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PROCESS MAPPING AND SHARED

COGNITION: TEAMWORK AND
THE DEVELOPMENT OF SHARED

PROBLEM MODELS

STEPHEN M. FIORE AND JONATHAN W. SCHOOLER

As we enter the 21st century, work teams continue to be a dominant
force in industry (e.g., Cannon-Bowers, Oser, & Flanagan, 1998; Guzzo &
Salas, 1995). Teams are formed for a diverse range of tasks, from creating
product marketing strategies to implementing change management proce-
dures, and their life expectancy can vary from the duration of a given meet-
ing to the duration of a corporation. Because of this prevalence of teams in
industry today, many are formed without much forethought along with the
expectation that only gains in productivity can result from teamwork (Hack-
man, 1990). The reality is that there is little guarantee of success, as many
teams fail for any number of reasons (e.g., Hackman, 1998; Tanskanen,
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Buhanist, &. Kostama, 1998). In this chapter we link theoretical approaches
from cognitive science on the nature of problem solving with research in
team performance to illustrate how certain process interventions may facili-
tate team performance through the development of shared problem models.

The literature on team performance and shared mental models, while
not lacking in theory, has far fewer methodologies that may foster their de-
velopment. Only in the last few years have systematic attempts to train shared
mental models been empirically examined (e.g., Marks, Zaccaro, & Mathieu,
2000; Mathieu, Heffner, Goodwin, Salas, & Cannon-Bowers, 2000; Smith-
Jentsch, Campbell, Milanovich, & Reynolds, 2001). Nonetheless, in indus-
try, armies of consultants continually apply any number of tools in their at-
tempts to improve organizational effectiveness. Unfortunately, while the
utility of such tools often seems intuitively obvious, they are typically ap-
plied at a rate that vastly outpaces the research necessary to fully capitalize
on their strengths while limiting their weaknesses. Because of this, the
overarching problem facing many is that much ambiguity exists about not
only the appropriateness of such tools but also why they may, or may not, be
effective. A systematic attempt to link theory and research from cognitive
and organizational psychology may assist in not only the development of
new tools based on theory but also the analysis of current tools to under-
stand what drives their success and limit what may be their failings. There-
fore, to the degree that the research community can focus attention on this
issue in an attempt to maximize the utility of and minimize the costs asso-
ciated with such tools, organizational effectiveness may be better fostered.
As an illustration of how this may proceed, we conduct a descriptive analy-
sis of one such tool and discuss how it may be contributing to increases in
team effectiveness.

In this chapter we first review the problem-solving process and discuss
how shared mental model theory has been applied to explain how teams can
often overcome barriers to effective performance. We then discuss process
mapping, a tool designed to assist problem-solving teams overcome some of
the limitations that can lead to failure while, at the same time, capitalizing
on factors that can lead to success. We argue that this tool, originally devel-
oped to assist teams in process redesign and organizational change (e.g.,
Rummler & Brache, 1995), is successful because it leads to the construction
of a shared mental model of the problem in question (Cannon-Bowers, Salas,
& Converse, 1993). Our discussion centers on the notion that, to the degree
the team task requires the construction of a shared understanding, external
representational tools can act as a scaffolding to facilitate the building of
that shared representation.

Types and definitions of teams vary somewhat, from "interdependent
collections of individuals who share responsibility for specific outcomes for
their organizations" (Sundstrom, De Meuse, &. Futrell, 1990, p. 120) to "two
or more people who interact dynamically, interdependently and adaptively
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toward" a shared goal (Salas, Dickinson, Converse, & Tannenbaum, 1992, p.
4). Our discussion in this chapter focuses only on problem-solving teams.
Problem-solving teams are typically established for short-term situations that
require relatively rapid action be taken against specific workplace problems.
Furthermore, such teams often possess a diverse membership, composed of
members from a variety of functional areas (see Moreland, Levine, & Wingert,
1996, for a discussion of issues in group composition). As such, they repre-
sent a particularly challenging form of team structure given that they possess
a compressed developmental life span and heterogeneous composition, the
combination of which potentially exacerbates problems arising from group
dynamics. In sum, although numerous definitions of teams have been of-
fered, problem-solving teams do meet the apparent defining criteria by being
composed of members with complementary skills who maintain a degree of
interdependence by the fact that their overall task goal (i.e., resolution of an
organizational problem) requires cooperative interaction (e.g., Fleishman &
Zaccaro, 1992; Katzenbach &L Smith, 1993). We next discuss the problem-
solving process, emphasizing problem conceptualization and its import to
team problem solving.

