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TASK 1l: SECOND-LANGUAGE LEARNING

l. Technical Problem

The task is to develop a computer-hased system for automated
instruction in the acquisition of the new speech sounds of second
languages, and to ascertain the efficacy of the anproach through

experimental tests.

2. General Methodology

Laboratory experiments.

3. Technical Results

'wvo experiments testing the crfectiveness of the /utomatceu
Pronunciation Instructor (AFI) were carricd out with Lpanish-
spcaking students attempting to learn Englisii, Lxperincent 1
tested the computer-gencrated display of the student's teoneue
position during stressed vowels. 7The experimerntal desiqn described
in earlier reports was followed, save that additional pronunciation
displays - for reduced vowels an¢ aspiration of initial consonants
- werc not included. iicw experiiental proccdures for evaluating
the extent of pronunciation changes were developed and applicd.
Lxverirent II tested the cffoectiveness of the additicnal two
displays. iighlv significant training cffects wvere obtained for
all three displays, despite the presence of variabilitv in the
data. <“his report concludes vith a general discussion of nrerosed
changes to future versions of the AP1 svsten,

NOT REPRODUCIBLE
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4. Department of bLefense lnmplications

LLanguage schools for the bLepartrment of Defense give instruc-
tion in approximately 6% languages to over 200,000 students ecach
year., The systens under development are designed to facilitate

this instructional process,

iv
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1., PREFACL

At its inception in 1966, this contract was devoted solely
to the one area of second-language learning. Later amendments
have added three more tasks: Models of Man-Corputer Inter-
action; Programming Languages as a Tool for Cognitive Research;
and Studies of Human Memory and Langquage Processing. The present
contract was scheduled for termination on 31 December 1970, but
the final reporting date was changed to 30 June 1971, to allow
completion of data analysis in the various tasks.

Due to the amount of information to be presented in the
Final Report, we have bound it in four Sections, one for each
task. In addition to a copy of this page, each Section contains
an appropriate subset of the documentation data required for the
report: a contract-information page, a surmary sheet for the
particular task at hand, and a DD form 1473 for document control.
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2. INTRODUCTION

We describe here the conclusion of four years of research on,
and development of, a computer-based Automated Pronunciation
Instructor (API) system for aiding students in learning second
languages.1 Previous technical reports have described the
phonological research on the specific problems encountered in
the Spanish-English language pair, a teaching environment that
had been picked as the paradigm for the work. The process of
hardware and software evolution through two successive realizations
of the system has been similarly described. The process of inte-
gration of these two channels of activity had proceeded so well
by June 1970 that the first formal evaluation of the effectiveness
of the prototype API was appropriate. An evaluation experiment
was designed and begun, and data were collected through the final
months of the present contract. BBN has since been awarded a
new contract for ccntinued system development and evaluation
vithin the context of the Defense Language Institute schools.

The cverall design of the first of the evaluation experiments
was presented in Semiannual Technical Report No. 7. There was a
truncation ¢f the planned scale of this first test; only the
previously- escribed vowel tongue-position display was evaluated.
In that work, a new and sensitive means of accent analysis was
devised and used. The second experiment dealt with two newer
displays: reduced-vowel tongue position, and aspiration-voice onset.

1'J'he author gratefully acknowledges the contributions of the other
members of the project team: Dennis H. Klatt, Kenneth N. Stevens,
John A, Swets, and Douglas W. Dodds. He thanks Barbara A. Noel for
monitoring the experiments, and Karl S. Pearsons and Sanford A.
Fidell for aiding the data analysis.



w— ——

o1 d

Report No. 2185 Bolt Beranek and Newman Inc.

The following section of the report summarizes these
experiments, including mention of the most important aspects of
display generation, analysis technique, and outcome. This
summary concludes with some remarks on what the evaluations have
taught us, and on the implications of this work for the new
versions of the API now under construction., Should the reader
wish additional detail on some facets of the work, the summary
will direct his attention to the appropriate section of the
appendix,
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3. OVERVIEWl

3.1 EXPERIMENT I

3.1.1 Method

Seventeen women, born in Latin America and speaking Spanish
as their native tongue, were interviewed. Tape recordings were
made of their utterances of English words in the standardized
format of the testing procedure described in section 2.6 of
Semiannual Technical Report No. 7. 1In brief, this involved their
reading and speaking a set of English words, one at a time, after
hearing a recorded version of each word as spoken by a native
“nglish talker. The model pronunciation was used to alleviate
orthographic contamination of the potential student's speech.
dimicry, the other side of the coin, was minimized by the insti-
tution of a forced 4-second time delay between model playback and

recr rded utterance.

Each woman's speech was rated, with higher ratings going to
those having more accent in the production of vowels. The highest
ten persons were selected as subjects (Ss), and they were assigned
to either the Experimental or Control treatment groups according
to a matching process (see Appendix 4.1, Experiment I Subject
Selection Procedure, for further detail),

The training procedures previously outlined were followed.
Twice a week, each S worked for 45 minutes with one of four sets
of 12 monosyllabic English words, each containing one of the 12

lThis section is not to be construed as a quick guide to the
appendices. It is the sole location within the report where an
integrated picture is presented. Where backup detail is deemed
necessary, the reader is referred to the appropriate section of
the appendix. As far as possible, each appendix is self-contained,
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vowels for which the system provided tongue-position feedback
(for the Experimental Ss). Control Ss spent the same amount of
time with the API, but the system provided no tongue-position
feedback via the CRT display.

Eight of the original Ss completed 16 training sessions.

One control S was lost when family illness forced her to return
to South America; another completed only 13 training sessions
before unexpected travel plans forced us to terminate training
and post-test her, rather than lose her data. The remaining Ss
were post-tested later, following the identical test-day format
outlined earlier. Retention-testing was carried out, for all

9 Ss, a minimum of four weeks after post-testing. There was no
intervening contact with the Ss.

3.1.2 Results

The data from the experiment were of three types: (1) avdio
tape recordings of Ss®’ speech during the three testing days of
the experiment; (2) audio tape recordings of Ss' speech made
automatically during selected normal training sessions; and (3)
punched paper tapes produced after each training session, quantify-
ing the manner in which the Ss distributed their efforts among
the 12 training words.

The paper-tape data were inspected to determine whether the
amount of activity across the 12 trained vowels different signifi-
cantly between the two treatment groups. Several two-factor mixed
analyses of variance (Lindgquist, 1953, pp. 266-273; Winer, 1962,
pp 302-312) were performed on summarized data derived frcm all
training sessions from each S, a different analysis for each type
of activity (pressing STORE button, RECALL button, etc.). A pattern
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of effort was demonstrated; i.e., activity was not homogeneous
across vowels. However, no diticrential effect of treatment on
the pattern was found.

Audio data in (2) above, from the normal training sessions,
were used in the investigation of a warm-up and reminiscence
effect that had been noted during informal observetion of the
training-session utterances of the Ss. This effect is secondary
to the main point of the experiment, and will be mentioned further
only in the detailed coverage provided in the appendix (see
Appendix 4.2: Experiment I Data Analysis).

Audio data in (1) above, arising from post- and retention-
esting sessions, were edited and rearranged into a standard
order. Since only the vowel display had been used, only the 24
sowel words were extrac.ed from the recordings made on the three
testing days. Each S's course of training was thus succinctly
rep esented '* three segments of magnetic tape containing the same
set >f 24 monosyllabic vowel words, recorded at three points in
time. These were the primary data from the experiment.

An elaborate pair-comparison process was used to inspect the
Ss' utterances for changes in adequacy occurring in the course
of the training. A subjective rating procedure implemented by a
computer-controlled system for tape transport and response record-
ing system allowed a large number of judges (Js) to indicate their
preference betwecn many randomly ordered pairs of utterances.
Each utterance pair was preceded by the playback of a proper pro-
nunciation of the word being attempted by the S. The pairs them-
selves were drawn from two of a given S's three recordings of a
given word on the three testing days. The Js were of course un-
informed of the actual time relationship between the word pairs,
and their instructiornis were to indicate "which of the two student
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pronunciations contain(ed) the vowel that sounded more like the
standard pronunciation.” The measure of success was the number

of times the Js' preferred utterance was actually obtained later

in training. Thirty-two Js responded to a total of 120 trials

from each of 9 Ss' recordings. Each run contained catch trials

to measure reliability, and the three utterances of ecach of the

24 words were intercompared exhaustively, producing validity and
transitivity information. A total of 34,560 rcsponses was collected
and processed.

