





Responses
‘Bub-  Set of per
ject Pairsl Octile
1 2 29
I 29
1 5 29
1 7 29
2 27
Y 29
5 26
6 27
7 29
2 29
L 28
5 29

L

The numbering is: 1 - /p : b/, s; 2 -
b/,/of first; 6 - /o :

5-/p:

cyn O —3 =]

TABLE 22

Parameter Estimates and Goodness-of-Fit of Two-Element and Linear Models

Two-Element Model

M
2o

.603
.586
655
707
593
.320
.838
. 884
611
.37k
.607
559

A
81

707
676
.ThO
767
.815
400
.705
.963
.552
586
. 786
.598

/p v/,

b/, o first; 7 -

X d.f. 6
12.354° 5 .000k
2.590 5 .0010
6.900 5 .0000
1.377 5 .0010
8.273 5 .001L
2.296 5 .0008
11,7265 3 L0000
0.815 e .0040
1.937 5 .0000
2.456 5 | .0018
3.722 5 .0010
2.697 5 L0002
7 ;s?f/é/;iiét?;8u-—/és:

Linear Model

2, 'S
611 1h.010"
598 3.811
737 7-805
. TOL 2.012
752 13.733
309 19%.400"
788 18.44k"
.839 . 0.022
.603 2.305
29k L.767
.610 9.097
.563 2.458
: s/, d;

ts/, /ts/ first.

Cn OV O OV O

O
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(ST &) W © AT 629







Sub-
Ject

W L

NN~ =1 =] N1 NA

11
11
13
13
L3

Set of
Pairsl

6
7

Responses
per
Oetile

28
28
28
29
29
29
29
28
29
26
29
29
29
29

TABIE 22 (continued)

Two=Element Model

o
ST1h
685
.738
.72k
C4L8
.517
647
.893
.8hg
.615
897
.511
121

.569

&1
.833
.80k
921
879
71k
.828
.78k
.04
.718
.865
THL
.828
345
Y

X2

3.951
2.834
3.814
4,060
1.943
3.709
4,196
3.836

12.853"

8.842

_ 7.888

7.789
}.808
L.65%

d.f.

N

= =N

Linear Model

8

.00k0
0012
.0100
.0060
.0030
. 0050
.0020
. 0000
.0000
.0080
.0C00
.0050
.001L

.0050

E5

699
673
.“626
.705
2553
643
NS
.826
.750
.582
. 780
294
.164
432

3.044
5.038
0.860

.0k

1

.103
.083
.198

v 1 Qo \A

175

17.563"

8.772
1k, 5448
5.113

10.831

1.783
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Sub-
Ject

13
13
13
1l
1L
14
15
15
15
15
16
16
16
17

Set of
Pairs

Responses
per
Octile

29
.29
29
29
29
28
29
28
28
29
26
22
27
29

TABLE 22 (continued)

Two=-Element Model

£o

759
.586
.500
490
LBh1
760
.690
673
. 720
72
Lhok
.591
722

517

&
. 966
Ly
672
e
.805
643
.82z
.982
94T
.91h
-859
.886
889
LTl

b,

1.

2

X

002

23

.964
776
.81
.024
.845
232"
.52k
.111
.248
642
.182

. 964

Iinear Model

.0020
.0000
.0030
.0030
.0030
.0000
.0030
.0050
. 0050
.0030
.0150
.0130
.0070

.004k0

9y

.729
.565
L 48h
L2l
.582
.T7h6
.02
579
.625
679
161
.503
.T00

.558

7.

180

. 752

2.

784

11.961

b b5

L.

33.
15.

