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This paper describes My Science du{MyST), an intelligent tutoring system designed to improve science learning by
students in 4, 4" and 4" grades (7 to 11 years old) through conversational dialogs with a virtual science tutor. In our
study, individual students engaged in spoken dialsith the virtual tutor Marni during 15 to 20 minute sessions following
classroom science investigations to discuss and extend concepts embedded in the investigations. The spoken dialogs
MyST are designed to scaffold learning by presenting -@peledquestions accompanied by illustrations or animations
related to the classroom investigations and the science concepts being learned. In interacting with students Marni applie
some of the principles duestioning the Author proven approach to classm@onversations, to challenge students to

think about and integrate new concepts with prior knowledge to construct enriched mental models that can be used t
explain and predict scientific phenomena. In this article, we describe how spoken dialogs usinmtibuSpeech
Recognition (ASR) and natural |l anguage processing wer
explanations, leading to an improved understanding of science. We describe the MyST system architecture and Wizard ¢
Oz piocedure that was used to collect data from tutorial sessions with elementary school students. Using data collecte
using a WOZ procedure, we present evaluations of the /
and chil droesofMySTi mpr es s i

Categories and Subject Descriptors: | Attificial Intelligence ] i Virtual Tutors- Spoken Dialog Systems
Natural language processiAgSpeech recognition and synthesis
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1. INTRODUCTION

There is a clear and urgent need to develop accessible and effective learning tools to suppleme
and improve classroom science instructionmany students in the United States. According to
the 2005 National Assessment of Educational Progress (NAEP, 2005) only-timatyercent of
fourth and eighth grade students in the U.S. perforatent above theroficientlevel, while only
eighteenpercent of twelfth graders performed at or abovepttedicient level. Only three percent

of U.S. students attained advanced levels of scianh&vement in Grades 4 and 8 and only two
percent reached advanced levels in Grade 12.
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Since 2007, or research team has been involved in an intensive effort to develop an
intelligent tutoring system, My Science Tutor (MyST), to improve science learning by

3 4" and 8" grade children through natural spoken dialogs with Marni, a virtual science
tutor. One of the key unanswered questions addressed at the onset of our study was
whether state of the art human language technologies could support sustaip@d (15
minute) and productive spoken dialogs with a lifelike computer character. MyST requires
theintegration of automatic speech recognition, robust semantic parsing, dialog modeling
and language and speech generation to support conversations with Marni, as well as the
integration of multimedia content into the dialogs.

The goal of the MyST projeds to help struggling students learn the science concepts
encountered in classroom science discussions. Each 15 to 20 minute MyST dialog
session functions as an independent learning activity that provides, to the extent possible,
the scaffolding requiretb stimulate students to think, reason and talk about science

during spoken dialogs with the virtual tutor Marni. The goal of tiheskimedia dialogs

is to help students think and reason about the science and generate explanations that
express their idesa The dialogs are designed so that over the course of the conversation
with Marni, the student is able to reflect on their explanations and refine their ideas in
relation to the media they are viewing or interacting with, leading to a deeper
understandingf the science they are discussing.

MyST dialogs are linked to the activities, observations and outcomes of classroom
science investigations conducted by groups of three to five children. Thésesad

science investigations are part of the FOSS (©ption Science System) program used

by over one million students in over one hundred thousand classrooms in all fifty states in
the U.S. (FossWeb, 2010). In addition to the science kits that support between 16 and 20
hourlong investigations in each F@3nodule (i.e., a specific area of science), the

program includes a Teacher Guide, professional development for teachers on how to use
the FOSS program to best effect (including helping students organize their predictions,
observations and conclusions oiesce notebooks) a set of science stories that students
may read, and valid and reliable standardized Assessments of Science Knowledge (ASK)
administered to each student before after each eight to ten week module.

Within a given FOSS module, the initiavestigations provide the foundational

knowledge for conducting more sophisticated investigations. For example, investigations
of magnetism and simple circuits lead to investigations in which children build both

serial and parallel circuits, followed layvestigations in which they build electromagnets
and explore electromagnetism. In our study, a total of 64 different tutorial dialogs were
developed to help children explore and explain concepts encountered in the 16 to 20
classroom science investigat®in each of the following four areas of science:

Variables, Measurement, Water and Magnetism and Electricity.

While there is evidence that student achievement improves in school districts that use
high quality inquirybased science curricula (Valde®2 ; Klentschy, 2002), there are
many students, especially those in low performing schools, who still fail to achieve their
potential. In the Boulder Valley School District (BVSD, the site of our study), where
elementary school students receive sciendeucison using the FOSS program, 2006
Colorado standardized (CSAP) science scores of 1,954 fifth graders classified 59.2% as
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either proficient (33.5%) or advanced (25.7%). In the top ten scoring schools, the median
number of students in the proficient/aaced category was 80% (range:9243. In the

ten lowest scoring schools, the median numbers of students in the proficient/advanced
category was 36% (range:4®), with over 60% of students classified as unsatisfactory or
partially proficient. BVSD is aiverse school district with many high quality teachers,

yet a large number of students still fail to learn science effectively.

Our study is based on the assumption that multimedia dialogs with Marni can play an
important and beneficial role in helpintudents achieve a clearer and deeper
understanding of the science they encounter in classroom investigations. Conversations
with Marni are characterized by two key features: the inclusion of media, in the form of
an illustration, animation or interactigémulation throughout the dialog, and the use of
openended questions related to the phenomena and concepts presented via the media.
For example, an initial classroom investigation about magnets has students move around
the classroom exploring and wrigidown what things do and do not stick to their

magnets. The subsequent multimedia dialog with Marni begins with an animation that
shows a magnet being moved over a set of identifiable objects, which picks up some of

the objects but not others. Marnetim s ay s : AWhat s going on her
says: AThe magnet picked up some of the obj e
that. o To use another simple example, foll

in which children work togéier to build a circuit using a battery, wires, a switch and a
light bulb, the tutorial begins a picture of the circuit components, with Marni asking:
AWhat s this al/l about ?0

In the remainder of this article, we present the scientific rationale for Myg&Scribe the

system architecture and technologies that support conversations about science with Marni
in multimedia environments, describe data collection of a corpus of tutorial sessions,
present results of analysis of data collected in a field tradl present students and

teachers impressions of the program. We also describe the corpus of tutoring sessions that
we have developed and present results of experiments using the corpus.

2. SCIENTIFIC RATIONALE

MyST is an example of a new generation wielligent tutoring systems that facilitate
learning through spoken dialogs with a virtual tutor in multimedia activitigslligent
tutoring systems aim to enhandearning achievement by providing students with
individualized instruction similar to thaprovided by a knowledgeable human tutor
These systems support typed or spoken input with the system presenting prompts and
feedback via text, a human voice or an animated pedagogical (eggnGraesser et al.,
2001;Wise et al., 2005t ester et al.1997; Mostow & Aist, 200L Text, illustrations,

and animations may be incorporated into the dial&®gsearch studies show tgpone

sigma gains (approximately equivalent to an improvement of one letter) grduea
comparing performance of high school amdlege students who use the tutoring systems

to students who receive classroom instruction on the same content (Graesser et al., 2001,
Van Lehn & Graesser, 200I; Van Lehn et al., 2005)
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The development of MyST is informed by several decades of reseguslichology and
computer sciencen the remainder of this section we describe theory and research that
informed the design of MyST.

