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ABSTRACT
Crisis management in today's technologically mediated world is a challenging
task that requires the encoding, storing and retrieval of large amounts of knowledge and
information far beyond the capabilities of the individual mind. Systems developed to
serve the information needs of crisis management should therefore accommodate the
distributed nature of work in this context. Crisis management personnel often work in
teams and their activities are shaped based on their interactions with each other as well as
their environment. Moreover, crisis management teams tend to develop idiosyncrasies in
organizing their own knowledge thereby hindering future possibilities of communication
or coordination with external agencies. Keeping this in mind, the research described in
this thesis considers the cognitive activities of the team in designing relevant technology
for crisis management. Transactive memory is a theory put forward by Daniel Wegner in
an effort to understand the group mind. The theory asserts that groups would succeed in
achieving their collective tasks better if they can emphasize specialization into the work
through accurate expertise judgment and thus continuously reconcile an evolving and
disparate knowledge base for the common benefit of the group. This thesis will thus use
the transactive memory approach in designing a prototypical decision-support system for
crisis management personnel.
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Chapter 1
Introduction
Group organization in a crisis situation can be understood to include both
emergency crews and the knowledge of the community where the crisis event takes place.
Crisis management personnel must communicate and coordinate with each other while
sharing information about multiple constructs of the evolving situation. This can include
a number of challenges concerning both the coordination of different groups of agencies
spanning law-enforcement and public safety agencies. To this end, transactive memory
exists as groups of people interact with others to access, store or retrieve joint memories
that represent historic or situational knowledge (Wegner, 1987). Transactive memory is a
key element in communication, as it directs an individual in search of information to a
precise and relevant source. In other words, transactive memory could be described as a
means to acquire information about "who knows what" (Wegner, 1987, 1995) in a
particular situation. Transactive memory is therefore especially well suited for managing
information across disparate domains of knowledge. Thus the effectiveness of a response
effort that subsumes multiple teams and agencies of responders depends on the amount of
transactive memory created. To this end, this thesis studies the design and development
of a prototypical decision support information system that can be used by crisis
management personnel to engage in the effective management of resources and
personnel.
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1.1

Transactive Memory
Transactive memory exists as groups of people interact with others to access,

store or retrieve joint memories that represent historic or situational knowledge. (Shapiro
et.al. 2008). Originally proposed by Daniel Wegner in his 1987 paper titled “Transactive
Memory: A Contemporary: Analysis of the Group Mind” (Wegner 1987), Wegner
acknowledged the unique nature of the group mind which he termed as being constructed
by the distinct components of individual memories along with the interactions amongst
people holding such memories. Transactive memory is thus a theory that aims to predict
group behavior based on the processes by which the group makes sense of incoming
information.

As Wegner says, the “encoding, storage and retrieval stages” are significant
stages of how individuals make sense of, and organize, incoming memory. In brief,
encoding is the process of information entering the mind, it is the act of individual
perception on how individuals may consume the information around them. Storage is the
stage, where the information may be organized based on certain identifiers for future use
and re-use while retrieval is described as the process by which and individual may make
use of their stored memory capacities in retrieving relevant information for the task at
hand. Wegner furthers his analysis of individual memory by emphasizing the importance
of meta-memory. Meta-memory can be explained as a person’s awareness of their own
memory capabilities. In the context of Crisis management, meta-memory is especially
important since it alludes to the awareness of the capabilities within an agency. Thus law-
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enforcement, fire Emergency Medicine and Hazmat amongst others, must function with a
comprehensive understanding of the capabilities they possess in responding to various
incidents. A lack of meta-knowledge of your own capabilities would lead adverse
performance issues.
Another important concept that Wegner uses as a run-up to transactive Memory is
how people use their internal and external memories in explaining their cognitive
activities. Remembering something, as Wegner puts it, is characterized fundamentally by
a label along with the memory item, i.e. the item to be remembered. But in many cases,
people tend not to remember the memory item but instead create location pointers to
artifacts of external storage to help them remember extensive amounts of information. A
simple example being, how people would tend to remember telephone numbers. The use
of a telephone directory or a book illustrates the usage of an artifact of external storage
while the individual would remember the title of the phone number (a person’s name)
along with a location pointer (the telephone book or where it has been kept). This tuple of
label and item along with the combination of our internal and external memory strategies
are the fundamental characteristics of how individual memory operates.
While individuals use external storage objects to remember something, a group
may use individuals as external storage objects to “collectively remember”. Thus the
transactive quality of individual memory is the distinct element in understanding how
“the group may remember together”.
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Figure 1-1

Figure 1-1: Wegner’s analysis of the group mind: Transactive Memory
•

Transactive encoding, the process of the group discussing incoming information and
developing methods to manipulate the incoming information in a manner that the
entire group understands. Transactive encoding may also be performed by a direct
instruction by a group member for another member to remember something (this can
be applied to more structured groups operating under a specific authoritarian structure
or chain of command).
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•

Transactive retrieval may be undertaken successfully when a group member may rely
on the memory or expertise of another member in retrieving specific information.
Here the fundamental characteristics of individual memory come into play where one
group member may know part of the information internally but utilizes the internally
stored memory item of another group member to complete the retrieval process.

The Transactive Memory System (TMS) is thus a system constructed as a result
of the transactive processes of individual members of group constantly communicating
and relying on each other’s internally stored memory items over time. The maturity of the
group is an important construct of an effective transactive memory system that depends
on communication and interdependence of the members of the group. For example
groups that have worked together or have been in each other’s company for prolonged
periods of time have some knowledge and understanding of how the other members of
the group function.
Transactive memory is a key element in communication, as it directs an
individual in search of information to a precise and relevant source. In other words,
transactive memory could be described as a means to acquire information about "who
knows what" (Wegner 1987, 1995) in a particular situation. Transactive memory is
therefore especially well suited for managing information across disparate domains of
knowledge. Thus the theory of transactive memory is well-suited to inform the design of
a decision-support system for crisis management. Specific relevance of transactive
memory to group-work in Crisis management is explained later in this chapter.
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1.2

Common Operational Picture
Working groups solving problems together often need to achieve a common

consensus on the important elements of the problem. This common understanding is
necessary so that decision-making for an evolving and complex situation can be
effectively enabled if knowledge about the situation is aggregated onto a common space
for all the decision-makers to make use of collectively. The centralization of information
that facilitates such convergent processes is referred to as the common operational
picture (COP). A COP is first and foremost a visual representation; it is a structurally
emergent artifact that visually illustrates the relevant information characterizing the
situation. (USJFCOM, 2008). A COP is most useful when multiple groups operating
under a multi-level organizational structure require quickly accessible and actionable
knowledge to rapidly make decisions.
The COP like transactive memory is also a constructed object that can be traced to
the underlying structural entities of an organization. The emphasis, in a COP, is on the
representation of information that is relevant to the development of a common
understanding within the group. This heavily ties in with transactive memory and thus the
effective working of groups communicating with each other. The overlap being, that an
effective transactive system requires that information entering a group be labeled
appropriately in a manner consistent with overall group understanding, Wegner suggests
that the labeling of information must take on the notion of a Common Denominator to
categorize different information (such as operational, strategic and tactical information)
such that the group may use more of this information effectively (Anderson et. al. 1979).
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1.3

Relevance to Crisis Management
Crisis management almost always involves teams of individuals working together

not only amongst themselves but also in collaboration with other teams (McNeese et. al.
2004). Complex incidents require rapid response activity from local, state and sometimes,
even federal crisis management agencies. The necessity to respond rapidly presents itself
as a challenge to systems design in terms of decision making, information management
and collaboration. The use of Geographic Information Systems (GIS) has played an
important role in determining the successful outcome of various response activities but
off-late with the tragedies in the 9/11 disaster, the Katrina Hurricane and the more recent,
floods of the mid-west – the need for various crisis agencies to interact, communicate and
work with each other has grown significantly. This thesis doesn’t argue that transactive
memory is a panacea for managing a full-scale crisis but aims to design a Decision
Support System predicated on how teams of people think and moreover, how
interoperability can be effectively achieved amongst multiple levels of organization and
authority.

1.4

Organization of thesis

The remainder of this thesis describes the following in detail. Chapter 2 will provide
further background and context of relevant areas of work. Chapter 3 reviews the existing
literature and similar studies consistent with transactive memory, other models of group
performance, Computer Supported Collaborative Work (CSCW) and Human Computer
Interaction (HCI). Chapter 4 elucidates the theoretical contributions made through this
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thesis by explaining the original concept of nested-transactive memory for
Interoperability in crisis management agencies. Chapter 5 details the transactive memory
prototype in explicit detail. Chapter 6 reviews the methodology employed in studying this
domain as well as details semi-structured interviews conducted discussing the prototype.
Chapter 7 serves to analyze the data collected and discusses improvements in terms of
providing recommendations for re-design as well as theoretical amendments. Chapter 8
provides insight for future research opportunities. Finally, Chapter 9 concludes this
thesis.

1.5

Summary of contributions
The research described in this thesis has accomplished the following:
•

This thesis has extended the transactive memory theory by applying it
specifically to the emergency and crisis management context by proposing
the nested-transactive memory model. (Refer Chapter 4)

•

This thesis has developed a prototypical transactive memory system that
provides features to assist decision making at emergency operation centers
(EOC). (Refer Chapter 5)

•

A qualitative evaluation through semi-structured interviews of experts in
the emergency/crisis management has been conducted with IRB approval.
To this end, the data collected has been analyzed. (Refer Chapter 6)

•

The analysis of the data provides specific recommendations for the redesign of the prototypical transactive memory system with the objective of
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reflecting a more naturalistic design. Additionally theoretical implications
are also discussed (Refer Chapter 7)
•

Lastly, future opportunities of research predicated on the work in this
thesis are discussed by describing future opportunities to extend
transactive memory as well as explore the domains of information fusion
and mobile device support through spatial annotation.
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Chapter 2
Background and Context

2.1

NeoCITIES
NeoCITIES is a simulation tool that serves as an experimental test bed for crisis

management research. NeoCITIES is a computer supported decision making testing
environment that simulates a resource allocation problem by emulating a GIS and issuing
hypothetical scenarios of emergency events (Jones et.al., 2004; McNeese et. al. 2005).
Although NeoCITIES is a tool used by individual members of a team, it serves as an
important background for this work. NeoCITIES, in its current form, assumes that a
resource manager controls the allocation of resources while responding to an emergency
event. The simulation consists of a front-end User Interface (UI) and a back-end server
that can be used to control and manipulate the NeoCITIES world. The UI is made up of a
map-based visualization that has navigation controls such as pan and zoom. Other UI
features include a event notification module that streams incoming notifications of events
on the screen; a resource management panel that indicates the number and type of
resources present and whether they can be allocated to a situation. Lastly, a chat module
allows resource managers from each agency to communicate and coordinate their
allocation decisions with other agencies. The feature-rich NeoCITIES simulation
environment serves as an ideal testbed to study Team cognition and how teams solve
problems using technology. Furthermore, the NeoCITIES simulation also emphasizes the
use of GIS visual analytics in the form of annotations that allow each team member to
highlight important regions of activity.
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NeoCITIES has been designed as a cognitive artifact allowing researchers to
study how technologically-mediated communication may influence collaborative
decision making. It has been designed within the Living Lab methodological framework
(McNeese et. al., 2005) which is a cyclic and iterative process of theory-driven design
supported by real-world data and experiences thereby reflecting a very realistic problem
solving testbed. Although NeoCITIES was developed as a simulation tool to test team
cognition in crisis management situations, it is an important building block to guide may
of the design principles involved in designing and developing the transactive Memory
prototype.
Figure 2-1 illustrates the UI components of the NeoCITIES simulation. Each
instantiation of this interface is applied to a single role. In the figure, an example of the
Police interface is seen. Similarly interfaces for Fire and Hazmat teams are provided. A
team comprising of Police, Fire and Hazmat individuals is tasked with allocating
resources in responding to multiple simulated emergency situations. Each team is
expected to use the various features provided by the simulation environment. This allows
for important data to be gathered with respect to how the team coordinates its response
activities and how they solve problems together.

