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SUMMARY 

L 

1. Technical   Problem 

The   task   is   to   carry  out   the   final   development  of  a   com- 

puter-based   system   for  automated   instruction  of  the  new   speech 

sounds   of   second   languages,   and   to   field-test   this   system   for 

two   language   pairs:      English   speakers   learning  Mandarin  Chinese, 

and  Spanish   speakers   learning  English. 
f 

2. General   Methodology 

Laboratoiy   experiments   rnd   field   evaluations. 

3. Technical   Results 

This   resort   describes   the   first   evaluation   experiment  of 

the  Mark   II  'model   of  the  Automated   Pronunciation   Instructor 

(API)   system.        Two  matched   groups   of   students   of  Elewentary 

Mandarin   Chinese,   enrolled   at   two   local   universities,   were 

studied.      One   group  was   tested   and   trained  with   the  API   system; 

the  other   was   simply   tested  within   the   same   time   frame. 

Significant   treatment   effects  were  observed. 

4. Department  of  Defense   Implications 

Language schools of the Department of Defense give instruc- 

tion in approximately 65 languages to over 200,000 students each 

year.     The   systems  under  development   are  designed  to   facilitate 

this   instructional   process. 
i 
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PREFACE 

The presen: contract is a partial continuation of a research 

program begun in 1966 under ARPA sponsorship.  Of the four tasks 

at one time funded under AFOSR  Contract F44620-67-C-0033, the 

present task remains active under Contract F44620-71-C-0065.  This 

technical report covers the period extending through 31 December 

1973, and is devoted to a description of experimental activities 

completed earlier in that calendar year.  It completes the descrip- 

tion of the first phase of the final testing of the Automated 

Pronunciation Instructor (API) system, in one of two language pairs: 

English speakers learning Mandarin Chineie pronunciation.  The second 

evaluation, currently proceeding on schedule at the University of 

Miami, Coral Gables, Florida, is much more extensive.  It involves 

Spanish speakers learning English pronunciation.  That field test 

will be the subject of future reports. 
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1 INTRODUCTION 

I 

The purpose of the present experiment is the evaluation of 

the effectiveness of the Automated Pronunciation Instructor (API) 

system in the modification of the speech of English-speaking 

stuoents of Mandarin Chinese.  The design concepts of the API 

have been detailed in previous technical reports, but a brief 

sketch of the system and its operation in the context of the 

English-Chinese language pair is presented here as a prelude to 

the description of the experiment undertaken. 

1.1  Background 

The central problem to which the API system addresses it- 

self is that students of new languages bring to their effort 

certain pronunciation handicaps forced on them by their over- 

learned skill in their "mother tongue."  The distinguishing 

factor of the API approach is its production of visual as well 

as auditory correlates of the utterances of both student and 

teacher.  By intelligent and interactive use of this double- 

modality feedback, the student's pronunciation may be improved 

in a manner unavailable to the student using audio feedback 

alone.  The relative inefficiency of the audio channel arises 

because of the nature of the second-language learning task: 

certain sound distinctions that are phonemic in the target 

language are, by coincidence, not present or open to free varia- 

tion in the source language; and the resultant inability of the 

student to perceive or to produce those distinctions both defines 

and circumscribes the parameters of his accent. 

The API system deals with this problem by concentrating 

the efforts of the student within those sound distinctions 

s 
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known by contrastive language analysis to be major contributors 

to the overall accent he exhibits.  The predictability and gener- 

ality of the problems across many students of similar background 

and target-language objective (referred to as students of a given 

"language pair") makes possible a group approach.  At present, 

technical constraints have resulted in a system that handles but 

one student at a time, but expansion to a multi-station configura- 

tion is a feasible later goal, if warranted.  The evaluation 

experiments reported here have been carried out with groups of 

students using the API system on a staggered-schedule basis. 

1.2  A Brief Sketch of the API System 

The API system is built around a minicomputer (Digital Equip- 

ment Corporation PDP-8e) which the student controls by means of a 

few pushbuttons.  It is actually easier for the student to manipulate 

this system than the equipment in a conventional language laboratory 

with facilities for recording and playback of student and teacher 

speech.  The API contains those features and adds to them a real- 

time visual analysis of certain aspects of his speech. 

The visual display is produced in such a way as to accentuate 

the expected differences between his and the teacher's rendition 

of a selected set of training utterances.  Through an understanding 

of the relationships between visual display and the manner of 

articulation, the student is guided towards articulatory gestures 

more closely approximating the teacher's. 

I 
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The student wears a headband-mounted microphone, positioned 

close to the mouth but out of the breath stream.  He also wears a 

miniature accelerometer, fastened to the throat with thin double- 

surfaced adhesive tape.  This transducer picks up the fundamental 

frequency, or "tone," of the voice (i.e., the rate at which the 

vocal cord; are vibrating during voiced portions of speech).  The 

microphone-accelerometer assembly is comfortable for the student, 

who quickly forgets its presence and concentrates on the task at 

hand. 

The student receives feedback from a large display oscillo- 

scope and a high fidelity loudspeaker.  The computer draws pictures 

on the screen while performing its other chores of controlling data 

input, storage and the rest of the equipment of the system. 

Descriptions of the displays themselves will be given below in the 

context of the curriculum. 

The student informs the system which of several operations 

he wishes to pcrforr. through the use of pushbuttons recessed 

within his work table.  There are buttons for recording, playback, 

display manipulation, new training utterances, and other utility 

functions. 

At no time during the operation of the system does the equip- 

mer* ever make an evaluation of the adequacy of the pronunciation 

of the student.  That is left to the student, on the hypothesis 

that the additional information provided by the visual analysis, 

in conjunction with the audio replay, will suffice to bring the 

student's abilities as a pattern recognizer into play. 

■ 
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1 

1.3  Phonological Contrasts in the English-Mandarin Chinese 

Language Pair 

Two major pronunciation problems in this language pair were 

chosen for experimentation: the production of "tones" and the 

production cf  aspirate and unaspirate voiceless initial stops. 

Any isolated syllable in Chinese (a sequence of optional 

consonant and final vowel or vow.Is) can be pronounced with one 

of four tones, or movements of the fundamental frequency over 

the voiced portion.  Depending on the tone used, the syllable's 

meaning changes.  In the English transliteration, used in most 

American curricula, diacritical markings above the vowels indicate 

the tone to be used. 

In multisyllabic utterances the contours of the tones 

associated with the component syllables may be modified.  This 

is called "Tone Sandhi."  An example is the "half-third-tone," 

a low and steady variant of the normally low-scooping isolated 

third tone. The half-third occurs in word-initial position. 