Social ConstructivisinThe work of Jean Piaget, Lev Vygotsky and Jerome Bruner gave
rise to a theory of cognitive deepment and knowledge acquisition known as social
constructivism, which provides a strong rationale for the use of tutorial dialogs to
optimize learning. In social constructivism, learning is viewed as an active social
process of Cc 0 n s tthaw acturs ntlyougk procedses dof) mteraftion,

negotiation, and collaborationdo (Palinsar,
critical role of soci al interaction within
tools that are basis of knosld ge acqui sition. ALearning aw
developmental processes that are able to operate only when the child is interacting with

people in his environmento (Vygotsky, 1978

having students learn byrgsenting problems that enable them to scaffold existing
knowledge to acquire new knowledge. Vygotsky introduced the concept of the Zone of
Proxi mal Devel opment, it he di stance bet wee
determined by independent problemvaad) and the level of potential development as
determined through problem solving under adult guidance or in collaboration with more
capable peers.o (Vygotsky, 1978, p. 85) .
extending social constructivism to eduoatand learning. He argued that teachers
should provide an instructional context in which students are able to scaffold existing
knowledge to construct and test new hypotheses. Social constructivism provides the
conceptual model for knowledge acquait in MyST: to improve learning by
scaffolding conversations using media to support hypothesis generation and co
construction of knowledge.

Discourse Comprehension TheoryCognitive learning theorists generally agree that
learning occurs most effectivelvhen students are actively engaged in critical thinking
and reasoning processes that cause new information to be integrated with prior
knowledge. Discourse Comprehension Theory (Kintsch, 1988, 1998) provides a strong
theoretical framework for asking quiEms and designing activities that stimulate
thinking and construction of deep knowledge that is useful and transferable. This theory
provides the foundation for several instructional approaches to comprehension (King,
1991; Beck et al., 1996; Beck & Maten, 2006). Comprehension theory holds that deep
learning requires integration of prior knowledge with new information and results in the
ability to use this information constructively in new contexts.

Benefits of Tutorial InstructianTheory and researcprovide strong guidelines for
designing effective tutoring dialogs. Over two decades of research have demonstrated
that learning is most effective when students receive individualized instruction in small
groups or on@n-one tutoring. In 1984, BlooniBloom, 1984)determined that the
difference between the amount and quality of learning for students who received
classroom instruction and those who received eithefoor@ne or small group tutoring

was 2 standard deviations. Evidence that tutoring work$eas obtained from dozens

of well designed research studies, rmatalyses of research studies (e.g., Cohen, Kulik

& Kulik, 1982), and positive outcomes obtained in lasgale tutoring programs (e.g.,
Topping & Whitley, 1990; Madden & Slavin, 1989). Cdagre psychology findings
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suggest that learning is facilitated in tutoring approaches that require students to express

their beliefs and challenge them to think and reason to explain phenomena (Chi et al.,

2001; Van Lehn et al., 2003). Benefits of tutorizan be attributed to several factors, of

which the following three appear to contribute most:

1. Question generatian A significant body of research shows that learning improves
when teachers and students ask eegplreasoning questions (Bloom, 1956).
Asking authentic questions leads to improved comprehension, learning, and retention
of texts and lectures by college students (e.g., Craig et al., 2000; Driscoll et al., 2003;
King 1989) and school children (e.g., King, 1994; King et al., 1998; Palincsar &
Brown, 1984). Nystrand and Gamarond (1991) found that genuine dialogs, although
rare in the classrooms studied, were most often initiated by authentic questions asked
by students.

2. Self explanation Research has demonstrated that having students produce
explanations improves learning (e.g., King, 1994; King et al., 1998; Palincsar &
Brown, 1984; Chi et al., 1989; 2001). In a series of studies, Chi et al. (1989; 2001)
found that having college students generateesgdfanations of their understanding
of physics problems improved learning. Selplanation also improved learning
about the circulatory system by eighth grade students in a controlled experiment (Chi

et al ., 1994) . Haus mann and-expanimg hase h n (20
consistently been shwn to be effective in producing robust learning gains in the
| aboratory and in the classroom. o Experim

indicate that it is the process of actively producing explanations, rather than the
accuracy of the explanations, thmakes the biggest contribution to learning.

3. Knowledge ceonstruction: Students ceaonstruct knowledge when they are
provided the opportunity to express their ideas, and to evaluate their thoughts in
terms of ideas presented by othefhere is compellig evidence that engaging
students in meaningful conversations improves leariigi et al., 1989; King,
1994; 1998; Palincsar & Brown, 1984; Pine & Messer, 2000; Butcher, 2006; Soter et
al.,, 2008; Murphy et al., 2009). Classroom conversations and tutdiaédgs
increase the opportunity for occurrences of knowledgearstruction which has
been shown to have a significant impact on learning gains (Wood and Middleton,
1975; King, 1994; Chapin et al., 2003; Chi et al., 2001).

Benefits of Social Agency anPedagogical Agent¥Vhen human computer interfaces are
consistent with the social conventions that guide our daily interactions with other people,
they provide more engaging, satisfying, and effective user experiences (Reeves and Nass,
1996; Nass & Brave2005). Such programs foster social agency, enabling users to
interact with them the way they interact with people. Programs that incorporate
pedagogical agents, represented by talking heads or human voices, especially inspire
social agency in interactivenedia (Atkinson, 2002; Baylor et al., 2003, 2005; Mayer,
2001; Moreno et al., 2001, Nass & Brave, 2005; Reeves and Nass, 1996). In comparisons
of programs with and without talking heads or human voices, children learned more and
reported more satisfactiarsing programs that incorporated virtual humans (e.g., Moreno

et al., 2001, Atkinson, 2002; Baylor et al., 2006 aumber of researchers have observed

that children become highly engaged with virtual tutors and appear to interact with a
virtual tutor asif it were a real teacher and appear motivated to work hard to please the
virtual tutor . Lester (1997) termed this
previous research using Marni as a virtual reading tutor (Cole et al., 2007), over 70% of
over 250students surveyed reported that they trusted Marni, that they felt Marni cared
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about them, that Marni was a good teacher, and that Marni helped them learn to read.
Resultspresentedelow indicate that students who used MyST asjoyed interacting
with Marni andbelieved that she helpd them learn science.

Benefits of Multimedia PresentatiariBhe design of the proposed tutorials is informed by

research on multimedia learning conducted by Richard Mayer and his colleagues (See
Mayer, 2001 for a reviewMa y e r and his coll eagues invest
learn how things work (motors, brakes, pumps, lightning) when information was
presented in different modalities; e.g., text only, narration of the text only, text with
illustrations, narrations wit sequences of illustrations, or narrated animations. A key
finding of Mayerds work is that simultaneou
information (e.g., a sequence of illustrations or an animation) results in the highest
retention of inform#don and application of knowledge to new tasks. Mayer argues that in

a narrated ani mati on, a student 6s audi tor
independently but are integrated to produce an enriched mental representation.

3. MULTIMEDIA DIALOGS
Students learn science in MyST through natural spoken dialogs with the virtual tutor

Marni, a lifelike 3D comput er character t hat i's fAon s«
Marni asks students op@mded questions related to illustrations or animations digplaye
on the computer screen. The spoken dialog

assess t he student 6s understanding of t he
additional actions (e.g., a subsequent question that may be accompanied by a new
illustraton) designed to stimulate thinking and reasoning that can lead to accurate
explanations, as described below. We call these conversations with ialtimedia

dialogs since students simultaneously listen t
viewing illustrations and animations or interacting with a simulation.