Conventional two-way mixed analyses of variance did not reveal
any consistent advantage in amount of improvement sliown by the
experimental Ss. This was caused, in some instances, by ceiling-
effect perturbations from a strong overall training effect, and
in other instances, by excessively strong response variability.

The analysis of variance approach was thereforec abandoned in favor
of more global summary statistics, designed to consolidate the
data to minimize variability and enhance sensitivity to specific
effects.

This process allowed the observation of hLighly significant
training effects in both experimental and control Ss. A repre-
sentative summary statistic demonstrating this effect is the
group pre-post pair preference percentage, giving the percentage
of the time that judges chose a post-training utterance as prefer-
able to an utterance of thc same word recordc: at pretesting, for
all words spoken by all Ss within a given tr..tment group. This
statistic takes on the values 62.1% for experinental Ss, and 61.0%
for the control Ss. Considered against the null hypothesis of no
training effect and evluated with the normal approximation to the
binomial, these values convert to standard scores of 14,9 and 12,2,
respectively, yielding a differential trcatment effect of 2,7
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standard score units in favcer of the experimental group. Pre-
retention preference percentages ~ere on the same order of magnitude,
and the differential advantage of the experimenta. Ss increased
to 3.0 standard score units. The third side of the judgmental
triangle, post-retention, complemented the first two statistics
and elucidated changes occurring within the no-treatment interval.
Overall, these group-lev:l comparisons across words and within a
given pair of testing days showed a consistent advantage for the
experimental treatment, over a strong traning baseline of the control
treatment. ‘Though both experimental and control Ss' retention-day
erformeace -~ sicnificantly better than their pretest performance,
it is worthy of nc ’'_c¢ that the experimental Ss continued to improve
Auring the retention interval, while the control Ss worsened sligh+’':
iis consol'tation over the one-month no-treatment interval may

ossitly i1 cate a particular strength of the API,

An even wore powerful vay of inspecting the data follows fron

NCc o oetion ol spc..se tra .;itivity. Lach ucdge responded to threo
ai: € 2a word and subject. There are 8 pr ible judgment
triaus that cen arise by chance. 17Two of these are reflections of
intransitive stimulus orderings, and the other 6 order the pre,
post, and retention utterances in their possible permutations. Of
these, two place the pretest utterance at the bottom of the pre-
ference continuum, Therefore, the expected rate of occurrence of
judgment triads meeting this latter criterion is 2/8, or 25% by
chance.

Occurrences of such stimulus orderings were tallied for all
words spoken by Ss in a treatment group, across all Js. For the
experimental s, 42.5% of the triads met the criterion; for the
controls, 41%. Translating this into standard scores measuring

deviations from the chance expectation of 25%, we find the controls

NOT REPRODUCIBLE
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manifesting a strong training effect: 20.4 standard deviations
from expectation. However, the experimental Ss produced data 4.7
units more removed from expectation, giving evidence in favor of
an advantage attributable to the full feedback capabilities of the
API system,

3.1.3 Discussion

Two major observations are appropriate at this time. First:
the present control treatment is too similar in rigor to the
experimental treatment, making it difficult to extract effects
attributable solely to the visual feedback. The API system should
be evauvated by comparison with state-of-the-art procedures for
pronunciation instruction, and not by comparison with a stripped-
down version of itself. Second: future evaluation efforts should
include measurement of generalization of trained speech sounds
into new words not specifically trained, and into connected speech,
despite the latter's multidimensional nature.

Despite the above reservations, this experiment demonstrates
that the vowel pronunciation of Spanish-speaking Ss is significantly
improved through training with the API system. This improvement
with training was more marked in Ss exposed to the computer-
generated acoustic analysis and visval feedback. DByproducts of
the experiment vere the development and implementation of a power-
ful evaluation procedure of general usefulness in scaling training
differences between similar utterances, and general experience to
be applied toward the design and execution of future display-
evaluation experiments.
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3.2 EXPERIMENT II

Since the first experiment had dealt only with the vowel
tongue-position display, a second experiment was executed to
evaluate the additional displays that had been produced.

3.2.1 Reduced-Vowel Tongue-Position Display (RVTPD)

In English words, vowels that appear in unstressed syllables
must be "reduced." That is, they must be short in duration and they
must take on the spectral quality of the schwa vowel. Since this
sound is not present in Spanish, our students tend to render the
word "dif-fuh-cult" as "dif-fee-cult."

The first step in the display is the isolation of the relevant
syllable from the multi-syllabic training woré. This is accomplished
by an algorithm that searches for time maxima and minima through
a function produced by summing the outputs of filters 2 and 3 for
each time sample of digitized speech (see Appendix 4.3 on the
RVTPD for specifics on the algorithm). These filters were chosen
because they indicate the low-frequercy energy characteristic of
voicing in vowels. Once the samples produced by the relevant
syllable have been isolated, the analysis of the vowel nucleus
proceeds in a way that is virtually identical to that used above
for stressed vowels in monosyllabic words. The same view of the
mouth is presented, with a target of appropriate size and location
for the schwa vowel.

3.2.2 Aspiration-Voice Onset Display (AVOD)

In the initial aspirated stops /p, t, k/, Spanish speakers
must learn to delay voicing onset with respect to stop release,
and they must learn the glottal gesture required to produce aspi-

ration during this interval. In other words, in pronouncing a word

10
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like "team,” a common error is to begin the vibration of the vocal
cords too early after the start of the utterance, and therefore to
minimize the required 'puff of air' between the t and the e. For
an English speaker, the result is difficult to discriminate from
"deem." There are three parts to th: display for this problem,

1. Stop release time is determined by the discovery of a time
sample containing a filter in the range from filter 4 throuqh
19 whose contents have increased more than a threshold amount
with respect to the immediately preceding sample from that
filter. This is therefore a procedure sensitive to sudden
amplitude changes such as occur at stop release.

2. The presence of intense low-frequency energy indicates the
onset of voicing. The earliest time in the utterance is
found such that the output of filter 2 exceeds a threshold.
This threshold is normalized to the maximum value of that
filter's output during the entire word, to compensate for the
recording level of the utterance. If this algorithm is
satisfied at an earlier time than (1) above (#s in the error
"deem"), stop release is made equal to voice-onset time.

3. Aspiration intensity is computed for the samples lying between
the two aiove points in time. This is given simply by the
summed activity in filters 14 through 16, since this frequency
region is activated by aspirated sounds. The aspiration
function is normalized before display to compensate for
differences in recordinqg level.

For the various training words used, nominal values for voice-
onset time and aspiration intensity were obtained from English
speakers, to be used as target values for the students. Figure 1
shows CRT output following a successful attempt at the word "team."”

11
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NOT REPRODUCIBLE

Figure 1 Aspiration-Voice Onset Display

This is a plot of two variables as a function of time, which moves
to the right. The vertical line is placed at the point of stop
release. The widely spaced dots indicate aspiration intensity at
successive l10-msec intervals. The horizontal row of more closely
spaced dots indicates nominal aspiration intensity. At least one
time sample of aspiration must meet or exceed this line in a
correct utterance. The abscissa line is interrupted at the point
of stop release, and its plotting is resumed at voice-onset time.
The region of acceptable voice-cnset times is delimited by the

arrows.

If one or the other of the display criteria is not met, the
appropriate indicatint section of the display (dot row or arrows)
is made to blink intermittently, calling the student's attention

12
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to the type of error made. If both criteria are met, the display
is steady and the word "GOOD" appears, further reinforcing the
student.

3.2.3 Method

In addition to the new software, a high-fidelity head-mounted
microphone was used in this experiment. This standardized the
mouth-to-microphone distance, a necessary feature for proper
action of the aspiration display.

