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ABSTRACT

U.S. warfighters are being asked to work in everemcomplex operations and environments, where
everyone from the general officer to the “strategpeporal” must engage in critical reasoning arehtive
thinking. Advanced military professional schoolteofaddress such skills, adopting a virtual appresiiip

or mentorship approach: students analyze past casdswork through problems while an expert
practitioner probes their thinking and models gpoalctice. As more of our military requires sucHhlskit

is desirable to make this labor-intensive form ddi@ation readily available to a broader militargi@mce.

The emerging technology of Intelligent Tutoring ®yss (ITS) has successfully provided computer-based
training with automated individualized assessmemd @nstruction across a range of procedural and
reasoning tasks. Scenario-based techniques cantjadily allow ITS construction even when computed
expert performance models cannot be built. Howeteemains difficult to simulate interaction wighcast

of simulated characters, or to duplicate the Sarpmbbing of an experienced instructor.

We describe an approach to construction of scefmsed ITSs that (1) supports a range of intemactio
styles, including simulated discussion with scamatiaracters and an automated Tutor, encompassihg b
student-initiative and agent-initiative dialogs) { supported by an authoring style that lowensgoenario
costs by encouraging behavior reuse and relyingrorxtensible rule language mapped from templates
expressed as conventional spreadsheet data, addl§&rs its sophisticated interactive simulativer the
web using standard browsers without plugins.

An initial application to Chemical, Biological, aRiadiological medical training was evaluated byaag