Role:

Clock

A reminder of your role on
the team

The clock shows
the simulation time

Find Building

Layer Control

This can be used
to
search
for
buildings related to
the specific events.

This panel
is used to control the
visibility
of
Map
Layers. They can be
toggled on/off.
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Score
Panel

Map Panel

These
bars
represent
your’s as well
as your team’s
overall
progress
during
the
episode. Your
objective is to
keep the score
as high as
possible.

Shows a view
of the campus
Map can be
panned
by
clicking on the
arrows in the
direction you
want to pan
and zoomed by
clicking on the
+ or - button at
the top left
corner

Event Tracker

Resources Panel

Chat Panel

As
new
events
occur, the details will appear
in this tracker as well as icons
on the map. It also conveys
any status change in the
event as time progresses.

Once an event is selected in the
event tracker, and its location
annotated, appropriate resources
can be applied to that event from
this panel.

This
panel
is
to
communicate via text
with the Fire and
Hazmat
managers.
Annotations shared on
the map can be shared
using this panel.

Figure 2-1: The NeoCITIES simulation and its various User-Interface (UI) components
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2.2

Incident Command System
The Incident Command System (ICS) is a set of standardized, on-scene, all-

hazard management principles in managing large scale Crisis situations or incidents.
These incidents can be described as large scale events that require the coordination and
management of a massive number of resources and personnel to the event area in order to
perform mitigation, preparedness, response and recovery operations during an incident.
The ICS is a requirement in the United States under the National Incident Management
System (NIMS) (Johnson 2005, Ridge 2004). The main objective of implementing ICS is
to bring together multiple agencies of emergency response and management under an
overarching command and general staff to facilitate effective productivity while
responding to a crisis situation. This is done by developing a integrated, multiagency plan
to facilitate seamless interoperability between disparate communities of practice in
emergency relief, law enforcement, medical response and hazardous material handling
agencies.
The ICS emphasizes on incorporating the use of common and simple terminology
in communications. This is done to avoid the level of ambiguity in defining terms and
objectives while planning incident action plans (artifacts of decision making that are used
by the entire organizational structure). One of the purposes of having the ICS in place to
Prior to the ICS, there were very few methods set up to meet the interagency integration
requirements of crisis management. This requirement to achieve seamless interoperability
was seen as a major issue in the 9/11 disaster relief work as well as to the Katrina
hurricane response (Cai et. al. 2005). To this end, the ICS details management principles
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for inter-group as well as intra-group activities. The maintenance of a manageable span of
control, the establishment of pre-designated locations and facilities, implementation of
resource management practices and ensuring a integrated communications (FEMA, 2008)
are the main governing features of the ICS in making maximum use of resources and
personnel in a controlled and coordinated manner while responding to a large scale crisis
event.
The relevance of the ICS principles to the transactive memory prototype can be
found in realizing their primary objective to increase a group’s potential to make better
use of their already available resources. Centralization of information is another common
objective that is shared by the ICS principles and transactive memory. Wegner explicitly
states that the use of a common label to categorize information is crucial to the effective
operation of transactive memory systems (Wegner, 1987). This is consistent with the
common-terminology principle of the ICS. Furthermore, the ICS emphasizes the need for
modularity in structuring organizations to manage incidents effectively. Similarly,
transactive memory systems need to measure expertise accurately and make individuals
accountable for circumstantial knowledge in the absence of an expert.
The Common Operational Picture is significant here since it reifies the theoretical
and high-level principles of transactive memory and the ICS. The Common Operational
picture is described as a structurally constructed visual interpretation of the collective
understanding of different domains of knowledge concerned with a common situation.
The Common Operational Picture is thus used as a tool to gain a better Situation
Awareness of complex and distributed problems. The transactive memory prototype
keeps all of the above principles in mind in its design philosophy.
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Table 2-1 summarizes the main principles of transactive memory, Common Operational
Picture and ICS principles.
Table 2-1: Comparison of Transactive Memory Theory, ICS & Common Operational Picture principles
Transactive Memory

Common
Operational Picture
Group cognition
Visual representation of
Focus
tactical, strategic and
operational information
Describes the integrative To offer a common
Objective
processes of individual representation of team
memories,
constructed needs.
over time to form a mode
of group operation.
Familiar groups
Teams
Domain
Multiple
levels
of
Level of analysis Group level
teamwork
Close relationships that Strategic, Tactical and
Individual
exist
over
extended operational relationships
relationships
periods of time.
Communications High-fidelity, descriptive - Visually communicated
nature varies between individuals
of the team.
Individual
memories A common representation
Constituents
acting together through
based on team needs
communication.
describing structural
process management.

Incident Command System
Organizational Principles for
crisis management
To guide the activities of
Crisis management
personnel efficiently.

Organizations
Spans
all
participating
organizations
Operates with a specific chain
of command
Homogeneous, unambiguous,
simple
using
common
terminology.
Basic Principles include:
• Common
Nomenclature
• Management
by
Objectives
• Span of Control
• Integrated
Communications
• Unity of Command
• Unified
Command
System
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2.3

Existing Systems
Decision support systems have been researched and implemented extensively in

the Crisis management context. In discussing and reviewing these systems as compared
to the transactive memory system prototype, one has to consider the existing approaches
used in designing such systems. This section categorizes existing decision support
systems according to the theoretical perspectives from which they were developed.
Transactive memory along with the Common Operational Picture emphasizes the
necessity of achieving a shared understanding through a visual representation of the
centralization of information. Along with these theoretical perspectives, the ICS
principles outlined by the Department of Homeland Security play a significant role in the
design and development of the prototypical transactive memory system discussed in this
thesis.
Geographic Information Systems (GIS) are intended to model either static or
dynamic occurrences within a geographic context. GIS can be understood both as a
geospatial tool and as a method of visually representing information within a geospatial
context. As such, dynamic maps can be used as a transactive memory tool to share
information. The use of interactive map tools in this instance is intended to serve as a
way to avoid problems associated with the breakdown of transactive memory by allowing
easy access to information by all members of a group, as well as delineating the different
responsibilities of different groups (MacEachren et. al. 2006).
Examples of groupware and work-related organizational technologies include
iLounge, a whiteboard program (Sundholm et. al., 2004), a computerized diagram of

17
public transportation in Stockholm, Sweden, a forest fire management tool, (Wybo et. al.
2001; Sidlar et.al. 2007), and an Argumentation Map. iLounge was designed as a
collaborative white board tool and tested by students asked to create a multimedia guide.
Participants inserted or drew images onto a publicly visible screen. It was noted that
participants showed some reluctance to draw and place images on a publicly viewable
surface. The experimenters note that the whiteboard was used as a collective memory
device for previous discussions. They used simple sketches and images downloaded from
the internet in order to better represent their subject material. The computerized diagram
of public transportation changed in real time to represent the position of trains on the line.
The control room was required to monitor the progress of the trains according to a preset
time table to make sure they were running according to schedule. During the evening, the
line diagram became useless, since it only monitored the train position, and could not be
re-tooled to monitor repair conditions. In order to better represent the status of the night
shift, they used a physical white board with magnets representing repair conditions. Each
individual in the control room also used a paper notebook. The whiteboard and the
notebook were referred to by (Sundholm et. al., 2004 ) as cognitive artifacts, classified by
varying degrees of openness. The white board was visible to all individuals in the control
room, although only 2 individuals made changes to it, and therefore had a high degree of
openness. The notepads, although they might contain important information, were only
visible to the individuals at that desk, and had a low degree of openness.
The forest fire management tool was intended as a decision support tool
used to teach different outcomes in forest fires (Wybo et. al., 2001). Experts record
details about a forest fire that are added to a database and representational geographical
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map to represent a particular instance in the fire so that other fire fighters can use their
experiences to determine possible results of various actions divide the decision making
process into perception, analysis, action, and latency. This tool is designed to aid in the
appropriate perception of a situation, comparing the situation to past events to create an
analogy. Similarly, (Sidlar et. al, 2007) propose a GIS tool combined with a user input
feature for urban planning. The Argumentation map tool allows people engaging in a
discussion about urban planning to view a map while engaging in a threaded discussion
in an embedded window.
(Ahola et. al., 2007) discusses a new model that can map multiple
variables on request using color gradations. Designed for modeling the damage done by
different types of bombs in different locations, this particular simulation is different from
some others because it takes into account the different types of buildings, the number of
people likely to be in them, and the time of day they are likely to be occupied. It provides
a more realistic sense of potential damage due to structural integrity of buildings and the
populations that would be affected at any given time. Information about the areas likely
to have large numbers of people at any given time would also be of concern to rescue
crews in the area. Decision making in this model is based on visualization and likewise
considers time of day, but does so in order to plot the likely course of a pandemic given
travel and population centers. This has been useful in determining the most dangerous
types of travel to occur during a disease outbreak.
Thus existing decision support systems have concentrated on specific elements of
the system design incorporating innovative work in visual analytics, GIS, Cognitive
systems engineering (CSE) amongst many others. All these systems have their own
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unique approach in presenting the crisis management community with customized
technology to fit their informational needs, nature of communications and their rapid
decision making. The transactive memory system is then yet another decision support
system then? Most of the above systems have been designed with minimal use and
understanding of the norms and practices of the day-to-day activities of crisis
management personnel, opting rather to introduce newer technology for them to probably
get used to. These overheads of training for a new system are not quite practical in the
real world in a more naturalistic setting where Command centers rely primarily on the
communicative abilities of the decision makers. The transactive memory prototype
exploits these abilities in designing specific features that make better use of them instead
of substituting them entirely. The TMS prototype is thus an augmentative aid for decision
support while most existing systems aim to be substitutive aids.

