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Abstract

This report complements our previous investigations on formants. Here, the
utterances of three groups (26 Japanese female students, 10 British and 20
American women) were analyzed, and statistically compared not only for the
formants, but also their percentiles. It turned out that only a few letters had
both F2 and F1 statistically similar to those of the natives; and preference to a

specific variety of English sound pattern was not statistically established.
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1 INTRODUCTION

In general, pronunciation has been one of the main curricular elements in the
English language learning and teaching programs towards nonnative speakers
of English, so that many different frameworks have been developed and
introduced in school classes in order to help students improve their speaking
skills [1].

In the Japanese educational environment context, the English language
learning and teaching in Japanese schools witnessed a major shift in the
teaching paradigm from ‘yakudoku’ — basically emphasizing English text

translation - to an approach focusing also on ‘the speaking and listening to be
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able to communicate in English language’ with the establishment of the Japan
Exchange and Teaching (JET) program in 1987 by the Japanese government in
cooperation with local administrations and contracting organizations. Briefly
speaking, this program has recruited qualified native speakers of English as
ALTs (assistant language teachers) to assist in English classes at each and
every school throughout the country from the elementary to high school levels.
Nevertheless, there are a number of reports related to the investigations
targeting Japanese college students, which have suggested that a great deal of
individuals struggle to distinguish as well as utter some of the English sounds
[2] [3] [4].

In fact, these issues can be interpreted in the scope of the investigations
made by Derwing and Munro [5], who pointed out that the teaching of English
pronunciation has faced many problems as lack of a systematic teaching
pronunciation methodology leading, most of the time, the instructors to do it
on a trial and error basis; not to mention that there is even a reluctance by the
part of the teachers themselves to teach this topic. Yet, this happens due to the
fact that there is still a lot of research to be carried out on pronunciation.
Indeed, in regard to the case of the English language learning by Japanese
students, our knowledge on what the patterns of the speaking sounds look like
as well as how they are characterized in relation to the sounds made by the
native speakers is still very limited; and, consequently, resources that can be
used by the teachers as references to correct or improve the pronunciation
skills of the learners in classes are neither enough nor abundantly available
yet.

As far as the formant analysis is concerned, it has been used in a variety of
branches of linguistics and phonology, and techniques to analyze the human
voice sounds have been well established based on the physiological characteristics
of the mouth and physical acoustic features of the sounds [7] [8]. In a few
words, the formant frequencies F2 and F1 are associated respectively with the
positioning of the tongue and rounding of the lips during the utterances [8].
Thus, these acoustical characteristics allow us to infer, to some extent, the

differences in the mouth movement and opening of the lips between two
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groups one relatively to the other in contrastive analyses. Incidentally,
recently Izuta [9] [10] presented some brief and preliminary investigations on
the formants and the percentiles of the sounds produced by Japanese students.

Thus, on taking these facts into consideration, the purpose of this
investigation is two-fold: (1) to make it clear how young Japanese female
college students say the letters of the English alphabet by comparing them
with the voicing of North American as well as British English speakers; (2)
understand the phonation strategy bearing on the analyses of the formants and

their percentiles.

2 EXPERIMENTAL PROCEDURE

The experimental setup was basically the same as reported in our previous
papers. Briefly speaking, Twenty six female college students aged 19 to 20
years old were grouped as JP (all students), Sl(nine first-year students
studying social sciences), E1 (nine first graders of English department) and E2
(eight second-graders of English department), as previously described. In
addition, sounds of ten female speakers of British English (group UK) and
twenty female individuals of Standard American English (group US) were
measured. The native speakers were women in the age range between late 20s
and 30s and allegedly healthy native speakers of English.

For the data acquisition and processing, the digital sounds were
pre-processed for noise filtering and analyzed with freeware “Praat”. The
percentiles at 0%, 10%, 25%, 50%, 75%, 90%, and 100% of the data sets for

each letter and each group were computed.

3 RESULTS

In this section we present the results. It is worth noting that preliminary
results were presented somewhere else (Izuta [9] [10]). The novelty here is the
detailed analyses and discussions focusing on the sub-groups of Japanese

students.
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Letter A

Fig.1 shows the plots of the formants F1 and F2 with F1 expressing the
vertical axis and F2 the horizontal one. Writing the points on the graph as the
pair (value of F2, and value of F1), these points read: JP (2058, 766), S1(2063,
789), E1(1999, 735), E2 (2117, 774), UK(2341, 632), US(2161, 638).
Interpreting them in terms of the movements of the mouth, it is
straightforward that the opening of the mouth, which related to the formant F1,
from closed to open position was (UK, US, E1, JP, E2, S1) with the leftmost
group (UK) being relatively closed whereas the rightmost was open. As for the
tongue positioning, which is associated with the formant F2, the order was (E1,
JP, S1, E2, US, UK) with the leftmost group (E1) having the most backward
position, and the rightmost group (UK) having the tongue in a forward
position.
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Fig. 1 F2 x F1 Graph. Letter A.

Fig.2 shows that the results of the statistical testing of the formants Fls. The
values expressed as (mean, standard deviation) were JP (765, 50), S1(789, 30),
E1(735, 44), E2 (774, 61), UK(632, 69), and US(638, 81). Fig. 2 (left) gives
the comparison of the utterances as whole, whereas Fig. 2 (right) is the
comparison results of the utterances at their percentiles. As a whole the groups

of students JP, S1, E1, and E2 were statistically different from the groups of
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native speakers. As for the percentiles, the groups JP, S1 and E1 correlated
positively with the groups of the natives in the last part of the sounds,
suggesting that the students tried to modulate their utterances to sound
native-like. Even though not true when compared to the group UK, the group

E2 correlated to the group US in most of the percentiles.

F1[Hz) Letter A-F1
1100
[UPXUK]JPxUS[S1 E1 [S1xE2 [S1UK[STxUS [E1xE2 [E1 xUK|ETxUS [E2xUK|E2xUS[UKUS|
s lelefnslel=lns o aTleloTlns]
1000
900
‘ A [ ow | 1ox | 25% | 50% | 75% | 0% [100%
800 ] JPdUK| x| x * * |+ | ns [ ns |
opxus| = [« | e | | s v | ns
00 | ster| = |+ |ns [ns [« [ns [ns |
SixE2| NS | NS | NS | NS | NS | N5 | NS
600 sixuk| = |+ o ||, = « | NS | NS
SixUs| = | = | *+ | = | = | « | NS |
500 789 - 774 rlxr7: n§ : ws [ws [ms [ = [ns 'IT |
EtxUK| NS, | * | # | *= | NS, | NS | NS
400 632 EtxUs| NS | Ns | # | * | Ns | * | NS |
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UKxUS| NS, | NS. | NS. | NS | Ns. | NS. | =
200
”» s1 £t 23 UK us

Fig. 2 Testing of F1. Left: whole utterance. Right: percentiles. Letter A.

F2[He] Letter A- F2
2800 R
[GPeUR|OPAUS [S12E1 [S1E2 [S1UK[S 108 E1xE [E1 xUK E1 U8 [E2UK E2U8 [ eS|
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sixE2| NS | N5 | NS | NS * « | NS
2000
S1xUK| NS NS * NS * * NS
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2058 2063 2137 =i - o -
1600 1999 E1xUS| NS | NS, [ Ns | NS | = « | Ns
E2xUk| NS [ s [« [ ns [+ + | NS
1400 E2xUS| NS NS * NS * * NS
UKxUS| NS NS * NS NS NS. NS
1200
w» s1 E1 E2 UK us

Fig. 3 Testing of F2. Left: whole utterance. Right: percentiles. Letter A.

The results of the statistical comparison for the formants F2s are given in Fig.
3. The mean values and the standard deviations were JP (2058, 106), S1(2063,
94), E1(1999, 91), E2 (2117, 112), UK(2341, 135), and US(2161, 196). The
groups JP and E1 were not statistically different from the group US for the
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sound as a whole (Fig. 3 - left). However, the comparison of the percentiles
shows that the group JP was correlated to US at 10%, 25%, and 50% only,
whereas E1 was in most of the percentiles (Fig. 3 - right). Note also that the

other groups of the students were partially correlated to the natives.

Letter B

The plots of the formants F1 and F2 as F2 x F1 are displayed in Fig.4. The
values of the pairs were JP (2095, 678), S1(2098, 687), E1(2051, 618), E2
(2142, 736), UK(2467, 501), and US(2271, 484). Thus, the lips rounding of
the speakers expressed by F1 were from a relatively closed to open position
given by (US, UK, El1, JP, S1, E2). This order says that the groups of the
students opened (rounded) the lips wider than the groups of the native
speakers. Focusing on the tongue positioning, the order of the groups from
back to forward position was (E1, JP, S1, E2, US, UK), which shows that the
students produced the sounds positioning the tongue in the far back of the
mouth then the native speakers.
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Fig. 4 F2 x F1 Graph. Letter B.

Fig.5 (left) illustrates the results of the statistical comparison of the formants
F1 for the sounds. The values of the means and standard deviations of Fls
were JP (678, 82), S1(687, 57), E1(618, 65), E2 (736, 84), UK(501, 116), and
US(484, 84). The comparison of the groups showed that none of the groups of
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the students correlated positively with the groups of the native speakers.
Looking at the percentiles of the sounds and carrying out the statistical
comparisons (Fig. 5 — right), we see that the group JP correlated to UK at 0%,
75%, and 75%; and to US only at 100%. For the other groups of the students,
S1 and UK correlated at 0%, 75%, 90%, and 100%; S1 and US, at 100%; E1
and UK, at 0%, 75%, 90%, and 100%; E1 and US, at 0%, 90%, and 100%; E2
and UK at 0%, 90%, 100%; E2 and US, at 0% and 100%.

F1[Hz] Letter B-F1
1100
[0PK [ IPUSTS 1 < [S1xE2 [STXUK]S1xUS[ET 2 [E1 xUK[E1 xUS|E2xUK]E2xUS[UKUS]
LB | * | » | NS [NS. | « | = | « | « | « | « | « | NS |
1000
900
| B | ox | 10% | 25% | sox | 75% [ gox | 100%
800 luPxuk]| N5 |« * + | NS | NS *
[opxus| = . . |« | = v | NS
700 |- I |S1xE1| NS NS NS L NS NS NS
|s1xE2| ns s [ ns [ ns [ ns s [ ns |
600 - SixUKk| ns | = . | NS | NS, | NS |
[ Sixus| = * * * * + | NS
500 |- [ExE2| Ns | ns [ ns [ ns | + [ Ns | Ns
687 [E1xUK| Ns . . « | Ns [ NS | ns
400 618 [Erxus| s |« v | « | ¢ | N8 | NS
501 484 |E2xUK| NS * * * * IS NS
300 [E2xUs| NS | = » | x|+ | * |[Ns
|okxus| Ns [ ns [ Ns | Ns | NS | NS | NS |
200
P s1 E1 E2 UK us

Fig. 5 Testing of F1. Left: whole utterance. Right: percentiles. Letter B.

F2 [Hz] Letter B-F2
3000
[ [OPXUK[JPXUS [S 1xET [§1xE2 [61xUK[S1xUS | E1xE2 [E1xUK E1xUS [E2xUK [E2xUS [UKxUS |
2800 - [BEl sl e s Ixl*][sl*l*[m]s NS
2600 -
2400 -
B 0% 10% | 25% 50% 75% 90% | 100%
2200 . . [ JpxUK| Ns [ ns [ Ns [ ns | # . | ns
JPxUS * NS NS NS * * NS
2000 sEl| » |« |+ [« | » | = [ns
SixE2| NS | * m " * « | NS
5 NS | NS S. | NS NS
1800 2467 STxUK| 1 NS | + | = [ns |
2271 sixus| N5 | NS | Ns | ns + « | NS
2142 2 s NS NS
1600 - 2095 2098 2051 E1xE2| NS * * * L NS NS
E1xuk| ns | ns + | NS + r | NS
ElxUs| = S | NS, | PR TS
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E2xUK| NS NS A NS
1200 E2xus| NS NS | NS. | % | ¢ | NS
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» s1 E1 - o~ = UKxUS| N N NS

Fig. 6 Testing of F2. Left: whole utterance. Right: percentiles. Letter B.

Fig. 6 (left) gives the comparison results for the means and deviations of F2

computed as JP (2095, 125), S1(2098, 103), E1(2051, 143), E2 (2142, 122),
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UK(2467, 184), and US(2271, 260). It shows that amongst the groups of the
students, only the group E1 was positively correlated to the group of natives,
namely US. Nevertheless, the comparison of the percentiles indicates that the
group JP and UK were statistically similar at 0%, 10%, 25%, 50%, and 100%;
JP and US at 10%, 25%, 50%, and 100%; S1 and UK as well as S1 and US, at
0%, 10%, 25%, 50%, and 100%; E1 and UK at 0%, 10%, 50%, and 100%; E1
and US, at 10%, 25%, 50%, and 100%; E2 and UK as well as E2 and US, at
0%, 10%, 25%, 50%, and 100%.

Letter C

The formants F1 and F2 as the graph F2xF1 are plotted on Fig. 7. In fact, the
average values of F2s and Fls were JP (2133, 789), S1(2145, 808), E1(2096,
760), E2 (2160, 801), UK(2492, 781), and US(2251, 663). Hence, the
movements of the lips as opening and rounding are, from closed to open
position, given by the following order (US, E1, UK, JP, E2, S1), which means
that in general the Japanese students opened their mouths wider than the
native speakers. As for the tongue positioning from back to forward position,
they are ordered as (E1, JP, S1, E2, US, UK), which suggests that the students
placed their tongues in the back of their mouths whereas the natives in
relatively forward positions. In summary, the students made the sounds with
their mouths open and the tongues pulled back.
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Fig. 7 F2 x F1 Graph. Letter C.
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Interestingly, the statistical comparisons of the formants Fls (Fig. 8 - left),
whose means and standard deviations were JP (789, 59), S1(808, 64), E1(760,
50), E2 (801, 58), UK(781, 198), and US(663, 93), show that all the groups of
the students — JP, S1, E1, and E2 — were statistically similar to the group UK,
but not to the group US. Yet, the comparisons of the percentiles in Fig. 8
(right) tells us that the formants F1 of JP and UK were statistically similar at
0%, 50%, 75%, 90%, and 100%; JP and US for percentiles from 75% to 100%;
S1 and UK as well as El and UK, and E2 and UK, at 0%, 50%, 75%, 90%, and
100%; S1 and US, at 90% and 100%; E1 and US, at 50%, 75%, 90%, and
100%; E2 and US, at 75%, 90%, and 100%.

F1 [Ha] Letter C- F1
1100
[9P<UK| JPxUS[S1xE1 [S1xE2 [S1xUK]S1xUS[E1xE2 [E1xUKET xUS [E2xUK|E2xUS [UKUS|
1000
900 | © 0% 10% 25% 50% 75% 90% 100%
JPxUK| NS * * | NS. | NS | NS [ NS
800 I |UPxUs| = * * * NS
S1xE1| Ns | NS | NS, | NS | NS
L sixe2| Ns [ Ns [ ns [ ns [ NS
- [s1xUK| NS * « | ns | NS
|s1xus| = % * * *
500 789 808 55 801 781 E1xE2| NS | NS | N8 | NS | NS
E1xUK| NS * * NS NS
400 I
EIxUs| = * RS
360 E2xUK| NS * * NS. | NS
E2xUS| = * . « | NS
200 UKxUS| NS NS | NS NS * NS | NS
» S1 E1 2 UK us

Fig. 8 Testing of F1. Left: whole utterance. Right: percentiles. Letter C.

As for the statistical comparisons of the formants F2s depicted in Fig. 9 (left)
and given by the mean and standard variation values JP (2133, 60), S1(2145,
14), E1(2096, 76), E2 (2160, 55), UK(2492, 158), and US(2251, 223), the
students had the group JP similar to US. All the other pairings of the groups of
students and natives speakers led to statistical difference between the groups.
Considering the comparisons of the percentiles (Fig. 9 — right), we see that JP
and UK were statistically similar at 0% and 50%, JP and US, at 10%, 25%, and
50%; S1 and UK, at 0%, 50%, and 100%; S1 and US, at 0% and 50%; E1 and
UK, at 0%, 50%, and 100%; EI and US, in the first half of the utterance —
namely at 0%, 10%, 25%, and 100% - E2 and UK as well as E2 and US at 0%,



50%, and 100%.
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Fig. 9 Testing of F2. Left: whole utterance. Right: percentiles. Letter C.

Letter D

Fig. 10 shows the graphs of the formants F1 and F2 paired as F2 x F1. The
values of F2s and Fl1s were JP (2100, 696), S1(2115, 715), E1(2050, 647), E2
(2138, 729), UK(2504, 556), US(2267, 510). Interpreting these plots in terms
of the movements of the lips as opening and rounding, they show that the
native speakers made the sounds with their lips in a slightly closed position.

In fact, ordering the groups according to the closed/open position of the lips

we obtain the ordering (US, UK, E1, JP, S1, E2) from closed to open.
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Fig. 10 F2 x F1 Graph. Letter D.
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As far as the tongue positioning is concerned, the ordering of the groups was
(E1, JP, S1, E2, US, UK) from back to forward. These indicate that that the
students opened their mouths wider and placed the tongues in the back than

their native peers.

