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ABSTRACT

Operation Iraqi Freedom and Operation Enduring
Freedom have identified the need for instructioaad
training solutions that develop the skills of Batta and
Brigade Commanders in formulating situational
understanding in order to successfully lead opanatin a
counterinsurgency environment. In this paper weiiles
the UrbanSim Learning Package, a game-based
instructional software suite for Commanders andr the
staffs for directing and coordinating full-spectrum
operations where the stability component is predamt.

We describe a formal instructional design apprdactne
development of this instructional software, whicmsists

of a component that introduces key concepts in
counterinsurgency operations and a component that
allows students to develop their skills in a sineda
counterinsurgency environment. We describe how
intelligent automated tutoring is used to providenfative
feedback to students in the practice environment a
discuss our approach to student performance assassm

1. INTRODUCTION

In the bookFiasco, Thomas Ricks points out that
many of the tactics initially employed by U.S.
commanders in 2003 “led away from the strategid gba
winning the political support of the Iraqgi peopl@Ricks,
2006). Conventional tactics achieved overwhelming
successes in the initial stages of operations ag.Ir
However, it quickly became apparent that the
technological advantages of the U.S. forces were
countered by the unconventional tactics of an igsuocy.
The U.S. forces were going to need to “relearn the
principles of counterinsurgency (COIN) while conting
operations against adaptive insurgent enemies.”-8M
24, 2006). This need led to the development of the
Counterinsurgency Field Manual, FM 3-24/MCWP 3-
33.5 to better understand insurgent operationstactits

to counter these operations through a combinatibn o
offensive, defensive, and stability means. Addibn
significant updates were made to the Operationdd Fie
Manual (FM 3-0), which now dedicates an entire iport

to a discussion of the tactics, techniques, andqutores
for planning, preparing, and conducting full-spaenir
operations (FM 3-0, 2008).

Today's Army leaders face extremely stressful and
demanding missions that are, in many cases, naredv
by standard tactics and doctrine. These operatishigh
combine both lethal and non-lethal aspects of weayfare
referred to by Dr. David Kilcullen as “armed social
work,” in which U.S. and Host Nation forces attentpt
“redress basic social and political problems wiitng
shot at” (Kilcullen, 2006). The training challenge to
develop adaptable leaders who function effectivigly
complex environments and succeed in novel situgtion
unlike any they may have experienced in the past
(ATDLP, 2003; Wong, 2004).

In this paper, we describe the UrbanSim Learning
Package, a game-based instructional software $oite
battalion and brigade commanders and their staffs f
directing and coordinating full-spectrum operatiovith a
“stability-focused” component. UrbanSim’'s focus is
predominantly, but not exclusively, on non-lethal
operations in support of the local citizenry and
government that take place after primary offensivel
defensive efforts have concluded. We discuss the
instructional approach, the design and developrogtiie
student experience, mechanisms for measuring
performance, the role of intelligent tutoring and
assessment, and our lessons learned throughout the
instructional design lifecycle. Although the insttional
and system designs employed for UrbanSim target the
battalion and brigade command level, there are
generalities within the approach that make it &litdor a
variety of stability-focused domains, including
interagency and joint operations, higher echelon



command (Corps and Division), and even non-military
operations  (non-government  organizations, State
Department).

2. INSTRUCTIONAL DESIGN

The UrbanSim Learning Package has adopted a
formal instructional design approach to guide the
development of the underlying experience. This gtesi
approach has proven successful in the developnighto
ELECT BILAT training system (Hill et al., 2006), a
precursor to UrbanSim that focuses bilateral negjotis
with cultural awareness. Building on the lessorsred
from ELECT BILAT and applying the principles of
Guided Experiential Learning (Clark, 2004), a sét o
processes were employed that would determine hew th
UrbanSim instructional software would be developed,
tested, deployed, and used in a classroom seffihi.
section describes the seven steps of this proicessding
lessons learned, as they relate to UrbanSim.

