An Interactive Curriculum in Human Language Technology for
Under graduate and Graduate Education Resear ch

1. Summary: Year One Goals and Accomplishments
The objectives of the proposed work, as stated in the CRCD proposal, are:

To develop a comprehensive, multidisciplinary curriculum in HLT incorporating the
latest research advances in the field that prepares advanced undergraduate and
graduate students for careersin industry and academia;

To stimulate and sustain interest, continued study, and careersin areas of HLT, with
special attention to recruiting more women, by providing an exciting and enriching
learning experience through hands-on experience developing and evaluating language
technologies and systems; and

To facilitate transfer to and implementation of the curriculum at other institutions and
to widely disseminate project results.

The set of courses developed and taught in year one are intended to form a multidisciplinary
program in human language technology of laboratory courses in Computer Science,
Electrical Engineering, Linguistics, Psychology, Speech, Hearing and Language Sciences,
and Communication. In each of these courses, laboratory modules will be developed to
provide students with hands-on experience using state-of-the-art tools and technologiesin
signal processing, speech recognition, speaker identification, natural language understanding,
speech synthesis, facial animation, and dialogue modeling. In addition, these technologies
will be investigated in the context of working systems designed by the students. Taken
together, these courses provide the theoretical and foundation for studentsto design
conversational systems incorporating animated agents.

Excellent progress was made toward achieving the objective of creating a multidisciplinary
curriculum in human language technology. Six courses were developed and taught during the
first year of the award, in five different universities (University of Colorado, Carnegie
Mellon, Oregon Graduate I nstitute, Stanford, and UC Santa Cruz). In all courses, modules
within the CSLU Toolkit (a comprehensive set of tools and technologies for researching and
devel oping language technol ogies and systems) were used to provide students with hands-on
experience using and devel oping speech and technologies (e.g., speech recognition, speech
synthesis); designing and running experiments, and creating useful spoken dialogue systems.

Progress was made in integrating the courses into a multidisciplinary curriculum. As
described in the next section, the University of Colorado approved a certificate program in
Human Language Technology with participation by four departments. Two of these
departments contain a high proportion of female students; their exposure to HLT has created
an awareness of possible career options among these women. We will continue to develop
strategiesto attract and retain women into our certificate program by applying an



understanding of what appeals to and what repels women from science and technical careers
based on ongoing research at Carnegie Mellon University as well as new research at the
University of Colorado.

Finally, due to the efforts of Cliff Nass at Stanford, over eighty representatives of thirty
different companies participated in a workshop in which students who took a course on the
design of speech interfaces, supported by the CRCD grant, presented the results of their
projects.

2. Creatingan HLT Program at University of Colorado, Boulder

In order to facilitate creation of a multidisciplinary curriculum in Human Language
Technology, faculty in four departments worked together to design a multidisciplinary
certificate program in human language technology. We then submitted a proposal to the
University of Colorado to establish an Interdisciplinary Certificate Program in Human
Language Technology. The proposal was approved.

The curricular plan includes 5 core courses, consisting of a computer programming
foundation plus four courses in various aspects of Human Language Technologies. Students
are required to major in one of the four Human Language Technology disciplines (Computer
Science, Electrical and Computer Engineering, Linguistics, Speech, Language and Hearing
Sciences). The program is available to Masters or Ph.D. students, including students in the 5-
year bachelors/masters program. The home page for the certificate program can be found at
http://www.Colorado.EDU/ling/juraf sky/curr.html. The proposal submitted to the
University of Colorado can be found at

http://www.Colorado.EDU/ling/juraf sky/curr.pdf.

3. Courses Developed and Taught

SLHS-2010 Science of Human Communication, John Hansen, UC Boulder

Course Description:

This course represents an introduction to the fundamentals of human speech communication,
introducing aspects of physical speech production, auditory processing and psychoacoustics,
and language. This interdisciplinary course covers how human thought is transmitted from
the brain of a speaker to the brain of alistener. The complex interaction of acoustics, speech
physiology, anatomy, neurobiology, hearing, and psychology all play integral role in human
communication. The course covers the fundamentals of the physics and biology of spoken
language as well as how the communication process is observed and measured.

The course begins with a discussion of fundamental issues in speech and language, including
basic introductory concepts in linguistics, acoustics, and the physics of sound. Next, the
course shifts to physiology of human speech production. Concepts on the articul atory
movement for individual phoneme production are considered. Thisis followed by and



discussion of the physiology and function of the human auditory system. Finally, a brief
discussion of the "brain" processing needed to both form and perceive speech is considered.
A number of examples of psychoacoustic experiments in sound and speech perception are
considered.

Finally, the last portion of the course considers how technology plays arole in the speech
chain, including voice communication systems, assistive technology for individuals with
communication disabilities, and emerging commercia speech technologies for human
machine interface.

This represents an Arts and Sciences Natural Science Core course, and therefore fulfills part
of the natural science core requirement of the College of Arts and Sciences. The courseis
taught once per term with 55-65 students enrolled. While thisis an undergraduate course, |
am in the process of establishing a graduate equivalent to coincide (SLHS-5010 Science of
Human Communication). SLHS-5010 will meet at the same time and location as SLHS-
2010, but will have a course project requirement and more extensive homework assignments
as well as separate exam grading requirements. SLHS-5010 will be arequired entry-level
course for the HLT

Certificate.

Progress:

One of my primary goals was to establish a web page and a series of interactive lectures for
this course. The following web location includes (i) a course summary; (ii) class schedule
with a complete set of dlides for each lecture; (iii) copies of all homework assignments as
well as solutions; (iv) a summary of web links of classinterest; and (v) [most importantly] a
class Feedback and Discussion page.

http://cdr.colorado.edu/classes/SL HS2010/

During the fall term, | developed a compl ete software based course version of SLHS-2010,
which consisted of power-point presentations for each lecture, and interactive demonstrations
(including audio and video examples). All lectures, homework sets, solutions, handouts were
integrated into this student accessible web page that includes an anonymous feedback page
for students to post comments or questions regarding lectures. Because the University
Administration moved so slowly to approve financial resources for renovations for the
computer lab | was establishing in SLHS, it was not possible to include computer-based labs
in SLHS-2010. However, | was able to provide interactive audio demonstrations for 2/3's of
the lectures. Also, | spent between 7-9 hours preparing each lecture, which resulted in afully
interactive web based course which provided students unique access to lecture and course
materials. Teaching this course proved to be a challenge, since al the courses | have taught
over the past 18 years have been for electrical engineering students. SLHS-2010 isacore
course with undergraduates from all areas of A& S. As such, not all students were prepared to
handle some of the scientific aspects considered in the course. Additional problem sessions
and optional homework sets that | ran helped many students. However, in the future, |
believeit will be beneficia to the students to convey early in the term that thisis a core



"science” course, and to identify weaknesses in student backgrounds. | ran help sessions
early in the term for those students which had no experience using computers.