of 17 practicing emergency room physicians who @tbthrough a scenario and rated 11 key aspeckeof t
system on their expected instructional effectiveneatings averaged 3.9 on a scale from 1-5. F&ise
technology has been used to prototype trainingnfi@ragency collaboration in stability and reconstion
operations.
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PROBLEM training as is devoted to command of tactical units
Performance on these tasks, too, benefits from
U.S. warfighters are being asked to work in everano extensive experience, expert coaching, and insight-
complex operations and environments, where everyongroducing after-action reviews; practitioners mlestn
from the general officer to the “strategic corpbralst to see the factors that should affect their densiand
engage in critical reasoning and creative thinking. prepare for likely follow-on consequences, inclgdin
Advanced military professional schools often addlres the potential action of adversarial forces.
such skills, adopting a virtual apprenticeship or
mentorship approach: students analyze past cases arnt is also largely recognized that simulations, by
work through problems while an expert practitioner themselves, are not particularly useful as traininds
probes their thinking and models good practice. Asthe coupling of simulators, with appropriately ¢ealf
more of our military requires such skills, it issif@ble scenarios, and expert coaching and feedback that
to make this labor-intensive form of education ilyad provide the greatest benefit. However, the need fo
available to a broader military audience. expert supervision drives up the cost and limits th
availability of effective training. In response,uah
Within the U.S. military there is a tremendous adngo  work has been devoted to coupling individually
commitment to ensuring our forces are the bestdrhi  responsive automated instructional capabilitiesh wit
in the world. Training and training development & simulations. The goal is to continue to improve th
branches and all specialties is generally ongoing.cost/benefit equation by minimizing the need fomian
Training objectives span a range of complexity from observer/controllers in simulation-based training.
component skills, to operational skills, throughgHer- Intelligent Tutoring Systems (ITSs) are an emerging
level decision-making, and on to effective team technology that puts a simulated instructor in the
operations. Training mechanisms run the gamut fromcomputer box along with the simulated world (Ong &
self-study materials, to distance learning, livairses, = Ramachandran, 2000). The level of ambition and
individual and group simulations, and ultimatelyeli  proven capability for ITSs has also been increasing
exercises of varying scales. Computer-basedand research is pushing practical ITS tools from th
simulations have constituted a growing segmenhef t level of straightforward procedural tasks (e.g.,nu
training spectrum, as massive investment and& Pizzini, 1995) or closed-world formal reasoning
consequent technological advances have raisedasks (Anderson, et al, 1985) to more open-ended
capabilities and lowered costs. Simulations are no analysis and decision tasks such as tactical deeisi
widely used across the services to provide incakase making (Domeshek, Holman, & Ross, 2002).
opportunities for practice and training at decrdase
cost. Despite progress, building affordable and effective
ITSs for complex decision-making and team-
However, the investment in technology for simulatio coordination tasks remains a research problem
based training that has proven so useful in thebadm requiring unique combinations of specialized expert
branches has not always been extended to traditionaSuch an ITS, for instance calls for a careful andeh
support areas such as medical services, or to theombination of simulation components and training
recently emphasized non-kinetic Stability, Security scenario design. We cannot simply let a simulator
Transition and Reconstruction (SSTR) operations.free, as the simulated world could easily enteatest
Beyond DoD, the realm of Homeland Security has that are either not instructionally relevant, oriaththe
emerged as another set of areas where governmsht musystem is not prepared to critique and tutor. &there
develop effective training. Teamwork and decision- is no validated algorithmic approach to carrying the
making for these kinds of tasks requires just ashmu kinds of jobs we aim to teach, we cannot apply the
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common ITS approach of building a fully competent for contributing in different roles to a coordindte
expert system, and then using that system to streict response to such a situation.
an “overlay” model of student competence, able to
track good and bad performance on a wide range ofGiven the current state of technology, developing a
generated problems. Instead, we have to charaeteri web-hosted simulation-based ITS was among the most
islands where general principles drive team members promising approaches to this problem. From a
behaviors, and supplement those with scripts andcentrally administered server (or distributed famof
contextually-bound assessments designed to teackervers as needed), users can cheaply and easdlysac
specific points in specific scenarios. such training, wherever they may be and whenewsr th
have time. Likewise new insights regarding possibl
Problems with coverage actually exist on the sitta  threats or approved response doctrine can drive
side as well as the tutoring side. Often no single creation or modification of training scenarios, @uth
validated simulator can accurately generate allldvor updates can be deployed on the servers, becoming
states that might be relevant to a training audieinc  immediately available to the whole student communit
complex domains such as medical response, SSTR
operations, and Homeland Security. For instancehSm To ensure the widest accessibility of such traintheg
(2003) notes thatmany simulators already exist with components that run on the student’s client macfime
relevance to Homeland Security and Emergencyits web browser), should avoid making unnecessary
Medicine—all with different assumptions, foci, and assumptions about system capabilities. In pasgicul
limitations. We must be prepared to fall back on they should adhere to the most common (web)
scripted events to maintain focus on pedagogicallystandards, minimize demands on network bandwidth,
useful situations and assessable sequences afiectio  refrain from placing undue loads on client memory o
processing, and function well with standard
Finally, designing scenarios that exploit what fi®wn input/output capabilities. To enable effectiveirtiiag
about good pedagogy at this level, while building whenever an individual student has time, scenarios
efficient effective automated behaviors and ingtoung should be populated with simulated agents playimey t
remains a challenge. Moving from individual traigi  roles of other team members. Variants of scenados
to individualized training in the context of muitie be constructed to focus on the decisions and
teams brings further challenges, as well as oppiti¢s interactions appropriate to particular roles in derall
for scaling existing and planned technologies. medical response.

No matter the role, the focus on complex decision-
SOLUTION making in multi-character contexts dictates thatisht

interaction with the system be characterized imgdar
In this paper, we draw our primary examples fronmkwo part by extensive dialog—both with simulated
we have carried out on scenario-based convershtiondaeammates and with the embedded Tutor. When
ITSs for emergency medical decision-making in the decision-making is the focal task in a team
context of civilian hospital-based teams confragtin  environment, the interactions among team members ar
Chemical, Biological, and Radiological (CBR) mostly about information exchange, task coordimatio
contingencies. For the resulting Medical Emergencyand responsibility allocation—all requiring exteresi
Team Tutored Learning Environment (METTLE), key communication. When contextual judgment is thefoc
issues include (a) diagnosis of early cases pafgnti learning objective in a tutoring environment, the
leading to discovery of the existence or natureaof interactions between Student and Tutor most effelsti
CBR event, (b) treatment of individual casualtiésao  dwell on decision rationale—requiring the teasing o
CBR event, and (c) more systemic responses to thef factors through ongoing (often Socratic) dialog.
recognition of a CBR event directly affecting fugur
medical operations. We built a CBR medicine ITS—including runtime,

