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Abstract

This paper introduces a new computational organizational analysis and design model, called the Virtual
Team Alliance (VTA), that builds on the Virtual Design Team (VDT) (Jin and Levitt, 1996). VDT
operationalized aspects of Galbraith’s information-processing view of organizations, but it assumed tasks to
be routine and project participants to have completely congruent goals. VTA extends Galbraith's
framework implemented in VDT in two ways: (1) it addresses less routine tasks with some flexibility in
how they are performed, and (2) it treats project participants as teleological professionals with potentially
incongruent goals. Because tasks in the VTA model are flexible, differences in goals may influence which
solution approach project participants prefer; thus, goal incongruency can have profound implications for
the performance of project teams. VTA integrates economic agency theories about supervisor-subordinate
behavior and social psychological theories about peer-to-peer behavior with respect to information
processing in the presence of goal incongruency. We describe how VTA actors comprise a complex
system that is endowed with fragments of canonical information-processing micro-behavior. The canonical
micro-behaviors in VTA include exception generation, monitoring, selective delegation of authority,
searching for alternatives, clarifying goals, steamrolling, and politicking. The VTA model simulates the
micro-level communication and coordination behavior of actors within the organization, including the
impact of goal incongruency between individual actors, in order to determine the emergent, aggregate
project behavior and performance. To Galbraith’s sociological analysis, based on information-processing
"organizational physics," we add new "organizational chemistry" notions based on social psychological and
economic agency theories.

Key Words and Phrases: Agency Theory, Computational Organizational Design, Contingency Theory,
Goal Incongruency, Information Processing, Professionals, Project Organizations, Semi-routine Tasks.

1. Introduction

Many organizations are beginning to organize their ongoing work processes as “projects”
(Davidow and Malone, 1992; Hammer and Champy, 1993). Although project teams can

be effective and are often the most efficient means by which a firm can organize its
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operations to meet production goals, they still give rise to a host of organizational design
problems for managers.

Project organizations engaged in rapid deployment of new products with significant
technical content shorten work plans by taking many activities that have traditionally
been done sequentially and executing them in parallel. In these challenging fast-paced
product development projects, the habitual character of the previously routine activities is
lost. The project team needs work process flexibility to come up with solutions to
tightened and challenging performance targets (Brown and Eisenhardt, 1997). Work
process flexibility gives project participants a range of potential solution approaches, all
of which will meet the project requirements. Project participants thus have to make a
choice among solution approaches. Interdependent, goal-incongruent project participants
may prefer different solution approaches. Consequently, they develop task conflicts that
need to be handled by collaboration or by hierarchical decision making. Complex
exceptions, extending beyond the information shortfalls characterized by Galbraith
(1977), are endemic to this kind of semi-routine work. Executing projects concurrently
increases the impact of exceptions, and, therefore, greatly increases the volume of
coordination and rework. Effective and efficient organizational designs can mitigate the
increase in coordination and rework as projects become increasingly fast-paced.

Extant theories of organization from sociology, political science, social and cognitive
psychology and economics are of limited use in describing, predicting, or intervening in,
these “agile,” knowledge-networked organizations. Within the growing Computational
Organizational Science (COS) community, there has been some progress in using
computers to model and analyze today’s increasingly agile organizations executing
interdependent and concurrent knowledge work (e.g., Carley and Lin, 1995; Jin and
Levitt, 1996). Researchers are attempting to advance organizational analysis and design
from its current holistic and heuristic approach to one of “model-based reasoning.”
Organizational analysis tools such as the Virtual Design Team (VDT) model participants
as information-processing entities with skill sets and experience and explicitly model
lateral interdependencies between activities. VDT offers powerful new capabilities for
modeling and analyzing fast-paced work processes and the project teams that execute

them. However, VDT does not include variables, which may be critical in multi-



disciplinary and multi-organizational (cultural), agile project organizations. VDT
assumes that all project participants have congruent goals, and it makes assumptions
about the routineness of the activities themselves that make it applicable only to
relatively routine work processes. VDT is based on the premise that coordination work
takes time. Coordination work delays project completion, increases costs, and affects
work process quality. For tasks in which coordination is crucial, empirical evidence
abounds that, even though coordination can contribute to overloading actors, coordination
may also result in better solutions in terms of cost and duration. Building off the VDT
framework, the primary contribution of this paper is a new computational organizational
analysis tool, the Virtual Team Alliance (VTA). VTA extends Galbraith’s framework to
model the behavior of project participants as teleological professionals with potentially
incongruent goals and to address less routine tasks with some flexibility in how they are
performed; therefore, goal incongruency matters.

Our research in this paper integrates economic agency theories about supervisor-
subordinate behavior and social psychological theories about peer-to-peer behavior with
respect to information processing in the presence of goal incongruency. We develop an
information-processing theory of goal incongruency and implement our findings in a
discrete event simulation.

Social psychological studies of goal incongruency focus on issues and mechanisms
different from those considered in management science. Our model does not claim to
shed new light on psychological mechanisms and their effects on behavior, but, rather
contributes to the management scientist or manager’s understanding of the effects of goal
incongruency on organizational performance.

Within the page limits of a single journal article, we cannot satisfactorily both explain
VTA's generative mechanisms derived from social scientific theories and present
substantive validation of VTA's emergent behavior against empirical date collected on a
series of case studies. In a companion paper, "A Proposed Trajectory of Validation
Experiments for Computational Emulation Models of Organizations " (Thomsen et al.,
1998), we describe in detail VTA's external validation strategy and how we performed

the validation on a number of case studies conducted over a three-year period.



In this paper, we apply VTA to a number of small synthetic test cases—"toy”
organizations—simple enough models that they could be analyzed manually. Based on
"canonical" micro-behaviors of actors (monitoring, selective delegation of authority,
exception generation, searching for alternatives, goal clarification, steamrolling, and
politicking), we compare the model’s emergent behavior according to the predictions of
established organizational micro-behavioral theory.

After presenting our point of departure, we review the literature on goal incongruency
and other aspects of organizational behavior pertinent to our model. Next, we provide an
extensive description of the canonical micro-behavior underlying our computational
model and present results from computational synthetic experiments to validate VTA's
micro-behavior against the predictions of the underlying organizational theories. The
paper concludes with a summary of our practical and theoretical contributions, the

limitations of our model, and our suggestions for future work.

2. Point of Departure

Based on models demonstrating that deviation from managerially prescribed goals by
subordinates will necessitate additional coordination and communication efforts to
resolve the discrepancies (Ouchi, 1979; Eisenhardt, 1985, 1989; Levinthal, 1988;
Milgrom and Roberts, 1992), conventional management and economic theories assume
that goal incongruency is categorically detrimental to performance. These theories posit
that goal incongruency should be unequivocally discouraged.

New data from experiments in social psychology indicate that an intermediate level of
goal incongruency may have -potentially positive effects on group problem-solving
performance (e.g., Amason, 1996; Jehn, 1995; Pelled, 1996; Watson et al., 1993; Weick,
1979). On a micro-organizational level, theorists hypothesize that goal incongruency
confers two distinct advantages. It forces actors to consider a wider range of possible
solutions to a problem, which increases the likelihood that a more ideal solution will be
found. We refer to this canonical micro-behavior as "searching for alternatives."
Moreover, goal incongruency leads to a greater understanding and clarification of the
trade-offs associated with each solution under consideration and encourages actors to

formalize their knowledge of these trade-offs implicitly or explicitly into a "goal trade-off



table." We refer to this canonical micro-behavior as "goal clarification." Shared goal
trade-off beliefs among project participants can be viewed as a common set of values or a
shared culture. The existence of shared values or culture is now widely viewed to
increase efficiency by serving as a guidepost or touchstone that allows actors to make
decisions more quickly and consistently when similar problems arise further downstream
(Kunda, 1992).

