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ABSTRACT

I n response to technol ogi cal advances, Network Centric
VWarfare (NCW energed as a theory to |leverage the
technol ogy available in today’'s world. Advocates of NCW
claimthat technology will inprove information sharing by
“.robustly networking a force”, thereby inproving m ssion
effectiveness. This study proposes a nethodol ogy with
which to test the first tenet of NCW a robustly networked
force inproves information sharing.

Lessons | earned from Human Systens I ntegration (HSI)
denonstrate that in order to inprove m ssion effectiveness,
characteristics of both the human and t he technol ogy nust
be considered. As such, the inpact of human
characteristics and traits on mssion effectiveness, as
nmeasured by individual and team perfornmance, are assessed

using a conmputer sinmulation, C3Fire.

Resul ts at the individual |evel suggest that persons
scoring high on extraversion and | ow on pessim sm perform
better than those scoring | ow on extraversion and high on
pessimsm |In contrast, at the team| evel, honpbgenous
teans as neasured by optim sm pessi m sm perform worse than
diverse teans. Results of this thesis provide a
nmet hodol ogy with which to exam ne NCWs clains in a
| aboratory setting. Prelimnary evidence denonstrates the
need to consider human characteristics and traits in the

desi gn and conposition of network teans.
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EXECUTI VE SUMVARY

Soci etal progression fromthe Industrial to the
| nformati on Age has produced the need for transformation in
warfighting. |In response to technol ogi cal advances,
Network Centric Warfare (NCW energed as a theory to
| everage the technol ogy available in today’s worl d.
Specifically, advocates of NCWclaimthat technol ogy w |
i nprove information sharing by “.robustly networking a
force”, thereby inproving mssion effectiveness. However,
just as with any new theory, a methodol ogy and procedure
must be in place for validating its clainms. This study
addresses this gap by proposing a nethodology with which to
test the first tenet of NCW a robustly networked force

i nproves i nformation sharing.

Lessons | earned from Human Systens Integration (HSI)
denonstrate that in order to inprove m ssion effectiveness,
characteristics of both the human and the technol ogy nust
be considered. As such, the inpact of human
characteristics and traits (i.e., personality, cultural
adaptability, and optim sm pessimsn on m ssion
ef fectiveness, as neasured by individual and team
performance, are assessed using a conputer simulation,
C3Fire.

Results at the individual |evel suggest that
participants scoring high on extraversion and | ow on
pessim sm perform better than those scoring | ow on
extraversion and high on pessimsm |In contrast, at the
team | evel , honbgenous teans as neasured by optim sm

pessim sm performworse than diverse teans. Results of

XV



this thesis provide a nethodology in which to exam ne NCWs
clainms in a |aboratory setting. Findings fromthis study
denonstrate the need to consider human characteristics and

traits in the design and conposition of network teans.
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l. INTRODUCTION

A PROBLEM STATEMENT

Fundanent al changes in technol ogy, weapon systens, and
mar ket pl ace commodities functioning as tools of war are
affecting the very character of warfare. In response to
t hese changes, the United States Departnent of Defense
(DoD) is transformng. This transfornmati on enconpasses how
technol ogy and new operational concepts and structures can
be used to augnent mlitary preparedness (Garstka, 2003).
In addition, this recent transformation of the DoD has
enbraced Network Centric Warfare (NCW as an energing
theory of warfare (Cebrowski, 2002).

I n theory, NCW accelerates the ability to respond to
uncertainty in dynam c situations by relying on human
net wor ks. Advocates of NCWclai mthat adopting NCWw | |
i nprove informati on exchange and sensenaki ng which are
referred to as nmacrocognitive functions. 1In theory,
effectiveness in macrocognitive functions increases because
conpl ex cognitive systens woul d enabl e people to coordinate
nore efficiently across tinme, space, and organi zati onal
boundari es. However, clains of the benefits of NCWhave
not been systematically verified in field or |aboratory

settings

One approach to verifying i nprovenents in information
exchange and sensemaking is the study of nmacrocognition.
Macrocogni tion describes nmental activities that nust be
successfully acconplished to performa task or achieve a
goal (Klein et al., 2003). Macrocognition is a term used

to indicate the |l evel of description of the cognitive



functions that are perforned in natural versus artificial

| aboratory settings (Cacci abue & Hol I nagel, 1995). As part
of macrocognitive functions, problem detection, uncertainty
managenent, and situated cognition occurs. These processes
are generally perforned in collaboration by a team worKki ng

in a natural setting.

In theory, NCWis one step towards mlitary
transformati on. However, a methodol ogy for assessing NCW s
benefits in macrocognitive performance has not been
established. |In sone cases, researchers have chosen to
explain variability in performance through individual
di spositions such as personality. Therefore, other factors
such as individual characteristics and traits may al so

affect performance.

B. OBJECTI VES

The objective of this research effort is to design and
establish a | aboratory and research nethod focused on
evaluating the clains of NCWfroma human systens
integration (HSI) perspective. The specific goals of this

effort include:

To devel op and inplenment a | aboratory for
eval uati ng team perfornance.

To design and test a set of procedures for
appl yi ng i ndividual and team perfornance
nmeasur es.

To evaluate the tenets and clains of NCWfrom a
HSI perspecti ve.

To denonstrate the utility of the Dynam c Mde
of Situated Cognition (MIler & Shattuck, 2005)
in providing a descriptive analysis in team
effectiveness and its applicability in future
resear ch.



C. RESEARCH QUESTI ONS
The specific research questions addressed in this

st udy i ncl ude:

Are there individual characteristics and traits
that relate to individual perfornmnce?

Are there individual characteristics and traits
that relate to overall team performance?

Do diverse teans performdifferently from
honogenous teans?

Are there performance differences when bl ocki ng
on various team nenber traits in team design?

D. BACKGROUND
As cited in Ofice of Force Transformation (2005),
former Secretary of Defense Paul Wl fowitz (2001) stated:
Thr oughout history, warfare has assuned the
characteristics of its age and the technol ogy of
its age. Today we see this trend continuing as we
move fromthe Industrial Age warfare with its
enphasi s on nmass to Informati on Age warf are,

whi ch hi ghlights the power of networked
distributed forces. p.7

The characteristics of a networked distributed force
are particularly evident in coalition conmand and contro
(C2) operations. Coalition C2 staffs are expected to use
networks to share information anong di verse nenbers. C2
staffs involve nultinational team nenbers characterized by
di vergent national interests. Differences in culture,
organi zational affiliation, and professional backgrounds
are believed to affect macrocognitive functions and
processes such as uncertainty managenent (Kl ein, Pongonis &
Kl ei n, 2000).



To capitalize on the percei ved advant age of networked
distributed teans, the U S. mlitary has adopted NCW as an
energent theory. However, with any new theory there is the
chal | enge of denonstrating its utility and worth. |f NCW
is to be fully enbraced, enpirical and qualitative research

must provi de support for its clains.

Proponents of NCWwoul d argue that NCWis required for
effective mlitary transformation. |In theory, ni ssion
effectiveness is enhanced when information sharing occurs
as a result of “robustly networking a force.” As part of
networking a force, Al berts and Hayes (2003) enphasize
interoperability, which is the ability to work together.
However, our understanding of technology and its
integration into mlitary operations to enhance m ssion
ef fectiveness is inconplete. A portion of this gap between
| everagi ng technol ogy to enhance m ssion effectiveness
i ncl udes the dynam c interaction of team nenbers and an
under st andi ng of how i ndividual characteristics and traits

contribute to teaminteraction

Decades of teamresearch have been conducted, but the
findings do not provide the evidence needed to accept or
refute NCWcl ains. Research at the macrocognitive level is
needed to test NCW assunptions. Salas et al. (2003)
reviewed twenty-five years of research on team
ef fectiveness. They identified seven areas needi ng
research. Two of these are: (1) the need to understand
di stributed teamwork, and (2) the need to focus on team
cul ture.



E. HUMAN SYSTEMS | NTEGRATI ON
In this thesis, we investigate the clains of NCWfrom

an HSI perspective. HSI is a multidisciplinary field with
ei ght basic areas or domains of study:

Manpower

Per sonnel

Trai ni ng

Human Factors Engi neering

Heal t h Hazard

System Safety

Personnel Survivability

Habi tability

We focus on three of these eight donmains: personnel,
training, and human factors engineering (HFE). Personne
and training include aspects of selection and
classification; physical, cognitive, and educati onal
characteristics; know edge, skills, and abilities; and
finally, simulation and virtual environnents. HFE is the
integration of physical and nental limts, biases, and
behaviors into system definition, design, devel opnent, and
eval uation to optim ze human-machi ne performance (Lockett &
Powers, 2003). The personnel, training, and HFE domai ns of
HSI provide a foundation by which clains of NCWcan be
t est ed.



F. THESI S ORGANI ZATI ON

In the next chapter, NCWtheory and literature
pertaining to factors that influence macrocognitive
functions are described. Since a nethodology for testing
NCW s cl ai m8 has not been previously created, Chapter |11
provi des detail regarding hardware/software use in the
| aboratory setting. This is followd by a description of
the pilot study in Chapter IV. Finally, Chapters V and VI
present the results, conclusions, and recommendati ons from

t he study.



[I. LITERATURE REVIEW

The literature review is divided into multiple
sections. The first section addresses the theory and
claims of NCW O her sections focus on personality,
cultural adaptability, and optim smpessimsm Finally, a
conceptual nodel is described to denonstrate how
personality, cultural adaptability, and optim smpessin sm

i nfluence how teans perform

A NETWORK- CENTRI C WARFARE

NCW has becone synonynous with recent attenpts by the
DoD and other mlitary forces to | everage the networking
capabilities of the information age. Cebrowski and Garstka
(1998), in one of the earliest references to NCW state
that “... NCWderives its power fromthe strong networKking
of a geographically dispersed force.” NCWis about human
behavior within a network environnent. The word “ networKk”
(i.e., as a noun) refers to the information technol ogy and
can only be an enabler. Used as a verb, “to network”
i npli es human behavi or, the action and the nain focus of
NCW (O fice of Force Transformation, 2005).

Descriptions of NCWconcepts are found in Power to the
Edge (Al berts & Hayes, 2003). Stemming fromthe work of
others, they list four tenets that describe the U S
mlitary s approach to NCW

A robustly networked force inproves information
shari ng.

| nformati on sharing and col | aborati on enhances
the quality of information and shared situationa
awar eness.



Shared situational awareness enabl es
col | aboration and sel f-synchronizati on and
enhances sustainability and speed of command.

These in turn dramatically increase m ssion
ef fecti veness.

