the organizatidd
and the environmert

Axiom 4: Let us consider an organizati@y, with relationsR, to an environmeng,, (Oy < Ry, <
e), which has relation®, to another environmens,, (e, < R., < &,). Therefore, a generic
environmentg, of an organizatioi®s, forms relationsRy,.;, to an environmeng.1), (€, <> Rep.qy <
€n+1))» Wheren is an integer.
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define the organizatio@s, as the environment @, with relationsR,, between them, an@, as the
environment ofD, with relationsRe,. Therefore, it can be derived thay,,,, is the environment dds,
with relationsRe, between them s, <> Re, <> Ogn.1y)-

Axioms (4) and (5) also imply that an environmesta relative concept that depends on the
perspective of our analysis on a map of networksrgénizations. This means that the roles ahd
Os may be exchanged since an environmerdan represent an organizati@q, and vice-versa,
according to the perspective that someone hasahtp of networks of organizations. Therefore:

Definition 5: Similarly to O, definitions (3) and (4) also apply to the enviramte, where Qs is
replaced withe.

Relational Ability between the Organization and the Environment

This subsection complements the definitions of dhganizationO; and the environmeng by
introducing different types of relatioi& which can exist between them. It borrows from addpts
the approach to the analysis of ecological dynamiesented by Boulding (1978) in order to describe
the diversity of relationR..

Axiom 6: Lets us assume an organizatyt) with a set of state variables denotedXt), wheret
denotes time. Additionally, let us define the ongation’s performancé’oq;) as a measure of its
efficacy and efficiency which are dependent onldbleavior ofX(t).

Axiom 7: Similarly, let us consider an environmeeft) with state variablesy(t) and with
performance denoted IR which holds the same assumptions giveRdg.

Axiom 8: Let us assume th&y(t) can affecie(t) in three ways. FirsQg(t) may affecte(t) favorably,
and hence the relatidR(t) is cooperative. A rise iRog, Will increasePg (i.e., if Pogy 1 thenPe 1).
Second, the relationshiR(t) may be competitive. In this case, a ris®gg;, leads to a decline iR,
and a fall inPog;) causes a rise B (i.€., if Pogy T thenPe |, and if Pogy | thenPe) 1). Third, Pe
may have no dependencels), and therefore a rise or a fallag, may have no effect d (i.e.,
if eitherPogy 1 or | thenPe(0)).

Similar relations can be postulated for the infieenfe(t) on O4t). In this case, new representations
have to be derived. Therefore:

Axiom 9: Let us denotdR_.oy as the relations to the effect eft) on Ot), andRps.c) as the
relations ofO4(t) on e(t).

The results of all possible combinations are givemable 1, while Table 2 describes the results of
such combinations.

Definition 6: RelationsR. are dynamical systems whose attributes can chavgetime. Examples
of attributes applicable to these relations are pmtition and cooperatiorRe does not guarantee
bilateral properties, i.e., the types of relationsated fronO4(t) to e(t) as given byRos.e) may differ
from the relations oR._ogy. Moreover, definitions (3) and (4) also applyte toncept of relatiorik.
betweernO; ande.
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Table 1

Classes of Relations Rg(t)

I%s—*ﬁ‘)

Cooperative Competitive Independent
Pog(t)1 Pe(th Pog(t)1 Pe(t) Poy(t)7 Pe(t)(0)
R(e—>Os)
Cooperative
1 4 7
Pe(‘)T POs(t)T
Competitive
2 5 8
Pe! Pos(t))
Independent
3 6 9

Pey! Pog(1)(0)

Table 2

Analysis of Relations Rg(t)

Cases Interpretation
Os(t) contributes tee(t) ande(t) contributes tdDs(t)
Os(t) contributes ta(t) bute(t) harmsOs(t)
Os(t) contributes ta(t) bute(t) has no effect o@s(t)
Os(t) harmse(t) bute(t) contributes tadDs(t)
Os(t) harmse(t) ande(t) harmsOs(t)

Os(t) harmse(t) bute(t) has no effect o@s(t)
Os(t) has no effect oa(t) bute(t) contributes tds(t)
Os(t) has no effect om(t) bute(t) harmsOs(t)
Os(t)does not affea(t) ande(t) does not affedDs(t)

=

© 00 N O O b~ W N

Networks of Organizations

An important result derived from axiom (5) and dé#fon (5) is the concept of networks of
organizations as outlined here.