F1[Hz] Letter D-F1

1100 -

[uPxUK[JPxUSSTxET [51 xrﬂsgrxurgi;:\ xUS[E1 xE2 [E1xUK[E1 xU\S](?)ﬁUK{[ZfXI)S{K}KXUVS_
NS | » 5 R * | + | NS

Ins [ns | s [ »

1000

200 D 0% 10% 25% 50% 75% 90% | 100%

JPxUK * * * * NS NS NS
800

JPxLS| = - ® e * NS
- sixE1| Ns. | Ns | Ns | ns [ NS [ ns [ ns
700 | ! } I
sixe2| Ns | ns [ ns [ ns [ ns [ ns [ ns
SixUK| = = = + | ns [ Ns [ ns
600
S1xUs| ns = = = | = + | NS
" E1xE2| NS. [ NS [ Ns | Ns | NS | NS | NS
s00 | 1
729 E1xlK| * « * « | ns [ ns [ ns
647 Elxus| NS [ x| = * | x| » [ ns
556 510 EoxUK| = = = = [ Ns | ns | NS
E2xus| Ns | = « - = + | ns
ukxus| Ns. | + [ Ns. [ Ns [ Ns | NS | Ns
00
”» s1 31 E2 UK us

Fig. 11 Testing of F1. Left: whole utterance. Right: percentiles. Letter D.
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The statistical comparisons of the formants Fls are given in Fig. 11 (left), in
which the means and standard deviations were JP (696, 79), S1(715, 92),
E1(647, 59), E2 (729, 63), UK(556, 163), and US(510, 72). The take away was
that the pairs JP and UK as well as E1 and UK showed statistical similarity,
and none of the combinations of the groups of students with the groups of
native speakers were similar. On the other hand, the testing results of the
percentiles given in Fig. 11 (right) say that JP and UK were statistically
similar at 75%, 90%, and 100%; JP and US, at 100%; S1 and UK, at 75%, 90%,
and 100%; S1 and US, at 0%, and 100%; E1 and UK, at 75%, 90%, and 100%;
El and US, at 0% and 100%; E2 and UK, at 75%, 90%, and 100%; E2 and US,
at 0% and 100%. Note that the groups of students tended to correlate
positively to US at 0% and 100%, and to the group UK at percentiles in the
last half of the utterances. Note that the groups of students were statistically
similar to the group UK at percentiles in the last half of the utterance, and

similarities with the group US at some sporadic percentiles.
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F2[Hz] Letter D~ F2
3000
UK JPUS S 11 [S12E2 [STxUK]S 108 | E1E2 [E1xUK E1xUS 250K E2408 [ UFos|
2800 2 !
2600
D [ ox [ 10% [ 25% [ so% | 75% | 90% [ 100%
2400 = = T
UPxUK| NS | NS « | NS * L
. pxus| Ns [ ns [ ns [ ns | = [ = [ ns
2200
T SIxE1| NS = * * * * NS
000 S1xE2| NS = * * + [« |ns
s1xUK| N5 | NS « | ns « |« | ns
PL SIxUS| NS | NS + | NS € |
1800 S1xUS| NS | NS NS. i *
2267 E1xE2| NS * * + * « | NS
1600 s e 2050 Zan E1xUK| NS. | N§ * NS * * NS
Eixus| NS | Ns [ ns | NS * | = | NS
1400 E2xUK| NS | NS « | NS * # | NS
E2xUS| NS | Ns « | NS » | = [ ns
1200 Ukxus| NS | NS | NS [ ns [ mns | ns | ns
w» s1 £1 E2 UK us B R e e =

Fig. 12 Testing of F2. Left: whole utterance. Right: percentiles. Letter D.

As for the statistical comparisons of the formants F2s (Fig. 12 - left), which
considered the averages and standard deviations given by JP (2100, 120),
S1(2115, 122), E1(2050, 120), E2 (2138, 113), UK(2504, 210), and US(2267,
372), led to statistical similarity between JP and US, and E1 and US. Indeed,
the details are presented in Fig. 12 (right). From this table, we see that JP and
UK are similar at 0%, 10%, 50%; JP and US, at 0%, 10%, 25%, 50%, and
100%; S1 and UK, at 0%, 10%, 50%, and 100%; S1 and US, at 0%, 10%, and
50%; E1 and UK, at 0%, 10%, 50%, and 100%; E1 and US, at 0%, 10%, 25%,
50%, and 100%; E2 and UK as well as E2 and US, at 0%, 10%, 50%, and
100%. A characteristic of these percentile comparisons is that the groups of
students were statistically similar to the groups of natives mainly in the first
half of the utterances.

Taking into account these results, the percentiles suggest that the students

have distinct strategy for producing the formants F1 and F2.

Letter E

Fig. 13 yields the graphs of F2 x F1. The pairs of F2 and F1 points plotted
are JP (2117, 659), S1(2106, 671), E1(2074, 619), E2 (2178, 691), UK(2610,
562), and US(2275, 487). The F1 formants gave the group ordering (US, UK,

E1l, JP, S1, E2) for the movements of the lips from closed to open positions. It
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shows that the native speakers had their lips (mouths) in a relatively closed
position compared to the students. Now the F2 formants teach us about the
tongue positioning, and the ordering of the groups based on the positioning of
the tongue from back to forward positions is (E1, S1, JP, E2, US, UK), which
implies that the natives placed their tongues in a point more forward than the
students.

Nevertheless, Fig. 14 (left) shows that the statistical testing of the F1
formants with the means and standard deviations described by JP (659, 77),
S1(671, 77), E1(619, 51), E2 (691, 89), UK(562, 192), US(487, 84) led to
statistical similarities between the groups of JP and UK, S1 and UK, El and
UK, and E2 and UK. In other words, though all the groups of students were
similar to the group UK, none of them correlated positively to the group US.
Moreover, Fig. 14 (right) indicated that JP and UK were statistically similar at
the percentiles of 75%, 90%, and 100%; JP and US only at 100%; S1 and UK,
at 75% and 90%; S1 and US, at 50% and 100%; E1 and UK, at 0%, 75%, 90%,
and 100%; E1 and US at 0% and 100%; E2 and UK, at 75% and 90%. Thus the

correlations of students and natives were seen at higher percentiles.

Letter E - F2xF1
F2

2700 2600 2500 2400 2300 2200 2100 2000
= = . s ; 450
]
Us 1{ so0
zle";o 2275
5 487
5 550
b E1
2074
619 41 600
»P
217 @
659 -
@ 5!
£2 ® 2106
2178 @ 671 200
691 ]
F1
750

Fig. 13 F2 x F1 Graph. Letter E.

On the other hand, as presented in Fig. 15 (left), the comparisons of F2
formants for the average and standard deviations values computed as JP (2117,

144), S1(2016, 140), E1(2074, 128), E2 (2178, 163), UK(2610, 174), and
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US(2275, 336), brought up statistical similarities for the pairs JP and US, and
E1l and US. The detailed results of the percentile comparisons are shown in
Fig. 15 (right). From these, we notice that JP and UK were similar at 0%, 10%,
and 50%; JP and UK, at 10%, 25%, and 50%; S1 and UK as well as S1 and US,
at 0%, 10%, and 50%; E1 and UK, at 0%, 10%, 50%; E1 and US, at 10%, 25%,
and 50%; E2 and UK as well as E2 and US, at 0%, 10%, and 50%. Note, that

these similarities were at lower values of percentiles.

F1[Hz] Letter E- F1
1100
[PUKTJPXUS[STXEN [1xE2 [S1XUK[STxUS[E1xE2 [E1xUK[ET xUS [E2xUKE25US [UKUS)|
1000 - | E [ NS [ » [ NS [ NS [NS | » [ NS NS [ « [NS | » [ NS
900
E 0% 10% | 25% [ 50% | 75% | 90% | 100%
840 JPXUK|  # * = + | ns | ns | Ns
JPxUS|  * * . N * + | NS
00 - ’ SIxE1| N f iS. | NS | NS, | NS | NS
SIxE2| NS. | NS [ NS | NS | NS | NS | NS
500 , SIxUK| *+ | = = + [ ns [ Ns |+
SixUs| * « | ns * + | ns
500 - : ExE2| NS. | Ns. [ Ns. [ NS | NS | NS, | NS
659 671 691 E1xUK| NS. | * # | = | Ns [ NS | NS
400 | s 562 ElxUS| NS. | * | = | = | * | « | NS
487 E2xUK| * * * = | Ns | NS *
300 E2xUS|  * . # | NS | * + | ns
UKxUS| NS. | NS. | NS, | NS | NS. | NS *
200 ‘
» s1 E1 E2 UK us

Fig. 14 Testing of F1. Left: whole utterance. Right: percentiles. Letter E.

F2 [Hz] Letter E - F2

3200
[UPxUK [ UPxUS (S 1xE1 [S1

1S 1xUS [ E1xE2 [E1xUK [E1xUS [E2xUK |[E2xUS [UKxLS,

3000
2800
2600 E [ ox [10% [ 25% [ sox [ 75% | oo% [100%
opxuk| NS | ns. [ ¢ | ns v .
2400 OPxUS| * | NS. | NS % *
SIxE1| * * * + | NS
2200 + S1xE2 * * * * NS
sixUk| Ns | NS | = » ”
a000 sixus| Ns [ ns | # P "
2610 E1xE2| NS | . v | ns
1800 EixUk| NS | NS * * .
2275 -
2178 E1xUs| * | NS | NS r | NS
1600 2074
E2xUK| NS | NS | * . 3
E2xUS| NS | NS | = ¥ *
1400 } I
UKsUS| NS | # « | ns [ ns [ ns | =
1200
» s1 £ 5] UK us

Fig. 15 Testing of F2. Left: whole utterance. Right: percentiles. Letter E.

Letter F
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The graphs of F2 x F1 are shown in Fig. 16. The values of F2 and F1 were JP
(2033, 974), S1(2032, 950), E1(2038, 971), E2 (2028, 1005), UK(2171, 1157),
and US(1957, 934). Ordering the F1s, which stand for the rounding/opening of
the lips, we have (US, S1, E1, JP, E2, UK) with t US being the group with the
lips/mouth in the least open position and UK in the most open position. Thus,
the groups of students located in-between these two extremes. Now, ordering
the groups according to the values of F2s sorted in an increasing fashion leads
to (US, S1, E2, JP, E1, UK). Again, the groups of students situated in-between
US, which was had the tongue in the far back position, and UK, which placed

forwardly the tongue.

Letter F - F2xF1
F2

2200 2150 2100 2050 2000 1950
900
s1 Us
2032 1957 @
g @ 950 934 4 950
203 @9 F°
971 2:7343
PY 4 1000
E2
2028
1005 4 1050
4 1100
UK
2171 @ 7 et

1157 F1

1200

Fig. 16 F2 x F1 Graph. Letter F.

Focusing on Fls (Fig. 17, left), which had the mean and standard deviation
values expressed by JP (974, 112), S1(950, 117), E1(971, 141), E2 (1005, 68),
UK(1157, 220), and US(934, 98), we realize that regardless the fact that the
native groups UK and US were not statistically similar, the groups JP, E1 and
E2 were all similar to both UK and US groups. In contrast, the group S1 was
statistically similar to US only. In addition, as detailed in Fig. 17 (right), the
comparisons of the percentiles show that JP and UK were similar at 0%, 90%,
and 100%; JP and US, at 0%, 10%, 50%, 75%, and 100%; S1 and UK, at 0%,
75%, 90%, and 100%; S1 and US, at 0%, 10%, 50%, 50%, 75%, and 90%; E1
and UK, at 0%, 10%, 50%, 75%, 90%, and 100%; E1 and US, at all

— 115 —



WIS RIRZ 7 JE R AR AR5 SUAEE e iy 36435

percentiles; E2 and UK, at 0%, 50%, 75%, 90%, and 100%; E2 and US, at 0%,
10%, 25%, 75%, 90%, and 100%. The groups of students were highly
correlated to the groups of natives at relatively higher values of percentiles
suggesting a kind of a strategy to adjust the opening of the mouth in order to

obtain a utterance sounding native-like.

F1[Hz) Letter F-F1
1800 . T
[UPxUK[UP<US[S1xE1 [S1xE2 51 xUKIS1 xUS [E1 xE2 [E1xUK[E1 xS [£2xUKE2xUS [UKxUS|
¥ Ny « [ NS | { ]

1600

1400 F 0% | 10% | 25% | 50% | 75% | 90% | 100%
UPxUK| NS # B * * NS. | NS
JPxUS| NS NS * NS NS. » NS

1200 1 | !

S1xE1| NS
S1xE2| NS
1000

N is s | N8
S1xUK| NS * = NS | NS | NS
SIxUS| NS. | NS * NS NS *
800 E1xE2| NS S. | NS N. NS
1157 E1xUK| * | NS !‘
600 974 950 971 1005 934 E1xUS| NS € S NS
E2xUK 3 NS S NS
400 E2xUS| NS NS NS IS NS
UKxUS| NS. | NS. | NS * * NS. | NS
200
”» s1 E1 £2 UK us

Fig. 17 Testing of F1. Left: whole utterance. Right: percentiles. Letter F.

F2 [Hz] Letter F-F2
2600

[uPxUK[aPxUS [S1xE1 [S 1xE2 [S1xUK|S 1xUS [ E1xE2 [E1xUKE1xUS [E2xUK|E2xUS [UKxUS
F | NS | » | NS NS | NS | NS | NS | NS « | NS [ NS | @

2400

2200 +

F 0% 10%
JPxUK|  #

2000 + pxus| Ns |
SixE1| NS | NS
SixE2| NS | Ns
e sixUk| Ns | =
2171 sixus| nNs | =
1600 | [RPLEE] 2032 2038 2028 — EixE2| NS s
E1xUK| NS | =
EtxUs| NS | N
1400 | E2xUK| NS | *
E2xUs| Ns | =
K B

1200 ! |

”» s1 E1 [3) UK uUs

Fig. 18 Testing of F2. Left: whole utterance. Right: percentiles. Letter F.

Looking at the F2 formants (Fig. 18, left), which had the mean and standard
deviation values written as JP (2033, 56), S1(2032, 73), E1(2038, 39), E2
(2028, 56), UK(2171, 179), and US(1957, 98), we get statistical similarity for
the pairs of JP and UK, S1 and UK, S1 and US, E1 and UK, E2 and UK, and
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E2 and US. It is worth noting that as in the previous case, UK and US were not
statistically similar to each other. From the statistical testing of the F2
percentiles (Fig. 18, right), it was found that JP and UK were statistically
similar at 50%, 75%, 90%, and 100%; JP and US, at 0%, 50%, 75%, 90%, and
100%; S1 and UK, at 0%, 50%, 75%, 90%, and 100%; S1 and US along all the
percentiles except at 10%; E1 and UK, at 0%, 50%, 75%, 90%, and 100%; E1
and US, at the same values as E1 and UK and at 10%; E2 and UK as well as E2
and US, at 10%, 50%, 75%, 90%, and 100%. As in the case of the Fl1
percentiles, the statistical similarities were verified mainly in the last half of
the utterances. In other words, it is likely that the students moved their

tongues forward and backward in an attempt to reproduce the native sounds.

Letter G

The F2 and F1 points represented by JP (2125, 709), S1(2133, 713), E1(2091,
677), E2 (2155,741), UK(2512, 668), and US(2465, 652) are placed in the F2
x F1 graph shown in Fig. 19.

Letter G - F2xF1
F2

2600 2500 2400 2300 2200 2100 2000
640
®
us 660
w12 @ 2465 i
e 652
@® 2001

677 -4 680

P 700

S1
2125
2133 ’ 709

720

£2
@ 2155 740
741

760

Fig. 19 F2 x F1 Graph. Letter G.

The F1 formants show that the ordering of the groups as (US, UK, El, JP, S1,
E2) holds as long as rounding of the lips from closed to open positions are

taken as the sorting key. This ordering means that the students opened their
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mouths wider than the native speakers. Still, considering the tongue
positioning associated to the formant F2 and ordering the groups from back to
forward positions, we have (E1, JP, S1, E2, US, UK), which means that the
students placed their tongues in the back of their mouths relatively to the

native speakers.

F1[Hz] Letter G- F1
1200
[UPXUK]UPUS[S1xET [S1xE2 [S1xUK[ST US| xE2 [E1 xUK[E1 US [E2UK[E2xUS |UKxUS|
G [ NS | NS [ Ns | n t s ‘ NS | NS | W NS [ NS | + [’r
1000
G | 0% | 10% | 25% | 50% | 75% | 90% | 100%
800 JPxUK|  # + < « | Ns | NS
JPxUS|  # * P * * | NS *
SixE1| Ns. [ Ns | Ns | Ns [ NS | Ns [ Ns |
SixE2| Ns. [ Ns. | Ns | Ns. | NS. | NS [ NS
600 SIxUK| + | =+ * | NS, | NS, | NS | =+
SixUs| NS | # * - * | NS | NS
709 713 - 741 E1xE2| NS, | NS. | NS | NS. | NS. | NS | NS |
200 652 ElxUK| + | = = | Ns | Ns [ ns [ o
EIxUS| NS. | * * NS NS, NS *
E2xUK| # | * = * NS | NS = |
E2xUS| NS, | # * * * NS. | NS
200 UKxUS| # |« = | NS [ NS [ NS [ NS
”» s1 E1 £2 UK us ) ; :

Fig. 20 Testing of F1. Left: whole utterance. Right: percentiles. Letter G.