The technology used included M S PowerPoint presentations. Integrated audio examples of
speech production, auditory processing, and psychoacoustic experiments on perception of
sound. | also included demonstrations of the CSLU Toolkit including BaldiSync, to show
speech articulation. Finally, four lectures were dedicated to speech technology based on the
CU Communicator System that was developed at CSLR. Thisincluded examples of speech
recognition, text-to-speech synthesis, and natural language generation via a speech based
telephone dialup airline travel system that was developed for DARPA. One homework
assignment required all students to complete severa interactive travel scenarios, and then to
respond to aformal set of evaluation questions for user acceptance of the speech technology.

Limitationsg/Plansfor Next Year:

Clearly, the largest shortcoming of the class was the lack of computer labs for students to
learn about speech, hearing, and language science. While several simple experiments could
have been assigned, the computer |aboratory was not operational during the fall 1999 term
[the CU administration required 7 months of discussion before approving the funds to
renovate lab space while the computers sat in their boxes]. | am happy to say that the lab will
be functional when this course is taught this fall. Presently, we are working on a series of
computer exercises for students in this class, which use the CLSU Toolkit, as well as other
speech based analysis tools. The Feedback and Discussion Page will also be extended to
provide more directly evaluation of the use of technology for students who are typically nor
engineering/computer science majors for HLT.

SLHS-5674 Signals & Systemsin Speech & Hearing Sciences, John Hansen, UC
Boulder

Course Description:

This course provides an in-depth study of signals and system concepts for use by audiologists
and speech science students in signal generation and modification, signal measurement,
analog and digital signal representation, filtering, amplification. Presents an overview of the
functional application of instrumentation used in the field of speech and hearing science.

Progress:

The goals here were to establish a lecture series which include interactive speech and hearing
analysis. | established the following web page which includes a course description and slides
for al lectures.

http://cdr.colorado.edu/classes/SI HS5674/
Specifically, the following page summarizes concepts/goals presented in each lecture for the
term.

http://cslr.col orado.edu/cl asses/ SL HS5674/sched2.htmll




This course focuses more on the signal processing of speech for students interested in
understanding frequency structure, filtering concepts, and systems for hearing impaired
(hearing assist devices, digital hearing aids, etc.). | included a number of examples of speech
analysis using computer-based tools. Students were al so exposed to basic conceptsin system
transfer characteristics, time characterization of systems, digital aignal processing in both
time vs. frequency domains, speech spectrograms, and applications to hearing aids and
interactive systems. One lecture was devoted to construction of adialog system using the
CSLU Toolkit (RAD: rapid application developer), where the class participated in a hands-on
overview given by a CSLR staff person. This exercise was considered in order to expose
SLHS MA graduate students to the speech technology tools availablein formulating
interactive systems that could be used to assess speech and hearing motor function.

Limitations/Plansfor Next Year:

Again, the students in this class were able to get hands-on lab experience. However, thiswas
only possible by holding class in the CSLR computer classroom on CU East Campus. The
computer classroom being established in SLHS was not available, so follow-up exercises
could not be considered. This summer, | have been supervising a Electrical Engineering PhD.
student to develop several laboratory exercises which will be used for this class. Further
work is also needed for the web page for this class [the class was much smaller than SLHS-
2010, so students generally did not depend on web information to the same level]. For
example, while students regularly posted comments on the feedback page in SLHS-2010,
students were not likely to use this route to give feedback. This clearly was due to the
differencesin class size (7 vs. 60 students in the two classes). In the future, we will consider
alternative ways to obtain better and more real-time feedback of lectures and lab exercises.

ECEN-5022 Speech Processing & Recognition; John Hansen, UC Boulder

Course Description:

Speech Processing and Recognition is an interdisciplinary course that provides an
introduction to the analysis, modeling, and recognition of speech signals. Topics covered
include: fundamentals of speech science, acoustic-phonetics, discrete-time linear predictive
(LPC) models, short-term analysis of speech signals, voice coding methods (CELP, GSM),
speech recognition principles (hidden Markov models), and special topicsin human
computer interfaces. A speech processing term project is required for this course.

Progress:

The goals here were to establish interactive lectures for studentsin electrical engineering
who have interests in speech processing and algorithm design. | established the following
web page that includes a course description and slides for all lectures.

http://cslr.colorado.edu/classes ECEN5022/

The following page summarizes concepts/goal's presented in each lecture
for the term: http://cslr.colorado.edu/classes ECEN5022/sched?.html




Again, significant effort was spent in establishing PowerPoint slides for each lecture, and to
construct classroom discussion to encourage student participation regarding speech-
processing concepts. This portion was a major success. Many lectures ran 20-30 minutes
longer than regular class time because students were so engaged in lecture concepts
presented. Many integrated audio examples were included during the term lectures. Also,
examples of interactive speech systems were demonstrated using the CSLU Toolkit and the
CU Communicator system.

Since an individual class project isrequired of all students (I have taught this course now for
12 years, and require a class project in speech processing/recognition), computing support
was needed. Since the INTEL computer lab | was setting up in the Dept. of SLHS was not
available, we decided to use a Sun computer lab in the Dept. of Computer Science. | made
this decision, because of a previous software license (Entropic Xwaves/HTK toolkit) which
purchased for classroom use on Sun Unix machines. The decision to use this Computer
Science Sun workstation lab turned out to be a major problem as the term progressed. Since
CS maintains their own computing infrastructure that isisolated from the University of
Colorado Boulder computing network, it was impossible to have reasonable collaboration
with students. The firewall security CS enforces meant that students could not log in from a
remote machine, and only after countless days of effort on my part, were we able to get the
Entropic Xwaves/HTK toolkit software running for the last two weeks of class. In spite of
this hardship, students were able to make great progress on their class projects while license
issues were being worked out for this analysis software. | organized several computer
laboratories that used this software to illustrate how to build a speech recognition system.
Students then had homework exercises that required that they modify and run the recognition
system on new data. This provided necessary computer experience for class term projects.