authoring tools, and distribution environment—to
We set out to develop training that can provideigcsd  satisfy the constraints above. We then abstraitted
professionals (military and civilian) with extensiv  key ideas and techniques that enable this syst@main
simulated practice and coaching on decision-makingmore general framework. We use the acronym SPIRIT
required to deal with medical emergencies (e.g.RCB to summarize the key components of the training
attacks). Our goal was to make this training widel simulation approach enabled by this framework:
easily, and cheaply available to the large numlidfer o Scenarios Principles Issues Roles Interactions and
professionals who might find themselves responsibleTools
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- Scenarios:Scenarios are constrained simulated where Student actions can elicit decision-making
experiences designed to raise particular issues and cues.
teach particular principles. The constraint on the

experience comes from the initial simulation - Tools: Supporting appropriate actions typically
conditions, from consequent (conditionally) involved offering Students an appropriate set of
scripted events, and from biases in the resporfses 0 tools. Our example user interface provides a
simulated agents. Within these limitations, an simulated Patient chart; various order forms, and a
underlying simulator may calculate the world’s visible Patient to support examinations. A
evolution, perturbed by Student actions. For combination of dialog (interactions), multimedia
instance, a scenario might be designed to presentations, and interactive visualizationsnis, i

emphasize (among other issues) the consequences  general, required.
of appropriate or inappropriate decontamination or

isolation regimens following a CBR attack. The same approach and machinery have also been used
to prototype a training scenario for SSTR operation
- Principles: Principles are the main points a In that prototype the Student plays the role ofeamioer
system is designed to teach. Principles may be  of a Provincial Reconstruction Team (PRT) in
generalizations, often at a level that might be Afghanistan. There the focus is on Student intevas
characterized as “control knowledge” for with simulated agents who represent members of the
application of a skill (e.g., in case of suspected host-nation, interagency, and international comiyuni

biological attack, once you have identified a likel In the sample scenario, the Student’s job is theyat

pathogen, be sure to check again for other possibleinformation to support the evaluation of a set of

agents that might have been combined with the onepossible courses of action regarding constructibn o

you have identified), or the principles may consist school facilities.

of more specific contextually bound knowledge

(e.g., when dealing with inhalation anthrax, expect

an incubation period of 1-7 days, but allow for the DESIGN

possibility of a period of up to 60 days).

In this section we attempt to give a sense for the

. Issues:Issues characterize key choice-points in ~ framework and its application—both from the Studtent

the decision-making required by a scenario. As  point of view, and from the perspective of the

such, they often serve as organizers of principles— underlying machinery.

the knowledge, skills, and control required to

reasonably address the issue. Example issues  The Student’s Experience

might include when to order a particular diagnostic

test, whether to place patient in isolation, or Figure 1 is a (partial) screen shot from our medica
whether to recommend propha|actic treatment simulation. It shows the half of the main screbat t
related to a suspected threat. focuses on interaction with simulated charactets.
this case, the Student has selected Riagient from
. Roles: Our approach is intended to train among the five character icons at the top of thmeest

individuals in tasks where they must act as past of A picture of the Patient and the Student’s mosemec
team. We assume the team is not homogeneous—Verbal exchange with that character take up mucheof
that is, different team members have differentgole UPPEr part of the screen (character utterancesaisan
and thus different responsibilities (different sy~ P€ delivered as recorded sound files). Options for
subject to resolution by different principles). interacting with the Patient appear in the lowert p&
Example roles include first-responder, front-line the screen. In particular, the left margin hastdd
care-giver, consulting specialist, long-term care- ~ buttons that pop up other windows supporting non-

giver, incident manager, resource planner, etc. verbal interaction, while the main area containgpe-
in box and a set of checkbox options offering passi

- Interactions: In our medical application domain, interpretations of what has been typed.

individuals cannot do their jobs without interagtin
with other characters. As noted, we developed
computer-simulated agents to play Patients and
team members, for convenience, flexibility, and
focus. Those agents must support interactions
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Figure 1. Character Interaction.