TEAMS AND PROBLEM CONCEPTUALIZATION

An old management axiom states that "a problem defined is half solved."
Problem solving, then, could be said to involve a substantial reflective com-
ponent in that successful problem resolution requires adequate problem defi-
nition. Indeed, research from cognitive science comparing expert-novice
problem solving finds that experts in a particular field spend a considerable
amount of time representing a problem before attempting to solve it (e.g.,
Chi, Glaser, & Rees, 1982). The issue of problem representation is founda-
tional to theories of problem solving (e.g., Newell &. Simon, 1972), and it
becomes even more critical when talking about problem-solving teams. Spe-
cifically, because teamwork, by its very definition, involves a collaborative
component, team performance is a function of the level of understanding the
team shares about their task and their capabilities. Researchers in team prob-
lem solving argue that "before a decision can be made, the [team] must first
recognize that a problem exists, determine its nature, and determine the de-
sired outcome" (Orasanu, 1994, p. 256). Nonetheless, despite the criticality
of fully understanding the nature of a problem prior to beginning the solu-
tion generation phase, research has long demonstrated that teams show little
inclination to engage in this aspect of the problem-solving task (e.g., Hack-
man & Morris, 1975). Furthermore, Moreland and Levine (1992), in their
article on problem identification in teams, cited a surprising paucity of re-
search on teams and this process.
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Problem-Solving Stages

Cognitive scientists have identified several distinct stages involved in
problem solving, each of which requires unique approaches to be successfully
resolved. For example, problem solving is said to involve a search through a
hypothesis generation space and a hypothesis testing space (Klahr & Dunbar,
1988; Simon & Lea, 1974), and successful solution generation takes place
through a number of interdependent processes (see also Klahr, Fay, & Dunbar,
1993; Schooler, Fallshore, & Fiore, 1995). Others have focused on the stages
occurring prior to hypothesis generation. For example, problem identifica-
tion or problem sensing involves initial apperception that a potential prob-
lem exists or may shortly occur (Cowan, 1986; Klein, 1993; Klein & Pierce,
2001; Klein, Pliske, Crandall, & Woods, 1999; Moreland & Levine, 1992).
In such a case, stimuli in one's environment are constantly monitored, and
one scans for cues suggesting abnormalities. After this stage, one would move
to the problem conceptualization stage, the stage after which a problem has
been recognized and prior to attempts to generate a solution. During prob-
lem conceptualization, the problem solver describes and diagnoses the prob-
lem that has been recognized.

We wish to clearly distinguish between the problem identification and
problem conceptualization stages. Problem identification in teams is thought
to occur only when the members realize that other team members are aware
of the problem (Larson & Christensen, 1993; Moreland & Levine, 1992). In
particular, "no meaningful interactive problem-solving activity can take place
without members first becoming cognizant of the fact that others in the group
perceive the problem" (Larson & Christensen, 1993, p. 9). Only then would
problem conceptualization proceed appropriately. While not denying the
criticality of the problem identification process, we focus on problem
conceptualization specifically because a problem improperly conceptualized
is unlikely to be solved.

Problem Conceptualization

The stage of problem conceptualization can be said to involve the con-
struction of a problem space. Problem space theory, initially developed from
information-processing theories of human problem solving (e.g., Newell &
Simon, 1972), has only recently been applied to group interaction processes
(e.g., Fiore, 2000; Fiore & Schooler, 2001; Hinsz, Tindale, & Vollrath, 1997).
The problem space can be considered to be the mental space in which the
problem solver must encode the

problem elements—defining goals, rules and other aspects of the situa-
tion . . . [that] represents the initial situation presented to him, the de-
sired goal situation, various intermediate states, imagined or experienced,
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as well as any concepts he uses to describe these situations to himself.
(Newell & Simon, 1972, p. 59)

