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FOREWORD

The introduction of advanced information technol ogy to Arny
staff raises the dual prospects of increased access to vital
information and information overload. One nethod of alleviating
the problemof information overload is to train staff officers in
i nformati on managenent skills.

This report (produced under a Phase | Small Busi ness
| nnovati ve Research contract) describes a theoretical franmework
for developing training in informtion managenent, a specific
training inplementation, technology to support that training, and
met hods of neasuring information managenent skills. In addition,
it presents the results of a pilot study selected el enments of the
trai ning and networ ked, training support technol ogy. The
experinment conpares the performance of fornmer staff officers in
control and trained conditions. The findings should be considered
prelimnary, given the small sanple of participants available for
the pilot study. However the data generally supported
t heoretically grounded predictions of positive effects of the
training on tactical decision making outconmes and processes, and
on communi cation and coordination in a networked nmessagi ng
envi ronnent .

ZITA M SIMITIS EDGAR M JOHNSON
Deputy Director Di rector
(Sci ence and Technol ogy)



Vi



ACKNOALEDGVENTS

We thank Dr. Bruce Sterling of the Arny Research Institute,
Arnored Forces Research Unit at Ft. Knox, KY for his thoughtful
critiques of this work and for providing us with participants and
facilities for pilot testing STIM Dr. Sterling served as a
reviewer of this report, as did Dr. Carl Lickteig, whose comments
we appreciate. W are grateful to other ARl staff who have al so
coment ed on and supported this work, including Dr. Barbara
Bl ack, Dr. Kathy Quinkert and Dr. Joe Psotka.

We are indebted to Sue Quensel and her associ ates at BDM
especially Ken Fergus, for providing us with the Defense-in-
Sector (DI'S) scenario, which we nodified for use in our pilot
test. BDM devel oped this DI'S scenario fromexisting materials
specifically to test battalion staff perfornmance, under contract
to the U S. Arny Force XXI Training Program and under the
direction of the Arny Research Institute.

Finally, thanks are due to the consultants and contractors
who participated in our initial study of STIM

Vi i



Viili



TRAI NI NG | N | NFORVATI ON MANAGEMENT FOR ARMY BRI GADE AND BATTALI ON
STAFF: METHODS AND PRELI M NARY FI NDI NGS

EXECUTI VE SUMVARY

Research Requirenents

The Task Force XXI AWE denonstrated the potential benefits
and costs of digital information technology for staff at the
bri gade | evel and bel ow (Bruce Sterling, personal conmmunication,
April, 1997; Naylor, 1997; WIlson, G, 1997). The new t echnol ogy
opens massive conduits for tactical data. This can be a great
resource to staff, but it also increases the burden of filtering
data and magnifies the challenge of fusing and interpreting it.

In the research described here', we conceptualized and pil ot
tested conponents of a networked training system designed to
teach staff to filter large data streanms, interpret data, and
communi cate nore efficiently. The approach was intentionally
generic in character: the instruction was designed to benefit
virtually any staff position and the testing interface, while
digital, did not resenble any specific, Force XXl technol ogy. The
effects of training on tactical decision accuracy, decision
processes, and communi cations strategi es were beneficial and
| arge at the mean (though variance was high within the smal
sanpl e of participants). Furthernore, these effects were neasured
using instrunments that can be inplenmented in software, where they
could drive feedback and adapt training and testing in real tine.
The systemis called STIM for Staff Training in Information
Managenent .

Two rel ated nodels, developed in prior research, were
adapted to this project and used to focus training devel opnent.
The first nodel describes team performance under stress as a
function of environnmental factors and team process vari abl es.
Teans adapt to stress by altering their strategies for decision
maki ng, team coordi nation, team organization (i.e., team
structure), and tool selection or paraneterization. Fromthis
nmodel , we predict that training which addresses only two of these
factors--coordi nati on and deci si on-nmaki ng strategi es--should
benefit overall team performance under stress in the digital
envi ronnent .

! This research was conducted with Phase |I funding under the
Smal | Busi ness | nnovative Research (SBIR) programfor U S. Arny
Research Institute for the Behavioral and Social Sciences (ARl),
Arnored Forces Research Unit at Ft. Knox, KY, Contract Nunber
DASW1- 97- C- 0015.



The second nodel defines decision making at the individual
| evel as a product of the ability to 1) accurately nodel the
tactical situation and team conpetencies, 2) set appropriate
i nformati on goals based on inferences fromthese nodels and
explicit requests, 3) filter a data streamfor material that
addresses these information goals, 4) test for and 5) exploit
opportunities to use new information as a tool to critique the
situation nodel (which represents situation assessnents and
pl ans), and 6) take actions (such as information gathering) that
may i nprove situational awareness, assessnents and pl ans.

Fromthis theoretical base, we predict that staff decision
maki ng under high information |oad should inprove if training
hel ps officers to maintain clear and current situation
assessnments, enhances skill at critiquing situation awareness,
and hel ps officers to test for opportunities to apply these
skills. Training in these skills was devel oped, along with
measures of the effects of that training on communi cations
strategies, decision accuracy, and deci sion-nmaki ng processes.

Pr ocedur e:

A selected, core set of the training concepts and neasures
was evaluated in a small-scale pilot test at AR, Ft. Knox. Seven
former staff officers served in the training condition; four
served as controls. Participants in the training condition
recei ved scenari o-based STIMtraining. Controls studied the sanme
practice scenarios as the trained participants and engaged in
di scussion of the potential challenges of information managenent
in Force XXI, but did not receive STIMinstruction. Participants
were tested on a Defense-in-Sector vignette derived fromthe
Staff G oup Trainer (previously referred to as Conmander Staff
Trai ner) (BDM Federal, 1996), and other Arny simulators. Al
participants played the role of a battalion operations officer
(S3) and i ndependently executed the scenario. They responded to a
stream of scenario nessages using a sinple enmail application.
During breaks in the nessage stream they responded to a single
question fromthe commandi ng officer under instructions to answer
t he question, defend the answer, and indicate actions they would
take. Trained participants did this by fornmulating a
recomendati on and presenting its defense in the formof a node-
link graph in which nodes represented supporting evidence,
conflicting evidence, assunptions, other argunent conponents, and
actions. Controls responded entirely in email. Researchers
reduced the responses of both groups to a common form of text
phrases. A subject matter expert (SME) rated these responses
blind to experinental condition.



Fi ndi ngs:

Qur findings nust be interpreted cautiously given the snall
scale of this study, use of a single test scenario, and the
nascent state of the training material. However, the trends in
these data are in line with theoretically grounded predictions,
and they indicate that STIM may inprove staff performance in
i nformati on managenent. Specifically, STIMinproved the accuracy
of tactical decisions by 34% (p < 0.20). The persuasiveness of
argunents offered in defense of those decisions was 93% hi gher
anmong trained participants than controls (p < 0.15). In contrast
with controls, trained participants nmade nore use of evidence
supporting their decisions, recognized and attenpted to explain
apparently conflicting evidence, and nore often identified
assunptions and gaps in their know edge. Trained participants
specified fewer actions, but their actions were "reasonable" 71%
nmore often than those of controls. STIMalso inproved
comruni cati ons behaviors. Conpared with controls, trained
participants filtered out 32% nore lowpriority nessages (p <
0.05), were less influenced by the rank of the nessage sender
than, we presunme, by the content of incom ng nmessages (p < 0.05),
were nore proactive in their communications (p < 0.10), nore
often issued processed data than sinply forwarded it unchanged (p
< 0.05), and maintained a quieter network, reflecting greater net
discipline (p < 0.05).

The magni tude of the differences between groups and the size
of sone of the statistical effects is inpressive given that the
nunber of participants in the experinent was very small;
participants were expert in staff duties and famliar with the
scenario nodified for testing (a condition that m ght have
l[imted the opportunities to inprove performance); and training
was short, lasting | ess than two hours.

In sum results of this pilot study suggest that STIM
training may inprove staff decisions, decision-neking processes,
information filtering skill, and information production
strategies. Measures of these skills were sensitive to the
trai ning mani pul ation, indicating construct validity. Concepts
for automati ng these neasures, producing feedback, and adapting
the practice and testing to the individual or the teamare
devel oped and presented in the report.

Utilization of Findings:

Qpportunities for future research and devel opnent include
targeting future work on chall enges presented by specific Force
XXI technol ogy, autonating performance assessnment using the

Xi



measures presented here, and using those neasures to drive
f eedback and adapt training.

We are encouraged by the positive (if prelimnary) results
of this generic training and training technol ogy that that the
performance effects may be strengthened by custom zing the
instruction to neet specific needs of Force XXI staff and
changing the interface to enul ate sel ected Force XXl technol ogy
such as the Al Source Analysis System (ASAS) Renote Workstation,
Maneuver Control System (MCS), Applique, or their successors.

The neasures described in this report were |argely designed
to be taken by a conputer-based training systemin real tinme, and
to be interpreted by a performance assessnent engi ne that we have
conceptual i zed. One part of the engi ne would conpute neasures of
communi cati ons behaviors (such as proactive information handling
and information filtering skill) by applying sinple formulas to
data concerning the routing and prioritization of nessages. A
second sub-engi ne woul d score deci sion accuracy on responses to
mul ti pl e-choi ce questions. A third sub-engi ne woul d eval uate
deci si on- maki ng processes by grading the structure and textual
content of responses to test questions. The hybrid architecture
of the third engine would mate statistical nethods of text
encoding wiwth an inferential neural net capable of matching
encoded student responses to SME-graded responses. The technol ogy
involved is not exotic. Devel opnent that integrates it into STIM
has a high Iikelihood of success. Furthernore, successful
devel opnment of the assessnent engine could drive feedback in a
hi ghly aut omat ed version of STIM The feedback engi ne woul d
di spl ay performance scores on commruni cations, decision accuracy,
and deci si on-nmaki ng skills; present nodel responses; and offer
strategi c advice. The products of Phase | provide a solid
foundation for future research and devel opnent training and
training systens to conbat information overl oad.
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| NTRODUCTI ON

The digitization of the Arny is pronoted with the vision
that soldiers in the battlefield will become nmessengers of
opportunity, reporting quickly and precisely the inportant events
t hey perceive. This information streamw || make commanders and
their staff know edge rich, allowng themto achi eve dom nant
battl efield awareness and to project force at a rapid tenpo
wher ever and whenever it is needed (CECOM 1997; WIson, J.,

1977; Terino, 1997).

I ncreasing information flow may be necessary to ensure
victory in future battles, but it is not sufficient, nor is it
risk-free. One analyst states the problemin this way:

Wil e up-to-date technical neans of communication and data
processing are absolutely vital to the conduct of nodern war
inall its forns, they will not in thenselves suffice for
the creation of a functioning conmand system and they may,

i f understandi ng and proper usage are not achieved,
constitute part of the disease they are supposed to cure.
(van Crevel d, 1985)

Recent interviews with Arny officers illustrate the severity
of the problem In one interview, it was reveal ed that a general
in the Desert Storm operation received over one mllion nessages
in a single 30-hour period. In another, a Marine officer
descri bed waking up fromtw hours of sleep to find 218 new e-
mai | messages in his in-box, of which four were relevant to his
concerns (Gary Klein, Klein Associ ates, personal communicati on,
Septenber 25, 1997). Results of the Advanced Warfi ghting
Experiment (AVE) this sunmer at the National Training Center
(NTC) also indicate the energence of information overl oad
probl ens. A team sponsored by the director of Operational Test
and Evaluation for the Secretary of Defense concluded that,
al though intelligence gathering by the experinental, digitized
bri gade was “excellent,” the brigade “failed to act quickly on
intelligence nost of the tine...Information overl oad was real”
(Wlson, 1997).

As the flow of information grows, human ability to manage it
may qui ckly be overwhel ned, threatening accurate, tinely decision
maki ng. Good software tool s--such as automated filters, data
fusion systens, and decision aids--can help alleviate the
probl em but they are not enough, particularly given the current
state of technology. It is necessary also to train staff officers
to filter the data and to interpret it well.

In the research described here, we conceptualized and pil ot-
tested conponents of training and an inter-networked training



support system designed to help brigade or battalion staff filter
and interpret data, that is to prevent information overload and

i nprove tactical judgenments. The conbi ned training and software
systemare called STIM for Staff Training in Information
Managenment. The initial approach was intentionally generic in
character: the instruction mght apply to any staff position and
the testing interface did not mmc the specific, Force XXl
technol ogy that any one staff nmenber uses. In a pilot test, the
effects of STIMon tactical decision accuracy, decision
processes, information filtering, and information production were
beneficial and confornmed to predictions based in theory, though
they nust be interpreted with caution, given the snall size of
the sanple and the formative state of the product. These effects
were nmeasured using instrunents that can, with few exceptions, be
i npl enmented in software and used to drive feedback and adapt
training and testing in real tinme in a nore automated training
system

In this report, we first describe theoretical and enpirical
foundati ons of the training. Then, the content of STIMtraining
is described and we define an array of nmeasures of information
managenent and deci si on nmaki ng, devel oped in this research
project or adapted for it. A pilot test of key STIMinstruction,
software, and neasures is reported. W then present the remaining
research products that were conceptual in nature and that were
not part of the pilot test. Specifically, these are ideas for
aut omati ng assessnent, feedback, and adaptation of training
content in an intelligent tutor based on STIM W conclude with
an overview of the design of a systemthat integrates these
concept s?.

STIM STAFF TRAI NI NG FOR | NFORMATI ON OVERLOAD
Theoreti cal Foundati ons

Two conceptual nodels were used to focus the devel opnent of
STIM The first nodel represents the factors that influence team
per formance under stress, such as that inposed by information
overl|l oad. The second describes crucial aspects of tactical
deci si on maki ng under conditions of uncertainty and tine-stress.
In this section, we describe these nodels and derive predictions

’The report addresses each of the four tasks initially
proposed for Phase | of this SBIR project: the devel opnent of
training (Task 1), the definition of neasurenent instrunents and
instructional strategy (Task 2; these products are described
early in this paper and in the section concerning future
directions for STIM, a pilot study of key training conponents
and neasurenent instrunents (Task 3) and concepts for the future
desi gn and devel opment of STIM (Task 4).



concerning the type of training that should benefit staff in
environnents with heavy nessage | oads, such as the digital
Tactical Operations Center (TCC).

A Model of Adaptive Team Perfor mance

Dynam c, data-rich work environnents are changi ng our
concept of human performance, and particularly our notions of
human error. Traditional working conditions are characterized by
relative stability, under which people rapidly develop the skills
to execute standard operating procedures and to adapt to small or
rare perturbations in the environnent. Rasnmussen (1990) argues,
however, that conplex human and man- machi ne systens are desi gned
to address problens that have multiple degrees of freedom for
action and many possible “right” answers. These situations
require continuous problemsolving and choi ce anong alternati ves.
Human errors are inevitable under these conditions, as is
variance in workload attributable to external forces. “The trick
in design of reliable systens" for these environnents, clains
Rasmussen, "is to make sure that human actors maintain sufficient
flexibility to cope with system aberrations...Dynam c shifting
anong alternative strategies is very inportant.”

The adaptive team performance nodel specifies strategies by
whi ch teans adapt to varying information | oads and ot her
stressors. Specifically, a high-performng team adapts its 1)
deci si on meki ng strategy, 2) coordination strategy, 3)
organi zati onal structure, and 4) selection and paraneteri zation
of tools in order to maintain team performnce at acceptabl e
| evel s (see Figure 1).

Fromthis nodel, we predict that training teans in any of
the four core skills (coordination, decision making, team
restructuring, and tool nodification) should inprove overall team
performance under variable information | oads. In the Phase |
effort, we focused on inproving strategies for decision nmaking,
or critical thinking, and team coordi nation, operationalized as
routi ne communi cation of inportant tactical information.

A Model of Adaptive Deci si on Making

The nodel of adaptive decision nmaking represents the role of
tactical know edge enbodied in an individual's situation nodel or
ment al nodel (Cannon-Bowers, Salas, & Converse, 1990) and the
deci si on-maki ng processes with which officers refine this
know edge. Consider this scenario:



Operational
conditions

Team Work
Stress Performance
Processes

Characteristics of
the team &
individuals

Team structure Adaptation of
decision-

making style

Adaptation of
coordination
methods

Adaptation of
team structure

Selection or
parameterization
of tools

Figure 1. The adaptive team performance nodel

In the heat of battle, a battalion S3 is attenpting to
| ocate a friendly recon unit at the request of an Arny
attack helicopter troop. The helicopters, novi ng
agai nst known eneny troop positions, wish to deconflict
the friendly unit from eneny targets. The information
streaming to the S3's workstation is volumnous and

rich. The officer receives nessages from personnel

systens in the field, the brigade and division above,
the S2, and other nenbers of the staff. Fromthis nmass
of information the S3 nust extract nessages from or
pertaining to the endangered friendly unit. This is a
problem in information filtering, and it is mtigated
largely by the «clarity of the S3's information
retrieval goals (or information goals): the officer

knows what information is needed. As the S3 works,

of ficer notices nessages froma marginally reliable and
poorly positioned scout asserting that eneny wheeled
vehi cles have just entered the target zone arned wth

Stinger-like air defense (AD) weapons. Thus, the S3

al so engaged in opportunistic search through the data
stream for surprising events, those that violate the
current assessnment of the situation, and the S3's
predi ctions concerning the course of battle (see 1,
below). Realizing that the potential threat posed by
the AD weapons is immediate, the S3 quickly relays
coordinates of the friendly unit and the eneny AD to

the helicopters (in response to their request)

transmts information concerning the AD to friendly



artillery units (in anticipation of their requests for
hel p coordinating targeting with the helicopters) (2,
below). The S3 al so senses that the sightings nmay have
| arger tactical inplications, and that there are a few
moments to investigate these. In essence, the S3
critiques the assessnent of the situation and nodifies
it to account for the possibility that the AD unit is
part of a deliberate defense of a vital eneny point
asset, possibly a command, control, conmmunications, and
intelligence (C3l) center concealed near the target
zone (3, below). After issuing a call to confirm the
sightings, the officer queries intelligence assets and
staff concerni ng enemy conmuni cations, radar em ssions,
and troop novenents that mght support the suspicion
that a C3I center is near the area. Finally, the S3
advi ses the conmmanding officer to issue a warning order
for tank units to prepare to maneuver towards possible
vital eneny assets near the observed AD (4, bel ow).

We can describe this scenario at a nore abstract |evel by
appl ying the nodel of adaptive decision nmaking (see Figure 2) in
the foll om ng manner.

1. The officer selects or filters incom ng data using either
bottom up, recognition-based faculties or top-down, goal-
driven selection criteria that we call information goals.
The officer acquires information goals either by
inferring themfromthe interests or responsibilities of
others (represented by a nental nodel of the team, by
thinking critically about what information is needed to
i nprove the current assessnent of the tactical situation
(represented by a nental nodel of the situation), or by
directly acquiring information goals in the form of
explicit requests from others.

2. Having selected data to which to attend, the officer
rapi dly eval uates whether there is time and a need to
reason deeply about that data. If there is not, the
of ficer executes a well-practiced response and returns
his or her attention to the data stream |If there is, the
of ficer proceeds as foll ows.

3. The officer engages critical thinking skills to interpret
the new data and its inplications for the situation
nodel . The officer first attenpts to fornul ate argunents
with the new data that bear on specific concl usions
derived fromthe situation nodel. Then the officer
critiques the argunents by ferreting out their
weaknesses. Three types of weaknesses can be pursued. The
first is a gap caused by failing to forrmul ate sonme key
argunment or a |lack of data on which to base an argunent.
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Figure 2. The nodel of adaptive deci sion making.

The second is conflict in the conclusions that can be
drawn fromthe avail abl e evidence (e.g., several events
may point to the conclusion that the eneny will attack at
point A; other evidence may suggest the eneny will attack
at point B). The third source of weakness is an unreliable
argunent, which nmay be based on inaccurate or unreliable
data or on faulty inference. In sum the officer uses the
data as a lever to pry at weaknesses in the situation
nodel , and uses the situation nodel to frane the
interpretation of the data. W call this process critical
t hi nki ng.

The officer then acts on the interpreted data by relaying
requests, information, or recommendations to other
officers or by setting new information goals that shape
the officer's own information filtering. The better the
of ficer's understandi ng of the conpetencies and
responsibilities of team nenbers, the better the officer
can express and route information, recomendations and
requests for information, and the nore proactive these
communi cations wll be.



Thi s nodel has several inplications for training officers to
manage | arge volunes of information in the digital environnent,
that is, to prevent information overl oad.