Several potential Ss were pretested with procedures essentially
similar to those used in Experiment I. Thirty-six words were
recorded, half for each of the two displays. Twelve of the words
were the training stimuli for each display, and the remaining six
were uttered only on the testing days. Accent-rating procedures
were used to determine whether a potential S demonstrated the pro-
nunciation problem relevant tc the display. Four acceptable Ss were
selected, three of whom had served in the preceding experiment.

No control treatment was employed in this experiment, for the
reason stated above. The specification of a proper control treat-
ment was left as a problem for the future; in the meantime, quanti-
fication of the API's full capabilities was the primary concern.

Six training sessions, two per week, were administered. Each
session included 25 minutes exposure to each display, with a 5-
minute break between sections. At the time when the seven=:h train-
ing session would have been executed, all Ss were post-test.ed in
the standard way. The basic data for Experiment II were wrepared
in the form of two segments of tape for each of the 4 Ss. [Each
segment contained the standardized utterances of the 36 test words,

spoken before and after training.

13
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3.2.4 Results and Discussion

Ten judges indicated their preferences for either the pre-
or post-test version of each of the 36 words spoken by the 4 Ss
The Js had varying degrees of knowledge of the intent of the experi-
ment, but all had been instructed to prefer those utterances having
the better pronunciation of the feature of interest, and to attempt,
as far as possible, to discount others.

The definition of a training effect is identical with the
previous one: S is found to have improved her accent on a given
word if her POST utterance is judged preferable to her PRE utter-
ance at a level reliably above chance. A training effect is a
reflection of the fact that Js can reliably order utterances in a

way that is congruent with the application of training.

What follows are some summary statistics derived from the
entire group of 4 ss (for more detail on the analysis, see Appendix
4.4), For the reduced-vowel display, on the trials in which Js
expressed their preferences between words actually trained, 64.4%
of their judgments were in favor of the post-test version of the
words. For words not specifically trained, the preference rate
dropped to 55.8% in favor of words procduced after training. The
response level across all words, 61.5%, produced a standard score
of 6.2 as evaluated with the normal approximation to the binomial,
and it was therefore highly significant.

For the aspiration display, the results were more striking.
The preference rate for post-test versions of trained words was
85.6%; for generalization words, 86.6%; and overall, it was 85.9%,
for a standard score of 19.3.

14
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The RVTPD thus demonstrated approximately the same power as
the VIPD examined in Experiment I, as evidenced by the appropriate
comparisons of pre=-post pairs of trained words (62% for VTPD,
64.4% for RVTPD); and the AVOD display, with its totally different
display structure and target articulation, was substantially more

effective,

3.3 GENERAL DISCUSSION

3.3.1 Experimental Design

The basic reason motivating the choice of the Spanish-English
language pair as the medium for the first system avaluation was
our familiarity with English phonology and the relatively simple
pronunciation problems involved in Spanish speakers learning
English. It continues to be a useful language pair. However, it
did fcrce the use of a subject pool having considerable experience
with English, with consequent overlearning of incorrect pronun-
ciations. Ideally, the API should be used when the student begins
contact with the second language. In that context, it should aid
in acquiring new sounds faster and correctly. This problem will
be somewhat minimized in the coming field evaluation with Spanish-
speaking DLI students, since their previous contacts with English
will be more clearly specified. The problem will be eliminated
for the English-Mandarin Chinese language pair.

Despite the above difficulties, there is no doubt that the
API has produced significant improvements in the rendition of
certain English phonemes by Spanish-speaking Ss. However, future
evaluation experiments should be less concerned with fine-grained
measurements and more concerned with the demonstration of cffects
in connected speech. This is not a simple task, since the basic
mode of operation of the API is to work with limited speech samples,

15
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and since the problems of evaluation are manifold. Some suggested
additions to the evaluation program are:

A, Recording samples of student speech at various times during
experiments, and their rating by an experienced panel. This
might easily be done within the standard context of Defense
Language Institute student-evaluation procedures.

B. On the assumption that training with these displays improves
the ability of the Ss to make auditory discriminations between
correct and accented utte ainces of the various phonemes for
which displays have been developed, in order to produce
improved versions of those phonemes, various perceptual tasks
might ke attempted. After procedures presented by Lado (1961),
auditory discrimination tasks could be administered before and
after training, to determine whether the API aids that faculty
while aiding the production capabilities of the Ss.

3.3.2 Hardware Changes

Within an acceptably short time, all Ss learned to make
satisfactory use of the API, with the help of the instructions,
monitor, and display software itself. Still, there were residual
difficulties that placed unnecessary cognitive loads on the Ss,
diverting their attention from the task at hand, as follows:

A, Language Master unit. The stack of tape-recording cards,
containing teacher versions of the training words to be
entered by S onto the tape loop, had to be kept in order
and entered correctly if the software was to keep up with
the word being studied. This error source will be replaced
with a completely automatic (and higher fidelity) means of

teacher recording storage.

16
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B. Button Box. Each S was provided with a written guide to the
functions performed by each of the 12 buttons before her, but
the buttons could not be labelled individually. The new system
will have a custom-designed button array built into a desktop,
containing color-coded buttons, each of which can be inter-
nally lighted by the software. Thus, S will be visually in-
formed of the options at each choice point. Sufficient space
around the buttons will allow a key-word description of each

button's function,

C. Error Diagnostics. The improved central processing unit of
the Mark II API (a PDP8/E instead of the PDP8/L used in the
Mark I) will make it possible for the system to he more inter-
active and informative when S makes errors. The Mark I was
limited in core storage to 4K, barely sufficient for minimal
diagnostic action in the VTPD and RVTPD software. We plan
to enploy 8K of faster memory in the coming system, along
with hardware multiply/divide and improved analog-tc-digital
capabilities. The Mark II will thus be able to inform S more
fully about needed articulatory corrections, and will pinpoint
more specifically any missteps in system use.

3.3.3 Changes in Teaching Strategy

The time-plotting nature of the aspiration display may well
be a strong factor in its strength relative to the tongue-position
displays. The latter displays show time as the parameter connect-
ing successive position points on the CRT "map" of the mouth; the
aspiration-voice onset display shows two variables plotted
explicitly as functions of a common time line. Work is now under-
way on the production of time-plotting tongue position displays,
in an attempt to combine the best features of our previous work

into a new display type.
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We are also in the process of adding a totally new teaching
procedure to the APl system, The use of minimal-pair utterances
was suggested by interested observers from DLI, and the potential
utility of the approach is confirmed by an inspection of the
current literature on pronunciation-teaching procedures. A minimal
pair is two words in the target language, with all phones es
identical =ave one. Their use in pronuciation teaching is simple:
S produces his version of the pair, and some evaluator (teacher or
API) prodi.ces feedback on the adequacy of the distinction between
the contrasted phonemes. The new system will incorporate this more
extensive utterance mode. Its larger memory capacity and its
capability for automated storage and retrieval of recordings of
teacher versions of minimal pairs will make possible entirely new
modes of teaching.

The final area of pedagogical improvement is related to all
of the preceding proposed improvements, and is in a sense the most
basic. Through all our work to date, we have provided Ss with
various CRT targets. When the feedback met these criteria, S was
told (explicitly or implicitly) that his pronunciation was correct.
However, the type and range of stimulus words for which feedback
could be generated has always been limited by the necessity of
"tuning” the targets for each word., This was a process of empirical
extraction of the invariant properties of correct utterances, and
their automated specification by the software. If this bottleneck
can be eliminated, the way will be opened for large stimulus sets
and generality of training stimuli. The prime unused resource of
the Mark 1 API is the world's greatest pattern-recognitior tachine:
the mind of the student. t is capable, given the proper visual
input, of abstracting many more aspects of correct utterances than
can ever be automatically specified, given large numbers of in-
stances from which to generalize. We plan to use this capability
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in new display modes within the Mark 11, in which the system will
simulate what a language teacher does in pronunciation instruction.
He does not simply repeat the training material ad nauseam, and he
does not mimic the student's mispronunciation. Rather, he gives
verbal dascriptions of how he positions his own articulators in
addition to telling the student in what way he should reposition
his. The automated source of teacher recordings introduces the
capability for software analysis of teacher utterances, in the same
terms as the student's utterances are analyzed. The student will
thus be able to use as a template an actual teacher's utterance,
whose salient characteristics are emphasized by the software in a
manner identical to the analysis of his own voice. This enhances
the simulation of the presence of the teacher. Since little
“tuning® is needed because of the concurrent analysis, many
different teacher utterances relevant to a given phonological
problem may be presented in a single session. Current plans are
to implement teacher analysis within the framework of minimal-pair
training material, and using the time-plotting approach mentioned
ahove. The coming version of the API will receive its most
stringent test in this type of display, since it will incorporate
our most advanced thinking.