Constructing the problem space is a necessary, but not sufficient, factor
in team problem solving. What is mandatory for effective team problem solv-
ing is that this conceptualization is shared; that is, a team's comprehension
of the critical problem components contains a substantial amount of overlap
(e.g., Orasanu, 1994). Although one could argue that problem solving may
be facilitated by differing problem conceptualizations (e.g., by bringing di-
verse viewpoints into the process), we suggest that, for team problem solv-
ing to take advantage of a heterogeneous group composition, they must
first be in agreement as to what the problem is. Thus, we do not suggest
that a team be homogeneous with respect to their problem-solving ap-
proaches (Janis, 1972), rather, that they share an understanding of the criti-
cal problem elements.

For a team to accurately assess their problem situation, that is, adequately
search their problem space, they must overcome limitations inherent in group
problem solving. For example, for the team to coordinate their efforts during
the problem-solving process (and be able to take advantage of diverse input),
they must share a commensurate understanding of the problem itself. Al-
though some literature does suggest that certain conceptualization processes
such as planning are not always beneficial (e.g., Wittenbaum, Vaughan, &
Stasser, 1998), these findings apply primarily to tasks requiring little coordi-
nation. Similarly, some research documents that groups may engage in tacit
coordination (e.g., Wittenbaum, Stasser, & Merry, 1996) rather than explic-
itly coordinate their processes. But, within the context of teams engaged in
complex problem solving, tacit coordination or a lack of planning could lead
to the construction of either an incorrect or incomplete conceptualization of
the problem. From the standpoint of team cognition, our argument is that,
without a shared understanding of what the problem is, not only may a team
be solving the wrong problem, but they also cannot make full use of their
resources, the very reason teams are assembled in the first place. We turn
next to a brief discussion of the shared mental model construct and follow
this with an explication of how components of shared problem models fit
well with the mental model construct. We then describe how it is that pro-
cess mapping helps problem-solving teams to develop shared models for the
conceptualized problem.

SHARED MENTAL MODELS AND TEAM PERFORMANCE

In this section we discuss how notions of shared cognition have been
applied to explain successful team performance in a variety of task situations.
Shared cognition is the term used to describe how processes at the intraindividual
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level are dependent on and interact with processes at the interindividual
level (e.g., Cannon-Bowers & Salas, 1990; Levine, Resnick, & Higgins, 1993).
Development of shared cognition theories arose out of the social cognition
movement. Although definitions vary, social cognition can be defined as
"those social processes . . . that relate to the acquisition, storage, transmis-
sion, manipulation and use of information for the purpose of creating a group-
level intellective product" (Larson & Christensen, 1993, p. 6). As this defi-
nition suggests, groups are sometimes considered to be information-processing
units (Hinsz et al., 1997) in a manner analogous to early views of human
cognition (e.g., Newell & Simon, 1972). We focus on one aspect of shared
cognition—shared problem models—specifically because a growing body of
research demonstrates how such models directly impact team performance.

Definitions of mental models vary somewhat, often depending on the
domain in question. In the cognitive science literature, mental models are
involved in the comprehension of a given phenomenon as one integrates
knowledge, and they facilitate one's ability to draw inferences (e.g., Johnson-
Laird, 1983); they are also thought to be the interface between procedural
and declarative knowledge (e.g., Glaser & Bassok, 1989). Similar notions are
proposed by human factors researchers who argue that mental models allow
users to generate descriptions of a system and make predictions about future
system states (e.g., Rouse, 1989). From the organizational psychology litera-
ture, mental models are said to be representations of knowledge elements in
an employee's environment along with the elements' interrelations (Klimoski
& Mohammed, 1994; Mohammed & Dumville, 2001). In the team training
literature, researchers argue that, through effective training and teamwork
(e.g., cross-training, information transfer), a "shared" understanding of a task
situation develops (e.g., Cannon-Bowers et al., 1993; Stout, Cannon-
Bowers, & Salas, 1996). Notions of shared understanding have recently come
to the forefront of research on teams because efficient and effective team
performance is often shown to be related to the degree that team members
agree on, or are aware of, task, role, and problem characteristics (Cannon-
Bowers et al., 1993; Fiore, Salas, & Cannon-Bowers, 2001; Marks et al., 2000;
Mathieu et al., 2000). For example, shared problem or task models consist of
situation- and task-appropriate strategies for interpreting and acting on a
variety of task situations (e.g., Klimoski & Mohammed, 1994; Orasanu &
Salas, 1993), and they are thought to facilitate team coordination.

