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ABSTRACT

The Defense Advanced Research Projects Agency’s (DARPA)
Spoken Language Communication and Trandation for Tactical
Use (TRANSTAC) program is a focused advanced technology
research and development program. The intent of this program is
to demonstrate capabilities to quickly develop and implement
free-form, two-way, speech-to-speech spoken language trandation
systems allowing speakers of different languages to communicate
with each other in real-world tactical situations without the need
for an interpreter. The Nationa Institute of Standards and
Technology (NIST), with support from the Mitre Corporation and
Appen Pty Limited, has been funded by DARPA to evaluate the
TRANSTAC technologies since 2006. The NIST-led Independent
Evduation Team (IET) has numerous responsibilities in this
ongoing effort including collecting and processing training data,
designing and implementing performance evauations, and
analyzing the test data. In order to design and execute fair and
relevant evaluations, the NIST IET has employed the System,
Component and Operationally-Relevant Evaluation (SCORE)
framework. The SCORE framework is a unified set of criteria and
tools built around the premise that, in order to gain an
understanding of how a technology would perform in its intended
environment, it must be evaluated at both the component and
system levels and further tested in operationaly-relevant
environments while capturing both quantitative and qualitative
performance data. Since an evaluation goal of the TRANSTAC
program is to capture quantitative performance data of the
trandation technologies, the IET developed and implemented
SCORE-inspired live evauation scenarios. The two developed
forms of live evaluation scenarios have unique impacts on the
quantitative performance data. This paper presents the
TRANSTAC program and SCORE methodology, as well as the
evaluation scenarios and their influence on system performance.
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1. INTRODUCTION

The Spoken Language Communication and Trandation for
Tactical Use (TRANSTAC) program is an advanced technology
research and development program managed by the Defense
Advanced Research Projects Agency' (DARPA) [3]. The
objective of the TRANSTAC program is to demonstrate
capabilities to rapidly develop and field free-form, two-way,
speech-to-speech spoken language trandlation technologies that
alow speakers of different languages to communicate with each
other in real-world tactical situations without the need for an
interpreter [7] [11]. To date, severa prototype systems have been
developed for various language domains in Iragi Arabic,
Mandarin, Farsi, Dari, Pashto, and Thai. Systems have been
demonstrated on PDAs (Personal Digital Assistants), laptop-grade
platforms, and compact, ruggedized laptop systems® with varying
performance.

The primary use case of the TRANSTAC technology involves US
military personnel and foreign language speakers engaging in a
range of civilian and tactical dialogues. The anticipated concept of
operation is that the English-speaking personnel will be trained in
advance to use the technology, while it is assumed that the foreign
language users will have little to no opportunity to become
familiar with the system.

DARPA has funded the National Institute of Standards and
Technology (NIST) to lead the evaluation of the TRANSTAC
technologies, with support from the Mitre Corporation and Appen
Pty Limited. As the Independent Evaluation Team (IET), NIST
was tasked with capturing the required language training data,
designing and implementing multiple evaluations to capture both

1 The views, opinions, and/or findings contained in this article are
those of the authors and should not be interpreted as
representing the official views or policies, either expressed or
implied, of the Defense Advanced Research Projects Agency or
the Department of Defense.

2 Certain commercial products and software are identified in this
paper in order to explain our research. Such identification does
not imply recommendation or endorsement by NIST, nor does it
imply that the products and software identified are necessarily
the best available for the purpose.
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technical performance and end-user utility assessment, and
analyzing the data. This included the IET collecting technical
performance data from the TRANSTAC systems under live test
conditions. The IET utilized the System, Component, and
Operationally-Relevant  Evaluation (SCORE) framework to
produce test scenarios that English and foreign language speakers
used as the backbone of their dialogues between themselves while
using the TRANSTAC technology [4]. These test scenarios
directly impacted the metrics generated from measures captured
from these test dialogues. To date, NIST has primarily evaluated
English/Iragi Arabic two-way systems along with English/Dari
two-way systems.