12,

683

.9hp

*
307

269

752"
.381
.578
1137

.910

wWoow v\

w







TABLE 22 (continued)

Responses Two-Element Model | Linear Model
Sub- Set of per
ject  Pairst  oOctile J g g ¥ a.z. 9 o b's a.t
17 i 29 3 .253 476 7.723 5 .0020 .23k 7.523 6
17 7 2G 1 RIvIES 576 1.627 5 .000k 540 3.196 6
17 8 29 3 .609 .793 2.187 5 -0040 .573 3.386 6
18 2 2l 5 .858  .708  18.202% 3 0000 .80z  28.208" 6
18 6 25 7 .806 . 960 7.775 3 .0000 825 1k.372" 6
18 7 29 L .76 .793 3.834 5 L0006 .736 5.565 6
19 2 29 6 .379 603 0.342 5 .0016 .321 5.092 6
19 L 29 2 L1k .299 5.157 5 .0000 .328 7.515 6
19 5 29 6 661 LT776 6.86k4 5 .001k .636 8.664 6
15 6 29 1 .690 621 b 437 5 .0000 .629 2.587 6
19 7 29 1 672 517 1.244 5 .0000 .556 5.430 6
19 8 29 5 .710 n7707 2;265 5 . 0006 .T13 3.983 &
20 2 29 Y 681 .91L L.23h 3 . 0100 479 2.301 3
20 5 29 2 .655 891 8.091* 2 L0100 .555 1.528 3
SUM 291.350 228 587.327 288

P <.05







and 7. ;Of course, this agrees with the "midplateau” finding mentiocned
‘_fbgforeﬁ We note that for the first 5 octiles, this model predicts that
_ﬁhe_proportion of cprrect‘respogses will equal 8y» and for the last 8-3
octiles, the_proportion correct should be By Afterrgo, 81> and:j vere
estimated for each of the:sets of octile data,.the predicted learning
¢urve$,wgre plotted. The_graphslof the theo;etical.p¥oﬁgrtioﬁ cﬁrrect

per octile are compared with the observed proportions in Figures 12-43. .

Insert Figs. .12-43 about here

Slopedintercept'modelu It is possible that the plot of the proportion

cprrect aggainst ﬁhe octile number_would_be more adequately described by a
straight line.of non-zero slope than by the pgir of horizontal line éeg-
:"ments‘(Figures,lQ~h3).which the two-element model requires. Although we
had no fuqdamental_groggds for preferfing_the slqpe-intercept model, it is
:_Wgrthwhile.to_&etermine its fit to the presént data. By so doing we shall
~have something against which to compare the fit éf the two-element model.
Theiglope and intercept rarameters were computed, also by the method Qf9
flleast_squares and . the minimgm_sum of squared“deviations was-computed for
each of the 5hrs¢ts ofroqtile data. As,ap_index Qf the relative accuracy
of" the two-element and slope-intercept models, we may compare the éum of
lsquared_devigtions_between,predicted and‘dbserveq_frequeggigg:fp: the two
,mpdelsa. Of.the 5% compériéoﬁéy“tﬁgréuﬁméd‘squagéd deviatiéns wéfé lower
forrthe‘tWOwe;ement model thag fqr thg slopeﬁipteycept mq@q} ig h? cases.

Using the uormal_approximation‘to the,binpmial_distribuhion, the hypothesis

..,J_|_9.,,




that there is no difference between the midels in the summed squared -

deviations is rejected at the .0001 significance level (z =-5;38),o£mf¢me
54 comparisons between the linear and slope-intercept models, the summed
. squared deriations were lower for the linear model sbout half the time.

Linear model. ‘The predictions of the linear model were determined

for each of the. sets .of oectile data. The first step was to estimate q,,
the initial probability of an error, and @, the learring rate. As with
the other models, the estimation: was performed by minimizing the'sum,'

over octlles, of the squared dev1atlons between the predicted and observed

‘frequen01es of correct response (see equation (4)). However, unlike the

.sltuatlons for the other two models, an.explicit'algebraic solution for _.. ' ;
'qi gnd @ intterms of the Observed quantities was prohlbitively difficult.