Chapter 3
Literature Review

3.1

Transactive memory
Transactive memory has been described in a number of different ways, but the

term is perhaps best defined as “a set of individual memory systems in combination with
the communication that takes place between individuals.” (Wegner, 1987; Wegner et. al.,
1985 ). Memory systems can be considered to include both the memory of individuals
and the knowledge of how to retrieve information from external sources. Transactive
memory theory replaces earlier theories which most often treated group memory as an
individual memory system (Wegner, 1987). While transactive memory is more complex,
concepts relating to the memory of an individual still apply to those governing transactive
memory, including encoding, storage, and retrieval. However, other concepts take on a
new importance in this model including the accuracy, sharedness, and validation of the
group’s shared knowledge system (Brandon et. al. 2004).
The concept of transactive memory is predicated on the idea that not all
members of the group are privy to the knowledge necessary for the group’s functioning.
Specialization is integral to the formation of transactive memory (Lambert et. al. 2002,
Lewis, 2004). The specialization of individuals within a group may be delineated by preexisting personal expertise, circumstantial knowledge, or by the acceptance of
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responsibility for certain information as part of the group. Those individuals are then
expected to share information with the group.
A transactive memory system may contain information sources from
electronic storage as well as people. Effective communication of that knowledge is
important to group decision making. Uneven knowledge within a group can impact the
outcome of a discussion. (Stasser et. al. 1985; Brandon et. al. 2004) found that
individuals within a group were biased in the options they supported by knowledge
learned beforehand, even when they were later informed of new information during the
discussion. If more knowledge is made common before the discussion, more options may
be considered as possible courses of action. Part of transactive memory can be
conceptualized as a shared common operational picture. Well-catalogued data is useful
in the location phase of organization memory retrieval (Anand et. al., 1998), allowing the
community to effectively provide information to both familiar and unfamiliar first
responders.
Research conducted by Jefferson, (Jefferson et. al., 2004) showed that
perceptual anchoring, formally sharing knowledge regarding a situation in a common
arena, allowed for fewer mistakes. They also showed that individual’s performance
suffered when information was deliberately withheld from some members of the group,
illustrating the importance of a properly functioning transactive memory.
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3.2

Transactive memory and derivative works

Wegner's original theory signified an important change in understanding of the group
mind (Wegner et. al, 1985; Wegner, 1987). Previously, the group mind was considered as
a linear progression by replicating the processes of the individual mind. Wegner did not
completely agree with this notion and he argued that the group mind behaved quite
differently from the cumulative processes of the individual mind. To this end, he also
argues that transactive memory cannot be traced to any one individual component of the
group but exists as separate from the individual memories of the group. The contribution
therefore in conceptualizing transactive memory was that it helped explain the intricacies
of the group mind as a separate concept by explaining the various elements of it. By
doing this, Wegner laid the foundation for further inquiry into this phenomenon that still
exists today.
In original form transactive memory was a conceptualization of how the group
mind might work. At that point there wasn't much empirical evidence on whether
transactive memory as a phenomenon existed. It couldn’t be adequately measured
empirically and there weren’t many metrics in place to explain the various transactive
memory processes. It is therefore important to consider some of the questions that arose
from the conceptualization of transactive memory. When does it exist? How does it exist?
Research by (Liang et. al. 1995, Moreland et. al. 1996) indirectly answered some of these
questions through experiments on students working in groups assembling radios. Their
measures included (a) how well each group recalled the procedure for assembling a radio,
(b) how quickly each group assembled its radio and (c) how many assembly errors that
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radio contained thereby alluding to the retrieval, performance and accuracy of
workgroups. Their goal was to better understand the mediating effects of direct and
indirect effects of training methods. In doing so however, their findings included three
factors that showed the tendency of groups operating under the principle of a transactive
memory system. These factors included memory differentiation, task coordination and
task credibility. Memory differentiation is the notion that specific members of the group
recalled specific elements of assembling the radio, task coordination i.e. the ability of the
group to perform their individual tasks in a coordinated manner towards the successful
assembly of the radio. Task credibility was described as the level of trust amongst various
group members in their knowledge on assembling the radio. The results of the experiment
indicated a verifiable influence of transactive memory between the group training phases
and group performance. A second experiment was conducted mainly to replicate the
results of the first experiment and also to add other elements of learning and training to
provide inquire about alternative explanations for improving group performance.
Their results suggested significant effects of transactive memory on group
performance as opposed to group training methods. These empirical studies thus created
some introductory measure by which to test transactive memory in groups and therefore
led to an enhanced understanding of the phenomenon.
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Figure 3-1: Testing whether Ttransactive memory mediates the effectsof Training
methods or Group performance (Moreland, R. L., Argote, L., & Krishnan, R. (1996))
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Further studies (Lewis, 2003) created even more measures such as specialization,
credibility and coordination in evaluating team performance. Finally, (Austin 2003)
expressed interest in understanding the various dimensions of transactive memory in an
effort to better understand the phenomenon as well as to operationalize these dimensions
so that further research on transactive memory could utilize these generalizable measures
in different contexts. Austin's dimensions of transactive memory include; (i) group
knowledge stock, (ii) consensus about knowledge sources, (iii) specialization of
expertise, (iv)accuracy of knowledge identification and (v) knowledge of external ties.
Group Knowledge stock is described as the cumulative of individual knowledge. Group
knowledge stock can be thought of as the centralized body of knowledge that is
accessible by the individual members of the group. Consensus about knowledge sources
is described as the extent to which the group agrees with the origin and verifiability. This
relates to the transactive encoding Wegner describes where the group discusses incoming
information and manipulates it in different ways to afford group understanding. Austin
mentions that this dimension provides a link between transactive memory research and
team mental models in evaluating group performance. Specialization of expertise is the
third dimension and is proffered by Wegner as well. Specialization is described as the
level of distinct knowledge possessed by individual group members. The fourth
dimension is accuracy of knowledge identification which relates to Wegner’s concept of
the necessity to have a designated transactive memory expert who basically keeps track
of what individual group members know. Austin acknowledges that these measures are
not new and have been previously derived but his significant contributions to transactive
memory literature are in studying the relationships between the different dimensions. To
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this end, he conducted empirical studies to better understand and measure the various
relationships that may have existed between the various dimensions of transactive
memory (Austin, 2003). His hypothesis included statements that inquired about the direct
relationships between the levels of transactive memory and its dimensions to group
performance. His results indicate that transactive memory accuracy was the most
significant indicator of group performance, i.e. the accuracy of identifying bodies of
distinct knowledge contributed the most in predicting group performance. Therefore, a
more accurate assessment of individual’s expertise would entail better performing
groups. Furthermore, the remainder of Austin’s results suggests significant roles played
by knowledge specialization and transactive memory consensus.
Austin’s dimensions of transactive of transactive memory are very important in
the design of the prototype discussed in this thesis as they narrow-down and quantify the
subjective elements of transactive memory thus facilitating a focused design approach.

3.3

Organizational Memory
Austin provided a generalizable set of quantifications to measure transactive

memory but his work doesn’t provide contextualized applications of transactive memory
which we find in (Nevo et. al, 2005) who apply transactive memory in the developing
technology to enhance organizational memory. Organizational Memory like transactive
memory is more structured and describes the collective memory of the organization
which emerges as a result of the generation, capture, sharing and application of
knowledge in the organization (Alavi et. al, 2001). Nevo and Wand have adapted the

27
transactive memory approach to solve some of the problems in incorporating information
technology solutions for the organizational workplace. In summary the problems involve,
dealing with context; Nevo and Wand suggest that organizational knowledge is innately
characterized by context and that the transfer of knowledge within or between
organizations involves a “stripping off of context” that technology solutions should take
in consideration. Secondly, the problem of locating stored knowledge is complex since
organizational knowledge is often stored amongst the semiotics of communication,
physical settings in addition to the individual minds who possess them internally. The
third problem of Organizational memory is dealing with tacit knowledge that manifests
itself in hidden profiles, which is dealt with later on in this thesis. A fourth concern lies in
the volatility of Organizational knowledge which is relevant to organizations operating
under ephemeral conditions and rules. Lastly, the issue of externally present knowledge
poses as an additional challenge for Organizational memory. From the above, it can be
inferred that the challenges faced in designing Organizational Memory Information
Systems or OMISs can bear some relevance in using a transactive memory approach to
explore solutions for the above problems. In doing so, the literature from Organizational
Memory proves to be important as crisis management finds a lot of parallels in
Organizational management. The ICS principles as described before were drafted from an
organizational perspective to enable an effective and efficient organizational structure for
multi-agency crisis response (Chen et. al., 2007). Nevo and Wand’s paper provides the
basis for the design of a transactive memory inspired digital artifact. They conceptualize
the design of artificial meta-directories that are rooted in the emphasis on meta-memory
in transactive memory. Artificial meta-directories contain transactive knowledge that
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would alleviate the aforementioned problems of organizational memory. The
organizational memory literature provides further insight in the form of (Anand et. al.,
1998) which makes use of the transactive memory approach in presenting a multi-level
representation of soft knowledge for information management (refer Figure 3-2).

Figure 3-2: A multi-level representation of Organizational Memory. (Anand et. al. , 1998)
suggest that transactive memory exists between the group level and the Organizational level in
explaining group performance.
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Although similar in inquiry to Nevo & Wand, 2005; Anand et. al., 1998 explores the
issues of tacit knowledge and the communication paradigms that affect information
management in organizational structures. Another important difference is their departure
from a technology oriented solution to organizational memory theory in providing further
insight into how the transactive memory model can be adapted to explain organizational
behavior. Their objective in doing so is to establish explicit actions that the organization
can make at a task and decision making level to facilitate effective information
management.

Nature of Teams
Another important category for reviewing the relevant literature is the type of
teams or groups studied. Wegner’s original theory primarily concentrated on small
groups of individuals or experienced teams and actually owes its origins to the cognitive
behavior of “intimate couples”. It is interesting to note that Douglas Hofstadter’s
perspective of analogy-centric cognition also relates closely to transactive memory.
(Hofstadter, 2007). Hofstadter asserts that memory in couples is so closely intertwined
that

each

partner

maintains

a

low-fidelity

copy

of

the

other’s

partner’s

consciousness.(Cass, 2007)
The different types of groups or teams studied in the context of transactive
memory are many. (Jackson et. al., 2008) study the presence and effect of transactive
memory in distributed organizations where they characterize groups in such organizations
as being distributed entities where the individuals of the group are not necessarily colocated. Thus work in such organizations is predominantly performed virtually and this
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has implications for how the group functions in terms of how the group organizes its
memory. Jackson et. al. study the concepts of “directory maintenance”, “information
storage and “information retrieval” in conceptualizing an information system to facilitate
virtual work to support a TMS. (Moreland et. al., 2003) study dynamic teams and
question the different manifestations of transactive memory in dynamic groups. Here
dynamic groups are characterized by local or self-autonomy and their tasks are assumed
to be temporary and diversified thus creating an interesting an opportunity to investigate
the presence of transactive memory. The authors stress on flexibility in these teams
where flexibility of the group is defined as the ability of the group to deal with changes in
their environment and this includes high attrition rates within the group. So the question
remains on how to effectively manage, preserve and retrieve the diversified memories of
members who leave the group and efficiently transfer them to incoming participants.
Their work also suggests that transactive memory is strengthened at the organizational
level at the expense of the transactive performance at the team level.

