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Abstract. The Tactical Language and Culture Training Syst&irCTS) helps
learners acquire basic communicative skills in ifprelanguages and cultures.
Learners acquire communication skills through a lioation of interactive
lessons and serious games. Atrtificial intelligeqdays multiple roles in this
learning environment: to process the learner’s dpeto interpret and evaluate
learner actions, to control the response of noggslaharacters, to generate hints,
and to assess the trainee’s mastery of the skillsis also used to assist in the
authoring process to assist in the generation afidation of lesson content. This
paper gives an overview of the current system, dagtribes the experience to
date in transitioning the system from researchqpype into a training system that
is in regular use by thousands of users in theddrfitates and elsewhere.
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Introduction

The Tactical Language and Culture Training SystéirC{TS) is designed to help
learners quickly acquire basic communication skilloreign languages and cultures.
Learners acquire knowledge of foreign language andireuthrough a combination of
interactive lessons and interactive games that tgaleees concrete contexts in which to
develop and apply their skills. It focuses on spol@mmunication, nonverbal
communication, and cultural knowledge relevant teefto-face communication. TLCTS
is an example of a serious game applied to leaftiigit utilizes game design techniques
to promote learning, e.g., by providing learners wiiksions to achieve, supporting fluid
gameplay in the form of simulated conversations with-player characters, and continual
feedback on learner performance within a game scepantext. It utilizes artificial
intelligence to engage in speech recognition andogliavith artificially intelligent
characters, and to estimate learner mastery oéttegiglls. It also employs atrtificial
intelligence to assist in the creation and valatatf instructional content.

This paper provides an overview of the system anarihitecture. In then focuses on
the process of transitioning TLCTS from a researciotype into a robust learning tool in
wide use in the US military and elsewhere.

1. System Overview

Each TLCTS training course includes the following enajomponents. The Skill
Builder consists of interactive lessons focusingtask-relevant communication skills.



The Arcade Game and Mission Game are interactivmegathat give trainees
opportunities to develop and practice communicatloliss The Web Wizard provides
reference material, including glossaries and exgtlans of the grammatical structure of
the phrases used in the lesson material.

Figure 1 shows example screens from the Tactical baurse, designed to help
people learn Iragi Arabic language and culture.e Thage on the left shows a cultural
notes page from the Skill Builder, which illustmta common greeting gesture in the
Muslim world, the palm-over-heart gesture. Thedgman the right shows the learner’s
character in the Mission Game greeting an Iragi Hagep character with that gesture.

The Skill Builder and the game experiences are bpéech-recognition enabled. In
the Skill Builder learners practice vocabulary ahdases, and complete exercises and quiz
items that require speaking and understanding sgakgoage. In the Arcade Game, the
learner gives spoken commands in the target fotaigguage to direct his or her character
to move about a game world. In Mission Game, tlaenkr speaks on behalf of his
character. This is taking place in the screenshdahemight side of Figure 1, while the
character performs a hand gesture that the lehatkpreviously selected from a menu.

Figure 1. Screenshots from the Tactical Iragi Skill Builaled Mission Game

The lessons and exercises in the Skill Builder r@sgjvely prepare the learner for
employing their communication skills in the free-pMigsion Game, and ultimately in the
real world. Figure 2 shows an intermediate pointhia progression, a so-called active
dialog. Here the player character (at left) issgyggl in a conversation with the head of the
household (at right, under the red arrow), in thetext of searching a house for weapons
and contraband. The screen at bottom shows the meostt phrase that the speech
recognizer detected, iftaH il-baab (open the doang a hint for the next operation to
perform (to tell the head of household to put theneo and children in a separate room).
In active dialogs the learners are guided throughdialog by means of these hints,
whereas in the Mission Game the learner does regtivee hints unless he or she
specifically requests them.

All TLCTS content is highly task-based [4], i.easiruction focuses on what learners
need to know in order to accomplish particular taskbe task-based approach is very
appropriate for game-based learning environments asithis. The task-based approach
carries over to the Skill Builder lessons as wace lessons are focused on acquiring
particular skills relevant to particular types figtions. The content development method
used for TLCTS content explicitly takes this intaaant. Each Skill Builder lesson is
annotated as to the particular skills that it emizleas as are the Mission Game scenes.
This helps authors to ensure that the Skill Builddequately prepares learners for the



Mission Game scenes. The scenes and lessonstameatioally cross-indexed in terms of
skills, making it possible for trainees to focus imtbe particular lessons and lesson pages
that they need to study in order to complete tmeegscenes successfully.