Boulding (1963) and Pondy (1967) proposed that there exists an optimal level of task
goal conflict beyond or below which project team performance diminishes. At high
levels, conflict inhibits the abilities of members to gather, integrate, and adequately
assess valuable information due to lack of time and wasted effort. At low levels,
however, the absence of conflict was shown to hurt group performance by limiting the
number and variety of potential solutions considered. This claim has found support from
a number of subsequent researchers who have detailed the effects of different levels of
conflict. For example, Gersick (1989) discovered that groups exhibiting extremely
protracted discussions and a continued lack of consensus were unable to perform any
productive work. The members were overly committed to generating alternatives and
never progressed to the next step of choosing a solution and implementing it. Janis
(1972), however, demonstrated that at less severe levels of conflict, groups performing
flexible activities benefited from the diverse ideas of group members. Conflict facilitated
the process of critical evaluation, which discouraged “group-think” behavior by
promoting thoughtful consideration, constructive criticism, and the generation of
alternative solutions. Finally, in environments wherein conflict was completely absent,
experiments by Van de Vliert and De Dreu (1994) found evidence that complacency and
the lack of any sense of urgency could lead the group to inactivity and to insufficient
identification and evaluation of tasks. In addition, research by Schmidt and Kochan
(1972) and Gladstein (1984) indicate that increased interaction and interdependence
among group members intensify the effect of conflict on group performance.

Organizational demography focuses on variables such as educational background,
race, tenure, etc., and assumes that these observable variables affect the goals and,
therefore, the behavior and performance of individuals within the organization.

Demographic variables affect performance through goal incongruency in our model’s



terminology. Research on organizational demography has turned up evidence relating to
the potential cognitive benefits of group heterogeneity stemming from the impact of
diversity (i.e., Hoffman and Maier, 1961; Nemeth, 1986) and requisite variety (Morrison,
1992; Weick, 1979) on creativity. Nemeth (1986), for example, argues that the quality of
reasoning in majority opinions is enhanced by the existence of counter-arguments from a
minority. Other researchers have shown that groups are more effective at solving
complex, non-routine problems when they are composed of individuals with different
perspectives (Shaw, 1976; Wanous and Youtz, 1986). In general, it appears that the
presence of diversity in views ensures that problem-solvers will search a larger set of
potential solutions, increasing the probability of finding a more optimal solution. Hence,
conflict in groups can stimulate effective group discussions, prevent “groupthink,” and
produce high quality and original decisions (Ghiselli and Lodahl, 1958; Hall, 1982;
- Hoffman, 1959; Hoffman and Maier, 1961; Janis, 1972; Nemeth, 1985).

The ability of researchers to develop practically applicable insights from the growing
body of literature on goal incongruency is retarded by the fact that most experimental
data has been generated from studies of dyadic relationships. Experiments involving
larger organizations are limited by the inability of the human mind to extrapolate from a
single relationship to predictions regarding the emergent effects of goal incongruency in a
complex web of relationships.  The logistical obstacles to conducting social
psychological experiments on large-scale organizations have hindered experiments by
organizational researchers, so the conversion of theoretical knowledge about goal
incongruency into practical knowledge of how to manage organizations has yet to be
accomplished. The dearth of practical insights produced by the research on goal
incongruency is further compounded by the lack of research on the relationship between
goal incongruency and organizational contingencies, such as the level of
interdependence, work process flexibility, and preference for micro-management.

Our research attempts to bridge this gap by providing an analytical tool to help
project managers balance organizational design and management policies in such a way

that optimum performance is achieved for any given level of goal incongruency.



In the following section, we will first describe theories of organizational goals,

organizational members’ goals, and how organizational members respond to goal

incongruency.
3. Goals in Theories of Organizational Action

3.1 Organizational Goals

Goals are concerned with desired future states of the world, and represent the underlying
motives for intentional behavior (Mintzberg, 1983). They are often made explicit and
communicated with others in order to coordinate activities and behavior over time. Goals
can be understood to characterize present action and to define an attitude towards future
conduct. Organizational entities per se are abstractions. They do not possess goals.
Rather, it is the dominant organizational group or coalition within an organization that
sets the goals or objectives® for the organization (Cyert and March, 1992). These
objectives can be decomposed into a number of constituent requirements, and each
requirement may, in turn, be decomposed again into even smaller requirements. In this
manner, carried out iteratively to the lowest level of requirements, a means-ends
hierarchy of requirements (March and Simon, 1993) can be established in which every
requirement constitutes part of the means for achieving the overall objectives.

Typically, the actions, which are undertaken to satisfy one requirement, will affect the
likelihood of accomplishing other requirements. Thus, the actions required to satisfy
multiple requirements simultaneously may conflict. ~The task for organizational
participants, then, is to find acceptable solutions for achieving a set of interdependent
requirements in which the accomplishment of one or more may be detrimental to the
fulfillment of others. For example, consider the trade-off between the weight of
structural material vs. the level of radiation shielding in a satellite launch vehicle. In
some cases, the adoption of an advanced material (e.g., titanium) in one area may result

in an undesirable effect in another area. Lightweight structural material provides less

2 A project's outcome can be as diverse as developing a new launch vehicle, designing an innovative
automobile, implementing an organizational cost reduction program, setting up an opera, or arranging an

athletic event. The outcome is the result of a set of project objectives.



radiation shielding than, say, aluminum, thereby requiring the possible addition of more
shielding material around sensitive electronic components, which, in turn, offsets some of

the weight advantages of the lightweight material.

3.2 Organizational Members’ Goals

The project management literature (e.g., Kerzner, 1997) posits cost, duration, and quality
as the goals of a project. An actor’s best way to serve the project is therefore to focus on
the key goals of cost, duration, and quality and not on personal goals®. This perspective
is at odds with the view in utilitarian economics that professionals engage in rational
calculation for maximum self-interest (Bonner, 1995). However, Kerzener's view has
widespread support in the literature on professions, which holds that professionals
broadly suppress the assumption of self-interest in favor of greater emphasis on altruism
(Chiles and McMackin, 1996; Ghoshal and Moran, 1996; Nass, 1986).

Cost, duration, and quality are reciprocal constraints, since maximizing one tends to
cause a diminishment in one or both of the other variables as long as the organizational
slack is at a minimum level (March and Simon, 1993). Because of professionals’ local
expertise and social embeddedness in the institutional infrastructure of their respective
“communities,” they will most likely prioritize these goals differently. We refer to the
difference in ranking of these three criteria as goal incongruency between actors. When
actors in an organization favor the adoption of different solutions with which to meet
common requirements, we say that a tfask conflict has occurred. Actors’ preferences
among solutions may differ significantly enough that task conflicts need to be
constructively resolved by collaborative negotiation or by hierarchical decision making.

Differences of opinion occur not only between team members in the problem-solving
process, but between project members and their supervisors. The explicit or implicit goal

ranking of the supervisors, encoded within assigned work packages, may be different

3 In addition to a project's requirements, there are a number of overriding project goals that constrain the
range of feasible or acceptable potential solution approaches to meet project requirements. Important
project goals typically are "completing tasks on time," "staying within budget," and "striving for high task
quality." Project goals are differentially impacted by alternative solution approaches. Project participants
can have different personal goals and preferences. Thus, they may prioritize project goals differently and

hence may favor different solution approaches to meet given requirements.



from those of the actors working on finding solutions to the work packages. These
differences in managerial expectations vs. subordinates’ aspirations affect the level of
compliance with the project plan’s recommendations. Deviations from the original
project plan may give rise to more coordination and communication among members of
the project team and can therefore lengthen the total project duration and increase cost.