Distributed Cognition

Distributed Cognition plays a vital role in assessing team performance especially
in the transactive memory context. Originally framed by Hutchins (Hutchins, 1995) ,
distributed cognition is a framework that consists of people and the ecological artifacts
they interact with. As (McNeese et. al. 2005, 2004) put it, cognition is an evolutionary
process that is “dispersed over space and time” and that this process “is not confined
within the head of an isolated, single individual”. It is quite relevant to include this
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individualistic nature of cognition into this thesis so as to acknowledge the holistic nature
that is required for the design of a prototype whose primary objective is to support the
cognitive functions of a specific individual (i.e. decision maker), but in doing so also
serves the cumulative group needs. The work in distributed cognition benefits the study
of groups since it takes into consideration the tacit information that is possessed by
individuals that often goes unnoticed while studying the decision-making activities in
groups. One has to remember that the individuals in the group are not merely information
processors that simply accept incoming information, store it and retrieve it as a
mechanical, sequential process. Individuals make numerous choices while deciding to
encode the incoming information, whether to accept the information as it is or manipulate
it in a manner that affords efficient retrieval. In doing this, there is a possibility that a
certain amount of information may be stripped off to facilitate a context fitting retrieval.
Individuals thus process information in a manner that is significantly different than how
groups behave as information processors (Hinsz et. al., 1997). Transactive memory
however, does not consider these choices at its highest-fidelity since a single individual’s
perspective of the situation needs to represent the group’s interest. Hence to afford a
more holistic understanding, the research described in this thesis attempts to consider
distributed cognition to explain the ecological nature of group work. An example of
similar research is (Glantz et.al., 2003) where a further inquiry into the distributed
cognition framework is performed through an experimental analysis of groupware, in the
form of a moderated chat room. The hypothesis of this study aimed at the extent to which
a distributed cognitive environment could be created by chat rooms in groupware and
whether these systems, if adequately engineered through CSE (cognitive systems
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engineering) methods, could “create intimacy and relevancy supplementing the social
construction of knowledge” (Salomon, G, 1993).
Further evidence of relevant work in the distributed cognition domain exists in
(Artman et. al., 1999) where the authors conduct a field study of an emergency coordination center in Sweden and established the presence of specific cognitive tasks in
this environment. In an effort to examine the nature of coordination in this center, their
findings included that the nature of coordination and collaboration is considerably
different in co-located environments as opposed to geographically distributed
environments. This study also details the specific objects in the environment that served
as artifacts with specific functions related to awareness, communication and archiving
activities.
Transactive memory systems
The literature also contains many examples of existing transactive memory
systems applied in different contexts. The mapping of transactive memory to theoretical
system design was also studied by Wegner in (Wegner, 1995) where he recommends
specific design considerations while designing information systems predicated on
transactive memory. These design recommendations include the use of “directory
updating”, “information allocation” and “retrieval coordination” mechanisms to create a
transactive memory system. Much can be learned from the application of transactive
memory onto systems design since it provides first hand evidence of design mapped to
theory. (Shami et. al., 2007) designed a social matching system called K-net to help learn
“who knows what” in an organization. They did this by developing an expertise
recommendation system that matched people based on their expertise and friendship. An
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experiment was conducted to verify whether the social matching system would improve
the awareness of the “who knows what” phenomenon. The results showed a significant
increase in accuracy of locating expertise after using K-net than before using it.
Another system developed by (Lin et. al., 2008) conceptualizes a transactive
networks system that entails elaborate knowledge sharing and learning in a virtual
organization. The system uses the agent metaphor to develop autonomous software
components that take the responsibility of possessing expertise in directing an individual
in search for knowledge (knowledge requestor) to another individual who possesses that
knowledge (knowledge contributor). The autonomous software components (see
Figure 3-3) are thus responsible to find the appropriate match based on the information
provided by the knowledge requestor .These software components include: match-making
manager, skills-based manager, contribution manager, context manager and social
network manager.
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Figure 3-3: The Transactive Networks System (37) which builds a system to match
knowledge requestors to knowledge providers.
Transactive memory in virtual teams is further studied by (Shen, Y, 2007) where the
concepts of shared identity and shared context is empirically put to test through two
hypotheses that measure the relationship between virtualness and a transactive memory
system depending on the amount of shared identity and shared context. Here shared
identity is defined as the perception of team members belonging to a similar social metric
whereas a shared context is described as the environment which provides a group with
similar information using similar “tools, work processes and cultures” (Hinds et. al).

Chapter 4
Theoretical Contributions

4.1

Nested Transactive Memory
One of the significant features of transactive Memory studies is the emphasis on

the group mind and the collective intelligence of teams in performing tasks or problem
solving. The question of how groups or teams perform tasks collectively has resulted in
numerous approaches in studying the phenomenon (Moreland et. al., 1996, 2003).
Transactive memory is one amongst them and exists in environments containing
information in a distributed manner. Previous studies of transactive memory have
concentrated on further reifying the concept of “who knows what” into measures of
group performance such as group knowledge stock, the accuracy of transactive memory
systems and the efficacy of these systems in various environments. The types of groups
or teams involved in transactive memory systems have also been studied at length and
include dynamic teams (Moreland et.al.,2003), mature teams (Lewis, 2004) and even
geographically distributed teams (Shen, 2007; Lin et. al, 2008).

Team work in crisis management is usually characterized by multiple individuals
working at multiple levels of command and control and this is often replicated amongst
various agencies thereby creating a complex web of group work. Furthermore,
interoperability at this level has remained a challenging task in this domain due to the
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discrepancies in work practices, protocols of communication, individual and external
relationship amongst other important inhibitors to interoperability in emergency response.
(Williams et. al.) Little research exists on studying this configuration of team-work where
a transactive memory system need not exist in single teams but may span multiple teams
addressing the same problem. Complex crisis situations or large scale disasters that
require the co-ordination of large amounts of resources and personnel from multiple
agencies of law enforcement and public safety often would need to operate under a
unified understanding or awareness of the situation at hand. These are the requirements of
the ICS as well in responding effectively to complex incidents.(Ridge, 2004) To this end,
even though a transactive memory system would be in place amongst individual teams,
Wegner’s theory of the group mind could also be extended to the teams of teams or
multiple teams. For example, if a Police team, a Fire team and a Hazmat team were
working on a complex crisis event that required the coordination of all three agencies and
that each of the three teams relied on transactive memory to further their team’s
objectives; it is possible that each of the three teams could also constitute a higher-level
transactive memory system. In this system, each team could be thought of as an
individual creating some form of specialized knowledge. This is fairly true in the context
of emergency or crisis management since each of the three agencies, Police, Fire and
Hazmat would be working with, as well as creating, distinct bodies of knowledge which
they would eventually have to share with each other depending on the scale of the
incident. Figure 4-1 shows the conceptual framework of the nested-transactive memory
model. The model shows the emergence of a multi-agency common operational picture
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that results from the collaboration of multiple agencies assuming they are operating in
their own transactive memory systems.

The objective in proposing the nested transactive memory model is to explain
interoperability in crisis management agencies. Interoperability in itself can be a very
challenging task that would require a certain degree of normalization of each agency’s
knowledge base so that it can be interpreted and utilized by the remaining agencies. This
is ensured to a certain extent by the practice and conformity to the ICS principles.
Therefore, if each agency were conforming to the principles set out by the ICS such as
unified command, the nested transactive memory model would be able to explain the
common awareness required to solve a large-scale problem.
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4-1: The nested transactive memory model (n-TM)
An important principle of the nested transactive model is its emphasis on roles
and expertise in the command center. In crisis management, a chain of command is
maintained where every member of an agency is aware of his/her place in the
organizational structure and therefore aligns their responsibilities and authorities
according to their position in the chain of command. Similarly transactive memory
suggests that knowledge of other team-member’s knowledge within a specific knowledge
domain is necessary for the essential working of a transactive memory system. This
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knowledge of “who knows what” is key to sustain a distinct group understanding that is
more holistic that the sum of individual understandings of the problem domain. Wegner
goes further in suggesting the presence of a transactive memory expert who is explicitly
tasked with keeping track of other team-members knowledge domain. Thus this
transactive memory expert becomes a memory-hub of other individual’s memories in a
group. The concept of roles in the nested transactive model suggests that within
individual teams, each member of the team should be tasked with a specific activity that
would partially contribute to the centralization of information, which is the cumulative
goal of the group.

The transactive memory system prototype reflects the operationalization of these
roles. In order to make full use of the prototype, individual members of a team need to be
assigned to carry out specific tasks to maintain and contribute to the process of
centralization of information. These roles can be defined broadly as the Collectors, the
Seeker, the Controller and the Decision Maker. Each of these individuals are therefore
tasked with specific responsibilities with managing information during a crisis situation.
Figure 4-2 illustrates a conceptualization of a transactive memory command center
explaining these roles.
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Figure 4-2: A conceptualization of the transactive memory environment emphasizing
roles and expertise.

The collector: The collector can be described as the personification of the
transactive encoding stage of Wegner’s transactive memory theory where incoming
information is received and processed by the group mind such that it is understood by the
entire group. Similarly the collector is tasked with collecting event notifications during a
crisis. This person would receive all notifications of events either from responders on the
ground or from the corresponding 911 dispatch. On receiving event notifications, this
person would then send these notifications to the visualization component of the
prototype. Each event could constitute a location and a time-stamp and would be sent to
be displayed on the prototype.
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The seeker: The seeker searches for external information related to the incoming
events. This external information could be a combination of historical event information
and other parameters such as local weather in the region of the event or special interest
items that the group needs to be aware of. Therefore, in the command center, on seeing
that a new event has been displayed on the visualization component of the prototype, the
seeker then searches for information that may be relevant to the group’s understanding.
The seeker then sends each unit of external information to the visualization component to
be displayed and would appear as a distinct module on the visualization.

The controller: The controller is tasked with operating the prototype. Since there
is considerable information incoming from various sources, it is necessary for a single
person maintaining the technical aspects of the system and ensuring that all information
is going to the right place. This person would thus be considered an expert in operating
the technical aspects of the prototype such as navigating through various screens and
performing interface functions in order to bring up information in a timely manner for the
decision-maker.
The decision maker can be thought of as the Incident Commander (in ICS
terminology) or the person who makes decisions on what course of action needs to be
employed to respond to an emergency situation. Thus for the decision maker to work
efficiently, he/she needs to have actionable knowledge present for direct access at all
times. This is satisfied through the prototype by displaying such information on the
visualization component. Actionable knowledge may include, the position of the event on
the map, the time of its occurrence, the different types of resources present and available
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and their distance from the location of the event. The decision maker needs to also be
aware of a situation’s status at real-time, even after it has been responded to, in order to
assess whether additional resources are required. Thus, the purpose of the former three
roles are towards the centralization of such information for the direct consumption by the
decision maker such that his decisions can be made as rapidly as possible. The decision
maker thus relies upon the actions and memories of the former three roles in facilitating a
convergence of all relevant information onto the visualization component of the
transactive memory prototype.

The above description of roles applies to an individual team in a nested
transactive memory model. Consider that this configuration were replicated in other
agencies as well such as Police, Fire or Hazmat. The individual visualization components
would then reflect the emerging common operational picture of each individual agency.
If each individual agency were allowed to share their common operational picture with
each other to facilitate coordination of each other’ activities, this would lead to a higherlevel common operational picture which reflects the common understanding of all the
agencies involved. The entire process of roles within individual crisis management
agencies working with each other transactively and sharing their group knowledge stock
with each other constitutes the specifics of the nested transitive memory model. The
nested aspect of this model can be explained because of its decomposable bottom-up
nature where a higher-level transactive memory is being constructed on the interdependence of lower-level transactive memory systems with each other.

Chapter 5
Description of Prototype
The transactive memory system as conceptualized in this thesis has been
operationalized in the form of a working prototype illustrating the significant and salient
features of theoretical approaches and applications to transactive memory amongst
working teams. Moreover, prototyping such an artifact provides many opportunities to
further test the effectiveness of transactive memory on the performance of teams and
groups in a contextualized domain of practice such as crisis management and response.
The NeoCITIES transactive memory system prototype is described here, taking into
account all of its features that contribute to the efficient representation and management
of Information for enhanced decision making in emergency crisis management.

Figure 5-1: Features of the NeoCITIES transactive memory system.
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Figure 5-1 illustrates the main features of the NeoCITIES transactive memory system.
The following sub-sections describes each feature in detail and its contributions to crisis
management decision making.