1. The nore accurate is a staff officer's nodel of the
situation, the nore appropriate will be the officer’s
information goals and the better will be the officer's
ability to select useful material fromthe data stream
If we assune that the staff's conmander is npbst conpetent
to forman accurate assessnent, then the conmander who
communi cates his or her assessnent and revisions of it to
the staff will indirectly inprove the staff's filtering
ability.

2. Staff who are trained in nethods of detecting and
handl i ng gaps, conflict and unreliability in their
situation nodels will detect nore, or nore crucial,
weaknesses in the current tactical assessnent and pl an.
They will set better information goals and sel ect data
that is nore relevant to current tactical concerns.

3. Staff who are nore sensitive to tinme constraints, the
potential cost of errors and the accuracy with which they
recogni ze a given problemare nore likely to correctly
deci de when to i nplenent a practiced response and when to
engage in critical thinking before taking irreversible
actions.

In short, staff should serve their brigade or battalion
better when they are trained in several decision nmaking and
coordination skills. The Phase | research effort was focused on
attaining these effects through instruction and neasuring them
usi ng techni ques that can be automated in a staff training
si mul at or.

Enpirical Foundati ons
In previous research, nenbers of the project team have
successfully tested the effects of training officers in critical
t hi nki ng and coordination skills. W review this research, bel ow

Ef fects of Assessnent Updates

In field studies, Serfaty and col | eagues (Serfaty, Entin, &
Deckert, 1993; Serfaty, Entin, & Vol pe, 1993) noted an
i nformati on managenent strategy that boosted the performance of
staff in Naval Conbat Information Centers (ClIC). The nost
effective commanding officers periodically alerted their staffs
to the nost pressing of their tactical concerns.

Such assessnent updates may help staff in several ways.
Because the updates may produce a current and conmon tacti cal



picture, staff are nore likely to accurately infer what
information and critiques will help the commander nost. This
know edge of information goals in turn should support staff in
goal -driven (top-down) filtering for useful data. More subtly,
assessnment updates set staff up to be surprised by (i.e., to
recogni ze, bottomup) events that conflict with key predictions
of the current assessnent.

Serfaty and col |l eagues (Entin, Serfaty, & Deckert, 1994)
tested the effects of teaching staff about assessnent updates.
Four teanms of five Naval CIC officers received training in mking
and interpreting assessnent updates, as well as structured
training in six information managenent skills: preplanning,
capitalizing on idle periods, adapting the ratio of informative
to adm ni strative comuni cations, pushing information to
t eammat es, bal anci ng t he wor kl oad anong team nenbers, and
recogni zing the synptons of information overload. Four teans
received training in the six information managenent skills only,
and four additional teans served as controls. Tests of training
effects were conducted using high-fidelity, CC sinmulators.
Partici pants who received training in assessnent updates and
other skills perfornmed 28% better on a conposite perfornance
i ndex than those who received the reduced training. Staffs who
recei ved any experinental training at all performed an average of
21% better than controls, were far |less sensitive to changes in
wor kl oad than were controls, and perforned better under high
wor kl oad than controls did under | ow workl oad.

Serfaty's work established the potential value of training
commanders and staff to use assessnent updates to conbat
i nformati on overl oad.

Effects of Critical Thinking

Cohen, Freeman, and col | eagues have exam ned the effects of
training critical thinking skills for the U S. Arny Research
Institute (Cohen, Freeman, et al., 1995) and the Navy Training
Systens Division (Cohen, Freeman, & Thonpson, in press; Cohen,
Freeman, & Wbl f, 1996; Freeman & Cohen, 1996; Cohen, Freeman, &
Thonpson, 1997). The nost recent version of that training
consists of four lessons. In the first |lesson, officers study a
si npl e procedure for building situation nodels (which we sinply
call stories, during training). The STEP (Story, Test, Evaluate
and Pl an) procedure consists of building a story with the
evi dence on hand; testing the story to identify conflicting
interpretations of the evidence and resolving the conflicts, if
possi bl e; evaluating the assunptions on which the story is based;
and formul ating contingency plans to protect against assunptions
that cannot be tested. In the second | esson, officers study the
i ssues common to tactical stories, such as eneny goal s,
opportunities for attack, enemnmy capabilities, eneny intent,



actions, and outcones. They practice generating assessnments using
stories. The third | esson presents a variant of the devil’s
advocate technique that is particularly useful for reinterpreting
apparently conflicting evidence within a story, identifying
assunptions, and generating alternative assessnents. The fourth
and final unit describes how experienced officers apply criteria
concerning time, stakes, and famliarity to shift between tasks
and between critical thinking and rapid, recognitional

i npl ementati on of plans and procedures.

Cohen, Freeman, et al. (1995) tested this training in the
three experinmental studies (see Table 1). The participants were
active-duty Arny or Navy staff officers with an average of ten
years mlitary experience. These officers executed a pretest and
posttest, each of which were conplex, dynam c scenarios. (In the
two Navy studies, high-fidelity conputer sinulators were used for
testing.) Students were asked to nonitor the scenarios, formul ate
assessnents and pl ans, and make argunents in defense of their
assessnents. Expert judges scored responses for quality.

Table 1. Methodol ogy Used in Prior Studies of Training in
Critical Thinking Skills.

Feat ure Study 1 Study 2 Study 3
Locati on Arnmy Research Surface Warfare | Naval
Institute, Ft. O ficers Post gr aduat e
Lew s, WA and School , School , Monterey,
Ft. Carson, CO | Newport, Rl CA
Participants |37 officers 60 of ficers, 35 officers with
ranking from1® |many with CIC hi ghly varied
Lt. to Lt. Col. |experience expertise
Desi gn Trai ning (29) Trai ni ng (40) Pretest vs.
vs. control vs. control postt est
(8), pretest (20) x pretest
VS. posttest VS. posttest
Dur ati on of One- hal f day One day Fi ve days
experi nment al
sessi on
Dur ation of 90 m nutes 90 m nutes 4 hours over two
training days
Tr ai ni ng Penci| and Penci| and Conmput er: DEFTT
tools for paper paper high fidelity CC
executing si mul at or
practice
scenari os
Test tools Penci| and Conmputer: DEFTT | Conputer: DEFTT
paper high fidelity high fidelity CC
Cl C si mul at or si mul at or




The researchers eval uated indices of critical thinking
skill, such as the nunber of argunents nmade, the nunber of pieces
of evidence cited, and the nunber of assessnents generated. The
training inproved staff performance. Trained officers nade better
assessnments. The assessnents of trained officers conformed nore
closely to assessnents of senior mlitary officers than did those
of untrained officers. Furthernore, the plans that trained
of ficers made were congruent with their assessnents. The training
reliably boosted indices of critical thinking processes by 20%to
60% These indices concerned the accuracy of assessnents, the use
of supporting argunents, the identification and handling of
conflicting evidence, and the identification of alternative
assessnments. Interestingly, even though training enhanced the
ability of officers to find flaws in their own assessnents,
trained officers were at least as confident in their assessnents
as untrained officers and were nore decisive in their actions.
Finally, officers rated the training positively, and were nore
likely to do so the greater their tactical experience. These
results denonstrated that training in critical thinking skills
can inprove officers' decisions and actions.

STI M Trai ni ng Cont ent

In the Phase | research effort, we adapted the training
descri bed above. Wak aspects of the previous training were
pruned away, presentation concepts were devel oped with an eye
towards inplenenting themin a nmulti-nedia system and Arny
scenari os were devel oped for denonstration, practice and testing.
The training concepts were not highly custom zed to specific
battalion staff positions (such as the S2, S3, or Battle
Captain). Rather, the instruction was sonewhat generic, in that
it could benefit staff in nost positions. Prior research
i ndi cated that such training can have very | arge effects by
hel ping staff to | everage their own domai n-specific know edge,
and thus help them manage information better under stress (Cohen,
Freeman, & Thonpson, in press; Cohen, Freeman, & Thonpson, 1997).

In this section, we describe the training (reproduced in
Appendi x J) and provide an exanple of its application to problens
in a brief tactical scenario.

STIMtraining addresses three topics:

Maki ng and interpreting assessnent updates (brief alerts
concerning tactical priorities);

Applying critical thinking skills; and

Di scerning when to exercise critical thinking skills, and
when to apply rapid recognitional responses.
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The training begins with a brief, notivational unit
describing the problemof information overload. It then
i ntroduces the notion of using assessnent updates to maintain a
current and accurate situation nodel. The utility of assessnent
updates is established with references to field studies and
trai ning experinents in which updates have proved beneficial .
Assessnent updates are then defined as periodic statenents
concerning i nmedi ate and potential threats. These updates can be
made by the senior decision-nmaker to subordinates, staff to line
officers, or, potentially, by subordinates to superiors. Updates
concerning imrediate threats may have a famliar format: the
threat is identified ("eneny APCs at coordi nates NK2018") and an
action is stated ("nove recon unit Charlie to that area").
Updat es concerning potential threats are less famliar in formto
staff. These updates concern events that do not readily fit a
known pattern, such as wheel ed vehicl es whose origin and intent
are difficult to discern. These threats are addressed with a
brief story that may account for the observations to date;
predict future events; and highlight gaps, conflicts, and weak
assunptions underlying the assessnent. The STIMtraining in
assessnent updates continues with exanpl es of assessnent updates
in a vignette concerning the actions and intent of two eneny
forces poised to attack an Anerican contingency force. (This
vignette, presented in installments throughout the training, is
called the Frankfurt scenario, and is used in an illustration of
critical thinking, below ) The unit concludes with structured
practice in interpreting and generating assessnent updates, using
the Frankfurt scenario.

The next unit opens by notivating the use of critical
thinking skills for tactical decision making. It validates the
training wth a reference to field studies and training
experinments. We then describe the goals of critical thinking as
finding and handl i ng weaknesses in assessnents and pl ans.
Weaknesses are of three types. Gaps are issues that are not
addressed in prior planning or current data. Conflict denotes
events whose nost obvious interpretations appear to discredit the
current assessnent or plan. Unreliable assunptions are those that
have not been carefully exam ned.

We then present instruction in detecting and handling these
sources of uncertainty. The nethod, called I DEA, consists of five
processes. These are not rigidly ordered steps for decision
maki ng, but sinply tactics for better decision making under
stress.

I dentify gaps in your know edge;

D = Deconflict your understanding of the situation by
tentatively explaining the conflict. Look for exception
conditions or make assunptions that nullify the conflict;
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E = Eval uate assunptions. Assess the plausibility of
assunptions and hunt for other, still-hidden assunptions;

A = Act on the ideas generated with | DEA. For exanpl e,
request information, search online for data, recomend new
contingency plans, or suggest inprovenents to the
commander's assessnment of the situation.

We then introduce a tool wth which to identify gaps,
deconflict understanding, and ferret out assunptions. The
"Crystal Ball" is a variant of the devil's advocate that consists
of a few, sinple questions.

To help identify gaps, the crystal ball poses this
chal | enge: "Your understanding of the situation hinges on an
issue that is not addressed in any nessage or estimte so far.
VWhat is it?" Responses to this question point to gaps in an
of ficer's know edge and understanding. We find that |ists of
i ssues often help officers in their search. For exanple, officers
may use a list of METT-T issues (M ssion, Eneny, Terrain, Troops,
and Tinme available) to help themfind gaps regardi ng m ssion
goal s, eneny intent, terrain, weather, etc. They may al so benefit
fromconsidering a |list of story elenments. A story concerning an
attack, for exanple, mght describe why an eneny would attack
with the specific assets in question (given the other assets
available to it) at a specific location (given other potenti al
targets) and how it would execute the attack, that is how it
woul d | ocalize the target, approach it, strike and hold ground,
or escape. Attenpting to flesh out a story often nakes gaps in
know edge obvi ous.

To hel p deconflict situation understanding, the crystal bal
says: "You may think this information conflicts with your
assessnent (or plan) but it does not. Way not?" Answers to this
guestion are exception conditions under which seem ngly
conflicting evidence can be interpreted as a natural outgrowth of
a very specific causal process.

To hel p officers uncover hidden assunptions, the crystal
ball| says: "There is another way to interpret this data overall.
VWhat is it?" For exanple, the crystal ball insists that there is
a way to interpret the eneny's radio silence other than as a sign
of inpending attack. The silence could be a result of systens
failure, a product of a successful interdiction by friendly
forces, or a feint. Responses to this question can be viewed as
alternative assessnents. A nore interesting interpretation is
that the responses, once negated, are assunptions of the current
assessnment. For exanple, the eneny nust not have |ost radio
communi cations as a result of friendly interdiction if the radio
silence is in fact a sign of inpending attack. Assunptions such
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as this can be tested, for exanple, by seeking out battle damage
assessnents.

It may seemthat the crystal ball is poorly named because it
asks questions, rather than answers them Wat we nean to connote
wi th the nane, however, are the omiscience, indefatigability,
and sinplicity of the crystal ball. The crystal ball always
claims to have a better answer than the user. It never tires, but
continues to repeat its question until the user believes that a
broad and useful set of answers has been generated. Finally, the
crystal ball is capable of uttering only the sinple, specific
guestions, above.

The third unit of training describes several criteria used
by experienced tactical decision makers concerning when to apply
critical thinking and when to suffice with rapid recognitional
processing. The criteria, in short, are that there nust be tine
for critical thinking, given other priorities; the stakes (that
is the range in the value of possible outconmes) must be high
enough to warrant investing the tine in the present problem and
there nust be sufficient novelty to the situation to throw into
question the accuracy of a rapid recognitional response. W then
present a denonstration scenario and a practice opportunity.

The training closes wth a summary of the | essons concerni ng
assessnment updates, critical thinking, and opportunity testing.

Scenari o- Based Practice

The training provides scenari o-based denonstrations and
practice in using IDEA and the crystal ball. Each scenario
consi sts of a background briefing (presented on slides) foll owed
by a series of nmessages that describe scenario events (delivered
on a sinple e-mail systemat the workstation provided to each
partici pant and al so presented to the group on slides). Each
scenario is designed to exercise staff's skills in an
instructional topic. The principle vignette, called the Frankfurt
scenario, opens in the first unit of training and is el aborated
in every subsequent | esson. Here, we conbine several segnents of
that scenario into a denonstration of some critical thinking
skills. The scenario briefing and several nessages appear, bel ow.

Background briefing

You are a contingency force battalion S3 during a major
regional conflict. Your battalion and the brigade of
which it is a part are defending a sector with a port
t hrough which Allied reinforcenents are arriving. Your
task force assets are mxed arnor and Bradl eys. There
has been no contact with the eneny for 48 hours, while
political negotiators are busy trying to end the
conflict. Eneny forces are arrayed about 30km away to
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your northwest and to your southwest. Both units are
Motorized Rifle Reginents. From either |location, the
eneny nust traverse several rivers to reach the port,
whi ch appears to be their objective. The northern eneny
force is better equipped for these river crossings than
the southern force, and its comander is nore
experienced than the southern commander. However, poor
roads and rough terrain in the north nmake arnor
movenent there difficult. The southern terrain and
roadways support rapid arnor novenent, and the southern
eneny force has a nore direct path to the port. The
port is in the southern part of your sector, and it
poses an attractive target to the eneny. Furthernore,
the eneny has had marked success attacking your
sout hern sector (but not the northern sector). Soviet
doctrine, on which the eneny relies, is to exploit
success.

| ncom ng nessages

Smal | contingent of southern eneny forces noving toward
bri dge Al pha on apparent approach to port.

Eneny forces near bridge Al pha firing at US recon.

Allied air interdiction canpaign and indirect fire begin in
sout hern section.

POWreports |lots of preparatory activity in main canp of
sout hern eneny.

BDA reports fromAir Force indicate nultiple southern eneny
units struck

Intel reports that the southern eneny forces appear to have
destroyed bridge Al pha to their front.

Intel reports that eneny radio activity has ceased in south
and north.

The battalion commander's initial prediction was that the
eneny woul d conduct its main attack fromthe south. The commander
now i ssues an update to that assessnment, consisting of a story-

I i ke account of recent activity and a pointer to the story's main
weakness.

Assessnent update: Southern eneny is noving to evade
interdiction. It has initiated radio silence, which is
SOP for attack approach. Southern eneny will use its
current novenent to begin attack approach, but why is
he shifting sone forces to the north?

We ask staff to interpret this update and to advise the
commander. By applying the | DEA nethod and the crystal ball, they
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can fornul ate an argunent in support of the current assessnent
and specify actions they can take to confirmtheir reasoning.

The officer takes as the tentative conclusion that the eneny
wll attack fromthe south. Several pieces of evidence support
this claim anong themthe doctrinal pursuit of success by the
sout hern brigade and its advantageous routes to the port.

However, the nessage that the southern eneny has destroyed a
bridge inits own |ine of advance seens to conflict with the
conclusion. Staff mght use the crystal ball to address this
conflict, as follows: "You may think that the reported bridge
destruction conflicts wth your assessnent that the southern
eneny will attack but it does not. Wiy not?" One of nany possible
responses neatly nullifies the conflict. It is to assune that the
eneny does not plan to cross the river at the bridge, but

el sewhere, and that its strike on the bridge is a proactive nove
to hinder friendly reconnai ssance and defensive forces.

The crystal ball aids in identifying a gap in the avail abl e
data regarding this assunption. The crystal ball says: "Your
under standing of the situation hinges on an issue that is not
addressed in any nessage or estimate so far. What is it?" One
response is that the information concerning alternative crossing
sites is sparse. This should cue staff to reeval uate the known
river crossings.

Assunptions are |urking bel ow the blue commander's
assessnent that the southern eneny wll attack. The crystal bal
hel ps to reveal sone of themwth this query: "There is another
way to interpret this data overall. What is it?" One response is
that the eneny does not in fact plan to attack, but nerely to
gain ground it wshes to claimduring the current negotiations.
When negated, this alternative assessnent constitutes an
assunption underlying the current assessnent that the eneny wll
attack. The assunption can be tested, if only weakly, by studying
whet her the sites the eneny currently occupies have |ong-term
strategic value or short-termtactical weaknesses. Staff can take
this very action.

Measur es

To measure the effects of the training described above, we
devel oped instrunents to assess three aspects of information
managenent. These were the accuracy of decisions, by which we
mean responses to conmand requests for tactical judgnents; the
qual ity of decision-nmaking processes, by which we nean the nmanner
in which staff assenble their know edge to defend their
deci si ons; and communi cations behaviors, particularly information
filtering and production. In the foll ow ng sections, we describe
each of the neasurenent instrunments in detail.
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Accuracy of Deci sions

STIM s neasures of the accuracy of decisions are
operationalized as the accuracy of responses to nmultiple choice
guestions requiring situational awareness and tactical judgnent.
For exanple, the questions used in the pilot experinent described
bel ow required the participant to state whether (1) the eneny
force encountered thus far was the main force or the forward
support elenent, (2) whether to continue fire m ssions despite
the potential for fratricide, and (3) whether and how to displ ace
forward units. The first two are cl ose-ended questions multiple-
choi ce questions. The third is partly closed (whether to
di spl ace) and partly open (how to do so). The nunber of
reasonabl e responses to this question is large but |imted,
indicating that it can be presented in nmultiple choice format,
but that responses may be rank ordered on accuracy. This offers
interesting opportunities for assessing not only nean accuracy,
but al so variance in accuracy.

The chal | enge of constructing nultiple choice problens is to
conplicate the process of choosing between the few alternatives
avai l abl e. To acconplish this, scenario authors can mani pul ate
the |l evel of uncertainty in a scenario. The principles we have
applied to acconplish this in the sanple STIM scenario are to
ensure that (1) critical information is mssing, (2) sone events
conflict with reasonabl e assessnents or plans, and (3) events
elicit highly unreliable assunptions. For exanple, in the
Frankfurt scenario used in the pilot training material, reports
that the eneny has destroyed a bridge to its front conflict with
t he assessnent that the eneny planned an approach across that
bri dge. The sane reports commonly elicit the marginally
unreliable assunptions that the report is based on accurate
observations--that the eneny has destroyed the bridge, and that
it has done so intentionally, when in fact friendly units nay be
responsi ble or the eneny may have hit the bridge by accident.

In sum neasurenent of decision accuracy in STIMis
operationalized as the accuracy of responses to nmultiple choice
gquestions requiring tactical judgenent in conplex scenarios |aced
W th uncertainty.

Structural Measurenent of Deci sion-Mking Processes

An irony of testing decision making is that weak deci sion-
maki ng skills and good |uck can conbine to produce the sane
hi ghly accurate decisions as strong deci sion-making skills al one.
It is inmportant to distinguish between these cases. Good
deci si on-maeki ng skills are necessary for sound reasoning, and the
nost explicit, and therefore neasurable formof reasoning is
argunment. We take as an index of decision-making skill the
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structure and content of argunents that staff nake in defense of
t heir deci sions.