Figure 2 shows the other half of the main scredmgchv
supports interaction with the simulated Tutor. The
sequence of “Hint?” “What?” “How?” and “Why?”
buttons are available as appropriate to let theestu
request guidance from the Tutor. The Tutor cap als

Figure 3 shows the Tutor leading the Student thncag
piece of a Socratic dialog aimed at exploring their
evolving diagnosis. Often in such dialogs, as hére

fact that the Tutor is asking the questions meaas t
Student responses come from a known class which can
be enumerated (generally based on an underlying
conceptual representation of the domain).

E——— i

Quit

Reference |

History | Help

Tutor: Yeah. | would agree that you're
still missing some key
information.

Let's talk about your current

differential.

Tutor: What conditions are you
currently considering as
candidates to account for this
patient's comnlaint? z

4] 3
Choose intended meanings, then click 'Say’ =

o~

Tutor:

i)

Hint?

[v.Biological Agent s
What? %‘ Bacterial Agent ;
I~ Anthrax
How? I~ Brucellosis
I~ Cholera
_ Why? | I Ecoli

Figure 3. Tutor Dialog.

The screens above show several different modes of
simulated conversation: Student initiative and Tuto

offer advice or feedback without being asked by the nitiative, text-based and multiple-choice. Thesteyn

Student, based on actions the Student takes erttail
take (and the evolving scenario context).

Quit

History Reference Help

You:
Tutor:

Please give me a hint.

Imagery studies can help you
see what is causing the patient's
shortness of breath.

o~

—

——
; e
Hint? -

What?
How?
Why?

Figure 2. Tutor Hinting.
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also supports other kinds of interaction. Figure 4
shows a use of interactive graphics to simulatectsp

of a physical examination. Hot regions on the-tefhd
full-Patient images can be clicked, which produce
close-up images on the right, as well as summarized
findings for the selected region at the bottom.

©http://localhost - METTLE Patient Examination Window - Mozilla Firefos

Eyes clear

etpificahostiservlets;3*12138319923]mettle ssnid=eyes.

Figure 4. Physical Examination.
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Figure 5 shows an example of one of the systendsror conditions, key learning objectives, cast of chimes

forms. This form allows for ordering a certainsdeaof scene structure, important states, and major aspéct

tests. There are a variety of test order formg] an scenario flow.

likewise forms for ordering various kinds of treaimh

(e.g., administration of antibiotics), as well athey The ITS framework described here adoptsheater

forms for common hospital actions (e.g., Patient metaphor when structuring agent behaviors. Each

management and emergency room management). character is assigned ascript, composed oflines
which specify behaviors they should exhibit. Siece
simulation is interactive, the lines are not simply
executed in sequence from beginning to end. Rather
each line is specified with aue that tells the agent
when to carry out thaction specified in the line. Cues
typically test for things the Student has said onel
Scenarios scripts may also be divided stenes

To facilitate behavior authoring, agent scripts nhey
assembled by merging pieces that are general to the
character, pieces that are appropriate to the eentir
scenario, and pieces that only apply during a @aer
scene. If there is an important class of charditely
Figure 5. Test Order Form. to recur across a set of scenarios, it may maksesen
define (parts of) commonly recurring behaviors in a

Figure 6 shows a piece of the simulated Patientcina ~ reusable way. In our medical system we treat the

this case reporting the results of one of the testered ~ Patient in this way, and pre-define the cue cooui
in Figure 5. for roughly 550 conventional behaviors—things like

recognizing when the Student has asked any of about
300 diagnostic interview questions, carried outgts/
examination actions, or ordered any of a battery of
tests.

In our anthrax scenario the only Patient behavioas
were created totally de-novo were those dealindy wit
guestions about the specific acquaintances who were
also sick, and those dealing with scenario flowtan
(e.g., moving among scenes); in all, it came touad6
totally novel behaviors. This is in contrast tce th
roughly 550 conventional behaviors built on Patient
defaults. Authoring the customized responses & th
default questions requires some mild creative mgiti
combined with a solid medical understanding of t@ow
Patient with the target condition would likely resyl.
For any target condition, the vast majority of the
guestions are either irrelevant or present oppii#sn
to introduce pedagogically useful distractions. ok&
example, in early scenario design discussions we
Figure 6. Patient Chart. considered the possibility of having our Patientdme
drugs for mild schizophrenia, simply because there
syndrome associated with such drugs that presetits w
Behavior Authoring some similarities to anthrax.