F2 [Hz] Letter G- F2
3000
[UPxUK|IPxUS[S1xE1 [S1xE2 [S1xUK[S1xUS [ E1xE2 [E1:0K | E1xUS [E2xUK [E2xUS [UKxUS |
2800 B | o | o /NG| o | e | o |8 s | % |i » [bs
2600

2400 G 0% 10% 25% | 50% 75% 90% | 100%

PxUK| NS | NS « | NS

2200 I i pxus| » | NS | Ns | s B F P
S1xE1| NS « * P NS | NS, | NS
2000 S1xE2| NS « * P NS | NS | NS
— S1xUK| NS | Ns *+ | NS - .
555 | 2465 [stxus| ns | NS | NS | NS | = |
E1xE2| NS « # | NS | NS | NS
2133 2155 I 4 1 e !
1600 2z 2038 E1xUK| NS | NS + | Ns « .
ElxUs| * | NS Is * P «
1400 E2xUK| NS [ Ns | x | Ns ¥ = |
E2xUS| NS | NS * | NS * * *
216 UKxUS| NS | NS iS. | NS. | NS | NS. | NS
P s1 E1 E2 UK us

Fig. 21 Testing of F2. Left: whole utterance. Right: percentiles. Letter G.

* % %)% |x|*

The results of the statistical comparisons of Fls, which read JP (709, 56),
S1(713, 46), E1(677, 45), E2 (741, 64), UK(668, 284), and US(652, 93), are
presented in Fig. 20 (left). Leaving out the pair E2 and US, which were

statistically different, the other pairings of the groups of students with the
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groups of natives turned out to be statistically similar. Despite these results,
the comparisons of the percentiles showed that similarities were not verified
along all the percentiles. In fact, Fig. 20 (right) tells us that JP and UK were
statistically similar at 75% and 90%; JP and US, at only 90%; S1 and UK, at
50%, 75%, and 90%; S1 an US, at 0%, 90%, and 100%; E1 and UK, at 50%,
75%, and 90%; E1 and US, at 0%, 50%, 75%, and 90%; E1 and UK, at 75%,
and 90%; E2 and US, at 0%, 90%, and 100%. In contrast, Fig. 21 (left) shows
that the comparison results for the F2 formants, whose mean and standard
deviation values were JP (2125, 102), S1(2133, 114), E1(2091, 113), E2 (2155,
85), UK(2512, 207), and US(2465, 186), were such that the none of the groups
of students were statistically similar to the groups of natives. Still, Fig. 21
(right) shows that JP and UK were not different at 0%, 10%, and 50%; JP and
US, at 10%, and 25%; S1 and UK, at 0%, 10%, and 50%; S1 and US, at 0%,
10%, 25%, and 50%; E1 and UK, at 0%, 10%, and 50%; E1 and US, at 10%
and 25%; E2 and UK, at 0%, 10%, and 50%; E2 and US, at 0%, 10%, and 50%.

Letter H

Fig. 22 is regarded to the graph of F2 x F1, in which the values of the F2s
and Fls were JP (2094, 903), S1(2113, 902), E1(2044, 900), E2 (2129, 906),
UK (2544, 1182), and US(2356, 922). The F1 formants indicate that ordering
groups according to the movement of the lips and from closed to open, the

sequence (E1, S1, JP, E2, US, UK) holds.
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Letter H - F2xF1

F2
2650 2550 2450 2350 2250 2150 2050 1950
T T 850
E2 E1
2129 @@@ @ 2044 1 900
e 906 P 900
S1 2094
= 2113 903 950
2356 902
922
1000
1050
{ 1100
UK
2544 | 1150
1182
® F1
1200

Fig. 22 F2 x F1 Graph. Letter H.

This translates into a less open mouth for the group of students. As for the F2
formants, which are associated to the positions of the tongue, the sequence
(E1, JP, S1, E2, US, UK) is established if back-to-forward sorting is adopted.
Thus, we see that the students kept their tongues in a deeper back position

than the native speakers.

F1[Hz) Letter H-F1
1500 . - T . T T 1
’;"‘“KLG“‘B“’ 12 [E xUK[ED xUS [E2xUK[E2xUS [UKsUS |
H s | N ) « | N [ &
1400 » InsIns ] « [Ns [ « [NS
1300 H 0% | 10% | 25% | 50% | 75% | 90% | 100%
[IPxUK| NS = NS, | NS * * *
1200 JPxUS| NS * * NS * *
S1xE1| N3 NS | NS 5. | NS | NS s
400 S1xE2 IS is. | NS s | NS
SIxUK| NS. | NS | NS | Ns. | = * *
1000 F ——— -
SIxUS| NS * * * NS * *
S. | NS | NS. | NS. | NS | NS. | NS
900 E1xE2| NS I IS I ! SHR
E1xUK| NS NS NE NS * * *
1182 el —
800 | E1xUS| NS = = = NS = *
E2xUK| NS | NS | NS | NS * & *
700 903 902 922 E2xUS| NS = * * NS * *
UKxUS| NS NS * NS, * NS NS
600
500
P 1 E1 E2 UK us

Fig. 23 Testing of F1. Left: whole utterance. Right: percentiles. Letter H.

— 50 —
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F2[Hz) Letter H- F2
3100

|JPKUK [ JPxUS[S1xE1 [S1xE2 [81xUK|S1xUS | E1xE2 E1xUK|E1xUS [E2xUK [E2xUS [UKxUS
H - + | NS | NS - v | NS v | = - 5 *

2900

el H | ox | 10% | 25% | 0% | 75% | oox | 100
T JPxUK| NS | NS .
upxus| Ns | ns | ns [ ns
2500 SIxEI| NS | * | * | * | Ns
sixe2| ns | + | ns [ ns
2300 sixuk| Ns | NS |+ | ns
' sixus| ns | Ns |+ | NS | # * *
2100 I E1xE2| NS [+ “ RS
2544 E1xUK| NS \ * |
1900 2356 E1xUS| NS 1 NS | NS | NS
E2xUk| NS [ NS |+ [ NS
2098 S 2044 e E2xus| s [ ns | = | NS
700 UkxUs| x| « [ ns [ ns [ns [ ns
1500
» s1 21 23 UK us

Fig. 24 Testing of F2. Left: whole utterance. Right: percentiles. Letter H.

Fig. 23 (left) shows the results of the comparisons between the Fls, which
were calculated as JP (903, 57), S1(902, 82), E1(900, 48), E2 (906, 36),
UK(1182, 186), and US(922, 168). It says that the groups of students were all
not statistically different to the group US, and were indeed different to the
group UK. Now, the comparisons of the percentiles are given in Fig. 23 (right).
The groups JP and UK were not statically different at 0%, 25%, and 50%; JP
and US, at 0%, and 75%; S1 and UK, at 0%, 10%, 25%, and 50%; S1 and US,
at 0%, and 75%; E1 and UK, at 0%, 10%, 25%,and 50%; E1 and US, at 50%;
E2 and UK, at 0%, 10%, 25%, and 50%; E2 and US, at 0% and 75%.
Interestingly, considering the utterance as a whole, the group of students were
statistically similar to US; however, the percentiles show that the students
were more correlated to UK than the group US. Yet this correlation was
mainly in the first half of the sound length.

For the F2 formants (Fig. 24), whose values of the means and standard
deviations were JP (2094, 71), S1(2113, 76), E1(2044, 64), E2 (2129, 39),
UK (2544, 119), and US(2356, 168), the comparisons showed that none of the
groups of students were statistically similar to the groups of natives. As for
the comparisons of the percentiles, JP and UK were statistically similar at 0%,
and 10%; JP and US, at 0%, 10%, 25%, and 50%; S1 and UK as well as S1 and
US, at 0%, 10%, and 50%; E1 and UK, at 0% only; E1 and US, at 0%, 10%,
25%, and 50%; E2 and UK as well as E2 and US, at 0%, 10%, and 50%.
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Letter I

The pairs consisting of F1 and F2 formants for the groups given by JP (1875,
880), S1(1904, 848), E1(1853, 897), E2 (1867, 895), UK(1805, 863), US(1835,
836) had the graph F2 x F1 depicted in Fig.25. Sorting the groups in
increasing order from small to large values of F1 - rounding of lips from
closed to open positions - yielded the sequence (US, S1, UK, JP, E2, El).
Ruling out the group S1, the groups of students produced the sounds with their
mouths open wider than the groups of natives. As for the sorting of F2
formants also in increasing order form small to large values; i.e., tongue
positioning from back to forward position, led to (UK, US, E1, E2, JP, S1).
This sequence means that the students placed their tongues relatively forward
when compared with the natives. Note that the number of pairs showing
similarities along the percentiles is relatively high.

Yet, the mean and standard deviation values of the F1 formants given by JP
(880, 50), S1(848, 40), E1(897, 48), E2 (895, 50), UK(863, 185), and US(836,
103) rendered statistically similarities between the groups of natives, for
every single combination between the groups of students and that of natives
taken pair-wisely (Fig. 26 - left). The comparisons of the groups at different
percentiles gave statistically similar JP and UK at 0%, 25%, 50%, 75%, 90%,
and 100%; JP and US, at 50%, 75%, 90%, and 100%; S1 and UK as well S1
and US at all percentiles, but at 0%; E1 and UK at all values of percentiles; E1
and US at all percentiles, but 25%; E2 and UK as well E2 and US, at 0%, 50%,
75%, 90%, and 100% (Fig. 26 - right). A relevant characteristic observed in
the comparisons of the percentiles is that the groups of students were
statistically not different to the groups of natives mainly in the second half of

the utterance length.
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Letter | - F2xF1
F2

1910 1890 1870 1850 1830 1810 1790
820
us
1835 @
840
& 836
@ 1904
848
UK
- 860
@ 1805
863
»
1875 @ { 880
880
E1
® @ 13853
£2 7 900
1867
895 F1

920

Fig. 25 F2 x F1 Graph. Letter I.

Analogously, looking at the comparisons of the F2 formants, Fig. 27 (left)
gives positive statistical similarities for all the combinations of the groups of
students and speakers when taken in pairs. The values of the averages and
standard deviations of F2s considered in the statistical comparisons were JP
(1875, 68), S1(1904, 68), E1(1853, 61), E2 (1867, 73), UK(1805, 141), and
US(1835, 187). Fig. 27 (right) presents the results of the comparisons carried
out on the percentiles. JP and UK were not statistically different at 100% only,
JP and US at 50%, 75%, and 100%. S1 and UK, at 0% and 100%; S1 and US,
at 0% and 75%; E1 and UK, at 0%, 50%, and 100%; E1 and US, at 25%, 50%,
75%, 90%, and 100%; E2 and UK as well as E2 and US, at 0% and 100%.
Unlike the pairs JP and US, and E1 and US, which were similar in most part of
the second half of the utterance, the other pairs consisting of groups of
students and natives did not showed a clear pattern where the percentiles are
statistically similar. Yet, despite the similarities seen in Fig. 27 (left), the

number of percentiles, at which the groups were similar, is not so high.
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F1 [Hz] Letter | - F1
1200

[ 777}3[[’X@K.;{le§*5| XE1 [S1xE2 }SJ xUK]
1

r 12 [E1<UK[E1US [E25UKE2xUS [UKUS |
NS NS | NS | NS

[Ns [Ns [ NS [ NS [N

900 S1xUK * NS

sixus| » | Ns [ ns [ ns [ ns |
" E1xE2| NS s [ ns | ns | ns [ ns
800 E1xUK| NS | NS. | NS. | NS. | NS | NS |
Eixus| ns [ ns | # [ ns [ ns [ ns [ ns
i | as0 s - E2xUK| NS | x * | Ns [ NS | ws | ns |
848 863 236 E2xUs| Ns | =« + [ ns [ Ns [ ns [ ns
ukxus| NS | Ns. | NS [ NS | NS | NS | NS
600 |
500
”» s1 31 E2 UK us

Fig. 26 Testing of F1. Left: whole utterance. Right: percentiles. Letter I.

1100 - I | o% | 10% | 26% | 50% | 75 90% | 100%
JPxUK| NS « [ Ns [ Ns | Ns [ b NS
uPxUs| = * * | NS s, | 1 NS

1000 S1xE1| N3 . | N ! NS
SixE2| Ns. | NS | NS, | NS | NS |

—
)

F2 [Hz)

Letter | - F2
2400
[0PxUK] P US S 1xE1 [S1xE2 [81xUK]S 1US  E1xE2 [E1xUK[E1xUS [E2x UK E2xUS [UkxUS
T | Ns [Ns | Ns [ Ns [Ns [ Ns [ Ns [ IS | NS | NS | NS
2200
1 0% 10% 25% 50% 75% 90% | 100%
G OPxUK| ¥ ¥ F v | ns
T I JPxUS| = » [ Ns [ ns |+ | nNs
S1xE1 * NS NS NS NS NS NS
AR S1xE2| NS NS * NS NS NS NS
S1xUK| NS * * + * |
s1xUs| ns * * ¥ | ns ¥
1600 T 1
1875 iy E1xE2| NS NS * | NS NE NS NS. |
1853 a0 1835 ElxUK| NS | = | * [Ns | » | * | Ns
E1xUS * * NS NS NS NS NS
1400 -
E2xUK| NS * * * ¥ ¥ 1
E2xUs| NS P + ¥ P NS
5| N s | ns [ ns
1200 UKxUS| N is * ) N .
P s1 E1 E2 UK us

Fig. 27 Testing of F2. Left: whole utterance. Right: percentiles. Letter I.

Letter J

Let us now consider the sound of the letter J characterized by the formants
F2 and F1 describing the groups as JP (2091, 791), S1(2101, 802), E1(2068,
763), E2 (2107, 810), UK(2350, 778), and US(2254, 717) and plotted on the
graph in Fig. 28. Sorting the F1 formants in increasing order of values
produced the sequence (US, E1, UK, JP, S1, E2), which, apart from the group
E1, indicates that the groups of natives made the utterances keeping their lips

in a more closed position than the students. On the other hand, aligning the
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F2s in increasing order of their values led to the sequence (E1, JP, S1, E2, US,
UK), which means that tongue positioning of the natives were more forward

than the students.

Letter | - F2xF1
F2

2400 2350 2300 2250 2200 2150 2100 2050
. . . ) 700
us
@ 2254
717
E1
2068 | 450
763
[
UK
- a1
2810021 @ 2091
@ 79 1 8w
®
£2
2107
810 F1

850

Fig. 28 F2 x F1 Graph. Letter J.

Nevertheless, the statistical comparisons of the F1 formants, which had the
mean and standard deviation values given by JP (791, 48), S1(802, 43),
E1(763, 52), E2 (810, 42), UK(778, 291), and US(717, 169), provided positive
statistical similarities for all the comparisons between the groups of students
and natives (Fig. 30 - left). However that did not mean that the comparisons of
the percentiles were positives for most of the percentile values. In fact, Fig. 30
(right) says that JP and UK were not statistically different at 50%, 75%, and
90%; JP and US, at 50%, and 90%; S1 and UK, at 50%, 75%, and 90%; S1 and
US, at 50, 90%, and 100%; E1 and UK, at 50%, 75%, and 90%; E1 and US, at
0%, 50%, 75%, and 90%; E2 and UK, at 50%, 75%, and 90%; E2 and US, at
50%, and 90%. These values mean that the groups of natives had a tendency to
mimic, to some extent, the acoustical properties of the sounds generated by

the natives in the last half of the sound length.
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F1[Hz) Letter J - F1

1200, . [ PxUK|JP<US[S1xE1 [S1xE2 [S1xUK[S1xUS [ E1xE2 [E1xUK|E1xUS [E2 xUK|E2xUS [UKxUS|
[5 N [ Ns [ NS [Ns]Ns|NS[Ns[Ns [Ns NS NS [ NS

1100

1000

J | 0% | 10% | 26% | 50% | 75%
UPxUK| = ® + | NS NS
UPxUS| * * NS

9
) : NS
800 " [ [ns [« [ns |
sixet| Ns [ Ns [ Ns [ Ns [« | ns s
700, sixe2| ns [ ns [ ns [ ns [ ns [ ns s
o S1xUK| = w + [ nNs [ ns [ns | o+
sixus| = ¥ + | Ns | + | ns [ ns
500 Etxe2| Ns [ ns [ ns [ ns |« [ ns [ ns
791 802 763 810 778 ElxUK| * *# | Ns [ NS | NS | o+ |
400, T EixUS| Ns | * | * | NS [ NS [ NS | =
5 - E2xUK| * *+ | ns [ns [ns | o»
E2xus| * " « [ns |« [ns | o+ |
200 ukxus| Ns |« [ ns [ ns [ ns [ ns [ ns
100
» s1 £l E2 UK us

Fig. 29 Testing of F1. Left: whole utterance. Right: percentiles. Letter J.

900

F2[hz] Letter ) - F2
2800

[UPXUK]IPXUS S 1xE1 [81xE2 [S1xUK|S 1S  E1xE2 [ET<UK]E1 xUS [E2XUK [ E2US [UKxUS|
d | e [« | ) & [ & o | o | o [ & [N
2600

2400 J | ow [ 1ox [ 25% [ 50% | 75% | sox | 100%

JPxUK| NS is * | NS [ *
UPxUS| x| NS | NS

' NS " |
SIxE1| = * + | ns [ ns [ ns [ ns
2000 SIxE2| = * + | ns. [ ns [ ns | ns
SixUk| NS | NS | NS | Ns | » | # . |
1800 —— S1xUS ‘\i NS |.; in | Y, | i |
2254 E1xE2| NS « + | ns [ ns [ ns [ ns
2091 2101 2068 2107 Elxuk| NS | NS | ¢ | ns | ¢ | % | =
1600 | EixUs| NS | s | NS | NS * * =
[E2xuk| ns | ns | Ns. | Ns B * .
1400 E2xUS| NS. [ NS. | NS. | NS * * =
UKxUS| NS « | ns. | Ns | Ns | Ns | NS |
1200
”» s1 E1 2 UK us

Fig. 30 Testing of F2. Left: whole utterance. Right: percentiles. Letter J.