Defining Shared Mental Models

Although the exact nature of shared mental models is still in debate, a
number of critical factors have been identified and we focus on three of these
factors directly relevant to effective performance for problem-solving teams.
More specifically, reviews of the literature concerning team mental models
note that several factors need to be present to make the claim for a shared
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mental model (e.g., Cannon-Bowers et al., 1993; Klimoski & Mohammed,
1994). To have a shared model for a team task means to be aware of the
following: problem structure, the roles and skills of the team as they pertain
to the problem, and the shared awareness that each member of the team
possesses this knowledge. We suggest that the successful development of these
components within problem-solving teams will facilitate the overall prob-
lem conceptualization process.

First is the notion of a shared problem structure. A shared problem
structure can be considered to consist of overlapping organized knowledge
held by team members (e.g., Resnick, 1991). This can consist of organized
declarative or procedural knowledge concerning the problem and decision
rules associated with the problem (Cannon-Bowers et al., 1993). Thus, when
a team possesses awareness of the problem structure, they are more likely to
later develop an effective problem solution (e.g., Maier, 1967).

Second is the notion that shared mental models consist of an under-
standing of each team member's roles and skills. This has been labeled
interpositional knowledge, and an absence of such knowledge is linked to fail-
ures in team effectiveness (Volpe, Cannon-Bowers, Salas, & Spector, 1996).
Furthermore, the success of cross-training programs, or training designed to
encourage compatible mental models with respect to team member roles and
responsibilities, has been linked to increases in shared interpositional knowl-
edge (e.g., Blickensderfer, Cannon-Bowers, & Salas, 1998; Marks et al., 2000;
Mathieu et al., 2000). To the degree that the team is fully aware of member
idiosyncrasies (e.g., Moreland & Levine, 1992), the unique capabilities of
each team member can be fully exploited. Thus, this may help the team
overcome information-sharing problems sometimes experienced during team
interaction (e.g., Hollingshead, 1996; Stasser, Stewart, & Wittenbaum, 1995;
Straus, 1996) and is similar to notions of "transactive memory systems" pro-
posed by Moreland and colleagues (e.g., Liang, Moreland, &. Argote, 1995;
Moreland & Argote, 2003; Moreland & Myaskovsky, 2000).

The aforementioned issues relate directly to our third factor, specifi-
cally, a shared understanding of the problem requires explicitly defining the
problem (e.g., articulating plans and strategies), and it ensures that all par-
ticipants are solving the same problem. This has been described as the devel-
opment of a shared problem model and is linked to effective team communi-
cation whereby members become equally aware that the team understands
the problem (Orasanu, 1994). Furthermore, the team explicitly negotiates
their shared understanding of the problem, a step argued to be critical for
truly shared mental models (Levine et al., 1993).

Summary

As the brief review highlights, the development of shared mental mod-
els attenuates some of the interaction problems teams sometimes experience.
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In the next section we link these components of shared mental models to an
instantiation of shared problem models. We do so with an example of a popular
management tool and demonstrate how certain limitations inherent in team'
work can be overcome through the use of this tool. Our overall goal is to
show how theoretical and applied research can be productively intermixed
in a way conducive to organizational effectiveness. Furthermore, while the
use of problem-solving tools is continuously touted in industry, theoretical
accounts of why they work (or do not work) are lacking. As such, this chap-
ter represents an attempt to clarify how one such tool (i.e., process mapping)
can facilitate problem conceptualization and subsequent problem solving.
We now turn to a discussion of process mapping, a tool widely used in indus-
try (e.g., Rummler & Brache, 1995) to help cross-functional teams on the
initial stages of their problem solving.