This paper will discuss the following: Section 2 will provide
background on the SCORE framework; Section 3 will present the
high level concept transfer metrics that the evaluation sought to
output; Section 4 will discuss the live evaluations including
relevant technical performance metrics and test scenarios; Section
5 will discuss the impact of the test scenarios on the performance
data®; Section 6 will offer a glimpse of future scenario design; and
Section 7 provides conclusions.

2. SCORE METHODOLOGY
The SCORE framework is a design methodology that is built
around the premise that, in order to get a true picture of how a
system performs in the field, it must be evaluated a the
component level, the capability level, the system level, and in
operationally-relevant environments [3] [10].

SCORE is a cohesive suite of criteria and software tools employed
to design performance evauations for complex intelligent
systems. It stipulates an extensive evaluation plan that is capable
of both assessing technical performance through variable isolation
and manipulation along with collecting end-user utility across a
range of test environments.

SCORE setsitself apart from other methodologies since:

1. It canbeapplied to abroad range of technologies from
manufacturing to defense systems

2. Elements of SCORE can be decoupled and customized
based upon specific goals

3. It can evauate a technology at varying stages of
development, from conceptual to the final iteration

4. It combines the results of targeted evaluations to
produce a comprehensive representation of a
technology’ s capabilities, performance, and utility.

This framework has provided proven techniques to facilitate
performance evauations of numerous intelligent systems since it
was conceived. To date, it has driven five TRANSTAC
evaluations and six test events for DARPA’s Advanced Soldier
Sensor Information System and Technology (ASSIST) program
[8] [12]. Likewise, the SCORE framework was employed to
produce the initial designs for the RoboCup Rescue Virtual
Robots Competition and Virtual Manufacturing Automation
Competition (VMAC) [1] [2] [4].

% Due to DARPA restrictions, the performance data captured using
these test scenarios cannot be published. Instead, this paper will
focus on the approach and impact as opposed to the results.

2.1 Evaluation Goal Types
The SCORE framework has evolved over the years to define five
evaluation goal types[10].

e Component Level Testing — Technical Performance —
This evaluation type decomposes a system into
components to isolate those subsystems that are critica
to system operation. Ideally, all of the components taken
together should include all facets of the system and
yield a complete evaluation. This level of testing has
occurred in past TRANSTAC evauations where the
three major components of speech-to-speech systems,
Automatic Speech Recognition (ASR), Machine
Trandation (MT), and Text-to-Speech (TTS), were
evaluated independently from one another.

e Capability Level Testing — Technical Performance —
This type of evauation involves identifying and
isolating individual capabilities of a system and
measuring their technical performance. A system can
have one or more capabilities. This test type has also
occurred in previous TRANSTAC evaluations when the
IET designed and executed tests focused on the
systems capability of correctly trandating proper
names.

e  System Level Testing — Technical Performance — This
evaluation type is intended to assess the complete
system, but in a controlled environment where test
variables can be separated and influenced. The benefit is
that tests can be performed using a combination of
variables and parameters, where relationships can be
determined between system behavior and these
variables and parameters based upon the technical
performance analysis. This test type inspired the live
TRANSTAC evauations and their driving scenarios
which will be discussed in Section 4.

e Capability Level Testing — Utility Assessments — This
evaluation type assesses the utility of an individual
capability (where the complete system is made up of
multiple capabilities), where utility is defined as the
value the application provides to the end-user.
Additionally, usability is assessed; this includes
effectiveness, and user attitude towards the system. This
test type aso influenced several TRANSTAC
evaluations where the |IET captured end-user
assessments of the technologies' ability to trandate
proper names.

e System Level Testing — Utility Assessments — This
evaluation type assesses a system's utility and has
inspired numerous live TRANSTAC technology
evaluations. These include tests where Marines, Soldiers
and foreign language experts provided utility feedback
about the systems after using them in arange of tests.

It is important to note that even though the last two test types
focus on extracting the technology users’ utility assessment, it is
virtually impossible to prevent the users' perceptions from being
influenced by the technologies current level of technical
performance. The users' utility is based upon the current state of
the technology and is expected to change as the technical
performance improves over future test events.



