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Abstract. Tactical Language Training System helps learners acquire basic 

communicative skills in foreign languages and cultures.  Learners practice 

their communication skills in a simulated village, where they must develop 

rapport with the local people, who in turn will help them accomplish missions 

such as post-war reconstruction.  Each learner is accompanied by a virtual aide 

who can provide assistance and guidance if needed, tailored to each learner’s 

individual skills.  The aide can also act as a virtual tutor as part of an intell i-

gent tutoring system, giving the learners feedback on their performance.  

Learners communicate via a multimodal interface, which permits them to 

speak and choose gestures on behalf of their character in the simulation.  The 

system employs video game technologies and design techniques, in order to 

motivate and engage learners.  A version for Levantine Arabic has been devel-

oped, and versions for other languages are in the process of being developed.   

1   Introduction 

The Tactical Language Training System helps learners acquire communicative com-

petence in spoken Arabic and other languages.  An intelligent agent coaches the 

learners through lessons, using innovative speech recognition technology to assess 

their mastery and provide tailored assistance. Learners then practice particular mis-

sions in an interactive story environment, where they speak and choose appropriate 

gestures in simulated social situations populated with autonomous, animated charac-

ters. We aim to provide effective language training both to high-aptitude language 

learners and to learners with low confidence in their language abilities.  We hypo-

thesize that such a learning environment will be more engaging and motivating than 

traditional language instruction and yield rapid skill acquisition and greater learner 

self-confidence.   



2   Motivations 

Current foreign language instruction is heavily oriented toward a small number of 

common languages.  For example, in the United States, approximately ninety-one 

percent of Americans who study foreign languages in schools, colleges, and universi-

ties choose Spanish, French, German, or Italian, while very few choose such com-

monly spoken languages such as Chinese, Arabic, or Russian [18].  Arabic, the sixth 

most widely spoken language in the world, accounts for less than 1% of US college 

foreign language enrollment [17].  Moreover, many such courses can be very time 

consuming, because learners often must cope with unfamiliar writing systems as well 

as differing cultural norms.  This can be a significant barrier for students who want 

to acquire basic communication skills so that they can function effectively overseas. 

The Tactical Language Training System (TLTS) provides integrated training in 

foreign spoken language and culture. It employs a task-based approach, where the 

learner acquires the skills needed to accomplish particular communicative tasks [4].  

It focuses on authentic tasks of particular relevance to the learners, involving social 

interactions with (simulated) native speakers.  Written language is omitted, to em-

phasize basic spoken communication.  Vocabulary is limited to what is required for 

specific situations, and is gradually expanded through a series of increasingly chal-

lenging situations that comprise a story arc or narrative.  Grammar is introduced 

only as needed to enable learners to generate and understand a sufficient variety of 

utterances to cope with novel situations.  Nonverbal gestures (both “dos” and 

“don’ts”) are introduced, as are cultural norms of etiquette and politeness, to help 

learners accomplish the social interaction tasks successfully.  We are developing a 

toolkit to support the rapid creation of new task-oriented language learning envi-

ronments, thus making it easier to support less commonly taught languages.  A pre-

liminary version of a training system has been developed for Levantine Arabic, and a 

new version for Iraqi Arabic is under development.  

Although naturalistic task-oriented conversation has the advantage of encouraging 

learning by doing, such conversations by themselves do not ensure efficient learning 

[4], [14].  Learners also benefit from form feedback (i.e., corrective feedback on the 

form of their utterances) when they make mistakes.  But since criticism can be em-

barrassing and face-threatening [2], native speakers may avoid criticizing learner 

speech in social situations.  Language instructors are more willing to critique learner 

language; however the language classroom is an artificial environment that easily 

loses the motivational benefits of authentic task-oriented dialog.  The TLTS ad-

dresses this problem by providing learners with two closely coupled learning envi-

ronments with distinct interactional characteristics.  The Mission Skill Builder 

(MSB) incorporates a pedagogical agent that provides continual form feedback.  The 

Mission Practice Environment (MPE) provides authentic practice in social situations, 

accompanied by an aide character who can offer help if needed.  This approach com-

bines task orientation, form feedback, and scaffolding to maximize learning efficien-

cy and effectiveness.  The MSB builds on previous work with socially intelligent 

pedagogical agents [10], [11], while the MPE build on work on interactive pedagogi-

cal dramas [15]. 