This problem was met by exploring € in increments of 0002 from .0000

to 0020 (the range in Which over half of the best estimates of 8 actually

'fell), in 1ncrements of .0010 to .020, and in increments of OlO there- -

after. For each of these values of &, the @y which produced the least sum

of Squared deviations was found. Then-that s;ngle_pelr qu, $) which

yielded the lowest sum of squared deviations was selected as the estimate: -

'of_ql_and 8. +Using equation (4) the goodness-of-fit was computed for each
set of octlle data. These chiwsquare values pley a manr role in our eval-

'uatlon and comparlson of the two- element and linear models.

Evaldation,gg‘two-element_and linear models, Table 22‘gives the

parameter estimates for'the tworelement and linear models and. the resulfs

‘of the goodness-of-fit tests, The number of degrees of freedom takes

'into accOunt the pooling bf_adjecent octiles which was required. to yield .

~50-



sufficient theoretical obﬁervations per .cell,. There appears to be no _
_cansiétent,relation betweenggo and ﬁigin the tﬁo-element;modEl...The-very
__small_@,values~in-the linear model express the fagt that the learning pro-
ceeded very'slowly. :The'wideginter—subject_differences,in-éo-andl@l“
- suggest large individual variation in initial ability. .
With 5 degrees of freedom a VXB of li.l;is_requ;red.fpr significance
at the .05 level. With 6 degrees of' freedom, thencorresponding;figqre is
12.6... Of the'EM_ X2 -vaiues, nine are significant at the .05 level for
the two-element model, and eleven for the linéar_model. According to this
comparison, the two-element model is slightly superior. . An overall eval-
uvation of the models was also performed in the following manner. For
egch‘modél,_the goodness of fit was determined by summing the X? over
all sets of data in Table 22. The sum was 291.350 for, the two-elément
model (228 degrees -of freedom) and 587,327 for the linear model (288 degrees
.~ of freedom). The normal.approximation yielded z = 2.808, p < .005 for.

- the two-element model, and z = 10.297, p < .000l.for the linear model. If
subject 2, Set 4 is omitted from the linear model calculations, X? = 392.972,
d.f. =283, z = 4.265, and again p < .0001.. Therefore, it may be conecluded
that the deviations between either model and the dats are highly-signifi;
cant. Owing to the large number of observations included in the analysis,
this fact is not surprising. . A more infqrmative measure of the adequacy
_of the models consists in comparing the;sumfdf‘theirtbxgsl.'Onythis basis,
theutwo-elémgntumodel;is clearly -superior.

Some tentative conclusions.. As the results just given indicate, the

overall comparison of the two-element and linear models is favorable to

neDile




the two-element nmodel. -Also, both of these models fare better than the
simple one-element conditioning model, The not‘uﬁéxpected superiority of
©the two-element model to the one-element model follows from the fact that
G\in the former model was never egual to eight, the value which reduces

t0 the one-element model. The‘linear'model is more adequate than the one-
element model, since the case 8‘equals zefo'(which reduces to the one-
- element model for our pre-learning data) rarely obtained, It is somewhat
surprising that the two-element model turns out to be superior to the
flineér‘model, for as remarked earlier, the complexity of the auditory stim-
uius material used in the experiment could easily have led to results
favoring the lihear model. -On the other hand, the goodness of fit of the
two-element quel to the 54 cases of individual data is not close enough
to:-warrant the drawing of any decisive inferences concerning the number

of aspects or prope}ties of ‘the auditory stimulus material which determine
the response conditioning of subjects. That a stimulus sampling model with
 ‘a small number of elements works fairly well is ehcouragingL In future

‘work, we hope to pursue more deeply the identification of those aspects of
- the stimulus material that are most important in determing responses, but
-wé-élso realize that. it is very.likély the case that médels of greater

" formal complexity wili be necessary adequately to account{for all major
‘aspects 6f the data. We certainly do not feel that the present application
of mathematical learning theory t6 learning in a linguistic context is to

be regarded.as other than a tentative first step.