Marni produces accurate movements of the lips and tongue in synchrony with either
recorded or synthetically generated speech.
automatically by theCU Animate system (Cole et al., 2003; Ma et al., 2004) from an
input text string and acoustic waveform of the spoken words in the text string. During
the initial development and refinement of the MyST system we used high qualitg-text
speech (TTS) syhesis rather than recorded speech; since dialogs were constantly
evolving, it was far more efficient and cost effective to usetespeech synthesis rather

than record new utterances each time we changed the dialog. In addition, using TTS
allowed huma tutors to type in the text they wanted Marni to speak in real time while
students were conversing with Marni; this Wizard of Oz procedure used during
development of spoken dialogs is described below. At the conclusion of the development
phase of each nolnle, a human tutor recorded each of the prompts produced by Marni,
enabling her to speak with a human voice that produced appropriate emotional
expression, such as enthusiasm when reinforcing the student for accurate and complete
explanations. Results atudent surveys presented below suggest that students greatly
enjoyed interacting with Marni even with her synthetic voice.

Questioning the Author Approach to Tutorial Dialogs
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The design of spoken dialogs in MyST is based on a proven approach t@aiassr
discussions called Questioning the Author, or QtA, developed by Isabel Beck and
Margaret McKeown (Beck et al., 1996; McKeown & Beck, 1999; McKeown et al.,
1999). QtA is a mature, scientificalyased and effective program used by hundred of
teachers aoss the U.S. It is designed to improve comprehension of narrative or
expository texts that are discussed as they are read aloud in the classroom. The program
has well established procedures for training teachers to interact with students, for
observingteachers in classrooms and for providing feedback to teachers. In recent studies
(Murphy & Edwards, 2005; Murphy et al., 2009), QtA was identified as one of two
approaches out of the nine examined that is likely to promoteléngh thinking and
comprehenion of text. Relative to control conditions, QtA showed effect sizes of .63 on
measures of text comprehension, and of 2.5 on reseatelieloped measures of critical
thinking/reasoning (Murphy & Edwards, 2005). Moreover, analysis of QtA discourse
showeda relatively high incidence of authentic questions, uptake, and teacher questions
that promote higlievel thinking all indicators of productive discussions likely to
promote learning and comprehension of text (Nystrand & Gamoran, 1991; Soter &
Rudge, 2005Soter et al., 2008).

Questioning the Author is a deceptively simple approach. Its focus is to have students
grapple with, and reflect on, what an author is trying to say in order to build a
representation from it.Because the dialog modeling useddtA is well understood, can

be taught to others (Beck & McKeown, 2006), and has been demonstrated to be effective
in improving comprehension of informational textg decided to incorporate principles

of QtA into tutorial dialogs within MyST. Tutors in owesearch study, all former science
teachers were trained in the QtA approach by one of its inventors, Dr. Margaret
McKeown. Following an initial workshop in which the project tutors learned about,
discussed and practiced QtA dialogs, Dr. McKeown revietk@ascriptions of tutoring
sessions and provided constructive feedback to the project tutors throughout the
development phase of the project. The tutorial dialogs in the final MyST system evolved
from iterative process of testing and refining these-Qé#ed multimedia dialogs.

We note that,n the context of an inquirpased science program, the perspective of the

faut horo in AQuestioning the Authoro moves
is trying to communicate, to questions about scigneestigations and outcomes. &n
sense, in a science investigatitie "author'i s Mot her Natur e, and th

observationghat students makendthe data sets #y enter into their science notebooks.
During multimedia dialogs, students areleato review, recall, revisit and revise their
ideas about the investigation by viewing illustrations and interacting with simulations
while producing and evaluating the accuracy of their self explanations during their
conversations with Marni.

Use of Media in MyST Dialogs

MyST dialogs typically incorporate one of three types of media 1) static illustrations, 2)
simple animations and 3) interactive investigations. Although they sometimes overlap in
the content presented, each media type plays a eiragd importantole in science
learning in MySTdialogs
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Static Illustrations Static lllustrations are inanimakash drawings. We have found that
Static llustrations are a good way to initiate discussions about topiey provide the

student with av i s u a l frame of reference that hel ps
subsequent discussion on the content of the illustratitor example, each of the
l'llTustrations in Figure 1 can be presented \
orWhiiat 6s this all about?9d

Figure 1: Example Static lllustrations

Picked Up

Ze

Mumber Of Picces

The sequence of questions presented by the virtual $tdds with indirect, opeanded
guestions about the illustration attten moves to increasingly more directed questions
cortingent on student responsésseries of questions for the first lllustration in Figure 1
might be
1 What are these things all about?
1 You mentioned making a circuit. Tell me more about a circuit.
T Great thinking! Whatdés i mpoit?t ant about t
1 You said something interesting about components in a circuit having contact
points. What are contact points all about?

A visual like the graph in Figure 1 could be very helpful when working with a student
that grasps what they are looking at, bat how to interpret it. A QtA inspired sequence
about the graph might be:

1 T:What do you think this is about?

1T S: I think ités a graph of something.

1 T: Good observation. It is a graph of something. Tell me more about the graph.

1T S: Umm, I 6 m Itlmas someehimd td do with waskers picked up and
wraps on an electromagnet, but | canbt t

1 T: Great, this is a graph about the number of washers an electromagnet can pick

up and how many wraps it has. What happens to the numbeashieve picked

up when the number of wraps changes?

S: Hmm, | think it, wel | | think it doe
T: Okay, one good way to tackle a graph is to look at the data points on the

graph. Here the data points are the green. dgtsat do you think the first data

point, all the way to the left, is telling us?

= =

At any point that the student expresses a grasp of what a graph is, the tutor moves on to
the next point.
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Simple Animations Simple Animations are nointeractive Flash aimations. Simple

Animations can provide additional information and help students visualize concepts that
can be difficult to capture in lllustrations. Figure 2 describes several simple animations,

such as the flow of electricity in a circuit and creatiéra temporary magnet.

In Figure 2a, the direction of the flow of electricity is represented by blue dots moving

through the wires and bulb and back to thedll. The animations enable questions to
elicit explanations about what is being shown. As witier concepts and media, the

Figure 2i Example Animations

__9 -
o

guestions become

D-Ce |

Interactive Animations

2a.Electricity
flowing from
negative to
positive
terminals

2b. Nail attracts
paperclip only
after being
rubbed by a
maanet

Il . 0

increasingly specific

2c. Motor
running in
direction
depending on
batterv

if the students are not expressing an
understanding of the pointh& animation can also be used to support dialogs in which

the student prduces an accurate explanation for the events showe . g .
electricity is flowing from through the circuit from the negative to the Positive side of the

, fiYou

Interactive Animations (or simulations)allow studets to
interact directly with the Flash animation through mouse clicks or by using the mouse to
move objects on the screen. For example, clicking on the switch in a circuit will open or

close the circuit, resulting in a motor running or stopping, or artreleagnet picking up
or dropping iron objects (Figure 3). Interactiamimationscan be used to present

relatively simple concepts (e.g., a switch) or to provide students with the opportunity to

conduct complete virtual science investigatiansl graph theesults During multimedia
dialogs, as students are interacting with a simulation, the ¢atoisay things lik&Vhat

coul

d yoWhabo

Figure 3i Examples of Interactive Animations

hape®ens

f

you €?