2.2 Evaluation Elements

The following evaluation elements must be identified for each
goa type in order to generate relevant, reasonable, and
appropriate evaluations [10].

e |dentification of the system or component to be assessed
e  Definition of the goal/objective(s)/metrics/measures

0 Goal — For aparticular assessment, the goal is
influenced by whether the intent of the
evaluation is to inform or validate the system
design.

0 Objectives — Evaluation objectives are used to
separate evauation concerns. These concerns
aso include identifying how different
variables impact system performance.

0 Metric¥Measures — Depending upon the type
of evaluation, either technica performance
metrics and/or utility metrics are specified.

e  Specification of the testing environment — Selecting the
testing environment is influenced by a range of aspects
including intended use-case environments, system
maturity, etc.

e Identification of Personnel — This includes selecting the
direct technology users, the test participants who will be
indirectly interacting with the technology as role-players
in the environment and evaluation personnel who will
be directing role-players and/or capturing measures.

o  Specification of the personnel training — All three
personnel  groups identified above must be given
appropriate training and adequate practice time to
become proficient in their test responsibilities.

o  Specification of the data collection methods — Data
capture methods, equipment, and/or instrumentation
must be identified as measures and metrics are
specified.

o  Secification of the use-case scenarios — Test scenarios
must be devised that are appropriate to the system or
component being tested and the test end-users.

This paper is focused on the element of Specification of the use-
case scenarios as designed and implemented within the System
Level Testing — Technical Performance goa type. Prior to
discussing these use-case scenarios, it is important to present the
metrics that drive the scenario generation and implementation.

3. High Leve Concept Transfer Metrics

Before discussing metrics specific to this work it is important to
define both metrics and measures with respect to their usage by
SCORE. Metrics are defined as the interpretation of one or more
contributing elements, eg. measures or other metrics that
correspond to the degree to which a set of attribute elements
affects its quality [6]. Likewise, a measure is defined as a
performance indicator that can be observed, examined, detected,
and/or perceived either manualy or automaticaly [6]. For
example, suppose it is desired to capture the velocity of a new
vehicle under test. Examples of measures would be timing how
long it takes a car to travel from one point to another and

measuring the exact distance traveled. The velocity metric would
be generated using the distance and time measurements where
velocity = distance/time. Note that in some cases, a metric can be
directly measurable. Using the same example, radar (or some
other capture device) can directly capture the velocity of the
vehicle making the measurement equal to the metric. Discussion
will now follow of some of the technical performance metrics
generated and/or captured during the TRANSTAC evaluations.

One of the key metrics that DARPA specified for evaluating the
TRANSTAC technologies was the capture and analysis of High
Level Concept Transfer Metrics. This suite of metrics reflects the
goal of the TRANSTAC program which is the deployed use of the
speech-to-speech machine trandation technology to enable
consistently successful communication between English-speaking
and foreign language personnel [11].

Specifically, High Level Concept Transfer metrics consist of
bilingual judges determining whether the meaning of a human-
spoken utterance was conveyed during the machine trandation.
These metrics include the number of utterances that were
successfully translated per ten minutes (with failed utterances not
directly scored except for taking up time) so these metrics are
assessments of both efficiency and accuracy. Additional High
Level Concept Transfer metricsinclude:

e Number of questions per 10 minutes - Number of
questions correctly translated in ten minutes as spoken
by the English speaker

e Question Percentage - Percentage of questions that
were correctly trandated divided by the total number of
guestions asked

e Number of attempts per question - As spoken by the
English speaker

e Number of answers per 10 minutes — Number of
answers correctly translated in ten minutes as spoken by
the foreign language speaker

e Answer Percentage — Percentage of answers that were
correctly translated divided by the total number of
answers stated

e Number of attempts per answer — As spoken by the
foreign language speaker

It should be noted that these metrics are considered normalized
since they can be computed using data from evaluation scenarios
regardless of how much time it took to conduct each scenario.

Now that the evauation type's required metrics are known,
additional evaluation elements can be specified including the
Soecification of the use-case scenarios. To attain the High Level
Concept Transfer Metrics, specific live evaluation scenarios have
been designed and implemented across many of the TRANSTAC
evaluations. These scenarios are discussed in the following
section.