Another example is the "neutral" tone for unstressed syllables. 

It corresponds roughly to the "schwa" vowel in English.  Its 

pitch contour is strongly dependent on the tone of the preceding 

stressed syllable.  Relations between adjacent tones are often 

complex, and much drilling is required before the proper com- 

binatory behavior is achieved. 

The aspirate and unaspirate voiceless initial stops in 

Chinese differ from their counterparts in English.  For example, 

the aspirate /p/ in "pill" is produced by emitting a puff or air 

(aspiration) prior to the onset of voicing.  The corresponding 

Chinese aspirate initial, while it may be transliterated similarly. 

I 
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i 
differs in that the puff of air is emitted with noticeably more 

force.  The unaspirate opposite of /p/ i; /b/, and in English 

this is produced by beginning voicing prior to or coincident with 

the opening of the lips, with the amount of air puffed at the 

' .aent of opening much smaller than /p/.  The corresponding Chinese 

unaspirate initial begins the voicing in exact coincidence with 

the parting of the lips, with the intraoral pressure buildup at 

a minimum.  The free variation in voice onset time for English 

but not Chinese may lead to confusion in the student between 

Chinese versions of /p/ and /b/. 

There are four basic contrasts grouped as aspirate/unaspirate 

voiceless initials, depending on place of articulation.  /p/ - 

/b/ was described above.  The second, /t/ - /d/, is the labiodental 

contrast, with the emphasized aspiration of /t/ and the minimized 

aspirate, nonprevoiced /d/.  The third is /g/ - /k/, glottal, 

with the /k/ produced in a manner easily confused by the student 

with the English /g/.  The last  ontrast is transliterated "c - z," 

with no direc* English equivalent.  The "t's'^like sound of fric- 

tion is emphasized in the "c" and it occurs before the voicing 

onset of the following vowel.  In the "z" sound, voicinr occurs 

earlier, but not before release. 

2.  METHOD 

2.1  Selection and Pretesting 

English speaking students of basic Mandarin Chinese were re- 

cruited from the introductory Mandarin Chinese courses at Harvard 

University and Massachusetts Institute of Technology. Brief 

presentations were made in regular classes to explain the purpose 

and pay scale of the experiment. All 14 volunteers were accepted 

into the study, half as experimental, half as controls. 

^ 
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A test list of utterances was compiled to be administered 

to both groups three times.  The first was a pretest given before 

training.  The second was a post test immediately following the 

training of the experimentals, and the third a retention test 

after a no-treatment interval for both groups. 

For each of these lists the students read a series of 24 

two-syllable word pairs and phrases, under conditions controlled 

by a simple set of instructions read from the display screen of 

the API system.  A tape recording was made of their spppch. 

Table 1 gives the list of utterances produced.  The four sec- 

tions indicated on this list reflect the four segments of 

training administered to the experimental students.  There were 

six utterances comprised of minimal pairs of single, IffclAtad 

tones.  This section thus tested production of unencumbered tone 

gestures.  There were six disyllabic, two-tone utterances, testing 

for the proper combination of tones and including several words 

where tone sandhi radically alters the rendition of a component. 

The next six tested utterances were also disyllabic, but the 

second member was the so-called "neutral tone,"  The final six 

utterances were minimal pairs differing not in tone but in the 

initial stop. 

Both groups were given the pretest.  A teacher of Mandaiin 

Chinese, who had recorded the API training tapes, listened to 

the tapes of their speech and rated all the utterances of all 

the volunteer subjects.  An informal attempt was then made, with 

his help, to divide the subjects by proficiency equally into the 

experimental and control groups.  Within each group there was a 

great deal of variance in pronunciation abilities. 

i, 

r 

I 
2.2  Training 

A curriculum was prepared in consultation with faculty 

teaching the Introductory Mandarin Chinese courses at Harvard 
. 
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University and Massachusetts Institute of Technology.  The goal 

of this effort was a set of materials that would supplement normal 

course work for the students. The same orthographic system as 

used in the students' textbooks was implemented on the API.  The 

chosen subset of the pronunciation problems they faced was pre- 

sented in the same manner as in the standard language laboratory 

materials available to all students.  Since it was impossible to 

pi^.idc supplemental non-API training to the control group, it 

was important that they have access to similar materials in the 

parent course.  The control group rc-eived no special treatment 

save the encouragement to utilize the language laboratory cur- 

riculum that was equally available to both experimenal and con- 

trol students. 

The seven experimental students each underwent eight 

training sessions on the API system.  Each session involved from 

35 to 45 minutes of training time without monitor intervention. 

I 

Sessions 1 and 2:  Isolated identical tones.  The first 

exposure of experimental students to the system was done with the 

simplest possible element of the curriculum.  Each of the five 

tones was represented by four or five items in the 24-stimulus 

wordlist shown in Table 2.  As in the parent course, the half-third 

tone was considered a separate entity in early training even though 

it never occurs in isolation.  Each training utterance consists 

of two differi g "carrier syllables" with the same tone on each 

syllable. 

The speech function displayed was pitch.  A few minutes of 

the first session were devoted to instruction in the manipulation 

of the equipment and in the interpretation of the display.  The 

monitor soon left the students to their own devices and only 

needed to provide occasional further help. 

y 

The operation of the compute?- programs had been made flexible 

to allow variation in the possible approaches to different problems 
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Many of the training s  sions required different types of compari- 

sons, and so the display procedures were altered to maximize the 

visual discriminabi1ity of the relevant parameters.  The basic 

framework of the display, constant throughout, contained space 

for one or two teacher utterances and one or two stuJent utterances 

The student could match his utterances with those of the teacher, 

or could match his second with his first word, depending on what 

was being trained. 

The major lesson to be learned in the first session was 

consistency in the production of tones.  To aid the students, 

the software operated a 'Match" function in "sliding mode." 

When the Match button was depressed, the second member of both 

the student's and teacher's pair of word traces described a 

smooth leftward motion until its first point net the first 

word's starting point.  In the second training session "vertical 

pair" katch was used.  While it was not strictly neccs^ry in 

the context of the first training word list, it served as a 

simple introduction to the idea of inter-speaker comparison, used 

later.  The two student word traces were each moved up sm othly 

until each one's starting point was at the same horizontal posi- 

tion as the corresponding teacher word.  The student was instructed 

to attend to the paralleliso between ILs   trace and the teacher's, 

and to disregard absolute differences in fundamental frequency. 