In conclusion: our past efforts on this task have been
rewarded by the successful production and testing of a prototype
model of an Automated Pronunciation Instructor. The development
and evaluation of the system has not been without some problems
in concept and execution, but the basic value of the approach has
been demonstrated. The course of our work has generated new
information and ideas to such an extent that we are confident that
the next iteration of the system will be considerably closer to
the breakthrough in pronunciation instruction so sorcly needed.
We look forward with anticipation to the transfer of this new
technology to the fieild.
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APPENDIX 4.1: EXPERIMENT 1 SUBJECT SELECTION PROCEDURE

As indicated in Section 2.6 of Semiannual Technical Report No. 7,
the only valid mcthod for & selection was the full pretesting
procedure outlined therein. /A total of 17 Spanish-speaking women
were tested, and the tape recordings of their responses in this
standardized milicu vere edited and rearranged.

In each S's final pretest tape, there vwas but one version
of ecach of the critical words: that version spoken by S after
having read the Larguage !taster card into the svstem, after hav-
ing heard the teacher's voice speaking the word, and after
waiting through the “"countdown" displayed on the CRT, Occasion-
ally, more than one utterance of a word occurred before the final
version was accepted by £, L, and the nachine. The incidence of
multiple repeats declined through cach potential &'s pretesting
session. The edited tape recording contained the critical words
in a standard order, to facilitate subsecauent rating procedures.

Rating procedures were cmployed to effect selection of Ss

and to assign them to trcatment groups. Each of the 17 interview
tapes was played for a panel of experienced judges, who assigned
to each of the utterances of the Ss a number ranging from 1 to 4,
the latter indicating extreme accent., Overall accent scores for
each S were computed according to a weighted averagirg procedure,
with the most weight going to the pronunciation of the 24 critical
vowel words.

Potential Ss were then ranked in order of decreasing weighted
accentedness score, and the highest ten were selected as actual Ss,

They were assiqgned to either the experirental or control groups
according to two criteria: (a) onc member of each successive

pair of s in the accentedness list must go into the experimental
group; and (b) the results of this pairvise assignnent should
produce two sarples of sveakers with roughly the sare histories
of exposure to lLnalish, This procedure resulted irn an experimen-
tal group with averade values of ¢.0 and 5.7 years for the study
of I'nglish and residence in the United States, and in a control
group which averaued 4.6 and 7.3 vears, respectivelv. 7There are
no a griori data on which of these poorly-specified factors has
more influcnce on the acguisition of accent-free sreech, and so
assignment to the two groups was adijusted to achieve a fair
balance between the factors, hecping overall accentedness matched.
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The main strength of this selection procedure was that it
was done in terms of the behavior to be tested. A group of
speakers was found whose pretest-day utterances were evaluated
and found to be sufficiently accented. A known procedure was then
used to form the two treatment groups. The data upon which

selection as S was based were the same data that were to serve

as a baseline for the evaluation of treatment effects: i.e., the

edited tape of pretest utterances. Since the system was designed
to aid the production of the same type of utterances, the S-se-
lection procedure was closely fitted to the capabilities of the
machine they were to use.
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APPENDIX 4,2: EXPERIMENT I DATA ANALYSIS

Theory. We chose to investigate the "warm-up effect'' mentioned

above by editing out, from the training session history tapes,

the last successful utterance of each of the critical words made
during the ccurse of training. Since the 24 vowel words were

spread across the four trainina lists, the construction of the
end-of-session (EOS) tape for each $ involved the selection of the
words from the history tapes of four different training sessions,

as far advanced in training as possible. The LOE tape thus formed
the fourth segment of audio information from each $ available for

later analvsis.,

The central data of the experiment were contained within the set
of 36 sections of tape, four sections from each S. Lach section
contained the 24 critical words as uttered by that S in a standard-
ized recording format: the PRLtest, POSTtest, and RETention test
tapes in the critical day milieu, and the EOS tape as gathered
from representative normal training sessions for that S. We looked
to these 24x9x4, or 864, words, to determine improvement with

training and treatment.

The primary variable investigated in the experiment was train-
ing, whose representation in the data is the time separating the
recordings of the 24 words. Therefore, pairs of words to be com-
pared should all involve the same word spoken by the same S at
different points in time. From the four versions available for
each of the 24 words and nine Ss, six different pairs could be
constructed, with order not considered. Four of those six were

considered essential:
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PRE-POST (mnemonic PEPO): compare a word as spoken before
and immediately after training;

PRE-RETENTION (PERE); compare baseline utterance with same
word spoken after a no-treatment interval, to test whether it has

undergone any long-term changes;

POST-RETENTION (PORE): compare utterances spoken immedi .tely
before and after a retention interval.

Consider a given word spoken by a single S at the three
points in time. If a judge is asked to state his preference for
one member of ecach of the three above pairs, his responses should
be mutually consistent. Taken together, these three pairs form a
judgmental loop, about which more will be said below. The final
pair judged essential was:

PRE-EOS (PEEO): compare baseline utterance with end-of-
session utterance.

While it is possible to compare EOS with POST and RENTENTION,
the warmup effect could be just as well-quantified by a single
comparison, which would place it within the framewor). erected by
the first three pairs.

tince the pairs were to he drawn fromn onc H at a tirc, that
irplied the presentation of a mininur of 96 pairs to cover the
data of a single £, not counting the administration of sore kind
of check on the reliability of the responscs of the judues, Fur-
ther, to avoid sequential dependencies, rore than one order of

stirnuli should be adrinisterea to the panel of judaes.
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Apparatus and Procedure

We report here an analysis method for these data which uses
the old pair-comparison paradigm in a new setting for accent
rating, The system is efficient in terms of speed of data acquisi-
tion and mathematically powerful in terms of the number of
statistical questions answerable with the data produced. The pro-
cedure was developed jointly by the author and the staff of
the Psychoacoustics Department at UBBN's Los Angeles office. At
that facility, there exists a computer system, interfaced with
a six-channel tape-cartridge plavback machine. Audio material
on the cartridges may be presented to grcups cf judges (Js) sit-
ting in an anechoic chamber. Each of the four Js the chamber
can accomodate at any one time has before him a button-box
connected to the computer, through which he can record his
responses. Figure 2 presents a block diagram of the system.

“he four ucctions of tape fron ecach & were placed in four
separate cartridaes. lach of the 36 cartridges fror. all the Gs
contained the critical words in the sare order, 74 final cartridge
was prepared for thie judgrent tests, “This contained the rodel
pronunciations—rccerded from the actual Language Master cards—

that the Os were constantly tryinag to avpro:inate,
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The analysis was carried out in several sections. Eight
different groups of Js participated, replicating it eight times.
Js were college students having normal hearing, and were paid $2,50/
hr., They sat facing a loudspeaker at a distance of approximately
four feet, listening to the speech at comfortable listening levels
(i.e., in the range of 70-75 dBA). For each group of Js, the analysis
was divided into nine sections, each section being devoted to the
utterances of one of the nine Ss., Lach section lasted about 15-
20 minutes, and was separated from the next by a short break. No
more than five sections were performed in a single day by any
group of Js. ILach section was administered bv the computer system
in a standard manner. Lecause of the many degrees of freedom in
the algorithm to be described, and because of the automated nature

of the procedure, the same stimulus order was never administered
twice.