CONCLUSIONS

This paper proposed a new contingency view of ttgamzation that contributed through two
complementary perspectives. First, it proposed itiognas a function which acts as the main mediator
between the organization and the environment. Skcdnintroduced cognition as the main
organizational ability that supports individualsopgps and organizations with intelligence, autonomy
learning and knowledge management; in such a pirgpe cognition can be viewed as the core
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resource in the service of the organization. Bo#rspectives, the mediation and the core
organizational resource views, suggest that cagnits a source of reduction of environmental
complexity and uncertainty. From these pictureis, Work emphasized the organization in the pursuit
of high degrees of organizational cognition in orde manage high levels of environmental
complexity and uncertainty.

In these perspectives, this work presented fouromapt contributions about organizational
cognition. First, it proposed ten principles abauganizational cognition that unify concepts of
computational and interpretive approaches. Theseiptes contributed by introducing organizational
cognition into the strategic domain, defining cagm as an important strategic ability which sugpor
individuals, groups and organizations with intedlge, autonomy, learning and knowledge
management, by introducing the notion of degreeomfanizational cognition and defining its
contingency upon organization design and the enmient. They also contributed by defining
organizational cognition as a source of developnoéntore competencies and the creation of the
organization’s competitive advantage. Second, ttiela contributed by outlining and explaining the
frontiers and complementary relations between odrgéional cognition and the concepts of
organizational intelligence, autonomy, learning akmbwledge management and, therefore, it
suggested the basis of a new perspective on oagamal abilities. Third, it proposed relations
between organizational cognition and environmentatertainty. This perspective contributed by
introducing cognition as the main ability in thensee of the organization and, more specifically; f
the control, regulation and reduction of the legélenvironmental uncertainty. As a result of the
analysis, this research proposed that, while thdéramment influences the organization through
information and uncertainty, to some extent theanization can control the environment through its
cognitive abilities along with intelligence, autaeng, learning and knowledge management. Fourth, it
presented a model of the organization as a setzaf/fabilities. This model contributes to the asaly
of the organization and the environment throughnie perspective of organizational abilities.

Signpost to the Future

While the characteristics of the elements of thgabization will change, evolve and develop
continuously towards higher levels of cognition axanplexity, the purpose for the existence of the
organization will remain the same or will not charig the same proportion of its elements (Nobre,
2005, 2008). The former part, which is concernethhe elements of the organization, will move
towards high levels of automation, and this wiltlude machines with high degrees of cognition,
mainly in those areas in the upper layers and $egélthe organization; and thus they will provide
organizations with more capabilities of computatiorapacity along with knowledge and uncertainty
management. Therefore, new organizations of timd Will be able to operate in and manage higher
levels of environmental complexity and uncertaitign organizations of today. These transformations
towards new organizations will have implications $ociety, and this is a topic for further research
(Nobreet al, 2009a, 2009b, 2009c; Nobee¢ al, 2010). The latter part, which is concerned wité t
purpose and the existence of organizations, willai@ the same and will certainly not change to the
same extent in the evolutions of organizationainellets. This is because the individual motives and
the organizational goals which are pursued by hlamanwill not change over time into the political,
economic and social facets of this society.

One day, perhaps not so far into thé' 2&ntury, worldwide organizations and their exaasiwill
have the ability to perceive, sense, decide antlasz#d on new models of organizing and management
thought which are grounded in concepts of systesmstainability, and these new models will require
the reconciliation of environmental, social and remnic demands - thehree pillars of
sustainability"?. It is in such a new context that organizations teir participants will be challenged
to decide whether they are ready to create competitdvantage without affecting the balance and
equilibrium of such a triad. It raises the questibthe endurance and survival of the human species

BAR, Curitiba, v. 7, n. 4, art. 4, pp. 379-396, @igéc. 2010 www.anpad.org.br/bar



F. S. Nobre, A. M. Tobias, D. S. Walker 392

NOTES

! The subject of emotions in organizations is leftfiuirther research. Perspectives about this toguiche found in Bagozzi,
R. P., Baumgartner, H., & Pieters, R. (1998). Goaaladd emotionsCognition and Emotion, X2), 1-26; Fineman, S.
(1993). Emotions in Organizationd.ondon: SAGE Publications; Keltner and Gross,9@)9 Keltner and Haidt, (1999);
Plutchik, (1982) and Scherer, K. R. (1982). Emotas a process: function, origin, and regulati®ucial Science
Information, 214-5), 555-570.

2 The organizations in this paper satisfy the cohagpopen-rational systems (Nobre, 2005; Scott,8)9%nd also the
perspective of economic organizations (Milgrom,&Roberts, J. (1992FEconomics, organizations & managemeNew
Jersey: Prentice Hall.). This type of organizatimtegrates resources, core competencies, partisipeathnology and goals
into a coordinative social structure in order tpeavith the environment. They are formal organ@adithat pursue specific
goals and that produce goods and services.

® The environment includes information, consumerd atakeholders, other organizations such as bugmdssuppliers,
networks of organizations, institutions, market ulatprs, the whole economy, cultural values andunadtresources
(Milgrom & Roberts, 1992).