These tenets facilitate the U S. mlitary’s
i npl enent ati on of NCW across four domains: physical,
i nformation, cognitive, and social. The physical domain
enconpasses operations such as strike, protect, and
maneuver. The information domain includes activities of
information sharing, creation, and mani pul ation. The
cognitive domai n enbodi es perceptions, awareness, beliefs,
and values. Finally, the social domain recognizes
i nteractions between and anong organi zati onal el enents.
MIler and Shattuck (2005) refer to a fifth domain, the
ecol ogi cal domain. The ecol ogi cal domain has been recently
proposed by Lindh (2004) to address the domai n of context.

As Figure 1 illustrates, the domains of warfare
conceptualized in U S mlitary doctrine overlap with one
another. An analysis of each domain of warfare is beyond
the scope of this research. However, the interaction of
the social and cognitive domains (later referred to as
soci o-cognitive) conprise information exchange and
sensemeki ng (Al berts & Hayes, 2003), the main focus of this

r esear ch.
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Figure 1. Domai ns of Warfare Overl apping (From O fice of
Force Transformation, 2005, p. 21)

The soci o-cognitive domain conprises nmacrocognitive
behavi ors such as information exchange and sensenaki ng
(Figure 2, NCW Conceptual Franmework). The NCW Conceptua
Framework is the result of a 2002 workshop on NCW and
net wor ked enabl ed capabilities (Evidenced Based Research,
2003). This franmework enphasi zes behaviors which are
believed to be critical in macrocognition. Behaviors such
as sensenaki ng are addressed at the individual and team
| evel (Al berts, Hayes, & Signori, 2001).

At the team | evel, macrocognitive behaviors include
the degree to which (1) information is shared and (2)
shared awareness is achieved. Proponents of NCWbelieve
that information and networking “...formthe center of
Network Centric Operations” (Evidenced Based Research
2003, p. 32). The extent to which teans are networked (the



quality of networking) along with their ability to rapidly
share information (the quality and degree of information
sharing) are said to be critical in determ ning overal

ef fectiveness. Senseneking involves activities that allow
i ndividuals to “make sense” of information in the context
of experience, use this information to nake i nferences, and
organi ze information into decisions (Evidenced Based
Research, 2003). Alberts and Hayes (2003) state “...these
vari ables are at the heart of the collaborative processes
that NCW seeks to exploit” (p. 99).

AR c2 Effectors |
¥ ¥
Quality of Organic Quality of Networking
Information Degree of Networking | | Net Readiness of Nodes |
ﬁ ¥
"’— Degree of Information “Share-ability”
| Quality of Individual Information €= \ <> Degree of Shared Information |
¥
Degree of Individual Sensemaking Quality Degree of Shared Sensemaking
| Individual Awareness | of | Shared Awareness
< . -
| Individual Understanding | R Ners | Shared Understanding
| Individual Decisions | | Collaborative Decisions
¥ ¥
Physical Domain ‘ | Degree of Decision/Synchronization \ | |
[ Information Domain | -
[ Cognitive Domain Degree ofActM')&nstnutms Synchronized | \-\t\
i Social Bomain Degree of Effectiveness *6‘2/\

Hnre 1+ [on-=| avel |

Fi gure 2. NCW Conceptual Framework (From EBR, 2003, p. 4)

B. PERSONALI TY

The study of personality in characterizing team
ef fectiveness or understanding mlitary adversaries dates
back to Wrld War 11. During this time, personalities of
eneny nations including Germany, the Soviet Union, and

10



Japan were studi ed by anthropol ogists at the direction of
the U S. governnent (Hofstede & McCrae, 2004). Trait
psychol ogy energed as a contenporary approach to the study
of personality. Trait psychol ogy focuses on the assessnent
of individual differences in enduring dispositions as

predi ctors of behavior. Dispositions such as personality
are one net hod by which researchers have chosen to explain

variability in team perfornmance.

Central to the study of trait psychol ogy and the
characterization of personality is the devel opnent of the
Fi ve- Factor Mbdel (Digman, 1990). The Five-Factor Model
energed as a result of over 70 years of systematic research
beginning with efforts to organi ze the | anguage of
personality (John et al., 1988; Digman, 1990). Kl ages
(1926) suggested that a careful analysis of |anguage woul d
assist in the understanding of personality which lead to
Baungarten's (1933) exam nation of personality terns
commonly found in the German | anguage (as cited in D gnan,
1990) .

There have been ot her taxonom es of personality
enconpassing as few as three factors — Psychoticism
Neuroticism and Extroversion/Introversion (Eysenck, 1960)
and as nany as 16 factors (i.e., Cattell’s Sixteen
Personal ity Factor System Cattell, 1965). As cited in
D gman (1990), the work of Fisk (1949) and Tupes and
Christal (1961) helped to establish the superiority of a
five-factor approach. Replicated by later researchers (for
a review see Digman, 1990), the Five-Factor Mdel has been

recogni zed for its robustness. Any nodel for structuring
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i ndividual differences will have to enconpass the Big Five
di mensi ons at sone |evel (D gman, 1990).

The Five-Factor Mdel consists of five dinmensions of
personality (Di gman, 1990), often referred to as the Big
Five. Personality researchers have failed to reach a
consensus on the names representing each di nension. For
this thesis, Costa and McCrae’s (1985) five personality
constructs are used. The five constructs are known as
extraversi on, agreeabl eness, conscientiousness,
neuroticism and openness. Wthin each di nension, each
construct is defined by at |east six specific traits or
facets which are addressed in further detail later in this

secti on.

Research within the | ast few years has provided
support to the utility of using personality neasures as
predi ctors of performance. MHenry et al., 1990 (as cited
in Neuman & Wight, 1999) observed that personality is a
predi ctor of job performance beyond general cognitive
ability and job-specific skills for Arny personnel. The
foll owi ng sections are intended to provide a nore detail ed
expl anati on of each of the Big Five and its inplications

for assessing individual and team perfornmance.

The Big Five factor of Conscientiousness is conprised
of conpetency, dutiful ness, need for achi evenent, self-
di scipline, and the tendency to think carefully before
acting (Barrick & Mount, 1991). According to Barrick and
Mount (1993), conscientiousness is related to individual
performance regardl ess of task requirenents. Later
research (Kichuck & Wesner, 1997; Neuman & Wight, 1999)

suggested a rel ationshi p between consci enti ousness and team
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performance. Teans, whose nenbers score high on the “need
for achievenent”, one facet of conscientiousness,

out perform teans whose nenbers scored | ow (see French
1958; Schnei der & Del aney, 1972; Zander & Forward, 1968).

Agr eeabl eness is characterized by trust,
strai ghtforwardness, altruism conpliance, nodesty, and the
ability to be tender-m nded (Barrick & Mount, 1991). In
their review, Neuman and Wight (1999) suggest that
agreeabl eness is a predictor of job performance at the
i ndi vidual |evel (see Rose et al., 1994; Tett, Jackson, &
Rot hstein, 1991). At this level, facets of agreeabl eness
such as trust, straightforwardness, altruism and
conpliance are traits that are desirable for the social
i nteractions found anong team nenbers (Aronoff & WI son
1985). Teans characterized by agreeabl e nenbers are
expected to exhibit interpersonal skills such as ability to
resol ve conflict and comuni cate openly in a manner which
pronot es i nformati on exchange and sensenaki ng (Aronoff &
W son, 1985; Neuman & Wight, 1999; Agarwal, 2003). In
their analysis of the human di mension of NCW Warne et al.
(2004) cite research which denponstrated that the extent to
whi ch an individual trusts another significantly inpacts
their willingness to share valuable information with others
(see Fine & Holyfield, 1996).

Extraversion is characterized by sociability,
gregari ousness, assertiveness, tal kativeness, and
activeness (Barrick & Mount, 1991). Kickuk and W esner
(1997) cite research showi ng that extroversion is
positively related to team performance (Haythorn, 1953;
Ghiselli & Lodahl, 1958; Snelser, 1961; Altman & Hayt horn,

13



1967; Bouchard, 1969; Shaw & Harkey, 1976; Driskell et al.
1987; WIllianms & Sternberg, 1988) and participation with
the team (Mann, 1959; Watson, 1971). Extroverts are said
to help facilitate intra-team conmuni cation and are
generally ready to share information (Bradley & Herbert,
1997).

Neuroticismis characterized by traits such as

anxi ety, depression, anger, enbarrassnent, enotionality,
and insecurity (Barrick & Mount, 1991). Neuroticism has
al so been thought of as a | ack of enotional stability or
adj ustnent (D gman, 1990). Neuroticism has not been found
to be related to performance (Ki ckuk & Wesner, 1997).
However, after review ng studies conpleted by Haythorn,
(1953), Man (1959), Shaw (1971) and Thomas et al. (1996),
they posit that Neuroticismmy be negatively correl ated

wi th team performance.

Traits associated with Openness include inagination,
culture, curiosity, originality, broad-m ndedness,
intelligence, and having an artistic ability (Barrick &
Mount, 1991). In a review by Kichuk and Wesner (1997),
openness to experience is said to be predictive of an
i ndividual’s training proficiency but not predictive of
hi s/ her performance. The rel ationship between openness and
overal | performance is inconclusive (Kichuk & W esner,
1997).

C. CULTURAL ADAPTABI LI TY
Cul ture has often been used to explain hunan behavi or,

but “.there is no single, accepted definition” (Bird, 2001,
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p.2). However, there are characteristics which help
conceptualize culture. Bird (2001) identifies four common

charact eri stics:
1. Cul ture includes systens of val ues;

Culture is | earned, not innate;
Cul ture distingui shes one group from anot her; and

Cul ture influences beliefs, attitudes, perception
and behavior in ‘sonmewhat’ uniform and
predi ctabl e ways. (pp. 2-3)

In the context of NCW the study of culture may be
best viewed as a lens (Trandis, 1994). The ability to
exam ne culture through a lens provides the flexibility to
study culture at both an individual and teamlevel. This
approach also allows researchers to exam ne the dynam c
relationships that may exi st between the four previously

menti oned characteristics of cul ture.

Cul tural differences affect coordination and
communi cation, which are factors of sense-making. In their
review of culture and team perfornmance, Powell, Piccoli
and Ives (2004) suggest that differences in culture may
| ead to coordination difficulties (see Johansson et al.,
1999; Kayworth & Leidner, 2000; Maznevski & Chdoba, 2001;
Robey et al., 2000) and create obstacles to effective
comuni cation (see Kayworth & Lei dner, 2000; Sarker &
Sahay, 2002; van Ryssen & Godar, 2000).

Cultural differences within teans nay al so be
magni fied in network-centric environments. Networking
inplies linking individuals together to work in teans.
Thus, networking, froma human sense, ultimately results in
teammvor k.  Teamwor k connot es i ndividual accountability,

i nformati on exchange, and a general sense of worKking
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t oget her (Drucker, 1999). Consequently, teammwork is viewed
as a skill and its absence can be a barrier to effective
performance (Warne et al., 2004).