One area that demonstrates a classic example of goal incongruency is the relationship
between the engineers involved with the design and the business-oriented actors
responsible for procurement.  Traditionally, engineers want to deliver quality
specifications and requirements before submitting this information to procurement. Thus,
there is a reluctance to provide information early. However, the actors responsible for
procurement must procure early enough to deliver the required component on time, and
so they want to receive specifications as early as possible.

In introducing actor goals to our model, however, we wish to avoid the complexity of
a full-fledged decision-theoretic or utility-based representation (Howard and Matheson,
1983). Models of multi-criteria decision making and collective choice presume that all
alternatives for all requirements can be elaborated and ordered with respect to goal
functions or utility functions which adopt higher values for better alternatives
(Tanguiane, 1990). This turned out to be a practically impossible task on our two case
studies (Thomsen et al., 1998). Our approach is descriptive rather than normative—we
are interested in behavioral changes within the organization in response to goal
incongruencies between actors, not in finding the technical solution that optimizes some
collective utility function. |

The performance of an organization depends on which solutions are chosen and how

solutions are supplied to fulfill each of its requirements. Moreover, the selection of these
solutions is itself influenced by the goals of individual actors, so goal incongruency is
intimately related to organizational performance. The effect of goal incongruency on
organizational performance is mediated by a number of other organizational factors. In
the following section, we discuss how the characteristics of the activities for which two
interdependent, incongruent actors are responsible will determine the extent of conflict

between them. A number of other factors, related to the characteristics of the



organizational structure and the conflicting actors, determine the local, and emergent

global, behavioral responses that are invoked in response to the conflict.

3.3 Goal Incongruency, Task Conflict, and Behavioral Responses

The extent to which goal incongruency will lead to task conflict, and actors' behavioral
response, depends on a number of contingency factors. Below, we will describe the
major contingency factors that directly mediate the effects of goal incongruency.

Activity flexibility: Brehmer (1976), as well as others (Gladstein, 1984;Van de Ven and
Ferry, 1980), suggested that the activity the group performs influences the relationship
between conflict and performance. The flexibility of an activity refers to the size of the
space of feasible solutions that can satisfy the activity. The more alternatives that exist
for fulfilling an activity, the more flexible it is. Given a fixed level of goal incongruency,
the effect of that goal incongruency will be less for inflexible activities than in highly
flexible ones. The lack of distinct alternatives will reduce the probability that goal
incongruency will lead to a conflict of desired alternatives. Even though two parties may
have different goals, the limited range of possible choices will mitigate the potential for
disagreements over alternatives. In contrast, twb incongruent parties are more likely to
desire different solutions if the solution space is large, since each party has a greater
probability of finding a solution that differentially meets his or her particular preferences.
Hence, the effect of goal incongruency increases with the flexibility of the activities
being performed.

Activity interdependence: Goal incongruency between two parties will only have a
direct effect on actors’ behaviors if they are reciprocally interdependent (Thompson,
1967). If the work of one of two parties were completely independent of the work of the
other, the actors’ incongruent goals would be inconsequential. Thus, high levels of
interaction and interdependence intensify the impact of goal incongruency (Gladstein,
1984; Schmidt and Kochan, 1972). A recent study by Jehn (1995) confirmed that conflict
had a more profound effect on group performance when members of the group were
interdependent. For instance, the problem of goal incongruency is exacerbated in large
engineering projects by the sheer complexity of modern engineering artifacts. The need

for high levels of interaction among diverse groups (e.g., disciplines, departments,

10



subcontractors) prohibits organizations from simply decomposing tasks and
responsibilities and assigning them to strictly delineated departments or groups (Simon,
1996).  Consequently, not only must organizations deal effectively with goal
incongruency problems arising within supervisor-subordinate relationships but they must
also negotiate goal incongruency problems arising in lateral relationships between peers
working on interdependent activities.

Disparity in actor competence: Large disparities in the competence levels of
interdependent actors will cause an actor who is aware of his or her greater expertise in a
certain area to avoid wasting a scarce resource—time—in an extended conflict with a less
competent actor. The actor with higher expertise simply appeals to a higher authority
(Pfeffer, 1981). We refer to this canonical micro-behavioral process as "steamrolling."
Equally competent actors, on the other hand, will be less certain of the superiority of their
own solutions and will be more amenable to finding a mutually acceptable solution by
means of discussion.

Team experience: The amount of experience that a team has working together can
have a profound effect on the behavior of the group. Smith ez al. (1994) found that team
members with a long tenure together will not only have spent more time with one
another, which facilitates greater social interaction and cohesion, but they will also have a
greater shared understanding of their organization than team members with a shorter
tenure. Such teams will be more likely to comprehend the specific idiosyncrasies,
strengths, and weaknesses of their organizations. This common basis of understanding
accelerates decision-making (Stinchcombe, 1965) and further enhances integration and
communication. Ouchi (1980) noted that groups with more experience working together
will have a more thorough appreciation of how the organization operates, which
promotes team interaction and reduces the need for explicit communication.

Another consequence of team experience is that highly experienced teams are more
likely to collaborate with one another in making deals and agreements involving future
obligations. Since parties lack direct knowledge of the future behaviors of others, they
will rely on past behavior to gain insight into probable future behavior (March, 1995).
Hence, within teams whose members have had significant experience working with one

another, there will be a higher probability for interdependent actors to attempt to save the
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scarce resource of time by compromising, and thus avoiding protracted discussions to
resolve conflicts (Pfeffer 1981).

The homogeneity vs. heterogeneity of participants in a working group affects
performance through goal incongruency. One study by Wagner et al. (1984) found that
group heterogeneity was correlated with a decrease in interpersonal communication.
Observations by Pfeffer (1981) indicate that heterogeneity within groups can give rise to
behaviors of a political nature. Drawing on March and Simon (1993, pp. 149-152), we
see that such behaviors may include the practice of "politicking," in which one party
compromises on one solution in order to elicit another party’s compromise on another
solution.

Empirical research on construction projects has demonstrated that the apparent
dysfunctionality of politicking can, in fact, be highly functional (Kreiner, 1976),
particularly in situations in which both parties have the best interests of the organization
in mind. Consequently, they can avoid extended communication and negotiation.

Research by Pfeffer (1981) indicates that the phenomena of steamrolling and
politicking will not be evident to any significant degree in groups with no goal
incongruency. Searching for alternatives or goal clarification, however, will still occur to
some extent even in the absence of goal incongruency, since searching for solutions and
communicating with interdependent actors are requisite behaviors for performing any
activity. As goal incongruency increases, though, all four behaviors will become
increasingly manifest. Consequently, the relative proportion of steamrolling and
politicking behavior to searching for alternatives and goal clarification will be greater at
higher levels of goal incongruency than at lower levels.

Preference for micro-management: Building on Mintzberg’s (1973) categorization as
well as other theories of leadership, Burton and Obel (1995) demonstrated that leadership
styles can be assigned one of two categories based on how managers process information
and make decisions. The difference between the two categories is rooted in whether or
not a manager has a preference for micro-management (i.e., the habit of becoming
heavily involved in the day-to-day affairs and activities of subordinates). The effect of
goal incongruency on vertical relationships either will be magnified or mitigated,

depending on the leadership style of the manager involved. “Micro-managers” will react
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more strongly to goal incongruency with their subordinates than non-micro-managers.
Such managers, for example, will engage in greater "monitoring" and are likely to
appropriate decision-making power away from the subordinate, i.e., micro-managers
"selectively delegate authority."