The logarithmic nature of the pitch display facilitated this. 

i 
I 
i 

"1 t 
Sessions 3 and 4:  Isolated tones in differing minimal pairs, 

Each of the possible tone pairs was presented, including pairs 

with the half-third tone as both the first and second member of 

the two-syllable utterance.  Table 3 shows the word list.  Since 

the two components of the minimal pair are pronounced as separate 

words, this utterance is not normal in spoken Mandarin, but again 

had been used in the parent course work.  Two sessions were de- 

voted to this wordlist. The first of them used sliding mode 

Match, so that the students could concentrate on producing the 

10 
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different tones in the proper pitch relations to each other. 

Session 4 addressed the problem of timing (ton^ duration) and 

used vertical-pair Match mode. Students could still make intra- 

speaker comparisons of trace shape as well, because they could 

compare their own two traces with the teacher's even before 

using the Match operation. 

Sessions 5 and 6:  Two-tone combinations.  Tables 4 and 5 

contain the two word lists, each of which taps many of the pos- 

sible two-syllable tone combinations.   Doubled tones are 

included since tone sandhi is often a factor.  Difficult comb.n- 

ations, such as those involving special tones (such as half-third 

or half-falling fourth) are emphasized by repetition. 

Students worked on the above two lists for one session each. 

The matching mode used for this material is called "vertical 

phrase," signifying that the entire student utterance is trans- 

lated vertically without subdivision to superimpose on the 

teacher's entire utterance. 

At this point in the training, the schedule underwent a 

forced modification   The experiment was being conducted durinf 

the Fall semester.  Tl •* planned termination of the training 

sessions had been quite close to the Christmas holidays.  However, 

earlier departures were unexpectedly planned by at least two 

experimental students, forcing the premature termination of the 

training for the entire group.  A decision was made to train the 

last two wordlists with one session each, rather than abandon 

either entirely.  Such are the limitations encountered in a 

semi-voluntary setting. 

' 
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Cession 7:   Neutral tone following each of the four tones. 

This single training session used the wordlist shown in Table 6. 

A syllable written with no diacritical tone marker over its vowel 

and preceded by a period is pronounced with an unstressed 

neutral tone whose duration and contour depends on the preceding 

stressed tone.  When the third tone precedes the neutral, its 

production shifts to the half-third.  As in the other two-tone 

combinations, vertical phrase matching was used. 

Session 8:   Aspirate/unaspirate voiceless initial stops. 

The word list shown in Table 7 was used in the last training ses- 

sion. Each of the four contrasting consonant pairs is represented 

by a group of six minimal pair items in this list.   Successive 

items reversed the direction of this discrimination;  i.e.,   if 

one training item has the aspirate member of the pair first, the 

succeeding minimal pair will have the unaspirate member first. 

Tone within an item was constant, and an effort was made to have 

all tones represented in each of the four categories. 

The display used for this material gave feedback principally 

on the presence and time course of speech noise produced before 

voicing onset.  Both voice pitch and overall loudness of the speech 

were plotted as a composite during voiced sections of utterances: 

for voiced sections of speech, the familiar pitch trace appeared 

as before, but added above it was a set of dimmer points at a 

distance above the pitch trace proportional to the loudness of the 

voiced speech sound.  Unvoiced speech sounds, which formerly (in 

earlier displays used by the students) had produced no visual 

feedback, now produced a single line near the bottom of the display 

at vertical positions proportional to the loudness of the unvoiced 

sound at that point in time.  The distinction between voiced and 

unvoiced sounds was thereby made clear to the speaker, and he was 

to use the information in evaluating the relations between voiced 

13 
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and unvoiced consonants along the lines discussed in the preceding 

phonological introduction.  Students reported little trouble in 

using the display for consonants, and some reported that its pitch 

feedback served as a good review for simple tone production they had 

studied previously. 

2.3 Post- and Retention-Testing 

Both groups of students were post-tested at roughly the same 

time. Both groups read the same list of 24 test utterances they had 

first seen at pretest time and following the same procedure.  The 

material in the testing list had not appeared in the training vord- 

lists for the experimental students, and it had been seen by both 

groups in the course of their normal language laboratory work. 

2.4 Evaluation Procedures 

Each student had recoroed his best attempts at the 24 test 

utterances at three points in time.  The test day tape recordings 

were copied, cut, and spliced such that a set of 14 judgment tapes, 

one for each of the students, was prepared.  Each judgment tape 

began with the s^'dent reading two sample English sentences, to 

enable a listening judge to form some idea of the normal tone of the 

student's voice.  Then followed four similar sections, based on each 

of the four segments of the test list.  First, the six utterances as 

read by the native Mxndarin teacher were heard. Then, separated from 

each other by approximately five seconds, the 18 versions of the six 

test utterances were heard in a scrambled order whose only constraint 

was that the same utterance's three versions could not be heard in 

three successive positions.  No identification of student or of test- 

ing day was contained on the tape. 

Five instructors of Introductory Mandarin Chinese from Boston 

area universities, all Mandarin natives, served as paid judges. Each 

judge worked alone in the API student room, list%^ning to the 14 judg- 

ment tapes played over the student loudspeaker ar a comfortable lis- 

tening level.  The order of students was unique for each judge, and 

was counterbalanced to compensate for increasing familiarity with the 

judgment task. Two 15-minute rest periods were interposed within the 

approximately 4-hour course of each judge's ratings. 
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Written instructions (included in Appendix 1) for the judges 

explained the rating scale they were to apply.  Each test utter- 

ance was to be assigned an integer number from 0 to 4, higher 

numbers associated with better performance. 

To aid them further in their task, each judge had a short- 

form rating instruction sheet (Appendix 2) and, for each judgment 

tape, an actual script of the order of the utterances (a sample 

is shown in Appendix 3).  This "answer sheet" did not, of course, 

identify either student or test day, but it did serve to inform 

the judge of what test utterance the student was in fact at- 

tempting.  This was particularly valuable in cases of gross 

student error.  Three orthographic systems were used in identify- 

ing the test utterances on the judges* sheets, so that they could 

utilize the most familiar one.  Judges wrote their accent ratings 

in a blank following each line of the answer sheet. 

Judges could ask the assistant to stop or replay the tape to 

give them more time to come to a decision, but these reque-ts 

diminished over time and the data were gathered without incident. 