4 Information has quantitative and semantic domaihe. quantitative domain refers to the volume ooam of information,
and the semantic represents the meaning of themiafmon that the organization needs to processtéopret and to manage.
In this perspective, the semantic domain also oheduthe syntax that regards the relationship antbagparts of the
information.

® The elements of the organization include goalsiastructure, technology and the participantthim organization (Scott,
1998). Moreover, the organization exists in a ptsisitechnological, cultural and social environmevith which the
organization interacts (Scott, 1998). Participaresthe agents who act in the name of the orgémizand include humans
and cognitive machines (Nobre, 2008, Nobteal, 2009a, 2009c). Technology expands what orgapizatcan do and it
supports the connection of the organization toetidronment. Goals and sub-goals are what orgaoimgim to achieve in
order to satisfy people’s desires. Social structefers to the standards and regularized aspedtseatlationships existing
among the participants in the organization and a@ep the normative and behavioral parts (Nadiral, 2009a; Scott,
1998).

® Core competencies are capabilities which are véguahd unique from a customer’s point of view, afgb inimitable and
non-substitutable from a competitor’s point of viéRrahalad, C. K., & Hamel, G. (1990). The core cetapce of the
corporation.Harvard Business Review, @3, 79-91; Hitt, M. A., Ireland, R. D., & HoskisspiR. E. (2008).Strategic
management: competitiveness and globalization, emisc and casesCanada: South-Western College Pub.). Core
competencies can represent a set of tacit andctiobleknowledge which is developed through learmingcesses and which
provides the organization with particular strengtimsl superior value relative to other organizatidrieese are sources of
innovation, customer benefits and sustainable ctitiygeadvantage (Legt al, 1996; Oliveira,1999).

" Competitive advantage is a position that a firmupdes in its competitive environment and it alspresents the
organization’s capability to create superior vafae its customers and superior profits for itséfoter, M. E. (1998).
Competitive advantage: creating and sustaining sigpeperformance New York: Free Press). The organization’s
competitive advantage becomes sustainable whealiie evolves with a basis on the strategic regsuntanagement along
with the development of dynamic core competendiesdt al, 1996).

8 Emotional process is synonymous with emotion wites latter is viewed as processes, rather thantienad states
(Scherer, 1982). Examples of emotional and affecttates include feeling, happiness, sadness,tangiglt, fear, jealous,
angry, love, etc.

° The ability to excel in life depends on self-awass, self-discipline, self-motivation, impulse ©oh persistence,
empathy, zeal, social deftness, trustworthinessaedt for collaboration, among other skills.

10 Briefly, state variables describe the state, pmsjtcondition, trajectory, behavior of a systemn€al variables influence
state variables and are used to govern the stdtehavior of a system. In this paper, variablesmuenges in the concepts,
states, values, processes, structures or fornenodthing.

11 A dynamic system has time-varying interactionsr{&ster, J. W. (1961)ndustrial dynamicsCambridge, MA: The MIT
Press). This paper views systems as defined in @uRg, & Ardila, R. (1987); Hall, A. D. & Fagen, R.. £1956).
Definition of system. In W. Buckley (Ed.Modern systems research for the behavioral sciefip. 81-92). Chicago:
Aldine Publishing Company). Additionally, it considethe organization as a system with a memory; gieen the state of
an organizatio®; at a discrete timk, then it is assumed th@(k+1) = Og(k) + Og(k-1).

12 Fuzzy sets are classes whose boundaries are emriyctefined and hence the transition from menitigrso non-
membership of their elements is gradual rather #ianpt. Examples include the classes of shortahd/oung and old and
poor and rich people. Therefore, the elemera§a fuzzy sefA assume degrees of memberghifv) in A whose values can
vary gradually from 0 to 1, in a discrete or contins way, i.e.A = {Vv | pa(v)€[0,1], veV}, whereV denotes the universe of
v. In its broader sense, the fuzzy sets theory ges/a mathematical background for the representafimformation in the
approaches to fuzzy logic, computing with words aoenputational theory of perceptions (Zadeh, 1%aqeh, L. A.
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(1996). Fuzzy logic = computing with word€EEE Transactions on Fuzzy Systed(®), 103-111, Zadeh, L. A. (1999).
From computing with numbers to computing with wordsfrom manipulation of measurements to maniputatad
perceptionslEEE Transactions on Circuits and Systemgq1%5105-119 and Zadeh, L. A. (2001). A new dir@atin Al:
toward a computational theory of perceptiohsMagazine22(1), 73-84.

13 Thethree pillars were defined by The United Nations General Assgrdbting the World Summit Outcome in 2005.
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