During any one section of the analysis sessions five cartridges
were available for playback by the comnputer syvstem. ''he cartridge
with the teacher's version of the critical wvords was always present.
“he four cartridges containing the utterances of the ' being
judged were inserted for the duration of tiie section., 211 were
positioned such that the same word was available at each playback
head. The starting word was rotated across §s and grouns,

Upon enterinu the charler, each group of Js heard a recording
of their instructions. These will be presented below, as the best
description of the situation facing the Js.

You arc about to evaluate the results of an experirent
in which native Spenisl: speakers were atteripting to inprove
their pronunciation of certain I'nglish vowels. Your answers
will help us to decicde how successful our teaching procedures
were. You will be asheua to push a button corresponding to
the best student pronunciation of an I'nglish vowel sound,

On each trial you will hear three Lnulisht words in succession,
The first word will be hcard in a standard hnglish pronuncia
tion. The next two words will lLe spoken by one of the stu-
dents. Your job is to decide which of the two student pro-
nunciations of the vowel sound was more like the standard
IInglish pronunciation that vyou heard first., Tisten to tlc
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following sample trial. You will hear first the standard
English pronunciation, then two attempts by the student to
pronounce the same vowel sound. (Sample heard here.) Here
is another sample trial, listen carefully for the three
pronunciations. (Another sample is heard here.) Please
note that your judgment of which student pronunciation was
more like the standard pronunciation should be restricted
to the vowel sounds only. During the test you will push one
of your two response buttons to tell us which of the two
student pronunciations contain the vowel which sounded more
like the standard pronunciation. Trv to ignore any other
extraneous speech sounds.

‘Of course there are no right or wrong answers. You are
the jury, so consider your answers carefully throughout the
course of the experiment. Since there are no right or wrong
answers, you must make up your own mind which of the two
student pronunciations of the vowel sounds was more like the
standarc pronunciation. Pay no attention to which buttons
the other members of the jury happen to he pushing on any
given trial.

To help you keep track of the various speech sounds the
response buttons in front of vou will light up to indicate
which of the two student pronunciations is being heard at
the moment. As soon as the light goes out in button two,
you may press either hutton 1 or button 2 to tell us vour
decision. The light in the response button will go on mo-
mentarily as vou push it. After all the memliers of the jury
have indicated their decisions the buttcn you pushed
will light up for about a second before the next trial starts.
The light will go out when the next set of sounds is about
to be heard.

You are encouraged to make your decisions and push the
appropriate button as quickly as vou feel you can nake a
reliable judgment. You will participate in nine
sessions, each of which will last about 15 minutes. You
should make your decisions as quickly as is convenient for
vou in order to hasten the conpletion of each experimental
session. 7The operator in the next room will be listen-
ing to you and watching you on the television monitor through-
out. Address any questions you may have to
the operator only. If you have any questions about the
procedure, you may ask the operator nov, When you are
readv to begin this session, push one of your
response buttons.
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During the section, 120 triads were played for the Js. The
five cartridges were rotated five times during the courses of the
section, though each word on each cartridge might not have been
playved five times in total. The first member of each of the 120
trials was the teacher's version of the word to be spoken by S.

It set the standard for the Js' responses to the following pair.
The teacher tape always played in the first position, but only two
of the remaining four tapes were actually played for the Js for

the trial for a single word; the other two were positioned silently
in readiness for the next trial. Within a triad, the inter-word
interval was one-half second. Upon receipt of all Ss' responses

to each triad, a fresh set of three words was heard after a 1.7~
second interval.

Cartridges were selected for plaving on a given trial by an
elaborate randomized design. The four basic comparisons of inter-
est—PLPO, PELO, PERE, and PORE—were heard at least once for each
of the 24 words. The actual order of presentation of the test
words within a given pair on a given trial was randomrm; i.e., in
the PLPO comparisons, PCST precede PRI. about half the time. Any
successive group of 24 trials was auite heterogeneous in terms of
the stinmulus pair being administered.

Thus far, the contents of 96 of the 120 trials have heen dis-
cussed. The additional 24 trials vere used to chec}l on the con-
sistency of the Js. ¢“ince there are no right or wrong
answers, the final arbiter of validity is consistency.
Therefore, on 24 of the trials, selected randomly
beginning after the first pass throuah the 24 wvords, the system
marked a particular stimulus pair previously administered to the
Js for replication. Lalf of the replication trials were identical
to their predecessors, and half were presented in the opposite

order,

The computer stored a representation of the stirulus pairs
and the orders in which they were adnministered, and it also stored
the responses of cach of the four Js within a given section. Dur-
in¢ the break Letween sections, it produced paper tapes containina

that information along with identification of the Js and of the ¢
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whose speech had been evaluated. When the data of the anilysis
experiment were complete, each of the 32 Js had produced 120 re-
sponses for each of the nine Ss in the source experiment, and
there were thus 9x32, or 288, response matrices on paper tape,
each separately identifiable. The total numter of responses
gathered was 288x120, or 34,560, The tapes were sent to BLlN-Cam=
bridge for further treatment on a larger computer.

Data analysis. Virtually all subsequent manipulation and
analysis of the 3a¥a was performed under program control.

we will not. describe the total analysis performed, nor

will we describe the basic processes used to produced the
statistics presented. The following is a brief char-
acterization of the principles of the analysis process.

Each of the nine Ss spoke 24 words at four points in time,
Restricting our attention to just one of those quadruplets of
words, we find that it was presented for judgment in the form of
four pairs: PEPO, PEEO, PERE, and PORC. Thirty-two different Js
responded to those four pairs, though the specific orders in which
they were presented differed only hetween different groups of four
Js. The original data were transformed in such a vay that the
response of a given J to a PEPO trial was standard, with a "“2"
indicating preference for POST over PRL, regardless of the order
in which the pair had heen heard.

Each critical word was also tested with a fifth judgment pair,
the replication trial. The response of the Js on that trial was
also categorized and standardized. lialf of the replication trials
were in the same order as had been heard previously (mnemonic
REPS). The trial was scored "2" if the sane response was observed,
and "1" otherwise. On replication trials in vhich the same pair
was heard, but in inverted order (RLPD), "2" was recorded when the
responses differed, and "1" otherwise. T7Thus, "2" indicated con-
sistency, with the separate tallies being recorded for subcate-
gorizations of the reliability checking.

The previous paragraphs describe the translation into analysis

code of the responses to specific stimulus pairs. This stage
producel representations of the data as if the stimuli had heen
admini:itered in a standard rather than in a random order, There is,

howeve:, another type of basic information retricvable at this point
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in the analysis, and it revolves about the judgmental loon between
the PLPO, PLRL, and PORIL stimulus pairs. Lach of the three stim-
uli is a mernber of two of the pairs, and each is conpared with

the other two. 7“his exhaustive comparison lends itsclf to two
different types of riathematical procedures: “hurstonian scaling
and transitivity analysis,

Thurstonian scaling (Torgerson, 1958) is a very sirple exten-
sion of the present data, and we can take advantage of its operations
to place the original stimuli on an interval scale. If POST is pre-
ferred to PRE by ' —ertain proportion, then a specifiable psychological
distance between wiose two utterances is implied. The existence of
a threc-part netvork of judgrnents of this triad allows the posi-
tion of all three stinuli to l'e deterinined by resnonses to tvo
stinulus pairs., Yince the resultant values for PRE, PNOST, and
RETENTIOH are on an interval scale, thev will have to he “rans-
forrmed to a common baseline for comparison purposes. This will be
further discussect helow, when the Thurstonian analysis itself is
presented., The concept was introduced here to facilitate the ex-
planation of transitivity,

Since the three stiruli are compared exhaustively, we are pro-
vided with a second avenue for checkinc the reliability cf the J's
responses, Ve arc furtlicr given the opportunity for a basic
check on the validity of the main effect of the experirent. Since
each J states his prcferences for three pairs, the resultant set
of three decisions can taki: on eigyht possihkle confiaurations, Of
the eight, six reflect perreptual orderings which are internallvy
consistent, and twvo procduce nonsensical orderinas of the original
three stimuli, For exaiple, the triad "2,2,2%" as judgrents of
PLPO, PLRE, and PORE pairs is equivalent to the J's staterent
"POST is better thau PRL, RETILTION is better than PRI, and I't.-
YENTION is better than POST." This is also eauivalent to the
placenent of the three stinuli in the ordoer I'PL, POST, and RESL-
“I0I on a prefercnce continuuri, “he triad "2,2,1" nav bLe trans-
lated into a staterent sirilar to the above, save that the final
preference is "POST is better than RETIPNTION," 1t is eauivalent
to the ordering PRL, RITILGION, and POSY as most preferred, There
arc four other triads vhich can Le translated into unanl.iquous
preference orderings, and which are therefore transitive, The
triads "1,2,1" and "2,1,2" cannot, The translation of the first
of thesce is "PRL is better than POST; RITINTION is Letter Lhan
PRI and POSY is letter than RLTENLTION,"