The biggest success was clearly the student class projects. Asarule, | have 1-2 examsin this
class with no final exam. Instead, students are required to write-up a4-page conference style
paper on their term project and present their work at the end of the term in place of afinal
exam. A summary of the class projects (with abstracts) isincluded at the following class web
site:

http://cslr.colorado.edu/classes ECEN5022/Spg00 projs.htm

Again, in order to assess student presentations, | had all studentsin class write up comments
on their fellow student presentations (these evaluations were collected separately, and passed
back to me only after grades were submitted; so students were free to respond without
impacting the grades of fellow students. The class projects, online lectures and interactive
speech demonstrations in class were areas that students identified as being areal strengthin
the course.

Limitationsg/Plansfor Next Year:

The area where students were most frustrated with was computer support for lab exercises
and the term project. Some students were more PC oriented, while others prefer to use Unix
workstations. In the future, we plan to shift to analysis tools which will run on Window based



PCs, aswell as Linux running on PCs. In this manner, we can avoid many of the cross-
platform issues that came up during the term.

A better mechanism was needed to set up and support lab exercises for studentsin the class.
Some students had limited background in real-time signal processing of speech signal's (about
athird of the students were more use to traditional textbook, math oriented, lectures with no
computer lab use at al). In the future, better support to level the background before class labs
will beinitiated early in the term.

Text-to-speech Synthesis, Alan W. Black, Carnegie Mellon Univer sity

Six male and four female first year graduate students at CMU majoring in language
technologies, computer science or robotics attended this graduate course. Several of these
students are intended to pursue careers in speech and language technology, and afew will
continue in speech synthesis research itself.

The course was designed to cover all aspects of speech synthesis from both a theoretical and
practical point of view. Students were given the opportunity to learn about new research in
the areas of text processing, prosodic modeling and waveform synthesis as well practical
experience in using existing synthesis technologies. The course consisted of the following
sub-parts.

History and general use of speech synthesis;

Text analysis: text conditioning, markup languages, homograph disambiguation
Lexicons and letter to sound rules;

Prosodic modeling: phrasing, duration and intonation;

Waveform synthesis: diphones, and unit selection;

Building new voicesin new languages, and

Limited domain synthesis for practical applications.

The course was based heavily around the Festival Speech Synthesis

System. Although the CSLU toolkit itself was not used, Festival is an integral part of the
toolkit, so the course can be taught using the toolkit under Windows. Moreover, all voices,
techniques, models, etc devel oped within this course can be used directly in toolkit
applications.

As Festival offers an environment for building new synthetic voices as well as an end user
delivery vehicle for black box text-to-speech, it offers an idea platform for teaching students
what can be done with today's speech output technologies. Each week simple exercises were
assigned involving different aspects of the system so the students could learn from practical
experience how the technology worked. The system is designed such that no low-level C++
programming was required, thus opening the course to a much wider audience. In all cases,
existing simple rules and functions used in Festival were presented to students for
modification using the Scheme scripting language; this enabled students to learn without
having to delve too deeply into the complexities of the system.



In addition to synthesis techniques, the students were led into the field of building new
synthetic voices in new and currently supported languages based on the rel eased
documentation and scripts that are part of the CMU FestV ox project (http://festvox.org).
These scripts and tools sit on top of Festival (and the Edinburgh Speech Tools) and offer a
complete environment for developing new synthetic voices.

In addition to the weekly exercises, alarger project was set towards the end of the course.
Quite ambitious projects were attempted (two of which have led to publications). These
included: cross language limited domain synthesis (atalking clock in Chinese), Thai letter to
sound rules, atalking Eliza program, and complete new female US English voices.

The complete course notes and slides have been made available at

http://festvox.org/festtut/ along with the course schedule. This site will also be updated with
some of the example projects that were done and model answers to the exercises (some are
already on the general section of the FestVox site). We are continuing to update these notes
and there will be new releases making it easier for both individual students to follow the
course notes and ingtitutions to uses these notes to teach there own course.

Psychology 218 Speech Perception, Dom Massar o, Univer sity of California, Santa Cruz

This graduate seminar offered in the spring quarter by the Psychology department at UCSC
covered all aspects of human speech perception, focusing on topics of primary interest to the
students taking the seminar. The goal of the course was to enable students to design their
own experiments to investigate aspects of speech perception and production. The plan was to
have students pursue a specific focus throughout the quarter to develop expertisein a
particular domain.

Students designed their experiments using modules of the CSLU toolkit, developed a
prototype demonstration or experiment and made a class presentation about their project.
Topics included speech production, articulatory characteristics of speech, acoustic
characteristics of speech, speech perception, speech synthesis, devel opment of speech
production and perception, speech perception by nonhumans (machines and other animals),
speech in human/machine interfaces, speech trand ation, and substitutes for speech.

Under the guidance of a teaching assistant and other skilled toolkit users, students had the
opportunity to learn to use the CSLU Toolkit to design experiments (see
http://mambo.ucsc.edu/psl/psifan.html and http://csu.cse.ogi.edu). Tutorials on various
aspects of the toolkit are given at http://mambo.ucsc.edu/psl/tools/tutorial.html and
http://cslu.cse.oqgi.edu/tool kit/docs/2.0/apps/rad/tutorialsindex.html . The user-friendly
nature of the toolkit modules makes speech science accessible and engaging to students while
simultaneoudly alowing them to master quite difficult material.

The Perceptual Science Laboratory (PSL) modules of the CSLU Toolkit allow the user to
control and manipulate auditory speech and the speech movements of an animated face. The
Rapid Application Developer (RAD) enables rapid prototyping and development of spoken
language dialogs between an animated talking head and the language user. Students used



these modules in a hands-on computer 1ab to design, implement, carry out, and analyze
experiments in face-to-face language processing.

The course was in general successful and met most of the expectations of the instructor and
the students. Although the existing tutorials on using RAD and PSL were very helpful, a
large amount of instructor and teaching assistant help were essential to a successful
experience. One reason was that each project usually required several extensions of the
current capabilities of the toolkit, which required new programming in Tcl or C. For future
classes, it would be helpful to organize and catalog all embellishments and extensions of the
toolkit so that students can build on these for their new applications and therefore lessen the
amount of new programming that is required. Finally, it would be worthwhile to attract
students with different types of expertise (linguistics, psychology, computer science) to work
together in groups and therefore enhance individual accomplishments.