The Mission Practice Environment is built using computer game technology, and 

exploits game design techniques, in order to promote learner engagement and moti-

vation.  Although there is significant interest in the potential of game technology to 

promote learning [6], there are some important outstanding questions about how to 

exploit this potential.  One is transfer – how does game play result in the acquisition 

of skills that transfer outside of the game?  Another is how best to exploit narrative 

structure to promote learning?  Narrative structure can make learning experiences 

more engaging and meaningful, but can also discourage learners from engaging in 

learning activities such as exploration, study, and practice that do not fit into the 

story line.  By combining learning experiences with varying amounts of narrative 

structure, and by evaluating transfer to real-world communication, we hope to devel-

op a deeper understanding of these issues. 

The TLTS builds on ideas developed in previous systems involving microworlds 

(e.g., FLUENT, MILT) [7],[9], conversation games (e.g., Herr Kommissar) [3], 

speech pronunciation analysis [23], learner modeling, simulated encounters with 

virtual characters (e.g., Subarashii, Virtual Conversations, MRE)  [1], [8], [20].  It 

extends this work by providing rich form feedback, by separating game interaction 

from form feedback, and by supporting a wide range of spoken learner inputs, in an 

implementation that is robust and efficient enough for ongoing testing and use on 

commodity computers.  The use of speech recognition for tutoring purposes is partic-

ularly challenging and innovative,since speech recognition algorithms tend not to be 

very reliable on learner speech. 

3   Example 

The following scenario illustrates how the TLTS is used.  To appreciate the learner’s 

perspective, imagine that you are a member of an Army Special Forces unit assigned 

to conduct a civil affairs mission in Lebanon.1  Your unit will need to enter a village, 

establish rapport with the people, make contact with the local official in charge, and 

help carry out post-war reconstruction.  To prepare for your mission, you go into the 

Mission Skill Builder and practice your communication skills, as shown in Figure 1.  

Here, for example, you learn a common greeting in Lebanese Arabic, “marHaba.”  

You practice saying “marHaba” into your headset microphone.  Your speech is au-

tomatically analyzed for errors, and your virtual tutor, Nadiim, gives you immediate 

feedback.  If you mispronounce the pharyngeal /H/ sound, as native English speakers 

commonly do, you receive focused, supportive feedback.  Meanwhile, a learner mod-

el keeps track of the phrases and skills you have mastered. When you feel that you 

are ready to give it a try, you enter the Mission Practice Environment.  Your charac-

ter in the game, together with a non-player character acting as your aide, enters the 

village.  You enter a café, and start a conversation with a man in the café, as shown 

                                                        
1 Lebanon was initially chosen because Lebanese native speakers and speech corpora are 

widely available.  This scenario is typical of civil affairs operations worldwide, and does 

not reflect actual or planned US military activities in Lebanon. 



in Figure 2 (left).  You speak for your character into your microphone, while choos-

ing appropriate nonverbal gestures.  In this case you choose a respectful gesture, and 

your interlocutor, Ahmed, responds in kind.  If you encounter difficulties, your aide 

can help you, as shown in Figure 2 (right).  The aide has access to your learner mod-

el, and therefore knows what Arabic phrases you have mastered.  If you had not yet 

mastered Arabic introductions the aide would provide you with a specific phrase to 

try.  You can then go back to the Skill Builder and practice further. 

 

Fig. 1. A coaching section in the Mission Skill Builder 

   

Fig. 2. Greeting a Lebanese man in a café  

4   Overall System Architecture 

The TLTS architecture must support several important internal requirements.  A 

Learner Model supports run-time queries and updates by both the Skill Builder and 

the Practice Environment.  Learners need to be able to switch back and forth easily 



between the Skill Builder and the Practice Environment, as they prefer.  The system 

must support rapid authoring of new content by teams of content experts and game 

developers. The system must also be flexible enough to support modular testing and 

integration with the DARWARS architecture, which is intended to provide any-time, 

individualized cognitive training to military personnel.  Given these requirements, a 

distributed architecture makes sense (see Figure 3).  Modules interact using content-

based messaging, currently implemented using the Elvin messaging service. 
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Fig. 3. The overall TLTS architecture 

The Pedagogical Agent monitors learner performance, and uses performance data 

both to track the learner’s progress in mastering skills and to decide what type of 

feedback to give to the learner.  The learner’s skill profile is recorded in a Learner 

Model, which is available as a common resource, and implemented as a set of infe-

rence rules and dynamically updated tables in an SQL database.   The learner model 

keeps a record of the number of successful and unsuccessful attempts for each action 

over the series of sessions, as well as the type of error that occurred when the learner 

is unsuccessful.  This information is used to estimate the learner’s mastery of each 

vocabulary item and communicative skill, and to determine what kind of feedback is 

most appropriate to give to the learner in a given instance.  When a learner logs into 

either the Skill Builder or the Practice Environment, his/her session is immediately 

associated with a particular profile in the learner model.  Learners can review sum-

mary reports of their progress, and in the completed system instructors at remote 

locations will be able to do so as well.   