In the following section, we describe how we interpreted and implemented these
behavioral responses to goal incongruency in an information-processing framework of

organizations.

4. The Virtual Team Alliance (VTA) Computational Model of Project Teams

Following‘Galbraith (1973, 1977), researchers at Stanford University created the Virtual
Design Team organization simulation framework (Christiansen, 1993; Cohen 1992; Jin
and Levitt, 1996). There are two communication processes modeled and simulated in the
VDT (exception generation and information exchange), and two kinds of decision
making are explicitly modeled (attention allocation, and whether or not to do rework
when an exception is detected). In sections 2 and 3, we identified canonical micro-
interaction processes between actors. Since we want to use VDT as the basis for our
organizational simulation framework, we need to represent these canonical micro-
behavioral processes as extensions of VDT's two communication and decision-making

processes.

4.1 Overall Model
In project teams, the manager has typically created a Critical Path (CPM) Model of the

work process. Actors fill a position in the organizational hierarchy and are assigned to
activities in the CPM. Some actors may not have any direct responsibility for activities,
but only for managerial responsibilities. An activity is divided into sub-activities or work
packages. There are many potential ways of performing the sub-activities (measured by
flexibility). These sub-activities are the drivers of action in our model. Any time that the
information available to the responsible actor is less than the information needed to
execute the sub-activity, an exception is generated (Galbraith, 1973). We introduce an
additional kind of exception, wherein the actor has more expertise or information than
required to perform the sub-activity in the standard or expected manner. The probability

of exception generation depends on the attributes of the activity (and therefore the sub-
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activity), activity complexity, activity flexibility, skill requirement, and interdependence
strength between activities as well as an actor’s attributes—goal priorities and skills.
Moreover, the responsible actor may decide that it will engage in either hierarchical or
peer-to-peer communication after completion of each sub-activity. The probability of
generating a communication also depends on the attributes of the actor (goal priorities,
preference for micro-management) and activities (activity uncertainty, activity flexibility,
and interdependence strength).

The CPM model and organizational hierarchy constrain actors’ opportunities for
action. The assignment of requirements to activities and activities to actors choreograph
the interaction between actors. A key assumption is that the technical engineering
content of activity requirements does not vary in relation to changes in organizational
design. Pairs of project activities contribute to different requirements; that is, they are
independent of one another. Other pairs of project activities contribute to the same
requirements; that is, they are interdependent with one another. If two activities that are
interdependent are executed concurrently, there will be a need for problem solving by
their responsible actors to come up with a mutually satisfactory solution that meets their
shared requirements. If two activities that are interdependent are executed sequentially,
there is a probability that the first activity will be restarted to account for potential
failures in the second activity. Not all activities are equally interdependent; activities are
more or less interdependent depending on the number of shared requirements.

In section 4.2, 4.3, 4.4, and 4.5 we describe in detail how VTA actors comprise a
complex system that is endowed with fragments of canonical information-processing
micro-behavior. We apply VTA to the "synthetic organization" illustrated in Figure 1.
We perform seven synthetic experiments to validate VTA's seven canonical interaction
micro-behaviors (exception generation, selective delegation of authority, monitoring,
steamrolling, politicking, searching for alternatives and goal clarification) internally by

activating one at time (Figure 1).
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Figure 1: An Overview of the Synthetic Organization and the Synthetic Experiments we used for
Internal Validation. The upper left part of the figure shows the work process and the project hierarchy of
the synthetic organization. In our conceptual model, a project includes actors (rounded rectangles) and the
activities (rectangles)—that are interrelated. That is, each project participant fills a position in the project
organizational hierarchy and works on one or more activities. The table in the lower right part of the figure
shows the VTA canonical micro-behaviors in response to goal incongruency, in which experiments they are
internally validated, and the subsection in which the experiment is discussed.

4.2 Exception Generation

As each sub-activity is executed by the simulator, the goal-oriented subordinate
responsible for activity may generate exceptions to the project plan since it is boundedly
rational (Simon, 1956). Exceptions are one of two types—technical errors (TE) and non-
conformances (NC). Technical errors are errors arising from a technical oversight,
technical incompetence, or any number of mistakes that might have been avoided had the

subordinate been more circumspect or technically proficient. Non-conformances are
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exceptions that arise directly from goal incongruencies between the manager and the
subordinate. They are not incorrect from a technical standpoint (i.e., the final product
will not be defective if the non-conformance is not remediated); rather, they do not
conform to the approach that the manager had prescribed or desired.

The chance that a technical error will be generated is based on the complexity of the
activity as well as the actor-activity skill match. Figure 2 shows that the chance that a
subordinate will generate a non-conformance is based on the level of goal incongruency
between the supervisor and the subordinate and the activity flexibility. If the exception is
a non-conformance, its probability of being a productive non-conformance (PNC) is
determined by consideration of the difference in skill between the subordinate and the
supervisor. A relatively unskilled supervisor will encounter more productive NCs from a
highly skilled subordinate than vice versa.

The exception is forwarded to the appropriate supervisor who decides how to deal
with the exception. In the cases of TE and counterproductive non-conformances, such
decisions involve reworking portions of the activity that failed. In the case of PNCs, such
decisions involve reducing portions of the primary work volume of the activity in which
the PNC was generated. Ignoring/rejecting an exception is acceptable as long as the
decision-maker has made an evaluation of the consequences of the decision. However, as
soon as the decision-maker becomes overloaded, it may not have a chance to detect the
exception or get to the decision. In this case, the actor waiting for the decision proceeds
by "default delegation."”

If a large number of technical errors or non-conformances are undetected or not
attended to, decision-making quality will tend to suffer. Correction and reworking of
technical errors and accepting and modifying counterproductive non-conformances will
increase decision-making quality, but at the immediate expense of cost and time. In
contrast to the negative effects of technical errors and counterproductive non-
conformances, productive non-conformances will allow the project to terminate more
quickly and efficiently, given that they are not eliminated through rejection (ie., a
productive non-conformance can only be beneficial if the non-conformance is accepted

and allowed to stand).
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Causal Diagram: Experiment Results
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Figure 2: Generation of Non-conformances. The effect of responsible actor-supervisor skill difference,
activity flexibility, and goal incongruency on the generation of non-conformances (NC). Activity
flexibility and goal incongruency between the supervisor and subordinate determine whether a NC is
generated. Once generated, the responsible actor-supervisor skill difference determines the effect that the
NC exception is likely to have on project duration and cost. The right part of the figure shows the results
from our simulation analysis. Only the exception generation and selective delegation of authority micro-
behavioral processes were activated. Simulation results agree qualitatively with organizational contingency
theory and they are stable.

4.3 Selective Delegation of Authority

Selective authority delegation refers to the process by which managers determine how
much decision-making power to grant to subordinates. High goal incongruency levels
will lead managers to demand that a greater proportion of exceptions be reported to them
for decision making, while low goal incongruency levels will encourage managers to
allow subordinates to handle exceptions on their own. Low levels of authority delegation
will, in turn, effectively increase the level of centralization in regard to local decision-
making within the organization and provide managers with greater control over the

workflow.
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As a rule, the perception of high levels of goal incongruency, as well as a propensity
for micro-involvement on the part of the manager, will cause a manager to delegate less
authority to subordinates (Burton and Obel, 1995) (Figure 3).

Based on Simon’s (1997) theory that the cognitive limitations of human actors will
cause them to be more likely to identify with the goals for which they are most directly
responsible, higher-level actors are assumed to be motivated by project-level goals rather
than requirements for activities. By virtue of their global perspective on the project,
managers have a greater awareness of the ramifications that a failure in one activity could
have for other interdependent activities. Hence, higher-level actors in our model tend to
decide to perform rework, rather than to "quick-fix" or ignore the error when errors are

detected, and vice versa®.