2.1 Step 1: Identify the training context

The first step in the design approach is to idgraiid
understand the context in which the instructiomdiveare
will be used. For UrbanSim, the target training iande
is students in the Tactical Commander Development
Program at the School for Command Preparation, Ft.
Leavenworth. Instructors highlighted the need toegi
future battalion and brigade commanders attendimg t
course the opportunity to practice directing COIN
operations. While sufficient curricula materialgealdy
existed for traditional symmetric, force-on-forceyls
operations (i.e., offense, defense), there wagpargéess
traditional stability-focused operations. As a tgstiwas
determined that UrbanSim would target this area and
include the capacity to provide practice in diregti
operations in these kinds of missions. The goattifled
for the UrbanSim instructional package was to mevi
future battalion and brigade Commanders with an
interactive experience, allowing them to practicdl-f
spectrum operations where stability is predominant.

After identifying the training domain, the integoat
of UrbanSim into the current program of instructiwas
considered. This involved determining how much time
could be devoted to the topic (both in class, asd a
assigned work out of class) and how to realignctimeent
program of instruction so as to open up this time.

Next, an initial set of learning objectives was
identified for the educational package. A learning
objective is a “statement of what students willdide to
do when they have completed the instruction” and is
articulated as quantifiable, measurable verbsdigaify a
demonstrable learning outcome (Arreola, 1998).
Formulation of the initial learning objectives réad

several discussion sessions with instructors armjest
matter experts. These learning objectives focusetaw

to develop situational understanding, develop and
describe the Commander’s visualization, think dyrin
decision-making and directing actions, and selesss
progress in stability-focused environments.

2.2 Step 2: Conduct a Cognitive Task Analysis

Upon formulation of the initial set of learning
objectives, a Cognitive Task Analysis (CTA) was
conducted. A CTA is a process that employs specific
interview and observation strategies to extrach bibe
explicit and implicit knowledge that experts use to
perform a certain task (Schraagen et al., 2000%. takk
associated with commanding a battalion is defined a
complex because it requires the use and coordmatio
both controlled (conscious) and automated (procdylur
knowledge that extends over a long period of tilian(
Merrienboer et al., 2002). The results from a CTA
describe the detailed skills required wuccessfully
complete the complex task. The intent is to orgasind
give meaning to observable behavior through the
“unpacking’ of knowledge. For UrbanSim, CTA
interviews were conducted with experts that inctude
battalion Commanders who recently returned from the
Iragi theatre. Through these interviews, the goafs
UrbanSim were further refined to include gainingdan
maintaining the support of the local populationhivitan
area of operations to achieve a safe environmenired
and governed by the Host Nation. The CTA also midti
measures are used to gauge success, including Msasu
Of Effectiveness (MOE) and Measures Of Performance
(MOP). The sequence of procedures used to accdmplis
this task were to 1) conduct mission analysis, @)duct
deliberate reconnaissance, 3) review and approve
targeting-synchronization matrix, and 4) assesgness
toward achieving overarching outcomes.

These high-level procedures laid the framework for
the package’s final set of terminal learning ohjext and
provided the pedagogical foundation for the dethile
instructional design in Step 4 below. The final sét
terminal learning objectives were as follows:

1. The Population is the Center of Gravityie student
should understand how to create a safe, secure, and
prosperous population that is the cornerstone lfe se
sustainment and a functioning Host Nation
government.

2. Conducting mission analysisthe student should

employ higher headquarters products and running

staff estimates to formulate and continuously updat

a complete situational understanding and

visualization of the battlefield.

Conduct mission planning:the student should

develop the set of products that allows them to

w



articulate a desired end state and courses ofreftiio

a COIN operation.

Directing action student’s use staff, subordinate, and

higher headquarters updates to direct action in a

COIN environment to a) continuously update and

refine the student’'s situational understanding, b)

advance towards achieving their desired end state,

and c) anticipate 2nd and 3rd order effects.

5. Assessing performancehe student should employ
lines of effort (LoEs), MOEs, and MOPs to self-
assess mission progress in a COIN operation.