Thi s approach to neasuring decision-making skill requires a
wel | -defined notion of argunent. A nunber of researchers have
attenpted to specify the structure of argunment. Kuhn (1991, 1992)
has devel oped a nodel of argunment in which evidence bears on the
validity of a hypothesis, and counterargunments potentially
invalidate the hypothesis (by denonstrating that it postul ates
unnecessary or insufficient causal mechani snms) unless rebuttals
are offered to neutralize them Kuhn has denonstrated that higher
education (college training) is correlated with successf ul
argunent, while age and domain expertise are not. Specifically,
she has denonstrated that people w thout coll ege education have
difficulty distinguishing the causal nodel that constitutes a
hypot hesis fromthe evidence used to validate it, and that they
of ten cannot conceive of alternative hypotheses, identify
evidence that conflicts with their own hypotheses or rebut that
evi dence®.

Toul m n's studi es of business, |aw, managenent, the arts and
ethics al so focus on the nature and use of argunent (Toul m n,
Ri eke, & Jani k, 1984). They provide another definition of
argunent and a graphical representation (see Figure 3). Toulmn
concei ves of argunents as a linked structure of clains (or
concl usi ons) based on grounds (facts or assunptions used as
evi dence) whose rel evance and strength are a function of warrants
(domai n-specific rules for draw ng concl usi ons) supported by
backi ng (evidence for warrants). Rebuttals specify conditions in
which a claimmay be unjustified, thus breaking the |ink between
grounds and claim The existence of a rebuttal |eads one to
qualify one’ s concl usi ons. However, rebuttals can thensel ves be
rebutted, thus revitalizing a claim Toulmn's is a generalizable
and representation of argunent.

3There are circunstances in which these seem ng deficiencies
in argunents may be intentional and advantageous. For exanple, a
prosecuting attorney may avoid introduci ng hypot heses that posit
the defendant to be innocent, a defense attorney may
intentionally conflate evidence with hypotheses in order to
confuse the jury concerning what is fact and what is conjecture,
and neither side is likely to raise evidence that conflicts with
t heir hypot heses. However, these are cases in which the goal is
to persuade, and not to pursue the truth. Staff officers are
tasked to discover ground truth.
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Grounds Claim
Facts or assumptions serving as Qualifier Conclusion:
evidence: Limitations on the claim:  =———9» Scenario-based tests
NCO's claim paper tests fail to capture Potentially should be used to measure
job knowledge. job knowledge.
Real-world tasks leverage job knov@gdge —
Definition Example \
Backing Warrant Rebuttal
Foundations for the - T . Conditions under which the grounds
warrant: Specific rules that Justlfy_th.e link do NOT support the claim:
Sound psychological ’ Comfgzgr?kr)zgzgsstgeﬂgr?;-s can Poorly designed scenarios do not
research and economic . ) . ” support measurement of procedural,
analyses economically replicate job conditions conceptual or strategic knowledge

Figure 3. Toulmn's representation of argunent.

We have taken prior work by Kuhn and Toulmn as a starting
point to represent the structure of argunent, but we have
attenpted to map our representation directly to the trained
critical thinking skills. In our framework, a robust argunent
consi sts of a conclusion backed by supporting evidence. The
concl usi on may be weakened by conflicting evidence unless
deconflicting assunptions or assertions are made that, |ike
Toulmn's rebuttals of rebuttals, neutralize the conflict. W
al so expect a strong argunent to recogni ze other sources of
weakness or uncertainty, as well, nanmely gaps (or m ssing
i nformati on) and assunptions. Finally, we extend the notion of
argunent sonewhat to nmake it nore relevant to the action-oriented
domai n of brigade or battalion TOC. W assert that a good
argunment suggests actions that can resolve uncertainty, such as
requesting data, forwarding data, making recomrendations, and
formul ati ng conti ngency pl ans.

There is a natural graphical format for this notation. The
format enpl oys nodes representing a concl usion, supporting
evi dence, conflicting evidence, deconflicting assunptions, gaps,
and the assunptions covering them other (“eval uated”)
assunptions and actions®. In Figure 4, we use this notation to
illustrate an argunent that the eneny in the Frankfurt scenario
wll attack fromthe south

“I'n a training project begun since the conpletion of this
Phase | contract, the argunent syntax and its graphical
representation have been revised to represent only the foll ow ng.
(The acronym for the approach, IDEAS, is formed fromthe
capitalized letter in each conponent nane.) ldentified gaps;
Deconflicted evidence; Evaluated concl usion; Action; and
Supporting evidence.
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Supporting Evidence
The southern enemy has
a more direct route to the port
than the northern enemy

Conclusion
The enemy will attack
from the south.

Supporting Evidence
The northern enemy force faces rough
terrain that will hinder armor movement.

Supporting Evidence
The southern enemy has recently succeeded
in its attacks, and the enemy's doctrine
is to pursue success.

Deconfliction
The southern enemy wants to prevent us
from crossing the bridge to attack it.
It will cross the river at another site.

Conflicting evidence
The southern enemy has destroyed
a bridge in its path of advance.

Identified Gap
There may be sites where the southern

enemy can ford the river even with its
limited bridging assets.

Action
Reevaluate potential
river crossing sites.

/ Evaluated Assumption

The enemy in fact plans to attack
and is not attempting to secure ground
@at it can claim as its own during negotiations.

Action
Evaluate the value of the enemy's
current positions in the long term.

Figure 4. Argunents are represented in STIMas node-link graphs.

|f officers can reliably represent their argunents with this
graphical notation (or sone variant of it), then there are
intriguing opportunities for manually or automatically assessing
argunents based purely on their syntactic or structural
characteristics (in addition to qualitatively evaluating the
accuracy of argunent concl usions, discussed above, and the
persuasi ve i nmpact of argunents overall, as addressed bel ow. ) For
exanpl e, one m ght award hi gher score for argunent graphs that
have a 1) greater variety of these conponents and 2) nore
i nstances of specific conponents. Greater variety is an indicator
of broader conpetency in critical thinking skills. G eater nunber
of conponents (assum ng inconplete variety) may be an i ndex of
[imted expertise in critical thinking but deeper domain
knowl edge. In evaluating argunents by their structural
characteristics, we are inclined to give nore weight to the
variety than to the nunber of conponents, particularly for
of ficers who have | ess donain expertise or no forner experience
with these critical thinking skills. However, it is an enpirica
guestion (not addressed in this study) whether breadth, depth, or
their interaction with each other or other factors (such as
probl em type) best predict the persuasiveness of argunents, the
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quality of actions intended to test assunptions, or the overal
accuracy of concl usions.

Measuri ng Argunent Persuasiveness

Good structure is a necessary conponent of a persuasive
argunent, but it is not sufficient. To neasure the persuasiveness
of an argunent requires a netric of content; a neasure of the
evidence that is brought to bear on a conclusion and that which
is omtted; the specific gaps and assunptions that are recogni zed
or m ssed; how conflicting evidence is handl ed; and what actions
in particular are proposed. The neasure recommended for STIMis
an SME rating of the persuasiveness of an argunent over all of
the evidence and reasoni ng presented. This can be suppl enented by
ratings and critiques of argunent substructures (chains of
conponents such as conflicting evidence, deconflicting assunption
and actions to test the assunption), and individual argunment
conponent s.

Conmuni cati ons Patterns

Commruni cati on behavi ors--who consunes and produces what
messages--are indicators of how the team processes data and how
it adapts to changes in information | oad. To gui de our approach
to measuring communi cations behaviors, we used a process nodel.
The nodel describes a two-phase information managenent process:

IM=1IF + IP
where IM = information managenent, IF = information filtering,
and I P = information production.

The | F process reveals the subject’s ability to filter out
irrelevant incomng information and filter in relevant and
critical information. IF is operationalized of as a categorical
rating of incom ng nessages, in which the categories are:

| FO: Ignore/don’t open (based on source, timng, title,
ci rcunst ances, etc.)

| F1: Open and classify irrel evant
| F2: Open and cl assify rel evant/ usef ul
| F3: Open and classify critical/essential

I nformati on production operates only on the nessages passed
through the information filtering stages, nanely | F2 and | F3.
Measuring IP is a sonewhat nore conplicated in that we want to
characterize the nessages in terns of the cognitive conplexity of
processes required to produce them In ternms of increasing
conpl exity, outgoing nessages may be classified as foll ows:
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| P1: pass-through: e.g., forward nessages intact

| P2: formjudgnent: e.g., fuse pieces of information, assess
the situation (what-is type of uncertainty reduction)

| P3: solve problem e.g., fornulate course of action,
recommend decision (what-if type of uncertainty reduction)

The IF and | P phases may be particularly useful for
measuri ng communi cati on behavi ors when these behaviors are al so
classified on the foll ow ng di nensions:

Direction of conmunications: Superiors (SUP), Co-Oficers
Staff (COS), Subordinates (SUB)

Subj ect of incom ng nessages: Eneny or own troops.

Type of conmunications: Information/ Status (1S), Action/Plan
(AP).

Message cl asses: Request (REQ, Initiate (IN), and Respond
(RES). This classification has been used before in other

t eam perfornmance work and has been proved quite useful
(Entin, Serfaty, & Deckert, 1994).

Comruni cati on behavi ors--who sends what nessages to whont -
are indicators of how the team processes data and how it adapts
to changes in information | oad.

In the follow ng sections, we discuss specific nmeasures of
communi cati ons performance based on the IF and | P phases and on
t hese di nensions of them Sone of the measures are regular or
gl obal neasures, based on counts of particular types of
communi cations. They provide a sense of patterns of information
flow A second, general category of ratio formulas provides
measures that are “normalized” and therefore highly diagnostic of
per f or mance.

Information Filtering (I F) Measures

The information filtering neasures are based on several
vari abl es, defined as foll ows:

[1: Incomng informati on nmessages

| FO: 1 gnored nessages

| F1: Read and irrel evant nessages

| F2: Read and useful nessages

| F3: Read and essential nessages
Thus:
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Il =1FO + IF1 + IF2 + |IF3

All of these variables (IFO0.1F3) can be deconposed using the
categori zati on schene described above. For exanpl e:

| F2 (RES) = nunber of response nessages deened useful by the
recipi ent

| FO( SUB & |'S) = nunber of information/status nessages
recei ved from subordi nates that have been ignored (unopened)

|F3 (SUP & AP & REQ = nunber of requests for actions or
pl ans com ng from superior comanders that have been read
and cl assified essenti al

The | ower bound of deconposition is determ ned by the
sparsity of the data matrix (crossing the various di nensions)
froma particular scenario run

Information Filtering (I F) Ratios

A second set of neasures in the |IF process can be
constructed as ratios of the previous variables. W have found in
the past (Serfaty, Entin & Deckert, 1993; Serfaty, Entin, &

Vol pe, 1993) that ratios are superior indicators of behavior
because they are nore sensitive to changes in coordination
strategies. Exanples of these filtering ratios follow with

hypot heses concerning the effects of STIMtraining under dynam c
i nformati on | oads.

(IPF-R1). Ignore ratio (IFO/I1): An indicator of the strength
of the first information managenent filter, which is not
based on nessage content, but on external nessage markers,
such as nessage type or source. Related hypotheses: As I

i ncreases, |IF-Rl remains constant until sonme threshold of I
is reached, at which point IF-Rl increases

di sproportionately to the nunber of incom ng nessages. STIM
training should hold this increase constant (or at a
constant growth rate) as Il increases.

(IPF-R2). Inforned rejection ratio (IF1/ (I FO+IF1)): An index
of the ability of staff to filter out nmessages based on
content as opposed to surface features (such as the subject
line or origin). Related hypothesis: As Il increases, |IF-R2
shoul d decrease as officers becone nore sel ective about the
messages they read. STIMtraining should stabilize IF-R2 at
a high level

(IPF-R3). Hierarchical information index (IF3(SUP)/I1F3). An
i ndi cator of the focus on critical classification of
messages com ng from superiors. Rel ated hypotheses: As ||

i ncreases, |IF-R3 increases. S3's becone nore narrowy
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focused on nessages com ng from above and | ess aware of
criticality of nmessages comng from ot her sources. STIM
training should renmedy this. Assessnent updates should hel p
of ficers focus on nessage content, rather than the rank of
t he source.

(IPF-R4). Information reduction ratio ((1F2+1F3)/(IFO+lF1)):
An indicator of strength of the second information
managenent filter, based on rel evance of nessage content. An
alternative neasure for this ratiois (IF2+1F3)/11. Rel ated
hypot heses: As Il increases, |IF-R4 increases first, then
decreases. STIMtraining should maintain | F-R4 constant.

(IPF-R5). Content filtering ratio (IF1/(1F1+lF2+IF3)): An

i ndicator of ability to dismss what is not relevant to the
current tactical situation. It may be an indicator of
situational awareness. Rel ated hypot heses: | F-R5 decreases
as Il increases. STIMtraining should increase | F-R5,
because it supports inforned dism ssing of irrelevant

i nformati on.

| nformati on Production (IP) Measures

| nformati on production (IP) neasures concern the ability of
staff to act on nessages that pass the filtering stage (I F2 and
| F3). Again, in this case, sone definitions and raw neasures are
required:

| O Qutgoing information nmessages
| P1: Forwarded nessages
| P2: Messages that constitute judgnent

- 1 P3: Messages that represent problem solving
Thus:
IO=1P1 + 1P2 + IP3

As in the I F process, these variables can be further
deconposed using the categories above. For exanpl e:

1O (I'S): Nunber of information/status nmessages produced and
sent

| P1 (REQ = nunber of request nessages passed through and
sent

| P2( | S&SUB&RES) = nunber of information/status nessages sent
to subordinate officer as a response to a previous request

| P3 (AP& NI & SUP) = nunber of action or plan recomendati ons
messages voluntarily initiated and sent to superior
commander s.
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| nformati on Production (IP) Ratios

A second set of nmeasures in the |IP process can be
constructed as ratios of the previous vari ables.

(IP-R1). Information conpression ratio (IQ11): An indicator
of the ability of the S3's to reduce the vol une of
information they send out as a function of the information

| oad they absorb. Related hypotheses: As Il increases, |IP-Rl
remai ns constant. However, training should reduce IP-Rl in
high information load (high Il) cases. In this case, STIM
training should act as an information vol une stabilization
device, ained at controlling information inflation in the C2
organi zati on as a whol e.

(IP-R2). Information/Action ratio ((1Q1S)/IOQAP)): An
initial indicator of inplicit coordination under high
information | oad. Accurate, shared nental nodels can be used
to infer the actions other team nenbers shoul d take when
they receive an IS nessage. Staff trained in using
assessnment updates should be less |likely to request actions
if those actions will be perforned anyway w t hout the
request. Related hypothesis: IP-R2 should remain stable or
decrease with Il. Wth STIMtraining, |IP-R2 should increase.

(IP-R3). Anticipation ratio ((IQIN)/Il(REQ): Secondary
indicator of inplicit coordination strategies under high

| oad. Such ratios--central to team adaptation theory--are

i ndi cators of anticipatory behavior and are very good

predi ctors of performance. The anticipation ratio is a rich
measure and can be broken down by destination or content.
For exanple an upward information anticipation rati o,

i ndicator of a staff nmenber's ability to anticipate the

i nformati on need of the commander can be cal cul ated as
((1O(I'NI&SUP&I S) /11 (REQ&SUP&I S) . The basi ¢ hypot hesis here
is that as information load (I1) increases, the anticipation
ratio (I P-R3) decreases or remains stable. STIMtraining
shoul d foster an increase in |IP-R3, especially under high
information | oad. More detail ed hypot heses can be devel oped
for other variants of the anticipation ratio.

(I'P-R4). Responsiveness ratios (IQRES)/IQREQ). An

i ndicator of a staff nmenber's ability to respond to the
information or action/plan needs of the other team nenbers.
Rel ated hypot heses: As Il increases, |P-R4 decreases, i.e.,
officers are too overl oaded to answer the needs of the
others. STIMtraining should increase IP-R4 or hold it
const ant .

(IP-R5). Pro-action ratio (IQIN)/IQCRES)). An indicator of
the ability of staff to remain pro-active in terns of
initiating transfer of information and comuni cati on of
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action as opposed to being reactive in ternms of responding
only to specific requests. Rel ated hypotheses: As ||

i ncreases, |P-R5 decreases. STIMtraining should encourage a
high IP-R5 ratio as a function of an officer's situation
awar eness | evel .

(I'P-R6). Information Processing/Forwarding ratio
((12+13B)/101L): An index of the tendency to process
information by form ng judgenents or solving probl ens,
rather than sinply forwarding data. Rel ated hypot hesis: As
Il increases, |IP-R6 decreases. STIMtraining should
stabilize this ratio.

Wor kl oad

A neasure of workload has two potential uses in STIM During
formati ve or summative evaluation of STIM the content validity
of the decision making and communi cati ons neasures coul d be
assessed by denonstrating that perfornmance on the neasures varies
as predicted between trained and untrained officers at a given
wor kl oad | evel (as tested in the pilot study) and that
performance varies as hypothesized within officers as workl oad
| evel s change. During fielded use, an instrunment for neasuring
wor kl oad coul d be used to adjust the quantity or quality of
messages. This could optimze the difficulty of a practice or
test scenario for the individual or the group.

There are three main ways to infer or assess workload in
cognitively conplex tasks. Physiol ogi cal neasures assess stress,
i.e., the human response to workload (or other factors), by
monitoring heart rate variability, pupil diameter, galvanic skin
response, evoked potentials, etc. Performance-based neasures
indicate the effect on task work as a function of changes in
wor kl oad. In this approach, a second task, such as auditory
tracking, is superinposed on the main task. Performance decrenent
on the secondary task is an indicator of the workload generated
by the primary task. Subjective neasures, the third approach, are
used to elicit participants’ reports of the intensity of the
task, or workload, using rating scales. Note that physiol ogical
metrics directly but nmeasure stress (a physiol ogical response),
whi |l e the performance-based and subjective approaches neasure
wor kl oad, the determ nant of stress that is of interest here. In
research efforts in which it is inportant to mnimze intrusion
into the main task, we have found that subjective nmeasurenent
met hods provide both ease-of-use and reliability.

Two neasures of workload have been extensively used in
cogni tivel y-demandi ng task contexts: the Subjective Wrkl oad
Assessnent Techni que (SWAT) and the NASA Task Load I ndex (TLX).
The SWAT (Reid & Nygren, 1988) uses three dinensions of workl oad:
mental effort, tinme demand, and stress. The TLX (Hart &
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Stavel and, 1988) has six dinensions. The first three (nental
demand, physical demand, and tenporal denmand) are viewed as
relating to the demands inposed on the participant and the other
three (performance, effort, and frustration level) to the
interactions of a participant with the task. Both neasures

i nvol ve a procedure by which the workl oad di nensions are
calibrated to an individual’'s perception of the nost rel evant

di rensions for a particular type of task.

We recomend the TLX for two reasons. First, it requires
less tinme fromthe participant than the SWAT to adm ni ster the
calibration ratings, and it involves very little post-processing.
In addition, the six TLX subscal es provide nore specific
di agnostic informati on about the sources of workload than does
the SWAT. Users of STIMcan periodically conplete a sinplified
TLX rating form (See Appendi x H) to describe workl oad al ong the
di mensi ons.

In this research effort, we adapted or devel oped neasures of
deci si on accuracy, decision making, or critical thinking skill,
information filtering, information production, and workl oad. Most
or all of these neasures are designed with an eye toward future
automation; they can be taken using conputerized instrunents
during the run of nmessages that constitutes a scenario, or at
breaks in a scenario, as discussed in the section concerning
further devel opnent of STIM In the next section, we present the
results of a study that enployed a sel ected set of these
nmeasur es.

A PI LOT TEST OF STI M CONCEPTS
Hypot heses and Research Questions

An experinment was conducted to pilot test the core training
concepts of STIM to establish the content validity of selected
performance neasures, and to elicit feedback concerning STIM from
individuals with staff experience. W nade the foll ow ng
predi ctions concerning the conbined effects of STIMtraining and
STIM s graphical, argunent construction interface:

Hil: STIMw Il inprove the accuracy of decisions participants
make in response to requests for tactical recommendations at
scenari o breaks.

H2: STIMw Il inprove decision-making processes. This was
operationalized as a test of training on SME ratings of the
per suasi veness of argunents.

H3: STIMw || inprove the structure of argunents. That is,
it will enable participants to generate argunents that
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contain nore of the fundanental conponents of a sound

ar gunent .
H4: STIMw ||l inprove information filtering behaviors. In
particular, STIMw I inprove performance on several of the

previ ously defined neasures: the ignore ratio (IFRl), the
informed rejection ratio (IF-R2), and the hierarchical
information i ndex (IF-R3).