5.1 Interactive Map Visualization
The interactive map visualization component of the transactive memory system is
the most emphasized component of the system as it provides all the actionable knowledge
required by a decision maker. The map visualization is constructed out of the Mimio
Notebook software and can be manipulated based on incoming information that is
annotated to the visualization as the situation dynamically evolves. Further details of the
Mimio software are provided later in this section. The interactive nature of the
visualization is attributed to the Mimio hardware that allows for interactivity with a
whiteboard. Actions such as highlighting areas on the map, defining perimeter zones and
dynamic navigation such as panning and zooming can be performed on the whiteboard
itself through the provided digital markers provided in the Mimio suite.
The interactive map visualization provides a visually represented, common
information space that symbolizes the centralization of incoming information as attached
to the map. Thus the visualization component is the COP of the Transactive memory
system as it describes the strategic, tactical and operational activities if the decision
maker.
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5.1.1

Base Layer

The visualization component of the transactive memory system consists of two
layers. The base layer is serves as foundation which may include simple maps of an
operational area, the floor plan of buildings, other spatial representations of an incident.
In Figure 5-2, the base layer is represented as a map of the University Park area
containing the information of buildings. Information can be added to the base layer in the
form of annotations. Annotations are explained in further detail later in this chapter.

Figure5-2 : Base Layer of the Univeristy Park campus area constructed using the Mimio
Notebook software
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5.1.2

Annotation Layer

The annotation layer contains all the added information to the base layer. These
additions are mostly annotations made to base layer. Annotations can be made in the
form of a hyperlink to a web-page, another base layer, an image, or a locally resident file.
This ability to link to any file type greatly improves the information holding capacity of
the visualization. It is fairly open-ended in that a wide range of media formats that the
local computer can process can be attached to, and accessed on the annotation layer.
The interactive map visualization is a cognitive artifact that emulates the
whiteboard interactions of crisis management personnel while handling information
management responsibilities. Evidence of the prevalent use of whiteboards in crisis
management is widespread in the literature (Friedenberg, 2006) and hence the interactive
map visualization is a representation of the habitual interactions by the crisis management
personnel. Figure 5-3 shows a screenshot of the Base Layer with annotations, created in
Mimio Notebbok.

Figure 5-3: Annotations on the Base Layer linking to external information
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5.2

Chat Module and Desktop Sharing
Sharing information in crisis management is a complex process that involves the

cognizance of the interests of various public safety and law enforcement agencies
(Williams et. al.). Although in most cases, sharing all information an agency possesses
about a situation can be useful, there is often a necessity to keep some information
proprietary to the agency responsible with it. The Transactive Memory System (TMS)
prototype reflects such needs through a variety of communication options. A chat module
can be used in tandem with the TMS prototype. Grouping a commercially available
Instant Messaging software allows for simple chat communication with different group
members within an agency or communication with outside agencies. The Microsoft
Network (MSN) Messenger Instant Messaging (IM) software has an additional feature of
desktop sharing that allows sharing of the interactive map visualization as well as the
different base layers and annotation layers with outside agencies. The sharing can be
performed either in the form of a view-only mode or a full-functional mode where
outside agencies can manipulate the base layers and annotation layers of an agency’s
visualization. This form of communication and technology mediated cooperation is
essential to create a shared awareness in multi-agency crisis management. Since the
visualization component is the working common operational picture of a single agency.
Sharing the COP with other agencies satisfies a key element of maintaining an effective
transactive memory System.
Knowledge of other individuals knowledge about what they know reinforces the
cognitive interdependence of other group members is interacting with each other to
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augment their own internal memories. Assuming that the Common Operational Picture
(COP) of each agency is the internal memory of each agency, the chat module and
desktop sharing facilitates the inter-agency interaction of sharing each other’s COP or
internal memories thereby creating a higher level transactive memory system. Referring
to the nested Transactive memory system model, the ability to share each other’s COP
therefore enables a higher level understanding that is common to all agencies
participating in a crisis situation that is most often absent in crisis management. Figure 54 illustrates the desktop sharing of the TMS prototype on a separate host and a client
computer.

Figure 5-4: Desktop Sharing of the map visualization on a host and a client using MSN
Messenger
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5.3

Hyperlinking
Hyperlinking is the process of attaching external information to the base layer

component of the visualization of the TMS prototype. The Mimio Notebook software
allows an operator to create linkable areas on the base layer. Upon creating linkable
areas, multiple hyperlinking options are offered which include linking to an existing file
or a web-page or additional base layer within the base layer. Hyperlinking the base layer
to external data increases the information holding capacity of the base layer significantly.
Thus additional features such as linking to three-dimensional (3-D) models of incidentaffected buildings or other perspectives of an incident affected area thereby allowing for
an enhanced, richer representation of a situation. In the TMS prototype designed in this
thesis, a combination of web-pages, 3-D models and live video streams are attached to
the base layer thereby allowing a decision maker to quickly access these various source
of information rapidly. Figure 5-5 shows a screenshot of the interactive map visualization
with the hyperlinked 3-D models of areas of interest.

Figure 5-5 The annotations on the base layer can be hyperlinked to 3d maps
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5.4

Mimio Interactive Whiteboard Application
Mimio is a commercial whiteboard application that enables interaction with

projected content on a whiteboard. Conventionally used in educational and instructional
settings to create more engaging content for students in the class (Mimio, 2008), our
approach has used this technology to facilitate a tool for first responders while keeping in
mind the five critical elements as mentioned earlier. Within our implementation of
Mimio, we take elements from the NeoCITIES scaled world simulation and create an
interactive Geographic Information System to visually represent evolving phenomena.
The annotated map represents group knowledge stock. In order to symbolically divide
specialization, or the consensus about group knowledge sources, responsibility is divided
into Hazardous materials, Emergency Medical Services/ Fire Department, and Police.
This also states the external ties for individuals using Mimio.
Mimio has the potential to increase the shared base of knowledge. (Anand
et. al., 1998) notes that electronic networks are particularly suited for better information
retrieval. (Lewis, 2004), however, found that face-to-face communication was vital to the
formation of transactive memory between individuals, and positively correlated with
accomplishing goals well and in a timely manner. (Akgün et. al., 2005 ; Lewis, 2004)
note that asking another person was often faster than looking up the problem.
Mimio has the capability of being edited by multiple individuals using a physical
whiteboard and projection system in a given location and by distributed team members
with internet access and a computer with Mimio software installed. It has the ability to
bridge the gap between the use of technology in supplementing group interaction and
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face-to-face communication, as it allows a group of individuals to share a common visual
representation of information and to physically view and manipulate the same map, while
expediting the process of information retrieval by providing visual cue access to stored
information databases using hyperlinks.
While possibly outside the scope of Mimio and map tools, multiple authors
noted that one of the important factors in developing a transactive memory system was
careful delineation of both expertise and action. (Lewis, 2004) notes that unclear
expertise makes the division of labor more difficult, inhibiting the formation of
transactive memory, while (Austin, 2003) notes that problems can arise when situations
that aren’t clearly defined within a particular group member’s area of expertise. In
developing a model of better group interaction, it would be worthwhile to consider
explicit division of labor as part of the transactive memory process.
The ability to interact with displayed content on a whiteboard addresses the need
to integrate important cognitive artifacts that serve important meta-cognitive purposes
that are often present in real-world settings, into the digitized representation of a
phenomenon. Digital representations of real world phenomena need to be flexible, and
that including the physical white boards and paper based notes in the digital
representations of phenomena would increase the number of people able to access the
task relevant information contained therein. (Garbis, 2002).
Strategies such as diagramming, note-taking and annotating are a few examples of
how emergency personnel deal with information tied with emergency situations
(Bleecker, 2006). Information in these settings needs to be elicited rapidly from the field
and presented in a manner that allows for interoperability and rapid decision making. Our
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appropriation of Mimio additionally, involves the creation of interactive maps in an
environment that can be annotated using any form of data, such as external documents,
web links to other sources of information and rich media concerning a specific location
on the map. These include images, video or in our case, 3D representations of buildings
and other environmental features. This ability to aggregate distributed content onto a
single, interactive representation achieves the common operational picture requirement.
We also use Mimio in tandem with collaborative applications such as MSN
Messenger or similar. This provides us with a shared platform that allows for
collaboration with emergency command centers in distinct locations. The collaborative
feature also enables groups to externally represent and maintain a persistent set of the five
critical elements needed to preserve the common operational picture of situational
knowledge.
Figure 5-6

shows the Mimio hardware components which includes the

whiteboard sensor and the digital markers.

Figure 5-6: Mimio inclues a sensor (a) that clips onto existing whiteboards to enable
interaction with (b) digital markers
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5.5

Rapid Deployment

The complete inventory of the TMS prototype includes a Microsoft Windows or
Mac based computer, the Mimio clip-on sensor with the digital marker, the Mimio
software suite that is free available for download (http://www.mimio.com/cgibin/download.cgi?package=studio), a projector and a white-board. These set of limited
components facilitates rapid deployment of a transitive memory enabled command
center. The ICS principles define multiple staging locations to guide the response
activities of incident management. These locations include, the Incident Command Post
(ICP), staging areas, Bases, Camps, Helibases and Helipads and Causality collection
points (Ridge, 2004). These multiple locations must however be connected to the Internet
using some form of mobile connectivity. There is only one ICP for each incident
including events involving multiple agencies whereas there may be multiple Bases,
staging areas or camps signifying the storage of resources and personnel. One of the most
important and immediate responsibilities of an Incident commander is to establish
command in order to define a clear environment of authority and rapidly establish a
central location for decision making. The limited overhead involved in deploying the
TMS prototype is consistent with these requirements.

Chapter 6
Methodology

6.1

The Living Lab framework
The Living Lab framework is a methodological framework that guides the design

and development of CSCW systems and therein their application to specific domains of
practice such as emergency crisis management. (McNeese et. al., 2004). In order to
handle the various uncertain contingencies of research in the CSCW domain, the living
lab framework facilitates an integrative process of applying method to study information,
technology, people and practice from different perspectives. The Living Lab framework
can be best described as an evolutionary life-cycle of methods applied to various facets of
the problem at different stages of prototype design. Since the primary objective of the
framework lies in the creation of technologies to support CSCW, the living lab
framework shifts focus through technology-centric, data-centric, user-centric and groupcentric views. This multi-focal approach to design allows for different methods to be
applied to the same problem under the critical lens of a problem solving approach.
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Figure 6-1: The Living Lab framework (40)
Figure 6-1 shows the Living Lab framework centered around the problem-solving
paradigm. Through its different stages, the framework maneuvers through various
methods constantly making use of the results of the previous stage and applying them to
the succeeding stage thereby reflecting an evolutionary design process. The prototype
design undertaken by this thesis is informed by an abstraction of the Living Lab
framework. Since a significant part of the framework deals with ethnographic studies of
the context, this thesis begins as a theory-driven approach, initially mapping-theory
directly to the design process and then introducing the design artifact to the real-world
setting which informs changes and recommendations to the design and if required, the
theory. Saying this however, the design process undertaken by this thesis continues to
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“highlight the qualitative and naturalistic components of people actually do when they
work together” (McNeese et. al., 2005). Rooted in the distributed cognition framework of
perceiving cognition as the cumulative process of not only the cognitive processes inside
an individual’s head but also its extension to outside the mind involving the ecological
and environmental interactions and the artifacts associated with it.
As seen in figure 6-1, the framework contains four elements illustrating the
technology, data, user and group dimensions of cooperative work. These four elements
are: (1) Knowledge Elicitation, (2) Scaled Worlds, (3) Reconfigurable Prototypes and
(4)Ethnographic studies. As (McNeese et. al., 2005) says, “the framework enables
researchers to focus on the mutual interplay of understanding, modeling and measuring
collaboration, perception and cognition within complex systems”. The Living Lab
framework has been applied in previous research that has resulted in the successful
development of major research initiatives in the domain of emergency crisis
management. The NeoCITIES simulation (earlier described in this thesis – see Chapter 2)
(Jones et. al., 2004 ; McNeese et. al., 2005) along with the GWP (Friedenberg, 2006) are
the result of adhering to the multi-dimensional representations of applying method to
theory and practice. The transactive memory prototype has been designed and developed
in close accordance with the principles of the Living Lab framework. Since the
framework covers a vast set of design perspectives, the design and development of this
prototype reuses knowledge created from previous work. Summarizing the various stages
of the Living Lab framework would better explain the justification of this approach.
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The ethnographic or field work stage serves as an introductory, real world
exposure to the real world activities. Immersive methods are applied at this point to
absorb as much knowledge as possible about the problem situation. The Knowledge
Elicitation phase involves utilizing real world expertise from the field in order to provoke
the creation of relevant ideas, knowledge and principles on domain-worker activities
(McNeese et. al., 2004). The contributions of this stage include narrowing-down
understanding of the decision-making process of individuals associated with the
concerned domain of study. The results of the knowledge elicitation thus directly inform
the next stage. The scaled world stage uses the knowledge gained through the elicitation
phase to model a virtual environment that reflects the important features of a naturalistic
setting. Here further study may be conducted to refine design considerations for
prototyping. Reconfigurable prototypes takes the results obtained through the use of
scaled worlds and applies them directly in developing technologies to improve existing
processes. It is in this stage that produces working artifacts and is the first representation
of what has been learned. The transactive memory prototype resides in this stage of the
living lab framework. Since reconfigurable prototyping involves several forms of
representing ideas into design solutions, several prototypes may exist or in this case
multiple features may exist in the same prototype.
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6.2