Each student produced a well-motivated experiment. Although actual experiments were not
conducted due to time constraints, the projects produced several positive outcomes. Students
studied the scientific literature, learned key issues that could be addressed through research,
and designed experiments to test hypotheses. Descriptions of the projects can be found at
http://mambo.ucsc.edu/psl/pslint/psidocs/psych218 (login baldie, password pingvin).

Projects:

Audible Cuesto Sarcasm

This project involved the audible cues to sarcasm. Based on previous literature, Greg
hypothesized that rate of speaking and the pitch range are cues to sarcastic utterances. He
chose the standard Festival text-to-speech system parameters as “non-sarcastic,” and created
additional utterances with successively faster rates of speaking and wider pitch ranges. He
programmed the toolkit to vary these two variables independently of ore another, ina5by 5
factoria design, with participants making arating on a scale from one to seven. Histutorial
was an informative description of his study. He introduced the existing literature and
generated atestable hypothesis based on this research. It would be valuable to carry out the
experiment, which would advance the field in this area and provide a new test of integration
models in language processing.

Audible and visible cuesin Co-articulation

Qiang’ s project investigated perception of auditory and visual cues to perception of vowelsin
consonant vowel syllables. Specifically, he examined the effects of audible and visible cues
in the consonant to perception of the following vowel. He programmed a speech
identification experiment in which he varied the audible frication information and the visible
speech in a computer-animated talking head independently of one another, ina5by 5
expanded factoria design. Participants identified the vowel when given only the frication
portion of the consonant-vowel syllable. His tutorial was an informative description of his
study. He provided a valuable description of the articulatory and acoustic properties of
fricatives in the context of rounded and unrounded vowels. The pilot results established some
parameters for a systematic study, and it would be valuable to carry out the experiment,
which would advance the field in this area and provide a new test of integration models and
perceptual unitsin speech perception.



Spoken language influences on written word recognition

Alexandra’s project addressed whether spoken language would influence written word
recognition. She programmed the toolkit to vary a priming stimulus presented just before the
onset of two written words. The prime was either atone or aword. The test display was the
written word and a pseudoword that would be pronounced in the same way as the word. For
example, an experimental trial might be the spoken word “true”’ followed by the written
words “true” and trew”. The question was whether the prime would influence the accuracy of
choosing the correctly spelled letter string. Her tutorial was an informative description of the
study. She presented a thorough review of the current literature, which generated the impetus
for the proposed experiment. She gave a detailed description of the additional code needed to
carry out experiments on written word recognition in the toolkit platform.

Facial and vocal cuesto memory

JoAnn’s project involved the role of auditory information from the voice and the facein
memory. She programmed the toolkit to present a continuous list of words that were spoken
by a computer-animated talking head. The participant had to indicate whether the word was
presented previously. Previous studies had shown that having the word presented in the
same voice facilitated the memory relative to the word being presented in a different voice.
JoAnn asked if having the face occur with a different voice would improve the memory for
the word even though the voice had changed. JoAnn’ s tutorial was an informative description
of his study. After a detailed description of the influences of talker variability on memory,
she created an innovative test of the influence of visua information. She uncovered several
limitations in the toolkit functions and worked to extend the toolkit to carry out memory
experiments. An extension and modification of her proposed experiment would make a
valuable contribution to the memory literature.

Situational Cuesin Sentence Processing

Thomas's project involved the role of visible speech in situations when the situational
context is highly related to the spoken utterance. Based on previous literature, he
hypothesized that the visible speech would not contribute to performance when the
situational context is highly related to the spoken utterance. He programmed the toolkit to
vary the contextual situational information and the presence of visible speech independently
of one another. His tutorial was an informative description of his study. He reviewed the
literature of context effectsin perception and their relevance to everyday processing, and
generated an innovative hypothesis to provide atest of the fuzzy logical model of perception.
The toolkit was used to present both pictures and spoken sentences in order to test the
hypothesis. An extension and modification of her proposed experiment would make a
valuable contribution to the sentence processing literature.

Multimodal speech perception by infants

Nicol€' s project addressed the question of how accurately infants can determine the
relationship between auditory speech and facia articulatory movements. Previous literature
had shown that at 4.5 months of age infants can determine which face is saying /i/ when the
aternative faceis saying /al. She asked if infants would be able to distinguish more subtle
distinctions such as Spanish /bal versus English /bal and the words error versus mirror. She



programmed the toolKkit to present two talking heads on the screen and mouthing different
segments of speech. One of these segments agreed with the audible speech. The test would
involve whether the infant would look longer at the face that was articulating the sound being
presented. Nicole was open to suggestions for improvements of the experiment. The toolkit
was extended to present two Baldi’s on the screen simultaneously mouthing two different
segments. The auditory speech agreed with one of the articulations. This experimental setup
offers atechnological advancement in infant research, and a modification of her proposed
experiment would make a valuable contribution to the speech development literature.

Audibleand visible cuesto emotion

Ravi’ s project involved the audible and visible cues to emotion. Based on previous literature,
he hypothesized that both the face and the voice would contribute to the perception of
emotion. He chose the standard Festival parameters as representing a neutral emotion, and
based on descriptions in the literature created additional utterances with acoustic parameters
that supposedly indicated fear, anger, and sadness. He used the built in parameters for
showing these different emotions on the talking head. He programmed the toolkit to vary the
information from the face and the voice independently of one another, in a5 by 5 expanded
factorial design. Histutorial was an informative description of his study. Thisisthe type of
experiment most easily carried out within the toolkit, and its anal ogies with studies of speech
perception should provide valuable advances in processing multimodal inputs.

Computer Speech Recognition; John Paul Hosom, Oregon Graduate I nstitute

This course provided an introduction to Hidden Markov Models (HMMs) as applied to the
task of speech recognition. HMMs are currently the most commonly used technique for
automatic speech recognition. The course covered severa variants of HMMs, including
discrete, semi -continuous, continuous, and ANN-hybrid approaches, as well as the strengths
and weaknesses of the HMM approach in comparison to other ASR technigues such as
template matching and segment-based systems.