2.3 Step 3: Formulate the initial instructional degyn

In this design approach, the task objective, prooes)
and specific tasks identified by the CTA (alonghwihe
terminal learning objectives) are used to develop a
instructional design that operates within the latidns of
the training context (see step 1). For UrbanSines¢h
considerations led us to an instructional desigat th
consisted of two separate, but intertwined, comptse
Primer and Practice Environment Though the CTA
identified specific tasks that a Commander coulg t
be successful in a COIN operation, it was foundtaps 1
and 2 that students entering the Tactical Commander
Development Program at the School for Command
Preparation required additional practice to regtie
working and conceptual knowledge necessary to égecu
these tasks successfully. Therefore, a Primer was
introduced to provide a student with the core cphea
and associated task knowledge that would allow tkem
be successful in the game-based Practice Environmen
described further in section 3.

2.4 Step 4: Performance measurement

For an instructional application such as this, the
primary reason to measure performance is to gatatr
that can be used to give the student feedback@asteér
their future thinking in the right direction. Theage two
kinds of performance measures that can be usebisn t
manner: outcome measures andprocess measures.
Outcome measures are derived directly from thes siét
the world. One type of outcome measure is factual
information about the environment. For example, how
many IEDs were detected this week compared to last
week? The other type includes attitude measures fhe
local simulated populace. The intelligent agents in
UrbanSim Practice Environment have beliefs and goal
therefore we can “poll” the simulated populatioragsess
their attitudes (e.g., Do you support attacks om liost
nation military?). Because the ultimate goal of ©OI
operations is to gain the population’s supporttfa host
nation government, and this is one of the main tgoive
want our students to appreciate, it is importanbecable
to track the course of such measures, and use them
provide feedback to students.

Process measures are concerned less with theostate
the world, and more with the way in which studentzke
decisions. The training goal is to shape studeankitg to
follow the themes (or terminal learning objectivés)ing
out of the CTA (section 2.2). In a computer-based
learning environment, however, we are limited te th
interactions between the student and the userféaceer It
is therefore important to design the user interfecdhat
observable user interactions support inferencesutabo
underlying cognitive processes. For example, ifualent
never takes an action to advance a particular litoégn
be inferred that advancement of this LoE does igniré
prominently in their decision-making. To infer attien
to the different LoEs, then, the interface (and gam
mechanics) should support which LoEs the student is
primarily trying to advance with each action tak&here
are several challenges involved in designing thgpes
of measures into the training system. First andrfarst is
determining inference rules by which cognitive msses
(or lack of them) can be inferred from patternsyétem
interactions. Another challenge is designing those
measurement opportunities into the system withbeint
becoming so intrusive as to undermine the flow haf t
simulated mission. The most important outcome measu
used in UrbanSim is how much time the student spamd
each of the various user interface displays. Thisiev is
tracked during the course of a scenario to determin
whether emphasis is placed to heavily on a padidype
of view (such as the map), while disregarding ttieen
views critical to the mission (network display, LHOE
MOEs, running staff estimates, etc).

2.5 Step 5: Identify technologies and develop a
prototype

Once the instructional design has been created and
performance criteria identified, a brief but thogbu
review of appropriate technologies should be cotatlic
to identify candidates that best meet the pedagbgic
needs of the classroom. Performing this step before
instructional design has been created poses signffi
risks because the design ends up being constrainéue
limitations (or features) of the technology. Immegdly
after identification of candidate technologies,ratptype
should be rapidly developed and delivered to the
instructors to highlight the features of the instional
design. Rapid prototypes can also assist with nmagag
expectations by providing the customer with a prevof
the courseware and its functionality. With assistafiom
the University of Southern California’s Game Inntiwa
Lab, a Microsoft Excel-based application was credbeat
allowed a player to direct action with subordinafgts in
a COIN operation and see effects on the world sEatem
here, a primitive virtual representation of thiscEkbased
program was created with an off-the-shelf 2D game
engine. Although this early prototype differed
significantly from the final version of the gamesed



Practice Environment, it did provide instructorsttwa
concrete idea of the intended learning experiehcalso
supplied the instructional design team with ingonf the
classroom regarding modifications to the mechanitd
interactions with the software.