2200

As far as the comparisons of F2s are concerned, the results are pictured in
Fig. 30 (left). The average and standard deviation values of F2 were JP (2091,
75), S1(2101, 73), E1(2068, 92), E2 (2107, 56), UK(2350, 197), and US(2254,
159). Benchmarking the groups of students against the groups of natives led to
none of the groups of students being statistically similar to the groups of
natives. Moreover, the comparisons of the percentiles (Fig. 30 - right) show
that JP and UK were not statistically different at 0%, 10%, and 50%; JP and
US, at 10%, 25%, and 50%; S1 and UK as well as S1 and US, at 0% through
50%; E1 and UK, at 0%, 10%, and 50%; E1 and US, at 0% through 50%; E2
and UK as well as US were also at 0%, 10%, 25%, and 50%. Clearly, the
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positive similarities between these groups took part in the first half of the

utterances.

Letter K

The graph of F2 x F1 is given in Fig. 31. The groups had the points defined
the duo consisting of F2 and F1 values and described as JP (2104, 785),
S1(2095, 785), E1(2079, 757), E2 (2143, 818), UK(2375, 784), and US(2246,
676). The values of F1 mean that the group US had the smallest opening of the
mouth whereas the group E2 the greatest. As a matter the fact, lining the
groups from the smallest to widest opening, it became (US, E1, UK, S1, JP,
E2). For the tongue positioning described by the F2 formants, the groups were
aligned as (E1, S1, JP, E2, US, UK) in order of positioning in the back to
forward places. This sequence shows that the groups of natives had the

tongues positioned at points located in the front region of the mouth.

F2 Letter K - F2xF1

2400 2350 2300 2250 2200 2150 2100 2050
; 650
us
- 670
2246 @
676 | s90
4 710
E1
079 | 730
757
4 750
®
UK P 1 |7
® 2375 2104 @@ 2095 | oo
784 785 785
E2 - 810
2143 @
818 | 830

850

Fig. 31 F2 x F1 Graph. Letter K.
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F1[Hz] Letter K - F1
1100
[ IPXUK|JPxUS[S1 xE1 [S1xE2 [81xUK]S1xUS[E1 xE2 [E1 xUK|E1 xUS [E2xUK|E2XUS [UKxUS|
[k In # | NS [NS [NS | * | NS | NS ¥ [N
1000
900 [ K | os [ 1ox [ 25% | s0% [ 75% | 90% |100%
JPxUK| NS * + | NS | Ns | NS | Ns
800 JPxUS|  * * * * = NS | NS
SIxE1| NS | NS | NS. | NS = | NS | Ns
700 SIxE2| NS. | NS. | NS. | NS. | NS | NS. | NS
S1xUK| NS * # | NS | NS | NS | NS
600 stxus| « | = + | Ns | » | NS | Ns
EixE2| NS | NS | NS [ N8 B + | NS
500 785 785 =57 818 784 E1xUK| NS * NS | Ns | NS | NS
676 ElxUS| * : * | NS | NS | NS | NS
400 - E2xUK| NS * | NS | NS | NS | NS
E2xUS| = * * | o= * | NS
300 UKxUS| NS | Ns | NS. | NS = | Ns | Ns
200
» s1 E1 E2 UK us

Fig. 32 Testing of F1. Left: whole utterance. Right: percentiles. Letter K.

F2[Hz] Letter K - F2
IPxUK|JPxUS|S 1 xE1 [S1xE2 [S1xUK[S 1xUS | E1xE2 [E1xUK|E1xUS [E2xUK [E2xUS [UKxUS|
N |
2600
2400
K 0% 10% 25% 50% 75% 90% | 100%
2 JPxUK| NS * + | NS % m »
2200 JPxUS * NS NS S. * * *
S1xE1 * * * NS. * NS NS
2000 | S1xE2| =* * * * * NS NS
S1xUK| NS * * s * + | NS
1800 - 2375 SIxUS| NS * * s « +* NS
2246 EixE2| =+ e * NS, | NS | NS [ N
2104 2095 2143 NS [ NE
1600 | 2079 E1xUK| N * + | N |
E1xUS| NS NS NS * * *
E2xUK| Ns * * P + | ns
1400 | E2xUS| NS | # P - * | NS
UKxUS| NS * N NS NS N
1200 '
P S1 E1 E2 UK us

Fig. 33 Testing of F2. Left: whole utterance. Right: percentiles. Letter K.

Comparing the groups for Fls (Fig. 32, left), whose means and standard
deviations of the groups were JP (785, 59), S1(785, 50), E1(757, 52), E2 (818,
63), UK(784, 136), and US(676, 90), showed that the groups of students were
all not statistically different to the group UK. Yet, none of them was
statistically similar to the group US. Note that UK and US were not similar.
Fig. 32 (right) shows comparison results of the percentiles across the groups.
In fact, JP and UK were statistically similar at 0%, 50%, 75%, 90%, and
100%; JP and US, at 90% and 100%; S1 and UK, at 0%, 50%, 75%, 90%, and
100%; S1 and US, at 50%, 90%, and 100%; E1 and UK, at 0%, 50% through
100%; E1 and US, at 50% to 100%; E2 and UK, at 0% and 50% to 100%; E2
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and US, at 100% only. These similarities were verified mainly in the last half
of the utterances.

As far as the comparisons of F2 are concerned, Fig. 33 (left) shows that these
were carried out for the groups defined by JP (2104, 59), S1(2095, 53),
E1(2079, 61), E2 (2143, 50), UK(2375, 146), and US(2246, 172), in which the
first values stand for the means and the latter for the standard deviations. Now,
the comparisons provided statistical similarities for none of the combinations
of groups of students and natives. As for the comparisons of the percentiles,
Fig. 33 (right) shows that JP and UK were statistically similar at 0% and 50%;
JP and US, at 10%, 25%, and 50%; S1 and UK as well as S1 and US, at 0%,
50%, and 100%; E1 and UK, at 0%, 50%, and 100%; E1 and US, at 0%, 10%,
25%, and 50%; E2 and UK as well as E2 and US, at 0%, 50%, and 100%.

Letter L

The points of UK and US on the graph F2 x F1 as shown in Fig. 34 were
located in the right region whereas the groups of students were placed in the
lower left part of the graph. Indeed, the values of F2 and F1 formants for the
groups were JP (1944, 804), S1(1999, 798), E1(1917, 795), E2 (1914, 821),
UK (1626, 795), and US(1568, 741).

Letter L - F2xF1
F2

2100 2000 1900 1800 1700 1600 1500
730
® 740
us
1568 (| %29
74
2 760
{ 770
E1
s1 UK 780
= 1017 1626
798 795 795 1 790
PY { ] ®
800
[ ]
”» 1{ 810
1924 ®2
804 @ 1914 1 820
821 i

830

Fig. 34 F2 x F1 Graph. Letter L.
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Ordering the Fls according to their values in increasing order, we had the
sequence (US, UK, E1, S1, JP, E2), which means that the students opened their
mouths wider than the natives. As for the F2s, the ordering sequence was (US,
UK, E2, E1, JP, S1) with the native speakers placing their tongues in the
frontal part of the mouth.

Fig 35 (left) depicts the results of the F1 statistical comparisons for the
groups characterized by the averages and standard deviations as JP (804, 51),
S1(798, 50), E1(795, 55), E2 (821, 50), UK(795, 87), and US(741, 65). It says
that the groups of students were all not statistically different to the groups of
natives. Furthermore, the groups S1 and E1 were also statistically similar to
the group US. Actually, UK and US were also not different from each other.
Focusing on the comparisons of the percentiles, Fig 35 (right) shows that JP
and UK were not statistically different at 25%, 75%, 90%, and 100%; JP and
US, at 10%, 25%, 50%, and 100%; S1 and UK, at all percentages but 0%; S1
and US, at 10%, 25%, 50%, and 100%; E1 and UK, at all percentages but 10%;
E1l and US, at all percentages; E2 and UK, at all percentages but 10%; E2 and
US, at 0%, 10%, 25%, 50%, and 100%.

F1[Hz) Letter L-F1

1100
[ TuP<UKIIPXUS[S 1 xE1 [S1xE2 [S1xUK[S1xUS[E1xE2 [E1 xUKE1 xUS [E2xUK|E2 xUS [UKxUS|
[T Ins| » [ns [Ns [ NS [ NS [ NS [ Ns [ NS [ Ns [ + | Ns

1000
900

L | ox | 1o% | 25% | 50% | 75% | 90x% | 100%
800 JPxUK * * NS * NS NS NS

JPxUS| = | NS | NS | NS = | = | NS
700 S1xE1| NS | NS = | NS = * | NS
S1xE2| NS | NS = | NS | NS | NS | NS
600 SixUk| = | NS [ NS | NS | NS | NS | NS
SixUS| = NS | NS | NS * * | NS
500 804 798 795 821 795 EIxE2| NS | NS | NS | NS | NS | NS | NS
741 E1xUK| NS * NS. | Ns. | Ns | Ns | NS
400 E1xUS| NS | NS | NS | NS | NS | NS | NS
E2xUK| NS * NS | Ns | Ns | NS | NS
300 E2xUS| NS | NS | NS | NS b * | Ns
UKxUS| NS | NS | NS B NS | NS | NS

200

P s1 E1 E2 UK us

Fig. 35 Testing of F1. Left: whole utterance. Right: percentiles. Letter L.

zlzlzlz|z|z

The comparisons of F2s are given in Fig. 36. The groups had the means and
deviations described by JP (1944, 133), S1(1999, 121), E1(1917, 127), E2
(1914, 149), UK(1626, 127), and US(1568, 107). Fig. 36 (left) indicates that

— 60 —
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none of the groups of students were statistically similar to the groups of native
speakers. As a matter of fact, Fig. 36 (right) shows that JP and UK were not
statistically different at 90%, and 100%; JP and US, at 100%; S1 and UK, at
75%, 90%, and 100%; S1 and US, at 90%, and 100%; E1 and UK, at 0%, 50%
through 100%; E1 and US, at 50%, and 100%; E2 and UK as well as E2 and
US, at 75%, 90% and 100%.

F2 [Hz) Letter L - F2

2400 - T T T = . -
[UPxUK[JPxs 5 1xE1 [51xE2 [51xUK[S 1xUS [E1xE2 [E1xUKE1xUS [E2xUK [E2xU8 [UKxUS

2200

| L 0% 10% | 25% 50% | 75% 90% 1()0'%‘
JPxUK * * NE

JPxUS| * |
000 S1xE1 * NS NS NS

[ 1
* s | NS
‘ * s | ns
S1xE2| NS NS NS NS * * NS
[stxun| = « | = + | Ns | NS | NS |
18001 S1xUS| * [ = P # | ns [ ns
| [Enxe2] ns [ ns [ns [ns [ ns [ ns | ns |
| E1xUK| NS * = [ Ns | Ns | ns | NS
1600 1944 1914 [Erxus| « « |« | ns | = + | NS
E2xUK| * * * *+ | NS | NS | NS
E2xUS| = * * * | Ns [ Ns | Ns
100 anas [kaus| = | ns | Ns | NS | NS | NS | NS |
1200
”» 51 £l £2 UK us

Fig. 36 Testing of F2. Left: whole utterance. Right: percentiles. Letter L.

Letter M

Fig.37 gives the graph of F2 x F1, in which the groups had F2 and F1
formants expressed by JP (1992, 820), S1(1979, 778), E1(1971, 805), E2
(2030, 885), UK(1880, 681), and US(1779, 648). Sorting the groups from
those with the smallest value (smallest aperture of the mouth) to the largest
value (widest opening) led to the sequence (US, UK, S1, E1, JP, E2), which
tells us that the groups of students made the utterances by opening their
mouths wider than their native peers. As for F2, the sequence became (US, UK,
E1l, S1, JP, E2) with the groups of natives having the tongues in the back
position compared to the students. The comparisons of Fls were carried out
with the means and averages computed as JP (820, 98), S1(778, 52), E1(805,
101), E2 (885, 110), UK(681, 96), and US(648, 97).
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Letter M - F2xF1

F2
2050 2000 1950 1900 1850 1800 1750
: : . : . 600
[ 650
Us
@ 1779
UK 648 4 700
1880
s1 681
1979 550
778
E1
® 1971 1 800
[ ] 805
E2 P
2030 1992 1 850
885 820
® F1
900

Fig. 37 F2 x F1 Graph. Letter M.

The results given in Fig. 38 (left) say that none of the groups of students
were all statistically different from the groups of natives when paired for
comparisons. Looking at the comparisons of the percentiles (Fig. 38 — right),
we have that JP and UK are not statistically different at 0%, 50%, 75%, 90%,
and 100%; JP and US, at 0% only; S1 and UK, at 0%, 50% to 100%; S1 and
US, at 0%, 50%, 90%, and 100%; E1 and UK, at 0%, 50% to 100%; E1 and US,
at 0%, 10%, 50%, 75%, and 100%; E2 and UK, at 0%, 50% to 100%; E2 and
US, at 0% only. These positive correlations were seen mainly in the last half

of the sound production.

F1[Hz] Letter M - F1
1400 -
[UPxUK|JPxUSS1xE1 [S1xE2 [S1xUK[S1xUS [E1 xE2 [E1 xUK|E1 xUS [E2xUK|E2xUS [UKxUS|
e e e s e S
1160
M 0% 10% | 25% | 50% 15% 90% | 100%

1040 - JPxUK| NS « « s | Ns [ NS [N
JPxUS| NS * * * * * *

920 - : SIxE1| NS. | NS | NS | NS | NS | NS
sixE2| NS | NS, | NS NS ¥

800 : S1xUK| NS * * NS. | NS
staus| ns |« | e NS [ ns

680 E1xE2| NS | NS | N8 NS | N

- ass E1xUK| NS * . NS | NS
E1xUS| NS NS * * NS

778 :

440 681 s E2xUK| NS * * N NS
E2xUS| NS * « * . &

320 UKxUS| NS | NS * s | NS « NS

200

P S1 E1 E2 UK us

Fig. 38 Testing of F1. Left: whole utterance. Right: percentiles. Letter M.

— 62 —
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For the F2 formants, the averages and deviations of the groups were JP (1992,
99), S1(1979, 91), E1(1971, 99), E2 (2030, 108), UK(1880, 152), and
US(1779, 115). Fig. 39 (left) gives illustrates the statistical comparisons
across the groups of students and natives. Statistical similarities were
computed for the pairs S1 and UK, S1 and US, E1 and UK, and E2 and US. Fig.
39 (right) shows that nevertheless JP and UK were not statistically similar, the
comparisons of the percentiles went positive for all values of percentages. JP
and US were similar at 100%; S1 and UK as well as S1 and US, El and UK,
E2 and UK, E2 and US were similar at all values of percentages. E1 and US, at
0%, 50%, and 100%. Thus, most of these comparisons turned out to be

statistically similar.

F2 [Hz] Letter M - F2
2400 e — T — T —
IPXUK JPUS [S1xE1 [S1xE2 [S1xUK|S 1 xUS | E1xE2 |E1xUK [E1xUS |E2xUK | E2xUS [UKxUS

M [

2200

M 0% 10% [ 25% | 50% 75% [ 90% | 100%
2000 c

r JPxUK| NS NS NS NS NS NS N
JPxUS * * * * * * NS
S1xE1| NS * * NS * NS NS
1800
S1xE2| NS * * * * * *
S1xUK| NS NS NS NS NS NS NS
sixus| Ns | NS [ Ns [ Ns [ ns s. | ns
1600 1992 1979 1971 2030 ExE2| NS | » | s | * | ns
1880 * [ * .
1779 E1xuk| Ns | Ns [ ns [ ns [ ns [ W NS
E1xUS| NS * * NS * * NS
1400
E2xUK| NS NS NS NS NS NS NS
E2xUS| NS. NS NS NS, NS NS NS
5| = s s. | ns [ ns [ ns | ns
1200 UKxUS l NS | NS l | B i
P s1 E1 E2 UK us

Fig. 39 Testing of F2. Left: whole utterance. Right: percentiles. Letter M.

Letter N

Fig. 40 depicts the points of the F2 and F1 formants expressed as the graph
F2 x F1. Actually, the values of F2 and F1 characterizing the groups were
JP(1996, 789), S1(1997, 765), E1(1958, 757), E2(2039, 851), UK(1988, 749),
and US(1853, 623). The sequence (US, UK, El1, S1, JP, E2) gives the groups
ordered by the values of F1 formants from the smallest to the largest, so that
the groups of students opened their mouth wider than the natives. Moreover,

ordering the groups in increasing order of the values of F2, the sequence
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became (US, E1, UK, JP, S1, E2) with the group US placing the tongue in the
back deeper than the others whereas the group E2 placed somewhere more

forwardly than the others.