4 Note: This cultural assumption that higher level engineering managers are more likely than their
subordinates to rework all errors had to be flipped when we modeled a software development team. In this
case the programmers wanted to fix all bugs, whereas the project manager was willing to ship the software

with known, non-serious bugs to meet the promised release date.
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Causal Diagram: Experiment Results
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Figure 3: Selective Delegation of Authority. Preference for micro-involvement and goal incongruency
determine the distribution of authority in each vertical chain of command. The right part of the figure
shows the results from our simulation analysis. Only the exception generation and selective delegation of
authority micro-behavioral processes were activated.  Simulation results agree qualitatively with
organizational contingency theory and they are stable.

4.4 Information Exchange

In this section, we describe a total of five well-validated canonical interaction micro-
behavioral processes in response to goal incongruency: one for vertical relationships and
four for lateral relationships. Each response is not necessarily exclusive of the others,
and the extent to which each one is invoked is contingent on the level of goal

incongruency as well as other organizational factors.

4.4.1 Monitoring

Given that our model is based on an information-processing view of organizations, we
represent all managerial control mechanisms through the processes of monitoring and the
aforementioned selective authority delegation (Eisenhardt, 1989). Our model calculates

the level of monitoring and delegated authority for each hierarchical dyad relationship by
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first considering the overall level of monitoring and the degree to which decision-making
is centralized and then by locally modifying these initial values for each dyad
relationship. This modification is based on the characteristics of individual actors—i.e.,
the manager’s preference for micro-involvement (Burton and Obel, 1995)—as well as the
level of goal incongruency within each relationship.

Monitoring in our model incorporates all the specific activities involved in the use of
control mechanisms, including the transmission of information concerning behavioral
observations, evaluations, and prescriptions. It is a cyclic process in which managers
periodically administer new prescriptions to subordinates and request progress reports on
the status of work packages. Subordinates, in turn, send reports and questions up to
supervisors. The number of managerial prescriptions that are issued will affect how
much latitude subordinates have in terms of deviating from managerial expectations. As
more prescriptions are sent down the hierarchy and attended to by subordinates, the
probability that a subordinate will generate an exception will decrease. ~When
subordinates do not attend to managerial prescriptions, however, the probability that they
generate an exception will increase rather than decrease, since the subordinate will not be
aware of the new prescription and may inadvertently deviate from it. In a similar vein, as
more reports and questions are channeled up the hierarchy by subordinates and attended
to by managers, managers will become more aware of the status of work packages.
Attended-to-reports will result in a greater probability that exceptions will be detected.
However, when managers are overworked and do not attend to reports, the probability of
exception detection will decrease.

As a rule, the perception of high levels of goal incongruency, as well as a propensity
for micro-involvement on the part of the manager, will cause a manager to engage in
more extensive monitoring, while perceived concurrence will result in a lessening of the
intensity of monitoring.

Figure 4 illustrates how we have implemented monitoring. At the completion of each
sub-activity, the subordinate might send a report to the supervisor based on the goal
incongruency between the subordinate and supervisor as well as on the supervisor’s
preference for micro-management. The supervisor may or may not attend to the report

based on the supervisor’s current backlog. If the supervisor attends to the report, the
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supervisor will reply to the subordinate, whose likelihood for attending to the reply is
based on its own attention allocation. Moreover, each time that a manager attends to a
report from a subordinate, the manager might send a message up to its supervisor based
on the goal incongruency between itself and the next-level supervisor as well as on the
supervisor’s preference for micro-management. Attending to reports increases the
probability that exceptions will be detected. Thus, monitoring requires time on the part
of the supervisors and subordinates. Monitoring items must be initiated, attended to, and
responded to. However, monitoring generally leads to an increase in decision-making
quality, since more exceptions are detected and handled properly. On the other hand, this
increase may be offset by a decrease in coordination quality if the hierarchy becomes
overloaded with monitoring communications. It is clear that there will be some optimal
level of monitoring—too little may result in an excess of exceptions as a consequence of
goal incongruency, and too much may overload actors to the point that they become
seriously backlogged. Amount of monitoring is especially a concern for supervisors with

a large span of control.
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Causal Diagram: Experiment Resulis
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Figure 4: Monitoring. Preference for micro-involvement and goal incongruency determines the level of
monitoring in each vertical dyad. The right part of the figure shows the results from our simulation
analysis. Only the monitoring micro-behavioral processes were activated. Simulation results agree
qualitatively with organizational contingency theory and they are stable.

4.4.2 Peer Communication

A comprehensive model of organizational behavior needs to consider the lateral
interaction among project members, as well as the interactions between managers and
subordinates. In section 2 and 3, we identified four responses that peer actors can make
in reacting to goal incongruency—steamrolling, politicking, searching for alternatives,

and clarification of goals.

4.4.2.1 Steamrolling

Steamrolling is a process in which one actor appeals to a higher authority to force some
other actor to perform an action. In our model, steamrolling occurs only within
interdependent relationships and is most prevalent in relationships with high goal
incongruency. In an interdependent relationship, there is a probability that one actor will

appeal to the supervisor through an external counterproductive non-conformance
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exception (i.e., an exception that affects an activity other than the one in which it was
generated) to force an interdependent actor to perform additional work. This probability
increases with the level of goal incongruency between the two interdependent actors, to
reflect the greater propensity for steamrolling in disharmonious relationships. If the
manager agrees with the subordinate (i.e., if there is a low level of goal incongruency
between the subordinate and his or her manager), then the actor that is the victim of the
steamrolling will be forced to undertake additional work. In addition, the disparity in
competence between interdependent actors affects the likelihood of steamrolling. Their
skill levels and the amount of experience they have had performing activities similar to
the current one are the yardstick by which competence is measured. If the disparity is
large and one actor is more competent than the other, the more competent actor will have
greater confidence in the merit of its own solution. The more competent actor will be
less inclined to spend time working with the less competent actor to find another solution
or to examine carefully the advantages and disadvantages of each proposed solution.
Rather, it will be more likely to try to save time by simply steamrolling the other actor to
facilitate quick acceptance of its solution (Figure 5). In contrast, if the disparity in actor
competencies is small, the actors are more likely to engage in searching for additional
solutions and in clarifying goals in order to arrive at a satisfactory decision. Also, each
actor is more likely to give greater weight to the opinions of the other and will be less

certain that his or her own solution is categorically better than the other’s.
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Causal Diagram: Steamrolling Experiment Results

# of Counterproductive
Non-conformances

Vertical Goal

Activity
Interdependence
Strength

Actor- actor
Competence

35%
30 %
25 %

20%
15 %
10 %
5%
0%

“5%
-10 %

Attend Ignore Accept Modify Reject

Project Duration
and Cost

Influences (positively +, no
direct effect 0, or negatively =) | e
—> Causes
P t
I:> Next Step arametes Theoretical ® VTA

M Decision Prediction Prediction

-15%
-20%

Ex Very Low Medium High Very Ex
Low Low High  High

Goal Incongruency

Legend:

Figure 5: Steamrolling. The left part of the figure shows how we implemented steamrolling behavior in
VTA. The right part of the figure shows the results from our simulation analysis. In this test case only the
steamrolling micro-behavioral processes were activated. Simulation results agree qualitatively with

organizational contingency theory and they are stable.

4.4.2.2 Politicking
Politicking is the process by which one actor persuades another interdependent actor to
accept its solution in return for a promise to accept the other’s solution in the future.
Politicking can occur only when social exchange processes come into play, i.e., when
actors expect to interact with one another repeatedly over extended periods of time,
exchanging favors and obligations. Hence, the degree to which politicking processes are
expected to take place in a project team depends on the amount of time that the members
of the team have been working together (in our model, given by the “team experience”
variable). A long history of association and collaboration is necessary for actors to trust
one another to return favors.