Kl ein, Pongonis, and Klein (2000) identify five
cultural differences that can disrupt sensenaking,
deci si on- maki ng, coordi nati on, and conmuni cation in
mlitary teamwork: (1) power distance, (2) dialectica
reasoni ng, (3) counterfactual thinking, (4) risk assessnent
and uncertai nty managenent, and (5) activity orientation.
This research focuses on only one of these five

di fferences, uncertainty nanagenent.

Uncertainty is “the state of being unsettled or in
doubt” (American Heritage Dictionary, 2000). Uncertainty
can be a function of anbi guous information, perceived
threat, or harnful situation. G eco and Roger (2001)
advocate that “...stress under these conditions varies as a
function of an individual's efforts of, appraisal of, and
coping with, the event” (p. 517). The study of uncertainty
and human behavi or has becone known variously as tol erance
of ambiguity, uncertainty avoi dance, anxiety, and risk
avoi dance. These terns are used interchangeably in this
t hesi s.

Uncertainty has been conceptualized and studied within
a variety of cultural contexts. At the national culture
| evel, uncertainty nmay be ternmed uncertainty avoi dance.
Cultures classified as strong in uncertainty avoi dance are
active, aggressive, enotional, conpul sive, security-
seeking, and intolerant. Qher cultures that can be
characterized as |l ow in uncertainty avoi dance are

contenpl ative, |ess aggressive, unenotional, relaxed,
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accepting personal risks, and relatively tolerant

(Hof stede, 1991). Uncertainty avoi dance has al so been
“related to anxiety, need for security and dependence upon
experts” (Hofstede, 1980, p.110).

The need for certainty is not only different between
cultures, but also within cultures. As a trait, the need
for certainty has been | abeled as an intol erance of
anbiguity. Intolerance of anbiguity has been defined as
“the tendency to perceive (i.e., interpret) anbi guous
situations as sources of threat” (Budner, 1962, p. 29).
Anbi guous situations perceived as threats include new
t echnol ogy, dynami c and conpl ex environnents, asynmmetry of
the battlefield, and dynam c informati on exchange net works.
Overall, a high need for certainty or a | owtolerance for
anbiguity, inply “a preference for famliarity, symretry,
definiteness, and regularity” (Bar-Tal, 1994, p. 45).

Stress is one of the human responses to uncertainty.
Stress can be initiated by a distinct event, ambi guous and
inconplete informati on, or a perceived threat. Stress also
has an effect on performance. Performance differences
which may result from stress include premature reactions,
restricted use of relevant cues, nore errors on cognitive
tasks, and increased use of schenmatic or stereotyped
judgnents (see Bar-Tal, Raviv, & Spitzer, 1999). However,

not everyone’s reactions to stressors are the sane.

A 12-nonth team performance study |led by Sutton and
Pierce (2003), found that uncertainty affected situation
assessnent (i.e., information exchange), coordination
(i.e., response sequencing), and general support behavior

(i.e., activity nonitoring). Their study assessed the
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degree to which cultural cognitive dinensions inpact
teamwork in a nultinational headquarters. Specifically,

t eams conprised of individuals scoring high on need for
certainty (uncertainty avoi dance) engaged in behaviors that
were different fromteam nenbers with a | ow need for
certainty. Individuals scoring high on need for certainty
produced much nore detailed information in the situation
assessnment phase of planning and coordi nation. These

i ndi vi dual s al so devel oped wel | -defined processes for

i nformati on exchange and coordi nati on.

D. OPTI M SM AND PESSI M SM

Pessim smis defined as a general tendency to have
negative expectations. “Optimsmis a disposition
inclining one to positive expectations; pessimsminclines
one to negative expectations” (Helton et al., 1999, p.
311). Optimsts and pessimsts respond to stress in
different ways. Stress narrows attention and causes
inportant information to be overl ooked. This narrow ng
affects the probl em sol ving process, another process
rel ated to nacrocognition (Hoffman, Roesler, & Mon, 2004).
Central to the activity of problemsolving is sensemaking
(Russell et al., 1993). Seligman (as cited in Gasha,
2000) suggests that optimsts are willing to challenge
probl ens, persist until a solution is found, and involve
others in resolving issues (Seligman, 1991). Optimsts are

believed to participate nore in information exchange.

E. MODEL OF DYNAM C S| TUATED COGNI TI ON
NCW advocates cite the need for a process nodel to

assess NCWs clainms. However, such a process nodel has not
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been available until recently. MIler and Shattuck (2005)
proposed filling this gap using their Dynam c Mdel of
Situated Cognition (DMSC) (Figure 3).

The Dynamic Model of Situated Cognition

Technological L Perceptual and
Systems > & Cognitive Systems ——

Lenses consist of individual states & traits, social
factors, local context, plans, guidelines, experience

— =

Data available on @ N \)
@ local C2 system \
Comprehension of N
- -
Data detected by decision maker
@ sensor systems @
All data in the Projection of
5 decision maker
environment
© Miller and Shattuck, 2003

Figure 3. The Dynamic Mddel of Situated Cognition (From
MIller & Shattuck, 2004)

The DMSC energed as an attenpt to illustrate the
rel ati onshi ps between technol ogi cal systens and human
perception and cognition. Since its creation, the DVBC has
been used to descri be what happens in operational
environnments with people who are engaged in goal directed
behavi or (see MIler & Shattuck, 2004, 2005). It has also
been adapted by M Il er and Shattuck (2005) as a process
nmodel for NCW (Figure 4). The DMSC can be used to exam ne
macrocogni tive processes and functions of information
exchange and sensemaki ng which reside in the socio-
cognitive domain. Situated cognition describes the fact
t hat macrocognitive functions are generally performed in

col l aboration by a teamworking in a natural setting.
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Accordingly, the left side of the nodel receives the
greatest attention in this research

mem? The Dynamic Model of Situated Cognition
v with NCOW Domains of Warfare

Physical and Information Domains Cognitive Domain

Social Domain

Ecological Domain

Human Systems Integration Program -

Fi gure 4. The DMVSC adapted to the NCOW Domains of Warfare
(From MIler & Shattuck, 2005)

The DVSC consists of a series of lens (A B, and C,
see Figure 3). Lens A the Il ens between Ovals 3 and 4,
directs attention to selected incomng stimuli. These
stimuli are, in nost cases either visual or auditory.
Between Ovals 4 and 5 is Lens B. Lens Bis believed to
i nfl uence how data are organized into information. The
| ens between Ovals 5 and 6, Lens Cis believed to guide the

process of extrapolating current information (Shattuck &
MIler, 2005).

Ml ler and Shattuck (2005) state that there are at
| east six classes of information enbedded in the |enses
that influence macrocognitive processes. The six classes

of information are: 1) individual states and traits, 2)
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social factors, 3) local context, 4) plan, 5) guidelines,
and 6) experience. Two are applicable in the context of
this research: individual states and traits, and soci al
factors. Individual states and traits represent relatively
enduring (e.g., personality) and transient (e.g., fatigue)
characteristics of an individual. For a nore detailed

di scussion of human trait and state measurenents, see
Mller et al. (2003). Social factors include issues
ranging fromteamdynam cs (e.g., honpbgeneity) to cultura
di fferences. Together these two factors may significantly

i nfl uence what is perceived by team nenbers (Oval 4).

The ovals to the right of lens A (Oval 4, 5, and 6)
represent perception, conprehension, and predictions —
| oosely referred to as macrocognitive processes.
Perception (a process occurring in Oval 4) is achieved
t hrough active and passive processes such as infornmation
exchange. Active processes refer to data requested or
“pul l ed” by team nmenbers. Passive processes refer to data
provi ded or “pushed” to team nenbers. Conprehension is
represented in Oval 5. Conprehension is a cognitive process
described by ternms such as fusion, integration, analysis,
expl anation, interpretation, and pattern recognition
(Endsl ey, 1995). Conprehension is |loosely referred to as
sensenmaki ng. Dervin's theory of sensemaking, (as cited in

Sal vol ai nen, 1993) is defined as: “...behavior, both
internal (i.e., cognitive) and external (i.e. procedural),
whi ch allows the individual to construct and design their
novenent through time-space” (p.16). Finally, Oval 6
represents projections of individual team nenbers. These
proj ections are based on what have been conprehended (Oval

5), and the affect of an individual’s lens (Lens C). These
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sane | ens conponents (i.e., individual states and traits
and social factors) are believed to influence
macrocognitive processes such as informati on exchange and

sense-maki ng.

NCW by its very nature, involves nultiple actors,
both human and machine. MIller and Shattuck (2005) state
“As we nove froman individual to the network of
i ndi vidual s that characterize NCW the technol ogical (or
physi cal and information domai ns) remain the sane. Figure
5 below illustrates how ground truth (Oval 1) and data
detected by sensor systens (Oval 2) will remain the sane
for each individual. However, Oval 3 through Oval 6 wll
differ for each of the three individual team nenbers. As
an illustration, the lines fromindividuals A and Cto
i ndi vidual B represent the way individuals A and C convey
information to individual B. The sanme descriptions of
| enses and ovals are applicable in this illustration

Human Systems Integration Program

Fi gure 5. DVSC Applied to Teans (From Ml er & Shattuck,
2005, Published in Conference Proceedi ngs
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Situated cognition is a dynam c, ongoi ng process
(dancey, 1997). Figure 6 further represents this ongoing
process by its enphasis on feedback in situated cognition.
The feedback | oops shown in Figure 6 provide insight into
macrocognitive processes of networked individuals. The
f eedback | oops flow from Oval 5 (conprehension) to Ovals 1,
2, 3, 4 (environnental, sensors, C2 workstation, and
perception). Feedback | oops fromOval 6 (projection) also
flowto Ovals 1, 2, 3, 4, and 5. Additional feedback | oops
exists in the nodel as well. These feedback | oops extend
fromOval 5 (conprehension) to the |lenses and from Oval 6
(projection) to the lenses. MIller and Shattuck (2005)
have postulated that the | enses are dynanic and constantly
change.

A Dynamic Model of Situated Cognition

© Miller and Shattuck, 2003

Fi gure 6. DMSC Feedback Loops, (From MIller & Shattuck
2004, p.b5)
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The factors influencing effective nacrocognitive processes
nmust be investigated insofar as they underpin m ssion

ef fectiveness (Warne et al., 2005).
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[1l. DESIGN AND IMPLEMENTATION OF THE TEAM
PERFORMANCE LABORATORY

A BACKGROUND

Mich of the time involved in this thesis effort was
spent designing, constructing, and configuring the Team
Per f ormance Laboratory. The Team Performance Laboratory
uses conputer software to assess and eval uate human factors
considerations in team performance. The Human Systens
| ntegration Laboratory (HSIL) was reconfigured to
accomobdate two sem -private four person | aboratories.
Addi tionally, four nobile desktop stations were configured
for easy set-up and take-down given |imted | aboratory
space. A two person observer station was set up to
network, control, observe, and collect data on the eight
Pentium 4 desktop conputers used by team nenbers in the
C3Fire simulation.