There is much to say about designing and constigicti  Our primary means for authoring script lines wasex
training scenarios of the sort suggested here. edewy  formatted spreadsheet. We prepared a spreadstieet w
we will limit our attention to techniques for auting reusable Patient behavior cues. For a first pass a
simulated agent behavior. Earlier scenario desigps  authoring a new scenario, the author need only run
require us to identify the scenario Patients, their down the list of such behaviors and enter the @aet
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simulated Patient’s responses (i.e., the text aitwhe
patient would say, along with optional recordindgs o

results should suggest the possibility of meniagitnd
provide motivation for such tests, but even theBFC

those utterances), the images and findings to beshould not be collected until a head CT has been

associated with physical examination actions, dred t
test-result HTML files to be merged into the Patien
chart in response to particular tests being ordered

Totally scenario-specific behaviors require a baren
effort to specify, since the cues have to be edtae
well as the responses; still custom interview goast
are not terribly hard to create. As an exampleshawv

the cue and response for the custom behavior that

watches for a query about our anthrax Patient's las
contact with their cousin:

(or (hear "When did you last see
your cousin?")
(hear "How long ago were you
last with your cousin?")
(hear "How many days has it
been since you spent
time with your cousin?")

(say "We went to a basketball game
together with another friend of
mine maybe 5 or 6 days ago.")

Tutor Behavior Annotations

In the framework being described here the bulk of
Tutoring is specified as annotations on the belawib
other simulated characters—those behaviors critical
either to learning or to maintaining progress tigiou
the scenario. Generally only a subset of all agent
behaviors bear directly on course curricular olest
and the critical flow of any particular scenaribthiere

are large sets of pre-defined recurring behaviassfqr
Patients), the relevant subset in any given scenari
likely to be quite small.
annotated with curriculum points, Tutor comments
(proactive prompts, available hints and explanation
and reactive feedback), and relevance conditions.

reviewed. Such tests can be written in terms of
combinationsgnd, or , not ) of line test operations.

Given behaviors worth discussing and the conditions
under which those behaviors are appropriate, we
provide for seven different kinds of Tutor utteranc
annotations that fall into three categories:

- Proactive Prompts: When defined, pro Tutor
utterance will be output at some specified time
after the relevance conditions for the behavior
become true.

- Hints/Explanations: When defined, a cascade of
hint , what , how, andwhy utterances (not all of
which need be provided) will be offered to the
Student (by enabling the corresponding Tutor
buttons on the Player page) after the relevance
conditions for the behavior become true. A limited
set of hints will be offered at any one time, with
the Tutor rotating among those associated with the
highest ranked active behaviors.

- Reactive Feedback: When defined, ayup or
nope utterance will be output depending on
whether, (for yup) the Student triggers the
associated behavior after its relevance test
becomes true and optionally before tileen time
expires, or (fornope) the Student triggers the
behavior either before it is appropriate, or
optionally after thevhen time expires.

From an authoring perspective, the questions dle: (

Important behaviors are which kind of utterances to associate with which

behaviors, (2) what delays/time-limits to speciénd

(3) what ranks to assign. In general, we tendge u
proactive prompts (often combined with
hints/explanation on the same or related behaviars)

While there may be very litle in the way of strict Ty o0 ensure that Students don't get bogged doweh a

procedures that a Student should be following etleee
generally conditions determining the relevance or
importance of their taking particular actions. 3&e
conditions should be translated into observablethén
simulation environment (most frequently into cheoks
the scenario history to see whether or not the estud
has yet taken some actions) and turned into Tekist

When does it become relevant to order basic bloodt® highlight

scenario,

fail to make progress because they miss out on some

critical step in the scenario. We use hints/exgiams
relatively frequently, discussing many actions that
reasonable physician might take at various stafjggeo
often explaining why they would be
reasonable in the context (given the associatedrTut

test is true). We use reactive feedback fairlyrisgéy

important steps or missteps; our

(cultures, gasses, and metabolism panel) and urinéSSumption is that physicians do not want to rectso

tests? Pretty much as soon as the Patient ipsetthe
ED and an IV established. When should a test df CS
be ordered? For our anthrax scenario Patientc best

2009 Paper No. 9119 Page 7 of 11

much congratulation or critique from a machine.