H5: STIMw ||l inprove information production behaviors,
specifically overall information production (10, the
informati on conpression ratio (IP-Rl), the
information/action ratio (IP-R2), the information
processing/forwarding ratio (I P-R6), and the pro-action
ratio (I P-R5).

In addition, we explored several research questions on which
the validity of other neasures hinged or which were of value in
devel opi ng STI M furt her.

QL: Can officers reliably parse their responses into
argunent categories? If officers could do so, then STIM
training was clear regarding the argunent syntax and
representation, and prospects were good for automating
structural analysis of argunents in future trials.

@: Does the test scenario i npose an appropriately heavy
wor kl oad on staff? An answer to this question could guide
t he devel opment of scenarios for future experinments with
STIM

B: Does training influence the perceived workload | evel ?

4: What are users' inpressions of STIM

b: What audi ence m ght benefit nost from using STI M
Experi mental Design

The experinment mani pul ated one conposite variabl e between
subj ects: the provision of STIMtraining, STIMs graphical
argunment construction tool, and assessnent updates. Participants
in atraining treatnment received these putative benefits,
controls did not.
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Subj ect s

The participants in this study were 11 fornmer active-duty
Arnmy officers® with an average of 19.8 years of conbined active
and reserve Arny duty (Standard Error of the Mean (S.E M) =
1.007). Approximately two-thirds of the participants had
conpl eted Basi c and Advanced officers training, Conbined Arned
Services Staff School (CAS3), and Command and General Staff
Coll ege (CGSC). Al had sone staff experience. The participants
were training devel opers |located at Ft. Knox, and all but one (a
control) had witten, vetted, played, adm nistered or nodified
the scenario used in testing STIM In sum the participants were
a relatively honogeneous group of experienced staff officers who
were experts concerning the scenario used in testing. Four
partici pants served as controls and seven received the
experinental treatnent.

Materi al s

The materials used in the study were a training booklet, a
scenari o studied by trained participants and controls, a test
scenari o, and debriefing materials.

Trai ned participants and controls studied the sane scenario
prior to testing. Called the Frankfurt scenario, it concerned an
American battalion within a brigade-sized contingency force
tasked to hold a port under threat of attack fromtwo eneny
Motorized Rifle Reginents (MRRs), one to the northwest and one to
t he southwest. The scenario briefing and nunmerous nessages nade
it ambi guous which of the eneny forces, if either, mght attack
the port. The scenario was drawn verbatimfromparts of the
trai ni ng book.

The test was a single segnment of a defense-in-sector (DYS)
scenario, 23 mnutes and 30 seconds in length. This DI S scenario
had been extensively evaluated and refined during its devel opnent
for the Staff Goup Trainer simulator (previously referred to as
Commander Staff Trainer) (BDM Federal, 1996) and previous Arny
training projects. It was further nodified by an SME for this
experinment. The DI'S scenari o was chosen because it was reputed to
present a high workload to the S3 (the role that participants
pl ayed in this experinent), and because the defensive posture of
the blue forces offered great potential for uncertainty and
surprise. Materials for the scenario were four briefing
docunents, a nessage stream and a situation map. The briefing

°A 12t h participant argued strongly that he had no prior
training or experience relevant to situation assessnent and
tactical decision nmaking of the sort addressed in this study.
Furthernore, this individual could not touch-type, a distinct
handi cap in this experinent. He was dropped fromthe anal ysis.
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docunents (only the briefest and nost inportant of which are

i ncluded in appendices to this report) were a short (two-page)

Bri gade Commander's Qui dance (see Appendix A), a Brigade Area

Def ense Order, a short Battalion Task Force Conmander's Cui dance
(see Appendi x B) and a Task Force Order (key pages of which are
in Appendices C, D, and E). The situation map was a set of three
| arge maps (scale 1:50,000) of part of the National Training
Center prepared by the Defense Mappi ng Agency Topographic Center,
pl us overlays of phase lines, critical areas of interest, and red
and bl ue positions, which the test adm nistrator updated on the
overlays as the scenario progressed. The nessage stream consi sted
of scripted email fromvirtual task force el enents concerning
scenari o events (sightings of eneny units, engagenent reports,
calls for fire, etc. (see Appendix F).

The debriefing materials were designed to elicit
participants' evaluations of the training strategy (see Appendi X
G, their subjective ratings of the |level of workload inposed by
the test scenario (Appendix H), and biographical information

(Appendi x ).

Pr ocedur e

Each experinental session was four hours | ong and was
attended by four participants situated at networked conputer
wor kst ati ons. The session schedul e began with brief introductory
remar ks, approximately 100 m nutes of training or control
activities, a 15-m nute break, a scenario-based test |asting
about 100 m nutes, and a 15-m nute debriefing.

Training and Control Activities

Oficers in the experinental condition received the STIM
training (see Appendix J). Instruction and denonstration sections
of each unit were presented by the experinenter as a lecture with
over head transparenci es®.

The training was integrated with an introduction to the STIM
interface. During training concerning assessnent updates, the
experinmenter famliarized participants with the emai
application. The | esson concerning critical thinking skills
i ntroduced the graphical argunent-construction application. In
addition, the experinmenter provided tips on nmanagi ng space in the
drawi ng application by m nim zing nodes, overl apping nodes, and

°Due to time constraints, we elimnated the parts of the
training material formally | abeled practice. Participants
practiced on parts of the material originally intended for
denonstration. Expert responses in the denonstration materi al
were presented as feedback to the participants as they conpl eted
each practice session.
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nmovi ng nodes to adj acent pages. The presentation of training
material varied slightly between the two, trained classes as the
trai ner devel oped his delivery style.

The control group perfornmed two tasks in the tine allotted
to training other participants. These tasks were designed to
expose controls to the scenarios used in experinental training
and to the sane instructional concerns (information managenent in
the digital Army), but without presenting explicit instruction or
key elenents of the STIMinterface. In the first task, the
experinmenter presented the Frankfurt scenario (see Appendi x K)
and asked officers to prepare a nessage describing their
assessnment of the situation and initial plans. Three bl ocks of
messages were then delivered via email, to which the participants
were asked to conpose an enmail nessage describing appropriate S3
responses. In the second task, the group discussed information
overl oad and i nformati on managenent issues regarding the digital
envi ronment .

Testing

At the beginning of testing, participants received and
reviewed the four scenario briefing docunents. The experinmenter
read the brief Battalion Task Force Commander's gui dance and
directed participants to review any other material they w shed,
and to pay special attention to three, one-page appendices to the
Task Force DIS Order: the Task Force Execution Matrix (see
Appendi x C), the Synchronization Mtrix (Appendi x D), and the
Deci si on Support Tenplate (Appendix E). In addition, the
experinmenter described the status of forces at the start of the
exercise wwth reference to a situation map. The briefing |asted
approxi mately 30 m nutes.

During the 23-m nute and 30-second scenario run of the
scenari o, participants received 32 nessages, delivered by emi
an average of 45 seconds apart. Those in the training condition
recei ved an additional two nessages, each an assessnent update, 2
m nutes 30 seconds and 9 m nutes 31 seconds into the scenario.
The assessnent updates provided no new i nformati on concer ni ng
scenari o events. Like the assessnent updates participants
studi ed, however, these nessages alerted staff to the Commandi ng
Oficer's (COs) concern about troubling tactical issues, nanely
the size of the eneny force at the first break and the potenti al
for fratricide while shelling the eneny at the second break. The
two assessnent updates in the nessage streamwere provided to
trained participants to replicate the effects of working in a
teamwith a COtrained using STIM Thus, these two nessages were
an i ndependent variable designed to reflect teamoriented aspects
of STIMtraining that otherw se could not be evaluated given the
smal | avail abl e sanpl e of participants.
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Partici pants were asked to handl e the i ncom ng nessages as
if they were the Falcon task force S3. As nessages streaned in,
participants responded using an enmail application plus an address
book listing other (virtual) officers in the scenario. (The emai
application is pictured on the right side of Figure 5.) To
obvi ate the need for participants to acknow edge every nessage,
we told themthat opening an email automatically acknow edged its
receipt.

At three points in the scenario (7:30, 13:50 and 23:30), we
st opped the nessage stream and asked officers to respond to the
| ast nmessage they had received, which was a request fromthe task
force conmander (06) for a tactical recommendation. At each
break, we repeated instructions to (a) answer the question asked
in the nessage, (b) defend your answer, and (c) indicate any
actions you wish to take. Control participants responded to each
guestion in witing using the email application. Trained
partici pants responded by constructing an argunment using the
graphical interface. (The tenplate of shapes available in the
graph-buil der appears on the left side of Figure 5. Participants
dragged these shapes to a wi ndow containing a bl ank wor ksheet,
linked themwi th arrows, and filled the contents by typing in
free text or dragging in email nessages.) Oficers were given
eight mnutes to conplete their answers to the questions at each
br eak.

The experinenter posted reports of unit sightings in real-
time on a full-scale sitmap in view of all participants.
Participants were invited to get up fromtheir seats to | ook at
the map if they wished. Few did, and these did so only once or
tw ce during the scenario.

At the conclusion of each break, participants were given a
printed page listing each of the emai|l nmessages they had j ust
recei ved. The experinenter asked themto rate each nessage
(excepting the final nmessage (the question) at each break) on a
scale of 0 to 3, indicating the inportance of the nessage:

0 = ignore (nmessages not worth reading)

1 =irrelevant (nessages worth readi ng but not of much
i nportance)

2 = relevant or inportant

3 =critical

Trained participants in the | ast experinental session were
gi ven a one-page summary of the four steps of the | DEA nethod and
t he questions asked by the crystal ball at each step, when it
becane apparent that the previous group of experinental
participants woul d have benefited by this rem nder
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I: Identified Gap: ® o Q | /1:08 ar
D: Deconflicting Assumption: \ N 5? o, R J;)L
E: Evaluated Assumption: — — — m

A: Action: A 47 Aprz3 Charlie 07 Charlie 07; Red 2; BN AJL
ho 48 Aprzs Charlie 07 Charlie 07; Medevac, BN A
A 49 AprZ3 Charlie 05 Charlie 05; Yellow 3; BM A/L
# 50 Apr25 Falcon 0B Falcon 06; Frage; BN Cmd

r
| [Conflicting Evidence: ‘ From: Falcon 0B <bryan=

- c : To: £:13:00;Falcon 03
Supporting Evidence: | Date: Fri Apr 25 11:33:22 GMT-0500 1397
Conclusion: Subject: Falcon 08; Blue 2; BN Cmd

Time:6:19:00; Report: Blue 2; From: Falcon 08; To: Falcon03;
Met: BM Cmd

What are your recommendations for the displacement of CO D to BP
33, Tean Cto BP 22, and Team B to BP217

Figure 5. The STIMinterface.

Debri efing

At the conclusion of the test, officers were asked to fil
out a debriefing formconsisting of several parts:

A nodified version of the NASA TLX formfor eliciting
subj ective ratings of the workload in the test scenario;

A questionnaire concerning the effectiveness of the training
and the useful ness of aspects of a training system
interface; and

A bi ographical information form

Appar at us

Each participant trained and tested at a Pentium based
personal conputer. These workstations plus a server were |inked
to forma five-station network. The network architecture
sinplified test adm nistration and data collection. The software
at each station was the NeXTSTEP® graphical interface to UN X&,
a sinple, graphical email utility with an address book, and (for
of ficers who received experinental training only) a draw ng
application (DI AGRAM ®@). Message streans were presented across
the network as incomng mail under the control of a Perl script.

"NeXTSTEP is a registered trademark of NeXT Software, Inc.,
a division of Apple Conputer.

8UNIX is a registered trademark of UNI X System Labs, Inc.

°DI AGRAM is a registered trademark of Lighthouse Designs,
Ltd.

32



The experinment was conducted at the Mounted Warfare Test Bed
at Ft. Knox, a large facility used by the Arny for training and
force devel opnent.

Resul ts

The smal | sanple of participants available for this study
constrained the statistical power of the experinent. In |ight of
these factors, effects above p = 0.05 and as weak as p = 0.20 are
reported as trends. All t-tests are pooled, two-tailed tests
unl ess ot herw se descri bed.

In general, these results should be interpreted with
caution, given the small size of the sanple, the use of a single
test scenari o, honbgeneous characteristics of the participants,
the variance in presentation of materials during training between
groups, short duration of training, and m ni mal i ndividual
f eedback.

Deci si on Accuracy

The fundanmental test of training concerned its effect on
deci sions. W hypot hesi zed that STIMtraining would inprove
partici pants' tactical recommendations (Hl).

Qualitative analysis of the responses was perfornmed by a
pr of essi onal deci sion analyst and retired LTC with 27 years of
mlitary experience. This SVME was a graduate of the Command and
CGeneral Staff College, a fornmer faculty nmenber of the US Mlitary
Acadeny, and a forner adjunct faculty nmenber of the National War
Coll ege. To blind the SME to experinmental conditions, the
argunment graphs created by trained officers were converted to
text, the responses of controls were parsed into argunent
conponents |like those of the trained officers, and responses on
each break by each participant were given a uni que, random
identifying nunber (to prevent the SME frominferring subject
condition frompatterns of responses across breaks). In the
anal ysi s of decision accuracy, the SME considered only the
concl usi on of each argunent.

Participants were scored on the accuracy of the concl usions
they presented in their responses to the three break questions.
On the first break question, participants received a request from
Fal con 06 (the task force commander) asking whether the task
force was in contact with the eneny's forward support el enent
(FSE) or with it's main body, the notorized rifle reginent (MRR
The SME awarded one point for a conclusion stating the eneny
force was the FSE and a score of zero for other responses. On the
second break, the 06 inquired whether fires should be stopped
because of the possibility that they were striking the task
force's own unit, Charlie. The SME gave one point for the
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conclusion that fires should not be stopped, and a score of zero
otherwise. On the third break, the 06 presented a nore open-ended
request for recommendations concerning the displacenent of

forces. The SME awarded a score of one to any answer that was
clear, conplete and tactically reasonable, and zero to inadequate
responses.

Over all breaks, trained participants were 36% nore |ikely
than controls to reach accurate or reasonabl e conclusions. Ninety
percent of all responses by trained participants contai ned good
conclusions (representing a nean total score over three breaks of
2.714 out of a possible 3, S E M = 0.286), versus 67%  for
controls (nmean (M = 2.000, S.EM = 0.408). This benefit of
training represented a trend, in a two- tailed t-test with pool ed
variance (ty = -1.467, p < 0.20)' (see Figure 6). Trained
partici pants al so produced better conclusions than controls at
each individual break. On break 1, 86% of conclusions by trained
partici pants were reasonable vs. 75% for controls; on break 2:
86% vs. 50% and on break 3: 100%vs. 75% None of these
di fferences was statistically reliable.

Accuracy of conclusions
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Training benefit: 36% (p <.20)

Figure 6. The accuracy of tactical concl usions.

Per suasi veness of Argunents

One potential explanation for the increase in accuracy anong
STIMtrained participants is that the training and the graph
construction software supported sound processes of tactical
deci si on maki ng. An gl obal neasure of this effect was the SME s
score of the persuasiveness of the argunents participants gave in
support of their conclusions. The SME scored responses to each of
the three break questions on an 11-point scale, where 0 = very
weak argunent (unpersuasive) and 10 = very strong argunent

107_scores for skew and kurtosis were not extreme for the
data of either group.
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(hi ghly persuasive) '’

Consistent with the prediction (H2), responses by trained
participants were 93% stronger than those of controls when
per suasi veness scores were totaled over all three breaks. Trained
participants scored a total of 19.071 on average (S.EM =
3.165), while the nean control score was 9.875(S.E M = 4.943)
(to=-1.647, p < 0.15) (see Figure 7).

Strength of responses
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Training benefit: 93% (p < .15)

Figure 7. The persuasiveness of argunents.

Responses by trained participants were al so nore persuasive
than those of controls on each individual break, on average. On
the last two breaks, when participants were presumably nore
confortable with the testing procedure, these differences were
statistically reliable (see Table 2).

It mght be argued that trained individuals faced greater
task demands than controls. During the brief breaks, trained
participants had to operate both the email application and the
graphi ng application sinultaneously (if they wi shed to drag prior
messages into their graphs, as nost did); they had to manage the
| ayout of nodes and links in a relatively small draw ng space;
and they bore the general burden of operating a newy |earned
drawi ng tool. Wen asked, participants in the training condition
stated that they needed nore than the eight mnutes allotted to
record their concepts. W attenpted to conpensate for the
apparent lack of tinme in the followng manner. At the first
break, trained participants were given precisely eight mnutes to
conplete their answers. At the second break, they were told they

"To blind the SME to experinental conditions, the responses
of trained officers were converted to text, the responses of
controls were parsed to resenble the phrased responses of trained
of ficers, and responses on each break by each participant were
gi ven a uni que, randomidentifying nunber (to prevent the SME
frominferring subject condition frompatterns of responses
across breaks).
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Tabl e 2. Mean Persuasi veness of Participants’ Argunents.

Break | Control Tr ai ned Reliability
1 M= 4.750 M= 6.143 to = -0.653
SSEM = 1.931 S EM = 1.189 |not significant (n.s.)
2 M= 2.50 M= 6.214 to = -2.141
S.EEM = 1.555 SEM =0.975 |p <0.10
3 M= 2.625 M= 6.714 tg = -2.153
S EM = 1.675 SEM =1.079 |p <0.10
Total [|M= 9.875 M= 19.071 to = -1.647
S EM = 4,943 SEM =3.165 |p < 0.15

woul d have exactly eight mnutes, and at the end of that tine,
their diagrans were saved to di sk. However, we then granted them
an additional three mnutes with the proviso that this was a one-
time arrangenent. At the third break, we agai n announced they
woul d have only eight mnutes, saved their work, and then
announced that the test would end with a final three-mnute
extension to conplete their responses to the current question. A
conpari son of argunent persuasiveness by break and over breaks
indicated that, with additional tinme at breaks two and three,
trained participants inproved their performance further. They
scored 105% hi gher on persuasi veness than controls over al

breaks (to = -1.874, p < 0.10). Trained individuals outperfornmed
controls on each of the three breaks, as well, and the

di fferences were significant on the second and third breaks (see
Tabl e 3).

Accuracy of Cassification of Argunent Conponents

One goal of the present study was to establish whether
participants could correctly classify conponents of their own
argunents using the graph-construction tool (Ql). Did they, for
exanpl e, present evidence supporting their conclusion in a node
| abel ed " Supporting Evidence"? If participants could not
correctly classify their own statenents, then STIMtraining was
uncl ear and the prospects for automati ng nmeasurenent of argunent
quality based on these structural data were dim

To assess the accuracy with which trained participants
cl assified conponents of their argunents, the experinenter and
SME generated correct classifications of those conponents. The
accuracy of each respondent at each break was the ratio of
argunment conponents classified correctly by the participant to
al |l argunent conponents the participant generated. Over all
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Tabl e 3. Mean Persuasi veness of Argunments G ven Additional
Conpensatory Response Ti ne.

Break | Tine Contr ol Tr ai ned Reliability
allotted

1 Controls: 8 M= 4.75 M = 6. 143 tg = -0.653
m nut es SEM =1.931 |SEM =1.189 |n.s.
Trai ned: 8
m nut es

2 Controls: 8 [M= 2.5 M = 6. 857 to = -2.6
m nut es S EM =155 |SEM =0.918 |p < 0.05
Trai ned: 11 o
m nut es

3 Controls: 8 M= 2.625 M= 7.214 tg = -2.402
m nut es SEM =1.675 |SEM =1.09 p < 0.05
Trai ned: 11 o
m nut es

Tot al M= 9.875 M = 20.214 tg = -1.874

SSEM =4943 |[SEM =3.103 |p < 0.10

breaks, trained participants correctly classified 82% of al
argunent conponents on average. (The nmean score was 2.447 out of
a possible 3 points, representing three perfectly classified sets
of arguments, S.E.M = 0.159.)' They were | east accurate in
applying three classifications: conclusions (this | abel was
correctly used in 76% of all instances), conflicting evidence
(used correctly 67% of the tinme), and deconflicting assunptions
(40% accuracy). The bul k of what participants called
deconflicting assunptions were classified by the experinenter and
SME as assunptions unrelated to conflicting evidence (35%, or as
supporting evidence (20% or gaps (5% (see Table 4). W concl ude
that participants classified argunment conponents with reasonable
accuracy, particularly given the brevity of training.