The course began with an introduction to speech, and illustrates why automatic speech
recognition is adifficult problem, even at the acoustic level. An overview of theories of
human speech recognition was given, as well as an overview of several ASR techniques.
Then, Markov Models and Hidden Markov Models are introduced in a systematic way using
several examples. The elements of an HMM were defined, and HMM structures commonly
used in ASR were described. Next, the Viterbi search algorithm was presented in detail, with
both a mathematical framework and a significant number of examples. The students used the
CSLU Toolkit to construct their own HMM/ANN based recognizer, learning the process of
partitioning a corpus into training, development, and test sections, generating features,
training the acoustic models using ANNSs, and evaluating the resulting system. (The tutorial
for constructing this recognizer is on-line at
http://cslu.cse.ogi.edu/tutordemos/nnet_training/tutorial.html ). In addition, there was a
class project to implement the Viterbi search in C code, and test it on some sample data.

Once an existing HMM, including structure, probability estimation, and search techniques,
was understood, the class proceeded to details of training HMMs. The course covered flat-



start, forced-alignment, k-means segmentation, and forward-backward training. A significant
amount of time was spent on the forward-backward technique, and another class project was
assigned in which students learned to implement the algorithm in C code.

Having mastered the basics of HMM initialization and training, the course then covered
implementation-related aspects of HMMSs, such as state tying and cloning, pause models, and
improved duration modeling. Features used in ASR, such as PLP and MFCC, were covered
in some detail, as well as noise-removal techniques and a derivation of the LPC equations.
Then, connected-word recognition techniques were introduced, including the 2-level, level-
building, and one-pass algorithms. Finally, N-gram language modeling was covered. At this
point, the students used the CSLU Toolkit to train their own HMM system for digit
recognition using Gaussian mixture models, k-means segmentation and the forward-
backward algorithm. (This tutorial is on-line at

http://cslu.cse.ogi.edu/tutor demos/csluhmm/doc/csuhmm.ps).

A comparison was made of HMMs to other ASR techniques such as template matching,
segment-based recognition (in the SUMMIT and EAR systems), and techniques that
emphasize temporal change, such as TRAPS and diphone-based systems. ASR evaluation
(including accuracy, correctness, and significance testing) and state-of-the-art performance
on various tasks was presented. Finally, several applications of ASR systems were
demonstrated using the CSLU Toolkit. Interspersed throughout the course were
introductions to techniques such as vector quantization (VQ), dynamic time warping (DTW),
data-driven clustering, and the A* search.

Summary:

This course provided afairly detailed introduction to HMM technology. Concepts were made
concrete to students through use of two tutorialsin the CSLU Toolkit (for training
HMM/ANN and standard HMM recognizers) and through class projects implement the
Viterbi search and forward-backward algorithms. The lecture notes were all made using
PowerPoint, which took significant effort but should make future versions of this course
easier to prepare. An effort was made to encourage class discussion and participation, which
sometimes took the class away from the main topic but provided a dynamic and relaxed
learning environment. The students were, on the whole, quite advanced; several had already
used the HTK software package to build speech recognizers, and others were knowledgeable
about Markov models but had little background in speech. This made it challenging to keep
the class together as a group, but made class discussion (and after-class discussion)
interesting. One student from industry was, at the end of the course, planning to do further
research on HMM training techniques and, if successful, submit a paper to a conference, all
on hisown time. The tutorials using the CSLU Toolkit went smoothly, overall, with the
largest problems being in setting up the environment.

Plansfor the Future:

For future courses, there are several things | would like to do differently. First, | plan to
break the two programming projects into three or four projects, and change some of the
homework to small programming assignments. Second, the lecture notes should be brushed
up and put on the web. Third, | want to encourage the students to not only complete the



tutorials“asis’, but try different training parameters and features. | would also liketo
integrate the Toolkit into the programming assignments, but that may require a re-write and
more modularization of the recognition component of the Toolkit.

Experimentsin Speech User Interfaces, Cliff Nass, Stanford

Executive Summary

Experiments in Speech User Interfaces was a mixed undergraduate/graduate seminar
(approximately 60% undergraduate) in which 35 students participated. In an eight-week
period, small groups of students (3-4 students per group) were required to design, run, and
analyze data from an original (the study had not been done previously), unique (each group
pursued different research questions and experiment), practical (the study had to have direct
implications for design and should have an externally-valid context), publication-quality
experiment in speech user interfaces. Eight of the ten groups used the CSLU Toolkit. Nine
of the ten groups produced publishable studies (Powerpoint presentations of the studies can
be found at www.stanfor d.edu/~nass/comm369temp ).

At the end of the eight-week period, | convened a one-day industry conference consisting of
student presentations. 80 participants from 35 countries (including Europe and the East
Coast) participated, including several of the major playersin speech recognition, voice
interfaces and voice portals. The conference was enormously successful in achieving
industry transfer and industry involvement. For example, approximately half of the
participants indicated that they would be delighted to be group mentors next year,
contributing time and money to work on future student research projects. We are now
developing amodel for pursuing these relationships.

Structure of the Course

In the Winter of the 1999-2000 school year, | circulated an announcement of a new course in
Speech User Interface to undergraduates, graduate students, and faculty in the departments of
communication, computer science, industrial engineering/product design, psychology,
sociology, and symbolic systems (cognitive science). | also circulated the announcement to
students who had taken my lecture course on interface design (approximately 150 students).

Approximately 40 students applied to the course, writing statements of interest. | was
sufficiently impressed with the quality and diversity of the applicants that | admitted all of
the students. Approximately 35 students eventually took the course.

At theinitial meeting of the course, | provided alist of fourteen research questions
that the students could pursue. Each student then submitted a form providing information
about their: mgjor; gender, knowledge/experience with experimental design and social
science methodology; knowledge/experience with computer programming;
knowledge/experience with design; rank order of interest in each of the research questions.
Examination of the responses suggested that the course yielded students drawn from majors
across the university. All of these students were interested in the psychology of technology,
although some were more oriented toward technology, others experimental research, and yet
others design.

The most important purpose of the questionnaires was to assign students to the project
groups. Research performed by Professor Larry Leifer (Product Design, Stanford U.) has



suggested that teams work best when they are: @) diverse on as many dimensions as possible,
b) three or four students, and c) assigned rather than self-selected. Informed by thisresearch
and given the breadth and high quality of the students, | was able to ensure that each group
had

3-4 students
At least one undergraduate and one graduate student
At least one male and one female

At least one person with experience in EACH of social science, computer
programming, and design

More than 80% of students were assigned to their first or second choice project
Outline of the Experiments

Each of the experiments was designed to address one or more of the basic research
guestions outlined at the start of the course. The Appendix immediately following this
summary provides brief descriptions of each of the group projects. The web site
www.stanford.edu/~nass/comma369 provides PowerPoint descriptions of all aspects of each
of the studies.