NoT REPRODUCIBLE
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The existence of a tramsitive relationship in the judgment
triad is evidence that should increase our faith in the bchavior
of the J. However, it should he remembered that even if the J
responds randomly, we would expect to obtain transitive triads
an average of 6/8, or 75%, of the time. Therefore, thc actual
value for the number of triads procducing any transitive ordering
(mnemonic TRNA) must be compared with the expected value (75
of the total triads from which thc sample is hased) for evalua-
tion of the strength of the effort. Significant increases in
TRNA should strengthern our confidence in the consistency of the
Js. The input data for those eventual reliabilitv statistics
were computed at the basic processing stage, where each J's re-
sponse triad for each of the 9x24 words was scored positivelv
for TRUA if it had any value other than "1,2,1" or "2,1,2."

Further consideration of the meanings of the triads "2,2,2"
and "2,2,1" will reveal that not only do they hespeal. a transi-
tive, and hence reliable, relationship hetween the Js' responses,
but such responsc triads also provide a bit of positive evidence
toward the conclusion that there is a valid training effect to
be observed in the stimuli thecnselves. For, if a aiver J places
the PRI recording at the Lottom of his preference order, this
means that he has indicated to us that the trecatnrent administered
to S has improved his rendition of a particular vorc¢., l'ach triac
was scored positively on the second transitivity criterion (TRI!K)
if it was either (2,2,2) or (2,2,1). The expected nurhber of oc-
currences of TRNB is 2/8, or 2% by chance.

tiow, of course, the two al'ove triads do not have identical
implications for the outcone of the training evaluation; their
cormon ground is that PRI is judgecd poorest, and thcorefore train-
ing must have had some bencfits., but vhat of the retentior inter-
val? A separate tally was nade of the triads where (2,2,1) oc-
curred; this was called ThNC, and indicates the judgrient that
PITELTION performance, while hetter than PRI, was surpassed by
rPosT, i.e., that there was los: of perfornance cause¢ by the no-
training interval. The expect :l value of TRNC is 1/8, or 12.5%.
The final transitivity tally, “RIID, indicates the nunber of
(2,2,2) triads, vhere $ continues to improve throuch the retention
interval, 1Its e:xpected valuc is the sane as in “RLC,

“hat corpletes the description of the basic processine of
the data. 70 sunrarize: Tor each of the 24 critical vords spoken
by the Ss, several nurbers had heenr generated from the responses

of each J: pIro, prLLO, PLII', and PORL, standardized judgrents
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of specific pairs of utterances; RIPS and REPD, simple measures of
consistency; and TRiiA, TRuDL, TRUC, and TRND, measures of consis-
tency and validity. “This was the data format for the balance of
the analysis. At no time were the data of a particular J used to
conclude anvthing about the behavior of an S. The group of Js

was used as a horogeneous pancl, polled for its opinion on a large
number of word pairs. %he results for any word pair were expressed
simply as a nunber ranging from 0 to 32. ‘!agnitude of the differ-
ence between the nembers of the pair was considered to be a riono-
tonic function of the output nurber, according to the standard

models of psychological scaling and distance specification,

~he time is now appropriate for an explicit staterient of the
logical paradigr for this analysis experiment. The Js vere asked
to statc their preferences on a large number of pairs of words
spoken by the &s at different points in tine. Their task might be
viewed as one of simple psychological scaling, in which the amount
of accent change reflects itself in the amount of agreement among
the Js for a given word pair. If the Js consistently pick POST over
PRE, this indicates that the stimuli actually differed in the direct-
ion predicted by training. The various psychological distances
separating the four measurement points in time can be simply derived
from the data. Remember that the words themselves are not the
stimuli; rather, the stimulus is the Eigg intervening between
sanpled utterances of the given word. We naturally expect all Ss
to manifest some effect of training, but what of the treatment
effect? It should be possible to demonstrate that the experimental
trcatment produces more improvement than the control treatment.

Overall analyses of variance. /As a first attenpt to speak
to this issuc statistically, several two-way niied analyses of var-
i1ance were perforred, 7The forrat for the first sct vas a Y=-colurn
(¢s) by 2d=rov (individual critical words) matrin, Vithin a scot,
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nine analyses of variance were run, the only change from the abhove
ten data tallies bheing that RLIS and RIPD had to be collapsed onto
a single analysis for technical reasons. The generation of the
PEPO analysis of variance matrix will be describecd. 7The maximum
value in any cell was 32, which would have been ohtained if all 32
Js had responded with a preference for the POST utterance for a
given word as spoken by a particular S. To provide this natrix,
the analysis software referred to the data structure, within which
the responses of each J as processed by the first stage were or-
ganized in terms of word and &, and ecach S-word comparison was
summed across .11 Js, producing the 216 cells., The threce I' ratios
available from the analysis are used to evaluate treatment effects,
word effects, and interacticn between the two.

The first nine analyses of variance produced no consistent
pattern of significance. 1In no case did a strona treatment effect
cmerge, with the great bulk of the treatment F-ratios falling in
the region from .1l to .2. %here was even less consistency amonu
the word and interaction F-ratios. The existence of alout only as
rany significant F-ratios as might be expected by chance in the 27
computed in the nine analyses of variance does not bespeal re-
liahle effects, and so a tal:le of their values 1is not
provided. 'he small size of the treatment F-ratios implies the ex-
istence of a significant amount of variance in the data, which
may well have hlocked the extraction of any differential effect of
treatment,

The major source of the variability of the
data was the fact that the stimuli being judged——the utterances
of the Ss—were highlvy varial.le theriselves; and that this source,
interacting with the normal responsc variability of the Js, had
been arplified beyond the capability of the statistics., Gome
method was needed to reduce the stirulus variability, so that the
postulated effects richt have a chance of visibilitv.
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Specialized statistics. To achieve this goal a large number

of statistics was derived from the data base. To effect the maximal
possible amount of data consolidation we collected the data from
all control Ss and all experimental Ss into two separate groups,
and, further, collapsed the responses of the Js to all 24 words
within those two groups. This produced 12 pairs of numbers with
one member of each pair summarizing the data of all words spoken

by all experimental Ss. These 12 pairs are divisible into three
types: actual pair preference, transitivity, and response reli-
ability. The first two of these types will be presented.

Table 1 is divided into four sections, each of wlich has four
columas., Lach of thesc columns contains data derived frow one of
the four basic pairs of comparisons lietween the recording scssions.
The four sections of ‘“able 1l present altcrnative rodes of in-

spection of the sane basic data.

“'ahle lA gives the pcercentace of the time that the 32 Js re=-
sponded vith prefercence for the second nerhers of the pairs in-
dicated in the colurn headings. Since the number of ciperinental
Ss exceeded by one the nurher of control fs, there is a difference
in the actual numhbers of responses upon vhich the percentadaes arc
based. Tor the experimental 55, each percentaac sunriarizes 5 (4s)
x 24 (words) x 32 (Js' responses), or 3840 responses; the controls
produced 4x24x32, or 3072, Of the 3840 oprortunities that the .Is
had to respond to a P'’lL.=lP0&t corparison of words spoken hy experi-
mental Ss, they chose the POST version 629 »f the time, Corres-
ponding fiqgures for othcr comparisons and for the data for the
control $s arc similarly derived., The percentaqe differences
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given in the fourth row of Table 1A are the representation of the
treatment effect, while the disparities among the values expected
according to chance (given in the first line) and the actual per-
centages are the representation of the effects of time, or the
training effect. It is impossible to evaluate either effect mean-
ingfully at the level of percentages or percentage differences,
since there is no neasure of the variability that might be ex-
pected according to the null hypothesis. It is, of course, ob-
vious that no stronqg difference exists between the POST and RE-
TENTION utterances in this analysis, since the percentages are 30
close to chance levels. It is also clear that the I'0OS utterances
are less discriminable from the PRL. than are either the POST or
RUTENTION utterances, for both experimental and control Ss.