Letter N - F2xF1

F2
2050 2000 1950 1900 1850 1800
- 600
[ ]
us
1853 s
623
UK -4 700
1988
749 -
s1 @ 1 750
1997 @ @ 1958
765 757
bt 800
JP
1996
E2 789
® 2039 | 850
851
B
! 900
Fig. 40 F2 x F1 Graph. Letter N.
F1 [Hz] Letter N - F1
1100 ) ) ) - - )
[ [IPXUK] JPXUS|S1xE1 [S1xE2 [S1xUK|S1xUS [E1 xE2 [E1 xUK|E1 xUS[E2xUK|E2xUS [UKxUS |
[N Ins | « [N Wo ] w [ [ NS [ w [ NE[» | »
1000 -
900 |
. N | ox | 10% | 25% | 50% | 75% | 90% | 100%
B b ‘ JPxUK| NS * * | NS, | NS | Ns [ NS
- PxUs|  # * * * v + | nNs
0 SIxE1| NS. [ NS | NS | NS | NS. | NS | NS |
Si1xE2| NS. [ NS | NS | NS | NS. | NS [ NS
B T S1xUK| NS * : NS, | NS | NS | NS
851 S1xUS| NS w * | NS + | NS | NS
=R 757 E1xE2| NS NS NS NS * NS | NS
E1xUK| NS * * NS NS NS N
L 623 1 {
40 EIxUS| = * = | NS [ ns. | NS s
E2xUK| NS + * « [ ns | ns [ ns
MW T E2xUS| NS I * * *# | NS |
ukxus| NS | NS | Ns | NS | NS « | NS
200 !
» s1 £1 £2 UK us

Fig. 41 Testing of F1. Left: whole utterance. Right: percentiles. Letter N.

Fig. 41 (left) depicts the comparison results of the Fls. The values of the
means and variations were JP (789, 81), S1(765, 56), E1(757, 72), E2 (851,
84), UK(749, 131), and US(623, 101). It tells us that the groups of students
were all statistically similar to the group UK, but none of them to the group
US. Furthermore, Fig. 41 (right) shows that JP and UK were not statistically
different at 0%, 50% to 100%; JP and US, at 100% only; S1 and UK, at 0%,
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50% to 100%; S1 and US, at 0%, 50%, 90%, and 100%; E1 and UK, at 0%,
50% to 100%:; E1 to US, at 50% to 100%; E2 and UK, at 0%, 75% to 100%; E2
and US, at 0% and 100%. It is clear that these positive correlations held
primarily in the last half of the utterance generation.

Now, the comparison results of F2 formants with means and standard
variations of the groups given by JP (1996, 82), S1(1997, 50), E1(1958, 101),
E2 (2039, 75), UK(1988, 197), US(1853, 170) are given in Fig. 42 (left). In
addition the pair S1 and US, all the groups of students were not statistically
different from the group UK. Fig. 42 (right) figures the results of the
percentile comparisons. From it, all the groups of students were statistically
similar to the group UK for all values of percentages. As for the comparisons
with US, JP and US were similar at 50% to 100%; S1 and US, at all
percentages; E1 and US at 25% to 100%; E2 and US at all percentage values.

F2[H2] Letter N - F2
2400
[UPXUK[JPxUS [S 1xE1 [81xE2 [ 1xUK]S 1xUS | E1xE2 [E1xUK E1xUS [E2xUK [E2xUS [UKxUS

2200

N 0% 10% 25% | 50% 75% 90% | 100%

JPXUK| NS NS NS NS NS NS NS
oPxUs| « | = | * | NS | NS | NS | N
SixE1| NS | = | » | Ns | Ns | NS
SIxE2| NS | * | * | = < | » |N
S1xUK| NS NS NS NS NS NS
S1xUS| NS NS NS NS NS NS

1996 1997 1958 2039 1988 Exe2] + | * | * | * | Ns | NS | NS
E1xUK| NS NS NS NS, NS S
EtxUs| » | = | NS | NS | NS | Ns
E2xUK| NS NS NS NS NS NS
E2xUS| NS NS NS NS NS NS
UKxUS| NS NS NS NS. NS NS N

» s1 E1 £ UK us

Fig. 42 Testing of F2. Left: whole utterance. Right: percentiles. Letter N.

2000

1800

160

5}

1400

W oo |6 |6 |5 |6 |6 |6

1200

Letter O

Consider the groups be given by their F2 and F1 formants as JP (1557, 795),
S1(1549, 807), E1(1522, 772), E2 (1606, 806), UK(1739, 635), and US(1313,
633) then the graph F2 x F1 is given by Fig. 43. Aligning the groups according
to the values of F1 leads to (US, UK, EIl, JP, E2, S1) with the leftmost
representing the group with the closest position and the rightmost the widest

open mouth. So, it shows that the groups of students showed their mouths
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open wider than the natives. As for the sequencing of the groups according to
the values of F2 formants, we have the ordering (US, E1, S1, JP, E2, UK) with
the leftmost group having the tongue placed innermost and the rightmost

group having the tongue in a outermost position.

Letter O - F2xF1

F2
1800 1700 1600 1500 1400 1300 1200
600
UK us
@® 1739 @® 1313
635 633 650
700
P 4 750
1557 E1
795 @ 1522
E2 772
1606 @ Lo
806 s1
1549
07 850
F1
900
Fig. 43 F2 x F1 Graph. Letter O.
F1 [Hz] Letter O - F1
1100
[ OPUK|JPUS]S 1T 612 [61xUK]5 1 U 1 xE2 1 <UKETxUS [E2XUK] 2085 |UKxUS |
[0 1« [« INsINS] » | &N T

1000

900

o I o% | 10% 25% 50% 75% I 90% | 100%
800 N S

UPXUK| ¥ | = = # | nNs [ ns | ns
oPxUs| * * = * * NS
00 S1xE1 | S | NS, NS NS NS S NS
S1xE2| NS NS NS NS NS S NS
R SixUK| +# * = * NS | NS, | NS
S1xUS| * * * * P ¢ | NS
g0 795 807 772 806 Eixe2| NS [ NS [ Ns [ Ns [ N s | NS
E1xUK| NS . = * ] NS
4% o3 e E1xUS| Ns * * * s NS
E2xUK| NS | = B # NS
300 e * ¥ NS
UKxUS| NS | NS NS NS NS NS NS
200
”» s1 31 £2 UK us

Fig. 44 Testing of F1. Left: whole utterance. Right: percentiles. Letter O.

Fig. 44 (left) depicts the statistical comparisons of the F1s across the groups,
which were characterized by the means and standard variations as JP (795, 49),
S1(807, 26), E1(772, 55), E2 (806, 57), UK(635, 141), and US(633, 104). The
graph shows that there were no groups of students, which were statistically

similar to the groups of natives. As for the comparisons of the percentiles are
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given in Fig. 44 (right). JP and UK were statistically similar at 75%, 90% and
100%; JP and US, at 90% and 100%; S1 and UK, at 75%, 90%, and 100%; S1
and US, at only 100%; E1 and UK as well E1 and US, at 0%, 75%, 90%, and
100%; E2 and UK, at 0%, 90%, and 100%; E2 and US, at 0%, and 90%.
Despite the fact that the groups of students were statistically different from
the groups of natives, the comparisons of the percentiles came up with
statistical similarities at a number of percentages. Yet, these correlations were

seen mostly in the last half of the utterance generation.

F2[H2] Letter O - F2
2200 ) ) )
[JPXUK[JPxUS [S1xE1 [S1xE2 [S1xUK[S1xUS | E1xE2 [E1xUK [E1xUS [E2xUK [E2xUS |UKxUS |
[o Tnus | » . * | Ns | NS | % [ Ns | = | NS [ Ns | w |
2000 +
o | ox [ 10x [ 25% | 508 | 75% [ 0% [100%
PxUK| Ns | Ns [ » [Ns [ Ns [ NS
1800 - UPxUS|  * ¢ *

S1xE1 | ns

S1xE2| NS
sixuk| | ns |

\
)
" . ;
2 : e | = |
1600 - | ns. [ Ns | ns | N
SWXUS NS. NS 4 NS NS NS NS I
I E1xE2| NS * * N NS NS
1133 E1xUK| NS | NS | * | NS | NS | NS | NS
1400 | 1606 S| + | = | Ns |Ns | = s
1557 1549 E1xUS NS “* NS
E2xUK * NS * NS NS NS NS
E2xUS * NS * NS NS NS NS
1313 .
| ukxus| x| o= | NS, | Ns. | NS | NS
P S1 E1 E2 UK

1200
us

NS

#lxls|#]+]=

Fig. 45 Testing of F2. Left: whole utterance. Right: percentiles. Letter O.

Fig. 45 (left) presents the comparison results for F2 formants across the
groups, which were expressed in terms of averages and standard variations as
JP (1557, 103), S1(1549, 114), E1(1522, 112), E2 (1606, 63), UK(1739, 253),
and US(1313, 212). It tells us that all the groups of students were not
statistically different from the groups of natives. Furthermore, Fig. 45 (left)
yields the results of the percentiles comparisons which say that JP and UK
were statistically similar at all percentages but 25%; JP and US, at 100% only;
S1 and UK at 10%, 50% to 100%; S1 and US as well E1 and UK, at all
percentages but 25%; E1 and US, at 25%, 50%, and 100%; E2 and UK as well
as E2 and US, at 10%, 50% to 100%.



WIS RIRZ 7 JE R A B AL TG SUAEWE e T iy 38435

Letter P

The sounds of this letter had F2 and F1 formants characterizing the groups as
JP(2127, 693), S1(2076, 693), E1(2115, 654), E2 (2197, 737), UK(2540, 653),
and US(2322, 589). These points are plotted on the graph F2 x F1 depicted in
Fig. 46. Sorting the groups following the values of F1 from the smallest to the
larges allows us to write the sequence (US, UK, E1, S1, JP, E2), in which the
group US is the component with less mouth opening whereas E2 the largest.
Now, the sorting of the group based on F2 values led to the sequence (S1, E1,
JP, E2, US, UK) meaning that the UK was the group with the tongue placed at

an outermost point of the mouth.

Letter P - F2xF1
F2

2600 2500 2400 2300 2200 2100 2000
r 570

@ -+ 590
us
2322 4 610
ik 589
E1
2540 2115 630
653 654
® ° 650
1 670
»P
2127@ @ 590
693 s1
£2 2076 7 HO
2197 e
737
730 ¢y
]

750

Fig. 46 F2 x F1 Graph. Letter P.

The testing of the Fls across the groups is shown in Fig. 47 (left). There the
values of the means and standard deviations were JP (693, 60), S1(693, 38),
E1(654, 53), E2 (737, 62), UK(653, 186), and US(589, 125). Not only were
the groups of students all statistically similar to the groups of natives, but also
was the group E1 similar to US. Still, Fig. 47 (right) shows that JP and UK
were similar at 0%, 75% to 100%; JP and US, at 0%, 50%, and 100%; S1 and
UK, at 0%, 75% to 100%; S1 and US, at all percentages but 75%; E1 and UK,
at 0%, 75% to 100%; E1 and US, at 0%, 50% to 100%; E2 and UK, at 0%, 75%
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to 100%; E2 and US, at 0%, 25%, 50%, and 100%.

F1 [Hz] Letter P - F1
1100
[JPxUK[IPxUS[S1xE1 [S1xE2 [S1xUK[S1xUS [ E1xE2 [E1 xUK]ET xUS [E2xUK[E2US [UKxUS|
1000 [P Ins [ « [Ns NS [nws | « | « [Ns [NS [NS [ » [ NS
900
P 0% 10% | 25% | 50% 75% 90% | 100%
800 JPxUK| NS * * * NS. | NS. | NS
T JPxUS| NS » | * NE. * NS
700 | SIxE1| NS | NS | NS [ NS | NS [ NS | Ns
SIxE2[ NS. | NS | NS. | NS | NS * NS
600 S1xUK| NS * * * NS NS NS
S1xUS| NS | N8 | N8 | NS * NS. | NS
500 EIxE2| NS. | NS | NS | NS + | ns | ns
VEY) 3 * * NS S NS
693 693 &5 s E1xUK| N& * 8 NS NS
400 E1xUS| NS * * NS | NS | NS | NS
E2xUK| NS ol * NS. | NS. [ NS
300 E2xUS| NS * NS | NS * * NS
UKxUS| NS | NS | NS - NS * NS
200
» s1 E1 £2 UK us

Fig. 47 Testing of F1. Left: whole utterance. Right: percentiles. Letter P.

F2 [Hz] Letter P-F2
3000 - T RO WSO TN VU RSV W NV W
IPxUK|JPxUS[S 1 xE1 |8 1xE2 S 1xUK[S1xUS | E1xE2 [E1xUK|[E1xUS [E2xUK [E2xUS [UKxUS|
P s (N6 v [ %% [w[WE|w = [ [»[ns
2800

o P [ os 50% | 75% | 90% [100%
NS.

NS

JPxUK| N2
JPxUS| NS
SIxE1| NS NS | NS

NS *

NS 5 *

; NS S v
Gl | ! SixE2| NS | Ns S | Ns | * | » |Ns
1 S1xUK| NS (S NS * * NS
A - Shxus| Ns | Ns | * | Ns | * | * | Ns
2540 EixE2| NS | NS | N5 | NS | NS
1800 | 2322 ElxUK| NS | NS | Ns |+ | x [ NS
2127 T 2115 2197 ElxUS| NS | NS | NS. | NS * x| NS
1600 - E2xUK| NS | NS + | NS * * | NS
E2xus| NS | Ns | # | Ns +« | = |ns
1400 - UKxUS| NS | NS | NS [ NS | NS | N8 | NS

1200
» s1 E1 E2 UK us

Fig. 48 Testing of F2. Left: whole utterance. Right: percentiles. Letter P.

£ NS

2400 +

NS

On the other hand, the comparisons of F2 led to Fig. 48 (left), in which the
groups had the mean and standard deviation values given by JP (2127,102 ),
S1(2076, 91), E1(2115, 77), E2 (2197, 107), UK(2540, 182), and US(2322,
341). Here, amongst the groups of students, only the group JP was statistically
similar to the group US. Fig. 48 (right) presents the comparison results of the
percentiles. JP and UK were statistically not different from each other at 0%,
10%, 50%, and 100%; JP and US, at 0% to 50%; S1 and UK as well as S1 and
US, at 0%, 10%, 50%, and 100%; E1 and UK, at 0%, 10%, 50%, and 100%; E1
and US, at 0% to 50%, and 100%; E2 and UK as well as E2 and US, at 0%,
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10%, 50%, and 100%.
Letter Q

Fig. 49 depicts the graph of F2 x F1, whose points were JP (1999, 731),
S1(1974, 737), E1(2032, 696), E2 (1990, 763), UK(2076, 785), and US(1967,
648) with the first values in the duplex standing for F2s and the second for Fls.
Sorting the groups from smaller to larger values of Fls led to the sequence
(US, El1, JP, S1, E2, UK), in which the group US had the smallest mouth
opening and UK the widest. In addition, the ordering according to the values
of F2 rendered (US, S1, E2, JP, E1, UK), which has US with the tongue back
in the mouth and UK forwardly placed. The results mean that the group US

located in the upper right region whereas UK in the lower left plane.

2 Letter Q - F2xF1

2100 2075 2050 2025 2000 1975 1950
T T 640

®
s | 660
1967
648
| 680
31
2032 @ 1 200
696
»pi 1 720
1999 @ 5
731 ® 1974 —
737
E2
® 199 1780
763
UK { 780

2076 @
785

5
! 800

Fig. 49 F2 x F1 Graph. Letter Q.

Fig. 50 (left) provides the comparison results for the F1 formants. The values
of the means and standard deviations compared were JP (731, 59), S1(737, 43),
E1(696, 46), E2 (763, 73), UK(785, 176), and US(648, 148). For this letter, all
the groups of students were statistically similar to the groups of natives when
compared in pairs. From Fig. 50 (right), JP and UK were similar at 0% and
75%; JP and US at 50% to 100%; S1 and UK, at 0% and 75%; S1 and US, at
all percentages but 10%; E1 and UK, at 0%, and 75%; E1 and US, at 25% to
100%; E2 and UK, at 0%, and 75%; E2 and US, at 0%, 25%, 90%, and 100%.

— 70 —
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Note that the similarities were seen more frequently in the last

part of the

utterance. Also, the number of points, at which the groups of students and

natives are similar, are greater when comparing the groups of students and US,

than the students and UK.

F1[Hz] Letter Q- F1
1100
JPxUK|JPxU: 1xE1 [S1xE2 |S1xUK|S1xUS | E1xE2 [E1 xUK E1 xUS |E2xUK |E2xUS [UKxUS
1000 Q NS N N NS, N N:
900
800 - . T Q | 0% 10% 25% 50% 5% 90% 100%'
JPxUK| NS * * * NS * *
700 .JPxUS‘ * * * NS IS NS NS
. S1xE1| NS NS NS NS NS NS
600 S1xE2| NS NS NS NS NS NS
S1xUK| NS * + * [ ns | o+ x
500 785 S1xUS| NS * NS NS NS NS NS
763
= 73 Etx€2| NS | NS. | N + [ ns [ ns | ns
400 64y E1xUK| NS * * * S * *
|:1XUS‘ * ¥ NS NS. NS, NS
300 E2xUK| NS * * * * *
E2xUS| NS * NS * NS. NS
200 UKxUS| NS NS ) * * *
P 51 E1 E2 UK us
Fig. 50 Testing of F1. Left: whole utterance. Right: percentiles. Letter Q.
F2[hz] Letter Q- F2
2600
[9PXUK[UPxUS TS TE1 [S 1xE2 [§1xUK]S1xUS  E1xE2 [E1xUK [E1xUS [E2xUK[E2xUS [UKxUS
Q NS NS NS NS | NS NS. NS NS NS S
2400
2200
Q 0% 10% 25% 50% 75% 90% | 100%
T JPxUK * * NS NS * *
2000 upxus| + ¥ ¢ | NS . “
S1xE1 | NS * NS NS NS NE
1800 S1xE2| NS * NS * NS NS
S1xUK| NS * NS NS * *
S1xUS| NS * NS NS * *
2076
1600 1999 1974 2032 1990 1967 ElxE2| * * [ ns | ns [ Ns | ns [ NS
thUK' * * NS NS NS *
E1xUS * * * NS * * NS
1400
E2xUK| NS * NS NS * *
E2xUS| NS * NS NS * * *
1200 UKxUS * * NS NS NS, NS NS
P s1 E1 E2 UK us
Fig. 51 Testing of F2. Left: whole utterance. Right: percentiles. Letter Q.
For the mean and standard deviation values of F2 and the groups

characterized by JP (1999, 82), S1(1974, 87), E1(2032, 81), E2

(1990, 76),

UK(2076, 202), and US(1967, 154), Fig. 51 (left) shows that the groups of

students were all similar to the groups of natives when the contrastive analysis

was carried out. Moreover, from Fig. 51 (right), JP and US were similar at
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25% and 50%; JP and US, at 50%; S1 and UK as well as S1 and US, at 0%,
25% and 50%; E1 and UK, at 25% to 75%; E1 and US, at 50% and 100%; E2
and UK as well as E2 and US, at 0%, 25% and 50%. Unlike in the case of Fls,
the number of percentage points, at which the groups of students and either

UK or US are similar, is approximately the same.

