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Abstract

This is a short memoir of my career as an experimental phonetician using the X-ray microbeam as a primary tool. In it I 
summarize how I became involved in articulatory research, and I describe the studies that are most memorable to me.  My 
work is focused on promoting data-based descriptions of normal articulation.  Those interested in the details of each study 
are encouraged to read the original publications.
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1. Introduction

In this honorary opportunity as a retiring faculty member of 
the Department of Communication Sciences and Disorders, 
Faculty of Health and Welfare in Prefectural University 
of Hiroshima, I would like to look back on a specific 
aspect of my professional career. That is, my work  as 
an experimental phonetician using the X-ray microbeam 
(XRMB) as a primary tool.  Because this article is a 
memoir, the language I will use will be narrative and casual.  
The history of XRMB is detailed in the second chapter in 
Westbury1).  The system, in short, tracks the movement of 
small metal pellets attached to the tongue, lips, and jaw 
via computer-controlled X-ray microbeam. By tracking 
pellet movement the computer records the movement 
of these articulators in the mid-sagittal plane. It does 
this in synchrony with the acoustic waveform.  Prior to 
the development of this tool, the only way to measure 
movements of the tongue was through an X-ray movie, 
which involved exposing subjects to sizable amounts of 
radiation.  The need for a measurement tool for tongue 
movements without excessive X-ray exposure was clear.  
XRMB was the fi rst tool that met this need.  
The idea of the X-ray microbeam system was first 
conceived at the University of Tokyo, and a prototype 
machine was built.  However, it was the second machine, 
built at the University of Wisconsin-Madison, that was used 
for data acquisition for most XRMB research.  The main 
operator of the second machine had changed several times, 
and Dr. John R. Westbury was in charge when I came to the 
XRMB lab in 1992.

2. The beginning

My career as an XRMB researcher started as a result of 
several coincidences.  I started my PhD education as an 
aphasiology student, with Malcolm McNeil as my advisor 
at the University of Wisconsin-Madison.  Dr. McNeil, 
however, decided to leave the program right after my 
preliminary exam in 1992, and I had to decide whether I 
would go with him or fi nd another advisor in the department 
and change the focus of my graduate study.  I ended up 
staying in the program at the University of Wisconsin-
Madison with Dr. Raymond Kent, a renowned speech 
scientist, as my new advisor.  Soon after this transition, I got 
a one-time job offer from Dr. Westbury. Because I was the 
only graduate student from Japan in the program, he asked 
me to recruit native Japanese speakers for an upcoming 
experiment.  It turned out these subjects were for Dr. 
Fujimura, considered to be the father fi gure of the XRMB 

machine, who was coming from Ohio to run an experiment.  
It was Dr. Fujimura who, after meeting me, suggested to 
Dr. Westbury that he hire me to work in the lab.  To this 
day I have no earthly idea why he recommended me, and 
it will remain a mystery as Dr. Fujimura passed away in 
2016.  This was the first coincidence that paved my way 
into the XRMB research.  Another coincidence was that 
the NIH grant that had supported the lab was coming to an 
end at that time and a research company in Japan called 
Laboratory of Human Information Processing –ATR 
(HIP-ATR) would be taking up the funding.  They needed 
someone to do research on the Japanese language.  So there 
I was, doing research in an area practically irrelevant to 
what I had studied prior to my preliminary exam.  This is 
how I started as an XRMBer, which was what we called 
ourselves in the lab in those days.

3. The databases and philosophy behind 
them: John Westbury’s contribution to 
the fi eld of articulatory science

The fi rst thing I noticed when I began to study experimental 
phonetics was scarcity of data.  The problem is described 
in Westbury1) in detail but in short, most studies on tongue 
movements had sample sizes of less than three.  This, of 
course, posed a great threat to the generalizability of their 
results.  Even textbooks of phonetics were written based on 
such limited data.  Anyone in the field of health sciences 
is aware of the need for well-established normative data 
against which data from individuals with disorders can 
be compared.  Unfortunately, the field of experimental 
phonetics fell short in this regard due to the difficulty of 
observation of tongue movements and the cost of data 
acquisition and processing.  Dr. Westbury and his team 
had consolidated a database called “X-ray microbeam 
speech production database (XRMB-SPDB) for American 
English.”  It was the fi rst large-scale multi-talker database 
with more than fifty talkers and various speech materials 
spanning from isolated vowels to paragraph readings.  It 
was hoped that the database, when analyzed, would provide 
statistically defensible normative data of speech production.  
It should not be surprising to hear that Japanese phonetic 
science shared the aforementioned issue.  Although it 
was not often discussed among researchers, there was a 
need for a database.  I believe that it was not discussed 
because it was a seemingly impossible goal to reach and 
because our culture does not usually encourage pursuing 
such a goal.  However, at the time I joined the XRMB 
lab, construction of the database miraculously became 
possible.  The machine was in existence, there was fi nancial 
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assistance for the research from HIP-ATR in Japan, and 
there was access to the knowledge and skills necessary for 
consolidating a database.  This was how I embarked on the 
adventure of creating the fi rst speech production database 
in Japanese.  The database, containing data from 19 native 
speakers of Japanese, along with its American English 
counterpart resulted in numerous studies conducted by 
many researchers, myself included.  
One of the most important contributions of these two 
databases was that they provided quantitative descriptions 
of articulation which were somewhat different from what 
had been believed in the field of phonetics.  I would like 
to introduce some of those studies in which I was directly 
involved.  Again, this manuscript is a memoir and provides 
only sketchy information.  Those who are interested in 
the details of the studies should consult with the original 
articles.