(<] Tactical Language & Culture Training System

Skill Builder Searching for weapons

Listen and record your responses. Click'Show Response” if you're unsure what to say.

Tl i Please, putthe women and chidren in 2 room by themselves

Figure 2. An active dialog in Tactical Iraqi

As the learner works with the software, the sofewautomatically tracks each
instance when the learner applies a skill, and itisssprobabilistic evidence of mastery of
the skill, akin to knowledge tracing. As Beck arido8 [1] have noted such evidence is
inherently uncertain in speech-enabled applicatidmere there is a possibility of
recognition error, however that can easily be ipomated into a knowledge tracing model
by treating recognition errors as just another sowofctguesses” (false positives) and
“slips” (false negatives). In any case, learneesthat the mastery estimates progressively
increase with practice, which motivates them topkeeacticing until they reach high
mastery scores.

While other language learning systems employ spesabgnition technology, and
support simulated dialogs [2, 3, 6, 7, 8], and empMED technology [5], TLCTS is
unique in the extent to which it employs these tetbgies to support the acquisition of
face-to-face communication skills. It has beenduse develop complete learning
environments covering many hours of training.

2. Architecture

The following is a brief summary of the architectoe TLCTS. More detailed
descriptions of earlier versions of the architextare available in other publications [10,
12, 13].

The initial version of the TLCTS prototype was deped using a combination of
software tools. The first version of the Skill Bieér was authored in ToolBook, and the
Mission Game was implemented as an end-user maiiific (‘mod”) of the Unreal
Tournament 2003 PC video game. The Web Wizard wegdeimented in Dynamic
HTML and viewed through a Web Browser. This mixggraach was essential in order
to develop prototypes quickly that could be presgnd stakeholders, however it proved to



be problematic for users. Formative evaluationIlaETS [9] indicated that this mixed
implementation was cumbersome for users, and diaged them from shifting between
components of the learning environment. A new wversi the Skill Builder was therefore
implemented using Unreal Tournament user interfabgects. This transition as
accomplished in the following stages. First, an XMpecification language was
developed for Skill Builder lesson content, and fheolBook implementation was
modified to generate lesson pages from those XML gisers. Then, a new display
generator was created in Unreal that construcfdagipages for each page in the XML
description. In some cases the same XML desanifigioised to generate multiple display
pages: the author specifies a lesson page, andttisepage generator automatically
generates exercise pages that test the learneal séthe items on the lesson page.

Once the Skill Builder was integrated into Unrdafrners were more inclined to
switch between components of TLCTS as needed. dfusthps have since been taken to
integrate and simplify the TLCTS architecture,sadéscribed below.

3. Transition into Serious Use

A complete prototype of Tactical Iraqi was completedune 2005. At this point a
new phase of development and evaluation began,nipadtimately to transition into
regular use.

Achieving transition of Tactical Iragi would requirevercoming a number of
technical and nontechnical obstacles. Tactical ikag developed under sponsorship of a
research agency (DARPA). No military service haduested it, or had made plans to
acquire it. In fact because it was a researchofyme, including new and untested
technologies, there was little reason to believeitiveould be suitable for regular military
use. US military already had access to a rantgngfiage learning materials, including an
Army-wide license for Rosetta Stone. TLCTS reqliop-to-date videogame computers
to run, which most military units do not have forinmag purposes. The US military
places imposes severe security restrictions orwagdt that runs on its networks, so
military units that were interested in using Tadticagi would have to purchase entirely
new sets of computers that were not linked to thigany network. Finally, military units
undergoing training have highly packed training schesjuinany military commanders
felt that their troops did not have the time to cdtrima training program such as Tactical
Iraqi, or felt that language and culture trainingswless important than other types of
training.

To start this process, DARPA funded an initial esdbn study with the Marine
Corps. A series of two pilot two-week training cegs were administered at a Marine
Corps training facility at Camp Pendleton, CA, oewnlaptop computers provided
expressly for this purpose. Each training coutsewed promising results, and also
identified problems that were collected in subsetueersions of the software and
programs of instruction. For example, in the firatning course trainees discovered that
they could play the Unreal Tournament 2003 game withiactical Iragi, and were
tempted to do so; therefore we further modified dhreo that it could not be run
separately. The second pilot evaluation starteavisigosignificant promise, while still
pointing to areas where further improvements areired. Twenty Marines participated
in this study. All had been directed by their comtham participate in the study (in
Marine jargon, they were “voluntold” to participateThe participants were all enlisted
personnel, and only one had any appreciable knowletidrabic at the beginning of the