ACM Trans..

got



9:10 o] W. Ward et. al.

4. DEVELOPING TUTORIAL DIALOGS

Creating natural and effectiveinteractions betweerMarni and the student ighe
overarchinggoal of the development procesk is necessary to design dialogs that 1)
engage stilents in conversations that provide the system with the information needed to
identify gaps in knowledge, misconceptions and other learning problems and 2) guide
students to arrive at correct understandings and accurate explanations of the scientific
processes and principles. A related challenge in tutorial dialogs is to decide when
students need to be provided with specific information (e.g., a narrated simulation) in
order to provide the foundation or context for further productive dialog. Students
someimes lack sufficient knowledge to produce satisfactory explanations, and must
therefore be presented with information that provides a supporting or integrating function
for learning.This is the process of scaffolding learning discussed above.

A major ch#lengeof the MyST project wakow to design the spoken dialogisd media

in a principled way to optimize engagement and learning. To meet this challenge, we
developed an iterative approach to dialog design, informed by theory and research on
learning,tutoring, and multimedia learningn which dialogs were designed and refined
through a series of desigastrefine cycles These cycles involved initial human
tutoring using a set of illustrations, to human tutoring with comgogesed illustrations,
animations and interactive stimulations, to Wizard of Oz studies, (described below) in
which students interacted with Marni independently, while remote human tutors (the
Wizards) monitored the session and could take control of the system when néeded.
addition,we selected a specific approach to tutorial conversations, based on principles of
Questioning the Author (Beck & McKeown), and then developed, tested and refined
dialogs administered first with human tutors, then to initial MyST dialogs monitréd
sometime controlled by human tutors in Wizard of Oz sessions. At each step of the
development process, sessions were recorded, transcribed and analyzed, leading to
refinements and subsequent testing through a series of iterative design andlésst cyc
and to the final MyST dialogs now being evaluated in schools.

As noted, the concepts addressed in MyST tutorial sessions are aligned with the structure
of FOSS content. Each FOSS Module is composed of four investigations, and each
investigation casists of a series of four parts. Each of our tutorials is designed to address
the key conceptsncountered in the individual classroom science investigatiorespart

of a FOSS investigation. So a FOSS module would have a series of 16 tutorial sessions
associated with it (4 investigations of 4 parts each).
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Tutorial Strategy

Each tutorial session in MyST is designed to cover a few main poidfsif?al5 to20-

minute session with a student. The tutorial dialog is designed to get students to articulate
concepts and be able to explain processes underlying their thinking. Tutor actions are
designed to encourage students to share what they know and help them articulate why
they know what they know. For the Virtual Tutor (VT), the goal of a tutorial segsion

elicit responses from students that show their understandiagpécificset of pointspr

more specifically, to entail a set of propositions. The VT attempts to elicit the points by
encouraging seléxpression from the student. Question the AuiatA) influences the
strategies we use to get students to share what they knowis @y effective at getting
students to think more deeply about a concept. Two of the strategies that it utilizes that
are employed by MyST ammarking and revoicing These two techniques require the
ability to identify the studentdds dialog
repeating (revoicing) the question back to the student using similar phrasingyou
mentioned that electricity flows in a claspath. What else can you tell me about how
electricity flows?

The interactions for a concept typically begin with opewled questions about the
concept. Further sequences are written in such a way that they proceechdrem
generalopenendedquestin s ( What 6s t toimere diréedd operdermedt ?
questiongTell me more about the flow of electricity in the circuithitially, students are
prompted to consider a concept in terms of their recent experiences in class.

Implementing TutorieSessions

The behavior of the Virtual Tutor in a dialog with a studeantluding the presentation of
media within dialogsis controlled by daskfile. The taskfile contains the definition of
the task frames to be used by the application. A task fiaraelata object that contains
all of the information necessary (or at least available) to interact about the frame:

1 Frame Elements as in parser frames.

1 Templates for generating responses

1 PatternAction pairs, called Rules, for generating responsesinggtt on

certain conditions in the context.

By default, Marni will attempt to elicit speech to fill the Frame Elements representing the
propositions of a frame. A sequence of interface actions is generated to elicit a response.
The set of interface actis used are those supported by the Hub, flash(), movie(), show(),
clear(), speak() and synth(). An example action sequence wouldsh¢Components);
synth(Tell me about that.JThis sequence would run the Flash fl®@mponentsand

would synthesize the wd sequence and have the character speak it. In order to elicit
speech to fill a frame element, the developer specifies a list of action sequences for the
element. During a session, the Dialog Manager (DM) keeps count of how many times
each element has beprompted for and uses the next action sequence in the list. Once it
has exhausted the list, it gives the element the &k, and will move on.

ACM Trans..
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The tutorial developer may also specify a set of Rules for the frBoles are pattern
action pairs thatan be used to generate action sequences conditioned on features of the
context. Rule pattern definitions are Boolean expressions based on element values in the
context. If the rule evaluates to true, one of the action sequences following it are sent to
the interface manager. Like when prompting for an element, the system keeps count of
the number of times a rule has been used and uses the next sequence each time. Figure 6

shows an example frame with a rule. The tutor would initially try to elicit infaomat
about flow direction by showing an animated Flash file naFed and having the agent

sayT e | | me about wlithetstident gesponded withgoes froemlas to

minuswhere the direction of electrical flow reversed, the parse would be
[Flow]:  [DirFlow].[Origin]: positive  [DirFlow].[Destination]: negative

The mapping oplus andminusto the canonical formpositiveand negativeis done by
the parser. When the parse is integrated into context, the rule would fire and the tutor
would continue to show the flash animati&itow, and t he avTelmer

again about the flod .

wo ul

Rules are useful for marking and revoicing what students have said. They are used to

mark and encourage students to go forward, question studerdgyg deha relationship

incorrect, and reward them when their efforts result in responses that accurately express

conceptual understandings.

Frame: FlowDirection
[Flow]
[DirFlow]
Action: flash(Flow); synth(Tell me about what's goingleere.)
Action: synth(What do you notice about the flow?)
[DirFlow].[Origin]

coming from)
[DirFlow].[Destination]

to)
Rules:
# Got direction backward
([DirFlow].[Origin] == fipositiveo)
Action: flash(Flow); synth(Tell me again about the flow?)
Action: flash(Flow); synth(What direction is it going?)

Action: flash(Flow); synth(which side of the battery is the eledyrigbing

Action: flash(Flow); synth(which side of the battery is the electrig

Figure 6i Example Task Frame

The Dialog Manager (DM) uses a stack driven algorithm for flow control. Ihtaiais

two frame stacks, JQurrenti the set of currently active frames anchijtoryi the set of
completed frames. The DM tries to complete the frame on top @iutiment stack. If the
frame on top is complete, it is moved to thistory stack and thenew top frame is
completed. In attempting to complete a frame, the Rules are checked first. If a rule
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expression evaluates True and it has not been marked FAIL, the next action sequence for
the rule is used. If no sequence was generated by checkingléds Re DM determines

the first unfilled frame element that has an associated action sequence. If all required
elements are filled, the frame is moved tolirstory stack, and the system attempts to fill

the new top frame. The action sequences for bafleRand Frame Elements can cause
new frames to be pushed onto tharent stack, or old frames to be moved off to the
history stack.