4, LIVE EVALUATIONS

A majority of each TRANSTAC evaluation features live scenarios
performed by English-speaking Soldiers or Marines (also known
as Subject Matter Experts or SMEs) and Foreign Language
Experts (FLES). These evauations took place in both the lab (set
up as an indoor, controlled environment where speakers remained
stationary) and the field (outdoor, simulated tactical environments
where the speakers were mobile and background noise was
present) [7] [9] [11]. Figure 1 depicts a live field evaluation from
arecent TRANSTAC test event.



Both of these test environments support the capture of quantitative
and qualitative data and have featured two scenario types to attain
these metrics: structured scenarios and spontaneous scenarios. The
following sub-sections will present both types of scenarios and
how they have been employed in the TRANSTAC evaluations. A
final sub-section presents how the High Level Concept Transfer
metrics are obtained from performing the two scenario types.

4.1 Structured Scenarios

Structured scenarios were intended to prompt the SME to ask the
FLE questions (or convey information, in some instances) in order
to obtain information from the FLE. The concept of this scenario
type is that both speakers are told exactly what pieces of
information they need to collect and/or convey. However, the
speakers have the latitude to phrase their question and/or
statement using whatever wording they choose so they can
maximize their chances of a successful dialogue. A structured
scenario is composed of two separate documents. the SME
version and the FLE version. The SME version contains:

e  Background — Specific information to put the SME in
the appropriate mindset. This often includes high level
goals and/or a snapshot of the current state of affairs.

e  Scene — Describes the immediate situation and specific
goals.

e Outcome — Presents the expected result of the
conversation (as stated in the structured dialogue).

e  Questions/Prompts — Numbered list of specific pieces
of information the SME is to ask of the FLE or to
convey to the FLE. Note that questions with multiple
numbers indicate to the SME that there are multiple
concepts to be obtained from the FLE.

Likewise, the FLE version contains Background, Scene, and
Outcome elements, but they are stated from the FLE's
perspective making them unique from the SME’s version. Instead

Figure 1. Live evaluation in the field environment at arecent TRANSTAC test event

of Questions/Prompts, the FLE version contains Responses
comprised of informational paragraphs. These include key pieces
of information in bold throughout the paragraphs. An example of
a structured scenario, showing both the SME and FLE (written in
English) versions, is shown in Figure 2.

The evaluation protocol for the structured scenarios begins with
the SMEs and FLEs each receiving their respective versions. After
reviewing their dialogues separately, the SME and FLE practice
their scenario together in their native languages through an
interpreter (taking the place of a TRANSTAC system). After the
training session is complete, the speakers participate in the
evaluation. At this point, the SME is trained on the specific
TRANSTAC technology they are about to use. However, the only
training the FLE receives on the technology is in the form of
TRANSTAC system spoken instructions that are played by the
SME immediately before the evaluation dialogue begins. As the
speakers are conversing through the TRANSTAC systems
according to the structured format, the SMEs are informing an
IET member of the concepts they perceived from the technology.
For example, if a SME asks a FLE how many children he has and
the FLE responds with “1 am proud to have two sons,” then the
SME would simply report “two sons’ to the IET.

Each structured scenario was conducted by a SME/FLE pair
within a ten minute window. Since the scenarios were designed
with more concepts than the speakers could reasonably get
through in ten minutes, the speakers never reached the end of their
structured scenario dialogues.

It should be noted that the content of each structured scenario is
derived from audio dialogues that were collected by the IET ahead
of each evaluation [7] [9] [11]. These 20 to 25 minute interpreter-
mediated dialogues occurred between Marines or Soldiers and
foreign language speakers within a recording studio. These
dialogues were inspired by tacticaly-relevant data collection
scenarios that the IET developed for the data collection efforts.