Interservice/Industry Training, Simulation, and Edtion Conference (I/ITSEC) 2009

EVALUATION Evaluation Results

This section reports an evaluation of our initial We received responses from 17 evaluation subjects.
application for Chemical, Biological, and Radiolcgi Table 1 presents the data we collected charaatgrizi

medical training our subjects’ experience in medicine and medical
training. In this and all following tables, the ttmmn
Evaluation Method two rows show the average and standard deviatibns o

the subject data in the body of the table. Hédme first
We identified a random selection of emergency column contains number of years in the medicatifiel
physicians from on-line sites, and mailed out fstte post-bachelors; we had subjects who were relatively
soliciting their participation in our Evaluation usly. freshly out of medical school as well as veteravith
The letter explained the nature of the study, theunt the average at a healthy 16 years of experiendee T
of time expected (up to 2 hours), and offered $100other five columns requested subject self-assegsmen
compensation for their time if they participatedn experience ratings on a scale of 1 (“not experidfjce
response to 2500 such letferse ultimately received to 5 (“very experienced) bearing on several aspetts
indications of interest from 55 physicidria the form medical practice, education, and training techngplog
of emails to a special address we had set up fr th
purpose. Essentially all subjects rated themselves highly on

experience in emergency medicine. There was more
With a goal of 20 respondents, we mailed out 30 diversity in their experience developing and delivg
evaluation packets. Each packet contained (a)varco medical education/training (not always correlativith
letter explaining the details of the evaluationga®s,  seniority in the field), averaging out in the middbf
(b) a CD ROM containing the system’s Server sofewar the scale. Interestinglyuse of Computer-Based
with supporting video introductions to its use and Training (CBT) also averaged out in the middle rod t
related browser configuration issues, (c) an Evalna  scale; it seems that some forms of CBT have become
Feedback Form, (d) a Payment Sheet, and (e) aeasonably wide-spread in the medical field. Oa th
stamped return envelope. other hand, significant experience witbvelopmenof

CBT was rare (though half the subjects clainsedche
The materials in the packet also included email andexperience in that area).
telephone contact information for use in the ewvést
physicians ran into difficulty with the softwareWe
ended Up eXChanging Support email Wlth 5 phySicianS Subject  Time in Emerg. Develop  Deliver Using  Develop

i 1 i 1fi ‘ Field  Medici Traini Traini CBT CBT
and speaking with 2 of those 5. We identified ses o ot

Table 1. Subjects’ Levels of Experience

that led to technical difficulties, the first 3 which we il 5 4 4 3 1
were aware of and had tried to account for in the g éi . 2 2 2 1
instructions we distributed: (1) the Server neerdbe T 1 5 5 5 3 >
copied from the CD onto the user’s hard drive s th 5 3 5 3 4 3 1
can write intermediate files as it runs, (2) thévsare s IR W
is only compatible with relatively modern browsers 8 19 4 1 1 2 1
including Internet Explorer v7 and Firefox v2, (B 9 4 4 3 4 2
browser must have “pop-up blocking” turned off foe o
software to work, and (4) one user reported 1 4 1 1 3 1
incompatibility with Windows Vista Ultimate edition 26 S 2 2 2 1
based on a conflict or restriction related to uk¢he = 2 g g g i
standard web server port 80. To address issued 4,a 6 5 3 4 3 3
when we sent out our second wave of evaluation 24 5 4 3 3 2

. . . . VEenl 16.07] 4.69] 2.94] 3.24] 3.12] 1.82
packets, we offered subjects the optiomofinstalling 007 o028l 15 125 o093 Lor

the Server, but rather running off of a server édsh

our offices. Table 2 presents data we collected on the amount of

1 ) time subjects spent on the evaluation. These saue
There was a 10%-15% rate of returned undeliverable fajrly homogeneous and reflect reasonably well our