Research Design
Based on the description of the above stages, this thesis furthers the research of

studies that occupy the different stages of the Living Lab framework. Since the
transactive memory prototype is essentially a decision support system to facilitate
enhanced group-collaboration and decision-making in crisis management, previous
research in this domain informs the design of the prototype in accordance with the
framework. For example, (McNeese et. al., 2004) performs an ethnographic study of a
911 call center through observations and scenario based interviews of the 911
dispatchers. The study maps field knowledge gained to theory by assessing and
evaluating the decision making procedures and related activities in 911 dispatch teams.
The knowledge gained from this field-work informed the NeoCITIES scaled world
simulation (see Chapter 2 for further detail) which serves as a naturalistic test-bed to
closely observe and study team behavior in this setting. The results obtained by the
NeoCITIES scaled world simulation emerge as specific design features of technological
prototypes representing enhancements and solutions to the initial problem domain.
(Brewer, 2002)’s work finds relevance here as GIS and associated technologies are
reconfigured to provide solutions for crisis management. Further evidence of artifact
development using the living lab approach is found in (MacEachren et. al., 2006, ;
Friedenberg, 2006 ; Ayoub, 2007). The transactive memory prototype can be described as
another representation that belongs to this stage of the framework although the design
and development has evolved through the various stages of the framework.
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The methodology used in designing and developing the TMS prototype is rooted
in the Living Lab framework and is an abstraction of the entire framework encompassing
each of the different technology, data, user and group views to inform specific design
stages. Figure 6-2 illustrates this iterative process as beginning from the Transactive
memory theory and the nested Transactive memory model (see Chapter 4) to predict
group behavior in multi-agency crisis management and applies the theory to the design
process resulting in the creation of the prototypical system discussed in Chapter 5. This
prototype is then exposed to the domain-experts to critique specific features of the
prototype. The recommendations provided from the domain-experts inform the redesign
of the prototype which eventually informs the theory through the modifications to the
nested-TMS model to enhance explanation of multi-agency collaboration in emergency
crisis management.
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Figure 6-2: Abstraction of the Living-Lab framework

6.3

Semi-structured interviews of domain-experts
Semi-structured interviews of domain experts were conducted to further evaluate

specific design features of the TMS prototype. Semi-structured interviews are qualitative
research instruments that consist of predetermined questions to confirm study domains
and identify factors, variables and items (Schensul et. al., 1999). The prototype was first
demonstrated to experts in crisis management and response and questions were asked
probing them to critique the specific design decisions made to facilitate group work
within a single agency and interoperability outside the agency. The semi-structured
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questions were designed to operationalize theoretical concepts into questions probing the
experts on their opinion of the usability of the various features of the prototype. The
questions were left fairly open-ended in order to elicit descriptive opinions and responses
of domain experts. In addition to critiquing the features of the TMS prototype, the openended questions also allowed for further data to be collected relating to the decision
making process and work culture of crisis managers within an Emergency Operations
Center (EOC). Appendix 1 provides a set of questions asked and the probes associated in
asking these questions.
Participants included domain experts from different agencies who would typically
find themselves in command and control positions when responding to a crisis event. To
this end, high level decision makers from the Police Department, Fire Department,
Emergency Medical Services and specialized Emergency Operations Department were
recruited.

6.4 Procedures
Institutional Review Board (IRB) [IRB# 27060 - Knowledge elicitation for Design
of Campus Crisis Management Center and Shared Whiteboard application for decision
making and allocation of resources] approval was sought prior to conducting the semistructured interviews. Consent forms were provided and signed by each domain-expert
participating in the interview process. Each interview began with an extensive demo of
the prototype describing the capabilities of each feature. Participants were encouraged to
use the prototype themselves by performing simple tasks such as annotating specific
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areas of the base map and accessing hyperlinks on the map that were created in advance.
The chat feature along with the desktop sharing ability was also demonstrated. Following
the prototype demonstration, questions were asked to elicit general information about the
participant such as title or designation within the organization. Questions related to the
participant’s experience in responding to crisis events were also asked. The remaining
questions probed the participants on how they currently perform their decision making
activities in responding to real-world emergency or crisis events and how they could
envision use of specific features of the prototype in enhancing their operational
responsibilities. Finally, questions were asked with specific relevance to the ICS
command structure in eliciting information on the differences between day-to-day
emergency response activities to large-scale crisis response functions that involve the
participation of multiple external agencies at the local, state and federal level.

Chapter 7
Results and Analysis
The semi-structured interviews were recorded using audio recording equipment
and were later transcribed. In addition to the interview data collected during the semistructured interviews, recordings of their interactions with the prototype were also
considered as part of the results. These interactions were captured as screencasts and
provided information on how they enacted their decision making process using the
prototype. Unexpectedly however, the domain experts also provided instances of artifacts
used on the field to aid in their decision making. These artifacts included the notes they
made while planning response activities. The notes contained vital information on the
various representations constructed by the decision makers in providing quickly
accessible information for future reuse. In addition, other artifacts or tools that are
commonly used in the field to aid in decision making and Information management were
also provided (refer to Appendix 2 for illustrations of notes and other artifacts).
Moreover, the interview data provides information on the problems faced, activities
performed and informational as well as logistical requirements for different types of
events ranging from the day-to-day command and control to complex, multi-agency
command and control. Furthermore, interspersed within these narratives of the problem
environment, the data also shows specific artifacts used in the daily command and
control, decision-making activities of different crisis management organizations.
References to technological aids are also made and the problems faced in using them.
Lastly, the data shows some direct critiquing of the prototype that includes
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recommending enhancements for specific features and the inclusion of absent features.
An example of this can be seen through this excerpt:
“…so as long as we understand the basic concepts of Iming [Instant
Messaging] and how to use windows, we're good! This would be very
valuable - and you could have Officer names instead of screen names on
the chat. So i know exactly whose sending me IMs and if its a senior
person - I need to attend to that immediately. Oh yeah that would be
extermely valuable. The chief could be somewhere else and him having
input 500 miles away could be extremely valuable. So you could run an
incident from the 4 corners of the world.”

The importance in gathering this form of narrative data is that it allows for future
re-design of the prototype to incorporate specific feature enhancements or changes that
reflect the common practices of crisis management personnel; the decision makers and
the field responders alike. The methods used in evaluating the prototype were
exploratory in nature and included qualitative methods to probe the decision maker’s
individual perspective of group work in the organization. By interviewing multiple
domain experts individually from different agencies, it was possible to obtain data that
could be analyzed for consistencies as well as differences in their decision making
perspectives. Specifically, their descriptive accounts of how they act, the decisions they
make and their informational requirements provide a holistic view of the crisis
management domain and would provide subjective recommendations for future redesign.
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7.1

Method of Analysis
The interview data obtained were divided into domains, factors, sub-factors and

other relevant codes (Schensul et. al. 1999). Domains were selected based on their
relevance to specific features of the prototype. In doing so, the respondent data could be
applied to whether they could inform specific re-design of the different features of the
prototype.
1.

Visualization

2.

Hyperlinking the base layers.

3.

Mimo related

4.

Rapid deployment.

5.

Desktop Sharing and Chat

These first few domains were further subdivided into factors and their associated
variables. Therefore:
1.

Map-related
a. Use of maps
b. Types of maps
c. Electronic mapping options

2.

Hyperlinking
a. Linking video
b. Linking pictures
c. Linking historic data

3.

Mimio or whiteboard related
a. Limitations
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b. Benefits
c. Ease of use
d. Familiarity
4.

Rapid deployment
a. Maintenance
b. Time to set-up
c. Areas of operation

5.

Desktop sharing and chat
a. Chat content
b. Chat behavior
c. Desktop sharing uses.

The domains are then applied to the data in order to inform specific design
recommendations for the design and continued development of future prototypes.
Another objective in the analysis of the data was to elicit as much knowledge as
possible of the current work practices of decision makers in responding to crisis events.
The narrative accounts of the participants would possibly entail a more focused critique
of current technology available to crisis management personnel. In instances where the
interview data was not relevant to the specific features of the prototype, further domains,
factors and variables were created to facilitate the elicitation of knowledge related to
specific examples used by the participants to describe a concept. The anal
For example, the following segment of text illustrates the factors and variables that
emerged for the map-related domain:
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“You have to start with a map. It’s important to know exactly where
people are and where units are relative to the problem. So depending on
the nature of the problem, the map would depend on what the problem is.”
Factor: Use of maps
Variable: Planning
“The other its going to depend on is, how big the area is so that’s going to
dictate the level of detail you can put on a whiteboard. Now there is a
problem, so for example if you look at this map, (looks at Mimio map) of
campus, you can zoom into like a particular building or a block. So thats
really handy.”
Factor: Types of maps
Variable: Map-detail
“Maintaining map information that is subject to change is very difficult.
Consider parition walls in cube offices constantly changes and keeping
track of that information is very difficult.”
Factor: Electronic mapping options
Variable: Dynamic map information
“A real- time contour map is very important because our activities are not
restricted to only urban areas. There are sink holes and mushy spots that
fire engines can find themselves stuck in.”
Factor: Types of map
Variable: Contour map
“So if you could pull up a map and have shade and running water and
where the closest flush toilet is…those are important things to figure out
and if you’re sitting in a room, you might have maps that you can rely on
that have sufficient scales or detail to answer some of those questions.”
Factor: Types of maps
Variable: Maps containing public services
For the domain – “Mimio or whiteboard related” the following factors emerged:
“….you cannot do that with a whiteboard so if I draw the building in the
middle of that whiteboard, I might have a note on the far corner that says
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“staging”...That staging area could be 5 blocks away. So that’s what I’m
saying, if you’re human, .when you’re sitting here at this table, you’re at
the EOC and you have this stuff going on, the whiteboard never gives you
the information the way you want information. Its just a 2-dimensional
sketch that’s only as good as the person who has the marker…”
Factor: Limitations
Variable: lack of multi-level representation
“…and like I said, if somebody’s made an erasure or something or you
don’t have the information, you have a person checking the person
who’s handling the whiteboard to make sure that they’ve got things in the
right places.”
Factor: Limitations
Variable: Archiving, maintenance
“Here’s a nice piece of this tool. On a conventional white-board, once
you’ve erased something, you would have lost the record the instant
you’ve erased it but if you’ve captured it on a computer – then you’d have
the whiteboard status at any given moment of the event. Now where that
would be really helpful – but when you want to train and learn lessons for
the next event – that is incredibly helpful. There are no errors in
recollection. If you’ve had a criminal case, and you needed the status or
the location of a particular item – then you could come back and use this
stored content as a piece of physical evidence. So that becomes really
helpful in the post-event evaluation.”
Factor: Benefits
Variable: Archiving, Planning
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Table 7-1: List of Domains, Factors and Variables used to Analyze the semi-structured data
Domains
Design
related

Visualization

Hyperlinking

Mimio and Whiteboard

Rapid deployment

Desktop Sharing & Chat

Theory
related

(measures adopted from
Austin, 2003)
Group knowledge stock

Factors
• Types of maps
• Electronic mapping
• Other visualizations of information
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Linking video
Linking images
Linking historical data,
Linking 3d representations
Linking other data
Limitations of whiteboards.
Benefits of e-whiteboards
Ease of using Mimio.
Degree of familiarity.
Maintenance
Set-up time
Locations of use
Chat content
Chat behavior
Desktop Sharing uses

• Integrative processes
• Centralization of information

Consensus about sources.