To maintain consistency in the language material, such as models of pronuncia-

tion, vocabulary and phrase construction, a single Language Model serves as an 

interface to the language curriculum.  The Language Model includes a speech recog-

nizer that both applications can use, a Natural Language Parser that can annotate 

phrases with structural information and refer to relevant grammatical explanations 

and an Error Model which detects and analyzes syntactic and phonological mistakes. 



While the Language Model can be thought of as a view of and a tool to work with 

the language data, the data itself is stored in a separate Curriculum Materials data-

base.  This database contains all missions, lessons and exercises that have been con-

structed, in a flexible Extensible Markup Language (XML) format, with links to 

media such as sound clips and video clips.  It includes exercises that are organized in 

a recommended sequence, and tutorial tactics that are employed opportunistically by 

the pedagogical agent in response to learner actions.  The database is the focus of the 

authoring activity.  Entries can be validated using the tools of the Language Model.  

The Medina authoring tool (currently under development) consolidates this process 

into a single interface where people with different authoring roles can view and edit 

different views of the curriculum material while overall consistency is ensured. 

Since speech is the primary input modality of the TLTS, robustness and reliability 

of speech processing are of paramount concern.  The variability of learner language 

makes robustness difficult to achieve.  Most commercial automated speech recogni-

tion (ASR) systems are not designed for learner language [13], and commercial 

computer aided language learning (CALL) systems that employ speech tend to over-

estimate the reliability of the speech recognition technology [22].  To support learner 

speech recognition in the TLTS, our initial efforts focused on acoustic modeling for 

robust speech recognition especially in light of limited domain data availability [19]. 

In this case, we bootstrapped data from English and modern standard Arabic and 

adapted it to Levantine Arabic speech and lexicon. Dynamic switching of recognition 

grammars was also implemented, as were recognition confidence estimates, used by 

the pedagogical agent to decide how to give feedback. The structures of the recogni-

tion networks are distinct for the MSB and the MPE environments. In the MSB 

mode, the recognition is based on limited vocabulary networks with pronunciation 

variants and hypothesis rejection. In the MPE mode, the recognizer supports less 

constrained user inputs, focusing on recognizing the learner’s intended meaning. 

4.3 Mission Skill Builder Architecture 

The Mission Skill Builder (MSB) is a one-on-one tutoring environment which helps 

the learner to acquire mission-oriented vocabulary, pronunciation training and ges-

ture recognition knowledge. In this learning environment the learner develops the 

necessary skills to accomplish specific missions. A virtual tutor provides persona-

lized feedback to improve and accelerate the learning process. In addition, a progress 

report generator generates a summary of skills the learner has mastered, which is 

presented to the learner in the same environment. 

The Mission Skill Builder user interface is implemented in SumTotal’s ToolBook, 

augmented by the pedagogical agent and speech recognizer.  The learner initiates 

speech input by clicking on a microphone icon, which sends a “start” message to the 

automated speech recognition (ASR) process. Clicking the microphone icon again 

sends a “stop” message to the speech recognition process, which then analyzes the 

speech and sends the recognized utterance back to the MSB. The recognized utter-

ance, together with the expected utterance, is passed to the Pedagogical Agent, 



which in turn passes this information to the Error Model (part of the Language Mod-

el), to analyze and detect types of mistakes. The results of the error detection are then 

passed back to the Pedagogical Agent, which decides what kind of feedback to 

choose, depending on the error type and the learner’s progress. The feedback is then 

passed to the MSB and is provided to the learner via the virtual tutor persona, rea-

lized as a set of video clips, sound clips, and still images.  In addition the Mission 

Skill Builder informs the learner model about several learner activities with the user 

interface, which help to define and extend the individual learner profile. 

4.4 Mission Practice Environment Architecture 

The Mission Practice Environment (MPE) is responsible for realizing dramatically 

and visually engaging 3D simulations of social situations, in which the learner can 

interact with non-player characters by speaking and choosing gestures.  Most of the 

MPE work is done in two modules: The Mission Engine and the Unreal World (see 

Figure 5).  The former controls what happens while the latter renders it on the screen 

and provides a user interface. 
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Fig. 5. The Mission Practice Environment architecture 

The Unreal World uses the Unreal Tournament 2003 game engine where each cha-

racter, including the learner's own avatar, is represented by an animated figure called 

an Unreal Puppet.  The motion of the learner’s puppet is for the most part driven by 

input from the mouse and keyboard, while the other puppets receive action requests 

from the Mission Engine through the Unreal World Server, which is an extended 

version of the Game Bots server [12].  In addition to relaying action requests to pup-

pets, the Unreal World Server sends information about the state of the world back to 

the Mission Engine.  Events from the user interface, such as mouse button presses, 

are first processed in the Input Manager, and then handed to the Mission Engine 



where a proper reaction is generated.  The Input Manager also invokes the Speech 

Recognizer, when the learner presses the right mouse button, and sends the recog-

nized utterance, with information about the chosen gesture, to the Mission Engine. 