Letter R

Fig. 52 gives the graph of F2 x F1, whose points were JP(1681, 874),
S1(1729, 843), E1(1652, 874), E2 (1660, 910), UK(1425, 848), and US(1542,
787) with the first value in the parenthesis standing for the F2 and the second
one for F1. The sequence (US, S1, UK, E1, JP, E2) is obtained by putting the
groups in ascending order of F1 values; thus US is the group having the
smallest mouth opening whereas E2 the greatest. Analogously, the sequence
(UK, US, E1, E2, JP, S1) is established by aligning the groups in increasing
order of F2 values. This sequence means that UK hold the tongue in the inner

back part of the mouth whereas S1 in the outer most part.

Letter R - F2xF1
F2
1750 1700 1650 1600 1550 1500 1450 1400
. ; . 8 < - 770

® | 790
us
1542 1 810

s1 787
s
843 sy

1681 T 80

874 E

‘)
® O
874

4 870

890

E2
1660 - 930
910 F1
950

Fig. 52 F2 x F1 Graph. Letter R.

The mean and standard deviation values of F1 characterized the groups as
JP(874, 56), S1(843, 54), E1(874, 56), E2 (910, 42), UK(848, 117), and
US(787, 99), and the statistical comparisons of the groups yielded the results
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as in Fig. 53 (left). In fact, it shows that the groups of students were
statistically not different from the groups of natives for all the combinations
possible. In addition, the group S1 and US were also statistically similar to
each other. From Fig. 53 (right), the groups JP and UK as well as S1 and JP,
El and UK, and E2 and UK were all statistically similar at all percentage
points. JP and US were similar at 0%, 10%, and 100%; S1 and US, at all
percentage points but 75%; E1 and US, at 0%, 10%, 90%, and 100%; E2 and
US, at 0%, 50%, 90%, and 100%.

F1 [Hz] Letter R - F1

1100 -

[UPxUK]JPUS|S1 xE1 [S1xE2 [51xUKS1xUSE1xE2 [E1 xUK[E1 xUS[E2xUK[E2xUS JUKxUS|
[ns T § s [ 1 E NS,

« | N *« | NS | NS [ NS | NS | = | NS | «

1000 -

900 -

R | ox 5% | & 5% | o
[ " JPxUK| NS | Ns | Ns | NS | NS | N5 | NS
uPxUs| NS S
[ SixE1| NS | NS s [ ns [ ns [ ns
sixe2| NS [ NS s | Ns s s. | Ns
[ S1xUK| NS s | ns [ ns [ Ns [ Ns
874 843 874 910 848 S1xUS| NS s | ns | ns ‘ NS S
[ 787 EixE2| NS | [ Ns [o NS is. | NS
E1xUK| Ns | ns | ns | ns | n s. | s
[ E1xUs| Ns . . is s
E2xUK| NS. | | NS NS S NS. |
[ E2xUS| NS NS i
ukxus| Ns [ ns [ ns [ ns [ ns [ ns. [ ns
» s1 £1 £2 UK us

Fig. 53 Testing of F1. Left: whole utterance. Right: percentiles. Letter R.

F2 [Hz] Letter R - F2
2000
IPXUK|OPXUS [S1xE 1 [STxE2 [S1xUK[STxUS [E1xE2 [E1xUK|£1xUS [E2xUK [E25US [UKxUS
R e | » . €] % | o . o
1800 | ;
R | 0% | 10% | 25% | 50% | 75% | 90% | 100%
JPxUK|  * * SR
JPxUS|  # * " NS * NS NE
1600 } SIxE1| NS. | NS s * | Ns | NS
[s1xE2| s [ NS | « | NS | NS
SIxUK| * * + | Ns * [ NS | N
SIxUS| B | o« + | NS | Ns
1400 1 E1xE2| NS. | NS . * * | NS | NS
1729
1682 1652 1660 E1xUK| # * I * NS NS
1542 ElxUS| * + . NS. | NS. | NS
s | 1425 E2xUK| # B « | NS | Ns
E2xUS| * +* x RS
UkxUs| Ns. | NS | Ns | NS | NS | NS | Ns
1000
» s1 E1 E2 UK us

Fig. 54 Testing of F2. Left: whole utterance. Right: percentiles. Letter R.

As far as the comparisons of F2 are concerned, the mean and standard
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variations values typifying the groups were JP (1681, 98), S1(1729, 89),
E1(1652, 127), E2 (1660, 47), UK(1452, 185), and US(1542, 153). The
statistical comparisons are as portrayed in Fig. 54 (left), which shows that
none of the groups of students was statistically similar to the groups of natives.
Furthermore, form Fig. 54 (right), the groups JP and UK were similar at 90%
and 100%; JP and US, at 50%, 90%, and 100%; S1 and UK, at 50%, 90%, and
100%; S1 and US, at 90% and 100%; E1 and UK, at 50%, 90% and 100%; E1
and US, at 50% to 100%; E2 and UK as well as E2 and US, at 50%, 90%, and
100%.

Letter S

The graph of F2 x F1 is outlined in Fig. 55. The F2 and F1 formants
representing the groups are written as JP(2042, 958), S1(2041, 916), E1(2061,
1014), E2 (2020, 943), UK(2219, 1174), and US(2006, 921). By ordering the
groups according to their F1 values taken from the smallest to the largest
defined the sequence (S1, US, E2, JP, E1, UK) with the leftmost group Sl
having the smallest mouth aperture, and the rightmost group UK having the
largest one. On the other hand, taking into account the values of F2
determined the sequence (US, E2, S1, JP, E1, UK), which means that the group
US had the tongue back inside the mouth and UK hold it in a forward position.

Letter S - F2xF1
F2
2250 2200 2150 2100 2050 2000 1950
T T T T 850

s1 Us { 900

2041 @ @ 2006
916 ) 921 . g5p
E2
P 2020 -
2042
Y 943

El
2061
1014

1050

1 1100

UK 1150

® 2219
1174 4 1200

1250

Fig. 55 F2 x F1 Graph. Letter S.
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Fig. 56 (left) was accomplished by statistically comparing the groups
specified by the means and standard deviations of Fls leading to the
nomenclature JP(958, 89), S1(916, 60), E1(1014, 115), E2 (943, 51), UK(1174,
245), and US(921, 133). The groups of students were all statistically similar to
the group US. Moreover, the groups JP and UK as well as E1 and UK were not
statistically different. Fig. 56 (right) allows us to assert that JP and US as well
as S1 and US, El and UK, E1 and US, E2 and US were not different from the
statistical point of view. As for the groups JP and UK as well as S1 and UK,
E2 and UK, they were not different at 0%, 50% to 100%.

F1 [Hz) Letter S-F1

1600

Js1xus E1xE2 [E1UK]E xUS [E2xUK [E2xUs [UkxUS|
[} NS_| NS N =

1500
1400
S 0% 10% | 25% | 50%
1300 & =
JPxUK| NS * * NS
1200 UPxUS| NS NS. NS NS

S1xE1| NS NS NS NS
S1xE2| NS NS. NS NS,
S1xUK
1000

S1xUS| NS NS NS NS

900 EtxE2| NS [ Ns | Ns | NS

1174 Eixuk| Ns | ns | ns | ns

— ElxUs| NS | NS | NS [ NS

958 P 5 | S | NS

700 916 943 921 E2xUK| NS B * NS

E2«Us| NS | NS | NS [ NS

600 - UKxUS| NS | Ns | NS B

500

”» s1 31 €2 UK s

Fig. 56 Testing of F1. Left: whole utterance. Right: percentiles. Letter S.

1100

®
®
x

F2 [Hz] Letter S - F2

2600
[UPxUK|JPXUS [S1xE1 [S1xE2 [S1xUK]S1xUS | E1xE2 [E1xUKE1xUS [E2xUK [E2xUS [UKxUS|
NS [ NS [ ns | s * [mns [n NS | NS . «

2400

s | ox [ 0% |3
oPxUK| = | NS
upxus| ns

2000 SIxE1| NS | NS | NS | 1 E s
S1xE2| ['Ns | Ns | NS | NS | NS | NS
SixUK| N3 | NS NS | NS
800 [S1xUs| NS ) NS NS
2219 E1xE2| NS N s |
1600 2042 2041 2061 2020 2006 E1xUK S NS NS NS
E1xUS| NS | » ns | Ns | ns NS
&QXUK_ NS. | NS, ‘ NS NS # NS
1400 | E2xUS| NS | NS NS 8 NS
UKxUS| =+ B + | ns | Ns | NS | NS
1200
”» s1 E1 E2 UK us

Fig. 57 Testing of F2. Left: whole utterance. Right: percentiles. Letter S.

2200
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Fig. 57 (left) is regarded to the comparisons of F2s across the groups. As a
matter of fact, the averages and standard deviations featured the groups as
JP(2042, 64), S1(2041, 60), E1(2061, 67), E2 (2020, 66), UK(2219, 201), and
US(2006, 177). It is seen that JP and UK, JP and US, S1 and US, E1 and UK,
and E1 and US were not statistically different from the group US. What is
more, from Fig. 57 (right), JP and US as well as S1 and US, E1 and US were
not different from the group US at all percentage points. JP and UK were
similar to each other at 10%, 50% to 90%; S1 and UK, at 0, 10%, 50%, 75%,
90%, and 100%; E1 and UK, at 10% to 100%; E2 and UK, at 0%, 10%, 50%,
75%, and 100%.

Letter T

Fig. 58 shows the points F2 and F1 plotted as the graph F2xF1. These points
represent the groups, which had the following values: JP(2116, 719), S1(2097,
705), E1(2101, 662), E2 (2155, 799), UK(2511, 623), and US(2351, 605).
Focusing on the rounding of the lips (opening of the mouth), the groups were
aligned as (US, UK, E1, S1, JP, E2) in increasing order of F1. This sequencing
means that the students opened their mouths more than the native speakers
during the sound production. From the tongue positioning standpoint, the
sequence became (S1, E1, JP, E2, US, UK) as we considered the values of F2
in increasing order. Thus, the groups of students can be considered as ‘back
positioning’ strategy for moving their tongues in oppose to ‘forward
positioning’ of the groups of natives. Taking into account that the mean and
standard deviation values of F1 for the groups were JP (719, 78), S1(705, 59),
E1(662, 50), E2 (799, 55), UK(623, 196), and US(605, 77), and performing
the statistical comparisons we get Fig. 59 (left). It shows that the groups of
students were all statistically similar to the groups of natives. Still, E1 was
also similar to US. Spot lighting Fig. 59 (right), we see that JP and UK were
similar at 0%, 75% to 100%; JP and US, at 0%, 90%, and 100%; S1 and UK as
well as S1 and US, and E1 and UK, at 0%, 75% to 100%; E1 and US, at 0%,



fAEH : Towards understanding how young Japanese female college students pronouncethe letters of the English alphabet
- Part I'V: further analysis of formants

50% to 100%; E2 and UK, at 0%, 75% to 100%; E2 and US, at 0% and 100%.
Thus, the comparisons of the percentiles indicate that the similarities were

present mainly in the last half of the utterances.

Letter T - F2xF1

F2
2600 2500 2400 2300 2200 2100 2000
T T T 550
us
e 2351 @ 5 7 690
2511 @ 003 2101
623
662 1 650
o
S1
P @ 2097 12420
2116 @ 705
719
4 750
E2
2155 @ 4 800
799
F1
850
Fig. 58 F2 x F1 Graph. Letter T.
F1[Hz] Letter T-F1
1100
[ UPXUK|JPxUS ST XET [S1xE2 [S1xUK|S1xUS [E1xE2 [E1xUK! uxuthuK E2xUS [UKxUS|
i [T Ins [ « [Ns | « [NS | &« | » [ NS NS [ NS | * [Ns |
900
) T [ ox [ 10% [ 25%
00 upxUK| Ns. | = [
[ . JPxUs| NS | = x
400 [ si1xE1| NS | NS | NS
sixe2| Ns. | Ns | NS
600 stk NS [ = [ x|
sixus| Ns | = *
500 799 Eixe2| ns [ ns | ns
2 662 E1xuk| NS |
A ElUs| NS | [
E2xUK| NS | = *
300 E2xUS| NS | = «
ukxus| Ns [ ns [ ns [ ns [ ns [ ns | ns
200
» s1 £1 £ UK us

Fig. 59 Testing of F1. Left: whole utterance. Right: percentiles. Letter T.

The comparison results of F2s across the groups are depicted in Fig. 60 (left).
The numerical values of the groups were JP(2116, 125), S1(2097, 129),
E1(2101, 137), E2 (2155, 113), UK(2511, 163), and US(2351, 302). In this
case, the comparisons of the groups of students with the groups the natives led
to the group E1 being not different from US. Furthermore, Fig. 60 (right) says
that the pairs JP and UK as well as S1 and UK, E1 and UK, and E2 and UK
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were not different at 0%, 50%, and 100%; JP and US as well as E1 and US, at
0% to 50%, and 100%; S1 and US as well as E2 and US, at 0%, 50%, and

100%. Hence, the ‘NS’ pairs were mainly seen in the first half of the sounds.

F2 [Hz] Letter T - F2
3000
[UPxUKJPxUS [S1xE1 [61xE2 [$1xUK[S 1 xUS [ E1xE2 [E1xUK[E1xUS [E2xUK E2xUS [UkxUS|
T « P . . . < [N . . .
2800
2600

2400 -

2200

3

Letter U

NS |

T | os | 10% | 25% | 50% | 75% | 90% | 100%
IPxUK| NS i [ns [ » [ = [ ns |
JPxUS| NS Ns | Ns | = NS
S1xE1| NS * * NS NS NS
NS. * * * NS NS
\’\»\_- * NS * ] NS
NS * NS *
NS * NS NS N NS
NS * NS * + NS
NS NS NS NS
NS * NS NS
NS NS
NS S

NS |

[ S1xE2
2000 S1xUK
S1xUS
2511
- — E1xE2
E1xUK
2116 2101 2155 s
555 2097 ETxUS
E2xUK
Lt E2xUS
UKxUS
1200
I s1 31 £2 UK us

Fig. 60 Testing of F2. Left: whole utterance. Right: percentiles. Letter T.

The points of F2 and F1 formants of the groups characterized by JP(1985,
640), S1(1975, 656), E1(2006, 596), E2 (1971, 670), UK(1968, 433), and
US(1887, 500) are placed on the graph F2 x F1 in Fig. 61. Thus, the sequence

(UK, US, E1, JP, S1, E2) representing the openness of the mouth is obtained

by ordering the Fls in increasing order of their values.

F2

2020

Letter U - F2xF1

2000 1980 1960 1940
[ ]
UK
1968
433
E1
2006
596
[ J
s1
P 1975
1985 @ 656
640 ® &
@ 1971
670

Fig. 61 F2 x F1 Graph

1920 1900

. Letter U.

1880

400

us 450
1887
500

® 500

1 550

600

650

700
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From this, we see that the groups of students opened their mouths wider than
the groups of natives. Now considering the F2s to sequence the groups leads
to (US, UK, E2, S1,JP ,E1 ), which means that groups of students moved their

tongues forward during the sound generation process.

F1 [Hz] Letter U-F1
900
[ [uPxUK[IPxUS[S1xE1 [S1x

u * T « NS

S1:UK[S1xUS[E1xE2 [ET xukln xLL@}rhnK‘mxus\umjﬁf
| * NS. |

+ |+ | * | # *

800 -

700 u 0% 10% 25% 50% 15% 90% | 100

[JPXUK| NS * * * * NS

NS
|UPxUS| NS * * * * * NS
[S1xE1| NS | NS [ NS | NS | NS. | NS | NS
LS]XF? NS NS NS NS NS NS NS
[S1xUK| NS * o * # NS | NS
|s1xUs = * + + + | NS
656 670 EI1xE2| NS | NS | NS | NS K NS | NS
[ 596 [Erxuk| Ns * * * NS *
500 [Etxus| ns * + | NS + | NS
433 |E2xUK| NS * * * NS | NS
|[E2xUs| Ns * * P * | NS
|UKxUS| NS NS * * NS NS
P s1 E1 E2 UK us

Fig. 62 Testing of F1. Left: whole utterance. Right: percentiles. Letter U.