Since both groups of students were part of a larger-scope 

course in basic Mandarin Chinese, It was expected that their 

overall Chinese speech quality would improve through time, ir- 

respective of their status within the experiment.  The central 

question addressed to the data was, therefore, whether there was 

a differential improvement between the students using the API 

system and the group not . 

The word lists used for testing were divided by the four 

types of training materials:  separate single tones, disyllabic 

combinations, neutral tone disyllables, and consonant contrasts. 
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A measure of the student's performance for each of the four sec- 

tions of the test lists, for each test day, over all judges was 

obtained.  Then the data for all experimental subjects were 

combined and compared with all the controls. 

A judgment is defined as the score given by one judge to 

one word spoken by one subject on one test day.  Comparing, for 

example, pre and post judgments of one word, a subject could 

receive a higher post score, a lower post score or the 

same score.  If he received a higher post score, he improved 

his pronunciation of that word from the pretest to the post 

test according to the judge.  Two comparisons were made: pre vs. 

post tests and pre vs. retention tests. 

3.  RESULTS 

Considering first the pre vs the post tests, over half the 

judgments made by all judges, for all the subjects and all the 

words showed no change in pronunciation ability.  For the exper- 

imentals, 58 percent, and for the controls 62 percent of all 

judgments made on the pre-test words did not change on the post- 

test.  Of the judgments that di\  change, the experimentals were 

more likely to have improved than the controls, while the controls 

were about equally likely to have scored lower as higher when 

changes occurred from pre to post tests. Controls improved 54 per- 

cent of the time when they changed, while the experimentals improved 

on 73 percent of all changed judgments.  This difference is signif- 

icant (p<.001).   Table 8 gives more detail. 

I 
! 

The  pre- vs  retention-test comparisons showed similar 

trends.   The experimental subjects retained the improvements they 

had made on the post tests.    The controls,  who  showed  very 
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TABLE 8.  PRE-POST TEST COMPARISONS 

OVER ALL WORDS 

I 

I 

Total number of judgments 
indicating no change 

Total number of judgments 
indicating improvement 

Total number of judgments 
indicating poorer pronunciation  96 

Experimentais Controls 

#        \ #     % 

487       58 524    62 

257       31 170    20 

11 146    18 

X  including only judgments indicating change ■ 26.09 
df-1 
p<.001 

I 

1 
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little average change from the pre  to the post test improved 

their performance on retention.  Of the judgments that did show 

a change, the experimental improved on 73 oercent anH the con- 

trols 66 percent.  There was still a large number of judgments, 

in both groups, that showed no change in performance from pre to 

retention tests, 56 percent of all judgments for the experimentals 

and 67 percent for the controls.  See Table 9. 

The distribution of "no change" judgments was even over all 

four word groups for experimentals and controls.  See Table 10. 

The controls were not more or less likely than the experimentals 

to "not change" from pre to post tests or pre to retention tests. 

None of the four stimulus word groups was more or less likely 

than any other to show changed judgments. 

The greatest differential improvement of experimentals over 

controls occurred on the first group of the stimulus list, the 

isolated single tones.  This was the simplest clement of the 

curriculum.  The subjects ha*! received four relevant sessions of 

training, for this type of material.  Whether tho differences in 

performance arise from the type or amount of training given or 

the nature of the stimulus material cannot be ascertained. 

However, significantly more of the judgments of improvement 

occurred among the experimentals rather than the controls. 

See Table 11.  The differences between experimentals and 

controls on this eroup of tones also remained significant on 

the retention test.  See Table 12. 

The second and third test word groups were the disyllabic 

combinations and the neutral tone disyllables.  The experimentals 

consistently had a greater number of judgments showing improve- 

ment than the controls, over both word groups and on the pre-post 
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TABLE 9.  PRE-RETENTION TEST COMPARISONS 

OVER ALL WORDS 

Experimentais 

#        \ 

Cortrols 

« 

Total number of judgments 
indicating no change 

Total number of judgments 
indicating improvement 

Total number of judgments 
indicating poorer 
pronunciation 

469 

272 

99 

56 

32 

12 

563    67 

184    22 

93    11 

. 

X2 including only judgments indicating change ■ 3.61 
d f s 1 
p<. 10 

23 

Jl •i- 



s XI^ 
^ 1 

a c 

O    M 

00 
(N 

00 

3 
1 

(9 

< 
x 
U 

O 

9 

0) 
DC ui 

« c 

U E 

o a 
c 3 

-^ *J 
TO    C 

0) 

O   M 
t) 

*P   3 

^H    Ml 

t»  c 

o   « 

^»        O»        f) 
ro        fM        o 
_ —■ r j 

i^      vo      r~ 
«M «N CM 

I 

4) 
oc V) 

C «-> 
TO C 
x: V 
o E 

oc 
0 -o 
c 3 

« 
«-i 

co        TT r i 
N       ♦       Is 
_. _ r. 

(N CM 

o 
M w 
C *J 

TO c 
x: Ü 

CJ E 
M 

O -3 
c 3 

•'-i 
» 

00 O CO 
«M        ro       i/) 
<-< —i JN 

TO    C 
0) 

^   E 
o  ac 

*»•   3 

(Nl 

a 
M Ul 

C u 
TO c 

J= i> 
O e 

ac 
o •a 
c 3 

» 
'-i 

o      o      o 
(N t vO 
f-< -< <N 

o 
o: 
'J 

Q 
a: 
o 
B 

f—• tfl 
^^ ♦-> 
TO c 

(1> 
«4-. E 
o oo 

-a 
■*> 3 

■•-0 

(N CM 

« 
00 v> 
B *-> 
TO c 

J= (U 
O E 

oo 
O -3 
c 3 

•► 
•I-I 

oo m to 
O «M ro 
-H -H Cvt 

<—< lfl 

•—t ♦J 

TO c 
IU 

IN 1 
O 00 

•a 
0 3 

•■-J 

(N 
(Nl 
rsi 

o 
CO Ul 

c f 

TO c 
x: o 
u e 

00 
o ■3 
c 3 

• 
—> 

f^l        C^        o 
O fM <N 
-H        -H        rsi 

UJ 
-1 

!5 

<—* IA 
^H *J 

TO c 
4J 

14-1 E 
-H O 00 

•a 
a. tf 3 
3 ••-J 

<N 
in 
(N 

•-H U1 
•-H *-" 
TO C 

lM E 
-H o 00 

-a 
ß. (• 3 
3 ••"1 

0) 
oo in 
C ^ 
I« c 

.C   V 
u  B 

M 
o -a 
C   3 

(SI 

z 

o 
u 

H 

o 
IX 

1 

s 

FH irt 

TO fc» 
«-> <J 
C 4) 
4) in •"-> 
B r-l Ä 

■H o 3 
u u V) 
u M 
a. C <-! 
K o r* 

UJ u < 
24 

2 
O 
to 
^-« 
BC 
< 
c 
z 
o 
u 

t- 
UJ 
o: 

I 
UJ 
a: 
a. 

LO 
rsi (N <N| 

ei 
t* v> 
c ♦J 
rt c 
A o 
o B 

oo 
o 13 
c 3 

• ■•-i 

O» CM "H 
FH      i/t     r« 
■-I -H rM 

'! 

TO W 
w u 
e a> 
4) m ■--. 
E -i XJ 

•H o 3 
U U Ui 
Ü 4-> 
cx c -. 
X o -• 

UJ U < 

> 

-^ ^ 



m* ^M 

I 

I 

T^ 
^ 

Report   No.   2654 Bolt   Beranek  and  Newman   Inc 

TABLE   11.      PRE-POST   TEST   COMPARISONS   BY   WORD   GROUP 

WORD   GROUP   1 
Experimentais Controls 

I 
! 

! 

Total number of judgments indicating 
improvement 

Total number of judgments indicating 
poorer pronunciation 

WORD GROUP 2 

Total number of judgments indicating 
improvement 

Total number of judgments indicating 
poorer pronunciation 

61 

32 

23 

47 

X «17.13  df»l  p<.001 

Experimentals    Controls 

78 

24 

X «2.05   df«l 

57 

28 

p<.25 

WORD GROUP 3 

Total number of judgments indicating 
improvement 

Total number of judgments indicating 
poorer pronunciation 

Experimtntals Controls 

56 46 

26 34 

X2-2.02   df-1 p<.25 

WORD GROUP 4 

Experimentais   Controls 

Total number of judgments indicating 
improvement 62 

Total number of judgments indicating 
poorer pronunciation 14 

X -13.28  df-1 

44 

37 

p<.001 

25 1 
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TABLE 12.  PRE-RFTENTION TEST COMPARISONS BY WORD GROUP 

WORD GROUP 1 

Total number of judgments indicating 
improvement 

Total number of judgments indicating 
poorer pronunciation 

WORD GROUP 2 

Total number of judgments indicating 
improvement 

Total number of judgments indicating 
poorer pronunciation 

WORD GROUP 3 

Total nuttier of judgments indicating 
improvement 

Total number of judgments indicating 
poorer pronunciation 

WORD GROUP 4 

Total number of judgments indicating 
improvement 

Total number of judgments indicating 
poorer pronunciation 

Experimentais 

70 

21 

X2-30.45  df«l 

Experimentais 

85 

25 

X2».63   df«l 

58 

31 

X2-.99   df-1 

Experimentais 

59 

22 

X2-.06   df-1 

Controls 

24 

47 

p<.001 

Controls 

60 

23 

Ex perimentals   Controls 

42 

31 

Controls 

47 

16 
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and pre-retention comparisons.  The contrast between the experi- 

mentals and the controls was not as great as on the first word 

group, however.  Only three training sessions were given to these 

tone combinations, both using inter-speaker comparisons.  The rate 

of improvement of the experiment a 1s was about the same as on the 

first word group; the controls showed more important than the> 

had on the single tones, and the differences between the groups 

were not as great. 

The fourth test word group consisted of consonant contrasts. 

On this set of words the experimental improved significantly 

over the controls on the pre to post test but not on the pre- 

retention test comparison.  Of the judgments that did indicate 

change, the experimentals improved on 82 percent of the post- 

test judgments compared with 54 percent for the controls, and on 

73 percent of the retention judgments  compared with 75 percent 

of the controls.  Aspirate and unaspirate voiceless initial 

stops could only be trained fttr one session, with the more com- 

plex pitch-loudness composite display. 

4.  DISCUSSION 

Despite the severe limits in the breadth of the student 

sample and in the time available for training, a real improve- 

ment was generally observed in the Chinese speech of the students 

exposed to the API system, an improvement significantly greater 

than that observed in students tested similarly but exposed only 

to the "parent" Chinese course.  One must keep the limitations 

of the present experiment in mind when assessing the performance 

of the API system in this situation.  Though the effects observed 

were small statistically, they are nonetheless real, and their 
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size is probably limited more by the scope of the work than by the 

efficacy of the system.  To have observed significant treatment 

effects ir. the face of short training time and an inherently 

"noisy"  evaluation procedure speaks strongly for the robustness 

of that treatment effect. 

The meaning of the treatment effect should be evaluated in 

light of two opposed factors.  On the one hand, the test list was 

drawn from parent course materials, so that both experimental and 

control students would have the same basic familiarity with the 

utterances.  Furthermore, materials tested had not been included 

within the training materials used by the experimental students. 

Any observed treatment effects can thus be ascribed to differential 

pronunciation ability rather than to increased familiarity with the 

testing utterances.  On the other hand, the sample of speech 

behavior obtained from the students intentionally included only 

utterances of a type similar to those trained, so that any possible 

treatment effects would stand out in sharp relief. 

One consequence of the limited scope of the speech behavior 

tested is the restriction on the inferences that may be drawn 

concerning the overall pronunciation abilities of the experimental 

subjects.   This was done with the realization  that tne most 

sensitive means  of  evaluation could be  applied only to speech 

behaviors easily judged and reliably produced.    The primary 

hurdle the  API  must pass is a demonstration  that It  can 

produce improvements in accent,  but it is unrealistic to  expect 

either that  (a)  training on a specific set of accent problems 

will produce an across-the-board improvement in pronunciation, 

or  (b)  that a panel of accent-rating judges can make reliable 

responses concerning anything as multidimensional as   "total 

accentedness"  of a set of utterances.   The evaluation method 
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chosen, and the statistical procedure used to reduce the data, 

were therefore designed to produce maximal sensitivity to change 

while at the same time avoiding the more complex method of com- 

plete pair-comparisons.  A single-stimulus rating technique by a 

panel of judges produced responses that could be subjected to a 

pair-comparison-type analysis, if due regard were given to the 

permissible operations on the data.  As it happens, one is in 

fact interested not in comparisons between specific words and 

subjects, but in accent parameters (i.e., specific word groups), 

treatments (i.e., experimental or control), and testing times 

(pre-, post-, or retention-testing data).  The present analysis 

provides answers to questions posed along those lines, having 

minimized the variance produced by both the speech production and 

subjective judgment processes. 

I 
1 

The major price paid in the analysis is the large number of 

"no change" judgments encountered.  These result largely from 

the coarse grain of the judgment scale.  Taking this price into 

account, one is still left with a reasonable statement of the 

null hypothesis as regards the treatment effect: that there is 

no difference between treatment groups in the distribution of 

"improved" versus "poorer" pronunciations.  That hypothesis fails 

of acceptance in a consistent manner throughout the above analy- 

sis . 

I 
I 
I 
i 

! 

Tables   8   and  9   showed   that   the   number  of   equivocal   judgments 

for  all   test   words   was   smaller  for   experimental   than   for  con- 

trols,   in  both  pre-post   and  pre-retention  comparisons.     Further- 

more,   it  was   shown   that  when  there  was  a  change,   it  was 

significantly more  often  in  the  direction  of   improvement   for   the 

experimentals   than   for  the  controls;   they   learned more   and 

retained   it  better. 
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After having been assured by Table 10 that the equivocal 

judgments distribute themselves evenly across the four word 

groups, it becomes reasonable to inspect individual word groups' 

changed judgments for differences in distribution as a function 

of treatment.  Again, it is fcund (in Tables 11 and 12) that in 

each word group and for both pre-post and pre-retention compari- 

sons, the experimentals' changes are always in the direction of 

greater improvement, and significantly so in three out of the 

eight specific comparisons made.  The strong showing made by 

word group 1 is not surprising; it received the largest share 

of the training time, and was conceptually the simplest display. 

The unexpectedly strong treatment effect observed in word group 

4 is most easily explained by the action of the pitch-loudness 

composite display used there.  Even though the training time 

available to the experimentals for this work group was but one 

session, they apparently profited greatly frt•«", even this brief 

exposure to the display.  Since all observed effects favored 

the experimental treatment, it is reasonable to take the position 

that a simple increase in training time might have brought all 

differential treatment effects to significant levels. 

At this writing, the final field tests of the API system 

are underway at the University of Miami's Intensive English 

Program, Coral Gables, Florida, with Spanish speakers learning 

English.  This experimentation is much broader in scale.  Ex- 

perimental variables are under better control in that situation, 

and the scope of problems trained and measurements taken is 

larger.  The work reported above gives reason for optimism, be- 

cause even when the system is tested under less than optimal 

conditions, significant benefits accrue to its students.  Sub- 

sequent reports in this series will describe the results of a 
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( 

field   test   in   which   the  API   is   used   as   a   part   of  the  daily 

schedule  of   a   group  of   second-language   learning   students. 
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APPENDIX   1 

INSTRUCTIONS  TO   JUDGES 
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four task   today is to evaluate Chinese utterances -nade by students of 

Introductory ilandarin Chinese,   who were also subjects in an experiment designed 

to test a Chinese pronunciation teaching-machine.    Each student read a set of test 

words at various  times throughout the experiment.     We wish to find out whether 

the students'   pronunciation of those test words changed over time.     The utterances 

have been randomly scrambled and collected onto   "judgment tapes," one judgment 

tape for each student.     You will sit alone in a listoning roor, and you will assign 

a numerical grade  to each utterance as you hear it.     The tape contains adequate 

time for you to  consider and respond to each item,   before the next one is heard. 

If you need additional  time,   or if you want to pause for any reason,   there is 

a micronhone connected outside,   enabling you  to ask  the operator to wait.     When 

you are ready to  resume,   tell him and things will proceed. 

Thare are two booklets to aid you in assigning  the grades to the students1 

utterances.     The  small,   four-page booklet is the key to what the utterances are, 

and to how the grading is to be made.    .Each page corresponds to one of the four 

sections of the tape from each student.     Each section deals with six words or 

word pairs.     The bottom half of each page contains transcribed  Shglish and two 

Chinese script versions of the six words that have been scranbled up three times 

to form one 13-utterance section of each student's tape.     The to2 half of each 

page gives a brief synopsis of the grading  scheme for each section.   (The last 

part of these instructions will give you detailed information on how  .o grade 

each section's utterances;    for now,   let us assume that you will,   in general, 

assign each utterance a grade ranging from 0  to U,   bad to good,  in accordance 

with the instructions and with your judgment.) 
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The thicker booklet is your key to the utterances themselves.  It is, 

in essence, a script that tells you what word(s) the student was actually 

attemptint: to produce.  It will help you keep your place.  It gives you  a blank 

soace within which you are to write your judgment of each utterance.  It will 

be especially helpful when the student's version of the intended utterance is 

garbled.  By knowing what the student was trying to say, you can better judge 

how well he succeeded,  ilake sure that each line receives a written response from 

you — either 0, 1, 2, '},  or 4.  If you need more time to consider your judgment, 

just ask for a pause.  If you would like to hear any utterance over again, just 

ask for it. 

Here is a view of what the judgment procedure is 'or the entire session. 

There will be 15 judgment tapes played.  There will be a short breaK between tapes. 

Each tape has the same format as the others.  The first voice you hear will not 

ne that of the student whose utterances are collected on the tane;  it will be 

an identifier for the tape number, .'-'.ake sure that it corresponds to the tape 

number written on the top of the next sheet of the judgment booklet.  If it does 

not, tell the onerator, because the script will then not agree with the words you 

hear. At the start, then, the first page of the judgment booklet corresoonds to 

the first section of the first tape. 

After you have correctly identified the tape number and assured that your 

judgment booklet is on the right page, you will hear the student for vhe first 

tiin«. de  will read two sentences:  "Joe took father's shoe bench oi-t." and 

"She was waiting at my lawn."  Phese sentences are merely for the purpose of 

acquainting you with the voice of the student before each tape actually begins, 

trough those introductory sentences, you can form an impression of his or her 

normal tone of voice, so that abnormal tone range will be aooarent from the first 

time it appears. 
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Each judgment tape then continues with the four sections of 13 scrambled 

utterances of the student.    For the first few judgment tapes,   the operator will 

ore^ede each 18-utterance section with a recording of a Mandarin speaker oronouncing 

the six utterances in the order t^iven on the bottom of the four-pa^e booklet. 

Ihis is to familiarize you with the timing of the utterances,  and  to give you 

an example of the type of pronunciation that the students were attempting to 

imitate.    As you become more experienced in listening to these tapes,  you will 

have less need to hear the introductory Kandarin-native introduction to each of 

the four sections,  and the operator will skip over it.    If you want to hear it, 

just ask.    At the end of the last teacher-version,   there is a 10-second pause, 

and then the 13 utterances of the student will be heard.     You will respond to 

each of them by placing a number in the appronriate blank of the answer sheet 

for that tape and  section. 

And now:     What do those numbers mean?    How are you to decide?    First, 

remember that you are a native speaker of Mandarin,   and you will have an instant 

opinion of each of the utterances,   as to how they compare to your internal  standard 

ftjur teaching experience,  and some knowledge of the mechanism of speech production -• 

especially for tones — will also help you a great deal in assigning judgments. 

The utterances you will judge are quite short,   which makes your job easier 

since there are fewer aspects of each utterance that you need to consider in 

making your judgment.    Also,   we are asking you to disregard certain irrelevant 

aspects of the students'   speech,   since they were only trained in the production 

of (in sections 1,   2,   and 3) proper tones and   (in section k) proper initial 

aspirate and unaspirate stops.     The top line of the four-page handout indicates 

what was trained  (i.e.,  what to pay attention to) and what to disregard in making 

your judgments. 
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SSCTION I:    Seoarat« tones 

In this section,   as in all the rest,   if the student's utterance  (for the 

aonrooriate asoects) is OK,   score it *♦.     If it is less  than OK,   think of the 

following: breakdown of his perfor-nance.     There are two wor-Js,   ea:h with two 

asoects:    duration  (total  time for the tone) and contour  (voice pitch as a 

function of time).     Vhile  they are not really  seoarable,   try to maKe  them so 

for  the present purpose.     Ihe two tones are also produced with a given relative 

pitch level.    If you can pinpoint just one error in the two word  uttex*nce, 

score it j.     Possible errors,   then:     (a) one tone too  short or too lonfc',   (L) 

one contour off slightly,   (c) both tones OK but relative pitch wron^-,   (d)   "just 

slightly off — and definitely not OK" etc.     These might be Vs.     A score of 2 

would be as indicated in the handout,   and the remaining grades are self-explanatory. 

If the preceding  sounds too  comolicated,   remember the reneral idea and assign 

the trades from 0  to 4 according  to the left-hand side of the grading description 

on the handout:    k for OK,   unaccenteti and 0 for unacceotable,  a total miss. 

.iemember that   the two words,  while spoken  together,   are not really part 

of a comolete two-syllable utterance.     IWe only point of relationship is in 

their relative levels.     The amount of time the speaker pauses between words is 

irrelevant. 

SKTION III     Two-syllable  tone pairs 

Here,   the two  syllables are supposed to be pronounced together,   and the 

linkage between them is a subject for scrutiny.     Eh« durations and contours of 

the two are important,   the manner of their linkata is important,   and the existence 

of tone sandhi is very important.    Again,   disregard all aso-ct ; o." th? uttf-rances 

exceot the tones. 

■ Jl £=- 
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A rating of 4 signifies that the utterance is OK.   unaccented.    Oive a 3 

when it is  "almost OK." but do not count «a j's any attempt that lacks the orooer 

sandhi   (influence by syllable 2 on syllable 1's ton« structure).     Jive a 2 to 

utterances where there are two errors,  and reserve 1   for sounds that are "better 

than nothing*or which are two  tones lacking nroper sandhi when approoriate. 

3ive 0 to bad tries.    As before,   the general ordering  from  "i|. OK" through 

"0 - bad" is   m alternative mode of consideration for the judgments in this section. 

3SCTI0:J III:    Weutral tone as second member of two-syllable tone pairs 

Use the same general approach as in Section II.     The second  syllable,   the 

neutral tone,  is short and doesn't have much contour,   but its linkage to syllable 

one.  and its sandhi  upon syllable one.  are of great interest. 

SKIZON IV:    Aspirated and unaspirated initial consonants 

Here,  you are to  try to disregard vowels and tones,   and concentrate your 

attention on how well the speaker produces the consonants,     fhe six word pairs 

alternate in which member of the pair is aspirated and which not.     iSach initial 

consonant has two general aspects:    Voice-onset  time and voice quality.     The 

aspirate stops should exhibit  the ri^ht sound of friction  for the ri^ht amount of 

time before the vowel begins.     The unaspirate stops should have a far shorter 

oeriod of friction before the vowel,   and they too  should sound correct during 

the consonant portion.    As you know,   unaspirate stops must not be prevoiced in 

Mandarin.    Follow the handout in assigning grades to these utterances.    For 

example,  give a J  to a word pair where one word is 0A and the other has 2ne of 

the above errors. 
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irfe realize that we are asking you to do a difficult task.    We realize 

further that your grades may change over time,     fhe purpose of the above standards 

is to provide you with some sort of absolute yardstick,   but invariability is 

ha -d to come by in human judgments.    We realize this too,   and have allowed for 

it;     so just try to do as well and as consistently as you can. 

We exoect that you will work as carefully and as conscientiously as 

possible.    Much hangs in the balance in this experiment,   and so we wish you to 

consider your judgments as carefully as possible within the time available, 

ilamem-jr that you are being  paid    about 5/ per judgment,   and try to provide your 

full attention to each  utterance,  disregarding any extraneous sounds that may 

have remained on the judgment  taoes. 

Fhere will be speakers whose performance is Detter than others,     fry not 

to let your scale become relative only to the present  soeaker,   sliding uo and 

down  to match the level of each speaker.     Try to remain  unmoved by swings in 

ability,   but to judge each speaker and indeed each utterance as an independent 

event.    Your increasing experience in this judgment situation may cause some 

shifts through the entire session;  don't become overly concerned with this. 

If you follow the general guidelines,   that is enough for our nurposes.     Dbn't 

try to artificially distinguish between performances that are only slightly 

different.     The categories are fairly oroad,  and a given level of grading can 

encompass utterances that differ. 

What we are saying is:     Pry your best to give us a frank imoression of how 

well each speaker produces each utterance — the better the performance,   the 

higher the score.    If you follow the strategy outlined above,  we will be satisfied. 

BI ALL ilSANS ASK ANf QJäSTIüNS YOJ WISH,  NOW O.i AT A\T TI.« DUtilNG THS SSSSION. 
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Section I:  Separate tones (disregard vowels and consonants) 

MORD ONS 

Duration 

Contour 
Relative Level 

VOHD r.vo 

Duration 

Contour 

i 
! 

I 

unaccented 

unacceptable 

bt All above points 

Jt One  error above 

2:    "Half-credit";  One error in one tone, 
relative level wrong. 

1 :    "Better than nothing;" One word OK, the 
other wrong. 

0:    Total miss 

! 

i 
1 

1. nil lilt pin M 2' 

^. 70. \l ü \* *5 
3. iiia ma %. ?' h "' 
* y' * - <4        \ 

S> y^ y«. « ? »4 Y^ 

u. 1U 0,0 tune tt ^ t 2/ 

\ 

• 

> 
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Section II:     Two-syllable tone pairs (disregard vowels and consonants) 

Syllabi e One Syllabi e   fwo 

Duration 
lialative 

Contour 
Level 

Duration 

Contour 

(Proper influence of Syllable Two) 

4: unaccented tfl All above points 

3: 

2: 

3: 

2: 

"Almost ÜK;"    One error above,   except 
proper  "two-on-one" influence. 

"Half-credit" 

1: 

0: unacceptable 

1: 

0: 

"Better than nothing;"    e.g.:    no 
"two-on-one■' influence,   etc. 

Nothing 

/ 

7. -fa- niin4 

S. kou-jei 

1. ma- fftn^ 

/*. ya- Ian 

v     V 
ii. -Uik-yt 

I 
i 

i 
i 

■ -^ ^—-^fc 
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Section III:    Weutral tone as  second member of        (disregard vowels and  consonants) 
two-syllable tone pairs 

Syllable One 

Duration 

Contour 

(Proper influence of Syllable   fwo) 

ielative Level 

Syllable  IVro 

Duration 

Contour 

k: Unaccented 

y. 

2: 

tl 

Or Jnac ceptable 

All above points 

"Almost QK;"    One error above,   exceot 
proper   "two-on-one" influence. 

"Half-credit" 

"Better than nothint;" 

.Jo thing 

is. la  .ie 

w. yao .li 
/ 

j£ hu M 

«#. tdo de 

IT ^CL .de 

it. yOdD Je *2 1} 

32 - 6 
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Section IV:    Aspirated and unaspirated 
initial consonants 

(Disregard vowels and   tones) 

ASPI.^ATSD UOl-tD (?,T,JC) 

^Proper voice-onset time 

Proper  suectral quality 

4:           unaccented 

3: 

2: 

1: 

0:          Unaci :eptable 

«.   bet Hit 

Ao.    tU du 

ta 

ij. zao 

AV. Cdi 

5 CU 

cao 

zai 

UNASPIriATED M0<U) (3,D,G) 

No prevoicint,   proper voice-onset time 

Proper spectral quality 

4: All above ooints 

3: One word not quite ÜK 

2: "Half-credit;"    both not quite OK,  or 
one word wrong 

1 : "Better than nothing" 

0: Nothins 

fit b 

A'  X 

A* Y^ 

«It 

^ ft 

I 

I 

i 
] 

1 

^ 

^3^ *- 

/ 
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BBN   SECOND-LANGUAGE PROJECT 
CHINESE  EVALUATION TEST DATA SHEET 

, 

i 

1 

! 

TAPE NO.:   20 

2, 

I 

2. 

9- 

I 

S 

3 

J" 

* 

I 

I 

3 

70. 

Du 

TO, 

7«L 

ml 

y^ 

iiia 

mi 

V 

fl 

mi 

v 

ink 

v 
ya. 
/ 

lvifc.0 

ill t 
/ 

Uli 

1116. 

SECTION:    \ 

*   - 

JUDGE: DATE: 

>Z»   YV 

if  ? 

<2»   YV 

*   - 

t,N 

Ji 

* - 

'i-    T 

IB - 

»i Y' 

lit Y 

ffc- 

t 2/ 
if   n 

IB - 

* 2     M ^ 

•4 Y' 

^ ?'     h ^ 
% ? »4  Y* 

«fcg. t, ^ 
JfcJ tj/ 
E ?' h ^ 
Pic U "-'. 

E?' & ?" 

■ Jl ^r_ 
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TAPE NO.:   ^O SECTION: 

9 liou- jei ^r,'fc^ 

7 fa- mi«! IS-5 $1' 
^ tow- jei fäiti 
// f J/ "* t' 
/ö yt- Idn li^i^V 

II KOHj-yo. f ?/ 4 Y' 

/o yu- Ian II ;> ^ 5. 

fl 
V     v 

^?'^-v 

7 ■■flL- >viin4 ft-$ »82/ 

/i. 
V       Y 

tMt-yi ^l)?'^-,' 

f .S,7'/U' 

f A MS.' 

/^ yt- Ian f Y^i^ 

7 
r     ' ja- mi IM IS-$ »U?/ 

7 ma- fftiij Ä?^S.' 

J liou- -fei *t«,J 

»/ 
lOhj- ya fj.-iY' 

V      Y 

• 
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JUDGE: DATE: 
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I 

1 

1 

I 

I 
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BBN  SECOND-LANGUAGE PROJECT 
CHINESE  EVALUATION TEST DATA SHEET 

TAPE NO.: ^0 

' 1 (i   .de 

It yflüD   Je 

/V yao  Je 

/^ tao    de 

/^ tao   de 

/ y yao .li 

/^ liu   Je 

/3 

If 
13 

IP 

fj 

if 

17 

IT 

la .ie 

yaö Je 

tao de 

iiu   Je 

yao   je 

la .1« 

yao   Je 

la .ie 

hu M 

(i   .de 

^QL .de 

SECTION:  3 

«J^n 

i 

« «BJ'J^ 
■üt 

^ S- 3 i 

w^w 
«JI' 3 ? 

4« 3* 
»ftf 3} 

*5 3* 

tÜ$ 3} 

«B?3i 

JUDGE DATE; ^ 

^ 

j/d^ 

-^ 
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i 

TAPE NO.:  c <o SECTIOr ...^ 

'f bei Mil fit   ^ Sit 
1   / dd ta vi.s) YX 

M cat zai «1 
/f bei iöc «it 
2^ tu du A' x »?J 
^J CCU) £ "P 

T fcv T ^ 

J-/ dd ta iMj Y 

^ 
cät zai «i 

/f ?ei Hit a» 4 Sit 
^0 tu du A"  x 8f J 
^/ dd ta ^•=) Y 

a.^ zao COO JZ T 
T *v 

^v 

X 2. LUi jli »Al öts 
^3 zao cao f j' ¥J^ 
J-i- Ui jli «1 PA   ^ 

ay cäc zai «s 
xu tdi fk m\ it « 

PA   ^ 

±0 tu du 'r.  t. 
A' x 

• 

«pj 

.• 

«^^ - — 

JUDGE; DATE; 
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