Structured Scenario — B1 Facilities Inspection — Police Station
Marine/Soldier (English Speaker)
Background: The coalition forces (CF} in Iraq routinely perform inspections of
The CF attempt to help public officials at the local level with problems they

may encounter in the day-to-day operations of their facilities.

the station under his command. You are concerned about the morale of the
officers and have heard rumors of possible equipment theft from the station

You agree to help with replacement equipment if possible, but you also leave
the police chief w
men and his facility.

h a reminder that he needs to be more responsible for his

1. Introduce self — Captain Stone 7\
2. Inform — here to inspect police station

3. 4. 5. People that work here? {note 3)

6. 7. Number of policemen? [note 2)

8. Length of time for training cycle?

9. Projected graduation date?

10. 11.Work shifts of graduates? [note hours and days)

public facilities as part of an ongoing effort to support the new government. <4 BACKGROUND-P lived in this area your whole life.

Scene: You are a Marine/Soldier meeting with the chief of police to inspect <} SCENE > have noticed that some weapons and ammunition has gone missing over the

Outcome: You learn of missing supplies and other problems in the station. @— OUTCOME = circumstances, and hope that the American will be able to help you.

12, Station status? QUEST|ONS/ When asked how things are going at your police station you tell the American
13. 14. What problems? [note 2) PROMPTS that lately things have been not good. When asked what the problems are
15. Were supplies stolen? you inform the Marine/Soldier that some men are missing work and
16. People suspected of taking supplies? supplies are missing. You don’t believe the supplies were stolen. You think
17. 18. 19. 20. Missing supplies? (note 4 items) the men who quit kept their equipment. The supplies you are missing
21. 22. Weapon types [note 2 items) include body armor, radios, weapons, and ammunition. Specifically,
23. Number of missing AK-47s? - numerous AK-47's and pistols were taken. Last you checked, you are short
24. Missing weapons is unacceptable seven AK-47's. As the Marine/Soldier states that missing this amount of
25. Inform = coalition forces can replace items / RESPONSES weapons is unacceptable, you respond by stating you now have the men
(in Bold) sign an equipment logbook.

Structured Scenario — B1 Facilities Inspection — Police Station
Iraqi Police Officer (Iragi Arabic Speaker)

Background: You are the police chief at the Al-Karrada Station, and you have

Scene: You are meeting with American forces to brief them on the status of
your station. Lately, not all of the officers have been showing up for work and

past fews weeks.

Outcome: You explain the problems of running your station under difficult

/ When the Marine/Solider introduces himself, you tell him that your name is
Chief Husin. When told that the American is here to inspect your police
station, you tell him you are pleased by his visit. When asked who is vorking
at your police station, you tell the Marine/Soldier that you have some
policemen, some new recruits, and service personnel on your staff. When
asked how many policemen there are, you tell him 25 policemen and 15
under training. You know that the training cycle for those under training is
three months. You are expecting the new recruits to graduate in 10 days.
Currently, your recruits are working 12 hours a day, 4 days a week.

After the American explains that the coalition can replace the missing items,
you say that is good news.

Figure 2: Structured scenario outlining a police station inspection dialogue between a Marine/Soldier and Iragi police officer

4.2 Spontaneous Scenarios

The spontaneous scenarios provided the SMEs and FLEs with
more freedom and latitude in their dialogues by not laying out
specific questions and answers as compared to the structured
scenarios.

A spontaneous scenario begins with specifying the overall domain
(six tacticad domains were commonly identified for the Iraqi
Arabic and Dari systems). For each domain, multiple SME
motivations were generated that included some background and
situational information along with the mindset the SME should
take in the conversation. Additionally, each SME motivation was
paired with numerous talking points with the intent of giving the
SME topics they could include in their dialogues, but not limit
them to specific questions. In turn, each scenario provided the
FLE with a specific motivation including some background
information. These can be seen in the example shown in Figure 3.

Since these scenarios have been used in evaluations involving a
single SME and multiple FLES per conversation, it was important
to generate multiple FLE motivations corresponding to a single
SME motivation. Each FLE motivation was designed to be unique
from one another even though they applied to the same scenario.
However, the FLE motivations built upon one another where each
FLE'sinformation either supported one another, created a broader
picture, or purposefully contradicted one another. An example of
this can be seen in Figure 3.