B. SOFTWARE

Testing the clains of NCWusing a conputer generated
synt heti c environment required review ng numerous garmne-
based software packages. These included M ssion to Mars,
AVWACS- AEDGE, Never Wnter Nights — SABRE, and C3Fire.

M ssion to Mars is a conputer-generated interactive
sinmul ation currently being used by researchers to eval uate
distributed interactive conmuni cati on between di spersed
el ements. The sinulations are devel oped around resource
and tine managenent thenes within the context of geol ogic
expl orati on expeditions on the surface of Mars. G oups of
t hree-person crews are expected to operate a sinul ated

exploration vehicle, an “Orbiter”, “Lander”, or “Rover”,
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via an individual workstation. The task is designed to
| ast up to four hours. Mssion to Mars autonatically
records both crew performance and psychosoci al

comuni cation interactions (Henz et al., in press).

The Airborne Warning and Control System — Agent
Enabl ed Deci si on Gui de Environnment (AWACS AEDGE), devel oped
usi ng 21%' Century Systens Inc.’s AEDGE™infrastructure is a
distributed, real -tinme team deci sion support environmnent.

It is conprised of sinmulators, intelligent agents and user
interfaces (Barnes, Petrov, & Elliott, 2002). The AWACS-
AEDGE was devel oped to represent core characteristics of
the Airborne Warning and Control Systenms (AWACS) Wapons
Director (WD) team Core characteristics of the AWACS WD
team i ncl ude providing airborne surveillance, control, and
conmuni cations functions for tactical and air defense
forces. The AWACS- AEDGE was devel oped as an agent - based C2
t eam deci si on support platformfor research and training
(Petrov et al., 2002).

SABRE (Situation Authorabl e Behavior Research
Environnent) is a joint Defense Mdeling and Sinulation
O fice and Air Force Research Laboratory project.
Devel oped by BBN Technol ogi es, SABRE is a tool intended for
t eam behavi or research. SABRE is nmarketed as an aid for
i nvestigating general aspects of teamwrk such as group
deci si on- maki ng, resource managenent, and information
sharing. |In addition, context-specific behaviors such as
negoti ati ng and accommodati ng m ssion-irrel evant requests
for assistance are explored. This test-bed has been
devel oped primarily to study the effects of personality and

culture on behavi or and performance in a cooperative team
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m ssion (Leung, Diller, & Ferguson, 2005). Training tine
prior to data collection is approximately 2.5 hours (Warren
et al., 2005).

The C3Fire mcrowrld is a command, control, and
comuni cations firefighting sinmulation. C3Fire has been
used for training and experinmentati on of team deci sion-
maki ng and team situati onal awareness (Granlund et al.,
2001; Granlund, 2002). C3Fire generates a task environment
in which a team of four people cooperate to extinguish a
fire (see Figure 7). The user interface consists of
several basic elenents: a geographic information system
(dS), adiary, and an e-mail system In the center of the
user interface is a map consisting of a 40 x 40 matri x of
cells; a map |l egend, clock, e-mail tool, and a truck status
panel . Using these features, players of C3Fire control
three types of trucks (firefighting, fuel, and water) and
are responsi ble for working together via e-mail to
extinguish the fire. Players need to naintain a picture of
fuel and water states during the ganme. The ganme records a
variety of performance data in the formof [ogs. Training

time is approximately 2 m nutes.
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Figure 7. An exanple of C3Fire Mcroworld Setting, (From
C3Fire Instructions G anlund, 2005, p. 1)

After review ng the concepts of NCWand given t he
short amount of training tine, C3Fire was chosen. C3Fire
was al so sel ected because it had been previously used to
test concepts of NCW (Johansson et al., 2003).

C. | NSTALLATI ON

C3Fire was installed on ten desktop Pentium 4
machines. | n addition to the software, basic requirenents
for the team performance |ab included:

Two adj acent areas (Team Performance Laboratory)
measuring at least 14° X 14°. Each area should
be fully isolated fromother areas in the HSIL to
prot ect agai nst background noi se. Each area may
require as many as twel ve surge-protected

el ectrical outlets.

Three 10/ 100 Et hernet ports capabl e of networking
four conputers at once.

Ten Pentium4 or 3 CPU with near 3.20GHz, 1.00 GB
of RAM

Ten standard “qgwerty” keyboards and two button
mouse. Ten nonitors of the sanme size are needed.
Moni tors should be no smaller than a 17-inch
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D agonal and 16-inch V.I1.S., CRT, 1024x768
Pixels. Ideally, 19" or 20" Flat Panel LCD
Monitors are required for resolution and
interface visibility.

Al'l machi nes need to be configured by the

| nformati on Technol ogy Assi stance Center (1 TACS)
to receive a constant | P Address and connect to
the NPS Intranet.
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V. PILOT STUDY

| denti fyi ng and neasuri ng human perfornmance both on an
i ndi vidual and teamlevel is challenging. Team performance
vari abl es nmust be operationally defined, using the
constructs identified for specific operations or procedures
and the resultant nmeasurenents selected for this study.
Key variables selected for this study and their operational
definitions are provided below. A major benefit of C3Fire
and a deciding factor for its use in this study is its
capability to automatically collect several kinds of
performance data. The primary variable of interest in this
thesis, informati on exchange (or information currency), is
an indicator of overall NCW performance whi ch has been
previously identified inthe literature. |In the context of
NCW i nformati on exchange (information currency) is
consistent with objective neasures of information sharing
and sensemaki ng at the team and individual |evels. For
nore information on NCWvariables in addition to the ones
whi ch have been identi fied bel ow, see Appendix B. For

C3Fire capabilities, refer to ww. C3Fire.org

A VARAI ABLES
1. Dependent Vari abl es

a. | nf ormati on exchange (i nformation currency):
communi cation lag tinme (in seconds) between
sendi ng and the receiver opening a nessage.

b. Overall C3Fire Perfornmance — the nunber of
cells in the 40 x 40 matrix of cells | ost
due to ineffective firefighting in a 17
m nute sessi on.
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2. | ndependent Vari abl es

a. Personal ity scores on each of five
di mensi ons — neasured using the NEO FFI.

b. Uncertai nty Managenment scores on each of
three scales: (1) Uncertainty Response
Scale, (2) Need for Cognitive Structure, and
(3) Ability to Achieve Cognitive Structure

C. OptimsmPessimsm-— total score fromthe
OPI .
d. Conflict Avoidance — total score fromthe

Conflict Avoi dance questionnaire.

B. PARTI ClI PANTS

Much of the previous research on teans has used
under graduate students fromcivilian institutions, thereby
t hreateni ng generalizability of the studies for U S
mlitary forces. Therefore, the current study specifically
sought participants from a population of mlitary officers

expected to performin network-centric operations.

Thirty-two NPS students and faculty nenbers (average
age = 34.1, standard deviation = 6.12) were assigned to
ei ght teanms who participated in the first phase of the
exercise. Sixteen additional participants (both NPS
students and faculty) participated but data fromthese
|atter participants are not included in this pilot study

due to inconplete survey responses.

The pilot study focused on the performance of eight
teams. O the eight teans, five were all male. Two teans
were of m xed gender and one teamwas all female.

| ndi vidual s in each team were known to each ot her.
Naval Postgraduate School students enter as cohorts taking
the sane classes for 18 to 28 nonths, making it virtually

i npossi ble to avoid teans consisting of individuals who had
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no prior experiences of working together. Consequently,
each team was sel f-selected and entered the | aboratory as a

unit.

The 32 participants represented nost branches of
service including civilians fromthe DoD. See Table 1 for

nore detail ed denographi c dat a.

Navy Army Marines Air Force | Coast Guard] DoD Civilian Total

16 6 1 3 0 6 32

Table 1. Mlitary Service Representation

C. | NSTRUVENTS

A variety of standardi zed surveys were used for
col l ecting individual characteristics and trait data. The
surveys selected for this research were a m x of open- and
cl osed- ended questions that were 3-5 pages in length. For
consi stency and ease of scoring, many of the surveys were
scored using a five-point Likert scale (1 = Strongly Agree

to 5 = Strongly Di sagree).

The surveys |isted bel ow were sel ected because of
their perceived ability to be related to team performance.
The nunber of surveys selected was indicative of the
absence of well defined individual characteristics and
traits that are related to team performance literature (See
Chapter 11: Literature Review. Refer to the references
listed for additional information on and a copy of each

survey.

1. Denogr aphi ¢ Questionnaire
The denographics questionnaire is a 15-item
guestionnaire with both open-ended and forced-choi ced

qguestions which assesses the participants’ (1) personal,
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academ c, and work-rel ated background, (2) international
experiences, (3) experience in the mlitary and teamwork,
and (4) experience with conputers, especially chat
progranms. The 15-item questionnaire was adapted from
ongoi ng research on Bridging Cultural Barriers to

Col | aborati ve Decision Making in Onsite Operations

Coordi nation Centers (K. Smith, personal communication
August 22, 2005, 11:32PM.

2. NEO Fi ve- Factor Inventory (NEO- FFI)

Team nmenber personality was neasured using the NEO
FFI, a 60-item questionnaire. It is the shortened version
of the Revised NEO Personality Inventory (NEO-PI-R;, Costa
and McCrae, 1992). The NEO- FFI provides an accurate and
conci se neasure of the “Big Five” domains of adult
personal ity: extroversion, agreeabl eness,
consci enti ousness, enotional stability, and intellect (or
openness) and their facets (Briggs, 1989).

The NEO-FFI has adequate internal consistency,
construct, and discrimnative validity across diverse
sanples (Ball et. al., 2001; Costa & McCrae, 1992). The
NEO FFI Form S correlates with the NEO PI-R domain scal es
at .77-.92 and has a internal consistency val ues rangi ng
from.68-.86 (PAR Inc., Retrieved 2005). Additionally,
t he NEO-FFI was chosen over other popul ar indices of
personal ity because of its relational value to nationa
cultural constructs previously nentioned in the literature
(Hof stede & McCrae, 2004) and its 10-15 mnute
adm nistration tine.
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3. Uncertai nty Response Scal e

The Uncertainty Response Scale (URS, G eco & Roger,
2001) is a 48-itemscale which predicts individua
differences in coping with uncertainty. The URS is
conprised of three factors, Enotional Uncertainty (EU),
Desire for Change (DFC), and Cognitive Uncertainty (CU)
EU is the desire to which an individual responds to
uncertainty with anxiety and sadness. DFC is the degree to
whi ch an i ndivi dual enjoys novelty, uncertainty, and
change. CU is the degree to which an individual prefers
order, planning, and structure in an uncertain environnent.
Participants rate the degree to which a statenment is true
for thenselves using a 5-point scale with endpoints being 1
= Never and 5 = Always. Scores for subscales are
determ ned by totaling the point value of statenents
associ ated with each subscale. Higher scores indicate a
greater tendency toward nal adaptive responses to
uncertainty (EU), greater enjoynent of the unknown (DFC)
and greater preference for control under uncertain
conditions (CU). The URS has an internal consistency of
.89, .90, and .85 for subscales EU, DFC, and CU
respectively, and test-retest reliability estimtes of .79,
.86, and . 80.