Experiments 1-5 used the ability of the CSLU Toolkit to answer the telephone and
run a conversation with speech recognition and voice output. For these experiments,
participants were given the address of aweb site that gave initial instructions and provided
the phone number subjects would call to interact with the system (each experiment had a
different phone number; different conditions were assigned different passwords that
participants spoke to gain entry ). After working with the experimental interface run by the
Toolkit, the participants answered a post-test questionnaire on the web site. In al of these
cases, the experiments used the phone support, speech recognition, text-to-speech output, and
recorded speech output features of the interface.

Experiments 6-8 were web-based studies. These studies used the CSLU Toolkit to
create the experimental stimuli. Particularly important was the facility to easily and
powerfully manipulate various parameters of the text-to-speech outpui.

Experiments 9 and 10 did not use the Toolkit.

The students worked with myself and the Head Teaching Assistant, Eva Jettmar, to
focus the broad research questions and to develop an experimental design that would address
the questions. We ensured that the studies met the most stringent criteriafor clarity of
guestions, rigorous design, and dependent variables that answered the questions. All of the
experiments had a minimum of two factors, each with a minimum of two levels, and all
experiments used a questionnaire with multiple dependent variables. Many of the studies
involved behavioral measures (e.g., bidding behavior) or recognition memory measures. As
noted earlier, each of the studies was very different and each addressed one or more
fundamental questions in speech interface theory and design.

Experimental participants were drawn from the 200 undergraduates in my
lecture course on interface design. Each student was required to participate in five
experiments. Each experiment used between 50 and 100 experimental participants.



To my knowledge, these experiments are the first ones that execute an experiment by
combining a telephone-based speech recognition system with aweb site for administration of
the questionnaire. The critical advantages here are:

Participants can interact with the stimuli in a natural and externally valid setting;

Lengthy questionnaires can be administered with greater flexibility, efficiency, and
accuracy. On the telephone, one cannot administer non-numeric Likert scales; it is
slow and tedious to answer questionnaires via phone; and the Web provides
psychological separation from the stimuli, avoiding the politeness results
demonstrated by Nass, Moon, and Carney (Nass, C., Moon, Y., & Carney, P. (1999).
Are respondents polite to computers? Social desirability and direct responses to
computers. Journal of Applied Social Psychology, 29(5), 1093-1110); and

Multiple participants can be run at one time (thisis extremely difficult in the typical
laboratory setting).

The results of the group projects were extraordinary! Nine of the groups obtained
enough significant results to warrant publication in major journals of social science and/or
computer science. It isanticipated that the studies will be summarized in a book (one study
per chapter) to be co-published by University of Chicago Press and CSLI Publications (CSLI
Publications has already agreed to publish the book; there are on-going negotiations with
University of Chicago Pressto act as a co-publisher). Each student group will be identified
as authors on the chapter that describes their particular study, although | also expect that each
group will produce ajournal publication based on their research.

| have not yet received the formal student evaluations of the course. | have heard that
many of the students expressed to other faculty and the industry visitors that this was the best
educational experience of their academic careers. Virtually every student indicated that they
obtained a set of skills and knowledge that they could not have obtained any other way.
When the course evaluations become available, | will post the results on the course web site.

L everaging success. Industry I nvolvement

When this course was initiated, | was very dubious about its success. To my
knowledge, there had never been a project-based course grounded in original experimental
research, and it seemed unlikely that the students could put together such ambitious projects
in such a short-time frame (approximately eight weeks!). However, by the middle of April, |
began to sense that the students were exceeding my most optimistic hopes, in that each group
had developed very crisp questions and elegant experiments to answer those questions. Most
importantly, the CSLU Toolkit made it possible for students to implement these experiments
remarkably quickly. Simply put, it would have been impossible for virtually any of the
groups to have done their experiments without the Toolkit.

As | described the course to my colleagues in industry, they exhibited remarkable
interest and enthusiasm about the projects, and urged me to develop a method for linking the
research projects and students to industry. Despite significant student reluctance about
committing to presentations when the studies had not yet run, by May 1, we had agreed that
there would be a small industry event on June 2 (this was the first day of finalsin the Spring
Quarter, and hence the last possible day in which all students would be on campus). |



warned the students that giving only four weeks notice for a one-day seminar of student
presentations would likely result in avery small conference.

Invitations to peoplein industry, sent via email, went out between May 2 and May 16.
Approximately 40 invitations were circulated. The invitees were derived from alist of
industrial affiliates of the Center for the Study of Language and Information at Stanford and
industry colleagues whom | had encountered in conferences and via consulting—as there was
extremely little time to put together this event, | did not use a systematic method for inviting
participants.

There were three stated goals for the event:

1. Disseminating state-of-the art discoveriesin the design of speech interfacesto
industry;

2. Exposing student researchers to industry people concerned with these issues; that is,
all attendees were required to be researchers or designers of speech interfaces, and;

3. Exploring industry-university collaboration

The industry response was extraordinary! Every single company that was contacted
elected to send one or more individuals, and a number of companies | had not contacted
requested that they be invited. All told, there were over 80 industry participants at the
conference, representing approximately 35 different companies. As can be seen from the
attendee list (see Appendix), virtualy every U.S.-based speech recognition company, U.S.-
based voice portal company, and voice interface company was represented at the conference.
Attendees came from Europe (Philips) and al over the U.S. The fact that this was a one-day
event of student-only presentations organized in about four weeks demonstrates the
tremendous industry interest in these types of events.

The conference was an enormous success. There was clearly high interest throughout
the day. Indeed, many of the visitors requested that we add a second day of presentations
and opportunities to meet with students, visit the labs, etc. Unfortunately, this could not be
done because of final exams.

Perhaps an even stronger measure of interest was that we asked the industry guests
about mechanisms for moving forward. Approximately 40 of the visitors indicated that they
and their companies would be willing to contribute industry mentors to the project, i.e.,
having one or more of their employees serving as members of the project teams. The idea
was that this would add to the diversity and strength of the groups, and even more readily
facilitate industry transfer. The companies also indicated that they would be willing to
provide economic and technology support for these groups.