An additional consideration in creating the spontaneous scenarios
was the environment where they were employed. Dialogues will

naturally play out differently given the environment and specific
props available for the speakers to comment and discuss. Using
the palice station facilities inspection scenario noted in Figure 3 as
an example, it is possible to have drastically different dialogues if
this scenario were performed in a very old, run-down building as
compared to conducting the same scenario in a brand-new,
pristine facility. The more redlistic the evaluation environment,
the more representative the dialogues will be when driven by
spontaneous scenarios.

The evaluation protocol began with each speaker being given their
own moativation and unable to see their counterpart’s. The SMEs
and FLEs were trained separately from one another with IET
assistance. Their training covered possible diaogue directions
aong with how to interact with one another in the simulated
tactical environments set up for the evaluation. Since the scenarios
required the SMEs to have a tactical background in the areas they
would be discussing, the IET considered their individual
experiences when devising scenario assignments. In some
instances, SMEs were paired with scenarios that they were
unfamiliar with so they worked with other SMEs and IET
members to better understand the domains. SMEs and FLEs
received comparable technology training as if they had been doing
structured scenarios. The SMEs received extensive training on the
systems prior to the evaluation while the FLE was played verbal
instructions from the system immediately before their evaluation
dialogues began.



DOMAIN - NAME —p>

SME
MOTIVATION {

SME TALKING
POINTS {

#~+ FLE #1 — Motivation (Police Chief) — You are the local police chief who is meeting with the American forces to

FLE
MOTIVATIONS

_’.<

01 - B12 - FACILITIES INSPECTION — Police Station

SME Motivation — You are meeting with the chief of police and some of his staff to inspect the station under his
command. You are very concerned about the morale of the officers and have heard rumors of possible equipment
theft from the station. Additionally, you have heard some complaints from the local citizens about police
corruption, officers carrying weapons while not wearing their uniforms and instances of officers using excessive
force so you want to ensure that the chief and his men aren’t dirty.

TALKING POINTS

a) Greetings/Pleasantries

b) Morale/State of Police Force
¢) Condition of Building

d) Equipment/Weapons Status
e) Emergency Vehicle Status

f) Issues with Theft

give them a tour of your facility. Although not all of the officers showed up for work today, you believe they are
happy with their job because they are well-paid. You are concerned that the American forces may ask about the
recent disappearance of equipment because you have taken some of the weapons and ammunition home from
the armory. You are in need of new parts to support your police vehicles or would like to purchase new vehicles
for your force.

* FLE #2 — Motivation (Lieutenant) — You are the top lieutenant at this station and have worked with the chief for
many years now. You are aware that your men on the street have been rough with some of the local citizens and
you believe this is necessary to maintain control of the town. Like the police chief, you take weapons and
ammunition home for protection. Additionally, you look the other way when you men collect protection fees from
some of the local businesses so long as they give you some of the money. Lately, you have told them to cut back
on this practice due to the increased presence of the American military.

* FLE #3 — Motivation (Sergeant) — You are a rising sergeant in the local police department and spend a lot of your
time on patrols in the city. Although you know the lieutenant will look the other way if you tax the citizens or use
excessive force, you are an honorable person and do not allow any of the men under you to partake in these
practices. You have witnessed the townspeople slowly start to turn against the police each time an instance of
brutality or unfair taxing occurs. You want the town to be safe and secure from Taliban, but fear that this will

S~never happen if the police and the citizens don’t respect each other and work together.

Figure 3. Spontaneous scenario outlining a police station inspection dialogue between a Marine/Soldier and Afghan police officer

The evauations then commenced and the SMEs and FLES role-
played their dialogues. The spontaneous scenarios ran differently
than the structured scenarios in that the speakers had 15 to 35
minute windows to speak based upon the evaluation schedule.
Since all scenarios ran for unique amounts of time, the normalized
metrics (discussed in Section 3) applied in the structured scenarios
were also applicable here. This enabled the evaluation team to
conduct a more “apples-to-apples’ comparison of the data given
the varying scenario times.