Team experience lessens the need for explicit coordination between actors because

they have learned to anticipate one another's needs or demands and can coordinate more
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tacitly. The benefits of high team experience will be most pronounced when there are
low levels of goal incongruency between actors. As the level of goal incongruency
increases within highly experienced teams, though, members will begin to resort to
alternative means of resolving differences in order to get things done and to avoid being
stalemated indefinitely in time-consuming arguments. Politicking will become more
apparent, and although it will reduce the volume of communication produced by the
higher levels of goal incongruency, it will occur at the expense of finding better solutions.
Hence, high team experience combined with high goal incongruency will increase the
probability of counterproductive non-conformances being generated in addition to
reducing the probability of peer communications being generated. For a given level of
team experience, the number of peer communications will decrease and the number of

counterproductive non-conformances will increase for higher levels of goal incongruency

(Figure 6).
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Figure 6: Politicking. The left part of the figure shows how we implemented politicking behavior in VTA.
The right part of the figure shows the results from our simulation analysis. In this test case, only the
politicking micro-behavioral processes were activated. Simulation results for both counterproductive non-
conformances and peer communications agree qualitatively with organizational contingency theory and
they are stable.

4.4.2.3 Searching for Alternatives and Goal Clarification
In our model, the processes of searching for alternatives and goal clarification are
considered to have the same effect on organizational behavior. Searching for alternatives
necessitates increased communication between actors working on interdependent
activities as they collaborate with one another in generating new solutions and seek to
reconcile their differences to arrive at a solution which is mutually acceptable. Goal
clarification likewise increases the volumes of communications as actors attempt to
develop some sense of the costs and benefits associated with each solution. Hence, in an
information-processing framework in which the content of activities is abstracted from
the model, the effects of these two processes are the same.

Goal incongruency will force actors to consider a wider range of possible alternatives

in order to find a mutually acceptable solution to the problems at hand. The more
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alternatives that are evaluated the higher the likelihood that a more ideal solution will be
found. Goal incongruency will lead to a greater understanding and clarification of trade-
offs associated with the solutions under consideration. The immediate effect of searching
for alternatives and goal clarification in our model is to increase the volume of
communication (Figure 7). When communications are well attended to, the number
productive non-conformance will increase because of the gain in time afforded by more
efficient decision-making and the increased likelihood that the collaborating actors will
derive a more globally productive solution. However, at very high level of goal
incongruency the number of productive non-conformances will decrease because the
interdependent actors are less likely to find mutually productive solutions (Figure 7). The
increase in peer communications and the upside-down u-shaped effect on number of
productive non-conformances is commensurate with the flexibility of the activities in
question. Greater activity flexibility means that there is a broader space of alternatives
that must be searched through, and more goals to clarify, while lower activity flexibility
indicates that there is a smaller solution space and fewer goals need to be considered.
The effects of goal incongruency on peer communications and productive non-
conformances are intensified for higher levels of activity flexibility.

The effect of the increase in communication volume depends on how well those
communications are attended to. When communications aimed at resolving goal
incongruency by searching for alternatives or clarifying goals are not attended to by the
recipient actor, actors will be more likely to select alternatives that are not mutually
satisfying. The process of developing a shared view of goal trade-offs will be

interrupted.
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Causal Diagram: Experiment Results
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Figure 7: Searching for Alternatives and Goal Clarification. The left part of the figure illustrates how
we implemented the "searching for alternatives and goal clarification" behavior in VTA. The right part of
the figure shows the results from our simulation analysis. In this test case only the searching for
alternatives and goal clarification micro-behavioral processes were activated. Simulation results agree
qualitatively with organizational contingency theory and they are stable.

4.5 The Emergent Macro-behavior of VTA

We have presented our model for investigating the emergent effects of goal
incongruencies between individual or group actors on project team performance. To
determine the usefulness of this model, we need extensive external validation. Our
companion paper, "A Proposed Trajectory of Validation Experiments for Computational
Emulation Models of Organizations," discusses results of the experiments that were
conducted to validate the VTA model on real-world project organizations.

However, we want to illustrate how we validated VTA's emergent macro-behavior
internally according to the predictions of established organizational macro-theory. To
summarize our discussion in sections 2 and 3, organizational theory qualitatively predicts
that goal incongruency can increase the diversity of behavioral repertoires available to the

project to meet the requirements imposed by the environment. It can, therefore, improve
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the project performance, e.g., reduce project cost and duration (Weick, 1979). At the
same time, organization theory indicates that too much goal incongruency can lead to
time-consuming arguments, thus undermining project performance, e.g., increasing
project cost and duration (March and Simon, 1993). Hence, organization theory predicts
a curvilinear u-shaped relationship between goal incongruency and project cost and

duration (Figure 8).
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Figure 8: An Overview of the VTA Model and Emergent Simulation Results. The right part of the
figure shows the results from a simple experiment on the same synthetic organization that we used in the
experiments above. In this experiment, all seven micro-behavior processes were activated. Simulation
results agree qualitatively with organizational theory and are stable, with a coefficient of variation (CV)
between 1 and 5 percent for all settings.

5. Discussion

Semi-routine, fast-paced projects with interdependent and concurrent activities and
professional project participants from multiple organizations create unique management
challenges. Computational organizational modeling affords us with opportunities to both

understand and respond to these complex challenges.
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Relying on our actor and work process assumptions, we focused on augmenting the
information-processing behavior within the VDT discrete-event simulator framework by
adding behaviors related to actors with incongruent goals executing activities with some
flexibility. We then performed synthetic experiments to illustrate and validate each of the
canonical micro-behaviors of our extended computational model and their combined
effects on emergent project performance. We found that our information-processing
operationalization of exception generation, monitoring, selective delegation of authority,
searching for alternatives, clarifying goals, steamrolling, and politicking agreed
qualitatively with the micro-theoretical predictions. We validated the model's emergent
macro-behavior according to the predictions of established organizational macro-theory,
and found qualitative consistency here as well. Our micro-contingency model extends
information-processing organization theory by introducing and operationalizing the
effects of contingency factors such as activity flexibility, interdependence between
activities, etc. External validation discussed in a companion paper (Thomsen et al.,
1998) introduces new findings and suggests a new set of contingent propositions about

the effects of goal incongruency on organizational performance.

5.1 Contributions

The dominant approach for studying performance in multi-constituency project teams has
been grounded in the transaction-cost framework (Williamson, 1979). This theory
focuses on the relationship among consumers and suppliers and the contracts, which
regulate their transactions. In this paper, we have chosen to focus on the constituents of a
project team. By simulating actors executing micro-behavior interactions, VTA
generates emergent system-level behavior that advances the science and “engineering” of
semi-routine, fast-paced project organizations.

Relying on organizational theories developed in the 1970s when speed and flexibility
were less relevant for organizational success than they presently are for firms,
organizational simulations have been used in the organizational sciences to improve the
design of real-world projects that perform idealized, routine work processes. We relax
these limiting assumptions, and combine field insights with economic agency theory and

sociological and social psychological theories of organizational design to describe rich
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repertoires of canonical micro-behavior in real-world, fast-paced product development
projects. In the VTA model, actors are endowed with fragments of canonical micro-
behavior, and then assembled into networks of activities and actors to represent real-
world activities and organizations.

