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oM
%+ Abstract

The performance of organizations with different structures are examined using multiple computer simulation models.
experimental data. and archival data focused on the relation between the way in which the organization is coordinated and
its performance. These variations enable the exploration of the role of agent capabilities, and the way in which agent
capability and coordination interact to effect performance. Both micro and macro organizational behavior are examined.
Resulis suggest that simpler models of agents are needed at macro levels and more detailed. more cognitively accurate
models are needed at micro or small group levels. to generate the same predictive accuracy.

Keywords:
organization theory. agent cognition, validation

oM .
% Introduction

1.1 Much of organizational research is focused on the determinants of organizational performance. One line of reasoning.
falling predominantly within organizational behavior. suggests that organizational performance is tied to the organization
being composed of "smart people” (Perrow, 1984: Hastie. 1986: Levitt and March, 1988: Dunbar and Stumpf, 1989:
Roberts, 1989). According to this perspective. fill the organization with smarter, better trained. more cognitively capable
individuals. overcome the limits of bounded rationality and the organization's performance will improve. Another line of
reasoning. falling predominantly in the structural camp. suggests that organizational performance is tied 1o the
organization's design. or as population ecologists and contingency theorists suggest the maich between design and task or
environment (Woodward. 1965: Lawrence and Lorsch, 1967: Lupton, 1976; Hannan and Freeman, 1987, 1989: Carroll
and Hannan. 1990: Houskisson and Galbraith, 1985: Burton and Obel, 1984, 1990). According (o this perspective, the
organization's structure, procedures, environment, etc. are so constraining that they dictate organizational performance
regardless of the behavior of the individuals filling the various roles within the organization. Rarely have these aliernative
views been contrasted. Rarely has the question been raised as to whether there is an interaction between design and
cognition. between structure and individual capability. Recent studies. both computational and experimental suggest that
there is an interaction (Lin and Carley, 1993: Carley and Lin. 1995: Carley. forthcoming). In this paper. this interaction is
explored in greater detail using a set of organizational designs and varying the “model” of individual cognition.

1.2 In an attempt 1o move beyond description of organizations as complex systems, organizational theorists have utilized
various formalisms to describe organizations and predict behavior. Formal models have been developed using mathematics

(Padgett. 1980). simulation (Cyert and March, 1992: Cohen et al., 1972: Masuch and LaPotin, 1989: Lant and Mezias,
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1990: Harrison and Carrol. 1991: Carlev, 1992). expert systems (Baligh et al.. 1990. forthcoming). and formal logic
(Berosei and Wallace, 1993: Salancik and Leblebici. 1988: Leblebici and Salancik, 1989). The complex adaptive nature of
organizations makes such formal models a valuable tool for theory development. This is particularly the case when the
organization is viewed as an adaptive system composed of agents who are themselves adapting. Such formal models can:
a) provide valuable insights into organizational behavior: b) locate errors or gaps in verbal theories: and ¢) demonstrate
which theoretical propositions are logically consistent (i... follow from the same base assumptions). Such models let us
address issues of scalability (what happens as the size of the organization increases) and response under critical conditions
(such as industrial accidents).

1.3 In this paper. computational models, human experiments, and archival data are used to provide insight into the relative
impact of cognition and design on organizational performance. This analysis is carried out at both the small group (micro)
and the organizational (macro) level. The basic approach is to examine for a small set of organizational designs how
changing the way in which the personnel are modeled affects the overall performance of the organization. To orient the
reader. a summary of which approaches and which variables are used at both levels is displayed in Table 1.

Table 1: Results used to Illustrate Artificial Organization Project

CORP Radar-Soar Human Experiments  Archival Data
ELM SOP P-ELM
Micro
organization structure
team O O 0] 0] 0
hierarchy* 0O O 0 0 0
TESOUrce access structure
segregated
non-segregated* O O 0 0 0
operating conditions
errors
Macro
organization structure
tcam 0O O O
hierarchy* 0O O O
resource access structure
segregaicd 0O O 0]
non-segregated* O O )
operating conditions
errors 0O O 0

* For the micro study the hierarchy has a single tier - manager and subordinates. For the macro study.
the hicrarchy may be either a single tier or a multi-tier structure. For the micro study the two
non-segregated resource access structures are compared the distributed structure and the blocked
structure: whereas. for the macro study segregated access is contrasted with non-segregated access.