When asked to discuss the reasons for the tremendous interest in this type of course,
the responses fell into afew basic categories:

Experimental design and research skills are much stronger in academiathanin
industry so courses of this kind provide a compact mechanism for transferring this
knowledge and skill set;

Deployment of and demand for voice interface systems far exceeds the understanding
of user responses to these systems; courses of this kind rapidly produce specific
answersto critical design questions,



Because these courses are not grounded in the design of products, concerns about
intellectual property are eliminated; and

These types of courses enable companies to develop rich relationships with potential
future hires.

Through the Center for the Study of Language and Information (CSLI) and the
Department of Communication, I, in collaboration with Professor Byron Reeves (Director of
CSLI) and Professor Kristine Samuelson (Chair of the Department of Communication) are
attempting to identify the most appropriate and effective means for engaging industry in
these types of courses.

Conclusions

1. Project-based courses organized around experimental research on interfaces can be
extremely effective in producing important research and in training students.

2. TheCSLU Toolkit was an invaluable tool in executing such acourse. It would not
have been possible to run this course without the Toolkit.

3. Thereistremendous industry interest in these types of activities. There are
significant opportunities for industrial support in terms of mentorship, training, and
financial support.

Abstracts of the Projects: Experimentsin Speech User Interfaces

1. Effects of Prompt Voice (TTS vs. Recorded; Gender) and Participant Gender on
Disclosure

One of the key issues for avariety of voice and web portals and commerce sitesis
how to obtain more accurate and more plentiful information about users. Our project
examines this question in the context of a survey of highly-personal information.
Participants answer the questions on aweb site or a telephone-based phone system with
speech recognition and various voices for the prompts. Both male and femal e participants
are presented with one of five conditions: text, female recorded speech, female TTS, male
recorded speech, and male TTS. Will people be more willing to reveal personal information
when it is typed as opposed to spoken? Are people more willing to answer personal question
when asked by an impersonal (i.e., TTS voice)? Does the match between gender of voice
and gender of person make a difference? Do these effects change when the information
becomes less personal? The results can be applied to applications ranging from the
acquisition of information from customers, the assessment of a population's opinions on
current issues (e.g., political polling, market research), or even the decennial U.S. Census.

2. Personal vs. | mpersonal Speech

There are two general ways of speaking: personal (e.g., personal pronouns such as
and “me”) or impersonal (e.g., passive voice, impersonal language). In the context of a
telephone-based auction system, our project examines how the style of language interacts
with whether the system uses recorded speech or synthesized speech. Isit odd for
synthesized speech to use I/Me? Conversely, isit more natural of recorded speech to use
personal language than impersonal language? Possible effectsinclude trust, comfort, ease-



of-use, bidding behavior, etc.. The study has implications for any system that produces
voice.

3. Mixing TTS and Recorded Speech

In many voice applications, one hears recorded speech followed by TTS, asin this
example: (recorded) “The dateis’ followed by (TTS) “June 2.” Of course, there are cases
when one hears only recorded speech and only text-to-speech. Isit better to use as much
recorded speech as one can, or isasingle modality better, even if it isall text-to-speech? The
context for this study is a telephone-based system that provides three types of information:
financial information, email dictation, and housing information. The results have
implications for any system that provides both constant and varying information.

3. In-Group Prompts

When one listens to a voice prompt, one of the first determinations is whether the
voice “sounds like me” or “doesn’t sound like me.” This project examines the question of
whether prompts with aforeign accent (Swedish) affects users' attitudes and behaviors
toward the system. In the context of inquiries about socially-desirable information, male and
female participants are ask questions by a voice-recognition-based computer system. Does
gender affect people’ s willingness to admit to failings? Will people react differently to
prompts that match their accent as opposed to mismatch? We aso examine effects on social
consciousness, feelings of control, social presence, liking of and frustration with the system,
and amount of words spoken. Thisresearch isimportant for any voice output system.

4. When Voice and Content Don't Match

With content on the Web being developed and changed incredibly rapidly, one
element of voice-based interfaces that will be difficult to control iswhether the content
matches the characteristics of the voice reading the information. In atelephone-based system
presenting awide variety of contexts (e.g., news, movie descriptions, health information), our
project explores the effects of the happiness or sadness of both recorded and synthesized
speech when paired with happy or sad content. We determine whether matched voice and
content lead to great liking, credibility, and memory for the information presented. This
research has implications for any voice-based service that presents information.

5. Misrecognition: Empathy, Criticism, or Neutral Repetition

Because speech recognition systems are not perfect, voice-based systems must
indicate mis-recognitions. Our project examines this issue in the context of atelephone
auction system. We examine two variables: whether the misrecognition rate is low or high,
and the type of feedback when an utterance is not recognized: a) blame the speech
recognition system, b) blame the user, c) don't blame either party, or d) “please repeat the
message. We are interested in user perceptions of the system. This research has implications
for al speech recognition systems. It also addresses cases in which error rates are unusually
low (microphone with computer) or unusually high (automobile PC).

6. Fact vs. Opinion and TTS vs. Human Voice

Voiceis being used to present awide range of content. Our project examines the
effects of human voices and text-to-speech (TTS) voices on how information is interpreted.
In the context of Net Radio, we presented news stories that were labeled either “news’ (fact)



or “editorial” (opinion). Questions answered include: 1) Does TTS make articles seem more
“factual”? 2) Isthere an interaction between the label and the mode of presentation? 3) How
does the label influence peopl€’ s perception of the content? The research has implications
for the selection of presentation modality, the effects of labels on content, and the issue of
consistency between modality and content.

7. Consistency between TTS and Personality in Email

Email readers have become a very popular application for voice portal. This project
investigates personality and identity in the context of a TTS system reading e-mail messages.
In this context, there are three personalities involved: the personality of the person sending
the e-mail message, the personality of the person receiving the message, and the personality
of the TTS voice reading the message. What are the consequences of matches or mismatches
between each of these three personalities? This research hasimplications for voice portals,
computer agents, and any product that attempts to manifest brand through voice.

8. Choice of Voice

Although permitting a selection from multiple recorded voices is often practically
impossible, it isvery simple and computationally efficient to provide participants with a
choice of multiple synthesized voices. In the context of a book-buying site, we provide
extroverts and introverts with a choice of which of two synthesized voices (introvert vs.
extrovert) they would like to use to hear book descriptions. Will individuals choose the voice
that matches their own personality? Will the act of choice influence the interaction between
the participant’ s personality and the voice’s personality? We examine purchase behavior,
liking, trust, and feelings of social presence. Thisresearch isimportant for all systems that
provide voice output, particularly in the e-commerce context.