course. Of the twenty participants, nine had jmesly been deployed to Irag. Overall,
the strongest predictor of success with Tactiealilproved to be whether or not they had
previously been to Iraq, and therefore understbedmportance of the training provided
by Tactical Iragi. Among the participants who hagMmusly been to Iraqg, 78% felt at the
end of 50 hours of training that they had acquireshatfonal ability in Arabic within the
scope of the missions being trained. Among thosigy the trainees all gave the software a
subjective evaluation of at least 4 on a scaletof ® and the participants who gave it a 4
generally had a number of constructive suggestibostédnow to make the software better.
Among the participants who had not previously beelnatp the percentage that believed
that they had obtained functional ability was muetsl(22%), and the average subjective
evaluation was somewhat lower, 3.73 out of a pteséie. One reason why this group
gave the software a lower score was that the linitiatotype was focused on the
requirements of Army personnel. One participanomeypl that because the software did
not teach how to say “l am a US Marine” in Aralitzg software was worthless, and he
gave it a rating of 0 out of 5.

The training course and delivery platform was subeetly improved based on
feedback from these evaluations and other militeta kesters. The platform was made to
be configurable, so that users can choose wheaihgpdrate the system in Army, Marine
Corps, or civilian mode. The choice of user cfasgion determines the dress of the
characters in the games in the Skill Builder diaJags well as the choice of content in the
Skill Builder and the choice of dialog in the Missi@ame. Customizations for each class
of user were necessary in part because soldierslarides have different enlisted military
ranks, and therefore use different forms of addiress each other and from civilians. To
support these customizations, the XML specificatifors Skill Builder content were
augmented so that individual lesson pages can hetatad as being appropriate for
particular classes of users.

Although it was convenient to develop the initial ptgpe of the Mission Game as a
mod, this proved to be a barrier to transitionendglid not want to have to install and run
multiple programs in order to run TLCTS. It themef became necessary ultimately to
acquire a license to the Unreal Engine game engiderlying Unreal Tournament, and
integrate all capabilities into a single executadalekage. It was also necessary to rework
the user interface to include screens that are nea@able and conducive to learning, as
shown in the figures shown above. The completedilggenvironment retains very little
of the look and feel of the original game environtmemncept for some of the keyboard
controls used to navigate through the simulated gaonig.

Software testing is particularly critical for learg environment such as TLCTS,
which includes complex Al-based interactive chamat speech recognition, learner
modeling, and other advanced capabilities. Weefther had to develop a series of
analysis tools and test harnesses to validateetliaihg content. In some cases these can
be applied at authoring time, e.g., to check corftenisspellings or words that have not
yet been introduced. Some testing is performecdwiine first executable prototypes of the
training systems are created, e.qg., to test thegdimodels in the non-player characters. A
testing interface was created that displays turtuby the possible dialog moves that the
non-player character is expecting that the learnghtmsay next, and then shows the
character’s response. Such testing frequently levaassible dialog moves that the
authors failed to anticipate, or inappropriate agtimken by the non-player characters.

Evaluation of the speech recognizer was partigulemportant and challenging. One
reason for this is that standard measures of speeodgnition accuracy (e.g., word error
rate) are not very relevant to speech-enabled lgaranvironments such as TLCTS.



Speech recognition performance needs to vary baseitheo context in recognition is
performed, and the skills of the learner. In thedibn Game speech recognition is used to
recognize the learner's intent (i.e., category ommunicative act), whereas the Skill
Builder lessons tend to focus more on detectingcamdecting common language errors.
If a learner is working on an advanced lesson k&itohiher pronunciation is poor we
actually prefer the word error rate to be highttet learners will be motivated to improve
their pronunciation. We therefore collected d&ta ¢recorded by TCLTS) of users using
the system in different contexts, and used thedh km evaluate and retrain the
performance of the speech recognizer. This enaldetb improve speech recognition
performance so that performs acceptably well adewevith high reliability.

The learning environment itself is just one comporaé the set of training materials
that needed to be developed. User manuals arfddstaflopment seminars (known as
“train-the-trainer” sessions in the military) nedde be developed. Although educators
are familiar with the importance of staff trainingych notions are not common in the
videogame community. As a consequence many pridgpegsers supposed that a
software CD is all that they needed to start trjni We have continued to add tutorials
and background materials to make the training systmore self-explanatory, and we
expect that users can gain training benefit witlguilance or orientation. However in a
learning environment as complex as TLCTS it is comnfar learners to overlook
important features of the system, or use the systesub-optimal ways.