As noted above, development of dialogs, as represented itaskeiles, proceeds
through an iterative design, test, amdision process. As new data are received from
student sessions, they are analyzed for features like: aspects of the flow of the tutoring
session; details of the prompt generation; the use and utility of visuals; and the general
completion of framesThis information is used to modify task files &ireamline
prompts, refine rules, and further design graphics and interactive animations to support or
clarify concepts and eliminate misconceptions.

Wizard-Of-Oz Interface

Our development strategy is toodel spoken dialogs from tutoring sessions of the type

we would like to emulate. In order to gather and model data from effective multimedia
dialogs of the sort we would like to create, we developed an interface to MyST that
allows a human tutor to beserted into the interaction loop. In this mode, the student
interacts with the MyST Virtual Tutor (VT), while the human tutor can monitor the
studentds interaction with the system and t
type of data collectionystem is often referred to as a WizadtOz system. The WOZ

gives a remote human tutor control over the Virtual Tutor system. At each point in a
dialog when the system is about to take an action (e.g., have Marni talk; present a new
illustration) the actin is first shown to the human wizard who may accept or change the
action. For all WOZ data collected, sessions were monitored by project tutors (former
science teachers) who served as the Wizards. The data from WOZ sessions was used to
improve system carage concepts and to gain insights into MyST dialog behaviors
based on intervention by the Wizards.

During the second and third years of the project, students have independently interacted
with MyST in their schools, while Wizards at Boulder Languagehfielogies offices

have monitored the tutoring sessions remotely. One project tutor will go to the school to
set up the computers, retrieve students from classrooms, bring them to a computer and
initiate the session. The Wizard then connects to a dtuden IdgssSon via the
internet.

The WOZ interface is a pluggabMyST component. If the Wizard is not connected,
MyST sends the output straight to the udkthe Wizard connects to the session, MyST
automatically sends actions to the Wizard for appl or revision. If the Wizard
disconnects from the session, the system switches automatically to independent mode.
The WOZ systensupports both independent use by a student and the ability of a human
wizard toconnect to any given sessid@ver the couss of the data collection, we have
observed the expected pattern that Wizamtkrvene less and less as the tutorial matures
during the development process.
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Wizard display

Since the WOZ interface connects to the Virtual Tutor over the internet, the wenard

be at a remote site. The wizard can see evVve

what the student is saying, but can only communicate with the student through the MyST
WOZ interface. Figure 7 shows the layout of the Wizard display.

2 Wizard Of 0Z oe e N R ==
Frames (Concepts)  Frame Detaik: UsingStandardunits P Port (50001 |
i
Description: Using the different tools o units will get you different E
pello S e e s o I e O TR
MeasurementDefi e
LengthDefiniti lanned Action
engthDefinition =
Move U
UsingStandardUni qve B
Messrementsan [——
et | = E——
VietaDiisions e
v [ ger |
Clear
MoreThanMeter Let's try something. Click to measure the length of the table using [eciond
MetricSystem both group A's and group B's straws. What do you observe? ClearAll
End - Send
« [ 1|
|:| Frame - Flat View | Frame - Grouped View | Flash | Shortcuts |
(Sgroup_straws L= s
SessionInvestigaton |1 ~|
Tell me about measuring desks with different lengths of straws? Eorilie E
Copy Action
Stop Avster
[re—
[~ -
Synth History
Let's try something. Click to measure the length of the table using both group A's a
nd group B's straws. What do you observe?
Copy Action
Tell me more about the kind of things that happen to measurements when you use
different tools, like different sizes of straws?
Copy Action || |+
it 4 =

Figure 7- Wizard screen

The wizard screen displays:

9 A screenshot of the Virtual Tutor screen that the student sees
1 The action the Virtual Tutor is about to take
1 The frame in focus, including all action sequences associated with elements of
the frame.
T Alist of dl frames in the task file for the session
T A set of command buttons
o0 stop agent
0 clear screen
0 end session
1 Aninput history list that can be recalled, to see what has been done and to allow

cutting and pasting new responses.

When the Virtual Tutor suggesen action, it is displayed in the tagnter screen.
Wizards can choose to:

1 Accept the proposed action

1 Select a new action from the current frame

1 Switch to a new frame, and have the system generate a new proposed action
1 Generate a new response manuallyskiecting system content and typing in

strings for the agent to speak.
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The Virtual Tutor system keeps a log of tistamped events occurring during the
session, any wizard generated actions are included in this log. The log records whether
the wizard acqets each proposed system action, or how they changed it. Throughout the
project, we used WOZ collected data to train speech recognition acoustic and language
models, and to develop grammars for parsing. Analysis of log files from WOZ sessions
gives insightinto problems with tutorials and can lead to development of additional
multi-media resources or modification of the task file to cause the Virtual Tutor to behave
more like the wizards.

4. MYST SYSTEM OVERVIEW

Student Interface

The student dvsa ful saepnunindow that bomtains the virtual tutor Marni,

a display area for presenting information and a display button that indicates the listening
status of the system. The agentés | ips and
speech, which ay be played back from a recording or generated by a speech synthesizer.

Some displays are interactive and the student is able to use the mouse to control elements

of the display.

When the student i s not speaki ngdmmede | i ste
My St uses what 4damiH&hdwnpasadi giPusWwhere the
the space bar while speaking. When the space bar is released, the Listening Status
indicator returns to AOFFO and tHustandystem r
Hold system work well with children and in environments with background noise.
Having the hard indication that the wuser is
mi keo, provides usef ul constraintsentsf or t he
following the tutoring sessions, all students reported that they found holding down the

space bar was easy to do. This procedure encouraged students to spend time thinking
about their spoken responses (whkanmatiorMar ni  we
with natural head movements and eye blinks) before responding. It is likely that
performance of the speech recognizer was also improved by having the interval of speech
indicated by the student.

~ Figure 41 Virtual Tutor Screen

Dialog Interaction

The tutor takes a series of actions and then waits for input from the student. A typical
sequence of actions would beitont r oduce a Fl ash animation
display the animation, and then ask a quegtidghWh at 6 s goi ng on there?(

ACM Trans..



9:16 o] W. Ward et. al.

the nature of the question and the medi®, $tudent may interact with content in the
display area, watch a movie, or make passive observatghen ready to speak, the
student holds down the space bar. As thelestti speaks, the audio data is sent to the
speech recognition system. When the space bar is released, the single best scoring word
string is sent to the parser, which returns a set of semantic parses. The set of parses is sent
to the dialog manager whictelects a single best parse given the current context,
integrates the new information into the context and generates an action sequence given
the new context. The actions are executed and the system again waits for a student
response.

Each tutorial dialogs oriented around a set of key concepts that the student is expected
to know based on the content, instructional activities and learning objectives of each
science investigation in each FOSS modilee development process benefits greatly
from the matedl provided by FOSS, which describes the key concepts in the
investigations and identifies the learning objectivEse key points of the dialog are
specified as propositions that are realized as semantic frames. The tutor attempts to elicit
speech from th student that entails the target propositions. Following QtA guidelines, a
segment begins with an opended question that asks the student to relay the major ideas
presented in a science investigatioRollow-up queries and media presentations are
designed to draw out important elements of the investigation that the student has not
included. The follomup queries are created by taking
response and asking for elaboration, explanation, or connections to otherTitlaashe
follow-ups focus student thinking on the key ideas that have been drawn from the
investigation.