2.6 Step 6: Production

After the prototype has been demonstrated and input
received from the classroom, the instructional glesi
formulated in Step 4 is adjusted and finalized.dRadion
then commences with development of the underlying

3.1 The UrbanSim Primer

The UrbanSim Primer introduces the core concept and
task knowledge required for a future battalion cander
to successfully command in a COIN environmentaket
the form of an interactive tutorial that guides tadent
through the required conceptual knowledge
associated tasks for conducting a COIN operatiaing
approximately one to two hours to complete out edf t
classroom, the Primer prepares the student for vimeyn
enter the complex Practice Environment. It is brokeo
eight lessons, each of which contain a narrativierview

and

courseware, always keeping the classroom abreast of segments from former Commanders, and an actual

progress and adjustments to the instructional dedibis
communication proves invaluable as the classrocablis

to inform the design team of potential changeshia t
curriculum, which may or may not require shiftstire
design. Upon development completion, various foohs
testing takes place, ideally within the classroohemthe
courseware is in a stable state. Finally, initiepldyment

to the classroom occurs after testing and quatispueance

is complete. The first versions of the two UrbanSim
instructional components (Primer and Practice
Environment) were produced at the USC Institute for
Creative Technologies along with industry partnens
are described in section 3.

2.7 Step 7: Courseware assessment

After initial deployment, user testing and assesgme
is conducted that will provide suggestions for the
refinement of the user’s experience which may, aym
not, include refinement of the instructional desighis is
a critical step in the courseware lifecycle procassit
ensures the courseware does not become staleimeer t
or as the course makes changes to its curriculiraugh
this refinement cannot occur in perpetuity, itrngortant
to keep the channels of communication with the
classroom open long after the courseware is delder
Strategies for assessment of the UrbanSim Primdr an
Practice Environment are discussed in section 5.

3. URBANSIM SYSTEM DESIGN

As discussed, UrbanSim consists of two separate, bu
intertwined, components. The Primer introduces the
student to the core principles and associated t&mks
conducting stability-focused operations using intéve
video clips, stories, part-task practice sessioasd
reading materials. The Practice Environment alldies
student to conduct such an entire operation, framrpng
through assessment. Employing the principles from
Guided Experiential Learning, these two components
provide the student with the core concepts and task
knowledge necessary to command units within the
contemporary operating environment.

interaction with the Practice Environment softwae a
means of demonstrating the task to the student.eidte
lessons in the UrbanSim Primer are:

1. Population is the center of gravityhow a
Commander can provide for the population’s
protection, welfare, and support

2. Higher headquarters’ productsproducts provided
from above that guide the planning of the operation
i.e. Operations Order, Commander's Critical
Information Requirements (CCIRs), and LoEs

3. Intelligence gathering and analysisunning staff
estimates that allow a student to conduct Intatioge
Preparation of the Battlefield, including Political

Military, Economic, Social, Information,
Infrastructure  (PMESII) and Sewer, Water,
Electricity, Academics, Trash, Transportation,

Medical, Fuel (SWEAT-MF) analyses

4. Navigating human terrainadditional staff estimates
that includes human intelligence and social netaork

5. Student productsstudent-created products. In the
case of battalion commanders: Commander’s Intent,
LoEs, CCIRs, MOEs, and a running sync matrix

6. Anticipating 2nd and 3rd order effecthow to use
the products above to learn how to anticipate
intended and unintended effects in a COIN fight

7. Execution how to employ the appropriate strategy to
in a COIN fight (clear-hold-build, active versus
reactive, combined action, limited support)

8. Assessmenhow to measure success in an ill-defined
domain such as COIN. Using quantitative and
gualitative metrics to interpret LoE advancement