PROCESS MAPPING AND PROBLEM-SOLVING TEAMS

Although the utility of shared mental models is clear with respect to
teams operating in dynamic environments with a high degree of interdepen-
dence, we suggest that such models are critical in any team environment. In
particular, we argue that many teams work under the unwarranted assump-
tion that they have a shared understanding of their team task. Because they
may have either only partial shared understanding or an understanding lack-
ing in any agreement, their ability to effectively work through a problem is
severely hindered. We suggest that process mapping works as a problem-solving
tool because it leads to the construction of a shared mental model of the
problem. Specifically, process mapping scaffolds team cognition in that it
facilitates the scanning of the problem space, ensuring that all elements are
accounted for, agreed on, and thus, properly addressed.

Process mapping was initially developed to assist teams in process rede-
sign being implemented in the context of organizational improvement (e.g.,
Rummler & Brache, 1995). Essentially, the technique involves developing a
representation of the work flow involved with a given process. In this con-
text, a process is defined as "any combination of people, machines, materials,
and methods that is aimed at manufacturing a product or performing a ser-
vice" (Symons & Jacobs, 1997, p. 71). Thus, process maps are representa-
tional charts that fully delineate the process and are descriptive models of a
process rather than normative models (although normative models are later
defined as the problem-solving process continues).

Initially, process mapping requires the assembly of cross-functional
teams, with members selected from every department involved in a given
process. The first step is the creation of what is known as the "as is" map, a
map detailing the process in its current incarnation. Such a map consists of a
visual representation of the personnel or departments involved in the pro-
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cess, along with an articulation of the steps along the process. Constructing
this "as is" map is typically a lengthy process because it involves classification
of not only every phase of the process but also any illogical, missing, or re-
dundant steps in the process (termed disconnects). Thus, the "as is" map rep-
resents the critical step in the problem conceptualization stage. Only after
the team is agreed that all steps and all disconnects have been labeled do
they then focus on what is called the "should be" map. This map is the ideal-
ized representation of the new process in which the disconnects have been
removed. The overall goal of the construction of the "as is" and "should be"
maps is an attempt to eliminate nonvalue-added steps, wherein the remain-
ing steps are redefined for more efficiency; that is, the "should be" map repre-
sents the normative model of the process.

Across differing industrial sectors, the data suggest that this tool signifi-
cantly improves the efficiency of a given process by reducing throughput
time. For example, in product development processes, cycle time has been
reduced anywhere from 39% to 75% (Anjard, 1996). Manufacturing
reengineering efforts using process maps have also shown dramatic effects
(Aldowaisan & Gaafar, 1999) with efforts by one process improvement team
leading to a reduction in product installation time by 50% (Mason, 1997).
Through the use of process mapping to simplify manufacturing procedures,
one team found that errors were decreased to 2% of their initial level (Symons
& Jacobs, 1997). Furthermore, in some situations, improvements in adminis-
trative or service processes can be as high as 90% (see Loew & Hurley, 1995,
for a discussion).

PROCESS MAPPING AND PROCESS MAPS
AS SHARED MENTAL MODELS

In this section we illustrate how, in the construction of the process
map, the team may actually develop a shared problem model for the process
in question. We do this by illustrating how it is that process mapping may
help teams overcome situations typically hindering group performance (e.g.,
Gersick & Hackman, 1990; Gigone & Hastie, 1997; Hackman, 1990, 1998).
We argue that process mapping facilitates communication among team mem-
bers and leads to more effective scanning of the problem environment, en-
suring that all elements are accounted for and properly addressed, facilitating
the problem conceptualization process. Further, we show how components
from the more standard definitions of shared mental models (e.g., team roles)
fit well within the context of shared models for problem-solving teams.

Problem Structure

The development of a process map represents the development of an
organized means with which to conceptualize work flow. As all team mem-
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bers contribute to the map with their unique knowledge base, a detailed rep-
resentation develops. Specifically, process mapping helps team members flesh
out a typically limited understanding of the process in question. While indi-
vidual team members may possess fairly well-developed knowledge structures
with respect to their aspect of a given process, their overall knowledge is, at
best, incomplete and, at worst, inaccurate. For example, after process map-
ping sessions, problem-solving team members have noted, "most people think
that they know the whole picture of what goes on in the company . . . After
[cross-functional process mapping], you realize that there is a lot more to it
than you thought" (Loew & Hurley, 1995, p. 58). Thus, the joint develop-
ment of the map allows team members the opportunity to elaborate on their
understanding of the entire process.