• Quality of incoming information
• Verifying information

Specialization of expertise.

• Decision making roles
• Expertise judgment

Accuracy of
identification.

• Personnel involved
• Resources involved

knowledge

Knowledge of external ties.

• Awareness of own and other’s jobs
• Persons involved

Roles in command center

•
•
•
•

Variables
Contour maps, maps showing public
services, accommodating changing
map
information,
drawing
perimeters, plumes etc.
Linking live streams of high-risk
buildings, linking to pennDOT
databases, ability to accept incoming
cell-phone images
2-dimensionality of whiteboard,
erasures, archiving ability, mobility,
planning.
Automatic record keeping, use in
mobile command posts.
Screen
names
of
officers,
prioritization of chat based on rank,
remote-input of decisions.

People
monitoring
information
channels and notifying concerned
people
Greaseboard artist ability, resource
verification, personnel verification,
handshake agreements
Planning chief, operations chief,
incident commanders, chain of
command, 3rd party evaluations, rstmember performance.
Inadequate personnel at scene,
specifications of equipment,
specialized equipment.
Awareness of time-sequence of
activities, flexible responsibilities,
know what you have to, unified
command, revolving authority.

Other

Artifacts

Knowledge transfer
Efficiency

•
•
•
•
•

Decision oriented
Incident oriented
Information
Technology

Transfer of command
Multi-agency
Human
Information
Machine

Responders, resources used for notetaking, board-scribe, recon person.
Command Packs, Note-taking, radio,
cell phones, vehicle-related, flipbooks, business survey, google streetscapes.
Formal vs informal events, state leve
or federal level activities. ICS, NIMS
Accurate
locations
for
staging areas, greaseboard artist,
bigger
picture,
historical
information.
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7.2

Discussion
Table 7.1 describes the set of domains, factors and variables that emerged out ouf

the semi-structured data that informs both, the theoretical stance as well as the design of
the transactive memory prototype. The screencasts of the domain-expert interactions with
the prototype could be used in further evaluating usability issues which is not within the
scope of this thesis. However, from the exploratory methods used to evaluate the
transactive memory prototype, there are several occurrences across multiple agencies that
serve as evidence of the presence of transactive memory in groups performing command
and control to respond to crisis events. The following sections describe the implications
for design and theory.

7.3 Implications for design
From the interview data, the following recommendations towards re-designing the
transitive memory prototype can be inferred:

7.3.1
•

Interactive Map Visualization

Provide the ability to show maps of different scales or incorporate dynamic
navigation into the visualization of maps

•

The informational requirements inferred from the data show that visualizing maps as
layers instead of individual tabs are beneficial.

•

The construction of the base layer can be done during the planning phases whereas
different types of annotations need to be contextually structured. For example,
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providing an annotation toolset that allows specific functions such as drawing
perimeters, plumes or irregular areas instead of generic symbols such as circles,
square and other polygons.
•

3D representations of buildings or environments should be provided through a
database to avoid maintenance problems.

7.3.2 Hyperlinking
•

Linking to video must be made into a standard, separate feature.

•

Linking to images must be made a separate feature.

7.3.3 Communications
•

The ability to provide connectivity to the Computer Aided Dispatch (CAD) system
(Terrell et. al., 2004), operating on the “800 Mhz frequency”.

•

The in-built chat must reflect personnel names instead of generic handlers to promote
awareness and prioritization of tasks.

•

A separate button for Desktop sharing must be provided allowing sharing with
specific agencies or sharing in a broadcast manner.

•

GPS is already available on Police squad cars, therefore real time information of
resources and personnel can be incorporated by incorporating GPS data.
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7.3.4 Whiteboard interaction
•

Gestures for zooming through map and other visuals should be provided on the digital
marker itself

•

Archival of whiteboard data should be homogeneously formatted into form data
describing events and status organized chronologically to facilitate quick and
concurrent retrieval of historic information.

7.4 Implications for theory
The data provides evidence of specific transactive processes existing in groups
performing command and control tasks in an Emergency Operations Center (EOC). For
example, the following excerpts from the interview data are closely relevant to Wegner’s
proposal for a transactive memory expert whose job it is to keep track of “who knows
what”:
“…the fire person in the EOC who’s representing the Fire Department
would be monitoring the fire channel (there are dedicated frequencies for
fire). Then you have, ideally you'll have more than one person, because
they’ll be lots of radio traffic - people forget how much radio traffic there
really is. So this person would be jotting notes and keeping track, so this
person has a sense of what’s going on, who needs what, whose there,
what’s been dispatched, what’s arrived, what’s on its way. So they’re
trying to map this out - so they can keep it straight and then as they get
information that’s important to the person down at the table or two desks
over. "here is the status of the Fire Department". Now that comes through
planning. That’s how planning functions. You have something called
Systac which is Situation Status and that’s what that person is
doing.....they're getting this information from law-enforcement, EMS, Fire
- they kind of culminate them and get them back out to everybody around
the table. "Ok this is going to affect you, you need to know this. or "You
asked this from the Fire Department, here...here..they got that covered".”
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The above excerpt from the interview data symbolizes other transactive processes at play
in the EOC, such as the integrative processes that inform the group knowledge stock
(Austin, 2003) . Furthermore, the data also suggests to a certain degree the verifiability of
the Nested transactive memory model (refer Chapter 4). One of the main principles of the
n-TM model (refer Chapter 4, Pg 47) is the emergence of a higher level common
operational picture of a situation when multiple agencies are collaborating with each
other. Further, the nested TMS model also suggests that each agency can be thought of as
an individual group in a higher-level Transactive memory system and communication at
this level occurs by the exchange of the specialized individual knowledge created by the
individual groups. The following excerpt is possible evidence of the existence of this
process.
“Police officers and firefighters are essentially communicating mental
pictures of where they are at or are describing their environment.”
Lastly, the ICS principles of organizational structure in crisis management have proven to
be very successful in avoiding conflict of expertise and interest between multiple
agencies. The only deficiency that can be inferred from the available data is that the ICS
needs to incorporate specific technologies in formalizing their principles of Information
Management in order to facilitate better management of resources and afford awareness
through technology adequately.
“Everybody kind of knows their own job and once you kind of think you
know more than the other - that’s when the trouble happens. With the ICS
system and the mandatory training - that’s helped a ton. The ICS system is
still based on flip-charts and white-boards and cell phones and radios but
there’s no integration of computerized aids so you can see the bigger
picture.”
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Chapter 8
Conclusion & Future Research
Wegner’s transactive memory theory (Wegner, 1987) has been adapted in many
ways to explain how small groups function. There are many empirical studies that have
been conducted to explain the limitations of transactive memory (Moreland et. l., 96,2003
; Anand et. al. 1998 ; Brandon et. al., 2004), the measures of transactive memory (Austin,
2003 ; Lewis, 2003 ) and the types of groups they can be applied to (Jackson et. al., 2008
; Lambert et. al., 2002 ; Shen, 2007). Work in crisis management operations though
unique, requires an explicit understanding of the communication and relationships
between the crisis responders and their managers. Emergency management communities
are unique because each group develops its own understanding of a situation and often
develops a relationship that is perceived as idiosyncratic by external groups. On the other
end of the continuum are the ICS principles whose objective is to attain a normalized
organizational structure through specific yet flexible management principles in
responding to large scale incidents involving multiple agencies. Therefore, the continuum
between a high level of tacit understanding between individual groups and generalized
principles to govern multiple groups creates an interesting environment for information
systems design. This study has designed and developed a decision support system to
assist crisis managers in making decisions that considers the idiosyncratic nature of
individual agencies as well as conform to generalizable principles to achieve
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interoperability between multiple crisis agencies in order to respond to a crisis incident
effectively.
The system being a prototype has its limitations and instead of considering them
as drawbacks to system, the limitations of such a prototype provides opportunities for
future research. The following section outlines a few of these opportunities.

8.1

Integrated and differentiated Transactive memory

Towards the end of Wegner’s original theory of Transactive memory, a mention is made
of the different types of transactive memory that may exist in an organizational group.
Wegner acknowledges the disadvantages of Transactive memory by stating the individual
impact group members may face on leaving an efficient transactive memory group. The
common labels given to incoming information loses meaning once an individual leaves a
group and the often idiosyncratic methods of interdependence and communication cease
to exist once an individual leaves a transactive memory. This impact on the individual
could be studied further in the context of larger organizations involving multiple agencies
in order to assess models of transactive memory that may best suit such groups in order to
keep the adverse impact on the individual to a minimum by investigating ephemeral or
ad-hoc groups.
Furthermore, Wegner suggests that although transactive memory improves group
performance on the whole, different organizational structures demand different
configurations of transactive memory. These organizational dimensions vary primarily on
how information flows through the structure and how it is retrieved and utilized by the
organization. Based on this, transactive memory systems can be constructed in two ways;
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integrated transactive memory is described as a form of group memory where every
member of the group carries out the same set of tasks and thus requires duplicate copies
of the same pool of information to perform a task. Wegner uses the example of
salespersons to illustrate integrated transactive memory where every salesperson has
identical knowledge of a product and thus carries out the task of selling the product based
on this “prescribed” knowledge. Differentiated transactive memory on the other hand
exists in organizations where different people perform distinct tasks and thus have access
to unique elements of a disparate knowledge base. Although Wegner doesn’t
operationalize this form of transactive memory, this form can be best described in an
consultant organization consulting on the various subtleties of a large domain such as
financial consultancy. Here individual consultants have distinct roles in consulting
individuals or corporations in need of financial consulting such as loans, mortgages etc.
They hence perform their tasks in a self-sustainable manner creating specialized
knowledge in their own field of expertise but if their client needs to know something
about other financial instruments, this individual would be unable to service them unless
he/she has access to the location of experts in that financial instrument. Such a scenario
would require the use of high-speed connectivity or high-fidelity communications with
other members of the consultancy firm to provide rapid responses to the client.