One of the unique features of the UrbanSim Prirser i
its arrangement around the Guided Experiential hiegr
model of lesson structure (Clark, 2004). For eadsdn
in the UrbanSim Primer, the student is walked tgtoa
series of lesson parts that are derived from the
pedagogical lesson format of this model:

First, the student is presented with the lesson’s
learning objective, describing what the student i
able to accomplish in a COIN operation after cortipte
the lesson that they were unable to accomplishredfe



lesson. For example, the student will learn howeweelop
battalion commander products, such as the Commander
Intent, CCIRs, LoEs, and MOEs for a stability-foeds
mission. Second, the student is presented witlreahson
why achieving the learning objective will enablee th
Commander’s success in a COIN operation. For exampl
correctly employing LoEs will assist the Commander
formulating a complete situational understandingthed
battlefield.

Third, the student is presented with an overviesina
visual models and a brief description, of the lesso
placement in the overall Primer, as well as lessarts
that comprise it.

Fourth, the student is presented with the concepts,
processes, and principles that are the prerequisite
knowledge for learning the specific procedure oetli in
the lesson. For example, a CCIR would be described
along with how it is used in a COIN setting.

Fifth, the specific task or capability that a Cornmuer

3.2 The UrbanSim Practice Environment

The UrbanSim Practice Environment is a game-based
social simulation that allows a student to plargpare,
and execute a COIN operation. Similar to a turredas
strategy game (such as Civilization or Age of E@gjr
the student directs subordinate units to take adtina
virtual environment, and attempts to successfully
complete a COIN operation using the products/siiase
learned in the Primer.

The layout of the Practice Environment is derived
from an amalgamation of several sources includiig C
results, discussions with subject matter expertsS. U
Army doctrine, and experiences directly from theatf
which the latter proved to be particularly useflihough
the CTA identifies specific tasks that the studemist
execute  (conduct mission analysis, deliberate
reconnaissance, etc), it does not always achieee th
precision necessary for implementation in the pcact
environment. Experiences from theatre provided nafny
underspecified pieces, such as the use of PMESII an

must possess is demonstrated or articulated through SWEAT diagrams as a means of analyzing the area of

interviews, visual cues, and interactions with Bractice
Environment software. As an example from the UrlianS
Primer, a student is presented with a snippet faom
interview with a former battalion commander of how
MOEs allowed him to gauge success in his area of
operation. The actual procedure for authoring anEM©O

the Practice Environment is then demonstrated.

Sixth, the student is then directed to the Practice
Environment software where they practice the praoed
themselves. The environment in which the practdes
place begins with easier scenarios, and increasingl
becomes difficult as the student completes various
lessons. The increase in complexity is cumulativith
the more difficult exercises building upon
knowledge/results from the simpler exercises.
Additionally, guidance from the Primer weans as the
student progresses through each part of the legsom.
example, after the player has authored a Commander’
Intent in one lesson part, they will then use that
Commander’s Intent to identify their CCIRs in a
subsequent lesson part. Areas of and interactiatinstiae
Practice Environment are unlocked as they progress
through the Primer lessons as not to overwhelm the
student with the complexity of the software.

Seventh, the student's performance in these
increasingly difficult exercises is evaluated tdedmine
if a) what they did was correct, and b) how theysmu
adjust their approach so the learning goals are
accomplished. In the UrbanSim Primer, an automated
tutor provides feedback on the actions undertakethé
player, and shows how a different set of actiony heve
led to a more desirable outcome.

operation. The specific learning objectives targdte the
Practice Environment include how to successfullgnpl
for, prepare for, and execute a COIN operationyels as
self-assessing performance in this complex domam.
meet these learning objectives, the Practice Enmient
is divided into a series of different stages tinat student
navigates through.

Read Ahead:Before entering the actual Practice
Environment application, the student is providedhva
set of read-ahead material that is used to farziéathem
with the area of operations. This material takes fthrm
of hard copy documentation, and is intended to mitiné
“left seat, right seat” exercise that Commanders
participate in when first deployed to theatre whére
departing Commander provides the incoming Commander
with a full overview and assessment of the area of
operations. Area maps, historical information, dass
target folders, and preliminary staff estimatessae of
the products provided to the student up to a wexf&rb
playing through an UrbanSim scenario as a means of
immersing themselves in the physical and cultural
landscape that the virtual environment will simelathe
premise behind providing this material ahead o&tisto
prevent wasting valuable classroom time havingudesit
become familiar with a complex area of operation.