Ef fects of Training on Argunment Structure

G ven that participants were reasonably accurate in their
classification of argunment conponents (and assuming that this
classification could be inproved with training), we asked whet her
the structure of responses differed between control and trained
participants. If it did not do so, then there was little point in
assessing specific differences in argunent structure (H3).

2Accuracy of argument conponent classification was
virtually identical when trained officers were given three
additional mnutes to conplete their responses on the |ast two
br eaks.
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Tabl e 4. Accuracy of Trained Participants at C assifying the
Conmponents of Argunents.

Corrected codi ng C SE |[CE D E I A O her |G and
(col ums) Tot al
Parti ci pant coding

(rows)

Concl usion (O 76% |8% 4% (4% |8% 100%
Supporting 2% |96% 2% 100%
evi dence ( SE)

Conflicting 11% |67% 11% (6% 5% 100%
evi dence (CE)

Deconflicting 20% 40% [35% |5% 100%
assunption (D)

Eval uat ed 7% |85% 8% 100%
assunption (E)

Identified gap (1) 12% 82% |3% 2% 100%
Action (A 11% 89% 100%

Note. Cells indicate the percentage of correct classifications by
participants. Blank cells represent zero confusion errors.
Rounding errors may result in row totals other than 100%

To evaluate the effects of training on argunent structure,
t he break responses of control participants were parsed and
categori zed using the schene descri bed above. The SME vetted al
categori zations. A conparison was then made of the distribution
of responses by argunent category over all breaks for the control
and treatnment groups. The distributions showed striking
di fferences.

Only trained participants specified conflicting evidence in
their argunments (M= 1.571 points of conflicting evidence per
trai ned respondent over all three 8-mnute breaks, S E M =
0.528) or deconflicting assunptions and assertions (M= 1. 286,
S.EEM = 3.402). These participants also offered nore supporting
evidence for their recomendations (M= 8.429, S.EM = 1.288)
than did controls (M= 3.250, SSEM = 1.377). This was a
reliable effect (tg = -2.578, p < 0.05). Trained participants
nore often identified the gaps or mssing information in their
argunents (M= 3.714, SSEM = 0.993) than did controls
(M=0.500, SEM =0.500), areliable effect (tg = -2.308,

p < 0.05). Trained participants specified nore assunptions

(M= 2.000, SEEM = 1.254) than controls (M= 0.500, SSEM =
0.500). The actions trained participants |listed were fewer in
nunmber (M= 3.429, S_SEM = 1.088) (but better in quality, on
average, see the analysis, below) than the actions of controls
(M=4.750, SSEM = 3.772). Effects on assunptions and actions
were not statistically reliable.
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Trai ned participants generated al nost tw ce as many
argunents on average over all three breaks (M= 23. 714,
S EEM = 4.162) than did controls (M= 12.250, S.E M = 5.603).
However, this difference between groups was nuch weaker than
other trends reported here (ty = -1.651, p < 0.30). Participants
vari ed substantially in the length and conplexity of their
argunments. Overall, however, it appears that training inproved
the structure of argunments participants generated (H3) (see
Fi gure 8).

Mean freq. of
argument components

< (\6
SIS
& &
O i 2 O Control
N | Trained

Figure 8. The variety of argunent conponents used.

QO her Qualitative Factors

In rating responses, the SME spontaneously consi dered
several factors, including (a) whether participants cited
nmessages as evidence, (b) whether they went beyond the evidence
in articulating their reasoning, (c) whether they considered
al ternative hypot heses or chall enged assunptions, and (d) the
reasonabl eness of their actions. The effects of training on sonme
of these factors are anal yzed here, though these are not proposed
as automat ed STI M neasures.

In order to serve well, staff nust conpetently gather data
to informthenselves, fellow staff, line officers and others, and
t hey shoul d recommend appropriate actions. In grading responses
to the break questions, the SME awarded each response a score of
one for reasonable actions, such as appropriate requests for
information or the recomrendati on of sound tactical maneuvers, or
a zero otherwi se. Trained participants commtted thenselves to
reasonabl e actions on over half of all breaks (M= 1.714 out of
3, SEM =0.421), while controls did so on only one-third of
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breaks (M=1, SSEEM = 0.707), a 71%difference in perfornmance.
However, this effect was not statistically reliable.

The SME awarded one point if a participant cited one or nore
i ncom ng nessages as evidence in their responses to break
guestions, and zero otherw se. Trained participants cited
messages as evidence in 86% of responses, while controls did so
on only 42% of breaks. This difference was statistically reliable
(tg = 2.993, p < .05). There is a sinple explanation for this
pattern: it was easier for trained participants than controls to
cite incom ng email nessages because STIM enabl ed users to sinply
drag email into their argunent graphs.

Trai ned participants were nore likely than controls to go
beyond the evidence, that is, to state assunptions and i nferences
in their responses. Specifically, trained participants went
beyond the evidence in 86% of their responses, while controls did
so only 17% of the tine. Trained participants were al so nore
likely than controls to consider alternative hypot heses or
chal | enge assunptions. Trained participants exhibited this
behavi or on 86% of responses, while controls did so on 17% of
their responses. However, neither of these findings was
statistically reliable.

Conmuni cati ons

Information Filtering Behaviors

Tests of information filtering behaviors concerned the
effects of training on the perceived criticality of incom ng
nmessages. As defined above, the neasures enployed participants’
subj ective ratings of the relevance of incom ng scenario nessages
as ignored, irrelevant, relevant, or critical*.

Overall, the trained group classified nessages and filtered
information in ways that were significantly different from

controls (c%; = 54.4 p < .015) in a Friedman test (Siegel, 1956).
The detailed results were generally in line with our predictions
(H4) .

Conmpared with controls, trained participants were inclined
to read, rather than sinply ignore a |arger proportion of the
| east rel evant nmessages. The infornmed rejection ratio (IF-R2) for
trained participants was 75% (S.EEM = 0.033) vs. 57% (S.E M =
0.036) for controls (tg = -1.92, p < .05) (see Figure 9).

3This anal ysis considered only the subjective ratings of
message criticality. Future studies should conpare participants’
j udgenents of nessage criticality with those of an SME.
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In rating incomng nessages, the trained group was al so | ess
i nfl uenced than the control group by the rank of the nessage
sender. This was evident in two neasures. Trained participants
were 44%less likely to indicate they ignored nessages fromthe
| oner echelon than were controls. At the nean, trained
partici pants ignored 5% of these nmessages (S.E.M = 0.005); the
figure was 9% for controls (S.EM = 0.008). This pattern on |IF-
Rl represented a respectable trend in the predicted direction (to
=-1.41, p =.09). In addition, trained participants were 45%
less likely to rate nessages from superiors as critical than were
controls. Anong trained participants 18% of superiors’ nessages
were rated as critical, on average (S.E.M = 0.027), while the
mean anong controls was 33% (S.EEM = 0.033). This pattern on |IF-
R3 approached statistical reliability (tg = -1.64, p < .07) (see
Figure 10). In summary, it appears that trained participants
attended to nessage content nore than to paraneters such as
origin of the information.

Informed rejection ratio
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Figure 9. The informed rejection ratio (I FR2).
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Figure 10. The influence of rank on subjective ratings of
nessage.
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| nformati on Producti on

As predicted, STIMinproved nessage production (H5). A key
effect was that the trained group generated 45% f ewer nessages,
on average, than controls. (For trained participants, M= 11.3,
SSEM = 1.266; for controls, M= 20.700, SEM = 2.141; tg =
1.82, p <.05). As aresult, the information conpression ratio
(IP-R1) was reliably 83% higher for trained participants (M=
3.00, SEM =0.121) than for controls (M= 1.35 SS.EM =
0.075; tg = -1.71, p < .05) (see Figure 11).

Information production Information compression
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Training benefit: 45% (p <.05) Training benefit: 83% (p <.05)

Figure 11. The nunber of nessages generated and the conpression
ratio (I P-R1).

Trained participants al so produced 83% nore i nformation or
status nessages for every action nessage or plan they produced (M
= 2.47, SSEM = 0.109 on the information/action neasure |P-R2)
than did controls (M= 1.35 S . EM =0.124; ty = -1.84, p < .05)
(see Figure 12). As discussed below, this effect has been
interpreted as evidence of inplicit coordination within the team
Training may sensitize participants to the understandi ng that
passing information is often sufficient to trigger actions, and
they may infer that sonme requests for action are unnecessary.

When the frequency of nmessages by class was exam ned, the
trained participants were found to generate nore nessages on
their owmn initiative (INl) for every nessage that constituted a
response (RES) to a request for information. (IP-R5: M= 3.10,
S EEM = 0.124), relative to controls (M= 2.30, S_SEM = 0.115;
to = -1.39, p < .10) (see Figure 13). As predicted, then, the
training group was nore proactive in its conmunications.

Finally, trained participants generated nore nessages that
i nvol ved judgenent or problem solving per nessage forwarded (IP-
R6: M= 212, SEM = 0.112) relative to controls (M= 1.25,
SSEEM =0.060; tg = -1.95, p < .05) (see Figure 14).
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Figure 12. The ratio of information or status nessages to action
or planning nessages (IP-R2).
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Figure 13. Proactive comunications (IP-R5).
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Figure 14. The ratio of processed to forwarded data (1 P-R6).
Wor kIl oad
A variant of the NASA TLX wor kl oad questionnaire was

adm nistered inmedi ately after participants conpleted the
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scenario. This form asked participants to "rate the scenario
you' ve just conpleted with respect to your experience
concerning:" nental demand, physical demand, tine pressure,
effort, and frustration. In addition, we asked officers to rate
their performance. All ratings were on a scale fromO (very | ow)
to 10 (very high). Analysis of the results bore on the question
of whether the test scenario inposed an appropriately heavy
wor kl oad on staff (@), and on the effects of training on
perceptions of workload (@3).

Trai ned participants perceived slightly higher task demands
than did controls, as indicated by a nean rating of physical
demands 71% hi gher anong trained participants (M= 2.143, S.EM
= 0.738) than controls (M= 1.25, SSEM = 0.25), and ratings of
time pressure that were 24% hi gher anong trained participants (M
= 6.857, SSEM = 0.829) than controls (M=5.5 SSEM = 1.19).
However, differences between groups on these two neasures and the
measure of nmental demand (approximately 7.00 in both groups) were
not statistically reliable (see Figure 15).

Mean TLX rating
(6)]

{\0\ 0O Control

¥ &
& P
W Trained

Q .

Figure 15. TLX ratings of workl oad.

Trai ned participants perceived slightly |ower |evels of
wor kl oad on nmeasures of the interaction between the task and the
i ndi vidual. Ratings were 46% | ower on frustration anong trai ned
participants (M= 2.857, S_.EEM = 0.508) than controls (M= 5. 25,
SEM =0.25) (tg = 3.362, p<.01). Effort was 5% | ower
(trained M= 6.143, S.EM = 0.508, control M= 6.500, SSEEM =
0.289). Self-assessed performance was 10% | ower anong trai ned
participants (M= 5.857, S E.M = 0.404) than controls (M= 6.5,
S.EEM = 0.866). Neither effort nor performance scores differed
reliably between groups.
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The absol ute values of the nmeans on all neasures were lowto
noder at e, suggesting that the test scenario did not inpose a
heavy wor kl oad on participants, contrary to expectations.

Partici pants' Eval uations of STIM

When asked to "rate the training overall"” on a scale of 1 to
10, participants responded with a nodestly positive rating of
6.571 (S.EEM = 0.429). The responses to three other debriefing
gquestions provide nore specific insight into their estinates of
STIMs potential value (4).

We asked participants, "D d the training and/or the
interface influence your performance on this test?" O the six
participants in the experinmental condition who responded to this
question, four (67% answered yes. Three answers worthy of note
wer e t hese:

Yes. | had never used this type of systembut was able to
send and forward nessages as appropriate.

The boxes for supporting & conflicting evidence were useful.
Didn't use crystal ball. | can question others, not nyself.

Like the interface better than Staff G oup Trainer (SGI).
But requirenents for no map edits cuts down on interface
requirenents.

Partici pants who clainmed the training and/or the interface
did not help themon the test sinply answered "no" or "not
really" in response to this question

Participants told us that STIMtraining was |likely to
i nfl uence how battalion staff officers solve problens in the
field in Force XXI. Five of the six responses (83% to a question
on this topic were positive. Several typical or interesting
responses were:

Yes, it nmakes peopl e eval uate how t hey think.
Yes. Any nental exercise + staff thinking would help.

Seens to be a useful technique. Wuld |like to have
additional tinme for the prep.

The one negative response was, sinmply, "No."

We asked trained participants to give us their general
comments concerning the training. Al of the seven responses to
this question were positive, though one participant noted the
need for |onger training and another the need for nore focus on
"content," possibly indicating a desire for nore feedback and
denonstration and practice opportunities, or perhaps denoting an
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interest in training focused on Force XXI technol ogies. The
responses concerning the general value of training were:

This is an excell ent approach.
Good for training environnent

Trai ning woul d be an excellent tool to use in a classroom
envi ronment .

Good begi nni ng.

| liked it. ADbit nore formalized version of brainstormng
and what-iffing.

Hel pful . Additional stream ining would inprove acceptance.
Less on mechani cs of process and nobre on contents.

In sum participants were generally positive in their
assessnments of STIM Mst believed that it inproved their test
performance on a scenario with which they were (with the
exception of one officer) already highly famliar. Mst felt it
woul d i nprove decision making in the field and all had positive
overall comments.

Pot enti al Audi ences for STIM Training

The overall effects of STIMtraining appeared to be
positive. However, we w shed to learn for whomthey m ght be nost
val uable (@). There was no neani ngful correlation between the
accuracy of conclusions or argunent persuasiveness and the SME s
rating of participants’ career experience with S3
responsi bilities®™ Thus, we turned to coments from participants
to help determ ne where STIMtraining m ght be best applied. One
partici pant made the foll ow ng suggestions in his debriefing
not es:

This vehicle should | ook at the Operations O her Than War
(OOTW arena. This is an area which is only effectively
taught at CMIC i n Europe and Joi nt Readi ness Training Center
(JRTC) in Continental United States (CONUS) (thereby m ssing
a significant part of active Arnmy and the Reserve Conponent
(RC) elenent)...Feel that it can be targeted at the Oficer
Advanced Course, Advanced Non- Comm ssioned O ficers Course
ANCOC, Battle Staff Non-Comm ssioned O ficers (NCO courses
& provide benefits to the Arny's Advanced | ndi vi dual

Tr ai ni ng.

4 The qualification rating was a single score (0 to 10)
generated by the SME for each participant. It was based data from
t he bi ographi cal questionnaires. Prior S3 experience wei ghed
heavily in the SVME' s ratings.
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In informal discussion after the experinental sessions,
anot her participant indicated that the training was particularly
appropriate for Captain's instruction. He noted that STIM
training has the potential to nake training in rapid decision
maki ng nore interesting and productive by encouraging officers to
exerci se judgenent rather than relying on nmenorized, doctrina
responses. However, an additional contribution of this approach
is that it requires officers to consider when to invest precious
time in argunent-based deci sion naking and when to rely on rote,
doctrinal responses.

Di scussi on

The study was designed to provide prelimnary data
concerning the effects of core aspects of STIM staff training in
critical thinking and coordi nation, the use of a graphical
notation and tool for representing tactical reasoning, the
content validity of measures, and the face validity of the
training and interface.

Several factors conpel us to interpret these findings with
reserve. The avail able sanple of participants was quite small
and this limted the power of the tests. Many of the effects
represented only trends (0.05 < p < 0.20). Furthernore, the
participants were a relatively honogeneous group, from whom
measures were taken on a single scenario, factors that limt the
generalizability of the findings. Finally, mnor variance in the
presentation of materials during training, the short duration of
training, and the mnimal |evel of individual feedback during
training are potentially sources of error variance that should be
controlled in larger, future studies. Wth these caveats in m nd,
however, we observe that the data generally supported
t heoretically grounded hypot heses that training would inprove
staff deci sion maki ng and conmuni cati ons behaviors (see Table 5).

Anmong the key findings was the trend that STIMincreased
deci sion accuracy by 34% The sinple, nmultiple choice neasure of
the effect was easy to inplenent, and nodifying an existing
scenario to chall enge performance on this neasure was reasonably
strai ghtforward.

Deci si on- maki ng processes al so tended to benefit from
trai ning. The persuasiveness of argunments was 93% greater with
training than without. Furthernore, there were positive
structural differences in the argunents generated by control and
trained participants. STIM hel ped participants to apply nore of
t he evidence in argunents defending their conclusions.
Particularly noteworthy was that trained participants cited and
dealt with nore of the evidence that seenmed to conflict with
their conclusions. This indicates that STIMnmay be a prophylactic
for confirmation bias, the frequently observed effect in which

a7



peopl e underwei ght data that conflict with their beliefs (N sbett
& Ross, 1980). STIM al so hel ped participants to identify gaps and
assunptions and to cite nore of the avail able supporting evidence
to reason about tactical issues. While sone of these effects were
only statistical trends, they were all in the predicted

di rection.

Table 5. Summary of STIM Training Effects.

Measur e Ef f ect Reliability
Deci si on accuracy I ncreased by 34% p < 0.20
Deci si on- maki ng I ncreased by 93% p < 0.15

processes (argunent
per suasi veness)

Deci si on- maki ng | ncreased recognition M xed significant
processes of supporting evidence, and n.s.
(argunent structural |[conflict, gaps, and

integrity) assunptions

I nf or mati on | mpr oved 0.05 < p <0.10
filtering B

| nf or mati on | mpr oved p < 0.05 (one
producti on effect: p = 0.10)

Trai ned participants were noderately accurate in classifying
t he argunent conponents they generated: they classified 82% of
argunment conponents correctly. Gven the brevity of training,
this is a reasonabl e accuracy rate. However, we predict that
accuracy could be inproved considerably with i nprovenents to the
training and increased feedback. If nore reliable classification
of argument conponents can be achieved, then it may be possible
to automate netrics of argunment quality that enploy data
concerning argunent structure.

It m ght be argued that the conparison of perfornmance by
controls and trained participants was invalid because trained
participants used a tool (the graphical argunment builder) on the
test that supported themin constructing argunents, while
controls did not. This critique is nost clearly relevant to the
i ssues of argunment persuasiveness and structure. Though al
participants were told to defend their conclusions, trained
partici pants al so had the support of the STIMinterface for
formul ating argunments. This support was in the formof a tenplate
with bl ank nodes | abeled to remind themto consider supporting
evi dence, conflicting evidence, assunptions, and so forth.
However, the email editor used by controls to respond to
gquestions gave themthe freedomto enploy the sane, sinple and
common el enents of argunent, and to go beyond the STIM syntax, if
necessary. Controls could potentially have conposed argunents
that were as strong as or stronger than those of trained
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partici pants. However, the argunents of controls were weaker than
those of trained participants on average when the SME rated
argunent persuasiveness “overall,” without reference to the STIM
argunment syntax and just as a commander m ght assess an S3's
defense of a tactical recommendation. (Furthernore, the SME was
blind to experinmental condition and reviewed the responses only
after they were transposed into textual form) In sum controls
in this experinment perfornmed nuch like the participants in Kuhn's
(1991) extensive studies across the life span: given the
opportunity to make strong argunments, her informants produced
weak ones. The control participants in this study generally

i gnored nmuch of the supporting evidence, the conflicting

evi dence, gaps in the given data, and sone assunptions even

t hough they were not constrained fromrecognizing it or reporting
It.

The sane critique (that the difference in interfaces biased
responses) does not directly bear on the difference in the
accuracy of concl usions between the experinental groups. Controls
and trained officers received effectively the sanme, m ni nal
support concerning the formation of conclusions: the instruction
to both groups to answer the given question. The STIMinterface
presented trained participants with a blank node | abel ed
“conclusion,” but this cannot reasonably be viewed as a support
tool. Nor did trained officers receive any direct instruction
concerning fornul ati ng reasonabl e or accurate tactical
recommendations. Despite this equality of treatnent regarding
conclusions, trained participants were nmuch nore likely to reach
a reasonabl e concl usion than controls.

It is also inappropriate apply the critique to the results
concerning information filtering and production. The trained
group outperformed controls with respect to conmuni cati ons
measures. However, the STIMinterface did not support information
filtering and production, and so differences in interfaces used
during testing probably did not contribute to differences in
communi cations performance. The effects on conmunicati on appear
to be side effects of STIM I|ike the side-effect on the accuracy
of conclusions. They were intended but not directly addressed in
trai ni ng.