4. The Need for Cognitive Structure Scale

The Need for Cognitive Structure Scal e (NCS; Bar-Tal,
1994) is a 20-itemscal e that assesses the extent to which
an individual prefers using cognitive structuring to
achi eve certainty. Cognitive structuring (or
categori zation) helps create certainty by filtering out

i nconsistent or irrelevant information. Participants rate
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the degree to which they disagree or agree with statenents
using a 5-point Likert scale with endpoints of 1 = Strongly
Disagree and 5 = Strongly Agree. Responses are totaled to
create an “overall need for cognitive structure” score.

H gher scores indicate a greater need for cognitive
structure. The NCS has an internal consistency of .82 and
test-retest reliability of .85 (Bar-Tal, 1993, 1994).

5. The Ability to Achieve Cognitive Structure Scale
There are individual differences in the ability to
effectively organize information to fit existing know edge
structures or to process information that is inconsistent
Wi th existing structures. The Ability to Achieve Cognitive
Structure Scale (AACS;, Bar-Tal, 1994) is a 24-item scale

that assesses this trait.

Participants rate the degree to which they disagree or
agree with statenents using a 5-point Likert scale with
endpoints of 1 = Strongly Disagree and 5 = Strongly Agree.
Responses are totaled to create an overall ability to
achi eve cognitive structure score. Hi gher scores indicate
a greater ability to apply information processes that are
consistent with an individual’'s | evel of NCS. The AACS has
an internal consistency of .67 and a test-retest
reliability of .86 (Bar-Tal, 1993, 1994).

6. Opti m sm Pessi m sm | nstrunent

The Optim smPessimsmIinstrunent (OPl) is a 56-item
questionnaire. Optimsmis a disposition representing a
bi as toward positive aspects of life. Pessinmismis a
di sposition representing a bias toward negative aspects of
life. In the OPI, 18 itens indicate optimsm (O, 18 itens
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indicate pessimsm (P), and 20 itens are filler. The scale
was devel oped to neasure the degree to which an individual
is either an optim st or pessimst in their expectations
(Denmber et al., 1989).

Respondents are asked to rate their agreenment with the
itenms using a four-point Likert-type scale wth endpoints
of 1 = Strongly Agree and 4 = Strongly Disagree. Unlike
ot her neasures of optim sm pessinm sm such as the
Attributional Style Questionnaire (ASQ Peterson et al.,
1982) and the Life Orientation Test (LOT;, Scheier & Carver,
1985), OPlI neasures pessim stic and optim stic tendencies
separately.

The OPI has an internal consistency of .84 for
optimsmand .87 for pessimsm Test-retest reliability

are .75 and .84 for optimsmand pessin smrespectively.

7. Conflict Avoi dance (CA)

The Conflict Avoidance (CA) scale is a 23-item self-
report measure that assesses a person’s reaction to
conflict. H gh scores on this survey indicate a tendency
for wanting to avoid conflicts. The scale is conprised of
items fromthe NEOPI-R the Intercultural Adaptation
Potential Scale (ICAPS; LeRoux, J. & Matsunoto, D., 2000),
the ROAD, and an additional Conflict Avoidance scal e taken
from (Tjosvold, 1985; Barker, Tjosvold, & Andrews, 1988).

D. PROCEDURE

Data coll ection was conpleted in tw phases. In the

first phase of data collection, eight teans of four NPS
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faculty and students were asked to participate in a single
90 m nute exercise. Each |aboratory exercise took place at
t he HSI L.

At the beginning of each exercise, participants were
asked to register and pick-up a manila fol der containing
their informed consent formand surveys. After each
partici pant conpleted their infornmed consent form they
began conpleting three of the seven surveys. After
conpl eting the surveys, participants were asked to read the
C3Fire instructions. Once everyone conpleted their surveys
and had a chance to read over the C3Fire instructions, each
of the four team nenbers noved into position on a four
person station. Participants played C3Fire as a team
training exercise for three mnutes. Afterwards,
instructions were reviewed and participants were given the
opportunity to famliarize thenselves with C3Fire. During
this 3 mnute exercise, questions were encouraged and
answered al oud to ensure participants were famliar with
t he gane.

When the training period ended, participants were
gi ven anot her opportunity to ask questions. Then, the
first 17 mnute data collection session began. At the end
of the first seventeen minute session, participants were
instructed to finish the remaining four surveys. After
each participant answered all surveys, the final 17 mnute

C3Fire session started.

The first phase of this pilot study consisted of self-
organi zed teans. Results fromthese teans were used to
characterize teans based on individual characteristics and

traits and to relate performance to team characteristics.
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The second phase of this study used pre-selected teans
desi gned by the researcher. These participants were asked
to return for a second 17-mnute play of C3Fire. The
original self-organized teans were replaced by teans
desi gned on the basis of their individual characteristics.
Four teans were constructed on the basis of agreeabl eness
(High vs. Low) and cognitive uncertainty (H gh vs. Low).
The personality trait of agreeabl eness was neasured using
the NEO-FFI. Individual responses to CU were collected
usi ng the Uncertainty Response Scale (URS). The NEO FFI
classifies individuals into one of five categories (Very
Low, Low, Average, Hi gh, and Very Hi gh) for each
personality trait, providing a nmechanismfor assessing the
degree to which a personality trait is present. The URS
scores an individual’s degree to which they respond to
uncertainty. Using all 32 responses on the URS, sumary
statistics were cal culated. Upper and | ower bounds were

derived for responses to CU.
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V.

A.
The first

RESULTSOF PILOT STUDY

SUMVARY STATI STI CS OF PERSONALI TY TRAI TS

step of this analysis sunmarizes individual

characteristics and traits fromthe sanple of NPS students

and faculty.
partici pants.
nmeasures used in the

factors with five levels for
were classified as either “Very Hgh” to “Very Low

of five personality factors of extroversion,

agr eeabl eness,

st udy,

The sanpl e consisted of thirty-two

Responses to the NEO-FFI, the personality

were organi zed into five-

each factor.

Partici pants

in each

openness,

neuroticism and consci enti ousness.

Di stributions of each personality characteristic are given

in Table 2.

Across the dinensions of personality,

t he

classification “Average” was the nost predom nant with

thirty-one percent of all responses.
Extroversion OpennesqOpenness JAgreeablenss |Conscientiousness
Very Low 2 2 4 6 4
Low 2 4 7 13 8
Average 14 11 11 8 6
High 10 11 8 4 11
Very High 4 4 2 1 3
Total 32 32 32 32 32
Table 2. Cassification of Personality Type and Strength

of C assification

Plots simlar to Figure 8, are conputed for each

i ndi vi dua
E-F).

each survey

As Figure 8 denonstr at es,

characteristic and trait nmeasure (See Appendi x
These plots check for abnormalities in responses to

responses to each

survey were generally varied and none of the responses

st and out as anonnl ous.
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Fi gure 8. Scores on the Uncertainty Response Scale (URS) by
Parti ci pant
B. SUMVARY STATI STI CS FOR PERFORMANCE
Next we exam ne team performance. Figure 9 plots the

lag tinme averaged over the nunber of nmessages sent in each
exercise by teamfor both trial 1 and trial 2. It
illustrates overall performances of seven of the eight
teans. One teamis perfornmance is omtted because its
menbers had nore experience with actual play of the gane.
Time lag is a performance neasure of information exchange
and represents currency of information. Smaller tine |ag
represents nore current and relevant information. This
variable is believed to be critical to team performance in
dynam ¢ environnments. Having nore current information may
i nprove mssion effectiveness in network environnents.
Thus, currency of information is a perfornmance neasure for
m ssion effectiveness in NCW (Effective Based Research
2003) and the performance variable of choice in this study.

In both trials, Team 4 had the snmall est average tine |ag
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and thus outperfornmed the other teans with respect to
i nformati on exchange (Figure 9).

Average Lag Time by Team
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Fi gure 10. Overal|l Team Performance, Lost Cells

As Figure 10 illustrates, Team 3 outperforned all

other teams in overall performance. Overall performance is
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defined as the nunber of cells |ost due to i neffective
firefighting.

The anal yses and graphs provided in the remaining
chapters of this thesis are fromtrial 1 data only. No
conpari sons were made between trials due to |earning
effects and strategy changes within teans. As illustrated
in Figures 9 and 10, Team 3’ s average tinme |lag increased
between trials, but overall performance renmained relatively
superior anong teans for both trials 1 and 2. Further
anal ysis from comuni cation | ogs showed that one nenber of
Team 3 failed to check nessages fromother teammates until
the final mnutes of play intrial 2. Thus, Team 3's
average tine lag increased and forced the remaining three
teammates to reorganize quickly to cover for the |lack of
comuni cation. Wth Team 3's prior experience in trial 1
they were able to remain effective. Because the experinent
was not designed to account for the effects of | earning,
sumary data fromtrial 2 beyond what has previously been

presented is not included.

| ndi vi dual performance drives team performnce
| ndi vi dual performance within teans may provide insights
into variance in team performance. In each exercise
average time |l ag was recorded for each participant within
each team |In C3Fire, a nessage is hidden and therefore
cannot be read until a player clicks the “next button”.
The assunption here is that when a player “clicks the "next
button”, the nessage is read. C3Fire tinme stanps these
events and stores who sends and reads their nmessages. The
time between sending and receiving nessages is terned tine

lag. In a seventeen-nm nute session, a player can send and
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receive a nunber of messages. It is the responsibility of
the player to ensure they remain current on information as
it could affect individual and team perfornance, requiring
that players check their mail regularly. For purposes of

this study, information is not exchanged until the process

of sending and reading a nessage i s conpl eted.

Figure 11 shows individual performance differences in
tinme lag. The box plot shows that team nenbers in Team 4
are |l ess variable in managi ng i nformati on exchanges while
menbers in Teans 2 and 5 are nore variable. Follow ng the
assunption that individual performance is related to team
performance, Team 2 was not expected to have the best
performance; it did not.
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Purple, Team 4
Orange, Team 5
Red, Team 6
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Figure 11. Box plots of Message Tine Lags by Partici pant
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Time lag was al so neasured at the teamlevel. Tine
| ag measured at the teamlevel is postulated to be
i ndi cative of team performance. For this study,
senseneki ng i s assuned to be dependent on the currency of
informati on provided and is therefore neasured using tine
lag. Box plots in Figure 12 show differences in tine | ag
at the teamlevel. Team4 is |less variable in nmanagi ng
i nformati on whereas Team 2 shows nore variability.
Fol Il owi ng the assunption that teamtinme |lag can affect
overal |l team performance, overall perfornmance was expected
to be worse for Team 2 than or any other team
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Figure 12. Box plots of Message Tine Lag by Team
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C. RELATI ONSHI PS BETWEEN TEAM PERFORVANCE AND PERSONALI TY
TRAI TS

The degree to which teans consi st of nmenbers who are
simlar or dissimlar in individual characteristics and
traits may al so explain individual and team performance.
The scatter plot in Figure 13 conpares the degree to which
a person is a pessimst against their individual
performance (tinme lag). There appears to be a positive
rel ationship between pessimsmscores and tine |ag. The
sanple correlation r = .381 with a p-value of .05 for the
t wo- sided test of no correlation. That is to say, |ess
pessim stic individuals (those with | ower scores) tend to
manage i nformati on better than nore pessimstic
i ndividuals. Additionally, there appears to be a negative
relationship (r = -.391, p-value =.043) between individual
per f ormance and scores on extroversion, Figure 14.