’ —52—




Figures 12-44 Observed and predicted (two-element model)
“proportions correct per octile for the indicated pairs.
Subject number appears in lower right corner.
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[

Ta~va
fo-Ta
va-va
va-La
fo-vo
fo-To
VO=T0
ve-To
fuevu
fu~-fu

Vueva
vu=-u
s8~78,
sa~58,
Z8~28,
Za~sa,
80-20
50-80
ZO=Z0
Z0=80

sSu-Z1
Su=-su
Zu-ZUu

Zil-80

ge-ze
Se-ge
ZE=ZQ

(4G=5e

s&a-Za
Ba~-8a

%Be~7Za,
Za-58
8C=Z0
50=80
Z0=Z0
ZO=50
Su-z1
su-su
ke ZU

2ZU=-51

Appendixih
.. ‘Russien Minimgl Pairs. .

i}
11a)
43
L
45
46
by
o h8
Lo

- 50
51
52
53
sk
55
56
57
58
59
60

Bl
62
63
6le
65
66
67
68
69
70

L1
72
73
Th
75
76
7
75
79
80

ge-ze
se-ge
ZE=¥e
Ze-ge
8i-zi
#i-s5i
Zi-zi
zi-si
si-zi
si~si
Zi-z1
zi-gi
pa~-ba
pa-pa
ba-ba
ba-pa
pO-bHo
PO-PO
bo-ho

bo~po--

PU=-bu
pu-pu
bu-bu
bu-pu
pe~-be
pe-pe
be-be
bhe-pe
ka-ga
ka~ka

ga-ga
ga-ks
ko-go
ko=ko
g0~-g0
go=ko
ku-gu
k=l
gu-gu
gi=ku

-55.

ta—da"“

ta-te
da-da
da-ta
to~do
to-to
do-do
do-to
tu-du
tu-ta

du-du
du-~-tu
te~de
te-te
de-de
de-te
pi-bi
pi-pi
bi~-bi
bi-pi
ti-di
ti-%i
di-di
di-ti




Appendix B
' CV Pairs Used in Pilot Studies
Pilot Study 1

3’

kji-kji , sco~-sho ka-~-ka cha-cha
Ckii-xji : ¥¥o-¥¥o : ka-xa cha-tsa
xji-kji . shu-shu - xa<ka tsa-cha
xji-xji , shu-scu ' Xa-xa _ tsa-tsa
' ssuuseu ko-ko chi-chi
gsa~-s84a ‘ X4 _ ko-xo chi«tsl
sa-tsa : xo~-ko _ . tsi-chi
‘tea-sa cha-cha : X0-X0 tsi-tsi
tsa-tsa cha-tja ~ ku-ku cho-cho
se-se o - tja-cha ku-xu - cho-tso
se-tse tja-tja ' Ku-ku tso-cho
tse-~sel . -. chi-chi ' XU-XU ' tso-tso
tae-tse chi-t3i ‘ chu-chu
si-gi : ' - tji-chi " sja-sja ' chu-tsu
gi-tsi ' ‘ tyi-tji : . sja-tsa tsu-chu
tei-si S cho-cho ' ~ tsa-sja " tsu-tsu
tsi-tsi " cho-tjo tsa-tsa ‘
su~-su _ tjo-cho gje-sje
su-tsu ' - tjo-tjo : gje-tse
teu~su ... . chu-chu . tse-sje
tsu-tsu i - chu-tju . tse-{se
. o . tju~-chu sji-sji
sha-gha B tju-tju : - sji-tsi
gga-EEé : _ tsi-sji
. sca-sha kﬁe-kje _ - tsi-tsi
géﬁpgga kije-t je sjo-sjo
shi-shi tje-kje : sjo-tso
g%i-%ci - tje-tje . tso-sjo
sci-shi kji-kji - tso~tso
sci-8&i S kji-tii
sho-sho tji-kji
sho-¥¥o tji-tji

~56-




Appendix B (continued)