The less routine nature of fast-paced work processes means that decision making
requires judgment (Thompson and Tuden, 1959) and interpretation (Pava, 1983) by the
professionals who carry it out. We therefore represent project participants, actors, as
teleological professionals with potentially incongruent goals. In addition, our work
process representation captures the fact that less routine work includes flexibility that
may result in more complex exceptions than the sort characterized by Galbraith (1977).

In developing the conceptual extensions for VTA, we have extended existing
contingency theory (Thompson, 1967) and Galbraith’s information-processing theory
(Galbraith, 1973, 1977). We claim that these extensions create a new theoretical basis for
our model of semi-routine, fast-paced projects consisting of professionals from multiple
disciplines. Galbraith and other contingency theorists focus on organizational behavior at
the level of the organization itself, and do not concern themselves with the internal
dynamics of the organization. Goal incongruency, however, surfaces in the dyadic
relationships between individual actors, and it is only at this level that one can apply the
findings garnered from economic agency theory and social psychology about the
potentially positive as well as negative effects of goal incongruency. Given our need to
create a model for goal incongruency that considers its local influence on the internal
micro-behavior of individual actors within organizations, we have extended contingency
theory to develop a micro-contingency model of goal incongruency and organizational
behavior. Our VTA model takes the relationship between pairs of actors as the
fundamental unit of analysis.

Within the larger framework provided by Galbraith’s information-processing model,
we incorporate and operationalize behavioral and organizational theories, which analyze
goal incongruency behavior at the level of individual actors and relationships. These
theories cover the behavior of actors embedded in vertical dyadic relationships in the
organizational hierarchy, as well as the behavior of peer actors working on

interdependent activities. We depict organizational actors as relatively simple, goal-
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oriented, information processors and communicators with finite or "boundedly rational"

capacity (March and Simon, 1993). Their work is choreographed by

e relatively abstract, flexible, sequentially and reciprocally interdependent information-
processing activities assigned to them (Thompson, 1967), and

e organizational structures that reactively handle exceptions from pre-planned activities
in the spirit of Galbraith (1973, 1977) and proactively monitor the behavior of
subordinates (Ouchi, 1979; Eisenhardt, 1985).

The past VDT work operationalized aspects of Galbraith’s information-processing view

of organizations. VTA extends Galbraith’s framework to address less routine activities

with some flexibility in how they are performed. Since activities are now flexible,

differences in goals may influence which solutions project participants prefer, so that

goal incongruency matters. VTA integrates economic agency theories about supervisor-

subordinate behavior and social psychological theories about peer-to-peer behavior with

respect to information processing in the presence of goal incongruency. To Galbraith’s

sociological analysis, based on "organizational physics," we add new social

psychological and economic agency notions of "organizational chemistry."

5.2 Limitations and Future Work
To be amenable to analysis in our framework, a semi-routine, fast-paced project should
first have relatively clear objectives. Second, project managers should understand work
processes well enough so they can relate requirements to processes and assign pre-
specified activities to different, specialized individuals. Third, the interactions among
project participants responsible for activities must be derivable from requirements.
Fourth, we model exceptions to pre-specified activities by adding or subtracting work to
these activities. While these assumptions do not apply to all projects or organizations,
they apply well to many engineering design and product-development activities as well as
organizations that are moving to organize their ongoing work processes as “projects”
(Hammer and Champy, 1993; Davidow and Malone, 1992).

Our model is not applicable to contingent work processes, such as those often found'
in engineering maintenance and medical service activities. Diagnostic and repair

activities are by their nature conditional. Depending on the results of the diagnosis,
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completely different repair strategies should be used. To simulate the way an
organization would perform these activities within a particular setting, we would have to
develop an enriched set of micro-behavior to model the conditional aspects of these
activities and to determine new product and process quality evaluation metrics (Fridsma
and Thomsen, 1997).

Procurement presents a classical organizational goal dilemma: an engineer may want
to hold on to a design to improve its quality, but schedule pressures encourage releasing
the design to procurement as early as possible. In the traditional aerospace industry
procurement model, manufacturing could accommodate design changes relatively easily
when design and manufacturing were done by the same organization.  With
manufacturing by outside contractors becoming more frequent, engineering change
orders often become more formal, expensive and time-consuming. The agile
organization creates greater tension regarding time-quality trade-offs. We can represent
such tensions through goal incongruency between project participants. However, in our
model, goal incongruency is static. That is, there is no change in goal incongruencies
over the course of the project. Such a view of goal incongruency, however, is at odds
with actual behavior, since people adopt different goals over time. For example,
engineering professionals customarily prefer to attend to activities "on the critical path;"
and the critical path can change several times during a project. A more detailed model of
goal incongruency would account for learning and adaptation by individuals and view
goal incongruencies as dynamic variables. The fundamental tenet of goal-driven learning
is that learning is largely an active and strategic process. The learner attempts to identify
and satisfy its information needs in the context of its activities and goals, its prior
knowledge, its capabilities, and environmental opportunities for learning. We would
need to add to the simulator dynamic goal modification methods that allow actors to
adjust their goals during a simulation, based on factors such as activity status on the

critical path or changing estimates of activity risk.

33



6. Acknowledgments
We would like to thank Yul J. Kwon, Dr. Douglas E. Fridsma, Dr. Tore R. Christiansen,
and Paul C. Moore for being inspiring discussion partners in the course of our

development of the VT A model.

7. References Cited

Amason, A., (1996), “Distinguishing the effects of functional and dysfunctional conflict
on strategic decision making: Resolving a paradox for top management teams,”
Academy of Management Journal, 39, 123-148.

Bonner, J. (1995), Economic efficiency and social justice: the development of uftilitarian

ideas in economics from Bentham to Edgeworth. Aldershot, Hants, England,
Brookfield, Vt.: E. Elgar Pub.

Boulding, K. (1963), Conflict and Defense. New York: Harper and Row.

Brehmer, B. (1976), “Social Judgment theory and the analysis of interpersonal conflict,”
Psychological Bulletin, 83, 985-1003.

Brown, S. L. and K. M. Eisenhardt (1997), “The Art of Continuous Change: Linking
Complexity Theory and Time-paced Evolution in Relentlessly Shifting
Organizations,” Administrative Science Quarterly, 42, 1-34.

Burton, R. M. and B. Obel (1995), Strategic Organization Diagnosis and Design:
Developing Theory for Application. Norwell, MA: Kluwer Academic Publishers.

Carley, K. M. and Z. Lin (1995), "Organizational Designs Suited to High Performance
Under Stress," IEEE Transactions on Systems, Man, and Cybernetics, 25(2), 221-230.

Chiles, T. H. and J. F. McMackin (1996), “Integrating variable risk preferences, trust, and
transaction cost economics,” Academy of Management Review, 21(1), 73-99.

Christiansen, T. R. (1993), Modeling the Efficiency and Effectiveness of Coordination in
Engineering Design Teams. Ph.D. Dissertation, Department of Civil Engineering,
Stanford University. Published as Det Norske Veritas Research Report No. 93-2063,
Oslo, Norway.

Cohen, G. P. (1992), The Virtual Design Team: An Object Oriented Model of Information
Sharing in Project Teams. Ph.D. Dissertation, Department of Civil Engineering,
Stanford University.

Cyert, R. M and J. G. March (1992), 4 Behavioral Theory of the Firm (2" edition).
Cambridge, MA: Blackwell Publishers (1% edition 1963).

Davidow, W. H. and M. S. Malone (1992), The virtual corporation: structuring and
revitalizing the corporation for the 21st century. New York: Edward Burlingame
Books/HarperBusiness.

Fisenhardt, K. M. (1985), “Control: Organizational and Economic Approaches,”
Management Science, 2, 134-149.