Programs of instruction (i.e., curricula) needebeadeveloped, that provided trainers
with guidance as to how trainees should make mffsttwe use of the learning
environments. These were developed mainly througlaborations between TLCTS
project staff (mainly this author) and early adoptfrshe learning environment. Early
adopters would sometimes develop their progranisstifuction, of varying quality. This
author then took examples of the better progranmsstfuction, generalized and extended
them and incorporated them into a trainer guide tganade available to all users. The
programs of instruction recommend that learneesradte between Skill Builder study and
practice in the game components as they progresgytintbe course. Although this might
seem obvious, may learners and trainers fail togrize the importance of this approach.

Summative evaluation of learning outcomes will digoan enabler of transition of
TLCTS into use. However such evaluations are &aginly once a commitment has
been made to make use of TCLTS in training. Inctee of Tactical Iraqi, some military
training centers, such as the Expeditionary Warféehool and the Battle Simulation
Center at 29 Palms, CA, chose to become early &eafuand trial users of the learning
environment. 29 Palms became a particularly impbg#e — it has a laboratory of fifty
computers installed with Tactical Iraqi, used bfathtraining and demonstration. Marine
units started using the Center in an organizeddadior training starting in the summer of
2006. We have recently collected log data from rs¢veindred Marines who have used
the Center, and are currently analyzing their iegrgains and performance.

4, Status and Future Work

Up to the present time Alelo and USC have distebuiver 6000 copies of Tactical
Iraqi and Tactical Pashto. The total number ofieon use is likely to be substantially
greater than that, since a number of training cemtepy the software and distribute copies
to their users. A number of US military posts amihtng have set up computer labs for
training, in the United States, Europe, and in.Ir&pme of these centers have made a



heavy commitment to using the software. For exantpée3rd Infantry Division trained
2,000 soldiers with Tactical Iraqi prior to theagxt deployment to Iraqg. The Marine Corps
Expeditionary Warfare School (EWS) has integratadti€al Iragi as a required part of its
curriculum, and has made the software availableanputers throughout the School.
Students also receive copies of the software whie can take home with them.

Use of Tactical Iragi continues to expand. This &pgening because learners
stakeholders at all levels evaluate it positivelgt advocate its use. Learners at all ranks
who have worked with it are convinced that it iseefive in acquiring relevant
communication skills. Instructors such as those EAMSconvinced of its value, and also
report that the current version is relatively freé bugs and technical glitches.
Commanding officers have become convinced of theevaf this training, and in more
than one case general officers have taken it upgmgelves to train with Tactical Iraqi, in
part so as to set an example for their troops.

Military servicemembers with .mil accounts are atitea to download free copies of
Tactical Iraqi; over a hundred copies are downldaeeh month, and this number steadily
increases. The Marine Corps plans to set up addlttraining labs for use with Tactical
Iragi. As soon as Tactical Iragi is approved fee on military networks, it will distributed
across those networks as well.

Meanwhile Tactical Pashto is starting to be uskdtensive use by the 3rd Marine
Expeditionary Force in Okinawa and the Marine Cdfasintain Warfare Training Center
in Bridgeport, CA in June, 2007.

Additional courses are currently under developméne course, Tactical French, is
designed to prepare military personnel to train locéitary forces in Sahel Africa, with
Chad at the notional focus. Another prototype cquviission to France, is designed for
businessmen to help them conduct business in Frénise;ourse takes place a slightly
fictionalized version of Nice, France. This is firet course developed without a military
focus. However, we anticipate that the same taskd) approach can be used effectively
in this non-military application as well. We are aggd in a collaborative project with
McKinley Technology High School in Washington DC to elep the Tactical French.
The students in this school are interested in iegrabout Francophone Africa, and are
also interested in acquiring videogame developrakilis. We therefore plan to engage
these high school students initially to test eadysions of the training system, and then
contribute to the development of the 3D virtual l¢fén the game.

Meanwhile, content development for Tactical Iraghtnues. New lessons and
scenarios are being created for new missions okwurelevance in Irag, such as the
vocabulary needed to train Iragi defense forcescanduct patrols. Plans are underway to
extend the Tactical Iragi curriculum up to the poiitere trainees who complete the
course will be able to pass a basic spoken profigi¢est in Iragi Arabic, which will
entitles Marines to pay bonuses.