Throughout a dialog, the system analyzes utterances produced by a student and maintains

a context that represents which points have been addressed hydéet,sand which

have not. I n analyzing a studentds answer,
entities are filling the correct semantic roles. The dialog manager then generates
guestions about the missing or erroneous elements to attemptitonéirmation about

them. The tutor will continue to try to elicit student explanations about an element until

the element is filled or the associated prompts are exhausted.

5. MYST SYSTEM ARCHITECTURE

MySt was developed using the BLT Virtual Human Tabl/HT). The VHT is a
resource for designing and experimenting with multimedia programs that support real
time conversational interaction with virtual humans. The Virtual Human Toolkit provides
a general purpose platform, a set of technology modulestoatal for researching and
developing conversational systems using natural mixed initiative interaction with users in
specific task domains. In mixedditiative dialogs, either the user or the system can seize
the initiative and take control the dialog. Tteolkit consists of an integrated set of
authoring tools and technologies for developing applications that incorporate virtual
humans in applications. It provides authoring tools for presenting and interacting with
media (text, images, audio, video andnaations), designing and controlling lifelike 3D
computer characters, and designing natural spoken dialogs with the virtual agent.
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Virtual Human Toolkit

VHT enables system designers to select a set of 3D models, place them on the screen, and
control ther actions. While a virtual human can be represented as a disembodied voice
(i.e., users can converse with a spoken dialog system over a telephone, and voices can be
presented in multimedia applications without a talking head), developers can create
multimedia applications that incorporate embodied conversational dglfeitke 3D

talking heads or fulbodied characters that posture and gesture. Within the toolkit, a set

of ethnically diverse animated agents each produce anatomically correct visudl speec
(through movements of the lips, tongue and jaw) synchronized automatically with either
recorded speech (given a text string representing the spoken words) or with synthesized
speech generated by a témtspeech synthesis program. The CU Animate module
enables authors to produce facial expressions and animation sequences during speech
producti on, while #Alisteningd to the wuser,
modes. Each animated agent can produce accurate facial expressions of six basic
emotons (surprise. joy, sadness, fear, disgust, anger).

The VHT is composed of modules for:
speech recognition

speech synthesis

semantic parsing

dialog management
character animation

=A =4 =4 -4 -4

It also contains a Hub written in Java that implements the applicatienofiganization
of the toolkit is illustrated in Figure 5.

VHT Hub

The Hub is alava program that provides all of the functions necessary to invoke and send
data to all of the modules, manate useb Bput, invoke Flash applications, play media
files and invoke the agenfThe Hub timestamps and logs all interactions. The Hub
executs a set of interaction actions requested by a client module consisting of:

o flash(file)1 execute the specified Flash file
movie(file) T play the specified media file
show(file) 1 display the specified static file
clear()i clear the display
speak(file)i send the preecorded file to CUAnimate for the character to
speak
synth(word string)i send the specified word string to the TTS then to
CUAniImate for the character to speak

O o0Ooo

o

Any client module that implements the Hub Application Program Interface (API) can

send interaction requests to the Hub. In Figure 5, both the Phoenix Dialog Manager and a
Flash Application are shown sending interaction requests to the Hub. The Dialog
Manager can invoke a Flash application, which can in turn use the Hub services.
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Digitized speech
BLT-CU Speech Recognizer
Speech : Word
1
1
L] Word Phoenix Semantic
Mouse VHT
Hub Semantic Frames
Keyboar _ Interface Actions ——
< Phoenix Dialog Manager
Medi < nerface Actions | Flash Application
— <
Audio
y
Word *
< Speech Synthesizer
To Speaker
< = CUAnimate 3D avatar | ¢—
[0}

Figure 5 Virtual Human Toolkit Architecture

Speech Recognizer

The speech recognizer used in the VHT is a large vocabulary continuous speech
recognition (LVCSR) system writteby Daniel BolanogBolanos et al., this volumg)
supported jointly by BLT and CU. It uses the general approach of manyo§thie art
speech recognition systems: A Viterbi Beam Search is used to find the optimal mapping
of the speech input onto a seque of words. The score for a word sequence is calculated
by interpolating Language Model scores and Acoustic Model scores. The Language
Model assigns probabilities to sequences of words using trigrams, where the probability
of the next word is conditioneoin the two previous words. The Language Models were
trained using the CMCambridge LM Toolkit (Clarkson and Rosenfeld, 1997). Acoustic
Models are based on Hidden Markov Models using Gaussian Mixture Models
(HMM/GMM) to estimate the probabilities of thepeech vectors. The system uses
disfluency models to match the types of disfluencies found in applications. The
recognizer can output word graphs, but MyST currently uses only the single best scoring
hypothesis.

Semantic Parser
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The Phoenix parser (Ward, 949) maps the speech recognizer output, or any text, onto a
sequence of semantic frames. These frames r
utterance. The type of representation Phoenix uses to extract information from user input
is generally referredo as shallow semantics. Shallow semantics represents the entities,
events and relations between them important to understanding an utterance. In Phoenix,
these are characterized as semantic frames, together with semantic frame elements. An
example parseof Electricity goes from minus to plis

Semantic grammars are used to match

Frame: FlowDirection word strings against patterns for frame
[Electricity] (electricity) elements. These are Context Free
[Flows] (goes) patterns where the NonTerminals are
[DirFlow].[Origin] Negative (minus)  concepts, events and relations important
[DirFlow].[Dest] Positive (plus) in the domain. Separateanmars are

written for each Frame Element (like
[DirFlow].[Origin]). In matching Frame Element grammar patterns against the input text,
the parser ignores words that do not match any frame element. This allows the system to
match expressions relevant todenstanding the domain while ignoring extraneous
information and disfluencies such as restarts. A Viterbi search is used to find the optimal
set of frames and frame elements. The most optimal parse is the one that covers most of
the input and is least fragented. A set of parses of equal score is produced for an
ambiguous input.The grammar rules may be written manually or may be trained from an
annotated corpus if one is available.

Dialog Manager

The Dialog Manager ( DM) cactioh with thsusdrndissy st em
responsible for:

a. maintaining a context representing the history of the dialog

b. selecting a preferred parse from a set of candidate parses given the context

c. integrating the new parsed input into the context

d. generating a sequenoé actions based on the context

The DM also uses the frame representation used by the parser. It also provides a
mechanism for developers to specify the behavior of the system. This mechanism will be
discussed below in Tutorial Development

Textto-Speeh Synthesis

A TextTo-Speech synthesizer receives word strings from the natural language generator
and synthesizes them into audio waveforms that can be played back to the user. The VHT
interfaces to the generplirpose Festival speech synthesis systeml¢rat al., 1998),

and to the commercially available Acapela synthesizer.