9. Speech Recognition-Based Search

Because of the rapid growth in the number of pages associated with a given web site,
search has moved from being the exclusive province of portals to be part of every major site.
In this study, we explore how voice can be used in the search context. The context of the
study is alocator service for various stores and professions. Our project explores the effects
of length of prompt and the number of interactions needed to achieve a successful search.
We examine trade-offs in these two criteriain terms of success, speed, desirability, perceived
effectiveness, etc.. The results have implications for transitioning sites from the web to the
phone, as well as voice portals.

10. Lifelike Agents

Remarkably humantlike agents are appearing more frequently on the web and GUI
computers. This project examines how the quality of representation of the agent and the
belief that it is an agent rather than a videotaped person affects attitudes and behaviorsin an
e-commerce context. Will people forgive flaws in agents more than videotaped people (if
identical)? Will humans or agents be more persuasive and trustworthy? Do inferior
representations imply inferior intelligence, reliability, and persuasiveness? This research has
implications for the deployment of agentsin e-commerce, advice systems, and computing



more generally, aswell as cases in which bandwidth constraints require limitationsin
representation quality.



4. Evaluation

Dr. LeciaBarker of the University of Colorado provided independent eval uation services.
The final section of this report, written by Dr. Barker, provides a summary of her initial
evaluation efforts:

The primary goal for the initial six-month period (January 1, 2000 — June 1, 2000) of the
CRCD-supported HLT curriculum program was to establish the necessary infrastructure.
Below isabrief description of the establishment of infrastructure followed by evaluation
goals for next year. Lessons learned from the start-up period will be used to improve
program offerings in the next year.

Infrastructure

The PI group successfully established an infrastructure for supporting students and faculty in
the HLT program. Their effortsincluded course selection issues, official approval of a
certificate at the University of Colorado, establishment of computer labs, and development of
aprogram web site:

1) Courses — selection of coursesto be offered, frequency and timing of course offerings,
course sequence and/or prerequisites, and pedagogy issues (providing for students of
different types of abilities, teaching model). Courses offered are consistent with the original
proposal. The Pl group decided that the courses should be non-sequential, since the
curriculum isinterdisciplinary and students will be coming to the program with different
backgrounds. Since it takes about one year to get listings into the schedule of courses,
decisions were made as to the timing and frequency of course offerings. While courses are
cross-listed, the department of the lead professor took responsibility for ensuring that courses
are officially offered. Some students entering the program will have non-technical
backgrounds. These will be encouraged to take additional programming courses; also,
technical and non-technical students will be paired/grouped, since the skillsg/abilities of both
are needed in HLT. For more information on courses chosen and requirements for the
certificate (see 2 below), see http://www.colorado.edu/ling/jurafsky/curr.html .

2) Certificate. The PI group gained formal approval for the Interdisciplinary Certificate
in Human Language Technology on May 17", 2000. The Pl group made decisions as to
who will track studentsin the certificate program and student advising.

3) Computer labs. Student labs enabled with the Toolkit and other appropriate software for
student use have been established, though not without difficulty. Difficulty was due to the
university’ s computing infrastructure. For example, Sun labs were unable to support
Windows (the Toolkit will soon be available for the Linux operating system, eliminating this
problem). Technical issues have been worked out, such that Toolkit use is possible on all
participating campuses.



4) Web site. The URL listed above describes the certificate program and the courses.
Courses offered in Spring 2000 also have web sites (see reports from individual professors).
A more comprehensive web site for the program will be developed and will include
information on the certificate, links to each course web site, and a variety of other materias
designed to support both teaching and learning. A template for course web sites has been
developed so that each site will be consistent, including lectures, assignments, etc.

Evaluation Plans

Evauation efforts will ultimately focus on ensuring that the HLT curriculum incorporates the
latest advancesin HLT into the curriculum and prepares the most highly proficient students
for industry and academic positions. Interim evaluation goals during the start-up period
included monitoring the progress of the PI group in reaching its goals of establishing the
infrastructure as well as gathering information on courses offerings. An e-mail questionnaire
was sent out to professors teaching during the first semester to find out how many students
(male and female, major) are enrolled in each course, any teaching or technical issues,
perception of student interest in HLT careers and other courses, and experiments and
activities using the Toolkit and other speech technologies. Thiskind of datawill continue to
be gathered in the future and used for formatively for improving the curriculum.

With the infrastructure in place, evaluation will focus more closely on students’ learning
experiences and ensuring that students are receiving the instruction needed for careers.
Particular attention will be paid to three issues: recruiting and retaining women; bringing
students with less technical expertise up to speed; and devel oping an understanding of how
the courses contribute to academic and industry careersin HLT. Classroom observations,
surveys and interviews with faculty, industry representatives, and others, and document
reviews will provide data to inform these issues.

Faculty Evaluation Questionnaire

The following information was request via email from the course instructors.
HLT Curriculum Information Sheet
Please take the time to answer the following questions thoughtfully.

1. Have the course description, practices, or goals changed significantly from how it was
described in the NSF proposal ? If so, please describe.

2. How many students are enrolled in your course? Males Females
What majors are represented?

3. What isyour greatest challenge in teaching this course? (interactions with students,
getting discussions underway, hardware/software problems, lab or materials
availability, etc.)

4. Please speculate on student perception of the value of the course.



. Are any of your students (that you know of) considering HL T careers? Inindustry or
academic? Have any found jobs or been accepted into graduate programs?

Have any of your students inquired about availability other coursesin the curriculum
or courses related to yours?

. Do you have aweb site where you are posting course syllabus, lecture notes,
assignments, readings, lab modules, etc.?

Y es— please indicate the url and password (if needed)
No — please let us know how we can get these materials
. Questions about the CSLU Toolkit:

a. Inwhat way are you using the CSLU Toolkit? (demonstrations, lab
exercises/experiments, application development, etc.)

b. What kinds of laboratory experiments have you done with the toolkit? What
components have been used?

c. What problems have you encountered?
d. What support have you received for managing problems? From whom?

Please rate the support:

e. How would you improve the Toolkit in terms of operations, ability to create
applications, etc.?

f.  How would you change the Toolkit to facilitate teaching and learning?

g. Additional comments about the Toolkit:



