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TASK 1:  SECOND-LANGUAGE LEARNING 

1. Technical Problem 

The task is to develop a computer-based system for automated 

instruction in the acquisition of the new speech sounds of second 

languages, and to ascertain the efficacy of the approach through 

experimental tests. 

2. General Methodology 

Laboratory experiments. 

3. Technical Results 

Two experiments testing the offectivenoss of the / utoi.iatuu 

Pronunciation Instructor (API) wore carried out v.-itj: Spanish- 

speaking students attempting to loom Lncflish,  Lxperii cnL T 

tcsteu the computer-generated display of the student's tc rif u« 

position during stressoc vowels.  The experincr.tal design dencribod 

in earlier reports was followed, save that additional pronunciation 

displays  - for reduced vowels ant; aspiration of initial consonants 

- were not included.  ;;ew experimental procedures for ovolustinq 

the extent of pronunciation changes \.cre developed and applied. 

Lxperiment n tested the offectivenoss of the additional two 

displays.  Uighlv significant training effects were obtainee for 

all three displays, despite the presence of variability in the 

data.  This report concluc.es with a general discussion of proposed 

changes to future versions of the API system. 

N0T REPRODUCIBLE 

4 * i 
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'I.  iJtipai tiuent ut" Ijetcnst; Inplications 

Language schools for the Departnent of Defense give instruc- 

tion in approximately t>'j lanyuaqes to over 200,(»UO students each 

year.  The System under cievelopnent are designed to facilitate 

this instructional process. 

iv 
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1.  PREFACE 

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 Language 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 summary 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.  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 

uy 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 continued system development and evaluation 

/ithin the context of the Defense Language Institute schools. 

The overall design of the first of the evaluation experiments 

was presented in Semiannual Technical Report No. 7. There was a 

truncation rf 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 

devxsed and used. The second experiment dealt with two newer 

displays: reduced-vowel tongue position, and aspiration-voice onset. 

The author gratefully acknowledges the contributions of the other 
"»embers 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. 
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I 
The following section of the report summarizes these 

I        experiments, including mention of the most important aspects of 

display generation, analysis technique, and outcome.  This 

I        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 

f        wish additional detail on some facets of the work, the summary 

will direct his attention to the appropriate section of the 

appendix. 

.., 

ü 
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3.  OVERVIEW1 

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.  In 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 

English talker. The model pronunciation was used to alleviate 

orthographic contamination of the potential student's speech. 

Mimicry, the other side of the coin, was minimized by the insti- 

tution of a forced 4-second time delay between model playback and 

recorded 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 

This 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) audio 

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 (Lindquist, 1953, pp. 266-273; Winer, 1962, 

pp 302-312) were performed on summarized data derived from 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 din^rential 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 observation 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- 

est'ng ses* LonSf were edited and rearranged into a standard 

order.  Sin e only the vowel display had been used, only the 24 

/owe I word, were ox traced from the recordings made on the three 

testing days.  Lach S's course of training was thus succinctly 

rep esented * •• thrre segments of magnetic tape containing the jamc 

jet >f 24 mono-jylla ic vowel words, recorded at three points in 

tiiac.  These vore 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 hogpen many randomly ordered pairs of utterances. 

Lach utterance pair was preceded by the playback of a proper pro- 

nunciation of the word being attempted by the S.  The pairs them- 

selvos 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 instructions 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 nwru cr 

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 each of the 

24 words were intercompared exhaustively, producing validity and 

transitivity information.  A total of 34,560 response! was collected 

and processed. 

Conventional two-way mixed analyses of variance» did not reveal 

any consistent advantage in amount of improvenn»nt si.own 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 therefore abandoned in favor 

of more global summary statistics, designed to c< ns» lidate the 

data to minimize variability and enhance scn.sitivity to specific 

effects. 

This process allowed the observation of highly significant 

training effects in both experimental and conttol Ss.  A repre- 

sentative summary statistic demonstrating this effect is tiie 

group pre-post pair preference percentage, giving the percentage 

of the time that judges chose a post-trainin : utterance as prefer- 

able to an utterance of the same word record  at pretesting, for 

all words spoken by all Ss within a given tr« .tment group.  This 

statistic takes on the values 62.11 for expeii icntal Ss, and 61.0% 

for the control Ss.  Considered against the i.ull hypothesis of no 

training effect and evluated with the normai .i;>proximation to the 

binomial, these values convert to standard :;c< res of 14.9 and 12.2, 

respective!/, yielding a differential trcatnent effect of 2.7 
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standard score units in favor of tr.s^ experimental group.  Pre- 

retention preference percentages .vere 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;! comparisons across words and within a 

tiiven 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 

atform^.ice    si' nificantly better than their pretest performance, 

it is worthy of no  _c that the experimental Ss continued to improve 

'uring the retention interval, while the control Ss worsened sligh*' 

ns ccnsol • Mtion over the one-month no-trcatnit-nt interval ray 

ossi'ly lr  .'ate a particular stn-ngth of the API. 

An •Ven Moic powerful /a> of inspecting the daua follows froi., 

he e* ion c>.   spc se tra ..itivitv.  i.ach ,. lq» responded to thro"1 

•aii   ic  -ja  woi d md subjuct.  Tlure are d p-  ible judgment 

Ltiaub that uvn arise by chance.  Two 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 qroup, across all Js.  For the 

experimental Ss, 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. .:J 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 evauated 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 visual feedback.  Byproducts 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 word.  This is accomplished 

by an algorithm that searches for time maxima and ndnima 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-frequer cy 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 

I 
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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 the 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 through 

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 tine 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 compenadte for the 

recording level of the utterance.  If this algoritiun is 

satisfied at an earlier time than (1) above its  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 above 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 recordim; 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." 

U 
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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 10-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-onset times is delimited by the 

arrows. 

If one or the other of the display criteria is not met, the 

appropriate indicatir.i section of the display (dot row or arrows) 

is made to blink intermittently, callinq 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 deir.onstrated the pro- 

nunciation problem relevant to 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. Lach 

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-tested in 

the standard way.  The basic data for Lxperi.nent 11 were prepared 

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 produced 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 VTPD examined in Experiment 1,  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 force 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 effects 

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. 
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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 jmces of the various phonemes for 

which displays have been developed, in order to produce 

improved versions of those phonemes, various perceptual tasks 

might be 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.  Lach 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 thv 

Mark I) will make it possible for the system to be 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 HVTPD software.  Wo plan 

to employ 8K of faster memory in the coming system, along 

with hardware multiply/divide and improved analog-tr-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 API 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 phoner es 

identical «ave one. Their use in pronuciation teaching is simple: 

S produces his version of the pair, and some evaluator (teacher or 

API) produces 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 I API is the world's greatest pattern-rccognitior. Machine: 

the mind of the student.  It 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 descriptions 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.  Th»' 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 

above.  The coming version of the API will receive its most 

stringent test in this type of display, since it will incorporate 

our roost advanced thinking. 

In conclusion; our past efforts on this task harre 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 r.uch an extent that we are confident that 

the next iteration of the system will be considerably closer to 

the breakthrough in pronunciation instruction so sorely needed. 

We look forward with anticipation to the transfer of this new 

technology to the field. 
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APPENDIX 4.1:  LXFtHIMLNT 1 JUBJECT SELECTION PROCEDURE 

As indicated in Suction 2.b of Semiannual Technical Report No. 7, 

the only valid rm-thod for S selection vas the full pretesting 

procedure outline«! therein.  A total of 17 Spanish-speaking women 

were tested, and the tape recordings of their responses in this 

standardized nilieu were edited and rearranqed. 

In each S's final protest tape, there was hut one version 
of each of the critical words;  that version spoken by S after 
having read the Lar<macte .Master curd into the system, after hav- 
ing heard the teacher's voice speaking the word, and after 
waiting through the "countdown" displayed on the CRT.  occasion- 
ally, rore than one utterance of a word occurred before the final 
version was Accepted by E, I., and the rnchine.  The incidence of 
multiple repeats declined through each potential S's pretesting 
session.  The edited tape recordimi contained the critical words 
in a standard order, to facilitate subscuuent rating procedures. 

Hating procedures were employed to el feet selection of Ss 
and to assign them to treatment 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 averaging procedure, 
with the most weight going to the pronunciation of the 24 critical 
vcwel words. 

Potential Ss were then ranked in order of decreasing weighted 
accentedness score, and the highest ten were selected as actual Ss. 
They were assinned to either the experimental or control groups 
according to two criteria: (u) one member of each successive 
pair of Ss in the accentedness list nust go into the experimental 
qroup; and (b) the results of thir, pairwise assirrnnent should 
produce two sarplus of speakers with roughly the sare histories 
of exposure to l.ncilish.  This procedure resulted in an experimen- 
tal group with average values of b.O and 5.7 years for the study 
of English and residence in the United States, and in a control 
group which averaged 4.G anu 7.3 years, respectively.  There arc 
no a priori data on which of these poorly-specified factors has 
nori" influence on the acquisition of accent-free speech« and so 
assiqnnent to thr two groups was adiustod to achieve a fair 
balance between the factors, keeping 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 systen v;as 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 course of training.  Since the 24 vowel words were 

spread across the four trainimf lists, the construction of the 

end-of-session (EOS) tape for each S involved the selection of the 

words fron the history tapes of four different training sessions, 

as far advanced in training as possible.  The EOS tape thus formed 

the fourth segment of audio infornation from each S available for 

later analysis. 

The central data of the experiment were contained within the set 

of 36 sections of tape, four sections from each S.  Each section 

contained the 24 critical words as uttered by that S in a standard- 

ized recording format: the PREtest, 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 each 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 fudged 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. 

iince the pairs were to he drawn fror, one b at a tire, that 

ir.plied the presentation of a rininur of '.»(• pairs to cover the 

data of a simjle B,   not countim; the admini.stration of sor e kind 

of check on the relial ility of the response:; of the iudues.  I'ur- 

ther, to avoid sequential dependencies, rore than one order of 

stimuli should be adr.inistereci to the panel of iudnes. 

23 



Report No. 2185 Bolt Deranek a.id Newman Inc. 

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 UBN's Los Angeles office. At 

that facility, there exists a computer system, interfaced with 

a six-channel tape-cartridge playback machine.  Audio material 

on the cartridges .nay be presented to groups of judges (Js) sit- 

ting in an anechoic chamber.  Lach 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 soctionr. of tape fron each b were placet! in four 

separate cartriiiees.  lach of the J(, cartridge! fror all the fls 

contained the critical wrnls in the sarc order.  /. final cartridge 

was prepared for the ju<lqr.ent tests.  Vhis contained the rodel 

pronunciations—recorded fron thr actual Language "'.aster cards— 

that  the .'".s were constantly tryinu to approrinate. 
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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 So.  Lach section lasted about 15- 

20 minutes, and v/as separated from the next by a short break.  No 

more than five sections were performed in a single day by any 

group of Js.  Each section was administered by the computer system 

in a standard manner.  because of the many degrees of freedom in 

the alcjorithm to be described, and because of the automated nature 

of the procedure, the sane stimulus order was never administered 

twi ce. 

Durincy any one section of the analysis sessions five cartridges 
were available for playback by the computer system.  The cartridge 
with the teacher's version of the critical words was always present. 
The four cartridges containing the utterances of the I'  being 
judged were inserted for the duration of the section.  All wore 
positioned such that the sane word was available at each playback 
head.  The starting word uas rotated across Ss and groups, 

. 

Upon entering the chamber, 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 are about to evaluate the results of an experiment 
in which native Spanish speakers were attempting to improve 
their pronunciation of certain Inglish vowels.  Your answers 
will help us to decide how successful our teaching procedures 
were.  You will be; asbeu to push a button corresponding to 
the best scuuent pronunciation of an Inglish vowel sound,. 
On each trial you will hear three bnglisl; words in succession. 
The first word will be heard in a standard bnglish pronuncia 
tion.  The ne>:t two words will be 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 
bnglish pronunciation that you heard first.  Listen to the 
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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.  Try 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 
standard pronunciation.  Pay no attention to which buttons 
the other members of the jury happen to be pushing on any 
given trial. 

To help you keep track of the various speech sounds the 
response buttons in front of you 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 button 1 or button 2 to tell us your 
decision. The light in the response button will go on mo- 
mentarily as you push it.  After all the mem)ers of the jury 
have indicated their decisions the button you pushed 
will light up for about a second beforn the next trial starts, 
The light v/ill 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 you feel you can make 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 
you in order to hasten the completion of each experimental 
session.  The 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 
ready 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 night not have been 
played five timos in total.  The first member of each of the 120 
trials was the teacher's vorsion of the word to he 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 v/as one-half second.  Upon receipt of all Se* responses 
to each triad, a fresh set of three words was heard after a 1.7- 
second interval. 

Cartridges were selected for playing on a given trial by an 
elaborate randomized design.  The four basic comparisons of inter- 
est—PLPO, PECO, PERL, and PORK—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 v/as random; i.e., in 
the PI PC comparisons, POST precede PP.i: about half thf» time. Any 
successive group of 24 trials was auite heterogenoour, in terms of 
the stimulus pair being administered. 

Thus far, the contents of 96 of the 120 trialr. have  been dis- 

cussed.  The additional 24 trials were used to cheel on the con- 

sistency of the Js.  Fince 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 through the 24 words, the syster.1 

marked a particular stimulus pair previously administered to the 

Js for replication,  half of the replication trials were identical 

to their predecessors, and half wore presentee! in the opposite 

order. 

The computer stored a representation of the stimulus pairs 

and the orders in which they wore administered, and it also stored 

the responses of each of the four Js within a given section.  Dur- 

ing the break between sections, it produced paper tapes containino 

that information along with identification of the Js and of the Ü 
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whose speech had been evaluated.  When the data of the aru lysis 

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 9x32f or 288, response matrices on paper tape, 

each separately identifiable. The total numl er of responses 

gathered was 288x120, or 34,560.  The tapes were sent to bLr.-Cam- 

bridge for further treatment on a larger computer. 

Data analysis. Virtually all subsequent manipulation and 
analysis of the daca 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: PKPO, PEEO, PERE, and PORE. Thirty-two different Js 
responded to those four pairs, though the specific orders in which 
they were presented differed only between 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 PRE, regardless of the order 
in which the pair had been 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,  half 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 which the same pair 
was heard, but in inverted order (REPD) , ,,2,, was recorded when the 
responses differed, and "l" otherwise.  Thus, "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 
produce! representations of the data as if the stiruli had been 
administered in a standard rather than in a randorr order. There is, 
howevev, another type of basic information retriuvable at this point 
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in the analysin, and it revolves about the judgnental loon l»etween 
the PEPO« Pi:iU.# ami TORI, stiirulus pairs,  l.ach of the three stim- 
uli is a nerher of tv/o of the pairSf and each is conpared with 
the other two. Vhis exhaustive comparison lendr. itself to two 
uifferent tyf^es of rathonatical procetiures: Vhurstonian scalinq 
and transitivity analysis. 

Thurstonian scalinq (Toraerson, 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  certain proportion, then a specifiable psychological 
distance between iuose two utterances is implied. The existence ot 
a three-part notvork of judgncnts of this triad allov/r. the posi- 
tion of all three stimuli to le deternined by resnonses to tvo 
stinulus pairs.  Lincc the resultant values for VUll,  roi'.T,  and 
lUiTLMTIou are on an interval scaJo, they will have to he »-.rans- 
forred to a conron baseline for comparison purposes. This will be 
further discussed below« when the Thurstonian analysis itself is 
presented. The concept was introduced here to facilitate the ex- 
planation of transitivity. 

r.ince the three stir.uli are compared exhaustively, we are pro- 
vide».! with a second avenue for checkinr the reliability of the J's 
responses. V.'e art further given the opportunity for a ba.;ic 
check on the validity of the main effect of the experirent.  Since 
each J states his preferences for throe pairs, the- resultant set 
of three decisions can tako on eight possible confitiurations.  Of 
the ciqht, six reflect perceptual onlrrinqs which are internally 
consistent, and two produce nonsensical order inns of the original 
three stinuii. For exaiplo, the triad "2,2,2" ar. judqrents of 
n.l'O, Pbkl , and POPJ pairs is equivalent to the J's Btatcmont 
"POLT is better than I'l-.b, RltTIIhTIOh is better than Phi, and li- 
TUN'i'ION is better than POKT,"  This is also equivalent to the 
placement of the three stimuli in the Otdot  PPb, PCTV, and PbTb::- 
Tior; on a preference continuum,  'i h^ triad "?,?,1" rw be trans- 
lated into a statement sir ilar to the above, save thf.t  tlie final 
preference is "POST is better than UbTlNTint;."  It if eouivalent 
to the ordering Pi;l,, l<lTi.;.'/Io::, and POST as most preferred,  '"here 
are four other triads which can be translated into unambiguous 
preference orderinqs, and which an therefore transitive.  The 
triads "1,2,1" and "2,1,2" cannot.  The translation of the first 
of those; in  "I'itl, is better than POSTi Kl TlhTTOt is better than 
PRLi and POST is letter than KbTbhTIcv.." 

N0T REPRODUCIBU 
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The existence of a tr^sitive relationship in the judqmcnt 
triad is evidence that should increase our faith in the hchavior 
of the J,  However, it should be renembcred 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, tlu actual 
value for the number of triads producing any transitive orderinq 
(mner.tonic TRNA) must he compared with the expected value (75?. 
of the total triads from which the sample is based) for evalua- 
tion of the strength of the effort.  Significant increases in 
TRNA should strengthen our confidence in the consistency of the 
Js, The input data for those eventual reliabilitv ntatistic« 
were computed at the basic processing stage, where each J's re- 
sponse triad for each of the 9x24 words v/as scored nopitivel" 
for TRIJA 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 ber.peaK a transi- 
tive, and hence reliable, relationship between the Jr.' responses, 
but such response triads also provide a bit of ponitivo evidence 
toward the conclusion that there is a valid training effect to 
be  observed in the stimuli thei.iselves.  For, if i ctiver J places 
the PRi: recording at the bottom of his preference order, this 
means that he has indicated to us that the trcatrent adninistered 
to S has improved his rendition of a particular vor< ,  ':ach triac 
was scored positively on the second transitivity criterion (TIUIH) 
if it v/as cither (2,2,2) or (2,2,1). The expected nurbcr of  oc- 
currences of TRHH is 2/8, or 251 by chance. 

:.'ow, of course, the tv/o al ovo triads do not Imvr identical 
implications for the outcone of the traininq evaluation; t'-.eir 
common ground is that PRI. in judgoc"; poorest, and tlu rcfore train- 
ing must have had some benefitr.,  but v.iiat of the retention inter- 
val? A separate tally was Made of the triads where (2,2,1) oc- 
curred; this was called THt.c, and indicates the judgment that 
PJ.TI hTIOli performance, while better than PPP, v/as surpassed 1 v 
POST, i,e., that there was los i of perforranco caused by the no- 
training interval.  The e.\pect :d value of TRKC is l/H, or 12.St>« 
The final transitivity tallv, VRKD, indicates the nunber of 
(2,2,2) triads, v/here S continues to improve th.rouch the retention 
interval.  Its expected value is the sar.c as in 1'PI.C, 

That completes the description of the basic procersinc of 

the data.  To summarize;  For each of the 24 critical i.'on'.a spoken 

by the Ss, several nurhers had been qeneratrd fron the rrr.ronses 

of each J:  PI PO, PLLO, PI Pi , and PORI , standardized judgments 
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of speciflc pairs of utterancis; Ri:PS and HEPU, sirrle noasures of 

consistency; am! VRi.A, TRIJD« TP.iJC, and TRIiD, ne.isures of consis- 

tency and validity.  Thia v;as the data fornat for the balance of 

the analysis.  At no tine were the data of a particular J used to 

conclude anything about the behavior of an C.  The group of Js 

v/as used as a hor.ocjeneous panel, polled for its opinion on a large 

nunber of word pairs.  The results for any v/ord pair were expressed 

sir.ply as a nunber ranging fror 0 to 32.  Magnitude of the differ- 

once between the members of the pair was considered to be a nono- 

tonic function of the output number« according to the standard 

rodels of psycliological scaling and distance specification. 

"he tine is now appropriate for an explicit stater.ent of the 

looical paradigr for this analysis experiment.  The Js were asked 

to state their preferences on a large number of pairs of words 

spoken by the i-s at different points in tine.  Their task night 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 time intervening between 

sampled 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 

treatment produces more improvement than the control treatment. 

Overall analyses of variance.  As a first iittenpt to speak 
to this issue statist!en]ly, several two-way mixed analyses of var- 
iance' were pcrforned,  vhe format for the first set v.-as a 'J-column 
(!'s) l" 24-row (individual critical words) nntri::.  '.'ithin a set, 
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nine analyses of variance were run, the only change fron the above 
ten data tallies being that REPS and RiTD had to be collapsed onto 
a single analysis for technical reasons.  The generation of the 
PEPO analysis of variance natrix will be described. The naxinun 
value in any cell v/as 32,  which would have been obtained if all 32 
Js had responded with a preference for the POST uttoranct; for a 
given word as spoken by a particular S. To provide this natrix, 
the analysis softv/are referred to the data structure, within which 
the responses of each J as processed by the first stage were or- 
ganized in terns of word and j;, and each r-v/ord comparison v/as 
summed across ill Js, producing the 216 cells.  The throe F ratios 
available fron the analysis are used to evaluate treatment effects, 
word effects, and interaction between the two. 

The first nine analyses of variance produced no consistent 
pattern of significance.  In no case did a strong treatment effect 
emerge, with the great bulk of the treatnent F-ratios falling in 
the region fron .i to .2.  There was even loss consistency anonu 
the word and interaction F-ratios.  The existence of alout only as 
many significant F-ratios as might be expected by chance in the 2 7 
computed in the nine analyses of variance does not bespeaJ: re- 
liable effects, and so a table of their values is not 
provided. The snail size of the treatnent F-ratios inplies the ex- 
istence of a significant amount of variance in the data, which 
may well have blocked 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 i>s—were highly variable thenselves; and that this source, 
interacting with the nornal response variability of the Js, had 
been amplified beyond the capability of the statisticri.  Some 
method was needed to reduce the stirulus variability, so that the 
postulated effects right have a chance of visibility. 
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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 v;) ich has fovir 

colur-Ts.  Lach of these colurms contains data dcrivee froi.i one of 

the four basic pairs of conparisons hetv/een the recoreün« sessions. 

The four sections of Table 1 present alternative r odes of in- 

spection of the sane basic: data. 

Table 1A gives the percentaqe of the tine that the 32 Js re- 
sponded vith preference for the sneond r;er jers of the pairs ir ■ 
dicated in the colurn headincjs.  Since the number of e::perinental 
Ss exceeded by one the nunher of control Ss, there is a difference 
in the actual numbers of responses upon v/hich the percentaoes are 
based.  Tor the experimental Ss, each percentage sunr.arizes 5 (Ss) 
x 24 (v/ords) x 32 (Js1 responses), or 3V.A0  responses; the controls 
produced 4x24x32, or 3072.  Of the 3840 opportunities that the Js 
had to respond to a rii-l'Of.T comparison of v/ords spoken by experi- 
mental Ss, they chose the POSl version 6 2^. of the tinr.  Corres- 
ponding figures for othu r conparisons and for the data for the 
control Ss are similarly derived.  The percentage differences 

^ 

X 
^ 
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Table 1 

Group Data - Pair Preferences 

A. 

Expected 
Value 

Experi- 
mental 
{N=5) 

Control 
{N=4) 

E-C 

PPJ> PRI - PRL- POST- PKF- Piu:- PRl- POST- 
PÜST LOS RI'T'r. RET • r.- POST E05; Rtvr't: M:Z ': 

Pcrccntauc of 
Responsor  on  Second 

Monijer  of  I1 air 

50 

62.1       59.0       62.6       50.9 

61.0       56.3       61.4       49.9 

B« Average   '.'unber of 
Second-Mcinber 

PreforcnccT  ocr   ';' 

384 384 3fc4 

476 453 480 3S»( 

468 447 471 3^ 

1.1 0.7 1. * l.C 

C 

Expected 
Value 

Standard  Score  cf 
Observed Deviation 

fron Chance 

Two-Tailed Probai - 
of  Occurrcricc   :.:   . 

by Cl.tnco 
(» Meant   <. 5x1 { ' 

Experi- 
mental 
(N=5) 

Control 
(K«4) 

L-C 

14.9   11.7   l£.t 

.2.2 

2.8 .C 

1.1 

^ 
^ 
^ 
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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 chanco (given in the first line) and the actual per- 
centages are the representation of the effects of time, or the 
training effect.  It is ir.possible to evaluate either effect mean- 
ingfully at the level of percentages or percentage differences, 
since there is no ncasure of the variability that might be ex- 
pected according to the null hypothesis.  It is, of course, ob- 
vious that no strong 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 HOS utterances 
are less discririnable fron the PRL than are either the POST or 
RiiTUJTIOIJ utterances, for both experimental and control Ss. 

r;'able IB gives the analogous numbers of responses obtained 
from the Js, on a per-subject basis to cancel group size differ- 
ences.  Lach S'B 24 v/ords produced 24x32, or 76ß responses; by 
chance, 3U4 of these could be expected in either category.  The 
actual averages nurbers of responses for the first three pairs are 
radically different fror; chance expectations, lending strong sup- 
port to training effects. 

This effect ir>  specifically evaluated in Table 2C, by refer- 
ence to the expected value and theoretical standard deviation of 
the binomial distribution.  The actual nuribers of responses on the 
second nenbers of bhe pairs were converted to standard scores by 
the conventional formula:   „4.,„J»^J „„,*..„ _ standard score = 

(actual value - expected value) 
 y 
((total N) (probability of response A)(probability of response B)) 

whore the numerator is the deviation frort expectation and the de- 
nominator is the standard deviation of the sampling distribution of 
the binomial distribution with (in this instance) equlprobable 
alternatives under the null hypothesis.  In the case of the PP.]- 
POST comparison fror tue experimental Ss, the actual number of POST 
preferences was 2 38 3 of a total .; of 31340, with an expected value 
of 153b for chance performance.  The standard deviation of the bi- 
nomial is 30.984, producing a standard score of lA.'J,  given in 
the second row of Table 1C.  Chance performance would have been 
indicated by a score1 of 0 in this transformation. 

Since there was no directionality implied in the derivation 
of the standard scores and since there was no a priori expectation 
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that a training effect in the direction of improvement would re- 
sult from the treatment of the Ss, the correct procedure for 
evaluating the significance levels of the standard scores in 
Table 1C was a two-tailed test.  Table ID contains the output of 
a subroutine which, when given as input a standard score, computes 
the area under the normal curve lying distal to the absolute 
value of the input, i.e., gives the probability that a standard 
score value, as extreme or more extreme than the input, would 
occur under the null hypothesis that the sample was taken 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 control groups.  The only re- 
sults that are highly probable under the hypothesis of no dis- 
criminability between the members of pairs, arise in the POFT- 
RLTEHTION comparisons. The treatment effect, if it is there at 
all, will have to be extracted differentially from the very strong 
training effect. 

The final line of Table IC gives a first look at the treat- 

ment effect per se.  In the same terms as the training effect— 

standard scores—we see that the experimental Ss arc consistently 

stronger than the control ^s in their improvement through tinr. 

Lven in the retention interval, their porforrancc does not decline 

as does that of the controls; and, while t,ie significance level 

of the difference between the standard scores cannot lie cvaluaLoc 

due to lack of a well-defined sanplir.c; cistribution, the consis- 

tency of this treatment effect is encouraging. 

lief ore v/e leave Table 1 for consideration of the transitivity 

data, a final note on the I.or "warn-up effect" is appropriate. 

It can be seen from the relative magnitude of the PRK-POST and 

PRT.-EOS comparisons for botl «roups, t-.hat, had direct comparisons 

between PO.Vi' and LOS been made, POST would have been preferred. 

Thus, our informal notion that i's improved within a session is 

not borne out by comparison with the effects of the fall training 

procedure.  It might seem that the most direct comparison to 

speak to this issue r icjht have been the POST-I or pairs tlemsrlves. 
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but the PRL-LOS pair was used to maximize its commonality with 

the PRL-POST and PRE-RETENTIOK pairs. 

Table 2 presents the second group of four summary statistics 

obtained from the collapse within treatmenc groups and across 

words.  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 G,  For the five experimental Ss, the 

total number of response triads considered was 5x24x32, or again 

3840. 

It is clear in Table 2A that all four transitivity tallies 
have recorded more positive instances than might 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 specific hearing on the treatment or 
training effect; its size is most relevant to the reliability of 
the Js* responses.  One of the najor factors holding down the 
value of TRNA in this situation night well have beer the multi- 
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 vowel pronunciation, such as duration, instead of 
another, such as quality, at different pairs within the triad, 
internal consistency may be lost.  The fact that this did not 
happen is of interest, though the simple percentage increase over 
the expected value of 75'»   cannot in itself be evaluated without 
reference to the standard scores presented in Table 2C.  The saro 
strictures apply to the percentage scores for TRNB, C, and D, 
though they seen even further removed from their expected per- 
centage values.  Uc note further that the percentage differences 
between experimental and control Ss are in the proper direction 
for a positive-treatr ent effect, and we see the reflection of this 
effect in the averaged data for the two groups of us  in Table 2B, 
but it is Table 2C where the treatnent effect is most graphically 
displayed. 

The standard scores displayed in Table 2C were derived fron 

the sane formula as thct given above, but the denominators of the 

computations reflected the asynnetric probabilities for the occur- 

rence of the variou:; criteria.  The TRNb criterion, which was 

3L 
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Table  2 

Group Data - Transitivities 

Lxpcctecl 
Value 

TUNA     THUB TRfIC     TRND TKNA       TRNb       TRNC       TRIJD 

A. Percentage of Judgment 
Triads Troducing A 
Criterion Response 

B,     Average  Lumber of 
Triads  Meeting 
Criterion per K 

lixpected 
Value 75 25  12.5   12.5 576 192 96 96 

Lxperi- 
mental 
{rv=5) 

83.7   42.5  21.2   21.3 C43    326    163   163 

Control 
(N-4) 

83.2   41.0 20.7   20.3 6 3'. 314    l'j'ö lb! 

L-C 0.5   1.6  0.6   1.0 13 

C. Standard ticore of 
Observed Deviation 

fron CJiance 

mv.'o-"'aj led rrohahiiity 
E*  of Occurrence of Data 

J^' Chance  , 
(*Mcans < .bxlo"J) 

Lxperi- 
mental 
(^•5) 

12.5   25.1  16.4   16.4 

Control 
(N-4) 

10.5   20.4   13.7   13.0 

L'-C 2.0 4.7   2.7 3.4 
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satisfied by a judcjncnt \1 triad that is not only internally con- 

sistent but places the PRK utterance at the bottom of the implied 

preference continuum, is oversubscribed for both qroups of 5J. 

The control i:.s  manifested a very strong effect of training accord- 

ing to this measure, being 20.4 standard deviations above what 

might have resulted from chance; but the experimental fs were a 

full 4.7 standard deviations more removed fron the mean. 

Though the absolute difference between the two treatments is small, 

it loons larqo when placed in the perspective of statistical ex- 

pectation. 

The constituents of TRI.b are TRIKJ and TIUiD, with the latter 
recording the instances in which a judgmental triad implying the 
preference ordering PRb, POST, and Rl TINTIOIJ.  Positive TWIC in- 
stance:; reflect consistent triads showing overall improvement 
with respect to the PPb utterances, but also showing decrement 
over the retention interval.  The differences between the standard 
scores of the two treatment groups for these criteria remain high, 
and the further fact that the treatment difference is larger in 
TUMD than in TRIIC (3.4 versus 2.7) is further evidence in favor 
of the efficacy of the full feedback capabilities of the API 
system in improving and maintaining the accents of the fs in the 
experimental group. 

It should be remembered that the extraction of the above- 

noted treatment effects was achioveu only 1 y means of a large 

amount of data consoliciation.  In performing this consolidation! 

information about specific words and Ss has been sacrificed in 

order that the treatment effect might be teased out of the im- 

mensely stronrrer training effect.  Table 1 was derived from the 

c'ata base after a collapse across v.'ords and i's,   within specific 

stimulus pairings.  The transitivity statistics pofwiess the fur- 

ther characteristic that Lriatis of jut gmonts are handled together. 

This approach provided the i.ost global inspection of the data, 

and, consequently, it encountered the most success. 
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Let us consider one further treatment 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      0,324 
(N-5) 

Control 0,2ß3      0.2UC 
(N-4) 

E-C 0.021      0,033 
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The psychological distances between the perceived accents 

on the three critical days were corputed separately for the two 

treatment groups.  This yielded positions 4:or the three test 

days on an interval scale with no inherent orinin.  Comparisons 

between the groups were made possible due to the fact that the 

pretest utterances had all been rated before the start of the 

experiment, and placemer.; within the respective treatment qroups 

had been done in a pairwise manner, which matched the apparent 

accents between the two groups, in addition to matching their ex- 

posure to Lnglish.  This prematching justified the addition of a 

number to cacli of the two  interval scales such that the pretest 

scale value was changed to zero.  This was done by adding to each 

triad, of scale values the pretest scale value of the triad, and 

it had the effect of transforming interval data into ratio scale 

values, baseii on a common zero point set at pretesting time.  The 

unics of the scales are arbitrary.  Their directionality is a re- 

statement of the strong training effect, since Loth groups pro- 

duct? positive values for po? T and RKTI'UTIOH,  Thn experimental 

group is again seen to be stronger at the conclusion of training, 

and to retain and even slightly consolidate thnt strength durino 

the retention interval while the control F.s  remain essentially 

constant. 

This psychological scaling completes the ijlol al analysis of 

the data.  It has produced v.Iiat is hoped is a coherent picture of 

the overall effects of the experiment.  The structure of the data 

has been shown to In internally consistent ly the interdependent 

statistics employed to pro; o 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 step gaps or voiceless con- 

sonants, e.g., "multiply," "about," "photograph," etc. 

Syllables are identified from the filter-bank input by an 

algorithm that is illustrated below. A time function, F(nT), the 

sum of filtei 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 dH 

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)>L0CMAC go to 1.1 

if F(nt)<LOCMAC-4 0 qo 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 + 4 0 go to 2.2 

go to 2.0 

2.1 LOCMIN = ir (nt) 

go to 2.0 

2.2 LOCMIN ■ 1000 
LOCMAX = F (nt) 

TMAX = n 

go to 1.0 

When n>NMAX, then the time of the desired syllable, m, equals 

TSYL (in). 

Once the relevant syllable has been isolated, the analysis 

of the vowel nucleus proceeds in a way that is virtually iden- 

tical to the method of handling stressed vowels.  A connlete 

description of the vowel display algorithm for single syllable 

words can be found on pages 52 thru 57 of Semiannual 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 summari^d by four numbers.  For 

example, Si'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 I'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 v/hon 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 
terns 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 
ss possessed different 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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AVOD 

RVTPD 

Table 4 

Percentages of Post Preferences 

by Subject and Word Group in Two Displays 

Ten Judges 

Std. 
SI S2 S3 S4 Average Score 

Practiced 86.6 69.1 97.5 89.1 85.6 15.7* 

New 80.0 76.6 96.6 93.3 86.6 11.4* 

Total 84.4 71.6 97.2 90.5 85.9 19.3* 

Std. Score 9.2* 5.8* 12.7* 10.9* 

Practiced 48.3 60.0 60.8 88.3 64.4 6.3* 

New 51.6 53.3 60.0 58.3 55.8 1.8t 

Total 49.4 57.7 60.5 78.3 61.5 6.2* 

Std. Score -.15 ns  2.1* 2.8* 7.6* 

*;   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; anc 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 teems 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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