34



Eisenhardt, K. M. (1989), “Agency Theory: An Assessment and Review,” Academy of
Management Review, 1, 57-74.

Fridsma, D. B. and J. Thomsen (1997), Representing Medical Protocols for
Organizational Simulation: An Information-processing Approach. Report, Stanford
University, Section for Medical Informatics, Report Number: SMI-97-0678.

Galbraith, J. R. (1973), Designing Complex Organizations. Reading, MA: Addison-
Wesley.

Galbraith, J. R. (1977), Organization Design. Reading, MA: Addison-Wesley.

Gersick, C. I. G. (1989), “Marking time: Predicable transitions in task groups,” Academy
of Management Journal, 32, 274-309.

Ghiselli, E. E and T. Lodahl (1958), "Patterns of managerial traits and group
effectiveness," Journal of Abnormal and Social Psychology, 57, 61-66.

Gladstein, D. L. (1984), “A model of task group effectiveness, ” Administrative Science
Quarterly, 29, 499-517.

Ghoshal, S. and P. Moran (1996), “Bad for practice: A critique of the transaction cost
theory,” Academy of Management Review, 21(1), 13-47.

Hall, R. H. (1982), Organizations: Structure and Process. Englewood Cliffs, NJ: Prentice
Hall.

Hammer, M. and J. Champy (1993), Reengineering the Corporation. Harper Collins
Publishers.

Hoffman, L. R. (1959), "Homogeneity of member personality and its effect on group
problem solving," Journal of Abnormal and Social Psychology, 58, 27-32.

Hoffman, L. R. and N. R. F. Maier (1961), "Quality and acceptance of problem solutions
by members of homogeneous and heterogeneous groups,” Journal of Abnormal and
Social Psychology, 62, 401-407.

Howard, R. A. and J. E. Matheson (1983), The Principles and Applications of Decision
Analysis Volume 1: General Collection, Volume 2: Professional Collection. Strategic
Decisions Group.

Janis, 1. (1972), Victims of Groupthink. Boston, MA: Houghton Mifflin.

Jehn, K. (1995), “A multimethod examination of the benefits and detriments of
intragroup conflict,” American Journal of Sociology, 82, 929-964.

Jin, Y. and R. E. Levitt (1996), "The Virtual Design Team: A Computational model of
Project Organizations," Computational and Mathematical Organizational Theory,
2(3), 171-196.

Kerzner, H. (1997), Project management: a systems approach to planning, scheduling,
and controlling (6™ edition). New York: Van Nostrand Reinhold.

Kreiner, K. (1976), The site organization: a study of social relationships on construction
sites. Internal Communication, Department of Construction Management, Technical
University of Denmark, Copenhagen, Denmark.

35



Kunda, G. (1992), Engineering Culture: Control and Commitment in High-Tech
Corporation. Philadelphia: Temple University Press.

Levinthal, D. (1988), "A Survey of Agency Models of Organizations," Journal of
Economic Behavior and Organization, 9, 153-185.

March, J. G. (1995), A Primer on Decision Making: How Decisions Happen. New York:
Free Press.

March, J. G and H. A. Simon (1993), Organizations (2™ edition). Cambridge: Blackwell
Publishers (1% edition 1958).

Milgrom, P. and J. Roberts (1992), Economics, Organization and Management. Prentice-
Hall Inc.

Mintzberg, H. (1973), The Nature of Managerial Work. New York: Harper and Row,
Pub.

Mintzberg, H. (1983), Power In and Around Organizations. Englewood Cliffs, NJ:
Prentice-Hall Inc.

Morrison, A. (1992), The New Leaders: Guidelines on Leadership Diversity in America.
San Francisco, CA: Jossey-Bass.

Nass, C. I. (1986), "Bureaucracy, Technical Expertise, and Professionals: A Weberian
Approach," Sociological Theory, 4, 61-70.

Nemeth, C. J. (1985), “Dissent, group process, and creativity: The contribution of
minority influence,” in Lawler, E. (Ed.), Advances in Group Process. Greenwich, CT:

JAI Press.

Nemeth, C. J. (1986), “Differential contributions of majority and minority influence,”
Psychological Review, 93, 23-32.

Ouchi, W. (1979), “A Conceptual Framework for the Design of Organization Control
Mechanisms,” Management Science, 25:833-848.

Ouchi, W. (1980), “Markets, bureaucracies, and clans,” Administrative Science
Quarterly, 34, 21-37.

Pava, C. (1983), Managing New Office Technology: An Organizational Strategy. New
York: Free Press.

Pelled, L. (1996), “Demographic diversity, conflict, and work group outcomes: An
intervening process theory,” Organization Science, 7, 615-631.

Pfeffer, J. (1981), Power in Organizations. Marshfield, MA: Pitman.

Pondy, L. R. (1967), “Organizational Conflict: Concepts and Models,” Administrative
Science Quarterly, 12, 296-320.

Schmidt, S. M. and T. A. Kochan (1972), “Conflict: Toward Conceptual Clarity,”
Administrative Science Quarterly, 17, 359-370.

Shaw, M. E. (1976), Group Dynamics: The Psychology of Small Group Behavior. New
York: McGraw-Hill.

36



Simon, H. A. (1956), “Rational Choice and the structure of the environment,”
Psychological Review, 63:129-138.

Simon, H. A. (1996), The Sciences of the Artificial (3rd edition). Cambridge, MA: MIT
Press.

Simon, H. A. (1997), Administrative Behavior (4th edition). New York: Macmillan a*
edition 1945).

Smith, K. G., K. A. Smith, J. D. Olian, H. P. Sims, D. P. O’Bannon and J. A. Scully
(1994), “Top management team demography and process: The role of social
integration and communication,” Administrative Science Quarterly, 39, 412-438.

Stinchcombe, A. L. (1965), “Social Structure and organizations,” in James G. March
(Ed.), Handbook of Organizations. 142-193. Chicago: Rand McNally.

Tanguiane, A. S. (1990), Aggregation and Representation of Preferences: Introduction to
Mathematical Theory of Democracy. New York: Springer Verlag.

Thompson, J. D. (1967), Organizations in Action: Social Science Bases in Administrative
Theory. New York: McGraw-Hill.

Thompson, J. D. and A. Tuden (1959), “Strategies, Structures, and Processes of
Organizational Decision,” in J. D. Thompson and others (Eds.), Comparative Studies
in Administration. Pittsburgh: University of Pittsburgh Press.

Thomsen, J., R. E. Levitt, J. C. Kunz and C. I. Nass (1998), 4 Proposed Trajectory of
Validation Experiments for Computational Emulation Models of Organizations. CIFE
Working Paper #47, Stanford University.

Van de Ven, A. H. and D. Ferry (1980), Measuring and Assessing Organizations. New
York: Wiley.

Van de Vliert, E. and C. K. W. De Dreu (1994), “Optimizing performance by conflict
stimulation,” International Journal of Conflict Management, 5, 211-222.

Wagner, W. G., J. Pfeffer and C. A. O’Reilly III (1984), “Organizational Demography
and turnover in top management groups,” Administrative Science Quarterly, 29, 74-
92.

Wanous, J. P. and M. A. Youtz (1986), “Solution Diversity and the quality of group
decisions,” Academy of Management Journal, 29: 149-158.

Watson, W., K. Kumar and L. Michaelson (1993), “Cultural diversity’s impact on
interaction process and performance: Comparing homogeneous and diverse task
groups,” Academy of Management Journal, 36, 590-602.

Weick, K. E. (1979), The Social Psychology of Organizing. McGraw-Hill Inc.

Williamson, O. E. (1979), "Transaction-cost economics: The governance of contractual
relations," Journal of Law and Economics, 22, 3-16.

37