This aspect of process mapping makes it an ideal intervention for over-
coming problems due to a tendency for teams to focus more on solution gen-
eration than problem conceptualization. In certain situations management
may actually encourage this tendency; that is, management may desire solu-
tions to their problems be identified by the team rather than a better under-
standing of the problem (e.g., Anjard, 1996). But, by focusing the team on
the process and the problems inherent in the process (i.e., the disconnects),
process mapping teams are forced to forgo discussion of solutions. Thus, we
suggest that, in the collaborative construction of the map, participants are
required to explicitly define the problem, ensuring that all members are con-
ceptualizing the same problem.

In sum, process mapping provides an enabling structure that allows the
team to capitalize on multiple inputs (see Hackman, 1990, 1998). Process
mapping creates an environment in which a diverse team can share their
knowledge in a way that promotes performance and teamwork. This is par-
ticularly important in the context of problem-solving teams because such
teams are often ad hoc and will benefit from a structure that scaffolds their
communication as they construct their maps.

Team Member Roles and Skills

As the team engages in the initial phases of process mapping, the unique
contribution of each individual to the process is made explicit as the map is
developed. Specifically, a fundamental purpose of process mapping is to in-
troduce team members to the roles and responsibilities of those involved in a
process. Because teams often have the inability to realize who has the knowl-
edge that is most relevant to the problem at hand and how to communicate
what is important about the problem (e.g., Serfaty, Entin, & Johnston, 1998),
this represents a critically effective aspect of process mapping. Research from
studies in the identification of expertise (e.g., Bottger, 1984) shows that groups
often fail to determine members of the group who possess critical task knowl-
edge and skills. For example, when interacting teams successfully identified
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members possessing the most task-relevant expertise, they performed at or
near their full potential (Libby, Trotman, & Zimmer, 1987). Nonetheless,
many studies illustrate the surprising inability of groups to identify those
members possessing the most expertise (e.g., Bottger, 1984; Yetton & Bottger,
1982). Furthermore, organizations too often suffer from a limited understand-
ing of the idiosyncratic skills of employees in differing departments. With
process mapping, as the cross-functional team articulates the steps in the
process, they are forced to identify which department (and corresponding
team member) is involved in that step. This makes explicit not only the
capabilities of each team member but also their responsibilities for a given
stage in the process.

Process mapping is additionally beneficial because it facilitates infor-
mation sharing by guiding the transfer of information that takes place during
group discussion. A number of studies suggest that group members are more
likely to discuss the information they hold in common (i.e., transfer similar
data) and not the information they hold that is unique (e.g., Hollingshead,
1996; Stasser et al., 1995; Straus, 1996). Indeed, much research demonstrates
that "pooling diverse sets of data via face-to-face discussion [is] more difficult
than it seems on casual reflection" (Wittenbaum & Stasser, 1996, p. 6). By
means of process mapping, not only do team members pool their resources,
that is, contribute their idiosyncratic knowledge, but they also are intimately
aware of each other's resources. Thus, with an increase in information shar-
ing, the likelihood of synergistic effects improves as unique information may
be brought to bear.

In sum, with process mapping the team is better able to adequately
sample items for discussion, particularly when such items are not evenly dis-
tributed across the team. For example, after process mapping sessions, prob-
lem-solving team members have noted that the initial mapping stages pro-
vide "team members a far better understanding of ... each person's role
within the process. This leads to respect and often breaks down barriers that
exist departmentally" (Loew & Hurley, 1995, p. 58). This identification of
personnel and departmental roles along each step of the process allows team
members the opportunity to appropriately acknowledge roles and skills.

Shared Problem Understanding

Overall, this collaborative construction of the process map requires that
participants explicitly define their understanding of the process and associ-
ated problems, thus facilitating problem conceptualization. This is analo-
gous to what shared mental model theorists have described as emergent cogni-
tion (e.g., Carley, 1997), or the notion that only as one articulates one's
understanding or awareness of a given process does it truly become known to
oneself and to others. Thus, the act of making knowledge explicit facilitates
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the development of not only one's own mental model but also a shared men-
tal model.