600

500

400

300

Slw|e|n|n

200

F2[He] Letter U - F2

2400
[UPxUK [ UPxUS[S TxE1 [S1xE2 [51xUK[51xUS [ E1xE2 [ETxUK ETxUS [E2xUK | EZXUS [UKxUS|
U [Ns [n » |« [ns [ns | s [Ns [n s | ns. | Ns

2200

u 0% 10% 25% 50% 75% 90% | 100%
2000 JPxUK| NS

S * * s s. | + | Ns
oPxUs| » | » | % | NS | * | * | NS
sixEtl| ns | o+ | p ¥ + | NS

e sixe2| ns | o+ P " ¥ + | ns
SixUK| NS | NS | NS | NS | NS | NS | NS
sixus| ns [ ns [ ns [ ns [ ¢ [ns | ns

1600 1985 1975 2006 1971 1968 EixE2| NS * * + | ns + | Ns

1887 EixUK| NS | NS | NS | NS | NS | NS | NS
E1xUS| * HEERE x [ ns

1400 E2xUK| NS | NS | NS | NS | NS | NS | NS
E2xus| Ns | Ns [ Ns | Ns | NS [ Ns [ Ns
UKxUS|  # + [ ns [ ns [ ns [ ns [ ns

1200

» s1 E1 E2 UK us

Fig. 63 Testing of F2. Left: whole utterance. Right: percentiles. Letter U.

Comparisons of the Fls gave Fig. 62 (left). The mean and standard deviation
values considered to perform them were JP(640, 56), S1(656, 46), E1(596, 54),
E2 (670, 39), UK(433, 74), and US(500, 110). Benchmarking the groups of

students against the groups of natives did not give similar pairs. From Fig. 62
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(right), JP and UK were not different at 0%, 90% and 100%; JP and US, at 0%,
and 100%; S1 and UK, at 0%, 90%, and 100%; S1 and US, at 0%, and 100%;
El and UK, at 0%, and 90%; E1 and US, at 0%, 75%, and 100%; E2 and UK,
at 0%, 90%, and 100%; E2 and US, at 0%, and 100%.

For the comparisons of F2s (Fig. 63 - left), the values of the groups were JP
(1985, 83), S1(1975, 83), E1(2006, 104), E2 (1971, 58), UK(1968, 183), and
US(1887, 167). Unlike the F1 case, here the groups of students were all not
different from the groups of natives. In addition, the comparisons of the
percentiles shown in Fig. 63 (right) allow us to state that JP and UK were not
different at 0%, 50%, 75%, and 100%; JP and US, at 50%, and 100%; S1 and
UK as well as E1 and UK, E2 and UK, and E2 and US, at all the percentage
points; S1 and US, at all the points but 75%; E1 and US, at 50%, and 100%.
We that that the comparisons of the percentiles also provide a great deal of

pairs being not statistically different.

Letter V

Fig. 64 shows the points of the groups defined by JP(2060, 714), S1(2022,
731), E1(2042, 667), E2 (2121, 747), UK(2411, 582), and US(2220, 502), in

which the first number of the duo means F2 formants and the second one Fls.

Letter V - F2xF1
F2

2450 2400 2350 2300 2250 2200 2150 2100 2050 2000 1950
450

) 1 500
UK us

2411 2220
4 550
582 502

< 600
667 < 650
4 700

[ ] 2060 731 1 750
714 F1

/800

Fig. 64 F2 x F1 Graph. Letter V.
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Taking the groups in order of increasing values of F1, we have (US, UK, EI,
JP, S1, E2), which means that the groups of students had their mouths open
wider than the groups of natives. In the same way, considering F2s, the
sequence translates into (S1, E1, JP, E2, US, UK) with the groups of the
students having their tongues in the back part of the mouth and the natives
leaving them forward in their mouths.

The results of the F1 comparisons are given in Fig. 65 (left). Here the mean
and standard deviation values of the groups read JP (714, 78), S1(731, 86),
E1(667, 83), E2 (747, 28), UK(582, 205), and US(502, 124). Statistically
speaking, the groups of students were all not different from the group UK
when compared pair-wisely. Fig. 65 (right) says that the group JP and UK
were not statistically different from each other at 0%, 75% to 100%; JP and
US, at 90% and 100%; S1 and UK, at 0%, 75% to 100%; S1 and US, at 90%
and 100%; E1 and UK, at 75% to 100%; E1 and US, at 90%, and 100%; E2 and
UK, at 0%, 75% to 100%; E2 and US, at 0%, and 100%. It is clear that these

‘NS’s were mostly observed at percentage points greater than 50%.

F1[Hz] Letter V-F1
1100
[ JPxUK]JPxUS[S1 xET ’s| <E2[S1 gUK[Si XUSE1xE2 [E1 UK[E1 xUS [E2XUK[E2US [UKxUS|

v NS # | NS [ NS [ NS * * | NS | = | NS * | NS

1000

900

v 0% 10% 25% 50% 715% 90% | 100%
JPxUK| NS * * * NS NS NS

I oPxus| = " " " « | Ns | NS
T SIxE1| Ns | Ns | NS | Ns | NS | NS | NS
- S1xE2| NS | NS | * | NS | Ns | NS | »
= SixUK| NS | = - v | ne. | Nz |
sixUs| = | = " " v | NS | NS
200 731 747 E1xE2| Ns | Ns | Ns | Ns | = | Ns | NS
667 E1xUK| NS * * * NS NS NS
400 582 ElxUs| = B + + | Ns | NS | NS
502 EoxUK| NS | * ] v | NS | NS | NS
200 E2xUS| NS | = HERE » | ns
UK«Us| N5 | NS | NS | NS | NS | NS | NS

200

”» s1 £1 B2 UK us

Fig. 65 Testing of F1. Left: whole utterance. Right: percentiles. Letter V.

800

The comparisons of F2s were performed taking into account the F2s and Fls
of the groups given by JP(2060, 75), S1(2022, 52), E1(2042, 50), E2 (2121,
86), UK(2411, 231), and US(2220, 332). As shown in Fig. 66 (left) the
comparisons turned out to be ‘NS’ for the couples JP and US, and E1 and US.
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Now, going through the comparisons of percentiles Fig. 66 (right), we have
that JP and UK were not statistically difference from each other at , 0% to
50%; JP and US, at 0% to 50%, and 100%; S1 and UK, at 0% to 50%, and
100%; S1 and US, at 0% to 50%; E1 and UK, at 0%, 10%, and 50%; E1 and
US, at 0% to 50%, and 100%; E2 and UK as well as E2 and US, at 0% to 50%,
and 100%. The point is that these ‘NS’ came up at percentage values smaller

than 50%.

F2 [Hz] Letter V - F2

3000
UPxUK[JPxUS[S 1xE1 [51xE2 [51xUK[S 1xUS [ E1xE2 [E1xUK]E1xUS [E2x UK E2xUS [UkxUS]

|

2800 v | les

2600

2400

v 0% 10% | 25% 50% | 75% 90% | 100%
JPxUK| NS NS NS NS * * K
2200 JPxUS| NS NS NS NS

S1xE1 * * * * ~ NS

| p s | NS
2000 SIxE2| NS |+ * | %« [ = |ns S
stxUk| Ns [ Ns [ ns | ns | o= « | ns
4860 S stas| ns [ ns |+ [ws | - B *
2 Ns | ns | s

121 2220 E1xE2 * * e ] % | N | N

UK| NS 4 s * »
1600 2060 2022 2042 E1xUK 1 + | N «
Eixus| ns. | ns, [ ns [ ns [ o= ES
E2xUK| Ns | Ns [ Ns [ ns | = « | ns
1400 . = -
e2sus| ns. | ns. [ ns [ ns | s « | ns
UKxUS| NS. | NS * [ ns [ ns [ ns [ ns

1200
”» s1 31 E2 UK us

Fig. 66 Testing of F2. Left: whole utterance. Right: percentiles. Letter V.

Letter W

Fig. 67 shows the graph of F2 x F1 for the groups featured by JP(1923, 684),
S1(1897, 675), E1(1934, 668), E2 (1940, 713), UK(1844, 526), and US(1734,
562), in which the first numbers mean F2s and the second ones Fls. Sorting
the groups on the basis of the F1 values yields (UK, US, E1, S1, JP, E2)
whereas F2 values renders (US, UK, S1, JP, E1, E2). The former means that
the groups of students had the mouth opening bigger than the natives, whereas
the latter implies that the groups of students laid their tongues not as back as
the natives.

The statistical comparisons of Fls are given in Fig. 68 (left). For this, the
values of the means and deviations were JP(684, 66), S1(675, 65), E1(668, 66),
E2 (713, 66), UK(526, 121), and US(562, 64). Comparisons of the groups of
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students with the groups of natives did not gave ‘NS’ in none of cases. The
comparison results of the percentiles are given in Fig. 68 (right). JP and UK
were not statistically different from each other at 0%, 90%, and 100%; JP and
US, at 0%, 25%, and 100%; S1 and UK, at 0%, 90%, and 100%; S1 and US, at
0%, 25%, 90%, and 100%; E1 and UK, at 0%, 90%, and 100%; E1 and US, at
0% to 50%, 90%, and 100%; E2 and UK, at 0%, 90%, 100%; E2 and US, at 0%
to 25%, and 100%. Nevertheless, the groups were different from each other in
Fig. 68 (left), the percentiles show that there are many points at which the

groups of students and natives were not different from each other.

Letter W - F2xF1

F2
2000 1950 1900 1850 1800 1750 1700
= T T T T 500
UK
® 1844
526
550
[ ]
us
1734
562 600
E1l
1934
668 650
s1
L @ 1897
® 675
E2 JP 700
1940 @ 1923
713 684 F1
750
Fig. 67 F2 x F1 Graph. Letter W.
F1 [Hz] Letter W-F1 w 0% | 10% | 25% | 50% | 75% | 90% | 100%
900 JUPxUK| NS * * * * s S
%VriAJPxUK‘JPxUSSle\}S'xLQ‘S!xUKSUUS}LNLﬂleUKL|xUSiL2xUK‘L2xUSUKxUS JPxUS| NS » NS || 5 NS
wlwlsinalnsloelo TGy To]oleTu S1xE1| NS, | NS, | Ns. | NS | Ns
800 +
SI1xE2| NS. | NS. | NS | NS | NS | NS | NS

S1xUK| NS

[

700 ‘ sixus| ns. |+ [ ns [+ + | ns [ s
E1xE2| NS | NS [ NS | NS | NS | NS | NS
EtxlK| NS | * * " + | Ns | NS
600 exus| ns. [ ns [ ns [ ns |+ [ ns | ns
E2xUK| NS * * * = NS NS
! exxus| ns [ ns [ ns [ =+ ¥ x| NS
513 Kas| NS | * ¥ * | NS [ NS | =
684 675 668
400 - <
526
300
200
”» s1 E1 B UK us

Fig. 68 Testing of F1. Left: whole utterance. Right: percentiles. Letter W.
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F2 [Hz]
Letter W - F2
2400

[UPXUK[PXUS[S1xET [S1xE2 [STxUK|S 1xUS| E1xE2 [E1xUK|E1xUS [E2xUK|E2xUS :umusi

NS. | & | 1l &« | NS |NS | ¢« [ NS | « |NS|NS |NS |

w

2200

W | o% | 10% | 25% | 50% | 75% | 90% | 100%
UPxUK|  * + | NS | NS | NS
UPxUS|  * * + + | ns | N5 | NS

SIxE1| NS | Ns | Ns. | * * | Ns | NS
1800 sixe2| NS | NS | NS | * | = | « | NS
SixUK| * | » | Ns | Ns | nNs | = | NS
Sixus| + | + | ¢ | ns | NS |+ | +
1600 E1xE2| NS | NS | NS | NS | * | NS | NS
A3 1897 1324 g 1844 ElxUK| NS | = [ ns | N NEE
1734 ElxUs| = | » | *+ | Ns | NS | Ns | Ns
1400 Eaxk| = | % | NS | N « | NS
E2xUS | * * NS N. NS * NS
UKxUS| NS | NS | # | NS | NS | NS | NS
1200 ) )
”» s1 21 2} Uk us

Fig. 69 Testing of F2. Left: whole utterance. Right: percentiles. Letter W.

2000

Now, comparison result of F2s are as in Fig. 60 (left). Indeed, the values
considered were JP(1923, 74), S1(1897, 60), E1(1934, 70), E2 (1940, 92),
UK(1844, 203), and US(1734, 139); and we have that the groups of students
were all not statistically different from the group UK. Yet, the pairs S1 and US,
and E2 and US were ‘NS’ when compared with the group US. As for the
results of the percentile comparisons depicted in Fig. 60 (right), JP and UK
were not statistically different at 25% to 75%; JP and UK, at 75% to 100%; S1
and UK, at 25% to 75%, and 100%; S1 and US, at 50%, and 75%; E1 and UK,
at 0%, 25% to 90%; E1 and US, at 50% to 100%; E2 and UK, at 25% to 75%,
and 100%; E2 and US, at 25% to 75%, and 100%.

Letter X

The points JP(2032, 981), S1(2038, 966), E1(2019, 990), E2 (2038, 987),
UK (2208, 1206), and US(2054, 955) consisting of F2 and F1 formants are
placed on the graph F2 x F1 in Fig. 70. Making the sequences (US, S1, JP,
E2, E1, UK) and (E1, JP, S1, E2, US, UK) by taking the F1s and F2s from the
smallest to greatest values, respectively, we see that the group UK located in
the lower left region of the graph and the groups of students concentrated

mainly in the upper right part of the graph.
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Letter X - F2xF1

F2
2250 2200 2150 2100 2050 2000
T 900
S1
2038 P
S 966 2032 1
2054 @ o S50
[ )
955 ..
o 1000
E2 E1
2038 2019
987 990 1050
| 1100
UK 4 1150
2208
1206
® 4 1200
F1
1250
Fig.70 F2 x F1 Graph. Letter X.
F1[Hz] Letter X - F1
1500 JPXUK[JPXUS[S1xET [§1xE2 [§1xUK[S1xUS E1 xE2 [E1 xUK[ET xUS [E2 UK E2xUS [UKsUS|
X * [ NS [ NS [ NS | + [ NS NS | + [ NS | = [ NS | * |
1400
1200 X | 0% | 10% | 25% | 50% | 75% | 90% | 100% |
UPxUK| = = | ns [ns | = [ ns | ns
‘ ) uPxUs| NS | NS | NS « | Ns | Ns [ Ns
1000 SIxE1[ NS | Ns | NS [ NS | NS | NS | NS
S1xE2| NS NS NS NS 1‘\1’» NS NS
800 S1xUK| = N ¥ ¥ * | N
I S1xUS| NS NS NS NS NS NS S
1206 E1xE2| NS. | NS | NS. | NS. | NS | NS
600 981 987 955 ElxUK| = | NS, NS NS NS
E1xUS| NS | NS | NS + | Ns | NS
E2xUK| NS | = + | Ns [ Ns [ Ns
400, E2xus| « | ns [ns [ ns [ n NS
UKxUS| = | NS | NS + | NS
200
”» s1 21 E2 UK us

Fig. 71 Testing of F1. Left: whole utterance. Right: percentiles. Letter X.

Fig. 71 (left) presents the results of the F1 comparisons. The mean and
standard deviation values of the groups were JP(981, 68), S1(966, 59), E1(990,
87), E2 (987, 58), UK(1206, 249), and US(955, 99). Here the groups of

students were all not different from the groups of natives when paired and

compared. As for the percentile comparisons, Fig. 71 (right) tells us that JP
and UK were not statistically different at 25%, 50%, 90%, and 100%; JP and
US, at all percentage points but 50%, S1 and UK, at 90%, and 100%; S1 and
US, at all points; El and UK, at 25% to 100%; El1 and US, at all the
percentage points but 50%; E2 and UK, at 0%, 50% to 100%; E2 and US, at
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10% to 100%.

F2[Hz] Letter X - F2
2800 -

}ApquldrmmsxXnVsm'z [s1xUK[s 1xUS| Eka?}HyUKVF!xUS_F?xIlK_F?xUS [ukxus]
! N NS | N N N NE NS NS NS

[ x
2600

2400 +

[ 5% 50% 75% 90% | 100%

JPxUK| NS NS

2200 JPxUS| NS | S NS S NS

S NS

3

o
]
A
SIxE1| NS | NS
J
\
N
I
I
J
l
.

2
! ! ]
} NS l NS
. | | NS * s | NS
2000 - SixE2| NS | NS | NS [ NS | NS | NS | NS
S1xUK| NS | NS | NS | NS | NS | NS *
15561 | S1xUS| NS | NS | NS | NS | NS | NS | NS
E1xE2| NS | NS | NS * | Ns [ NS [ ns
2208 E1xuk| NS | Ns [ ns [ ns | ns [ ns | ns
1500; - 2052 2038 2019 2038 =24 E1xUS| NS | NS | NS | NS | NS | NS | NS
E2xUK| NS | NS | NS | NS | NS [ Ns | = |
1400 EaxUs| NS | NS. | NS. | NS | NS | NS *
Ukxs| » | = | » | NS | Ns | NS | NS
1200
»P s1 E1 E2 UK us

Fig. 72 Testing of F2. Left: whole utterance. Right: percentiles. Letter X.