This said, larger, future studies involving STIM should be
designed to neutralize this objection to the validity of data
concerni ng argunent persuasiveness and structure. Such a design
woul d enpl oy within-subjects conparisons of the perfornmance of
trained participants using the graphical editor on sonme breaks of
a nmuch | onger scenario, and a sinple text editor on others. W
predict that the effects of STIMtraining on argunents generated
wi th and without the graph editor would be equival ent or
proportional. Such an outcone would provide further justification
for the use of the graph editor in situations where the Arny
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desires the benefits of the graph editor, nanmely support for
automated, real-tine assessnent and feedback (see the section
concerning future devel opnent of STIM. Wen those functions are
not needed, students need not use the graph editor for testing,
and the current SME rating procedures could be appli ed.

As noted above, STIMtraining did not define or address
accuracy in tactical recommendations. How then, did there energe
atrend for participants in the training condition arrive at
better conclusions than controls? It is likely that, in studying
how to construct better argunents, the trained group learned to
t hi nk through tactical problens nore thoroughly, and thus they
reached better conclusions. This claimis consistent with the
nodel of adaptive decision making defined above. It is also
supported by the data. There was a strong correl ati on between the
per suasi veness of argunents and the accuracy of concl usions
(Pearson r = 0.751, p < .01). Though neither the direction nor
the source of causality can be firmy established froma
correlation, the sinplest interpretation is that training
targeted at critical thinking skills hel ped participants to
critique the possible conclusions and nmake better selections from
anong them In addition, the structural analysis indicated that
trained participants reported nore of the evidence in their
argunments, and this suggests that they considered nore evidence
than did controls. Training may have hel ped themto think about
probl ens nore thoroughly, and this may have led to nore accurate
conclusions. In sum there is reason to believe that STIM
training in critical thinking skills, in particular, may help
staff officers to make better tactical decisions.

STI M appears to have inproved information filtering
behaviors. As predicted, trained participants attended nore to
the content of nessages and less to their source. This training
may hel p students focus on nessage content, not surface features
of nmessages.

Several effects on information production were detected.
Their conbi ned effect suggested that trained participants
mai ntai ned a quieter network (that is, they generated fewer
messages, and thus danpened rat her than boosted the overall | oad
of message traffic), that the nessages they did send nore often
reflected thoughtful data interpretation than sinple forwarding
of data, that they made and acted on inferences concerning the
i nformati on needs of others, and that they avoi ded maki ng what
may have been unnecessary requests for action. The latter finding
can be interpreted as an indicator of inplicit coordination under
the interpretation that trained participants pass information to
other staff, infer that the information will trigger needed
actions, and thus do not nake unnecessary requests for those
actions. This strategy can be highly efficient and effective
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under high information |oad®. Mst of these effects were
statistically reliable.

Anal yses of the TLX workl oad neasures indicated that STIM
| onered frustration with the task of performng the S3 duties in
t hese scenarios. However, there is a hint in these data that the
demands of using the STIMinterface may vary consi derably between
users, suggesting the need for better interface training and
i nprovenents to the interface. The nost inpressive aspect of the
wor kl oad data is that self-assessed performance did not reliably
degrade with training, as mght have been expected if the
training conflicted with habitual decision-mnmaking processes of
t hese expert participants, as is often observed in training
studies (Lajoie, 1986).

The strength of the results overall is surprising for
several reasons. First, the participants were expert with respect
to staff duties and to the scenario used in testing. There m ght
wel | have been no room for inprovenent. However, training in
generic critical thinking skills may have hel ped partici pants
| everage their domai n-specific know edge. Second, training |asted
| ess than two hours, yet it produced marked effects on
performance in an area in which participants were relatively
expert. Third, the interface used in the experinent was domai n-

i ndependent. It could have been used to test decision making in
medi ci ne, financial analysis, or legal reasoning (though the test
scenari os, obviously, could not). The interface did not resenble
Force XXI staff tools, nor did it provide support for tactical
deci sion maeking. Yet, participants using the interface nade
better tactical decisions and communi cated tactical information
nore efficiently. It is intriguing to consider the inpact of

nodi fying the interface to resenble famliar communications and
deci sion maki ng tools such as the Al Source Anal ysis System
(ASAS) Renote Wbrkstation, Maneuver Control System (M),
Applique, or their successors. Fourth, participants received very
littl e personal feedback concerning their performance during
trai ni ng. Feedback m ght have benefited the | owest scorers nost,
t hus reducing variability anong trained participants overall and
increasing statistical reliability of effects.

In sum data fromthis small and prelimnary study indicate
that STIMtraining and the STIMinterface may i nprove deci sion
accuracy, decision making, and communi cations, even with a highly
experi enced sanple of subjects. The neasures used here were

Tests of the efficiency and effectiveness of
communi cations in future studies should consider the inportance
of nmessages, perhaps as rated by a subject matter expert,
relative to participants’ ratings of inportance and their
handl i ng of nessages.
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responsive to the training mani pul ation, indicating content
validity. Participants were generally enthusiastic about STIM

CONCEPTS FOR FURTHER DEVELOPMENT OF STI M

Though results of the pilot test were generally positive,
there are a nunber of ways in which STIMcan be inproved. In
general, we are interested in developing a nore automated staff
training system one that reflects the technol ogy and needs of
Force XXI staff, and one that is available to physically
di spersed students across an internet.

Tr ai ni ng

The experinental training focused on team coordi nation
(usi ng assessnent updates) and deci sion-naking skills. STIM
training mght be enhanced by addressing other aspects of
coordination and critical thinking, or by training the other
skills specified in the adaptive team perfornmance nodel : team
restructuring and tool nodification. Such training can be
somewhat generic in character, or highly specified to staff
positions. A few exanples follow

Coor di nati on

In previous research, for exanple, Serfaty and col | eagues
(Entin, Serfaty, & Deckert, 1994) have denonstrated explicitly
that instructing staff to push information to line officers and
others (rather than await requests for information) inproves
communi cations skills. This is a prom sing avenue.

An indirect benefit of the training tested here and training
eval uated by Serfaty and col | eagues (Entin, Serfaty, & Deckert,
1994) was that officers were less likely to request actions that
shoul d be perfornmed automatically. That is, they did not make
unnecessary, action-oriented conmunications. Explicit instruction
on this point may be hel pful.

Conmputeri zed white boards nmay be an integral conponent of
the Force XXI information technology suite (Schatz, 1996). If
they are, then staff may benefit fromtraining in strategies for
effective white-board briefs and assessnent updates.

Teans may benefit fromtraining in detecting idle periods
and using themto plan teamresponses to antici pated events.

Deci si on Maki ng

In research with Navy and Arny command staff, the authors
have found that experienced staff officers consider a variety of
i nteresting, but domain-specific issues during decision making
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(Cohen, Freeman, et al., 1995; Cohen, Freeman, & Thonpson, in
press; Cohen, Freeman, & Wl f, 1996; Freeman & Cohen, 1996;
Cohen, Freeman, & Thonpson, 1997). For exanple, an S2 anal yzi ng
intelligence data may benefit by considering (a) the accuracy of
the initial observation, (b) the honesty and accuracy of the
reporting source, (c) the reliability of the comrunications
link(s) fromthe source, and (c) the validity of the analysis of
the data by the source or subsequent processors. Junior staff
officers may benefit by explicit instruction concerning
frameworks for critiquing intelligence, assessnents of eneny
intent, friendly plans, and other tactical matters.

Reports of the AWE suggest a nunber of areas in which
deci sion-maki ng i nstruction m ght be custom zed to the Force XXl
envi ronment . One exanple is that the S2 might benefit from
explicit training in balancing battle tracking with intelligence
anal ysis and production (Bruce Sterling, personal conmunicati on,
April, 1997).

Team Restructuring

Overall team performance m ght be enhanced with training
t hat enphasi zes how to recogni ze informati on overl oad anong
fellow staff and how to aneliorate the problem by reallocating
burdensone tasks to subordinates or fellow staff (e.g.,
of fl oadi ng sel ected tasks fromthe Battle Captain to the S3).

Tool Sel ection and Paraneteri zation

AVE reports indicate that the S3 m ght benefit fromtraining
i n met hods of quickly conposi ng consol i dated graphics of the
tactical situation using Force XXI data. This data fusion task is
apparently not directly supported by current Force XXl technol ogy
(Bruce Sterling, personal communication, April, 1997).

The Battle Captain mght receive training in strategies for
using (or, in select cases, avoiding) the conplexly formatted
Appl i que nessage system (Bruce Sterling, personal comrunication,
April, 1997).

In recent research, Cohen, Parasuranman, Serfaty, & Andes
(1997) have proposed that know edge of the strengths and
shortcom ngs of a decision-support system may enabl e Arny
helicopter pilots to better discern when to rely on these systens
and how much trust to vest in their output. Force XXI staff m ght
benefit frominstruction of this sort (specific to the decision

| nstruction concerning i ssues specific to Force XX
battalion staff would require field studies and cognitive task
anal yses, a task we have proposed for Phase Il research and
devel opnent .
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aids Arny staff may use). Simlarly, staff m ght val ue training
concerning the extent to which various data di splay nodes hel p or
hi nder reasoni ng about specific types of problens.

Emul ati on of Force XXI Technol ogy

It mght also be useful to design STIMinterfaces that
enul ate specific Force XXI technology. In the pilot experinent
conducted in Phase |, training was delivered by an instructor,
and practice and test scenarios were delivered on a sinple
interface consisting of a generic e-mail application and an
application for drawi ng and annot ati ng node-link graphs. This
strategy allowed us to flexibly develop and test training and
measurenent instrunents applicable to a range of staff positions.
However, the face validity of training, retention of instruction,
and transfer effects m ght be enhanced by presenting
denonstration, practice and test scenarios using Force XXl
interfaces. Particularly good candidates for this are the
interfaces for the core staff team the Maneuver Control System
(MCS) interface for the S3, the All Source Analysis System (ASAS)
Renote Wirkstation interface for the S2, and Applique (or its
successor) for the Battle Captain. Interface enulation would be a
nodest but inportant step towards enbedded training. It mght, in
fact, be nore val uable than an enbedded system because STIM could
be delivered on virtually any personal conputer or workstation
attached to the internet.

I nstructional Strategy

The Phase | research concerning instructional strategy
addressed several topics: performance assessnent, feedback, and
system adaptation. Here we descri be nethods of automating many of
t he neasures used above, describe other neasures of interest, and
address automat ed feedback and adaptati on concepts.

Aut omat ed Assessnent

Aut omat ed Assessnent of Deci sion nmaki ng

The measures of decision nmaking evaluated in this Phase |
proj ect used data concerning the structure and content of
argunents. It would be relatively sinple to automate the neasure
of conclusion accuracy enployed in this study by requiring users
to choose concl usions from anong a nenu of options, or assenble
them usi ng a constrai ned, possibly nenu-based vocabul ary. The
measure of argunent structure could be automated sinply by
devel opi ng software that tallies the nunber of graph nodes (or
argunment conponents) of each type and conputes a score that is a
wei ghted sum of the total nunber of nodes used (i.e., the total
anount of evidence cited) and the nunber of nodes of each type
used (i.e., the variety of classes of evidence used).
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The probl em of automating the eval uati on of argunment
per suasi veness requires a nore conpl ex solution. Argunent
per suasi veness was graded manually in the pilot study by an SME
This was a | aborious process, as is the rule with SVME rating.
STIMcould break this rule. It could automate qualitative SME
gradi ng. Qur approach capitalizes on the structure or syntax of
argunents, described above. Syntax powerfully constrains neaning,
so powerfully that it nakes it possible to automate the anal ysis
of the textual content of argunment. Specifically, STIMcould
i ncorporate a hybrid engi ne capabl e of matching student argunents
(or responses) to SME graded argunents, and returning grades for
t he persuasi veness of the argunment, argunment conponents (such as
i ndi vi dual pieces of supporting evidence) and sub-argunents
(chai ns of argunment conponents such as conflicting evidence,
deconflicting assunption and action). The engi ne woul d wed
statistical algorithnms for encoding text with an inferential
neural net (INN, a class of artificial neural net) capabl e of
recogni zi ng approxi mate mat ches between encoded student responses
to previously observed, graded responses. Wiile this is a
sophi sticated approach, it is not conjectural. CTl has previously
applied this technology to indexing and retrieving briefing
docunents in a related Arny training systemfor AR, Ft.
Leavenwort h (Cohen, Thonpson, et al., 1995). Bel ow, we describe
the two parts of a hybrid assessnent engine in detail. These
parts are a statistical text classification systemand an | NN
pattern-matchi ng and gradi ng system

Statistical text analysis. STIMcould encode (or classify)
the text of argunments using factor analysis or principle
conponents analysis (PCA). PCA is typically used by statisticians
to reduce a | arge nunber of observed variables to a snmaller
nunber of abstract factors. The input is a matrix of cases (such
as subjects) by variables (such as scores on test questions). The
output is a relatively small set of principle conponents or
factors (the termwe will use to avoid confusion wth argunent
conponents) whose presence or influence in each variable is
represented by a coefficient. When applied to texts, PCAis often
known as Latent Semantic Indexing (LSI) or Latent Semantic
Anal ysis (LSA) (Landauer, Foltz, & Laham 1997). In this context,
LSI is a technique for representing the conceptual content of
texts. LSI builds a matrix that crosses docunents with the terns
they contain. This large, sparse matrix is then reduced using
si ngul ar val ue deconposition (SVD) to obtain an optinal, |ower-
rank approximation of the matri x.

PCA woul d be used in two phases in STIM During construction
of STIM PCA would be applied to a | arge body of argunment
conponents elicited in pilot testing. This would produce a set of
PCA factors. Because argunent conponents of different types
(e.g., supporting evidence, conflicting evidence, actions) would
be submtted for analysis separately, the factor |lists would
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effectively be custom zed for each conponent type, making them
sensitive both to the structural role of argunent conponents, as
well as to content. During its use as a training platform the
second phase of statistical analysis, STIMwould conpute the

wei ghts of the PCA factors (derived in stage one) on the text of
each argunent conponent submitted in a response. Thus, it would
essentially inpose a common codi ng schene on argunents that
constitute the network set and those elicited fromstudents (see
Fi gure 16).

I nferential neural nets. The probl em of gradi ng (PCA-
encoded) argunents is essentially one of matching new argunents
to known, previously graded ones. Inferential neural networks are
an ideal tool for this task. Traditional connectionist nodels
excel at identifying stimuli that only roughly approxi mate known
patterns. Inferential neural networks (INN) add systematicity to
this capacity for soft-matching (c.f., Shastri & A janagadde,
1993). By systenmaticity, we nmean that an I NN represents
structural aspects of data. The notion of inter-linked argunent
conponents, presented above, is precisely the type of structure
that can be represented in an INN. Systematicity enables an I NN
to identify matches of structure and content between networks of
prior, graded responses and newy input student responses.

An INN, |Iike PCA, would be applied in tw stages. To build
the NN, a representation of argunents elicited in pilot testing
woul d be constructed consisting of a predicate representing the
name of an argunment conponent (e.g., supporting evidence), the
PCA factor weightings representing its textual content, pointers
to argunment conponents linked to it (e.g., the conclusion and
actions), and SME ratings of the value of the argunent conponent,
the substructure of which it is a part and the overall argunent.
Al'l of the conponents of a given argunent would be submtted to a
version of the INNin a |linked data structure until all argunents
in the data set were entered. The resulting conpilation of graded
argunment structures woul d constitute the argunent rating engine.

During staff training with STIM the I NN would recei ve PCA-
encoded student argunents as input. It would attenpt to match
each argunment to all or parts of prior, scored argunents. For
each argunent conponent or sub-structure that an officer
generated to defend a conclusion, and which was recogni zed by the
network at sone threshold of simlarity, SME scores would be read
directly off the network. For argunent conponents or sub-
structures that the student failed to cite, and which were highly
rated by the SME for the given conclusion, the NN would generate
a code representing the m ssing conponent and a score for the
om ssion. Truly novel responses, which the system couldn't judge
as sufficiently simlar to any prior, known argunent, would be
archived for later analysis by an SME. W anticipate that nost
responses could be anal yzed by the engine in real tine. To
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support feedback, the INN m ght also be used to retrieve (a) the
best known response for the given conclusion or (b) the known
response with the closest match and the highest rating. This
woul d enabl e the student to review dramatically or increnentally
better solutions to the problem In sum the I NN would function
as an SME with the ability to recognize and retrieve ratings for
the concepts and structures of student argunents, as well as
exanpl es of better responses (see Figure 16).

User argument Inferential neural net subsystem

G
R

PCA encoding subsystem Scores & Model arguments

[T
predicate ( factor coefficients,
pointers to other arg components,

etc.)

Figure 16. The hybrid argunent assessnent engi ne.

Ratings of the overall argunent and argunent substructures
woul d not be redundant with the nmeasure of structure suggested
earlier, which considers the variety of argunent conponents. The
latter is a general neasure of the mastery of specific critical
thinking skills. The INN effectively scores critical thinking
skills in the context of a specific conclusion. This specificity
of context means that I NN scores do not support general
i nferences about an officer's cognitive skills. However, the I NN
scores can help researchers identify interactions of the test
problenms with training and aptitude, and these scores could help
the system provi de feedback in the formof concrete exanples that
the officer may be able to interpret easily.

There are, of course, sinpler approaches to interpreting the
content of responses, but they inpose unsatisfying constraints on
the ways in which users can express thensel ves. The si npl est
approach is to restrict argunents to nultiple choice selections.
A rel ated approach is to allow users to conpose argunents from
pre-graded lists of material, such as incom ng nessages or text
fromorders, estimtes, and other database material. The second
of these approaches is potentially quite useful to staff because
it mnimzes the |abor required to weave extant material into an
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argunent as, for exanple, supporting or conflicting evidence.
However, it is too artificial to appeal to the likely student
body, we suspect, and constrains responses so severely that
measures of their persuasiveness m ght be of very low validity.

We find the hybrid approach to be not only potentially
powerful, but intellectually intriguing. The NN s soft-matching
of new student text to prior responses can be thought of as
generalization fromlearned exanples. The I NN woul d generalize in
several interesting ways. It woul d generalize across training and
test problens by applying what it | earns concerning one problem
to interpreting responses to another problem It would generalize
across argunents for a given conclusion to a problem such that
simlar argunents receive simlar scores. It wuld al so
generalize across textual expressions of a given concept in an
argunment conponent. The I NN would performthis conpl ex pattern-
mat ching activity in parallel, which would ensure rapid feedback
to students and tinely adaptation of training and tests. New
met hods of leveraging or limting this capacity generalization
could be explored in future research

In sum STIMwould neasure the quality of decision-nmaking
processes with ratings derived by matching student responses
agai nst prior responses rated by SMEs. This approach relies on
advanced statistical and neural processing algorithnms that CTI is
currently applying in other projects.

Aut omat ed Assessnent of Conmmuni cati ons

Sonme of the conmunications neasures defined in this paper
can be readily autonmated because (a) the required data are
generated naturally during el ectronic communication (e.g., such
data m ght include the recipient(s) of a nessage, which the
student nust indicate when generating a new nessage, or the tine
of transm ssion of a new nessage, which the email system
automatically indicates for each newly transmtted nessage); (b)
the data can be elicited with only mnor intrusion into the
natural workflow (e.g., ratings of the inportance of incom ng
messages can be gathered by requiring students to rate nessages
after reading them); or (c) the data are known at the tinme of
scenario design (e.g., the rank of the author of a scripted
nmessage or the SVME's rating of the inportance of the nessage are
specified during scenario design and need not be gathered from
students during scenari o runs).

However, sone aspects of outgoing (IP) nessages require
content anal ysis. These include categorization of nessages by
type of conmunication (information/status vs. action/plan), class
(request, initiate, and respond), and |evel of processing (pass-

t hrough, form judgenent, and solve problen). There are several
ways to performthis type of categorization in STIM First, a PCA
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engine mated to a sinple artificial neural net m ght categorize
messages officers generate. Because the categorization schenme
woul d be rough, the accuracy of the pattern-matching ANN engi ne
could be quite high. Second, students could be trained to
classify messages as they transmt them This approach m ght have
instructional value in that it nakes officers aware of

di stinctions between forwarding, judgenent, and probl em sol ving.
Oficers may need to make such distinctions in order to adapt to
changes in workload or to the managenent style of their
commandi ng officer. Finally, it my be nost efficient sinply to
provide an SME with a rating form such as the one used to code
data in this study, training, and analysis software with which to
code nessages as they are produced and to anal yze them at breaks
for use in an After Action Review

Measures of expertise. The expertise of staff is potentially
an inportant predictor of training effects. As denonstrated in
Cohen, Freeman, & WIf (1996), sone staff may benefit nore than
others fromtraining as a function of their mlitary tenure,
prior mlitary training, or battlefield experience. Sonme may
requi re nore extended or nore el aborated instruction in sone
aspects of information managenent training. Staff in specialized
positions may require specialized instruction or access to
particul ar reference materials during training. To discern these
needs, STIM woul d request biographical information concerning
students by presenting on-screen, biographical questionnaires.

I nformation concerning the user's training goals mght al so be of
value. Initially, these data could be used to test the effects of
instruction at different |evels of experience. Potentially, the
data coul d be used to adapt training and testing to individual

di fferences.

Measures of user satisfaction. Users of STIM may have strong
opi nions and useful comments concerning training concepts,
scenarios, and the systeminterface. These can be gathered on-
line for manual, qualitative assessnment by trainers and
researchers. Comments concerning interface problens m ght be
val i dated by exam ning the context in which students use hel p and
"undo" features. Such keystroke |evel data m ght be particularly
hel pful during the evaluation of new STI M nodul es.

Feedback

The potential strength of STIMs automated perfornmance
assessnment subsystens present opportunities for inplenenting
sophi sticated feedback. However, any strategy for presenting
f eedback nust consi der several issues: what feedback wll be
presented, when will it be issued, and in what form

In training cognitive skills, strong effects have been found
for feedback that flags errors (but does not explain then), and
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is presented i medi ately upon comm ssion of the error (Corbett &
Ander son, 1990; Anderson, 1992). However, this approach may be
nore appropriate for training procedural skills, such as LISP
programm ng or constructing geonetric proofs, than for training
strategies for critical thinking and comunications in conpl ex
scenarios. In this context, it may be beneficial to present
students with their own work, an exanple of rel evant expert work
to which to conpare their efforts, and a score, critique or
guiding principles with which to inprove future performance. Such
strategies can be highly effective, as evidenced in Bangert -
Drowns's (1991) neta-anal ysis of feedback in 40 studies, in which
t he author found that providing answers or explaining answers was
nore effective than sinply flagging errors.

Precisely how would this type of feedback be inplenented in
STI M? Feedback concerni ng comruni cations strategies, could be
presented to students periodically, perhaps at breaks or in an
After Action Review, rather than i mredi ately upon comm ssi on of
i ndividual errors. This would be done in part to preserve the
fl ow of practice and test scenarios, and in part because many of
t he communi cati ons neasures nust be conputed over nultiple
messages, rather than in response to a single nessage. The form
of feedback m ght be an overall performance score on the neasure,
a target score specified by an SME, exanples of nessages that
rai sed the score and those that lowered it, and a canned
principle or rule to guide the student in the future. This
f eedback m ght be presented as text. However, there may be
opportunities for graphical feedback. For exanple, feedback
concerning patterns of nessage traffic wthin staff, to
subordi nates, and superiors could be readily represented as a
network with density of traffic denoted by the thickness of arcs.
Hi stogranms m ght be used to display conparisons of student scores
and target scores.

Feedback concerning deci sion accuracy m ght be presented
sinply as a list of possible conclusions concerning a given break
guestion. The student's choice fromanong the |list would be
hi ghl i ghted and annotated with a brief, canned SME critique.

Feedback concerni ng deci si on-maki ng processes m ght take the
foll ow ng conplex but instructive form or any sinplification of
it. After evaluating a student's argunent, the I NN would
i mredi ately, or in an After Action Review, present the officer
W t h:

Their own graphi cal argunent annotated with scores for
argunent conponents, argunent substructures (consisting of
I i nked conponents), and the overall argunent;

A graph of the best known response for the given concl usion
and its scores;

60



A graph of an argunent that is highly simlar to the
student's and highly rated, with its scores; and

Hi ghlighting or arrows on the graphs indicating evidence
m ssing fromthe student's argunent.

By providing students with scored argunents to which to
conpare their owm work, we give themconcrete exanples to node
in future responses. The best response for a given concl usion my
differ radically fromthe student's, and this may elicit insight
at best or confusion at worst. The response that is nost simlar
to the student's and nost highly rated may be nore accessible to
the student but less informative. These are interesting tradeoffs
in feedback that m ght be explored in future research. It may
al so be possible to have SMEs | abel the PCA factors that nost
comonl y appear in argunents. Such | abels may be useful in
retrieving canned critiques of student argunment conponents and
substructures. This, too, presents interesting research
opportunities.

Adapt ati on

There are three areas in which STIM m ght adapt to
i ndi vidual students or to teanms: instruction, practice scenari os,
and tests. The sinplest formof instructional adaptation is for
STIMto allow users to sinply replay instruction and
denonstration. This is a strategy that we reconmend. W focus
here on concepts for adapting practice and test scenarios and
of fering additional practice scenarios to deficient teans.

The difficulty of practice and test scenarios m ght be
adapted in several ways. The systemcould increase difficulty by
boosting the nunber of nessages per unit tine or the variance in
t he nunber of nessages per unit time. The former manipul ation
woul d help officers to select and practice a performance strategy
appropriate to a static workload; the latter would test their
ability to shift strategi es as workl oad changes. The system woul d
i ncrease the nunber of nessages it issues by increasing the
nunmber of nessages it draws fromthe pool of optional nessages.
Alternatively, it may be appropriate to break nessages (such as
| arge spot reports or status reports) into discrete, independent
nessages.

Scenario difficulty could also be altered by manipul ating
qualitative aspects of the nessage stream Sone core nessages
m ght be witten in several versions, each designed to introduce
nore or different fornms of uncertainty into the scenario, or the
opti onal nessage pool could be seeded with nessages that invoke
uncertainty. The content of such nessages mi ght conflict with the
current situation assessnent or sitmap or bias staff to make
unwar rant ed assunpti ons. Renovi ng specific nessages m ght
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i ntroduce information gaps. The ability of staff to detect and
deal with these gaps, unreliable assunptions, and conflict could
be directly nmeasured using the analysis of argunment structure
descri bed above.

O her mani pul ati ons of the scenario m ght al so boost the
difficulty of tests and practice. "Noise" mght be introduced in
the formof ms-delivered nessages (nmessages addressed to the
wrong staff officer or the incorrect rank |evel), requests for
lowpriority, admnistrative support, or brief equipnment or
communi cations failures requiring officers to repeat previously
conpl eted tasks. Equally interesting is the prospect of altering
the context in which nessages are interpreted by mani pul ating the
accuracy of briefing materials, degrading the quality of
assessnent updates issued by the systemin the nane of the CO or
XO, or changing force ratios in the field.

Many of these adaptations could be made for an i ndividual
user, independently of other users. (For exanple, the nunber or
variance in the nunber of nmessages per unit tinme could be adapted
for an individual.) However, nost could be adm nistered to the
overall team as well.

The trigger conditions under which STIM woul d adapt training
and test scenarios would be relatively sinple. Those who perform
well on the neasures described above m ght find scenarios
becom ng nore difficult as they execute them Those who do not
woul d find scenarios becomng sinpler. In addition, it may be
desirable to allow students to select the level of difficulty at
which they wish to train and test. There are situations under
which it is not advisable to adapt test scenarios to the user.
For exanple, if test results are used to conpare the performance
of teans, then all teans nust test on identical scenarios and no
adaptation should be allowed. Wen this is not an issue, however,
adaptation of practice and test scenarios may aid | earning and
retention by providing an appropriate challenge, rather than one
that is too formdable or too sinple.

These adaptation strategies will increase the work of
scenari o designers. They would require designers to wite
scenarios to the maxi num | evel of difficulty, and paraneterize
i ndi vi dual nessages to indicate which are appropriate for | ower
|l evels of difficulty (e.g., easy, nediumand hard) or each type
of challenge (e.g., increased conflict in the nmessage stream or
di m ni shed conpl eteness of data). However, scenarios that can be
automatically adapted can al so be recycled, that is, presented
repeatedly in nodified forms to the same students. This benefit
of devel opi ng fewer scenarios may conpensate for the cost of nore
conpl ex scenari o design
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System Desi gn Concepts

In the pilot study, we eval uated key conponents of the STIM
training and interface. Sone of those conponents--such as the
trai ning and anal ysis of nmeasures--were inplenmented manual ly. Qur
concept for a full STIMprototype differs considerably fromthis.
We envision an inter-networked training systemthat presents
smal | staff teanms with nulti-nedia training, fully autonated
practice and test scenarios, and automated assessnent and
f eedback. Though the staff CO or XO m ght provide additiona
instruction or feedback (Qy applying |l essons | earned froma
train-the-trainer package'’), the enphasis here is on
aut omation'. Internet delivery could facilitate distance
| earni ng by geographically distributed groups, or opportunistic
training by non-distributed groups w thout sacrificing the
benefits of centralized nmai ntenance of databases and system code.

We do not attenpt a detailed architectural description of
STI M here. However, the basic nodul es of STIMcould be these:

Scenari o dat abases--Contains scenari o nmessage streans,
sitmap data, briefing materials, and other data.

I nstructional databases--Contains nultinedia training
material, such as textual instructions, aninmted |esson
illustrations, audio clips to acconpany ani mated material or
vi deo cli ps.

Workstation interface manager--Formats scenario material for
presentation on enul ated Force XXl interfaces (such as MCS
for S3, ASAS Renote Wirkstation for S2, and Applique for
Battle Captain). Formats training material and other
materi al (such as performance feedback and scenari o break
response screens) for display in a generic interface common
to all trainee workstations. Captures user actions, such as
menu or w ndow sel ections, manipul ation of map or diagram
obj ects, and textual input. Forwards sel ected user actions
to the server interface manager

YA train-the-trainer package mi ght describe STIMs
i nstructional objectives, the practice and test scenari os,
provi de nodel responses to key questions and indicate how and
when to apply renedial training.

BFor exanple, a white cell (an SME with scripts for
responding in the role of mssing players during scenarios) often
enhances the realismand seem ng dynam sm of scenari os. However,
provision of a white cell conplicates training and reduces the
opportunities to make it available on demand. It may or nmay not
not be worthwhile. This, however, nust be evaluated in future
research.
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Server interface manager--Forwards input concerning user
actions to scenari o nmanager, instruction manager, or

per f ormance neasurenent manager. Coordi nates the
presentation of material fromthe instruction and scenario
managers to the workstation interface nmanager.

I nstruction manager--Retrieves instructional material from
the instructional databases and presents it to the server
i nterface nmanager

Scenari o manager--Retrieves scenari o nessages, sitmaps and
other material fromthe scenario databases and formats it
for presentation to the server interface manager.

Per f or mance measur enent manager - - Processes user actions
rel ayed by the server interface manager and passes encoded
out put to the assessnent engine.

Assessnent engi ne--Anal yzes data fromthe perfornance
measur enent manager concerni ng conmuni cati ons strategies,
deci si on accuracy, decision processes, and other skills.

| ndependent assessnent sub-engi nes process data concerning
each skill.

Feedback nmanager--Formats output from assessnent engi ne and
passes the result to the server interface manager. Mintains
an archive of assessnent results and feedback.

Test manager--Adm ni sters test and debuggi ng scripts that
verify the integrity of nodules and the interfaces between
t hem

STI M woul d be devel oped using a web-based client/server
nodel . The client side application would contain al
functionality relating to the workstation interface nanagenent.
O her nodul es, which control the sequencing of training
materials, scenario admnistration, the analysis of trainee
responses, provision of feedback, and so forth, would reside on
t he server.

The client-based workstation interface manager could be
devel oped as a Java application and would interact wth the
servers via Hyper-Text Markup Language (HTM.) and perhaps ot her
Transm ssion Control Protocol/Internet Protocol (TCP/IP). Most of
the server nodul es could be built using NeXTSTEP® (recently
renamed OpenStep® with the WebObj ect s®° code library, a
devel opnment environnent that provides a very flexible basis for
constructing dynam c web-based information servers. This
environnent is available on many platforns commonly used by the

“NeXTSTEP, OpenStep and Webbj ects are regi stered
trademar ks of Appl e Conputer.
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Arnmy, including Intel Pentium based systens, and conputers by
Sun, Hewl ett Packard and, soon, Apple. The server-side assessnent
sub-engi ne responsi bl e for analyzing the text could be built
usi ng available algorithms for the conmputation of principle
conponents analysis (PCA) for large, sparse matrices and the code
base for an Inferential Neural Net called SHRUTI (Shastri &

Aj j anagadde, 1993) which CTlI is currently applying in other
research projects for the Ofice of Naval Research (Thonpson
Cohen & Freeman, 1995).

The training mght be presented in nmulti-nedia training,
consisting of “slides” augnented with audi o, and possibly
nmotivational or instructional video clips featuring experienced
officers. Additional training content m ght be devel oped to
address specific problens in Force XXI staff operations at the
bri gade | evel and bel ow, based on field research and cognitive
task anal yses (two significant research needs we have not
addressed here). Practice and test scenarios could be adapted, as
they were in this phase of research, fromthe Staff G oup
Trainer. The medi um of nessage presentation would be inproved.
STI M coul d deliver scenario nessages on interfaces that emul ate
Force XXl technol ogy such as ASAS, MCS, or Applique (or their
successors)?. The graphical argument construction utility woul d
be retained and used at scenario breaks, as it was in the pilot
study, to gather data concerning argunent structure and content.
Sel ected break questions m ght also be adm nistered wi thout the
graphical tool, but with a sinple text editor or the Force XXl
enul ators, in order to test the transfer of argunent construction
skills fromthe highly supportive STIMsystemto the field
envi ronnent .

CONCLUSI ONS

In Phase | of the STIM project the research team 1)
devel oped scenario-based training in information managenent for
staff officers, 2) conceived instructional strategies and
performance neasures that |end thenselves to automation, 3)
conducted a pilot study of key training, interface conponents and
performance neasures, and 4) devel oped concepts for the software
and hardware architecture of STIM

Results of the pilot test suggest that the STIMtraining
system may hel p i nprove i nformation managenent skills. The
tactical judgenments of trained participants were nore accurate
than those of controls by 34% nore persuasive by 93% and
trained participants tended to take actions that were nore
reasonabl e. Trained participants also were nore cogni zant of gaps

2The use of these highly structured interfaces may provide
new opportunities for measuring perfornmance.
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in their know edge, assunptions, and conflicting evidence than
were controls. Wile sone of these results were suggestive
trends, rather than conventionally significant, they were in the
direction predicted fromtheoretical nodels and their size was

| arge. The training did not directly address information
filtering or production, key issues in resolving information
overl oad, but, as predicted, it inproved performance in those
areas. Training enabled participants to evaluate incom ng
messages | ess on the rank of the sender and nore, apparently, on
the content of the nmessages. Trained participants processed

i ncom ng data nore thoroughly before generating nessages,
produced fewer nessages overall, nore often engaged in

i nformati on pushing, and nade fewer unnecessary requests of the
virtual staff to whomthey sent nessages. In short, the pilot
data indicate that STIMmay inprove tactical decisions, tactical
reasoni ng processes, and team comruni cati on.

There remain a nunber of challenges in this |ine of research
and devel opnent. The principle challenge is to go beyond generic
digital interfaces and the training tested here to explore
i ndi vidual, team and human-conputer interface problens specific
to the Force XXI digital environnent. This will involve field
studi es and cognitive task anal yses, a program of research that
we have not discussed here. It will also require devel opnent of
interfaces that enmul ate Force XXl equi pnent on which to present
practice and test scenarios. These tasks are planned for a
proposed Phase Il effort.

We have al so found weaknesses in the training that we tested
in Phase |I. Trained participants acknow edged conflicting
evidence, but did so rarely, and they had great difficulty
grasping the notion that argunents can be deconflicted (by nmaking
assunptions or assertions that at |east tenporarily explain the
conflict). In addition, the notion of |inking argunment conponents
in graphs was not well understood. This nust be renedied to
i nprove the potential for accurate, automated argunent
assessnent.

The measures of deci sion-maki ng processes used here were
revealing but also intrusive. They require that a scenario be
halted in md-run while trainees respond to tactical queries
using a very unusual interface: a graphical argument construction
kit. This tradeoff seens worthwhile because it supports a
potentially powerful neasurenent instrunment and useful feedback
and because participants in this experinent |largely endorsed it.
However, it may be possible to devise |less intrusive neans of
eliciting responses in a structured format, perhaps by issuing a
stream nessages in the formof questions designed to elicit
responses (such as lists of supporting, conflicting evidence,
assunptions, or actions) that are equivalent to specific argunent
conponents. Users would respond in free text. At the |east,
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students shoul d be given practice generating persuasive argunents
both with and wi thout the graph editor. These issues should be
expl or ed.

This experinent did not test the notion, central to the
adaptive team process nodel and the deci sion-nmaki ng nodel, that
teans adapt to changes in workload. Wrkload was not mani pul at ed
in this scenario. Future research should explore the interactions
between training effects and vari ed workl oad.

Nei ther did the experinent attenpt to discrimnate between
the effects of training and the effects of the STIMinterface, or
the effects of the main conponents of the training: assessnent
updates and critical thinking (which, itself has severa
conponents). These shoul d be explored, as should the effects of
trai ning on communi cations efficiency and effectiveness relative
to the objective judgenents of SMEs.

Though the pilot data concerning STIMis only prelimnary,
it is very encouraging. STIMappears to inprove decision
accuracy, decision-neking processes, information filtering, and
i nformation production. The neasures used here exhibit construct
validity and nost can be fully automated to drive feedback and to
adapt training and testing to the individual user or the team 1In
sum STIMtraining and training support software are prom sing
tools for training and eval uating the informtion managenent
skills of Arny staff.

67



REFERENCES

Anderson, J.R (1992). General principles for an intelligent
tutoring architecture. In J. W Regian & V.J. Shute (Eds.),
Cogni tive approaches to automated instruction. Hillsdale, NJ:
Er | baum

Bangert-Drowns, et al. (1991, Summer). The instructional
effect of feedback in test-like events. Revi ew of Educati onal
Research, 2, 213-238.

BDM Federal, Inc. (1996). Commander/ Staff Trainer (C ST)
proj ect design. Ft. Knox, KY: Author.

Cannon- Bowers, J. A, Salas, E., & Converse, S. (1990).
Cogni ti ve psychol ogy and teamtraining: Training shared nenta
nodel s of conpl ex systens. Human Factors Society Bulletin, 33
(12), 1-4.

CECOM (1997, Septenber 15). What is Force XXI? [On-1line].
http://ww. nonnmout h. arny. m | /cecon | rc/ exfor/general . ht m #gener al

Cohen, MS., Freeman, J.T., & Thonpson, B. T. (in press).
Critical thinking skills in tactical decision making: A nodel and
a training nethod. In J. Canon-Bowers, & E. Salas (Eds.),

Deci si on- maki ng under stress: Inplications for training and
Si mul ation. Washi ngton, DC. American Psychol ogi cal Associ ati on.

Cohen, M S., Freeman, J.T., Marvin, F.F., Bresnick, T.A.,
Adel man, L., & Tolcott, MA (1995). Training netacognitive
skills to enhance situation assessnment in the battlefield
(Techni cal Report 95-1). Arlington, VA: Cognitive Technol ogi es,
I nc.

Cohen, M S., Thonpson, B.B., Adelnman, L., Bresnick, T.A,
Tolcott, MA , & Freeman, J.T. (1995). Rapid capturing of
battlefield nental nodels (Technical Report 95-3). Arlington, VA
Cogni tive Technol ogi es, Inc.

Cohen, MS., Freeman, J.T., & Thonpson, B.T. (1997).
Integrated critical thinking training and decision support for
tactical anti-air warfare. Proceedings of the 1997 Conmand and
Control Research and Technol ogy Synposi um Washi ngton, DC.

Cohen, MS., Freeman, J.T., & WIf, S (1996). Meta-
recognition in time-stressed deci sion nmaki ng: Recogni zi ng,
critiquing, and correcting. Journal of the Human Factors and
Er gonom cs Soci ety.

68



Cohen, M S., Parasuraman, R, Serfaty, D., & Andes, R C
(1997). Trust in decision aids: A nodel and a training strategy
(Techni cal Report USAATCOM TR 97-D-4). Fort Eustis, VA Aviation
Appl i ed Technol ogy Directorate: Aviation Research, Devel opnent &
Engi neering Center (ATCOM .

Corbett, A T., & Anderson, J.R (1990). The effect of
f eedback control on learning to programwth the Lisp tutor
Proceedi ngs of the 12th Cognitive Science Conference, Canbridge,
MA.

Entin, E.E, Serfaty, D., & Deckert, J.C (1994). Team
adaptati on and coordi nation training. Burlington, MA: Al phaTech,
I nc.

Freeman, J.T., & Cohen, MS. (1996). Training for conplex
deci sion-making: A test of instruction based on the
recogni ti on/ metacognition nodel. Proceedings of the 1996 Conmmand
and Control Research and Technol ogy Synposium WMonterey, CA

Hart, S. G, & Staveland, L. E. (1988). Devel opnent of NASA-
TLX (Task Load Index): Results of enpirical and theoretical
research. In P. A Hancock & N. Meshkati (Eds.), Human nenta
wor kl oad. Ansterdam Nort h-Hol | and.

Kuhn, D. (1991). The skills of argunent. New York: Canbridge
Uni versity Press.

Kuhn, D. (1992). Thinking as argunent. Harvard Educati onal
Revi ew, 62(2), 155-178.

Lajoie, S.P. (1986). Individual difference in spatial
ability: A conputerized tutor for orthographic projection tasks.
Unpubl i shed doctoral dissertation, Stanford University.

Landauer, T. K, Foltz, P. W, & Laham D. (1997, Septenber
17). Introduction to |atent semantic analysis. [On-line].
Avai | abl e: http://sam am col orado. edu/ ~I si / Home. ht ml .

Nayl or, S.D. (1997, April 28). M ssion acconplished. Arny
Tinmes, 12.

Ni sbett, RE , & Ross, L. (1980). Human inference:
Strategi es and shortcom ngs of social judgnent. Englewod Ciffs,
NJ: Prentice Hall.

Rasnussen, J. (1990). Hunman error and the probl em of
causality in analysis of accidents. In D. E Broadbent, J. Reason,
& A. Baddely (Eds.), Human factors in hazardous situations.
Oxford: C arendon Press.

69



Reid, GB., & Nygren, T.E (1988). The subjective workl oad
assessnent technique: A scaling procedure for neasuring nental
wor kl oad. In P. A Hancock & N. Meshkati (Eds.), Human nental
wor kl oad. Ansterdam Nort h-Hol | and.

Schatz, J. (1996, April 19). Battlefield Information
Transm ssion System (BITS) and Battlefield Awnareness and Data
Di ssem nation (BADD) for Task Force XXI (TF XXI). [On-line].
http://ww. monnout h. army. m | /cecom I rc/forcexxi/lsp/bits.htm

Serfaty, D., Entin, E.E., & Deckert, J.C (1993). Team
adaptation to stress in decision nmaking and coordination with
inplications for CIC teamtraining, Volunes | & Il (TR 564).
Burlington, MA: Al phaTech, Inc.

Serfaty, D., Entin, E.E., & Volpe C. (1993). Adaptation to
stress in team deci si on-maki ng and coordi nati on. Proceedi ngs of
t he Human Factors and Ergonom cs Society 37th Annual Meeting.
Santa Mnica, CA: Human Factors Society.

Shastri, L., & Ajanagadde, A (1993). Fromsinple
associations to systematic reasoni ng. Behavioral and Brain
Sci ences, 16(3), 417-494.

Siegel, S. (1956). Non paranetric statistics for the
behavi oral sciences. New York: McGawHill.

Terino, J. (1997, May). The shape of the Arny’'s 21%-century
soldier. The Retired Oficer, 33-36.

Thonpson, B.B., Cohen, MS., & Freeman, J.T. (1995).
Met acogni ti ve behavi or in adaptive agents. Proceedi ngs of the
Worl d Congress on Neural Networks, Washi ngton, DC

Toulmn, S., R eke, & Janik. (1984). An introduction to
reasoni ng. New York: MacM I I an.

van Creveld, M (1985). Command in war. Canbridge, MNA:
Harvard University Press.

Wlson, GC (1997, May 28). EXFOR performance conmes under
scrutiny. Arny Tines, 3.

Wl son, J.E (1997, June). The information age Arny. Arny,
14-22.

70



APPENDI X A. BRI GADE COVWWANDER S GUI DANCE

As you all know, the Krasnovian forces |aunched a full scale
attack into Mojave with the 19th Conbi ned Arns Arny (CAA),
foll owed by the 16th CAA. The 19th CAA's attack was a supporting
attack for the Krasnovian main attack by the KERN Front on its
right (south) flank. Qur Division, the 55th Infantry D vision
(Mech), defeated their advance guards, and occupi ed the
objectives as outlined in the Division OPORD. Bde 21 engaged
el enents of the 231st Mdtorized Rifle D vision (MRD) which are
estimated to have suffered 30% | osses in both nmen and fighting
vehi cl es. The 231st MRD has established a typical defense in
contact with the enenmy and its regi nental second echel on forces
have halted behind their |ead el enents except for elenents of the
BTR- equi pped 218th Mdtorized Rifle Regiment (MRR) which continue
to nmove through the difficult terrain of their nountai nous zone
at a slowrate. Al indications are that eneny forces throughout
the Corps sector are preparing for a return to offensive
operations; an attack by the 231st MRD agai nst our Brigade from
current positions can be expected within the next 24 hours. The
231st main effort is expected al ong Phase Line Davis, but because
the Front's main effort is south of our sector, Frontal aviation
and artillery assets will probably be commtted el sewhere.

The 55th I D (Mech) Mssion is as follows: conduct an area
defense (NK 2527 to M) 6547) from Phase Line (PL) QU NCY to PL
HANCOCK (Note: PL HANCOCK is off the map to our south) not |ater
than 170500 March 97 to defeat eneny forces in sector; on order,
counterattack. The Division Commander, Mjor General Johnson
intends to defeat the attacking eneny forces in sector by draw ng
eneny forces into the natural kill zone east of Barstow The
Division will defeat the eneny attack by containing the eneny
west of PL HANCOCK; then, attacking the concentrated eneny forces
along 1-15 wth a conmbi nation of attack helicopters and | ocal
counterattack. The end state of this operation is the clearing of
the Division sector out to PL PHOEN X and positioning of forces
to continue offensive action.

The m ssion of our brigade, Brigade 21, is to defend from NK
233256 to M) 996909 (off the map) NLT 170500 March 97 to def eat
attacki ng Kransnovi an forces and prevent penetration of the
Division right (north) flank. My intent is as foll ows:

This Brigade will retain control of the dom nant terrain
al ong PL PHCENI X to secure the D vision northern flank and guard
Di vi sion counterattack avenue. | intend to acconplish this by
conducting an area defense to defeat the Krasnovian attack into
our sector. | will use a Brigade security force along PL DAVIS to
win the counter-recon battle. In the center and north of the
Brigade Main Battle Area, | amprepared to accept risk to be able
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to mass the conbat power of up to three task forces against the
eneny main effort in the south. The end state for this operation
is the destruction of all eneny first echelon fornations; defeat
of second echelon formati ons between PL QU NCY and PL PHOEN X;
and, the retention of defensible terrain along PL PHCEN X to
insure that the western flank is secured. This mssion wll be
conducted in three phases. PHASE | is the security force battle;
PHASE Il is the structuring of the Brigade' s MBA defense; PHASE
1l is the defeat of the eneny attack.

In PHASE | (Security Force Battle), we will establish a
strong security force using TF OQUTLAWand B-14 Cav to establish a
forward screen along PL DAVIS. The security force wll destroy
all eneny recon elenents and reginental forward security el enents
forcing eneny lead reginents to deploy out of march formation
into attack formation. Additionally, TF FALCON depl oys an
internal security force to screen Nelson Lake (NK 2020) and
destroy eneny recon. The brigade will accept noderate risk in the
Bri gade rear area.

In PHASE |1 (Structure MBA), Brigade 21 conducts its main
defense with TF FALCON defending in sector in the north, B-14 Cav
screeni ng across the center sector, TF OUTLAW and TF SEAHAVK
defending to nmass conbat power against the eneny main effort in
the south. TF EAGLE acts as the Brigade counterattack force. As
the eneny attack echelon enters our area, the Brigade wll
counterattack to destroy eneny conbat forces and artillery groups
while imting risk to friendly forces.

In PHASE 111 (Defeat Eneny Attack), TF FALCON attacks to
defeat eneny forces in sector, while TF QUTLAW and TF SEAHAVWK
defend in sector. Upon defeat of eneny attack, on order, TF EAGLE
attacks to destroy eneny forces. TF OQUTLAW and TF SEAHAVK pl ace
fires on |l ead eneny forces to support TF EAGLE s attack.



APPENDI X B. BATTALI ON TASK FORCE COMVANDER S GUI DANCE

The 55th I D (Mech) Mssion is as follows: conduct an area
defense (NK 2527 to M) 6547) from Phase Line (PL) QU NCY to PL
HANCOCK (Note: PL HANCOCK is off the map to our south) not |ater
than 170500 March 97 to defeat eneny forces in sector; on order,
counterattack. The m ssion of our brigade, Brigade 21, is to
defend from NK 233256 to M) 996909 (off the map) NLT 170500 March
97 to defeat attacking Kransnovian forces and prevent penetration
of the Division right (north) flank. The Bri gade Commander’s
concept is as foll ows:

The Brigade will retain control of the dom nant terrain
al ong PL PHCENI X to secure the D vision northern flank and guard
Di vi sion counterattack avenue. The end state for this operation
is the destruction of all eneny first echelon fornations; defeat
of second echelon formati ons between PL QU NCY and PL PHOEN X;
and, the retention of defensible terrain along PL PHCEN X to
insure that the western flank is secured. This mssion wll be
conducted in three phases. PHASE | is the security force battle;
PHASE Il is the structuring of the Brigade' s MBA defense; PHASE
1l is the defeat of the eneny attack.

Qur task force, TF Fal con, defends the northern flank of
Brigade 21. W are facing a weakened but still dangerous 231st
Motorized Rifle Division which is at approximtely 70% strength..
The 23l st consists of the 218th MRR (BTR), the 269th MRR ( BMP),
and the 166th MRR (BMP) in the first echelon, with the 33rd Tank
Regiment (TR) in the second echelon. Qur specific mssion is as
fol |l ows:

TF FALCON defends in sector from NK 200109 to NK 232256 NLT
170500 March 9X to defeat attacking Krasnovian forces and prevent
penetration of the Brigade's right (north) flank; on order,
reestabli sh FEBA west of PL PHCEN X

It is ny intent to support the brigade's schene of maneuver
the task force nust defeat all eneny attacks forward of PL

PHOENI X. | intend to conduct the defeat of the enemy attack in
the vicinity of PL AUSTIN by utilizing the dom nant terrain
| ocated there. | want to structure the defense to take advant age

of natural chokepoints to disrupt and defeat the eneny as it
attenpts to deploy. The obstacle plan nust turn the eneny's main
effort into the northern part of the sector and deny it the
ability to flank our Main Battle Area (MBA) along PL AUSTIN. The
task force security force will wthdraw before it is decisively
engaged and formthe task force reserve. The task force
counterattack plan will include the re-occupation of our
positions along PL AUSTIN for preparation of our follow on



defense. End state is the destruction of all eneny forces cast of
PL QU NCY with the FEBA re-established along PL AUSTI N

The mssion will be conducted in four phases. PHASE | is the
counter-recon battle to destroy all eneny reconnai ssance forces
vicinity PL QU NCY; PHASE Il is the structuring of the MBA by

bl ocki ng the southern regi nental avenue of approach, tuning the
eneny's main attack into the north portion of the task force
sector, and massing task force fires into EA BAYOU; PHASE II1l is
the defeat of the eneny attack in the vicinity of PL AUSTIN by
utilizing integrated defensive fires in EA BAYOQU, then displacing
to positions to destroy eneny forces in the chokepoints at EAs
M LK and GUI TAR If forced back fromPL AUSTIN, then we wll use
a conbi nation of on order integrated defenses at PL PHCEN X
and/or PL COCHI SE plus a brigade counterattack into the eneny's
rear; PHASE |V is the re-establishnment of the FEBA al ong PL
AUSTI N by counterattacking the remmants of the eneny MRR re-
occupying initial battle positions, and preparing to defend

agai nst foll owon forces.

| want you to be prepared to answer the followng priority
intelligence requirenents:

1. WIIl eneny in sector be BMP or BTR equi pped?
2. Along which avenue of approach will the eneny attack
devel op?
3. Were will eneny main force depl oy?
4. WIIl 33 TR be conmtted in sector?
5. Were will lead battalions deploy into attack formations?
6. Where and when will eneny elenents begin to withdraw from
cont act ?
| would |ike you to pay particular attention to the Task
Force Execution Matrix. Teanms A and Bw Il initially be in the
front of our sector and will initially engage the eneny recon

forces. The idea is to draw the eneny into Engagenent Area (EA
BAYQU where teans C and D can use terrain to channel the

mechani zed forces into kill zones favorable to us and to defeat
the eneny in detail. |If necessary, we can trade tine for space
back to phase line PHCENI X. By then, we need to re-establish the
sector with a counter attack. W can’t let the MRR split our
forces, so everyone nake sure you fully understand the
Synchroni zati on Matrix and the Deci sion Support Tenplate. |’ ve

| aid out the decision criteria for noving from one phase of the
battle to another, and |I'mparticularly concerned about the

di sengagenent criteria. Things wll be happening quickly, and it
won’ t be obvious when the criteria wll be net.

Now, take sonme time to review the Operations Order. | want
to make sure that there are no questions. Let’'s get back together
in 30 mnutes.



APPENDI X C. TASK FORCE EXECUTI ON MATRI X



APPENDI X D. SYNCHRONI ZATI ON MATRI X



APPENDI X E. TASK FORCE DECI SI ON SUPPORT TEMPLATE



APPENDI X F. ANNOTATED DI S TEST SCENARI O MESSAGE STREAM
Not es concerni ng col um headi ngs:

The function colum contains annotations for the reader
indicating the role of a nessage in the scenario: evidence
(supporting or conflicting), assessnment update (delivered to
trained participants only) or break question.

Message headers, reproduced in this table, consisted of the
Time, Report, Oiginator, Addressee and Net.

The contents of each email nessage is in the Message col um.



Function [Ti nme Repor t Ori gi nat or [Addr essee Net Message

Evi dence [T5:55:30|Blue 1 |Bravo 05 |Falcon 03 BN Crd |4-5 eneny disr
obstacle P-11
CRP we destroy
eneny pressure
obst acl e.

Evi dence [T5:56:00|Green 2 |Strike 03 |All Stations|BDE O&% |[Intel indicate
nmovi ng 20- 40kr
debrief of PO

Evi dence [T5:56:01|Green 2 |Strike 02 |Falcon 02 BDE O& |DIV collectior
size Mech forc
NK1923. Beli ev
the 218th MRR

Evi dence |[T5:56:25|Blue 1 |Al pha 06 [Fal con 03 BN Cnd |Refit conplete

Evi dence |[T5:56:50(Blue 2 |Sapper A |[Fal con 03 BN Cnd |BP 20 and 22 ¢
BP23

Evi dence [T5:57:00|Green 2 |Strike 03 |All Stations|BDE O&% |1ST Bde (SLICE
mai n body el er
Regi ment and E
recei vi ng nune

Evi dence [T5:57:30|Blue 1 |Bravo 05 |Falcon 03 BN Crd |20 vehicles nt
AR026 LEFT2 [

Assessnt ([T5:58:00|Blue 2 |Fal con 06 |Falcon 03 BN Crd |This | ooks |ik

Updat e getting to be
expect ed.

Evi dence [T5:58:01|Green 2 |Strike 02 |Falcon 02 BDE O& |JTF MJJAVE r ef
Co at NK1545,

Evi dence ([T6:00:00|Green 2 |Fal con 03 |Fal con 33 BN Crd |20 vehicles ok
the FSE. Bravc
appropri ate.

Evi dence [T6:01:30|Blue 1 |Bravo 05 |Falcon 33 BN Crd |Destroyed 2 BI
continuing to

Evi dence [T6:02:00|Blue 1 |Sct 02R Fal con 02 BN 0&l Confirm 15 MrI
at NK270180

Br eak T6: 03: 00 (Blue 2 |Falcon 06 |[Fal con 03 BN Crd |Lots of actior

question concerned t hat




contact with t
MRR. VWhat do y

Evi dence

T6:

04:

Blue 1

Fal con 33

Charlie 05

BN

We have | ost ¢
Last known | oc
Can you see tt

Evi dence

T6:

04:

Blue 1

Charlie 05

Fal con 33

BN

Negative -- ce
01.

Evi dence

T6:

04:

[ —

Bl ue

Delta 05

Fal con 33

BN

Sorry -- no cc

Evi dence

T6:

05:

[ —

Bl ue

Charlie 05

Fal con 03

BN

Qobservi ng ener
vehi cl es novir
position at we
BAYCQOU.

Assessnt
Updat e

T6:

05:

Blue 1

Fal con 06

Fal con 03

BN

We may need tc
has becone dec
the FSE, but v
sone positive
and we haven’t

Evi dence

T6:

06:

75

Blue 1

Charlie 06

Delta 06

BN

Can you obsery
el ements | reg
engage?

Evi dence

T6:

07:

00

Blue 1

Delta 06

Charlie 06

BN

We observe the
reported; wll
range.

Evi dence

T6:

08:

Blue 1

Bravo 05

Fal con 03

BN

Spotted | arge
vehi cl es heade
Rl GHT TWO, apr

Evi dence

T6:

09:

00

CFF

Bravo FI ST

DS- FA

BN

NK 230215; DDF

Br eak
question

T6:

09:

20

Blue 1

Fal con 33

Fal con 03

BN

We're getting
close to the |
Scout 01, and
commbd with the
fire m ssions

Evi dence

T6:

10:

G een 2

Strike 03

Fal con 03

BDE Q&l

EAGLE heavily
Have you estatk
your boundary
observi ng NAI

Evi dence

T6:

11:

00

Blue 1

Charlie 05

Fal con 03

BN Cnd

2 and 3 PLT' s

F-4



eneny vehi cl es

Evi dence ([T6:12:00|Blue 1 |Charlie 05|Fal con 03 BN Crd |Destroyed 6 BI
continuing to

Evi dence (T6:13:00|Blue 1 |Charlie 05|Fal con 03 BN Crd |Cbservi ng heay
t hr oughout pos
MR .

Evi dence ([T6:13:45|Yellow 1|Charlie O5|Fal con 04 BN A/L |Have 2 M2 dest

Evi dence (T6:14:00|Blue 1 |Charlie 05|Fal con 03 BN Crd |Destroyed 3 BI
st opped out of
infantry.

Evi dence ([T6: 14:25|Red 2 Charlie 0O7|Fal con 01 BN AAL |2-KIA'S, 4-W/
wounds. WII ¢
of WA's. If |
this, I will i

Evi dence |[T6: 14: 28 |Medevac |Charlie 07|Fal con 01 BN AL |Medic en route

Evi dence ([T6:16:00|Yell ow 3|Charlie 0O5|Fal con 04 BN A/L |Request resupf

Evi dence [T6: 18: 00 |Frago Fal con 06 |Fal con 05 BN Chd |Junp the Main
Acknow edge.

Br eak T6:19: 00 Blue 2 |Falcon 06 |[Fal con 03 BN Crd |What are your

guestion t he di spl acene

Team C to BP -
BP21?

F-5



APPENDI X G. DEBRI EFI NG FORM

1. Did the training and/or the interface influence your
performance on this test? Pl ease comment.

2. Ils this kind of training likely to influence how battalion
staff officers problens in the field in Force XXl ? Pl ease
coment .

3. What areas of decision making under information overl oad
conditions do you believe need nore attention for Force XXl
staff at the battalion |evel?

4. \What are your general comments about this training?

5. Please rate the training overall (circle a nunber):

Very bad Very good



APPENDI X H. TLX WORKLOAD QUESTI ONNAI RE

Pl ease rate the scenario you' ve just conpleted with respect to
your experience concerning:

6. Mental demand (0O = very low, 10 = very high):

7. Physical demand (0 = very low, 10 = very high):

8. Tinme pressure (0 = very low, 10 = very high):

9. Effort (0 = very low, 10 = very high):

10. Frustration (0 = very low, 10 = very high):

Pl ease rate your performance (0 = failure, 10 = perfect):



APPENDI X | . BI OGRAPHI CAL SURVEY

Nane:

Brief description of current job:

Rank:

Years of service:
Active duty: years
Reserves: years

Mlitary education (check courses you' ve conpl et ed)
_ Basic course
_ Advanced course
CAS3
CGSC
_ Oher staff-related training. Please descri be:

Staff experience
Li st staff positions have you held at the battalion |evel or
hi gher

Nunmber of maj or exerci ses:

Nanes of conbat assignnents

Experience wth Defense in Sector scenario.

_ Wote or vetted it
Pl ayed the scenario
Adm ni stered or taught the scenario to other officers
O her (please explain):




APPENDI X J. TRAI NI NG MATERI ALS



APPENDI X K. PRACTI CE MATERI ALS FOR CONTRCLS