Use of Spoken Responses

In the tradition of other systems wusing chi
doesnotusehte i nf or mati on extr ac tgedkstfdengandtbe udent s
system never tells the student that a response is witnigis a good strategy for ASR

based systems because the recognizer can make mistakes, but it is also the natural
strategy used by QtA and that is why this task and interastide are particularly suited
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as an ASR applicatiorst udent 6s utterances are processed
the interaction. After each spoken response produced by a student, the system decides
whether the current point should be discudsether, whether topresent a illustration,

animation or investigatioaccompanied by a prompt, or to move on to another point. In

the absence of usable spoken responses, the system will proceed with a default tutorial
presentation as specified in tteskfile for the sessionn sessions where the VT is able

to accurately recognize and parse student responses, it is able to adapt the tutorial dialog

to the individual student. It may move on as soon a student expresses an understanding of

a point, and delve merdeeply into a discussion of concepts that are not correctly
expressed by the student. I't may present mo
seem to grasp the basic elements under discussion. If the system is unable to elicit student
responses tt fill any of the semantic roles related to the science concepts in a dialog, it

should present a useful tutorial but may stay on individual points longer than necessary,

and may not cover all points by the end of the session.

In cases where the systamderstands the student, it is also able to apyyking and

ot her techniques that use information from
The VT does not simply recognize and parrot back keywords spoken by the students. It
represents the eventsnd ent i ties in the studentds res|

relations expressed between them. The extracted representation is compared to the
desired propositions to decide what action to take next.

Using spoken responses in this way provides asbbystem interaction. False Negative
errors by the system, in which the system misses correct information provided by the
student, account for the bulk of Concept errors. In this case, the system simply continues
to talk about the same point in a diffatevay rather than moving on. False Accept
errors, where the system fills in an element because of a recognition error, are very rare in
MyST. When they do occur, the system may move on from a point before it is
sufficiently covered. Recapitulations byetBystem or errors by the student in later frames

can catch some of these. Thus, dialogs are designed to use speech understanding to
increase efficiency and naturalness of the interaction while minimizing the impact of
system errors.

6. CORPUS DEVELOPMENT

One significant product of the MyST project is the development of a corpus of
elementary school students interacting with the virtual tutor. The corpus can be used to
train and evaluate childrends speeclsorecogni
be used to support analyses of the characte
use the data for modeling tutorial dialogs and study those features which are associated

with learning gains.

Data Collection

All data are being collected fronessions aklementary schools in tHeoulder Valley
School District(BVSD). BVSD is a 27,00&tudent school district with 34 elementary
schools.There is great student diversity across schools, and schools vary from low to
high performing on state scientests. Duringthe 20092010 school yearalone, 211
students in 7 different elementary schools engagedultimedia dialogswith Marni in
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Wizard of Oz mode. We administered tutorial dialogs to students in both high performing
and low performing schools iorder to gauge the potential benefits to a broad range of
students. All but 3 Boulder Valley schools teach science using FOSS.

Data are being collected in three basic conditions:

1. HumanTutori A human tutor conducts a tutorial with a student. The humiam tu
has access to the visuals and other supplementary materials, but the tutor talks
directly with the student and the student does not interact with the virtual tutor.

2. WizardOf-Ozi The WOZ interface is used to interact with the student as described
earler. All interactions are saved to a tirsamped log file.

3. Standalone Virtual Tutori Students interact with MyST systemithout a wizard
being connectedAs noted, he datacollected during independent sessicere
essentially the same as tdata colécted duringWWOZ sessionsbut thereis no
wizard present tachangethe systen® actions. This is the procedubeingusedto
assess the effectiveness of the MyST system in schools.

Module WOz Human Hours of
sessions | sessions Audio
Magnetism & Eleqicity 415 44 36
Measurement 132 331 67
Variables 234 49 28
Water 34 0 3

Table 1i Data collected by Module

Data Processing

Speech Transcription

The speech data is stored in files by student turns, ie. whatever is said from the time the
student presskthe space bar to talk until the bar is released. The speech is sampled at
16KHz, as is typical with microphone speech. The subjects are wearing Sennheiser
headsets with noise canceling microphones. The speech data are professionally
transcribed at the wd level. Disfluencies (false starts, truncated words, filled pauses,
etc) are also marked in the transcriptiomfus far, 136 hours of speech have been
transcribed.Table 1 shows the amount of data collected for each module. The Water
module was developelast and collection is just beginning. Data collection of stand
alone Virtual Tutor sessions for assessment has also just begun.

Log files
Each Virtual Tutor dialog session produces a log file that containsstiameped entries

for the events that ocowed during the dialog. At each point that the student speaks, an
entry is written into the log that gives the filename for the associated recorded speech file.
After the speech has been transcribed, the transcript is automatically inserted into the log
file at the appropriate place. Some additional pieces of information stored in the log file
are: speech recognition output, extracted frame elements, current context, frame name
and frame element or rule that is generating the VT response, the numbersothiisne
frame element or rule has been used, and action sequence generated for the response.
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Concept Annotation

The transcript data are annotated to mark the concepts used by the semantic parser.
Human annotators highlight word strings in the transcript assign the appropriate

concept tags. The concept annotations are hierarchical, for exiiomléhe positive end

would be a [DirFlow].[Origin].[Terminal] concept where the substiingitive endefers

to a [Terminal] of a battery. This process is etiain finding paraphrases of the ways

concepts are referred to. These annotations are used to expand the coverage of the
grammar patterns for the parser, to evaluat
standardo input f omwofthesystam. ng ot her component s

7. COMPONENT EVALUATIONS

Since only a small amount of datashbeen collected for the Water module, and
transcripts for those are not completed, experiments were conducted using data from only
3 modules; Magnetism & Electricity, Measureamheand Variables. The data were
partitioned by speaker into Training (78% of speakers), Development (11%) and
Evaluation (11%) sets. Data from any individual was in only one of the sets. The training
set was used to train acoustic models and language sriode¢he speech recognizer and

to train grammar patterns for the parser. The development set was used to optimize
parameter values such as language model weights. The Evaluation set was used for
component level evaluation of the ASR and Parsing companents

Automatic Speech Recognition Performance

The VHT speech decoder uses standard Trigram language models that were trained using
the CMU-Cambridge Language Model Toolkit (Clarkson & Rosenfeld, 1997). In creating
lexicons and language models, the develapast balance using more specific models
created by partitioning the training data into more classes against using less specific
models that use fewer classes but have more data to estimate the parameters for each
class. We evaluated the performance of tbeognizer using three sets of Language
Models:

1. Single LM trained by pooling all training data

2. Separate LM for each module

3. Separate LM for each investigation

What we would expect to see is that words related to concepts specific to a topic have a
relativdy better chance for inclusion in the more specific models, but general word
sequences would be less well modeled. The Word Error Rate (WER) for the recognizer
on the Evaluation set is shown in Table 2. The column laled&itonis the number of

words knavn to the system. Overall WER is 34.4%. A small but consistent gain is seen
for the Module specific LMs but a larger drop is shown by the Investigation specific

Global LM Module Specific| Investigation
Specific

WER | Lexicon | WER | Lexicon | WER | Average
Lexicon
ME | 33.8 5134| 33.5| 2586 36.5| 1229
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MS | 32.8 5134| 325| 3375 33.6 1745
VB 40.7 5134| 40.1| 2570 42.0 1292
Tot | 34.4 34.1 35.9

Table 2i Results for Speech Recognition Output

models. This result implies that there is enough dat&rain models specific to each
module, but not specific to each investigation. The VB data have a considerably higher
WER than the others, but its lexicon is not larger. This can be explained by the relative
perplexity of the Language Models, which ar&M62, MS= 62, VB= 81. Perplexity is a
measure of the entropy, or predictability, of the model, and is a logarithm of a
probability. The lower the perplexity, the more predictable the word sequences. We have
observed that Variables is a more abstract ttmt is more difficult for young students

than the other two topics. This is reflected by less fluent and coherent and thus less
predictable speech.