Table 1B gives the analogous numbers of responses obtained
fron the Js, on a per-subject basis to cancel group size differ-
ences, Lach S's 24 words produced 24x32, or 768 responses; by
chance, 384 of these could be expected in eithe:r cotegory. “The
actual averages nurbers of responses for the first three pairs are
radically different from chance expectations, lending strong sup-
port to training cffects.

This effect is specifically evaluated in Table 2C, by refer-
ence to the e:pected value and theoretical standard deviation of
the binomial distribution. The actual numbers of responses on the
sccond members of the pairs were converted to standard scores Ly

the conventional forrula:
standard score =

(actual value = expected value)

1
((total N) (probability of response A) (probability of response B))/z

where the numerator is the deviation fron expectation and the de=
rorinator is the standard deviation of tlie sarplince distribution of
the binonial distrilution with (in this instance) ecuiprolbable
alternatives uncder the rull hypothesis. In the case of the PRI=-
POST comparison fror the experinental Ss, the actual nurber of POSY
preferences was 2383 of a total . of 3840, with an expected value
of 1536 for chance perforrance. %he standard deviation of the bi-
norial is 30.984, producing a standard score of 14,9, given in

the second row of 7able 1C. Chance performance would have heen
indicated by a score of 0 in this transformation.

fince there was no dircctionality implied in the cerivation
of the standard scores and since there was no a priori eipectation
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that a training effect in the direction of improverent would re-
sult from the treatment of the S$s, the correct procedure for
evaluating the significance levels of the standard scores in

Table 1C was a two-tailed test. 7able )Jp contains the output of
a subroutine which, when given as input a standard score, conputes
the area under the normal curve lying distal to the absolute

value of the input, i.e., gives thc prohability that a standard
score value, as extreme or nore extreme than the input, would
occur under the null hypothesis that the sample was tallen from a
population of mean zero and standard deviation 1.0, The aster-
isks indicate that there is a strong effect of

training in both experimental and cortrel groups. The only re-
sults that are highly probable under the hypothesis of no dis-
criminability between the rernbers of pairs, arise in the POST-
RLTFNTION comparisons. The treatment effect, if it is there at
all, will have to be extracted differentially from the very strong
training effect.

The final linec of Table 1C gives a first look at the treat-
ment effect per se. In the same terms as the training effect—
standard scores—tie see that the cxperimental Ss are consistently
stronger than the control $s in their improvement through time.
LLven in the retertion interval, their perforrance coes not decline
as does that of the controls; anc, while t.e significance level
of the difference between the standard scores cannot be evaluated
due to lack of a vell-defined sarpling cistribution, the consis-

tency of this treatrent cffect is cncouraging.

Lefore we leave 7Table 1 for consideration of the transitivity
cdata, a final note on the 1.0¢ "warn-up effect" is appropriate.
It can be seen fromr the relative magnitude of the PRIE=POST and
PRI=-LOS comparisons for botl groups, that, had direct corparisonrs
between POSY and LOS Leen rmade, POST would have heen preferred,
“hus, our inforral notion that &s inproved vithin a session is
not borne out Ly comparison with the effects of the full trairing
proccdure. It nicht secen that the rost direct corparison to

speak to this issuc riight have ':een the POST=-1.08 rairs thenselves,
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hut the PRL=-LOS pair was used to maximize its commonality with
the PRE~POST and PRE=-RLTENTION pairs.

Table 2 presents the second group of four summary statistics
obtained from the collapse within treatment groups and across
vords, As described above, the four transitivity criteria were
tallied for each triad of judgments produced by a given J to the
various utterances of each S. For the five experimental Ss, the
total nurber of response triads considered was 5x24x32, or again
3840.

It is clear in 7ahle 2A that all four transitivityv tallies
have recorded more positive instances than micht have been
expected by chance. TRNA, which reflects the existence of inter=-
nally consistent responses to the triads, regardless of the re=-
sultant ordering, has no snccific hearing on the treatrment or
training effect; its size is rost relevant to the reliahility of
the Js' responses. 0One of the major factors holding down the
value of TRIA in tlhis situation riight well have hcer the nulti-
dimensionality of the stimuli being judged., If different errors
are made in the three merbers of a triad, or if J focuses on one
sub=aspect of vovel pronunciation, such as curation, instead of
another, such as quality, at different pairs within the triad,
internal consistency nay be lost. The fact that this did not
happen is of intcrest, thouoh the simple nercentage increase over
the expected value of 75% cannot in itself e cvaluated without
reference to the standard sccres presentea in Yable 2C.  The sare
strictures apply to the pcercentage scores for “RIIL, ¢, and D,
though they seen even further reroved from their e:ipected per=
centage values, lic note further that the percentage differences
between e:xperircntal and control &s are in the proper dircction
for a positive-treatrent cftfect, and we see the reflection of this
effect in the averaged cdata for the tvo groups of £s in Tal:le 2B,
but it is Tahle 2C vhere the treatrent cffect is most graphically
displaved.

The standard scores displayed in “able 2C were derived frer
the same forrula as that given above, hbut the denoriinators of tilic
computations reflected the asyrmetric probaliilities for the occur-

rence of the various criteria. “the TRUL criterion, which was
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Table 2
TRNA  TRNB TRHIC TRUD
A. Percentage of Judygment
- Triads I'roducing A
Criterion Response
5§§ﬁgted 75 25 12,5  12.5
Lxperi-
mental 83,7 42,5 21.2 21.3
(N=5)
Control 83.2 41.0 20.7 20.3
(11=4)
L‘-C 0.5 1.6 0.6 1.0
c. Standard Score of
Observed Deviation
fron Chance

SR 0 0
Lxperi-
mental 12.5 25.1 16.4 16.4
(iv=5)
Comtxol 0.5 20,4 13.7 13.0
]:-(: 2.0 4.7 2.7 3.4

TRUA TRNL TRNC TRND
B, MAverage lLiumber of
= Triads Meeting

Criterion per §

576 192 96 926
643 326 1623 163
639 314 158 155

4 13 5 3

mro="al led Probhability
D. of Occurrence of Data
by Chance _,
(*Means < .5x10"7)
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satisfied by a judgmental triad that is not only internally con-
sistent but places the PRE utterance at the bottom of the implied
preference continuum, is oversubscribed for both groups of S.

The contrecl ©s manifested a very strong cffect of training accord-
ing to this measure, being 20.4 standard deviations above what
might have resulted from chance; but the experimental £s were a
full 4.7 standard deviations nmore renoved fron the mean.

Though the absolute difference between the two treatments is snall,
it looms large vhen placed in the perspective of statistical ex-

pectation,

The constituents of TRLL are TRIC and TR, with the latter
recordin¢g the instances in which a judgmental triad irplying the
preference ordering PRL, POS7T, and RETENTION. Positive TRIC in-
stances reflect consistent triads showing overall improverent
with respect to the PPl utterances, but also showing decrerent
over the rotention irterval. The differences between the stuandard
scores of the two treatmrent groups for these criteria rermain high,
and the further fact that the treatrment diffcrence is larger in
TRHD than in TRIC (3.4 varsus 2.7) is further evidence in favor
of the efficacy of the full fecedhack capai:ilitics of the API
system in inproving and maintaining the accents of the &s in the
experinental qroup,

It should be remenbercd that the extraction of the above-
noted treatment effects was acliieved onlv by means of a large
arnount of data consolidation. In pcrforring this consolication,
inforration about specific vords and $s has been sacrificed in
order that the treatrent effect riight be teased out of the im-
mensely stronger training effect, “able 1 was derived frorm the
data base after a collapsc across wvords and ¢s, within specific
stirwlus pairings. “he transitivity statistics posiens the fur-
ther characteristic that triads of jucanents are handled toyather,
“his approach nrovided the riost «lobal inspection of the data,

and, conscquently, 1t cncountered the riost success.
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Let us consider one further trecatment of the data. It has
been stated above that in one sense the point of the analysis is to
scale the effect of training on the utterances of Ss. This was
expressed by a score of "correct" when any J responded in such a
way as to place two stimulus utterances in "proper" temporal order.
The outcomes of many such judgments across various Js, Ss, and
words may thus be used as a metric for the psychological distances
between the accent levels of the Ss as recorded at different times
during the experiment. The standard scores of the four comparison
pairs presented in Table 1C are such distances. Three of them may
be combined explicitly by Thurstonian scaling algorithms since they
form an exhaustive set of judgments for three stimuli, and Table 3
summarizes the outcome.