Mission Overview After preparing with the read-
ahead material up to a week in advance, the stugdats
the classroom and launches the Practice Environment
application. The scenario is loaded and the student
provided with the products produced by higher
headquarters that outline the overall mission agiat
and goals. This includes the higher headquarters



Operations Order, Commander’s Intent, CCIRs, and
LoEs. Each of these products provides a founddton
the student to develop their situational understanef

the battlefield, which is then supplemented witte th
products in Mission Analysis.

Mission AnalysisAfter familiarizing themselves with
the higher headerquarters products, students tdaw
the information provided by their immediate staff.
Identified as running staff estimates, these prtxace
often produced by Intelligence (S-2) and Operati@8)
Officers to help the Commander formulate his
visualization of the area of operation. For UrbanSi
these products are provided to assist the studardlap
their visualization of the entire spectrum of théssion
(offense, defense, stability), with an emphasis tha
stability component. These products include PMES
SWEAT analyses, target folders for key individuatsd
groups in the area of operation, and assorted mktwo
overlays. The network overlays were initially dewd as
a single social network that illustrated the relaships
that exist between various simulation entities and
coalition forces, but it was determined after d&sgans
with subject matter experts that several other agtw
types were useful to Commanders in theatre. Assaltre
additional networks were added (military, politicaind
economic) that represent relationships not justveen
individuals, but also between groups/organizaticarsj
even structures. All of the information that corsps
these products are dynamic, and subject to up@atéise
student plays through an UrbanSim scenario (e.g.,
PMESII-PT and SWEAT analysis values that are uptate
as conditions in the area of operation change twe).

Mission Plan After formulating their understanding
and visualization of the scenario area, the studeen
describes their understanding through the developwie
assorted Commander products, which will be used to
inform the course of action they plan to take. This
includes the traditional Commander’s Intent and RI
but also includes LoEs and MOEs, which are increggi
being employed by Commander’s to rapidly updatér the
situational understanding as the operation is drecu
One of the central mechanisms for student assessmen
through LoE monitoring, therefore it was requirbdttwe
develop an approach that allowed LOE values to be
computationally determined. To accomplish this, reve
action taken by both the player and all Non-Player
Characters (NPCs) in a scenario has a set of vabalig
effects that in turn affect a set of LoEs (Civilc8aty,
Governance, Economic Development, Information
Operations, Infrastructure, and Essential Services)
Conflicting effects as a result of student/agetipas are
resolved through a simple additive model. In this$ibn
Plan phase, the student identifies relevant LoEstHe
particular mission, and during runtime these LoHies
are dynamically updated to assist the student stelsd

their progress towards achieving the desired eatg.stn
sum, LoEs both provide an overall summary of the
student’s progress in a mission (through the Lokies)
and play a key role in supporting decision-makitige (
intelligent tutor's use of LoE’s is discussed ire thext
section).

Directing  Action  After  developing their
Commander’s products, the student then entersithetd
phase, which is analogous to a turn-based strajagie.
The student directs subordinate units to take actiokey
individuals, groups, and structures in the scenarian
attempt to reach their desired end state as aatemxlilin
the Commander’s Intent. Each turn cycle represents
day in simulation time, though actions can taketipial
turns (i.e., days), and can be interrupted if cbos in
the world do not allow the action to complete (e.g.
money runs out to construct a school). The sceraris
when one of three conditions becomes true: 1) the
specified mission duration ends (i.e., run outushs), 2)
the student (or instructor) terminates the session
prematurely, or 3) the performance of the student
diminishes significantly over a period of time aseault
of increased violence and decreased populationastipp
for the host nation.

The underlying agent system controlling the actiohs
NPCs is PsychSim, which directs action based on
decision-theoretic reasoning and allows for the
transparent inspection of declarative models of BIPC
goals and beliefs (Pynadath & Maresella, 2005).
Additionally, the agent models can be invertedeaeayate
explanations and causal chains to reason about why
agents performed the actions they did. This featsre
critical to providing intelligent guidance for tretudent,
which is described in Section 4. Furthermore, thensés
are capable of reasoning about the responses that o
agents will have to their actions, which signifitdgn
increases the complexity of the state space bui als
affords a level of reasoning not seen with many
simulation systems today.

Mission Debrief The final phase of the Practice
Environment is the Mission Debrief, which summasize
and analyzes the student’s progress in the scentie
includes bar charts and graphs illustrating thelestitis
progress as it relates to LoEs and MOEs over tiase,
well as the amount of time they spent in each @& th
various  displays (spatial, network, planning,
performance). This last assessment metric is iend
inform the student that they should not be focughmjr
attention on just one or two displays, but rathieidéhg
their time equally across all as a means of devedpp
complete situational understanding of the area of
operation. The primary metric used to inform the
student’'s success in a scenario is the value of the
population’s support for the Host Nation government



This is represented as a Population Support Matet,is
available to the student throughout the scenarid, i®
also used as an
completion of a scenario. This value is updatedlaimto
the way the LoE values are updated: every ageiién
scenario has a “support for Host Nation” state uest
which increases or decreases depending upon tlwsct
taken to affect it.

4. INTELLIGENT TUTORING

The UrbanSim practice environment presents a huge
problem space, with many solution paths of varying
degrees of quality. This complexity is a strengthhat it
attempts to provide a realistic practice environtmen
through modeling of human behavior, but also pressen
challenges in terms of learning. Specifically, Ergpen
learning environments that rely on discovery leagntan
be problematic for early-stage learners (Kirscheteal.,
2006). The need for guidance is a reoccurring and
established principle of instructional design (Mgrr
2002) and is delivered in two key forms: througke th
Primer (discussed in section 3) and by an inteflige
tutoring system (ITS) that provides feedback in the
practice environment.

Expert human tutors and the best ITSs deliver
formativefeedback — that is, “information communicated
to the learner that is intended to modify his or he
thinking or behavior to improve learning” (Shut€03).
Explicit feedback can be used for a variety of oeas
such as to verify the correctness of an action laéxp
correct answers, remediate misconceptions, reveal g
structure, and more. Feedback can be delivered
immediately after an action, or after some deldye Best
choices for feedback content and timing depend anym
things, including task domain, nature of the shiding
learned, the aptitude of the learner, whether gaanler
has a performance orientation, and more (Shute8)200
The UrbanSim ITS is designed to support both imuatedi
and delayed feedback.

As discussed, one of the goals of UrbanSim isdolte
about the broader and unintended effects of actiaken
in stability-focused operations (fourth learningesttive:
directing action to anticipate 2nd and 3rd orddea§).
Understanding the role of NPCs in the PsychSim risode
is part of this. Each NPC agent acts to achievegatas
and makes decisions based on the state of the .world
Although the student cannot directly order non-U.S.
NPCs to take (or not take) certain actions, shheocan
certainly affect the world state. A key goal foetil'S is
to help the learner understand this idea, and ke ta
actions that 1) limit the ability of NPCs to takarimful
actions, and 2) enable NPCs to take helpful actibms
other words,the learner should be thinking about how
their actions influence the actions of othefsthe ITS

frames its feedback in this light and attemptseteeal the
reasoning behind NPC's actions: why they made the

important assessment tool at the decisions they made, what consequences (seen eenjns

were most relevant, and under what circumstances
different decisions would have been made.