Although Wegner’s primary theory of transactive memory has received much attention,
this important difference in transactive memory has not been addressed in the literature.
Interestingly, the integrated and differentiated models of transactive memory can explain
much of the work crisis responders and crisis managers perform. Generally, emergency
responders are considered to be individuals performing the same set of tasks in
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responding to a crisis. There is an innate structure in their activities and the information
they receive from dispatch or a command post is duplicated amongst all responders. A
group of emergency responders could emulate an integrated transactive memory model

Whereas, crisis or emergency managers need to make different types of decisions for
different types of situations and would need access to different experts to make these
decisions. A group of emergency managers could possibly emulate a differentiated
transactive memory model

In order to create a comprehensive system to address the needs of both crisis responders
and managers, there exist several opportunities for research in studying a balance of both
integrated and differentiated transactive memory to provide a holistic solution to crisis
management work.

8.2

Humans as soft sensors
The integrative processes of transactive memory are very important transactive

events since its through these events that new knowledge is created and produced for the
common understanding and consumption by the group. To this effect, information fusion
is a domain of study that can be adapted to fit with the transactive memory model.
Information fusion describes the computational approaches in integrating incoming data
from a variety of source primarily centered around electronic and autonomous sensors
(Hall et. al, 2005). Conventionally, sensors are understood to be artifacts deployed in an
area of interest to elicit information about an environment. This information can take the
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form of weather data, environmental data such as air quality measurements or even multimedia visual representations of an environment (ex: audio, video, still images). Sensors
need not exist in the physical world, they may exist virtually as network monitors to
monitor network traffic on the internet. To this effect, information systems design
centered around sensors requires the fusion of all incoming data from various sources in a
manner that provides for enhanced decision making by human-decision makers or even
intelligent agents tasked with solving a problem. In crisis management however, although
electronic sensors already provide significant amount of data such as weather patterns
and similar measures, human-elicited data is considered to be crucial in representing a
situation since it offers a richer representation of an environment.
Although humans have always been a source for information in the form of crisis
responders constantly reporting from the field, the concept of humans as soft sensors
takes this a step further by capitalizing on the elicitation capabilities of humans in a
technologically ubiquitous world. The prevalence of mobile technology is a crucial
enabling factor that allows civilian populations in crisis affected areas to produce and
construct knowledge that is often superior to the knowledge generated by the crisis
management agency (Palen et. al., 2007, Brabham, 2008). Furthermore, a transactive
memory system is only as affective as the accuracy and completeness of incoming
information. Therefore adapting a model for enabling humans as soft sensors and
allowing them to contribute to the centralization of information and intelligence in
responding to a crisis would be another research opportunity to consider in the future.
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8.3

Spatial Annotation and Mobile device support

As an extension to the humans as soft sensors initiative, mobile devices are seen
as the next wave of digital computing. The capabilities of the mobile device have
increased exponentially over the years with the incorporation of high speed wireless and
telecom networks. Moreover, a mobile device of today incorporates the features of a
high-fidelity video camera, a high-resolution still image camera, a high-resolution audio
recorder in addition to being a versatile communications device. The multifarious uses of
the mobile phone or other mobile devices have made them powerful knowledge
elicitation devices which is having a profound impact on how people do work and
communicate with each other (Bleecker, 2006; Vogel et. al., 2007). The enhanced feature
set of the mobile device can prove to be very promising for future research in crisis
management. With relevance to crisis management, mobile devices are increasingly
being used by both crisis responders and managers to communicate and coordinate
effectively (Fröhlich et. al., 2007). With capabilities to share complex data from the field,
future research on mobile devices in incorporating them to crisis management work may
yield very interesting patterns of work. One such potential field of interest in mobile
device research is the concept of spatial annotation through wireless positioning system.
Spatial Annotation is the process of annotating physical locations with electronic data
thereby tethering the physical and the virtual world for a common purpose. Spatial
annotation has been implemented in several contexts including educational environments
and spatial navigation (Melinger et. al., 2004; Mohapatra et. al., 2005). The use of spatial
annotation in crisis management has however been limited partly because of the
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relatively recent acceptance of the mobile device as an artifact of doing work. Moreover,
spatial annotation coupled with recent breakthrough in positioning technology would
greatly enhance the elicitation capabilities of crisis responders thereby allowing for an
improved situational awareness. Skyhook wireless is commercial entity that pioneered
wireless positioning technology in late 2007 (Skyhook Wireless, 2008). Their invention
is predicated on calculating a user’s location based on the available wireless hotspots in
the near vicinity. A detailed description of its operation can be found in Appendix 3.
Wireless positioning represents a significant improvement in positioning
technology as it enables a user to retrieve their location from within buildings and closed
areas as well, something that was not possible with conventional GPS devices. This
implies that a crisis responder using this technology can be tracked at all times.
Moreover, resources can be monitored on a regardless of whether they are in an open
environment or not (since GPS requires a direct line of sight with satellites, it ceases to
operate in closed surroundings). This form of information would enormously enhance the
actionable knowledge available to crisis mangers thereby allowing them to make more
accurate decision rapidly.
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Appendix A
Semi-structured interview Questions
NC-TMS – Semi-structured interview question - script

•

•

Introduce the Transactive Memory Prototype in the context of example scenarios.
Introduce the features
Interactive Map Visualization
o Base Map Layer
 Draggable Icons allow for highlighting the event type and tracking
resources.
 An Annotation Layer
• Allows for the linking to various media types on the map.
• Also can link to 3d VRML models of on-campus buildings
o Communications Module
 Allows for chat-based communication with other teams
 Allows to share the visualization with other teams through desktop
sharing
Mimio
o Mimio is a whiteboard interactivity application that allows for whiteboard based interaction with projected content.
o The objective is to augment already existing interaction schemes instead
of substituting them with new and unfamiliar technologies.
o Mimio allows for point & click based interaction with a "digital marker"
on a physical wall-mounted whiteboard.
o Therefore digital content projected onto the wall-mounted whiteboard can
be interacted with as if you were writing on whiteboard and sharing
knowledge with the team.
o Mimio thus enables a Common Operational Picture of evolving situations
as-they-happen.

After the prototype is adequately described:
Questions are asked with a reminder that all their answers need to be relevant to
the prototype at hand.
Probes are not to be shared with the members of the focus group
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General Questions
• Experience – current position / career before current position – specifically related
to handling Police/Fire/Hazmat/Crisis/Emergency events.
• How would you describe command and control from the <agency> perspective ?

Prototype Questions (keep list of features image for reference)
Q1.

What are your thoughts on the Interactive Map visualization? Do you think it
would be useful?

(probe for : specific recommendations on how to visualize the map - how to navigate the map)

Q2.

Are the current event type labels/icons useful? How would you change them?

(probe for : how each agency would use them - alternative means of representing events and resources would they change icons ? - if so, when would they change an icon? - other types of icons - how would they
want to manipulate icons - should icons represent real-time tracking or should they be manually changed?
distinct labels for each icon perhaps?

Q3.

Please share your thoughts on the annotation layer of the map.

(Potential benefits/drawbacks of annotating map - how to annotate - would they face cluttering issue - what
type of information do they want to see as an annotation ? audio/video/3d/other representations of the
environment)
Probe for: do they want to be able to bring back historical data of events in a location. What type of
secondary data would benefit them the most? Would they want this type of information displayed on the
map?

Q4.

Would the use of 3-D VRML models of on-campus buildings enhance the way
you respond to an event?

(Probe for: benefits of using 3-d visz. - the ability to virtually navigate the structure and this aid decision
making)

Q5.

In what other ways could information be presented on a screen or otherwise to
allow for enhanced response and decision making to an event?

Q6.

Please comment on the use of the chat module in communication with other
teams.

(Probe for: voice chat? - Video conferencing? - bandwidth issues - what to share - what NOT to share?)

Q7.

In handling, day-day emergencies – please describe the coordination activities
with other emergency response agencies?

Q8.

Does sharing your visualization of the map or the ability to see other agency's
visuals, allow for better collaboration and coordination amongst different
agencies?

(probe for: sharing different team's annotations - specific circumstances of sharing consistent with Incident
Command System protocol - how would they use the the shared information to better their own resource
management/response ?)
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Q9.

What other forms of communication do you think would enhance the Transactive
Memory System for effective inter and intra-team communication and awareness?

Q10.

Mimio also allows for saving whiteboard content, how would you use archived
whiteboard content in a future decision making process?

(probe for: "certain events require...." - what are these events.. The USP of archived/secondary content what element of archived content is useful - spatial changes over time or similar....etc.)

Q11.

Would you prefer to use technology as an augmentation tool to your current
decision making tools, or as a substitute for your current decision making tools?

Q.12

In an emergency situation, please explain in your own words, how you would
currently maintain a "Common Operational Picture" amongst your team members
assuming current technology.

ICS – related questions
1. With respect to the Incident Command System which is a governing management
protocol to support interoperability of various emergency response agencies in times
of crisis situations, please recommend how useful you would find the Transactive
Memory prototype.
a. In enabling better Incident Action Planning?
• Refer to Incident Action Plan features (ICS documentation)
b. The transactive memory system prototype is premised on rapid deployment in
incident affected areas. Do you think such a setup would be useful for
deployment in an Incident Command Post, Staging Area, Camp or a Base?
c. Do you think the Transactive memory prototype conforms to the
communication standards set by the ICS? If not, please comment how to do
so.
• Refer to the Common-Communication protocol of the ICS.

2. According to the ICS features as stated by FEMA, one of the key features of ICS is to
respond to emergency or crisis events by establishing a clear set of incident
objectives. Do you think the Transactive Memory prototype facilitates this? If not,
please recommend on how you would like to incorporate this?
3. Yet another basic ICS feature is to properly assess the Incident situation during the
Incident Planning process? Do you think the Transactive Memory system prototype
enables an effective situation assessment? If not, please specify any additional
features that would enable such an assessment.
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4. In storing and archiving Incident information, what type of Information would you
want to be stored after the completion of an Incident for a more effective response in
the future?
(alternative question: How do you think archival information about an incident or an
area would benefit incident response?)
5. Unified Command is an important element in multijurisdictional or multiagency
domestic incident management. How effective do you think the Transactive memory
system is in facilitating this? If absent, please suggest any additional features that
would improve this.
6. A manageable span of control is essential to the effective working of the ICS. How do
you think the Transactive Memory satisfies this? Would you recommend any
additional features of the prototype that could assist in the management resources?
(probe for recommendations/suggestions on how to best represent Type of incident,
Nature of the task, Hazards and safety factors, Distances between personnel and
resources)
7. One of the assumptions in the Transactive Memory System prototype is to promote a
modular and flexible framework of representing relevant information. This is
achieved through the use of the Annotation Layer which allows for hyperlinking the
map visualization with different types of media. Do you think this is consistent with
the modular nature of how the ICS works? If applicable, please provide any
recommendations on additional features that could be incorporated in order to
enhance this.

Appendix B
Illustrations of artifacts used in day-to-day planning and decision making

Place Figure Here
Figure B-1: Example of command structure visualization created on-scene
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Figure B-2: Notes to maintain awareness of individual personnel on-scene and associated
resources
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Figure B-3: Another example of notes created to maintain information on resources and
personnel.
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Figure B-4: (a) Commercial product used by Police for Information Management ;
(b) Command pack designed for use on vehicle hoods
(Copyright: The Command Board 2001)
(refer http://www.thecommandboard.com/ for further details)