Scatter Plot: Pessimism vs Time Lag (seconds)
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Figure 13. Pessim sm vs Average Tinme Lag for Each I ndividual
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To explore the hypothesis that team nenber simlarity
is related to team performance as neasured by tine |ag,
standard devi ations of characteristics and traits, as
measured by the six instrunments previously identified, are
cal cul ated by teans. Standard devi ations provi de anot her
techni que for characterizing teans based on individual
characteristic and traits of its team nmenbers. For
instance, in the category of neuroticism a |ow standard
devi ation score for a team suggests that the teamis
simlar in regard to neuroticism Using this technique, it
appears that teamsimlarity in optimsmis strongly
negatively related to average teamlag (r = -.786, p —value
= .036) and that teamsimlarity in pessimsmis strongly
related to the nunber of lost cells (r = .821, p-value =
.036). These are the only neasures of diversity related to
t he nmeasures of teamperformance. See Figures 15 and 16

bel ow for the relationships between teamsimlarity in
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optim smand pessimsm For additional results on team

di verseness, refer to the correlation matrix in Appendi x H.
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A final step in this phase of the data analysis is to
determ ne which individual characteristic and trait
nmeasures relate to performance and to each other. A
correlation matrix was cal cul ated to determ ne these
rel ationships (See Appendix G . The individual
characteristics and traits that mght be related to

performance are |isted bel ow.

A. | ndi vi dual Performnce:

Pessimsmis positively correlated with
i ndi vi dual performance (tine lag, r = .381,
p-val ue = .05)
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Strengths of Extroversion is negatively
correlated with individual performance (tine
lag, r = -.391, p-value = .043)

B. Team Per f or rance:

Optimsmis negatively correlated with team
performance (Average Team Lag Tine, r= -
. 786, p-value = .036)

Pessim smis positively correlated with
overal | team performance (Nunber of Lost
Cells, r =.821, p-value = .023)

We note that because nmultiple conparison procedures were
not used, these results will need to be tested in future

resear ch.

The correlation matrix in Appendi x G al so provi des
some insight as to how neasures of i ndividual
characteristics and traits are related to each other.
There is evidence to conclude that each survey neasures a

separate and distinct individual characteristic and trait.

D. RESULTS FROM PHASE TWD
The results fromthe second phase of data anal yses
tests whet her performance differs when team nenber traits
are selected by design. Sixteen participants fromthe
original 32 were asked to participate in this phase of the
study. Four teans were constructed so that all nenbers on
each team had sim | ar agreeabl eness scores or simlar
responses to uncertainty scores:
nmenbers of the Team “HA” had hi gh agreeabl eness;
menbers of the Team “LA” had | ow agr eeabl eness;

menbers of the Team “HURS” had a high need to
resol ve cognitive uncertainty; and
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menbers of the Team “LURS’ had a | ow need to
resol ving cognitive uncertainty.

Results for overall performance, as neasured by tota
nunber of cells lost due to ineffective firefighting, are:
Team HA = 225 cells vs Team LA = 295 cells
Team LURS = 3 cells vs Team HURS = 314 cells
Wth only one team of each type, we can not tell whether
the differences in performance reflect actual differences
Thus, Phase Two of this pilot study is for illustrative

pur poses only.

E. DI SCUSSI ON

There are performance differences for both teams and
i ndi viduals. For each trial, the average lag tine between
messages (information exchange) was greater for Team 2 than
for any other team This difference indicates that team
deci sions were based on old information. Conversely, Team
3 practiced informati on exchange behaviors that resulted in
t eam deci si ons based on nore current information. Thus,
t he average lag tine between nessages was |ess. On overal
performance, Team 3 outperforned all other teanms while Team
2 lost the nost cells due to fire. See Figures 19 and 20,
screen shots from Teans 3 and 2 final perfornmances,
respectively.

52



: — =
Team 3, Trial 1 Play L BN
o
'.,“ ': Exansl FICDIFCIH‘IJ_H.L.HC\.FGII’IUVW:‘T.Z==E=.=:a=|l.._:=t==|
waios Sl i
- 4 sasas
S Ly IR RN NN NN
- = bhbanba
toeed 8 R - dddala
- LR
rd i .
o Pon  Ocfa | Aokl e
" W [CH S -
L] W Unaib 10 e
I o Um0 e -
- o1 1 'K ] - mE
(5 CRr Ussibe &%
[ 5 Unmchey W .4
- 4 E!I
L e \eaite EL
- "2 Ungcher 108 bl
Gl MI Wi Mm@ e Cells *
@l S K1 Meang D LE] T
Wi En Tanpmg ¥ 0 L] on (YUY
. abhada
Fire Adlsaba
] -
Vird Py [ i - .
LA LR
:"'“"’ e [EIEEXET)
Tigs g e
Wt T I Cells pUt T
Mot T '] . e ke
en sy e it out by fire AabbaEd
Eptrottng T [ g t K lll:l-:l-
Weiwber Tiamd Bom
Wb | C it G g 1 rucks :
Waksr Rl Egiat:
Fael Tok Btm -
Wil Lowd Coml b fipeed 014 -
Fosai Pigitll Tomen as
-
¢ | Lost Cells due to lack
o e Corn,. = IR Lt B st Frmart L Of flreﬂg htlng

Figure 17. C3Fire Gane Screen Shot Team 3, Trial 1

Team 2, Trial 1 . [EK
=
"::“"':._,._ ABCOEFDHI JKLENSPORET UY WX -r_z==g;==:=||‘: i
H \ -
Lrbrl ] i XY
1 L & 44488
- i - dbbbadana
: - = YT
S L= ] [ - sadaa
r - sa
i i ] LN -
1] Pon.  Ocfa | Aol Fralmi  Taw ':: ::E
E‘I: ;F o :t: El: i 9 E s |Lost Cells due to lack
o e Usaih S8 f00 -: : of flreflghtlng (black cells)
MM R e :
Wl WP G My W PO :: | Fire Truck
i o G ey L] L W
s W G Mg B0 AT
LIl [T SRR (T u
i W AR Mg ] [T L]
#1 O MH O LH Mews O e n
n Cells 4
kel &
un on -
e T— Il . -
g [ - Fire ]
In'n- :’L.* I (red
n cells) dddda
m ; n VY T
T Figtng Tesa I n h Ty
Ertinzng Tave m # I TR T
::::::umw I . Cell t B,
Veatr Birte Losidt 1 ﬂ ells pU -
PeianConiOn et n out by fire
et ! 1" trucks (brown
: cells) -

BT v Pt

101 Wi (.

Fi gure 18. C3Fire Gane Screen Shot Team 2, Trial 1

53



First, to determne if individual and team perfornance
differences were related to individual characteristics and
traits, we assuned there would be differences in individual
characteristics and traits in the sanple. The responses to
each survey were generally varied and their distribution
uni nodal (See Appendix D F). |If survey data were uniform
or characterized by participants desiring to |load their
responses by answering “Strongly Agree” to every question,
the distribution of responses woul d have shown di sti nct
patterns. Therefore, the assunption that the sanple
consist of individuals with different characteristics and
traits is upheld.

Li kewi se, we expected that individuals and teans woul d
exchange information at different rates (our neasure of
performance). As previously discussed, summary plots
verified that these differences existed. To better
understand these differences, box-plots |ike the one shown
in Figure 12 were created to show how i ndivi dua
performance from each participant relates to their team
menber performance. Differences in variability exist as
reflected in the box-plot of participant six and 17 in
Figure 12. Generally, when conparing performances anong
t eams, teans conposed of nenbers who were | ess consi stent
i n checki ng nessages (information managenent) perforned
worse than teans conposed of menbers who were nore
consi stent. Information managenent behaviors in Team 3 were
nore consi stent and outperformed the other teans in both
nmeasures of performance: information currency and nunber of

cells |ost.
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I ndi vi dual characteristics and traits were correl ated
wi th individual performances to determne if relationships
exist. From Appendix G only two personality traits
pessi m sm and extroversion appear to be related to
i ndi vi dual performance. The positive relationship between
pessim sm and i ndi vi dual performance coincides with the
literature suggesting that feelings of wanting to give-up
and surrender are related to poor perfornmance. |In the gane,
as the fire becane nore out of controlled and | ess
manageabl e, these individuals woul d be expected to w thdraw
fromthe game and refuse inputs fromtheir teammates.

Li kewi se, the negative relationship between the degrees of
extroversion (1 = Very Lowto 5 = Very High) and i ndivi dual
performance also agree with the literature. Extroverts are
said to help facilitate intra-team comuni cation and are
generally ready to share information (Bradley & Herbert,
1997). Thus, their individual time |ag can be expected to
decrease (i.e., their performance i nproves) as a result of

bei ng nore extrovert ed.

Al so, the correlation matrix in Appendix His color-
coded to reflect which individual characteristics and
traits were related to one another. The cells highlighted
inred indicate a p-value < .01 for testing the nul

hypot hesi s of correl ation.

The second correlation matri x (See Appendi x H)
suggests that diverse teans performdifferently from
honogenous teans on two of six individual characteristic
and trait variables, pessimsmand optimsm Tine |ag
i nproves the nore simlar teamnenbers are on their measure

of optimsm(r = -.786, p-value = .036). These teans
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exhi bit quicker information exchanges resulting in nore
current information (See Figure 15). Conversely,

per formance degrades the nore simlar team nenbers are in
their reports of pessimsm This finding coincides with
the belief that negativity breeds negativity.