More importantly, process mapping forces the team to explicitly nego-
tiate their shared understanding of the process, a step argued to be critical for
truly shared mental models (Levine et al., 1993). Others have similarly ar-
gued that problem conceptualization at the level of the team only becomes a
reality when there is a shared awareness that the group accurately perceives
the problem (Larson & Christensen, 1993). For example, after process map-
ping sessions, problem-solving team members have noted that "the 'as is'
map aligns the whole group. It allows you to look at the overall picture of
where you've been" (Loew & Hurley, 1995, p. 57). Only after the team agrees
on the constructed "as is" map will they move to creating the idealized map,
that is, begin solution generation (Mason, 1997).

Last, because a process map is an external representation, it is a con-
crete manifestation of the team's conceptualization of the problem. Research
in collaborative problem solving has demonstrated the substantial benefit of
external representation aids. Such studies use augmented displays that allow
collaborators to visually articulate abstract concepts and manipulate these
task artifacts as the problem-solving process proceeds (e.g., Miller, Price, Entin,
Rubineau, & Elliott, 2001; Suthers, 1998). Representation tools, then, are
useful because they provide a visual baseline, using a "near universal lan-
guage," and are thus understandable across departments (Mason, 1997). Il-
lustrating the effectiveness of such aids, process mapping proponents note
that the map becomes a key element in team problem solving "because it is
visual and people everywhere understand it. Several people in a room can
look at the picture or process map and that spurs questions" (Mason, 1997, p.
67). Essentially, process maps illustrate the manner in which team task in-
puts and team member roles lead to process outcomes (Anjard, 1996). Thus,
representational aids for the task at hand can act as a scaffolding with which
the team can construct a truly shared, and concrete, depiction of the process
problem.

IMPLICATIONS FOR TEAM EFFECTIVENESS

Teams will continue to be a dominant force in organizations, and, as
the demand for rapid response to global changes continues to rise, so to will
the use of problem-solving teams. In this chapter we suggested that problem-
solving teams benefit from the development of shared problem models in a
manner similar to teams in more dynamic environments (e.g., Entin & Serfaty,
1999; Serfaty et al., 1998). We identified several distinct problem-solving
stages from the cognitive science literature and argued that process mapping
facilitates team problem solving by assisting teams in developing a shared
conceptualization of the problem. Further, we showed how more standard
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components of shared mental models actually fit well within the context of
shared problem models.

We should note that our approach to shared mental model theory is
somewhat unique. Essentially, we suggest that process mapping facilitates a
form of team cognition whereby a shared problem model is developed as the
team is forced to negotiate the construction of the map. Other approaches,
for example, empirical studies assessing mental models, use methods such as
concept mapping to assess underlying dimensions of mental models (e.g.,
Rentsch, Heffner, & Duffy, 1994) or train shared knowledge to facilitate
team interaction (e.g., Blickensderfer et al., 1998; Smith-Jentsch, Zeisig,
Acton, & McPherson, 1998). Thus, rather than attempting to assess a men-
tal model and make a claim for its existence, we suggest that the map is the
model (Jonassen, Beissner, & Yacci, 1993); that is, a process map is an ex-
ternal representation that depicts the shared problem model for a problem-
solving team.

Essentially process mapping facilitates the aspect of initial problem solv-
ing cognitive scientists have labeled the search phase (e.g., Klahr & Dunbar,
1988). In the search phase, the problem solver scans the environment ensur-
ing that all elements are accounted for and addressed. We defined this as the
problem conceptualization stage, or the stage that occurs after a problem has
been recognized but prior to attempts at generating solutions. Process map-
ping is beneficial because an adequate initial search phase can help over-
come later attempts at solution generation. Process mapping forces the team
to recognize deficiencies (disconnects in the "as is" map) prior to attempting
to address solutions with the "should be" map. By forcing the team to make a
full evaluation of the problem before any suggestions are made, all relevant
elements/variables and their interactions are addressed.