The Mission Engine uses a multi-agent architecture where each character is 

represented as an agent with its own goals, relationships with other entities (includ-

ing the learner), private beliefs and mental models of other entities [16]. This allows 

the user to engage in a number of interactions with one or more characters that each 

can have their own, evolving attitude towards the learner. Once the character agents 

have chosen an action, they pass their communicative intent to corresponding Social 

Puppets that plan a series of verbal and nonverbal behavior that appropriately carry 

out that intent in the virtual environment.  We plan to incorporate a high-level Di-

rector Agent that influences the character agents, to control how the story unfolds 

and to ensure that pedagogical and dramatic goals are met.  This agent exploits the 

learner model to know what the learners can do and to predict what they might do. 

The director will use this information as a means to control the direction of the story 

by manipulating events and non-player characters as needed, and to regulate the 

challenges presented to the student.  

A special character that aides the learners during their missions uses an agent 

model of the learner to suggest what to say next when the learner asks for help or 

when the learner seems to be having trouble progressing.  When such a hint is given, 

the Mission Engine consults the Learner Model to see whether the learner has mas-

tered the skills involved in producing the phrase to be suggested.  If the learner does 

not have the required skill set, the aide spells out in transliterated Arabic exactly 

what needs to be said, but if the learner should know the phrase in Arabic, the aide 

simply provides a hint in English such as “You should introduce yourself.” 

5 Evaluation 

System and content evaluation is being conducted systematically, in stages.  Usability 

and second language learning experts have evaluated and critiqued the learner inter-

face, content organization, and instructional methods.  Learner speech data are being 

collected, to inform and train the speech recognition models.  Learners at the US 

Military Academy and at USC have worked through the first set of lessons and 

scenes and provided feedback.  A formative evaluation study with eight beginning 

learners was performed in Spring 2004.  Learners worked with the Tactical Lan-

guage Training System in one 2-hour session.  The subjects found the MPE game to 

be fun and interesting, and were generally confident that with practice, they would 

be able to master the game.  This supports our hypothesis that the TLTS will enable 

a wide range of learners, including those with low levels of confidence, to acquire 

communication skills in difficult languages such as Arabic.  However, the learners 

were generally reluctant to start playing the game, because they were afraid that they 

would not be able to communicate successfully with the non-player characters.  To 

address this problem, we are modifying the content in the MSB to give learners more 

conversational practice and encourage learners to enter the MPE right away. 



The evaluation also revealed problems in the MSB Tutoring Agent’s interaction.  

The agent applied a high standard for pronunciation accuracy, which beginners 

found difficult to meet.  At the same time, inaccuracies in the speech analysis algo-

rithms caused the agent in some cases to reject utterances that were pronounced 

correctly.  The algorithm for scoring learner pronunciation has since been modified, 

to give higher scores to utterances that are pronounced correctly but slowly; this 

eliminated most of the problems of correct speech being rejected.  We have also 

adjusted the feedback selection algorithm to avoid criticizing the learner when 

speech recognition confidence is low.  This revised feedback mechanism is scheduled 

to be evaluated in further tests with soldiers in July 2004 at Ft. Bragg, North Caroli-

na. 

6 Conclusions and Future Work 

The Tactical Language Training System project has been active for a relatively brief 

period, yet it has already made rapid progress in combining pedagogical agent, pe-

dagogical drama, speech recognition, and game technologies in support of language 

learning.  Once the system design is updated based upon the results of the formative 

evaluations, the project plans the following tasks: 

- integrate the Medina authoring tool to facilitate content development, 

- incorporate automated tracking of learner focus of attention, to detect learner 

difficulties and provide proactive help, 

- construct additional content to cover a significant amount of spoken Arabic, 

- perform summative evaluation of the effectiveness of the TLTS in promoting 

learning, and analysis of the contribution of TLTS component features to 

learning effectiveness, and 

- support translingual authoring – adapting content from one language to 

another, in order to facilitate the creation of similar learning environments 

for a range of less commonly taught languages. 
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