Results from phase two of the anal ysis address the
third question as to whether there are performance
di fferences when bl ocki ng on various team nenber traits in
team design. Cognitive uncertainty (CU) and the
personality trait agreeabl eness are the two individual
characteristics and traits identified for this phase of the
anal ysis. Attrition, a very small sanple size to start,
and the fact that one team chose not to use any
conmuni cation technology wthin their session, prevents any
statistical analysis beyond graphs to sunmmari ze the data.
Figure 22 shows that teans consisting of highly agreeable
menbers have | ower information managenent tines than teans
of | ow agreeabl e nenbers. This finding is consistent with
what the literature infornms us about agreeabl eness and
i nformati on exchange. Teans characterized by agreeabl e
menbers are expected to exhibit interpersonal skills such
as the ability to resolve conflict and comuni cate openly
in a manner which pronotes information exchange and
sensemeki ng (Aronoff & WIlson, 1985; Neuman & Wi ght,
1999). Thus, the tine | ag between a nmessage bei ng sent and
read is expected to be lower for a team conposed of non
agreeabl e menbers. Average teamtine lag for the High
Agreeabl e team was 26. 4 seconds with a standard devi ation
of 25.9 where as the Low Agreeabl e team had an average tine
lag of 67.9 seconds with a standard devi ation of 56.7

seconds.
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VI. CONCLUSIONSAND RECOMMENDATIONS

A CONCLUSI ONS

Advocates of NCWclaimthat it wll inprove
information sharing by “.robustly networking a force”,
t hereby inproving mssion effectiveness. However, this
cl ai m has not been tested or validated. The literature is
i nconclusive in identifying individual characteristics and
traits that would affect macrocognitive processes such as
i nformati on sharing and sensenaki ng.

To gui de the anal ysis about NCW the nodel of DMSC was
applied and adapted. This nodel provided a conceptual
framewor k for describing macrocognitive processes such as
i nformati on exchange and sensenaki ng. Feedback | oops and
| enses presented in the nodel illustrate how information
can be omtted or included in individual or team cognition.
The |l enses function as filters which help characterize
di fferences in individual characteristics and traits. The
f eedback |l oops in the DVSC are representative of tine |ag
anong i ndividuals on the teans and tinme |lag affects on

i ndi vi dual and overal | perfornmance.

Human factors engineering (HFE) is a discipline that
focuses on designing systens around users (i.e., user-
centered design) and enpl oyi ng technol ogy that acknow edges
and conpl enents human characteristics and traits. Al though
the pilot study, by its very nature, did not produce
significant results for assessing perfornmance differences,
it is evident that performance differences can be expl ai ned
by individual characteristics and traits. There are

trenmendous variations in the behaviors, expectations, and
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mental capabilities of people. As the DVSC nodel depicts,

i ndi vi dual characteristics and traits such as personality,
cultural adaptability, optim sm-pessin sm and responses to
uncertainty occlude interactions wthin teans and

technol ogy. These differences, if unaccounted for in team
design, training, or systens design, are barriers that
obstruct both individual and team perfornmance.

Fail ure i n understandi ng individual characteristic and
trait differences within the DoD popul ati on creates
di sconnects between networking technol ogi es and the
capabilities of the nen and wonen expected to operate
within a network centric system The personnel and
trai ni ng donai ns focus on identifying these disconnects by
focusing on the target audience. The target audi ence
i ncl udes the types of systens used (i.e., comunications
t echnol ogi es and group deci sion support systens) and key
statistics on the personnel pool. Assessing users on the
basis of personality, cultural adaptability, and optim sm
pessimsmis a first step in achieving perceived advant ages
of distributed teammrk. Testing a variety of team
conpositions of mlitary personnel wll provide insight as
to the types of people that are better suited for
di stributed teammork. The pilot study suggests that
extroverts and optimsts are nore likely to engage in

i nformati on exchanges vi a net wor ks.

B. RECOMMENDATI ONS

Enpirical evidence nust be provided to facilitate the
acceptance of NCWas an energing theory of warfare. Basic
and applied research nust be carefully conducted to begin

identifying and isolating individual characteristic and
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trait variables which may jeopardi ze m ssion effectiveness
in the Information Age. Technol ogy sol uti ons devel oped
i ndependent of understandi ng human behavi ors, such as

macrocognition in teams, invite failure.

C. FOLLOW ON RESEARCH

Peopl e and their interaction with technol ogy are the
primary and secondary focuses of NCW To totally integrate
systens, additional research nust apply process nodels of
human technol ogy interaction such as the DMSC to
experinmental, field, or observational settings designed to
test facets of NCW These kinds of dynam c nodels provide
extreme possibilities in advanci ng our understandi ng of
whi ch human factors have the greatest affect on

per f or mance.

The C3Fire sinulation uses asynchronous technol ogy
(i.e., e-mail) for coordination and comunication within
teanms. Little is known about how the types of
t echnol ogi es, asynchronous or synchronous, influence the
quality of macrocognitive processing at the individual or
team | evel . Qur understandi ng about e-mail, text-chat,

vi deo tel econferencing, or face-to-face comrunication
systens will affect the quality of teaminteractions (i.e.,
communi cati on, planning, and coordination) and nust guide

t he devel opnent and depl oynent of NCWtechnol ogi es. Future
research shoul d include an exam nati on of i ndividual
characteristics and traits in order to further understand
whi ch types of personnel are nore confortable with

enpl oyi ng asynchronous technol ogies in nmacrocognitive
processes. The literature suggests that people who have

hi gh needs to achi eve certainty may gat her and hoard
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informati on before contributing or making a decision. This
behavi or woul d underm ne NCW cl ai ns of networking a
distributed force to inprove the quality and anmount of
information sharing to achieve m ssion effectiveness.

Mor eover, HFE research should focus on varying

communi cation nodalities and technol ogies to determ ne

whi ch conmmuni cation nodalities enhance informati on exchange
and sensemraki ng, nmaking thembetter at facilitating

di stri buted teamwrk

Research about human perfornmance has traditionally
used civilian undergraduate students. However, mlitary
transformation inplies understanding the current popul ation
of users, and redevel oping tactics, techniques, and
procedures that better enable themto achi eve m ssion
effectiveness. Critical information in determ ning
mlitary personnel requirenents needs to be gathered.
Therefore, human performance researchers nust redefine
their target popul ations and exploit service nen and wonmen

at various mlitary schools.

The first tenet of NCWpostulates that if a force is
robustly networked, then they would share i nformation and
that this information exchange would | ead to inprove
m ssion effectiveness. There are other human factors such
as organi zational structure, cross planning and execution
between mlitary versus non-mlitary organizations, trust,
and team cohesion, which affect team perfornmance.
bj ective and qualitative measures of individual and team
performance in a network environnent need to be
established. The results of individual and team neasures

coul d then be used to maxi m ze hunman- syst em perf ormance.
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APPENDIX A. GLOSSARY AND ACRONYM S

AACS

AWACS- AEDGE

DVSC
HSI

HSI L

NCS

NCW

NEG FFI

Ability to Achieve Cognitive Structure,
the extent to which an individual is
able to avoid information that either
cannot be categorized or clashes with
their existing know edge and/or ability
to organize their know edge to fit an
al ready existing cognitive structure
(Bar-Tal, 1994, p. 46)

Ai rborne Warning and Control System —
Agent Enabl ed Deci sion Guide
Envi r onnment

Conflict Avoi dance
Command and Cont r ol
Dynam ¢ Model of Situated Cognition

Human Systens |Integration
Human Systens I ntegration Laboratory

Need for Cognitive Structure, the
desire for clear and firm know edge
concerning a given topic as opposed to
anbi guity doubt, or confusion

(Krugl anski, 1989, as cited in Bar-Tal,
1994, p. 46)

Network Centric Warfare, the conduct of
mlitary operations using networked
informati on systens to generate a
flexible and agile mlitary force that
acts under a conmon commander’s intent,
i ndependent of the geographic or

organi zational disposition of the

i ndi vi dual elenents, and in which the
focus of the warfighter is broadened
away fromindividual, unit or platform
concerns to give primacy to the m ssion
and responsibilities of the team task
group or coalition. (Fewell & Hazen
2003, p. 39)

NEO — Five-Factor I|nventory
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OPI

Opti m sm

Pessi m sm

SABRE

Sensenmaki ng

URS

Virtual Team

Optim sm — Pessimsmlnstrunent

A disposition inclining one to positive
expect ations

A disposition inclining one to negative
expect ati ons

Si tuati on Aut hor abl e Behavi or Research
Envi r onnent

A behavior that is both internal (i.e.,
cognitive) and external (i.e.
procedural ), which allows the

i ndi vidual to construct and design

t heir novenent through tine-space
(Dervin, 1983, p.3)

Uncertainty Response Scal e

a collection of individuals who

are interdependent in their tasks, who
share responsibility for outcones, who
see thensel ves and who are seen by
others as an intact social entity
enbedded in one or nore | arger socia
systens, and who manage their

rel ationshi p across organi zati onal
boundaries. (Powell, Piccoli, and Ives
, 2004, p. 241)
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APPENDIX B. NCW DEPENDENT VARIABLE

A. | NFORVATI ON EXCHANGE ( CURRENCY, FROM EVI DENCED BASED
RESEARCH, 2004, P.37)

Attribute Metrics
Objective Measures Measures quality in referenceto criteriathat areindependent of the situation

Correctness | Correspondence with ground truthcorrelation coefficient (0= no conver gence, 1=full
conver gence between individual s awar eness and ground truth)

Consstency | Degreeof ‘deviation from awareness gained from previoustime period

Currency | Timelag of awareness

Precision | Leve of granularity of awareness

Fitnessfor Use Measures quality in referenceto criteria that are determined by the situation
Measures

Completeness | Percentage of ground truth pictureincluded in awar eness

Accuracy | Degreetowhich precison matcheswhat isneeded (0=no match, 10=high degree of matching
between precision level needed and available)

Relevance | Proportion of awarenessthat isrelated to task at hand

Timeliness | Degreeto which currency matches what is needed (0=no match, 10=high degree of matching
between currency level needed and available)

Uncertainty | Confidenceleve (0% =uncertain, 100%= certain) or confidenceinterval (95%, 90%, etc.) of

awar eness
Time
Time Time Event
Information Time Event Response
Time Time Received Event Significance Declared
of Event at Noticed Projected by
Event Posted Command Ctr by Staff by Staff Commander
Tevent Tpost Treceive Tawareness Tunderstanding Tdecision
- S
Y
Time lag of awareness
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APPENDI X C. PO NTS OF CONTACT

NAVAL POSTGRADUATE SCHOOL
Nita Lewws MIler, Ph.D.
Director, Human Systens Integration Program

Lyn R Whitaker, Ph.D.
Associ ate Professor of QOperations Research

Law ence G Shattuck, Ph.D.
Co-Director, Human Systens |Integration Program
Seni or Lecturer

C3FI RE

Rego Granl und, Ph.D.
Devel oper of C3Fire
Prof essor, Linkoping Institute of Technol ogy

Kip Smth, Ph.D.
Prof essor, Linkoping Institute of Technol ogy
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APPENDIX D. SURVEY RESULTS

Personality results neasured using the NEO FFI
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APPENDIX E. SURVEY RESULTS

Optim smand Pessimsmresults using the OPI

Responses to the Optimism Pessimism Instrument (OPI)
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APPENDIX F.

SURVEY RESULTS

Ability to Achieve Cognitive Structure Responses

AACS Scores
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APPENDIX G. CORRELATION MATRIX OF INDIVIDUAL
CHARACTERISTICSAND TRAITSWITH TEAM PERFORMANCE

Conscientious-Correlation Coefficient
ness(Category)

ndividual | ndividual Avilty 10
Avg Time | std of Timd Emotion | pesire Need for | acheive Conflict
tag(in | tagns funcenaint| For | cognitive| cognite | copnitve Extroversid Opennesses Openness Neuroticism Avoidance
seconds) | seconds) n | structure | structure foptimisim| pessimism | n score) | (score) Gooe) ) tscore) | ness score) | (category) | category | (categony) | (category) Jness (category] score)
[Soearmans ndwidual AvgCorretation Cosficient
e e 8 Corretation Coeffirent 100 084 oar] 000  013f 015 o281 023 038 0261} 0074 025 030 -0.03 0.0 0.08 027 034 041 0002}
seconds) Sig. (24ailed) 0.001 03ed 0.7 0.490) 042 o0s6|  0.245) 0.189) 0.713) 0.20¢ 0.11¢ 0.84 0.04: 0,66 0.16¢ 0.08: 057 0,99
N 2 P2 I 2 2 71 2 2 2 P 2 2 P
o Coeent wof  ood oo o P Y o] o o] wa] wed  oad  ond  ew| oo
(ins seconds) ~ Sig. (2-tailed) 0.62 0.71¢ 0.16¢ 0.495) 0.785| 0.19; 0.32¢ 0.85: 0.17¢ 0.83¢ 0.14¢ 0.27: 0.91 0922
N P E2 2 21 21 2 2 2 2 2 2 2 21
Emotion Correlation Coefficient 100 -0.23 0.43( 0319 0.033) 0.13¢ -0.02: -0.36/ -0.09 0.03¢ 0.64 -0.15! 0.404)
Uncertainty
Sig. (2tailed) 023 002 005 087 044 0.1 oosf  oes 086 0,00 X I
N 2
Desie For _ Corrlation Costfient
eTe o Gorelaton Gosfeen Lot o1 om| ool 9% R o] o] om 2% R oz o
Sig. (2-tailed) 0.43¢ 0.421] 0.51¢ 0.00! 0.211 0.24: 0.16: 0.00"
N 2 2 2 2 2 2 2
Cognitive  Correlation Cosfient
02¢d  ooe o00f 026 035: 0,05 oaatl oz
Uncertainty
Sia. -ailed) o] o] ose{ o oo 040 00 o
N 2 21 2 2 2 2 2
Need for Correlation Coeficient 035 0184 018] 020 0,18 027 012 015¢
cognitve
stucre Sig. (2ailed) oo 03ss) 03s{ oo 0334 0.16 osd  oas
N 2 27 2 2 2 2 2
Abiltyto — Correlation Coeffient oo 0056 0457 023 03 0.04 o00of 04 ot 027 oo oso
cognitive Sig. (2-tailed) 0.306| 0.62¢ 0.780| 0017} 0.23; 0.12¢ 0.81¢ 0.62: 0.00¢ 0.39¢ 0.17: 0.75: 0,00
stucre N 21 27 2 27} 2] 2 2 2 2 2 2 2
Optimisim  Correlation Cosficent
1,000 0,69 0475 0.130 osd 06 0.42 oszd om 0381 0,68 osef 04
Sig. (2-tailed) 0.00( 0012} os18) 0,03 0.0¢ 0.02¢ 0.00! 0.58( 0.057) 0.00( 0.011) 0.011)
N 27 21 21 2
Pessimism Corselation Coefficient| 1,000 -0517] 0.068| -0.30: 0.72 0.27( -0.56: 0.13: -0.24¢ 0.78: -0.40¢ 0372
Sig. (24ailed) 0006} 0.735| 0.12¢ 0.0 0.17. 0.00: 0,50 0214 0,000 0.03: 0,05
N 2 21 2 2 2 2 21
Exroveron Coneatin Casten oo ooz [ ose]  oss] oo ose]  0se ossd  om
Sig. (2-tailed) 0.893] 0.08( 0.00! 0.08: 0.00! 0.67: 0.05¢ 0.001 0.04¢ 0182
N
Gpanmesses  Corrlation Costient
e 1000 oud 00 -0.08 oo osa 015 0.05 ot -z
Sig. @-ailed) 0sst os1 0.83 0.95{ 000 o 0.77 osod ooz
N 21] 2 2 2 2 2 2 2 2
Corrdanon Coaarent
10] oz 0.34 020 oo 095t 0.15 oz o
(score)
Sia. 2ailed) 018 0.07 0s0f o 001 0.3 oor|  oan
N 2 2 2 2 2 2 2 21
Rocante Caran Coaie o Y Y 026 o Y
Sig. (2-tailed) 0.02: 0.00! 0.92: 017 0.00( 0.01: 0.024
N 2
Conscientious. Corrlation Costirent . ”
i 1.00 022 00 0261 0.38: oss o1
Sig. @-ailed) o2s{ om 015 0,04 oood o
N 2 2 2 2 21
Extroversion  Correlaton Cosficent
100] 005 0271 067 oao| o3
(Category)
Sia. 2ailed) 078 017 0.00 o124 oo
N 2 2 2 2
Gpenness  Comelation Costiient oo o 010 o o
(Category)
Sig. (2-tailed) 0.56¢ 0.59¢ 0.53( 0.01
N 2 2i 2i 2 2
Rorecablensss( Corelaton Coefhrent o oo PP —
category)
Sig. @-ailed) 035 o10d  oeri
M
Newrotciem  Corrlation Costfient o P
(Category) )
Sig. (2tlled)
N

Sig. (2-tailed)
N
Conflict “Correlation Coefficient
Avoidance
(score) Sig. (2-tailed)
N
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APPENDIX H.

CORRELATION MATRIX OF TEAM
CHARACTERISTICS (DEGREE OF SIMILARITY)WITH

PERFORMANCE

Team Average Emotion [Desire fof Cognitive Conflict | Number
TimelLag(in |Of P Extroversio |O greeable( Neuroticism| Conscientiousness JUncertainty§ _Change(JUncertainty| Avoidance | of Lost
sec) similiarity){ (similarity)} n(similarity) | similarity){ similarity) | (similarity) (similarity) similarity) | similarity)] (similarity) | (similarity)] Cells

Spearman's Team_Aver  Correlation 1000 o78d 0z 017 075 -0z 0393 -0.289 028 o010 oz 042 0393
rho age_Time  Coefficient

Lag (in sec) Sig. (2-tailed) 0.03 0.48% 070 005 033 0.38 0539 053 o081 0.58 0330 038

N 1 1 1 1 1 7 1 7 1 1 1 1 7

Optimisim - Correlation -0.788 100 0.464 0101 o464 0750 053 050, 014 025 060]  039d 0607
(similiarity) Coefficient

Sig. (2-tailed) 0.036] 0.294 08l 0204 005 0.219 0.253 076 0589 0149 o038 0149

N 7 1 1 7 1 7 1 7 1 7 1 7 7

Pessimism _ Correlation -0.321] 0464 100 os0] o007 003 0.857 0539 003 -007] -0.39 0351 o821l
(similarity) Coefficient

Sig. (2-tailed) 048 0294 0.14 0.87 0.939 0.014 0219 093 0879 03sd 043 0029

N 1 1 1 7 1 7 1 7 1 1 1 1 7

Extroversio Correlation 017 010 0607 .00 0321 0286 0.67 0.289 039 0429 035 0321 ond
n(similarity) Coefficient

Sig. (2-tailed) 070 o8 0.14 048] 053 0.094 053 038 0337 043 048] o007

N 1 1 1 1 1 7 1 7 1 1 1 1 7

Openness - Correlation 0750 o0ad 0071 0321 100 0214 0.214 20107} 0321l 028 0321 067 0399
(similarity) Coefficient

Sig. (2-tailed) 005  o02ed 0.7 0.484. 0645 0.649 0819 048] 0539 048] 0094 0383

N 1 1 1 1 1 7 1 7 1 1 1 1 7

Agreeable - Correlation -0.429 075 0.034 028 0214 1000 0.321} -0.036 003  -0.64 0464 0071 0149
(similarity) Coefficient

Sig. (2-tailed) 0331 o005 0.3 053 064 0.482 0,939 093 o119 0294 o8] o7

N 1 1 1 7 1 7 1 7 1 7 7 7 7

Neuroticism Correlation -0.399 053 0857 067y 0214 032 1.009 0.250 017 -0.289 0179 0144 075
(similarity) Coefficient

Sig. (2-tailed) 03sd  oad 0014 0094  o6sd  o0u4s2 0589 0704 0539 070  o76d  0.05)

N 1 1 1 7 1 7 1 7 1 7 1 1 7

Conscientio Correlation 028 050 053 028 0100 0.3 0.25¢ 100 04 o028 064 0321 o057
usness Coefficient

(similarity) Sig. (2-tailed) os3d o025 o021 o053 o081 0939 0.589 033] 053 o119q 048] 089

N 1 1 1 1 1 7 1 7 1 1 1 1 7

Emotion  Correlation 0.28 014 003 03] 032 003 0.7 -0.429 100 032 060 0321 032
Uncertainty Coefficient

(similarity) Sig. (2-tailed) o053 076 0.939 038y 048 0939 0.703 0337 0.487 014 048] 048]

N 1 1 1 1 1 7 1 7 1 1 1 1 7

Desire_for_ Correlation 0100 025 0071 042 0284 0643 -0.289 0.289 0321] 1000 0.429 0600 0284
Change Coefficient

(similarity)  Sig. (2-ailed) 081 058 0.879 033 os3d o1 0,539 0539 0.489. 033  ougd o053

N 1 1 1 7 1 7 1 7 1 7 7 1 7

Cognitive_ Correlation 025  -060] 0393 03] 0321 0484 0179 0643 0600 0429 1.00 000 -0.214
Uncertainty Coefficient

(similarity) Sig. (2-ailed) o058 014 0.389 043 048] 0294 0.703 0.119 o1ad 0337 1000 0649

N 1 1 1 7 1 7 1 7 1 7 1 1 7

Conflict ~ Correlation 0s 03] 035 oa2] oerd 007 0.143 03]  os2] o060 o0 100 0679
Avoidance Coefficient

(similarity) Sig. (2-tailed) 0331 o3 043 048] 0094 0879 0.760 0.482 048] o014 1.00q. 0.094

N 1 1 1 1 1 7 1 7 1 1 1 1 7

Number of - Correlation 0309 o607 o082 0714 03] o143 0.75 0571 0321l o028 0214 067 100
LostCells  Coefficient

Sig. (2-tailed) 038  o1ad  0.029) 007 038 o769 0.053 0.180 048] o539 064 0094
N 1 7 L 1 7 1 7 7 L 7 7 7
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