It should be noted that these scenarios stemmed directly from
corresponding data collection scenarios, but were augmented to
support the evaluation [9]. Like the structured scenarios, the
spontaneous scenarios were also based upon the audio dialogues
collected at |ET-led data collections.

4.3 Metrics Generated from Scenario Data
Both the structured and spontaneous scenarios served their
purpose of enabling the evauation team to generate High Level
Concept Transfer metrics from the live conversations between
English and foreign language speakers using the TRANSTAC
technologies.

Since the structured scenarios provided the IET with the concepts
that were conveyed by the speakers before the evaluation began,
scoring spreadsheets were devised ahead of time to support the
data analysis. Once the evaluation concluded, the IET enlisted the
support of ten bilingual judges to assess the accuracy of the
machine trandations as compared to the human speech from the
SMEs and FLEs. Between three to six judges assessed each
evaluation dialogue which entailed viewing and listening to the
recorded scenario, noting how many attempts a speaker made to
convey a concept, and scoring how successful the technologies

were in trandating the spoken concepts. At the conclusion of the
bilingual judges anaysis, the IET averaged out al of the
judgments for each scenario and calculated the metrics discussed
in Section 3.

Analyzing the data from the spontaneous scenarios was similar
with the exception of one time-consuming and critica difference;
since the scenarios were spontaneous in nature and the concepts to
be conveyed were not known ahead of time, the IET had to
transcribe the evaluation conversations and identify the concepts
that the speakers were attempting to transfer. Ultimately, both
scenarios produced the same desired metrics to assess this aspect
of the TRANSTAC technologies' technical performance.

5. SCENARIO IMPACT ONMETRICS

Both the structured and spontaneous scenario types impacted the
evaluation dialogues which in turn, impacted the High Level
Concept Transfer metrics. The following sub-sections present the
specific impacts and how these affected the metrics.

5.1 Impacts
When conducted across multiple evaluations, the structured
scenarios alowed the following with each having unique effects.

e  The same structured scenarios using the same concepts
were used across multiple evaluations.
EFFECT — Direct technical performance comparisons
were drawn across multiple technologies over multiple
evaluations  enabling more  “apples-to-apples’
assessments.

e SMEs and FLEs did not need firsthand knowledge of a
particular scenario to be effective as long as they had
sufficient training to become familiar with the concepts.



EFFECT — It was easier to obtain some repeatability
across multiple speakers who performed the same
scenarios.

e SMEs and FLEs were forced to attempt specific
concepts, some of which were not easily understood by
the technology.

EFFECT — Technologies had to attempt varying
targeted and challenging vocabulary that would have
not been otherwise attempted.

e SMEs and FLEs were given little flexibility in their
dialogues so it was easy for them to become disengaged
in their conversations.

EFFECT - Speakers were more prone to spesking less-
naturaly leading to a decrease in the ability of the
technology to recognize their speech.

EFFECT — Speakers were prone to reading concepts
verbatim from the scenarios, as opposed to rephrasing,
even when they had to repeat them due to
miscommunications.

The spontaneous scenarios counteracted some of the negative
consequences of the structured scenarios while producing some
other effects, as well. These scenarios alowed the following
producing the noted affects.

e  Speakers used the system in the anticipated manner in
which it would be deployed in more relevant, use-case
environments.

EFFECT — The output metrics provided a more
representative gauge of how the system would perform
in actual use-case environments.

e  The same scenarios using the same talking points could
be used across multiple evauations but would still
ultimately produce very distinct dialogues.

EFFECT - It would be very challenging to make direct
technical performance comparisons across multiple
evaluations.

e SMEs and FLEs had great flexibility in their dialogues
as long as their responses stay consistent and they
remain within the scope of the scenario.

EFFECT — The speakers made the scenarios “their own”
thereby becoming more engaged and enthusiastic.

e SMEs must have firsthand knowledge of a scenario’s
tactical domain to effectively role-play the conversation
during the eval uation.