Pilot Study 2

pi-pi
pi-pji
pji-pi
pji-pji
bi-bi
bi-bii
bji-bi
bji-bji

ti-ti
ti-tji
tii-ti
t3i-tji
S di-ai
Cdi-dji
aji-di

- dji-dji

8il-si

o ogi-sji

sji-si
sji~sji
zi-zi
zi-zji
zji-zi
zji-zji

mi-mi
mi~mii
mji-mi
mji-mji
ni-ni
ni-nji
nji-ni
nJji-nji

1i-11
1i-1jid
1ji-ii
1ji-1ji
ri-ri
ri-rji
rji-ri
rji-rji

la-la
la-1ja
lja-la
1lja~1lja
ra-ra

Ta=rja

rja-ra
rja-rja

.4_57_

tje-tje
tje-tse
tse~ije
tse~tse
tia-tja

tja~tsa
-tsa-tja
tea~-tsa |

tsi-tsl
tei-tji
tji-tsi
tji-tji
tjo-tjo
tjo-tso
tso-tjo
tso-ts0
tju-tju
tiu-tsu
tsu-tju

tesu-tsu -

sje~-gje
sje-tse
tse-sgje
tse-tse
sju~sju
sju-tsu
tsu-sju
tsu-tsu

S0=80
so=tso

.tso=-80

tso=-tso




Appendix C

Proportions of Brrors in Pilot Studies of Consonant

Phoneme Discrimination

Pilot Study 1

i : -
(S A A

Contrast B Vowel
SIS VA i

/s : ts/ a, €, i, u
Jsh : ¥¢/ . &, i, o, u
feh : ty/ a, i, o, u
/k§ + t3/ e, 1

Jk rx/ a, 0, u
VENRE: ts/.ﬂ . a, e, i, o
/ch @ ts/ a, i, 0, u

-58-

No. of
Items

16
16
16

12
16
16

p(error)

L1b
.13
.06
.05
.03
.02
.01,
.00




Appendix C (continued)

Pilot Study 2 (Each contrast involved four items)

Contrast Vowel p(error}
. /s 1 ts/ _ o _ .28
oz s =3/ o i | - .17
/113 1 - 11
/s + 83/ . i .10
/n ot n3/ i .09
J1 s 13/ a .08
/83 té/ e .08
/t3 & ts/ u o7
/o p3/ i .06
/a s a3/ i .06
/v : rj/' -_a .06
Jrosori) i 06
/s 1 ts/ u .05
/ts : ﬁj/ e .04
Jt o t3/ i .0k
/m o onj/ | i _' _  .03
Jt3 ¢ ts/ | a S Lo
/td ¢ ts/ : o | .Olf
/t3 : ts/ | i | .00
/o 1 bi/ o 1 00

-59-




Appendix D .
Response Dependency Analysis

1 = error 0 = correct

Quartile o
Sub- : - o
jeet  p(1lo) p(1[1) p(1lo) »(1[1) p(1lo) »(1]1) w(1[0) p(1]1)
1. 162 261 .185  .183 71 217 L1866 .156
2. .169 .221 .185 .162 .248 217 .19k .090
3. .185> .230 211 .250 .225 258 1133 .120
b, 062 241 L0388 .067 .02k .0Q0 .030 .000
5. 156 .180 .092 .086 .076 L069 .ok7 .056
6. .109 .182 .051 .000 .033 .000 .016 .000
7. 217 .27 168 .115 .119 .167 0 .077  .206
8. 109 163 .060  .000 .02 063 011 .000
g. .129 .10k .100 .190 .106 122 - .056 .087
10 119 .130 .053 .095 .055 el .035 .133
11. 090  .162 112 136 116 .152 .056 .09
12. .058  .0b5 .038 067 041 .000  .033 077
13. .250 .31k . 320 261 276 .290 221,152
1h. 140 .19 ke 237 146 L1h5 .093  .059
15. 178 .233 186 .150 172 113 076 .036
16, 163 .190 .098 .15k .066 .080 .027 . 000
17. 223 .286 217 .15L 228 .190 156 .19L
18, .168 .209 .138 .182 .152 .183 .073 . 000
19. 247 292 .273 .299 .288 .356 261 275
20. .157  .206 .153 .197 .096 .108 .080 .034
Mean %
Propor-
tion 155, .203 LibL o L 1k8 .13k .139 .092 .088 -
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