4. How /r/ they articulating /r/? : the two /r/ 
studies2) 3)

The two studies2) 3) investigated articulatory nature of 
American English /r/ and how differences in articulation 
were refl ected in its acoustic characteristics.  Specifi cally, 
the first study, involving data from 57 normal speakers, 
demonstrated extreme inter-speaker variability in 
articulation of American English /r/ and thus contested the 
long-standing claim that assumed two types of articulation 
for this sound.  The second study was a spin-off from the 
first study in that the topic came to my mind when I was 
measuring formant frequencies of the 57 speakers for 
the fi rst study.  I found that I could predict the movement 
of the tongue fairly consistently by looking at the sound 
spectrogram.  The study demonstrated that the transition 
rate of the third formant out of /r/ was closely correlated 
with the speed of the pellet closest to the palate.  Since 
the tip of the tongue moves faster than the tongue body, 
the steep transition of F3 is associated with the type of 
articulation that uses the tongue tip to make constriction for 
the sound.  It is my opinion that these studies unequivocally 
illustrated the unique strength of our multi-talker database.

5. The real picture of articulation (1): the 
articulatory nature of word-fi nal moraic-
nasal in Japanese4)

The idea of this study was conceived in 2004, two years 
after I had started teaching phonetics.  One day I decided 
to confirm the articulatory nature of word-final moraic-
nasals as described in textbooks and hence, what I was 

teaching.  Almost all available textbooks of Japanese 
phonetics stated that the sound in question was uvular nasal 
but none provided a reference for the claim.  Upon eye-
balling XRMB-SPDB for Japanese, it was evident that this 
claim had limited inter-speaker generalizability and that the 
cross-speaker variability was substantial.  The data were 
then processed by four undergraduate students working in 
my lab at the time.  Their study was presented at the Fall 
meeting of Acoustical Society of Japan in 2005 and was 
published in 2016 with additional quantification.  It was 
concluded that 75% of all utterances analyzed had a low 
probability of being uvular nasal.

6. The real picture of articulation (2): a 
data-based transcription of Japanese 
/s(i)/ and /sy/5)

Two phonetic transcriptions for Japanese /s(i)/ and /sy/ are 
found in most textbooks of Japanese phonetics: one is a 
voiceless post-alveolar fricative and the other a voiceless 
alveolar-palatal fricative, the latter having a slightly 
posterior place of articulation than the former.  The former 
is the same transcription as the first consonant of words 
such as “ship” and “shift” in American English.  Again, the 
actual data in the two databases were telling a completely 
different story: the place of articulation for Japanese /s(i)/ 
and /sy/ appeared to be anterior to that of the post-alveolar 
fricative in American English.  This study, carried out as an 
undergraduate thesis project by two students, using the two 
XRMB databases, quantitatively demonstrated that both of 
the textbook descriptions were inappropriate.  Our study 
proposed a new transcription for the sound in question, 
which is a palatalized voiceless alveolar fricative.

7. Final thoughts

My journey as an XRMBer was made possible by the 
countless number of people who supported me, gave me 
guidance, and encouraged me to continue my research.  
Among them are Raymond D. Kent, John R. Westbury, 
Kiyoshi Honda and Osamu Fujimura. I was extremely 
fortunate to have them in my professional life.  I hope my 
work has contributed to moving the fi eld of phonetics in a 
more empirical, quantitative and scientifi c direction.
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X 線マイクロビームを用いた研究者としての私の人生

吐師　道子
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抄　録

　この一文は X 線マイクロビームを用いた研究者としての私の歩んだ道を記したものであり，調音研究を始め

たいきさつや最も思い出深い研究とそれにまつわるエピソードを紹介している。取り上げた研究は全てデータに

基づく健常調音の記述を推し進めるものであるが，回顧録としての性質上これらの各研究の詳細については原典

を参照されたい。
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