§ollc_|tafuon letters due to “bad” addresses. expectations and advice, with a few notable exoepti
This figure includes what appears be a cluster of (primarily a couple of outliers on the high side &t-

perhaps _half-a-dozen word-of-mouth referrals within up time). The most important information hereHatt
one medical school.
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subjects did spend significant time with the sirtiola 4.1. Practicing use of knowledge and skills and
averaging out to just a bit more than an hour. Weidentifying gapscome out slightly on the higher side.
expect that the high numbers for Set-Up (e.g., Exposing students to uncommon situations and
installation of the software) and Video & Help (¢.g achieving proficiency come out slightly on the lower
pre-scenario orientation to the software’s uselecef side. There is some logic to these relative ragssias
relative inexperience and/or insecurity with congogut a simulation is good for practice, and one sideatfbf
use (and perhaps difficulty with some of the issues(critiqued) practice is to recognize where yourgjare.
described in the Method section above). In angcdas On the other hand, it may be that readings andrest

a real fielded version of such a system, individusdrs  are just as good for simply exposing students td od
would not be asked to install their own Servers. cases. Finally, we suspect fidelity limitations tbe
simulation may lead subjects to hedge about how
effective it can be at helping students achieve
proficiency in practice.

B e Table 3. Subjects’ Ratings for Effectiveness of

Setup-Up Help Run Write-Up

(Mins) | (8 (Mins) | (Mins) Bl [ (Mins) Instructional Method

Table 2. Time Spent on Evaluation Tasks

10 Subject ~ Expose to Practice Gain Identify
Uncommon Applying Proficiency at  Knowledge &
10 Cases, Knowledge & Skills Skills Gaps

5 Knowledge, & Skills
Skills

w

IS
IS
IS

1
2
]
4
5
6
7
8
9

©oo~N® U WwN -

HMlojgjw|bdlw|didlOAIN W GO D

OO NV|W[W|W DA IN[W| GO |W
Alwjg|ua|bdw|w|d[afu|N|w|o|o|ol

Table 3 starts to get at the instructional effeaisss of
our approach to medical training. We asked subject
rate how the approaches illustrated in our prow@typ
were likely to compare on a range of training obyes
against more traditional approaches such as attgndi Table 4 reflects data from a final set of questions
lecture or reading articles. Again these dataratiags intended to dig deeper into the particular aspettsir

on a 1 to 5 scale, this time ranging from “Muchsles prototype that might account for different kinds of
effective” to “Much more effective” (higher numbers instructional effectiveness. We asked subjectsate

are better). A value of 3 was anchored to "As seven different aspects of the system, again cralke s
effective” as these traditional methods of instiwtt of 1 to 5, this time ranging from “Not effectived t
The four objectives we surveyed included (a) exppsi  “Highly effective” (again, higher numbers are beite
students to uncommon situations with accompanyingThe seven system dimensions cover general asseéssmen
knowledge and skills, (b) allowing students_to pigc  of scenario structure, four specific aspects of the
applying such knowledge and skills, (c) acquiring simulation, and two aspects of automated Tutor
proficiency at emergency medical response, and (d)support. Again ratings cluster around a value.8f 3
identifying gapsn knowledge and skills.

N
N

AINIM MMM WO DWW W|D|O|D

w
o
©
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o
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w
o
©
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o
>

s b
o
[s)

StdDev 0.79 0.89 1.01

We find it encouraging that the overall scenario
Almost all subjects rated the simulation as likelybe structure gets a solid 4+ rating, and that the agjpects
at least as effective as traditional instructiomethods  of the Tutor come out at 3.9. The lowest ratings a
with regard to all four learning objectives. Suttj@ associated with areas that had known limitations.
was an outlier in this regard, and Subjects 13 Bd Feedback during our formative evaluation afterzhd
also each assigned one dimension a relatively lowdevelopment cycle identified limits on the extent t
rating of 2 (note that Subject 2 provided ratings  which a low-fidelity, non-immersive simulation colul
whatsoever). The averages come out between 3.7 angupport cues and actions a doctor might use imethe
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world. In our subsequent design and implementation Table 4. Subjects’ Ratings for Specific Aspects of
we fleshed out the Patient behaviors within those Training System

limitations (though clearly we could still do moreg.,

in terms Of add|ng SOUﬂdS and more Useful VISLmIS t Subject ~ Scenario Patient Chart Other Simulator Tutor Tutor

Challenges Provides = Organizes Actors Interaction ~ Explores  Feedback

the Patlent eXamlnathn). HOWGVGr, we recognltm t Knglglzid"ge Decision Data & Provide Allow Rationale & Promotes

Cues Supports Decision  Studentto Decisions Learning &

we were not able to push as far on refining theeansie CUEELD B e

of student actions beyond the diagnosis phase. 1 4 3 3 2 2 3
Likewise, we believe we could push further on the g z 3 7] 3 7] 3 7
extent to which interactions with other actors are 4 5 5 5 5 5 5 5
fleshed out (currently our lowest score at 3.7). 5 5 5 4 5 5 5 5
6 3 3 3 3 3 3 3
. . ) 7 3 3 3 3 4 4 5
Figure 7 summarizes all of the ratings data present 8 4 4 4 4 3 5 5
above as a series of ratings value bar charts to lg g ‘21 g 2 g g g
emphasize the distribution of subje_ct responsebe T T 3 7 7 7 7 7 7
top row of four graphs shows thelative effectiveness 12 4 3 5 3 4 4 4
ratings. The bottom two rows (comprising seven 13 4 4 S 3 2 2 1
oo . . 14 4 5 4 3 4 3 4
graphs) show thspecific feature effectivenesstings. 15 5 5 5 5 5 5 5
The clustering of most values around a rating a$ 4 16 4 3 4 4 4 3 4
visually apparent. The skewing of the Tutor raging 17 4 4 4 4 4 4 4
: . oy 406 375 4.00] 369 375 387 3.94
(the last two graphs in the bottom row) to the higle =77 o9 o8 o5 o053 osl Lo6
is also suggested.
Figure 7. Evaluation Ratings Distributions.
CONCLUSION format, emphasizing delivery of a richly interaetiv

user interface through a standard web browser.akie
The ITS framework described here offers discreenev  strongly encouraged by the results to date in tkasa
simulation, dominated by agent behavior and languag of scenario-scripted language interaction and web
based interaction. It provides a simple framewiork  delivery of interactive simulations.
scripting agent behaviors, and offers two dialogpsurt
mechanisms: student-initiative and agent-initiativi To make the simulation machinery run, we defined
integrates Tutor behaviors as annotations on uyidgrl  supporting data representations darriculum, domain
agent behaviors. The system adopts a web-applicati conceptsscenariosagent behaviorgincluding several
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classes of Tutor behaviorsgxtended dialogsand applications like spreadsheets—not to mention the
interaction mechanismée.g., live images and forms). millions of hours of cumulative user experience and
Especially as we moved to web-based delivery, wetesting. As with dialog scripting and web intedac
emphasized use of conventional media formats to thehis is a direction we expect to pursue furtherthia
greatest extent possible, and adopted the conwentiocontext of future projects.

that most system data should have a human-readable

textual form enabling direct inspection and editing Finally, our evaluation of the CBR prototype hagme
Using such formats we can build encodings for @i¢v  very encouraging. A wide range of emergency
conceptual spaceslentified through domain analysis. physicians (in age, gender, location, and expeegnc
In the case of METTLE, these includ&BR agents subject to all the time pressures of professidfalénd
and otherconventional medical conditiondiagnostic offered very little support, were able to instatidarun
tests possible findingsandrelevant treatments We the system, and for the most part enjoy the expeeie
can also build up inventories of reusable behaviorand judge it to have substantial educational pa@knt
fragments such as the range dfiagnostic interview

guestions We can also build a set of supporting

interactive forms such astest and treatment order ACKNOWLEDGEMENTS
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formats into the underlying text format for impantd Manual, Los Angeles: Behavioral Technology
validation, (d) if necessary prepare templates|esty Laboratories, University of Southern California.
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for COTS editing, translation, import, and validati Learning Circuits February, 2000. Available at
making it easy to catch errors introduced throwgisér http://www.learningcircuits.org/feb2000/ong.html
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