To support learning of unintended consequences, we
have implemented amanticipate-wait-relate tutoring
strategy. That is, after the learner has proposedction
and the ITS has decided to apply the strategyethteps
are taken: (1) Elicit the anticipated effects cdtthction.
That is, ask the learner to assess that choicadiyating,
via drop down menus, how she or he expects thairact
to affect the world state or relevant LoEs. (2)eifthis
input, allow the game to proceed for some number of
turns (which is only 1 at the time of this writinQut
longer delays are possible). (3) Finally, the ITi8sents
the learner with thactualresults for comparison.

The system is able to provide feedback before ter af
the initial action proposal, or later (step 3),raownith the
comparison between anticipated and actual outcoOws.
focus thus far has been on this delayed form adlfaek.
Application of this strategy requires answers tdeatst
two questions. First, what is used to trigger ttrategy?

In other words, when should the learner be prompbed
anticipate the effects of an action? Second, hosulsh
the ITS support reflection on the results of the
comparison? Of course, the learner could easilgdked

to anticipate outcomes to every action, but thisuldo
quickly become a distraction. Also, learning could
potentially occur by simply allowing the learneringpect
the predicted versus actual outcomes and learn tihem.
This also is unappealing, especially given the rich
PsychSim models that drive NPC behavior. In fact; o
approach leverages these models and the reasoning
capabilities of PsychSim.

Our initial approach to answering the question of
when to ask the learner to anticipate is to us&-kitead.
If an LoE is about to decrease from a user actiom TS
will ask the learner to anticipate either the effen the
LoE or world state features that contribute to thE
calculation. We currently focus on potentially dayima
actions the learner can take. Regarding feedbaglkave
implemented an approach basedoawsal chainf the
reasoning behind the NPCs. These causal chainslreve
the state changes that occur based on learnernsctio
allowing the learner to see the connections betwhein
actions, the world state, and the ensuing NPC r&tio
Additionally, the ITS also queries PsychSim to mdve
what conditions would have led to different NPCi@ts.
For example, an NPC's ability to have taken one bad
action may have been impossible had the learnemtak
different action at that turn. The ITS's aim hegetd
support the learner’s reflection in imagining witaher
actions could have produced such world states.



5. ASSESSMENT

Assessing student performance in this instructional
package occurs through several forms. First, stsden
judge their own progress during missions by stuglyin
MOEs and MOPs and relating them to identified LoEs.
Second, population modeling provides the lowerdleve
information necessary for automatically measurihg t
student's performance within a scenario. Thirceliigient
assessment of learning is supported by trackindesiu
recognition of important events, including the eiptation
of 2nd and 3rd order effects that the ITS supports.

In future work, we intend to determine empiricathe
relation between patterns of decision-making and
outcome measures (were the LOEs advanced or nbt?).
particular patterns lead consistently to positiuécomes,
whereas others lead to negative outcomes, and evebde
to automatically monitor each student's pattern weuld
provide a basis on which to provide each student
customized feedback intended to shift their pattdoser
to one leading to positive outcomes. In his bookitmf
Failure, Dorner (1996) summarized research on yolic
making in the context of complex socio-economic
simulations. He categorized his participants' 'ithiut-
load" protocols as reflecting different types ofyndive
processing. He found that the relative proportibrirae
spent using the different processes followed aerhfiit
pattern in "good" participants as opposed to “"bad"
participants, where good and bad related to the
participants' ability to make the simulated societgsper
as opposed to collapse. Analogously, we intendtiect
think-out-load protocols from Soldiers interactimgth
Urbansim, identify from these the different cogreti
processes engaged (e.g., information seeking dsidec
making), and examine how the relative time spergach
process changes over the course of working theasicen
If there is a link between certain patterns andtp@esvs.
negative outcomes, we would then need to deterirome
to refine the user-interface so as to capture thatterns.
Additional think-out-loud protocols would then be
required to verify the relation between the acthaught
pattern and the pattern inferred from user-intéoaatata.

Analysis of think-out-load protocols has an additib
benefit by providing a means of validating the rinag
system itself. Players who demonstrate patterns of
thinking proscribed by the learning objectives duighbe
successful in moving the world state toward a @esend
state. If not, then the instructional and systersigies
must be refined as discussed in section 2.8.
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