Concept Accuracy

The behavior of the Virtual Tutor is more dependent on Concept Accuracy (CA) than on
Word Error Rate. The only representation that the Dialog Manager has of what the
student said is the extracted frame produced by the parser. If two different word strings
have the same parser output, then they are equivalent to the Dialog Manager. One way to
measure the effect of recognition errors on the system is to look at the accuracy of
extraction of Frame Elements. Reference parses were created for each utterance by
parsing the transcripts, which represent input with no recognition errors. The speech
reagnizer output for the utterances was also parsed and Recall and Precision of Frame
Elements were calculated compared to the reference parses. The results for Concept
Accuracy are shown in Table 3. The format of the cells is Recall/Precision. Recall is the
percentage of the reference frame elements that were correctly extracted from the
recognizer output. Precision is the percentage of the elements extracted from the
recognizer output that were correct. Using a global LM resulted in an overall Word Error
Rae of 34.4% with a Recall of 83% and Precision of 86% for Frame Elements.
Increasing the specificity of the LM results in an increase in Recall at the expense of a
decrease in Precision. This trend can be explained by realizing that more specific LMs
tendto increase the likelihood that domain specific content words will be recognized,
whether they were actually spoken or not.

Global LM Module Investigation
Specific Specific

WER CA | WER CA | WER CA

34.4| .83/.86| 34.1| .85/.85| 35.9| .87/.82
Table 3i Results for Speech Recognition Output

We chose to use Modulpecific Language Modules for the assessment, as these seemed
to offer a good compromise where 85% of concepts in student responses are correctly
extracted, and 85% of extracteohcepts are correct.

Disfluencies
Approximately 2% of the words in the corpus were partial (truncated) words and 8% of
the Awordso are filled pauses. The system
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input. In addition to a Silence model, thes®m uses models to detect a number of other
nonword speech events:

BRi Breath Noise

EM

HMM

HUH

MMM

UHM

=A =4 =4 -8 -8 -9

We conducted an investigation to give some information about the performance of the
disfluency models used in the system. Including the disfluenaetaamproved overall

WER from 37.3% (using only words and Silence model) to 34.4% (using the additional
disfluency models). Normally the system strips out disfluencies from the recognition
hypothesis. Disfluencies are annotated in the utterance trassarigtare also removed
before the two are aligned for scoring. For this test, we generated recognition output for
the test set, but did not strip out the disfluencies. Then all disfluency tags in the
hypotheses and the transcripts were mapped to a dinglg . For this analys
really care what the disfluency was, just whether there was one. Strings of disfluency tags
were also collapsed to a single occurrence. We then aligned the transcript and hypothesis
strings and computed the Substitutiomsdrtions and Deletions for disfluency tags. For

the parameter settings used (which optimized WER without fillers) the results are:

Total words in reference: 57641

Total disfluencies in reference: 4397
Disfluency in Reference aligned with disfhey in hypothesis: 3999 (91%)
Disfluency in Reference Deleted (aligned with Silence): 221 (5%)
Disfluency in Reference aligned with word in hypothesis: 177 (4%)
Total disfluencies in hypotheses: 18123
Correctly aligned with disfluency in reference 3999 (22%)
Insertions (not aligned with any word in the reference): 10267 (57%)
Disfluency in hypotheses aligned with word in reference: 3857 (21%)

For fillers in the reference strings, 91% were aligned with fillers in the hypotheses,
indicating goodRecall accuracy for the filler models. When a filler (disfluency) in the
reference string is deleted, that means that it does not align with any word in the
hypothesis. This alone is harmless. It is still possible that it generated an error in the word
before or after, but it did not get recognized as a separate word. This type of event only
occurred for 5% of the reference fillers. When a filler in the reference string is aligned
with a word in the hypothesis, it is an Insertion error, the filler was ougrézed as a

word and generated an insertion in the hypothesis. Insertions can lead to a concept error
(decreasing precision) if the word happens to be parsed into a frame element, but it is rare
for word insertions to generate parse errors. Only 4%eofilllers in the reference strings
generated Insertion errors.

A total of 18123 filler tokens appeared in the hypotheses, with 22% being correctly
aligned to fillers in reference strings. Of the hypothesized fillers, 57% were insertions,
i.e, they werenot aligned with any word in the reference string. Since filler tokens are
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stripped out before parsing, the insertion of a filler has no harmful effect. It is possible

that mapping frames of speech onto the filler model caused an error in the word before o
after the filler, but the presence of the filler token causes no problem. When a filler model
in the hypothesis is aligned with a word in the reference, it represents a Deletion error
from the reference stringei, the word was misrecognized as a fill&his was the case

for 21% of the fillers in the hypotheses, but compared to the 57641 words in the test set,
this represents a deletion rate of about 7%. It is most often the case that words
misrecognized as fillers are not content words necessargfiact understanding.

It was clearly beneficial to include filler models in the decoder, as it reduced the overall
WER. While the filler alignment results do
see effects on surrounding words, they do give sosight into the effect of the models.

8. STUDENTS&LHENRBOTHMPREBBYSONS O

A written survey was given to 167 students who used MyST in five elementary schools

during the 20022010 school year. The schools in which students used MyST varied

greatly in terms of the percentage of students who scored proficient or above on the state
science test: from 21% proficient or above for the lowest scoring school, to 82%
proficient or above in the highest scoring schddie survey had four main questfon
designed to assess studentsd experiences wi
How much did Marni help you with science? 2) How much did you enjoy working with

Marni? 3) If you had your choice, when would you talk with Marni? 4) Now that you

have worked with Marni, how do you feel about science? In addition, several other
qguestions were included to assess wusability
voice?0 -1Ri gduirsepsl aly0 t he di stribution of stu
question. The histograms are grouped by school, from lowest performing to highest
performing. It can be seen that in general students had positive experiences and
impressions about the program.  Across schools, 50% to 75% of students said they

would like to talk with Marni after every science investigation, 60% to 80% said they
enjoyed working with Marni fa |l ot, o0 and 60%
sciencebo after using the program. Per hap
thel owe st two performing schools felt t hat N
(75%, 55%), whereas the majority students in the higher performing schools responded
that Marni fihel ped some. 0 Since MyST dialo
science concepts embedded in classroom investigations, MyST should provide the most

benefit to students who are having difficulty understanding these concepts. The survey
responses produce initial evidence that students who have most to gain from using MyST

may have more positive impressions of the program.
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Figure 10 Figure 11

Figure 12 Figure 13

Teachers for participating classrooms were also asked to fill out surveys. The results of
the survey are shown in Figure 1Bven though students who used MyST left the
classroom during tutoring sessionsather responses were in general very positive.
They commented that students who used the system were more enthusiased and engaged
in classroom activities, and that their participation in science investigations and
classroom discussiongs benefitted students who did not use the system. As Figure 14
reveals, teachers indicated that they would like to have all of their students use the system
(not just struggling students) and that they would recommend it to other acher
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