EFFECT - All of the dialogues were unique since they
were based upon the SMES' distinct experiences.

e SMEs and FLEs must improvise during their
conversations in the event that the TRANSTAC systems
were having difficulties with specific areas of dialogue.
EFFECT — Dialogues easily staled if the speakers did
not change their wording or conversation direction
based upon the systems’ vocabulary capabilities.

5.2 Impact Analysis

After anayzing the High Level Concept Transfer metrics from
multiple evaluations that were supported by structured and
spontaneous scenarios, the following observations were made:

e  Onaverage, scores across adl of the High Level Concept
Transfer metrics were lower for those scenarios that
forced the speakers to use specialized vocabulary, i.e.

the scenarios performed within the medica domain
scored lower as compared to the overall averages

e  On average, the Number of Attempts per Question and
Number of Attempts per Answer were higher for
evaluations supported by the spontaneous scenarios as
compared to the structured scenarios

e On average, the Number of Questions per 10 minutes
and the Number of Answers per 10 minutes were lower
for evaluations supported by the spontaneous scenarios
as compared to the structured scenarios

e On average, the Question Percentage (number of
questions correctly transated over the number of tota
guestions asked) and the Answer Percentage were lower
for those evaluations supported by the spontaneous
scenarios as compared to the structured scenarios

e  Since the FLEs had more flexibility in the spontaneous
scenarios and weren't constrained to specifying multiple
concepts per response, as they were in the structured
scenarios, the average ratio of questions to answers was
lower in this scenario type as compared to the structured
scenarios resulting in less answer opportunities

It is important to note that the scenarios were not the only
significant factor contributing to the disparity in results of metrics
when applied to data from structured and spontaneous scenarios.
All of the High Level Concept Transfer metrics captured using the
structured scenarios have resulted from evaluations testing the
Iragi Arabic (IA) TRANSTAC systems. In contrast, the
spontaneous scenarios have only been applied to the most recent
evaluation which tested the Dari versions of the TRANSTAC
technology. Additionally, the technology developers have had
access to the IA data for a much longer period of time as
compared to the Dari data. Also there is much more IA
conversation data available to support training and development
efforts as compared to the limited amount of available Dari data.

6. FUTURE EFFORTS

The IET is expecting to deploy ancther round of spontaneous
scenarios to support the October 2009 evaluation. The overriding
factor in the selection of spontaneous scenarios over structured
scenarios is that the spontaneous scenarios enable the speakers to
use the system in the expected manner in which it would
ultimately be deployed, thereby providing an indication of the
technology’s current performance level under these conditions.
Thisis critical considering it is desired to provide this technology
to Soldiers and Marines operating within tactical environmentsin
the near future.

The October 2009 evaluation will test the TRANSTAC research
teams' two-way, English/Pashto systems to capture both technical
performance (including the discussed High Level Concept
Transfer metrics) and end-user qualitative assessments. The |IET
is exploring ways to augment the spontaneous scenario including
the addition of suggested pieces of information to capture, i.e.
presenting the SME with structured scenario-like prompts that
they could optionally ask. Ultimately, the SME would still be free
to take the conversation in any direction within the scenario’s
scope, but would have the fallback option to ask some (or al, at
their discretion) of the IET-specified questions. However, the
FLES scenarios would remain unchanged. Their dialogue would
till be governed by their scenario-driven motivation where they
would respond with answers relevant and consistent with the
scenario.



7. CONCLUSION

SCORE has proven to be an invaluable evauation design
generation tool in formulating appropriate performance tests for
DARPA's TRANSTAC technologies. This framework inspired
the creation and implementation of the structured and spontaneous
scenarios across multiple test events. Each scenario type has
yielded vast amounts of data to support the suite of High Level
Concept Transfer metrics necessary to the |IET’'s evaluation. To
date, SCORE has driven the development of 11 DARPA
evaluations including six for the ASSIST program and five for the
TRANSTAC program aong with providing design inspiration to
the VMAC and RoboCup Rescue Virtual Robot competitions.
Based upon the success of these evaluations including the
comprehensive levels of data generated, the IET envisions using
this framework to support future evaluations of advanced
technologies and other intelligent systems under test.
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