1.4 The remainder of this paper is organized as follows. First an overview of the way in which organizations are modeled at
both the micro and macro level is provided. Then. the micro level analysis -- models then results -- is presented. This is
followed by a presentation of the macro level analysis -- models then results. This in turn is followed by a discussion

section.

oM
S ORGANIZATIONS AS COLLECTIONS OF ADAPTIVE AGENTS

2.1 Organizations can be characterized as complex adaptive sysiems composed of intelligent, task-oriented.
boundedly-rational. and socially-situated agents and faced with an environment that also has the potential for change
and Prietula. 1994: Prictula and Carley. 1994). As such. task, cognitive agency, and organizational design should
be equally important factors in explaining organizational performance. Following is a description of organizations. task.

Page 2



HIp.//WWW.SOC surrey.ac uk'JASSS/1:three 4 htm! Kathleen M Carley et al. Design versus Cognition Wednesday. June 24, 1998

and organizational design. performance and cognition that underlies the following analyses. All organizations modeled fit
this description.

Organizations

2.2 Organizations are composed of intelligent adaptive agents. The agent's cognitive capabilities affects whether it learns from
experience. what it learns from experience. and how it makes a decision. The organization is faced with a sequence of

problems such that each problem is similar to. but not identical to, previous problems faced by the organization.lLl The
organization might face externalities such as missing information, erroneous information, fumover, missing personnel.
and so forth. Individual agents within the organization gather information about the task, make recommendations to other
agents in the organization. and eventually. the organization resolves the problem. In general, the problem is sufficiently
complex that no one agent is capable of doing the problem on its own. Thus the task must be done in a distributed fashion.

Radar Task

2.3 Organizational performance is a function of the task being performed. A typical task faced by many organizations. most of
the time. is a classification choice task. In a classification-choice task, the decision maker gathers information about the
problem. classifies it, and then on the basis of this classification makes a decision (choice) about the task. Typically the
number of choices are limited. such as in a buy or sell stock decision. hire or not hire personnel decision. and fund.
partially fund. or not fund budgeting decision.

2.4 The specific task used in all experiments in this paper. virtual and real. is the temary choice task. The temary choice task is
often referred to as a radar task. In this task (which is highly stylized). the organization must determine whether the "blip"
on the screen is a hostile aircraft. a flock of geese. or a civilian aircraft. The radar task is a fixed choice task similar to that
used by many researchers interested in organizational design (Hollenbeck et al., 1991: ligen et al.. 1991: Tang et al.,
1990)).

2.5 Inthe radar task. there is a single aircraft in the airspace at any one time. This aircraft is uniquely characterized by nine
different characteristics (such as speed) such that each characteristic can take on one of three values (low = 1. medium = 2.
or high = 3). The organization must determine for each observed aircraft whether that craft is friendly. neutral. or hostile.
There are a total of 19683 possible aircraft and 30 problems are chosen randomly without replacement from this set. The
true state of the aircratt is determined by simply adding the values of the 9 characteristics. If this sum is less than 17 the
true state is said to be friendly. if this sum is greater than 19 the true state is said to be hostile, otherwise the true state is

said to be neutral 121 The true state of the aircraft is not known a priori by the organization or by any of the organizational
personnel.

2.6  The radar task is a distributed decision making task such that each problem is similar to (but not identical t0) previous
problems. The problems are sufficiently complex that no one agent has access to all the information necessary to make the
decision. Decisions are made by integrating decisions made by distributed agents on different aspects of the task rather
than by consensus (Bond and Gasser. 1988). The organization is assumed to have sufficient personnel to access all
information and who can evaluate this information and coordinate with all organizational members (0 make this
determination before the aircraft changes position in the airspace. Each personnel who actually evaluates the aircraft can
only evaluate a few characteristics (three). In fact, these agents do not actually observe a radar screen. Rather. they are
essentially receiving a report that simply states information of the form "speed is low. range is high. angle is medium."
The agent takes a snapshot of the plane. determines its value on each of the three characteristics that it examines. and then
makes a recommendation (or prediction) as to whether it thinks the aircraft will be friendly. neutral. or hostile.

Organizational Design

2.7 The recommendations made by organizational personnel are the basis for the organization's decision. Organizations
combine and utilize personnel decisions in different ways depending on the organization's design. For example. in teams
personnel decisions are treated as votes and the organizational decision is the majority decision. In hierarchies. information
is passed up from subordinates to superiors an the organizational decision is the CEO's (chief executive officer's)
decision. All superiors only examine the recommendations of their subordinates. When there are multiple tiers in a
hierarchy mid-level managers make a recommendation of the state of the aircrafi on the basis of the recommendations
passed to them by their subordinates.