Table 3

Group Data
Scale Values with Pre Set to Zero

POST RETENTION

Lxperimental 0.304 324
(N=5)
Control 0.203 0,286
(N=4)
L=C N,021 0.034
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The psychological distances bhetween the perceived accents
on the three critical days were corputed separately for the two
treatnent groups. This yielded positions for the three test
days on an interval scale with no inherent oricin. fConparisons
between the groups were nrade possible due to the fact that the
pretest utterances had all been rated before the start of the
experiment, and placemer.t within the respective treatment groups
had been done in a pairwise manner, which ratched the apparent
accents betveen the two ¢roups, in addition to natching their ex-
posure to bknqglish. This prematchina justified the addition of a
nunber to each of the two interval scalces such that the pretest
scale value was changed to zero. This was done by adding to each
triad of scale valuecs the pretest scale value of the triad, and
it had the effect of transforming interval data into ratio scale
values, bascd on a corrion zero point set at pretesting time, “he
units of the scales are arbitrary. %“heir directionality is a re-
staterent of the strong training effect, since Loth c¢rouns pro-
duce positive values for POST and RETUELTTIONH, The experirental
group is again scen to be stronder at tlie conclusion of trainind,

and to retain and even slightly consolidate that strencth durino

the retention interval viiile the control Ss rernain cssentially

constant.,

This msychological scaling conpletes tiie ¢lolal analynis of
the data. It has produced vihat is hoped is a colierent ricture of
the overall effects of the exverirent. “he structurce of the data
has been shoun to }le internally consistent v the interdepenaent

statistics erploved to prole it.,
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APPENDIX 4.3: REDUCED-VOWEL TONGUE POSITION DISPLAY

We assume that a set of English words has been selected with
the properties that they contain at least one unstressed syllable,
and syllables are separated by either stcp gaps or voiceless con-
sonants, e.g., "multiply," "about," "photograph," etc.

Syllahles are identified from the filter-bank input by an
algorithm that is illustrated below. A time function, F(nT), the
sum of filteyr outputs 2 and 3, is chosen to emphasize the low-
frequency energy which is characteristic of voicing in vowels. Signi-
ficant peaks in this function indicate the approximate midpoints of
syllables. For a peak to be called significant, it must have the pro-
perty that adjacent peaks are separated by valleys of at least 15 dB
less than the magnitude of the peak. This is determined by the
following two-state algorithm which starts at time nT=0 in
state 1 with LOCMIN = 0, WCMAX = 0, and MSYC = 1,
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STATE 1.0 n=n+l

if F(nt)>LOCMAC go to 1.1
if F(nt)<LOCMAC-40 go to 1.2
go to 1.0

1.1 LOCMAX = F (nt)
TMAX = n
go to 1.0

1.2 LOCMAX = 0
LOCMIN = F(nt)
TSYL (NSYC) = TMAX
NSYL = NSYL+1
go to 2.0

STATE 2.0 n=n+l

if F(nt)<LOCMIN go to 2.1
if F(nt)>LOCMIN + 40 go to 2.2
go to 2.0

2.1 LOCHIN = I {nt)
go to 2.0

2.2 LOCMIN = 1000
LOCHMAX F(nt)
TMAX = n
go to 1.0

When n>NMAX, then the time of the desired syllable, m, equals
TSYL (m).

Once the reclevant syllable has been isolated, the analysis
of the vowel nuclecus proceceds in a way that is virtually iden-
tical to the method of handling stressed vowels. A comnlete
description of the vowel display algorithm for single svyllable
words can be found on pages 52 thru 57 of Scmiannual ‘Technical

Report No. 7 (Kalikow and Klatt, 1970). One minor difference
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between the previous vowel display algorithm and the reduced vowel
display is that, in the reduced vowel display, the entire vowel
nucleus trajectory is displayed instead of attempting to suppress
sample points at the beginning and end of the trajectory to re-
duce consonantal influences.

As in the original vowel display, the criterion rectangle
appearing on the oscilloscope screen has a size and position that
depends on each individual word. Typically, the rectangle is
somewhat larger than for stressed vowels and remains near the

center of the vowel triangle.
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APPENDIX 4.4: EXPERIMENT II DATA ANALYSIS

Table 4 gives data for the four individual Ss and for their
average performance within the two displays. Each S's performance
within a given display is summarized by four numbers. For
example, Sl's 12 practiced words in the AVOD were collected into
12 PRE-POST pairs and resulted in 120 judgments (across words and
Js). Of these, 104 were "correct". Subject 1's overall perfor-
mance was therefore 152 "correct" out of a possible 180 for a
total percentage of 84.4. Such an occurrence is highly unlikely
under the null hypothesis of no training effect, as indicated by
the standard score of 9.,2. Across the four Ss and two displays,
training effects were observed in all but one instance.

An investigation of the generalization effect was not carried
to the level of individual Ss, since one always runs the risk of
chance significance when the number of tests proliferates. The
final two columns of Table 4 give the averaged data for the four

Ss in the two displays. These were discussed in Section 3.2.4 above.

The sources of these data are made clearer in Tables 5 and
6. These contain judgment data by S and word, and certain summar-
ization statistics. The specific words trained and tested are
shown, though not in the actual orders used. They are grouped in
terms of type or location of distinctive features: by kind of
initial consonant for the AVOD words (/t/, /p/., or /k/), and by
location of the syllable containing the reduced vowel for the RVTPD.

Inspection of the pattern of response across the four Ss
indicates that there is by no means a high rank-order correlation
between performances on the two displays, indicating that either
>s possessed difterent starting levels of accent in the two areas
or that they improved differentially. For example, while S3 im-
proved almost totally in the AVOD, she did not show the greatest
improvement for the RVTPD.
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Table 4

Percentages of Post Preferences
by Subject and Word Group in Two Displays

Ten Judges

Std.
Sl S2 S3 S4 Average Score
86.6 69.1 97.5 89.1 85.6 15,7*
80.0 76.6 96.6 93.3 86.6 11.4*
84.4 71.6 97.2 90.5 85.9 19,3*
9,2% 5.8 12,7* 10,9*
48.3 60.0 60.8 88,3 64.4 6.3*%
51.6 53.3 60,0 58.3 55.8 1.8%
49.4 57.7 60,5 78.3 61.5 6.2%

-.15 ns 2.1* 2,.8* 7.6%

g significant at or beyond .05 level, 2-tailed

t: significant at .07 level, 2-tailed

ns: not significant
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The leftmost columns of Tables 5 and 6 give the strengths of
the displays by type of stimulus word. The new words, while showing
a significant generalization effect in the AVOD, are still preceived
as improving less than trained words; anu the pattern of improvement
differs between the two groups of words. Interestingly, the general-
ization effect seems strongest in new reduced-vowel words where the
reduced vowel is contained in the first syllable. There seems to be
no reliable generalization of more complex new reduced-vowel words.
Due to the relatively constricted amount of data, such detailed
analyses as presented here may tend to overemphasize the natural
variability inherent in accent-judgment data, and the reader should
keep this in mind when inspecting specific response categories. The
overall analysis of Table 4, relying as it does on the maximally
inclusive statistical tests, must remain the touchstone. The sub-
sequent more detailed analyses do not affect its conclusions as to
the reliability of the training effects for both displays.
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