By diagramming the entire flow such that interconnections are clear
and all repercussions are noted, process mapping provides a means with which
to accurately articulate complicated processes and can overcome limitations
normally experienced when teams deal with complex problems. The issue of
the accuracy versus sharedness of mental models continues to be researched
(e.g., Marks et al., 2000; Mathieu et al., 2000; Mohammed & Dumville, 2001),
and by providing a means with which to integrate multiple perspectives, pro-
cess mapping may lead to an accurate shared problem conceptualization. Thus,
because process mapping encourages a thorough investigation of the prob-
lem space, it may lead to more accurate models of the problem.

Last, we also note the implications of the process map for later prob-
lem-solving stages. After a team successfully conceptualizes the problem, they
then move to solution generation. In process mapping this entails creating
the idealized map (i.e., the "should be" map). The problem-solving team is
tasked to "work on isolating and eliminating the irrationalities and redun-
dancies that have crept into the process, attacking the most glaring sources
of waste and error first" (Mason, 1997, p. 60). Thus, just as noted by shared
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mental model theorists (Klimoski & Mohammed, 1994), accurate shared rep-
resentations of the problem are also important in the later problem-solving
stages. Only when problem elements have been identified, properly concep-
tualized, and agreed on can problem solving proceed effectively.

Some caveats to note concerning the use of process maps include the
time required for process mapping. Depending on the complexity of the is-
sue, process mapping can take anywhere from one to several days. But a cru-
cial benefit of process mapping is that no real training is required; the proce-
dure can be learned relatively easily, often in less than a day (e.g., Selander
& Cross, 1999). Nonetheless, it may require a skilled group leader or facilita-
tor if the team is inexperienced in the technique. Thus, as in early research
on group interaction, in which leaders or facilitators have been documented
to benefit group problem solving (e.g., Fiedler, Chemers, & Mahar, 1976;
Maier, 1967), process mapping requires such direction (see also Gregory &
Romm, 2001). Indeed, as we have argued with respect to process maps, oth-
ers note that leaders or facilitators are effective when they direct interven-
tions that prompt group members to examine their current problem-solving
processes (Gersick & Hackman, 1990; Maier, 1967; Oxley, Dzindolet, &
Paulus, 1996), that is, focus on conceptualizing the problem or their approach,
not the solution.

CONCLUSIONS

The success of process mapping in overcoming interaction problems
suggests that there are tools in existence, or tools to be developed, that can
begin to truly take advantage of team resources. Heretofore, teams have typi-
cally been operating in an additive fashion whereby collective efforts are
merely the sum of individual efforts. The question then becomes, what are
other tools that are consistently applied in organizations (e.g., cause-and-
effect diagrams; Pfadt, 1999), and are they successfully addressing problems
experienced by problem-solving teams?

Although the focus of this chapter has been in decomposing the factors
that lead to effective team problem solving by means of process mapping,
there are two outcomes to be taken from this analysis. The first outcome
concerns the research community and how it is that similar analyses can
foster a better understanding of the potential causes of performance outcomes
when analyzing team cognition. In particular, a closer examination of the
many tools in use in industry (e.g., Ishikawa, 1985) is warranted if we are
truly going to contribute to a better understanding of organizational inter-
ventions. By deconstructing the procedures associated with such tools and
identifying their relation to empirically validated performance constructs,
researchers may be able to suggest either improvements to existing tools or
innovations that provide entirely new approaches to team interaction. Spe-
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cifically, it is unlikely that such tools would have proliferated had they not
demonstrated some measurable success. Therefore, our point is that it be-
hooves us to better analyze current tools to understand what drives their
success and limit what may be partial failings. The second outcome concerns
the organizational community and how it can benefit from such analyses.
Organizational practitioners, who should encourage constructive assessment
of these tools, will benefit from an understanding of how they work and when
they are best applied.

We conclude that the challenge facing organizational and cognitive
psychologists is to fully address the often overlooked difficulties associated
with team problem solving and suggest that much needs to be done if we are
to truly realize the synergistic potential involved in teamwork. In addition to
designing theoretically derived methods for overcoming team processes hin-
dering effective performance, researchers should also more fully analyze the
many problem-solving tools being applied to identify their strengths and
weaknesses. With a more systematic approach, we can maximize the utility
of organizational interventions by more fully delineating the situations for
which they are most beneficial.
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