2.8  Which personnel have access to which information on which of the nine task characteristics is defined by the resource
access structure. A typical scheme is the segregated structure where each agent sees information on different
characteristics. In contrast, in the distributed structure each analyst sees a completely different set of three characteristics.
While the analysts have some information in common they should still have distinct mental models. Another
non-segregated structure is the blocked structure in which three analysts all see exactly the same information.

Performance
2.9  Organizational performance has been characterized in a variety of ways including efficiency. effectiveness, and perceived

effectiveness. In this paper. performance is characterized as accuracy. For the radar-task. the true state of the aircraft can
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be either friendly. neutral. or hostile as can the organization's decision. The organization's decision is correct if it is the
same as the true state of the aircrafl. Performance, for a set of problems is simply the percentage of these problems for
which the organization makes the right decision. This measure of performance can be thought of as a prediction about
likely it is that the organization will make the right decision in any particular case.

Cognition

2.10 The approach taken herein is that individuals are at least boundedly rational agents (March and Simon. 1958). These
bounds are set both by their cognitive architectures and by their position in the organization (Carley and Newell, 1994).
Physiological and social constraints are equally important in determining the indiv vidual's performance. What the individual
knows is a function of the organization's design and the individual's position within the organization. For example. while
most individual's in the organization only know a few pieces of information about the specific problem, their manager
only knows the recommendations of his or her subordinates. How the individual agents use this information to make a
decision depends on the agents cognitive architecture (or as in this paper, the specific "model” of decision making). More
details on particular models of agent cognition are provided in the following section.

2.11 Individual agents are autonomous but limited. Agents are autonomous in that their processes for handling information are
entirely self contained and they can act on the mfonnauon that they receive and make decisions without acquiring process
from other agents. Agents are limited as no one agent can do the task perfectly, totally on his or her own.

oM
" MICRO ANALYSIS

3.1  The first analysis is at the micro or group level. A series of experiments. virtual (using computational models) and real
(using humans). were run in which the organizational design and agent cognition were varied (see Figure 1). Five
different "models” of the agent were examined each varying in the level or type of cognition (the complexity and the
realism of the agent model) These agent models were CORP-ELM, CORP-P-ELM, ‘CORP-SOP (Carley and Lin, 1995:
Carley. forthcoming). Radar-Soar (Ye and Carley, 1995) and humans (Carley and Prietula, 1992: Carley, 1993). Four
different organizational designs were examined each varying in the organizational structure (who reports to whom) and the
resource access structure (who does what). A set of matched organizations facing the same set of 30 tasks. in the same
order. with the same organizational design but varying in the agent model were examined. This micro analysis can be
thought of as an expenmem with a five (aaem model) by four (organizational design) design. For the micro-analysis all
organizations were operating under ideal. error free. operating conditions. That is, there was nothing going wrong. no
missing or erroneous information. no missing personnel, no turnover.
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Figure 1. Micro Level Experimental Design

The general characteristics of the cognitive models will be described. An exhaustive description is beyond the scope of a
single paper. Readers are directed 1o Carley and Lin (1995, forthcoming) for a more detailed description of CORP: to Ye
and Carley (1995) for a more detailed description of Radar-Soar. and to Carley and Prietula (1992) for a more detailed
description of the human expeniments. As the move 1s made from CORP, (0 Soar, (0 human experiments. at the micro
level. all details of the task and organizational design are identical.

Alternate Models Of Agent Cognition

Five alternatc "models"” of cognition were examined. These were CORP-ELM, CORP-P-ELM. CORP-SOP. Radar-Soar.
and Humans. It might seem odd to think of humans as a model of cognition: but within this empirical framework. the
issue is whether the procedure for making decisions and utilizing experience interacts with the organizational design to
influence organizational performance. As such. human decision making is important to consider. While we do not have a
precisc description of how humans make these decisions, as we do with the various artificial agents, we still know what
decisions they make and like artificial agents. we can place human in various organizations and observe their behavior.
Thus we can contrast human behavior with the behavior of various artificial agents. It is in this sense. that humans are a
"model” of cognition. These models vary in their complexity and realism such that CORP-SOP is the least realistic and
simplest and Humans are the most realistic and complex. The Radar-Soar agents are less realistic than humans and more
realistic than the CORP models.

CORP agents are limited in their intelligence and adaptive procedures to these specific tasks. Further, there are three
distinct types of agents in CORP that vary in whether they make decisions by: (1) by following the organizationally
prescribed standard operating procedure (SOP). (2) by perfectly following the dictates of their own personal experience
(ELM). or (3) by guessing based on a probabilistic estimate of the answer garnered through personal experience (P-ELM).
Whereas. Soar agents are thought to be more generally intelligent than the CORP agents as the Soar architecture can be
used to solve multiple types of tasks. Finally. humans are expected to be the most generally intelligent and adaptive of all
thesc agents. In addition. SOP agents are not adaptive and ELM agents have the fewest bounds on their intelligence.
General intelligence is seen as being affected by the multiplicity of tasks that the agent can do. and the multiplicity of
mechanisms for adaptation held by the agent. The more tasks the agent can perform, the more adaptive mechanisms
availablc to the agent. the greater the agents "intelligence.” We want to distinguish here between being right, and being
capable. That is. more generally intelligent agents may not be more likely to make the right decisions.

Corp
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3.5  CORP is a simulation framework for examining the relationship between organizational design and environment in
affecting organizational performance. CORP models are artificial organizations composed of complex adaptive agents with
task specific abilities. Within CORP the researcher can choose the method of decision making and leaming employed by
the agents. the type of organizational design. the type of task environment, and the type of task difficulties faced by the
organization. The choices available 1o the research for examining type of organizational design. the type of task
environment. and the type of task difficulties faced by the organization are a super-set of those available in the Radar-soar.
human experiments. and archival data.

3.6  Within CORP there are three simple agent models: ELM, P-ELM. and SOP. ELM -- the experiential leaming model -- is a
model of individual cognition such that the individual considers new information, compares it 10 what it has seen in the
past. and then makes as its decision that decision that was most often correct in the past. Each time period the agent
mcrements its memory by altering the frequency with which a particular decision was correct. The experientially trained
agents have memories containing an exhaustive list of all incoming pattems of information and the number of problems
they have had experience with that fall into each patiern and the percentage of times that they observed that pattern that a
particular outcome (friendly. neutral. or hostile) was observed. As the agent gains experience these percentages change.
Thus. an agent may know that 50% of the time that it saw pattern xxy the aircraft was truly friendly. 30% of the time it
was neutral. and 20% of the time it was hostile. For agents trained to perfectly follow their experience they will make as
their decision the choice with the highest probability. Note. this makes these agents. effectively. insensitive to sample size
and overconfident in their decisions.

3.7  P-ELM -- the probabilistic experiential leaming model -- is a model of individual cognition such that the individual
considers new information. compares it to what it has seen in the past. and then determines its decision stochastically
using the frequency with which a decision has been right in the past as the probability of making that decision this time. As
with ELM. the P-ELM agent increments its memory each time period by altering the frequency with which a particular
decision was correct. For agents trained to probabilistically follow their experience they will choose their decision with the
probability associated with the likelihood of that decision in the past. (Note. this makes these agents insensitive to sample
size and capable of making decisions in contradiction to the historical evidence.) Thus, if an agent sees the patiem xxy and
is trained 1o perfectly follow its experience it will claim that the aircraft is friendly: in contrast. if the agent was trained
probabilistically it has only a 50% chance of claiming that the aircraft is friendly.

3.8  SOP -- the standard operating procedure model -- is a model of individual cognition such that the individual simply applies
a standard operating procedure (majority rule) to the pattern of new information to determine what its decision will be.
Operationally trained agents do not adjust their behavior given feedback. Rather. these operational agents follow a set of
standard operating procedures (SOPs) based on a majority rule classification. This operational training allows the agent to
employ a set of general purpose static heuristics. Agents trained operationally are assumed to have perfect memory for the
SOPs and 1o execute them perfectly every time. These SOPs are based on the sum of the values associated with those
pieces of information available 10 the agent.

Radar-Soar

3.9  The Soar agents represent an added level of complexity and realism in the model of agency. Soar is a detailed model of
cognition that has been shown on numerous individual tasks to behave as humans do. and which characterizes all decision

making as search through problem spaces (Laird et al.. 1987: Laird et al. 1986a, 1986b: Newell, 1990).

3.10 Radar-Soar is a simulation system designed 10 allow the researcher 10 compare and contrast the performance on the radar
task of organizations of Soar agents (Ye and Carley. 1995: Papageorgiou, 1992). Each Radar-Soar agent is built as a
separate agent in Soar (Laird et al., 1987: Laird et al., 1986a. 1986b) and learns incrementally on the basis of experience.
Soar is arguably a model of general cognition (Newell, 1990). Uniike the experiential ageits in CORP. the Radar-Soar
agents do not keep track of frequencies. Rather they buiid models relating a specific problem to the specific feedback they
receive for this problem. When a new problem arises they locate all models, find those that match the current problem the
best. and then probabilistically choose among the models with the best match. They then stochastically choose a decision
trom those outcomes that have historically been the most correct.

3.11 Within Soar. agents have problem-spaces. areas of expertise with associated operators (actions they can take) and states
(current mental model of the situation in that area). In the current design. the Radar-Soar agent has the following
task-related problem spaces including interpret command. make decision. communicate. update models. Typical operators
(actions the agents can take) are "ask question”. "read scanner". "give command”. and "update model".

Human Experiments

3.12  Subjects in the human experiments took part in an organization trying to do the radar task (Carley and Prietula. 1992,
Cariey and Prietula 1993). The experiment had a staged design. First, data was collected from all subjects at the
subordinate position. Second. the results of these subordinate's recommendations were combined in different ways and
given 1o the subjects in the managerial positions. The experiment was run physically by having subjects, individually. log
onto a "radar” program on a Macintosh that trained them. provided them with information on the nature of the aircraft.
recorded their responses. and provided them with feedback on the accuracy of their recommendations. Results werc
eathered in such a fashion that only one subject needed 1o be present at a time.
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3.13 Subjects were given the set of problems: of which in this paper our concern is with only the first 30 problems 13] Each
subject acting as subordinate saw information on only three characteristics for each of these 30 problems. The subjects
were given information on one aircraft at a time and the information was in the form "speed is low. range is high, angle is
medium.” This is exactly the same information that the artificial agent would have seen. The subjects were then asked if
they think the aircraft was friendly. neutral. or hostile. After the subjects provided their recommendation. they were asked
for their confidence in their decision. Each subject acting as a manager saw for these same 30 problems only information
on the opinion of his or her nine subordinates. The subjects as managers were given information on one aircraft at a time
and the information was in the form "subordinate one thinks the aircraft is friendly, subordinate two thinks the aircraft is
neutral” and so on for all nine subordinates. The subjects as managers were then asked if they thought the aircraft was
friendly. neutral. or hostile. After the subjects as managers provide their recommendation, they were asked for their
confidence in their decision. In all cases, the subjects’ decision. confidence, and the time to make that decision were
collected automatically.

Alternate Organizational Designs

3.14 The organizational designs had either a team or a single tier hierarchical organizational structure and a blocked or
distributed resource access structure. In a team the organizational decision is made by voting and is the majority vote of the
personnel, In the hierarchy all personnel report 10 a single supervisor and the organizational decision is that supervisor's
decision. In both cases there are nine personnel (subordinates) who gather and analyze information on the task. In a
blocked structure. each subordinate sees three pieces of information and three subordinates all see exactly the same three
pieces of information for each problem. In a distributed structure each subordinate sees three pieces of information and no
two subordinates see exactly the same three pieces of information for each problem. In both cases each piece of
information is analyzed by three different subordinates.

Results

3.15 Does agent cognition interact with organizational design in affecting organizational performance? The answer appears 1o be
yes. As can be seen in Table 2. which organizational design exhibits the highest performance depends on the type of
agent. For example. while humans exhibit highest performance in a team with a distributed structure and lowest
performance in a hierarchy with a blocked structure. P-ELM agents tend to exhibit highest performance in a team with a
blocked structure and lowest performance in a hierarchy with a distributed structure. Secondly. we see that adding
cognitive constraints, increasing the general intelligence. or increasing the adaptiveness of the agents tends to decrease
organizational performance. Third we see that CORP agents following SOPs are most suited to this task: i.e.. performance
is highest under all organizational designs. Finally. a detailed analysis of the results suggest that none of the artificial agent
models are accurately modeling which specific decistons humans are getting right and or wrong. However. each of the
models reflects different aspects of the average trends in human behavior. Thus. while none of these models are adequate
for exactly describing the behavior of individuals. they are reasonably adequate for describing the average behavior of
collectives of individuals

Table 2: Average Performance, Model by Organizational Design

Agent Organizational Design
Team Hierarchy
Blocked Distributed Blocked Distributed

CORP-ELM 88.3% 85.0% 45.0% 50.0%
CORP-P-ELM 78.3% 71.7% 40.0% 36.7%
CORP-SOP 81.7% 85.0% 81.7% 85.0%
Radar-Soar 73.33% 63.33% 63.33% 53.33%
Human 50.0% 56.7% 46.7% 55.0%

N
$*MACRO ANALYSIS

4.1 Now let us consider organizational behavior at a more macro level. Here the concem is with whether the formal CORP
model is a reasonable approximation of the macro level behavior of real organizations. The particular focus is on
organizations faced with an industrial crisis. The research strategy was to take a set of 69 real organizations. characterize
them given each of the components in the CORP model. then simulate a matched artificial organization which matched the
real organization on all of these components (see Figure 2). Four different "models” of the agent were examined each
varying in the way the agents make decisions - CORP-ELM. CORP-SOP. Human-Experiential. and Human-SOP. ELM
and experiential agents make decisions on the basis of their personal experience. We can think of organizations composed
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4.2

4.3

of agents who follow their experience as experiential organizations. SOP agents make decision by following standard
operating procedures. We can think of organizations composed of agents who follow SOPs as organizations of
operationally trained agents. Four different organizational designs were examined each varying in both organizational
structure (who reports to whom) and the resource access structure (who does what). The organizations had either a team
structure or a hierarchical structure. If a hierarchy, the number of levels in the organization was either one or two
depending on the level of structure in the real organization. The organizations had either a segregated or non-segregated
resource access structure. If segregated, then each member of the organization has a unique job and there is no overlap
across jobs. If non-segregated then the degree of overlap (Ilow or medium), and the type of overlap (blocked or
distributed) depended the way resources and access to information were shared in the real organization.

For each organization considered the individuals in the organization were trained to cope with these types of crises. but
what is peculiar in each crisis was the information processing constraints that made the operating conditions less than
ideal. such as turnover and communication errors. The performance of each artificial organization was estimated using
Monte Carlo techniques. Then the performance of the artificial organization was compared with that of the real
organization. Implicitly this comparison addressed the question -- is this computational model adequate for predicting
overall organizational performance. In this paper. a detailed answer 1o this question is not provided. For a more detailed
answer refer 10 Lin (1994) and Carley and Lin (1994). Herein, the specific focus is on determining whether there is an
interaction between agemt cognition and organizational design at this more macro level.

( h g Organizational
Agent Models .
Designs
ELM
CORp ———» Organizational Structure
SOP team
hierarchy
. Resource Access Structure
Humans (Archival) segregated
non-segregated
\\§ Y, 4
4 ™
Errors Y
i~ ™
turnover Pe]' f'orman ce
information loss B Pre.Crisis
conmmmunication error : e
Post-Crisis
\. J % -

Figure 2. Macro Level Research Design

Archival Data

The archival data is drawn from numerous academic and news source accounts of 69 different organizations faced with a
technological crisis. Examples of these crises are the Exxon Valdez. and the U.S. Vincennes. This dala was coded on each
of the variables in the CORP framework (Lin, 1994: Lin and Carley, 1993). Specifically. these organizations tend to be
facing various information processing constraints such as missing information. erroneous information, or missing
personnel. In fact. each of the archival organizations tends to be simultaneously faced with multiple problems: e.g..
information and personnel may be unavailable, Each organization was characterized by whether the personnel were
directed 1o act on the basis of their experience or were expected to following standard operating procedures. In addition.
each organization was characterized by its dominant organizational structure and resource access structure, Most of these
organizations are essentially operating in a biased environment: i.e.. certain outcomes are much more likely than other
outcomes. Performance during crisis was measured in terms of the socio-economic-environmental impact of the crisis and
the chance for avoidance. Low organizational performance (= 1) occurs when the organization did not handle the crisis as
well as it could have: i.e.. actual severity of the crisis is high and the potential is low or medium. In contrast. high
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organizational performance (= 3) occurs when the severity of the crisis is low and the potential is medium or high. All
other cases are defined to be moderate performance (= 2). For the Vincennes incident, the organizational performance is
low because the actual event was severe (many people died) and because the crisis was. to a large extent, avoidable.
Performance was measured on a three point scale (1 = low. 2 = medium. and 3 = high).

Simulated Data

4.4  Using CORP a set of 69 artificial organizations were constructed which matched the real organizations in terms of the
following characteristics: organizational structure, resource access structure, operating conditions. task environment. and
personnel training. There are two main differences between the real and simulated organizations. In the real organizations,
the organization was often simultaneously being faced by multiple limits to its operating conditions (e.g.. missing
information and missing personnel); whereas, in the simulaied organization, only the dominant factor limiting the
operating environment of the real organization is simulated. The main effect of this difference should be to raise the overall
performance level of the artificial organizations. Secondly. performance is measured in a somewhat different fashion. For
the real organizations. pre and during crisis performance was measured as an indicator of the general or average accuracy
of the organization's decision. Basically, the assumption was made that the further the "actual severity of the crisis” was
from the "potential severity" the greater the organization's general accuracy in addressing problems. In the artificial
organizations. performance was measured as an ensemble average accuracy across a set of problems. Performance under
crisis was measured across just those events defined to be hostile and where there were one or more errors that limited the
operating conditions. For each organization, its level of accuracy was remapped into low, medium or high using the
following procedure. The number of low. moderate, and high performers in the 69 real organizations was determined (28
low. 31 moderate. and 10 high). Then the 69 artificial organizations were ranked from low to high in their performance.
These artificial organizations were categorized as low performers if they were in the bottom 28, the next 31 were
categorized as moderate performers. and the top 10 as high performers.

Results

4.5  Does agent cognition interact with organizational design in affecting organizational performance at the macro level? The
answer appears (0 be yes. As seen in Table 3 organizations with experientially and operationally trained agents exhibit
substantially different performance. Moreover. organizations with operationally trained agents are less affected by
organizational design: i.e.. performance is similar under all organizational designs. In this sense. operational training tends
to make the organization more impervious to organizational design. There is generally high agreement between the
simulated and archival data. Organizations, whether CORP or human, tend to exhibit lower performance if they are
following standard operating procedures. Further, teams tend to outperform hierarchies and organizations with
non-segregated resource access structures tend to outperform those with segregated structures.

Table 3: Performance Under Crisis Conditions. Model by Organizational Desigh

Organizational Structure

Team Hierarchy

Experiential Operational Experiential Operational
CORP 3.00 1.50 2.35 1.41
Human Archival 3.00 1.50 2.35 1.41
N 1 4 20 44

Resource Structure
Segregated Non-Segregated

Experiential Operational Experiential Operational
CORP 2.30 1.40 2.45 1.60
Human Archival 2.10 1.42 2.64 1.80
N 10 43 11 5

4.6  This research demonstrates the value of simultaneously considering the organizational structure. the resource access
structure. and the training/decision making procedure i explaining general organizational performance. These results
suggest that even simple models of organizational performance can. at the macro level, predict general organizational
performance under crisis conditions. Whether this model can also predict non-crisis performance, and the relative
degradations due to different types of errors is a point for future research.

oM
s+ DISCUSSION
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5.1  The question "Does agent cognition interact with organizational design in affecting organizational performance?” has been
addressed at both a micro and macro level. At both levels, both the agent's cognitive style and decision making capability
and (he organization’s design influences organizational behavior. Even more importantly. at both levels. we see that there
are complex interactions between cognition and organizational design such that the relative impact of each on performance
depends on the other. Consequently. both cognition and design can be thought of as tools in the manager's toolkit that can
be manipulated. at lcast partially. to improve organizational performance. To an extent. organizations can substitute
cognitive capability for design or design for cognitive capability.

5.2  The results provided are drawn from the artificial organizations project. This project is relatively unique as it is one of the
few studies where computational models are contrasted with both empirical data and other computational models. This
research demonstrates that simple models of organizational behavior have the ability to predict and characterize
organizational behavior at a macro level. However, these same models, are less accurate as predictors of micro
organizational behavior and are nowhere as accurate as predictors of individual behavior. Rather. more detailed and
cognitively accurate models are needed to predict micro level organizational behavior. This seems to suggest that different
models may be adequale for predicting individual and organizational level performance. Whether in fact a completely
accurate model of individual performance would generate accurate organizational performance is not known. and the
results shed little light on this question. These results suggest that simple models of agent behavior may not be adequate
for accurately predicting orgamizational performance at the small group or micro level if personnel are undifferentiated: but
may be accurate al a more macro level. In particular. simple models of agent behavior, such as CORP-ELM. may be
adequate at both the group and the organizational level when we are dealing with more complex organizational structures
and when the information is filtered through a chain of command. Finally. these results demonstrate that the development
of more veridical organizational models is greatly facilitated by doing both cross model comparisons or docking (Axiell et
al., 1996) and comparisons with empirical data or validation.

§.3  This research increases our understanding of the role of agent capabilities in affecting organizational performance. It
moves us a step closer to developing artificial social agents. Plural-Soar agents (Carley and Prictula, 1992: Prietula and
Carley. forthcoming) were the first instantiation of Soar as a social agent. As Carley et al. (1992) noted. Plural-Soar
agents exhibited at a rudimentary level many of the capabilities needed by agents in social and organizational settings.
Radar-Soar agents are still rudimentary but are more social in nature than are Plural-Soar agents. In theory. this should
move us a step closer in our ability to observe emergent social phenomena (Carley and Newell, 1994). The Radar-Soar
agents are also more socially capable than CORP agents. Within the simulations reported there is little reason or
opportunity for the agents 10 communicate. other than to pass opinions. Thus. it is not clear whether the increase in social
capability in moving from CORP to Soar actually had an effect on task performance. Just because agents are capable of
performing an action does not mean that they take that action. Future research should look more closely at the issue of
communication.

5.4  What this research has shown is that in order to explain and predict organizational behavior in terms of the behavior of
each individual in the organization. greater attention needs to be paid to the way in which the individual agents are modeled
even for relatively simple tasks. Even as organizational performance can be improved by finding the right match between
organizational design and task. it may be that organizational performance can be improved by finding the right maich
between individual cognition and task. Seemingly minor differences in cognition can have important repercussions for
social and organizational behavior. Seemingly minor differences in organizational design can have important repercussion
for the need for different cognitive capabilities in the agents in the organization (Carley and Svoboda, forthcoming).

§.5  Indecd the strong interaction between the agent's cognitive and decision making capabilities and the organization’s design
suavests that organizational theorists should attend more to the way in which organizational personnel are characterized
and the position (both vis other people and tasks) in which they are placed in the organization. This suggests that
organizational researchers should be careful when making attributions regarding organizational performance to determine
whether performance differences are attributable to some fundamental feature of the agents decision making style. the way
in which they were trained. or to some structural feature of the organization including the task and the organization's
design. There are several related ideas here. First. in order to achieve a certain level of organizational performance. design
and cognition may be able 1o substitute for each other. Research in cognitive psychology demonstrates that human
performance is affected both by the content of what the individual knows and how that content is structured or organized.
This research is suggesting. a somewhat parallel notion. that organizational performance is affected both by the capabilities
of the nodes (agents in particular roles) and by the way the nodes are linked together. Second, particular types of cognition
may mitigate the impact of design. Recall that when personnel follow SOPs the variance in organizational performance by
organizational design was reduced. This suggests a particularly intriguing hypothesis that the impact of organizational
design may be mitigated by reducing the cognitive ability and decision making capability of the agent. Third, particular
designs may mitigate the impact of cognition. Certain organizational designs may be so cognitively constraining that they
reduce all intellective options for the agent and so reduce the impact of different cognitive capabilities. Fourth.
organizations at different stages in their development. to achieve the same or better performance may find the need to
restructure themselves if they find that they are hiring personnel with different capabilities. By the same token.
organizations that begin to employ artificial agents (such as information systems and expert systems) to do certain tasks
may also tind the need to employ differcint organizational structures than they do with human agents.

5.6  Most studies in the social sciences point to the role of social factors influencing cognition. In contrast, in this paper, we are
suggesting that cognition (particularly memory and the type of reasoning available to the agent) can influence social and
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organizational phenomena. Moreover. in the case of antificial agents or styles of training human agents. cognition can be
"chosen” to optimize the value of other social factors such as organizational design. Cognition. in this sense, becomes a
tool that can be manipulated and used by organizations to achieve a particular performance outcome.

5.7  The comparisons described herein demonstrate that computational models based on a structural information processing
approach are informative for understanding organizations in general, and the relationship between individual cognition and
decision making capabilities and organizational design in particular. There are standard claims that individual's are
boundedly rational and that organizations satisfice rather than optimize in part because individuals are cognitively limited.
These claims generully equate cognition with individuals acting in a boundedly rational fashion. and focus on internal
psychological or physiological limits to rationality. In this paper, the results go beyond these claims by pointing out that
organizations composed of personnel with different types of cognitive limitations exhibit different levels of performance
and may be more or less advantaged by different organizational designs. On the one hand, our results demonstrate that
social artifacts. such as roles and organizational design, place bounds on individual cognition as they limit access to
nformation. what lessons individuals can learn from experience, and the applicability of cognitive rules. On the other
hand. our results are suggesting that there is a certain "intelligence” bound up in these social artifacts that can supplement.
or possibly be exchanged for, the cognitive capability of the individual agents within the organization.
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o
% Notes

I Tasks such as these have been referred (o as quasi-repetitive integrated decision making tasks (Carley. 1991: 1992)

2 This is referred 1o as an unbiased (all outcomes equally likely) decomposable (all characteristics are equally weighted and
have equal impact in determining the outcome) task (Carley and Lin. %% %)

* These 30 problems were the first of four sequences of problems seen by the subjects. Overall. the subjects saw 120
problems such that the first set contained 30 problems with characteristics a. b. ¢ with feedback. the second set contained
30 problems with characteristics a. b. ¢ without feedback. the third set contained 30 problems with characteristics d. e. f
with feedback. and the fourth set contained 30 problems with characteristics d, e, f without feedback and with equipment
failures (so that the subject misses some incoming information). In this paper, only data from the first 30 problems. those
for which feedback was received is considered.
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