Through this and other steps we anticipate thaiGadtagi will become more tightly
integrated into the practice of language and aailteaining in the US military. Military
forces in other countries are also interested gtida Iragi and Tactical Pashto, and so we
plan to make these courses available to militargef®in other countries in the near future.

Research continues to be conducted in a numbeea$.a A new multilingual content
authoring tool named Kona is currently under develmmwhich allows authors specify
the content of lesson pages. Specifications nEyde the source language (e.g., English),
the target written language (e.g., written Arabgf)pnetic transcriptions used for speech
recognition, and pronunciation glosses designedidatiee learner. We automate the
generation of some of these transcriptions, eogha pronunciation glosses are generated



automatically following rules specified by the ingtror or content author. Prototype Skill
Builder implementations have been developed fodheld game players and Pocket PCs,
these could provide valuable just-in-time reinfoneat for skills acquired in the learning
environment. Meanwhile work continues on improvilhg provision of hints (companion
submission to this conference), tracking learneivities in the learning environment
against training plans, providing added capabiliteesdietecting pronunciation errors and
providing feedback, and assisting the authoring peoces

5. Acknowledgments

The author wishes to acknowledge the members of thdagenent teams at Alelo
and USC for their contributions to the work described .hdiiee author also wishes to
acknowledge the assistance of the early adopters of $L@'dducts throughout the
military services. This work was sponsored by DARPA, O6®M, and USMC PM
TRASYS. It opinions expressed in the paper are thoseeoftithors’ and do not
reflect those of the sponsors or the US Government.

6. References

[1] J. Beck, & J. Sison, Using knowledge tracingnieasure student reading proficiencies. Proceedifgs
the 7" International Conference on Intelligent Tutorings®yns, Springer-Verlag, 2004.

[2] J. Bernstein, A. Najmi, & F. Ehsani, F., Sulsdni& Encounters in Japanese Spoken Language Eolucat
CALICO Journall6 (3) (1999), 361-384.

[3] W.J. DeSmedt, Herr Kommissar: An ICALL convefsa simulator for intermediate German. In V.M.
Holland, J.D. Kaplan, & M.R. Sams (Edsljfelligent language tutors: Theory shaping technology,
153-174. Lawrence Erlbaum, Mahwah, NJ, 1995.

[4] C.J. Doughty & M.J. Long, Optimal psycholingtic environments for distance foreign language
learning. Language Learning & Technolag®), (2003), 50-80.

[5] G. Gamper, G. & Knapp, J.: A review of CALLstgms in foreign language instruction. In J.D. koo
et al. (Eds.)Artificial Intelligencein Education, 377-388. 10S Press, Amsterdam, 2001.

[6] H. Hamberger, Tutorial tools for language fgag by two-medium dialogue. In V.M. Holland, J.D.
Kaplan, & M.R. Sams (Eds.)ntelligent language tutors: Theory shaping technology, 183-199.
Lawrence Erlbaum, Mahwah, NJ, 1995.

[7]1 W.G. Harless, M.A. Zier, and R.C. Duncan, Viftizaalogues with Native Speakers: The Evaluation of
an Interactive Multimedia Method. CALICO Jourrél (3) (1999) 313-337.

[8] V.M. Holland, J.D. Kaplan, & M.A. Sabol, Prelimary Tests of Language Learning in a Speech-
Interactive Graphics Microworld. CALICO Jourrid (3) (1999) 339-359.

[9] W.L. Johnson, W.L. & C. Beal, Iterative evaluatiof an intelligent game for language learningEB
2005, OS Press, Amsterdam, 2005.

[10] W.L. Johnson, C. Beal, A. Fowles-Winkler, Uauper, S. Marsella, S. Narayanan, D. Papachristu,
Vilhjalmsson, H., Tactical Language Training Systém Interim Report. ITS 2004. Berlin: Springer-
Verlag, 2004.

[11] W.L. Johnson, H. Vilhjaimsson, & S. Marselgrious games for language learning : How much game
how much Al ? AIED 2005. 10S, Amsterdam, 2005.

[12] W.L. Johnson, S. Marsella, & H. Vilhjalmssdh, The DARWARS Tactical Language Training System.
Proceedings of I/ITSEC 2004.

[13] H. Vilhjalmsson, & P. Samtani, P., MissionEngi: Multi-system integration using Python in the
Tactical Language Project. PyCon 2005, 2005.