The results of the F1 comparisons are shown in Fig. 72 (left). The groups
were characterized by JP(2032, 51), S1(2038, 29), E1(2019, 70), E2 (2038,
50), UK(2208, 222), and US(2054, 96); and the comparisons turned out to be
‘NS’ for all the pairings of the groups of students and natives. For the
percentile comparisons, Fig. 72 (right) shows that JP and UK were not
statistically different at all the points but 10%; JP and US as well as S1 and
US, E1 and UK, E1 and US, at all the percentage points; S1 and UK as well as
E2 and UK, and E2 and US, at all points but 100%;.

Letter Y

The points of the groups were JP (1826, 838), S1(1859, 838), E1(1793, 799),
E2 (1825, 882), UK(1621, 715), and US(1697, 730) with the first component
of the duo being the F2 formant and the second one F1. Ordering the formants
in increasing order leads to the sequences (UK, US, E1, S1, JP, E2) and (UK,
US, E1, E2, JP, S1) for the formants F1 and F2, respectively. These mean that
the points of the groups lay on a diagonal-like line on the graph and the groups
of the students are far from the crossing point of the graph axes whereas the

groups of native speakers are near it.
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Letter Y - F2xF1

F2
1900 1850 1800 1750 1700 1650 1600
- . . . 700
®
PY UK
Ue 1751251
1697 1 750
¢ 730
1793
799
s1 P s e
1859 1826
838 838
® [
850
E2
® 1325 F1
882
900

Fig. 73 F2 x F1 Graph. Letter Y.

Fig 74 (left) gives the results of the F1 comparisons for means and deviations
characterizing the groups as JP (838, 60), S1(838, 37), E1(799, 72), E2 (882,
36), UK(715, 94), and US(730, 92). Amongst the groups of students, only E1
stood out, in the sense that it was not different to the groups UK as well as US.
Fig 74 (right) describes the results of the percentile comparisons. JP and UK
were not different at 90%; JP and US at 75% to 100%; S1 and UK, at 0%,
90%; S1 and US, at 0%, 75% to 100%; E1 and UK, at 75% and 90%; E1 and
US, at 75% to 100%; E2 and UK as well as E2 and US, at 90%.

F1 [Hz] Letter Y-F1
1100
[ IPXUK[IPxUS[S1 %E1 [STxE2 [S1xUK|S1xUS [E1 xE2 [E1 xUK]E1xUS [E2xUK[E2xUS [UKxUS|
Y * * NS NS * * * | NS NS *
- { Ts [ns [ »
900

v [ ox [ 1os [ 25% | 50% | 75% | 90% | 100%

JPxUK|  # « * x + | NS *
8 - [opis| « | = + x NS | NS | NS
SIEE] D5 | NS [ NB. | NS | NSy | 8| DS,
ma [s1xe2| Ns | Ns | Ns [ Ns | Ns | Ns | ns
S1IxUK| NS = + B « | ns *
500 sixus| Ns | = ¥ « | ns. [ ns [ ns
w0 _ - so 882 '|E'11xr9 NS | NS | NS | NS > t\ *
B * = | NS, | NS *
ElxUS| # * * * NS NS NS
o E2xUK| * « B B + | NS *
E2xUS| * - * « + | NS *
300 UKxUS| NS | NS | NS | NS | NS | NS *
200
P s1 E1 E2 UK us

Fig. 74 Testing of F1. Left: whole utterance. Right: percentiles. Letter Y.
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F2 [Hz] Letter Y - F2
2200

UKxUS

l {\»qux\gpxus*sm 1[S1xE2 [S1xUK[S 1xUS[E1xE2 [E1xUK[ETxUS F},xUK%L?{L}S

X 0% 10% 25% 50% I 75% 90% | 100%

JUPxUK|  * * * + | NS [ NS *
1800 |
JPxUs| = « + | nNs [ ns + | ns
| SIxE1| N& * * * NS NS NS
SixE2| % | » | * | + | + | N5 | NS
1600 | ! SIxUK| = * ¥ + | NS | NS x
Sixus| = * * + [ ns [ ns [ =
1826 — 1793 1825 Eixi2| * | « | « | » | Ns | Ns | NS |
1697 E1xUK| = # * NS NS * #
1300 e E1xUS| = « « | ns [ ns | # [ ns
E2xUK| * « ¥ + [ ns [ns [ =
Eoxus| * * ¥ * | ns [ns [ x|
55 ukxus| Ns | ns [ ns [ Ns [ns | ns [ s
”» s1 31 E2 UK us

Fig. 75 Testing of F2. Left: whole utterance. Right: percentiles. Letter Y.

As far as the statistical comparisons of F2 are concerned, Fig. 75 (left)
provides the result for the group typified by JP (1826, 69), S1(1859, 67),
E1(1793, 73), E2 (1825, 56), UK(1621, 120), and US(1697, 167). Here, ‘NS’
was obtained for the pair of E1 and US only. Moreover, Fig. 75 (right)
suggests that JP and UK were not statistically different at 75% and 90%; JP
and US, at 50%, 75%, and 100%; S1 and UK as well as S1 and US, at 75% and
90%; E1 and UK, at 50% and 75%; E1 and US, at 50%, 75%, and 100%; E2
and UK as well as E2 and US, at 75% and 90%.

4 DISCUSSION AND FINAL COMMENTS

Table I, which was shown in Izuta [9] and reproduced here for the sake of
completeness, expresses the relationships of the group JP with UK as well as
US. There, “f”, “n”, “s”, “q” and “i” correlated to UK for both F2 and F1
whereas “s”, “x” , “q” and “i” to US, in which “s”, “q” and “i” were closely
related to both UK and US. Considering the categories used to classify the
sounds of the English alphabet, category [i:/i] had the letters “b”, “c”, and “d”,
fitted in US-<Only F2> and UK-<Only F1>; and considering that F2 is
interpreted as the <forward/backward> positioning of the tongue whereas F1
to the rounding of the lips, these results suggest that the utterances were made

with US-like tongue positioning while the openness tended to be UK-like. In
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addition, “b”, “t”, “I”, “m” and “y” were in the group <neither F2 nor F1> .

TABLE I

AFFINITY OF THE SOUNDS MADE BY THE GROUP JP

neither F2
Both F2 and F1 Only F2 Only F1
nor F1

< ouow & d, e, g,

UK-like f,n,s,q,i o’ > p,t, v, g, k,
T

C, d’ e’ b: ta 1, m, y
US-like s, X, q, 1 g p, v, f,hj

a, u

TABLE II

AFFINITY OF THE SOUNDS MADE BY THE GROUP S1

neither F2
Both F2 and F1 ~ Only F2 Only F1
nor F1
UK-like  i,n,q £ m, o ¢ e gk
u, w, X ILp,r,t, v
m n q a’ b’ d’ y
US-like f,1,s, x SRR - S « VA TR A o
u’ W’
TABLE III

AFFINITY OF THE SOUNDS MADE BY THE GROUP El

neither F2
Both F2 and F1 Only F2 Only F1
nor F1

c,d, e, g ],
UK-like f,1i,n,q,s m,o,u,w,x k, I, p,rt,

v,y
US-like i, q s tx,y &P den fehgd

r,u, v p
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TABLE IV

AFFINITY OF THE SOUNDS MADE BY THE GROUP E2

neither F2
Both F2 and F1 Only F2 Only F1
nor F1
c, € g J
UK-like f,i,n,q m,o,u,w,x k,1,p,rt,
\% a,b,d,y
US-like £ i, q, x $ MO o i, s,

The results of similar analyses for groups S1, E1 and E2 are gathered in
Tables II — IV. The groups S1 and E2 had the same letters in the class
<neither F2 nor F1> whereas E1 had no elements in it. Focusing on the class
<Both F2 and F1>, the top runner group was E1 with 5 letters followed by E2
with 4, and S1 with 3.

Table V summarizes the statistical comparison results for the percentiles.
Many of the letters that were not in <both F2 and F1> had some percentiles in
this group. Still, these percentiles were mainly at the beginning and end of the
utterances. These results suggest that the students tried to modulate the

frequencies as the utterances were being produced.

TABLE V - Affinity of the sounds made by the groups for the percentiles

percentiles 0% 10% 25% 50% 75% 90% 100%
affinity UK | US UK us UK | US UK | US UK us UK uUs UK | US
JP , F2 , F2 ,F2| JF2 | ,F2 Fl1 Fl1 IF1
S1 JF2 JF2 JF2 | JF2 JF2 | JF2 Fl1 F1, 1
A El [FI, F2[F1, F2 IF1, F2 ,F2 JF2 | JF2 IF1 Fl Fl, [F1,F2
E2 [F1, F2[F1, F2| ,F2 |F1, F2 JF2 | JF2 ,F2 [F1 JF2 |F1,  [F1, F2
JP  F1, F2 JF2 | JF2 JF2 | JF2 JF2 | JF2 |F1 Fl ,F2 [F1, F2
St 1, F2| ,F2 JF2 | JF2 JF2 | JF2 JF2 | JF2 |F1 Fl F1, [FI, F2
B El [F1, F2F1 JF2 | JF2 ,F2 JF2 | ,F2 |F1 Fl F1 F1, [F1,F2
E2 [F1, F2[F1, F2| ,F2 | ,F2 JF2 | JF2 JF2 | JF2 Fl1 F1, [FI1, F2
JP  Fl, F2 JF2 JF2 |F1, ,F2 |F1 IF1 Fl IF1 Fl [F1
St 1, F2| ,F2 FI, ,F2 |F1 Fl IF1 Fl, [l
¢ El [F1, F2| ,F2 ,F2 JF2 |F1,  [F1, F2|F1 IF1 Fl1 F1 F1, [F1
E2 [FI, F2| ,F2 FI, ,F2 |F1 IF1 Fl IF1, F2|F1, [F1, F2
Jp JF2 ,F2 JF2 | JF2 JF2 JF2 | ,F2 |FI1 Fl1 Fl1 IF1, F2
S1 JF2 [F1, F2| ,F2| ,F2 JF2 | ,F2 |FI Fl F1, [l
P El JF2 [F1, F2| ,F2 | ,F2 JF2 JF2 | JF2 |F1 Fl1 F1, [FI, F2
E2 ,F2 [F1, F2| ,F2 | ,F2 JF2 | ,F2 |F1 Fl Fl, [F1,F2

— 90 —
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P JF2 2| F2 2 | P2 | F2 |F1 Fl F1  [F1
S1 2 | F2 | JF2| .F2 JF2 [F1, F2 [F1 Fl F1
E g F1, F2[F1 2| F2 2 | P2 | F2 |FI Fl F1  [F1, F2
E2 JF2 | F2 | F2| .F2 JF2 F1, F2 [F1 Fl F1
P [F1 F1, F2 F1 JF2 F1, F2| F2 [F1, F2[F1, JF2 [F1,  [F1, F2
S1 [F1, F2[F1, F2 F1 JF2 | F2 [F1, F2|F1, [F1, F2|Fl, [FI, F2[F1, JF2
F e F1, F2[F1, F2|F1  [F1, F2 F1 F1, [F1, F2|F1, [F1, F2|F1, [F1, F2[F1, [F1, F2
E2 [F1, F2F1, F2 F1 F1 Fl1, JF2 [F1, [F1, F2|F1, [FL, F2[F1, [F1, F2
P JF2 F2 | F2 F2 | F2 F1 F1  [F1
S1 JF2 F1, F2| ,F2| .F2 JF2 [F1, JF2 [F1 F1  [F1 F1
¢ R JF2 F1 F2 | F2 JF2 [F1, [l F1  [FI F1  [F1
E2 [F1,F2| F2 | ,F2| .F2 JF2 FL, F2 F1 F1  [F1 F1  [F1
JP [F1, F2[F1, F2| ,F2| ,F2 |FI JF2 |F1 JF2 F1
s1 [F1, F2[F1, F2|F1, JF2 |F1 Fl1, JF2 F1
= F1, F2 [F1, F2 |F1 JF2 |F1 JF2 |F1 JF2 F1
E2 |, F2 [F1, F2|F1, JF2 |F1 Fl, JF2 F1
P [F1 Fl F1  |F1, F2|F1  [F1, F2|F1  [FL F1, [F1, F2
S1 JF2 | F2 [F1 [F1 F1  [F1 F1  [F1 F1  [F1, F2|[F1  [Fl F1, [F1
T F1, F2 [F1 F1 |1 F1 JF2 |[F1, [F1, F2|F1  [F1, F2|[F1  [F1, F2|F1, [F1, F2
E2 [F1, F2[F1, F2 F1  [FI F1  |FI F1  [F1 F1, [F1, F2
P JF2 2| F2 JF2 [F1 [F1, F2F1, F1  [F1
S1 JF2 | F2 | F2| ,F2| ,F2| ,F2 |F1, [FI, F2|F1 F1  |F1 F1
I JF2 F1, F2| F2| ,F2 JF2 [F1,  [F1, F2[F1  [FI F1  [Fl
E2 JF2 | JF2 | F2| ,F2| ,F2| ,F2 |F1, [FI, F2|F1 F1  [F1
JP F1, F2 JF2 JF2 |F1, JF2 [F1 F1  [F1 F1  [F1
S1 [F1, F2| ,F2 Fl, [Fl, F2|F1 F1  [F1 F1, [F1,F2
KT F1, F2| ,F2 JF2 JF2 [F1, 1 F1  |FI F1  [F1 F1  [Fl
E2 [F1, F2| ,F2 Fl, JF2 [F1 Fl F1, [F1,F2
P Fl F1  [F1 F1 Fl F1, F1, [F1, F2
S1 F1  [F1 F1  [F1 F1  [F1 Fl, F1, JF2 [F1, [F1, F2
LM F1, F2 [F1 F1 F1  [F1 F1, [F1, F2|F1, [F1 F1, [F1 F1, [F1, F2
E2 [F1  [F1 F1 F1  [F1 F1  [F1 Fl, JF2 [F1, JF2 [F1, [F1, F2
P [F1, F2F1 JF2 JF2 Fl, Fl, F1, F1, JF2
st [F1, F2JF1, F2| F2| ,F2 | ,F2| .F2 [F1, [F1, F2|F1, JF2 [F1,  [F1, F2|F1,  [F1, F2
M e F1, F2[F1, F2| ,F2 [F1 JF2 Fl, [F1, F2|F1, [F1 F1, F1, [F1, F2
E2 [F1, F2|F1, F2| ,F2| ,F2 | ,F2| ,F2 |FI, JF2 [F1, JF2 [F1, JF2 [F1, JF2
JP[F1, F2 JF2 JF2 Fl, JF2 |F1, JF2 |F1, JF2 [F1, [F1, F2
S1 [F1, F2|F1, F2| ,F2| ,F2 | ,F2| ,F2 [F1, [F1, F2|FI, JF2 [F1, [F1, F2|F1, I, F2
N e F1, F2 JF2 JF2 | JF2 [F1, [F1, F2|F1, [F1, F2|F1, [F1, F2|F1, [FI, F2
E2 [F1, F2[F1, F2| .F2| ,F2 | ,F2| .F2| .F2| ,F2 [F1, JF2 [F1, JF2 [F1, [F1, F2
P JF2 JF2 JF2 Fl1, F1, [F1, F2|F1, [F1, F2
S1 Fl F1  [F1 F1  [F1
O I F1, F2[F1 JF2 JF2 | 2| F2 [F1, [FI F, F21[F1 F1, [F1,F2
E2 [F1 [l F2 | F2 JF2 | F2 | F2| ,F2 |FI, JF2 [F1, [F1, F2
JP [F1, F2[F1, F2| ,F2| ,F2 JF2 | ,F2 [F1, F2|F1 Fl F1, [Fl
S1 [F1, F2[F1, F2| ,F2 [F1, F2 F1 JF2 [F1, F2|F1 F1  [F1 F1, [F1,F2
ST F1, F2[F1, F2| ,F2| ,F2 JF2 | LF2 [F1, F2|[F1  [F1 F1  [F1 F1, [F1, F2
E2 [F1, F2[F1, F2| ,F2| .F2 F1 JF2 [F1, F2|F1 Fl F1, [F1,F2
P [F1 JF2 JF2 F1, F2[F1  [F1 Fl F1
S1 [F1, F2[F1, F2 JF2 F1, F2| F2 [F1, F2|F1  [F1 Fl IF1
E JF2 F1 JF2 F1, F2[F1, [F1 Fl F1, F2
E2 [F1, F2[F1, F2 JF2 F1, F2| F2| ,F2 [F1 Fl F1
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P [F1 F1 F1  [F1 Fl Fl JF2 [F1 Fl1, JF2 [F1,  [F1, F2
Ss1 [F1  [F1 F1  [F1 F1  [F1 F1, [F1 F1 F1, [Fl, F2|F1, [FI, F2
Sl T T F1  [F1 Fl Fl, B2 [F1 JF2 [F1,  [F1, F2|FL, [FL, F2
E2 [F1 I Fl Fl F1, [F1, F2|F1 F1, [F1, F2|F1, [FI, F2
P [F1 F1, F2| ,F2 [F1,F2 F1, F2|F1, [F1, F2|F1, [F1, F2|F1, [F1, F2|[F1  [F1,F2
S1 [F1, F2[F1, F2| ,F2 [F1, F2 F1, F2| ,F2 [F1, F2|F1, [F1, F2|F1  [F1, F2[F1, [F1
S el Fi F1, F2|F1, [F1, F2|F1, [F1, F2|F1, [F1, F2|F1, [F1, F2|F1, [F1, F2[F1, [F1, F2
E2 [F1, F2|F1, F2| ,F2 [FI, F2 F1 F1, [F1, F2|F1, [F1, F2|F1  [FL F1, [F1,F2
JP [F1, F2F1, F2 JF2 JF2 | F2| ,F2 |F1 F1  [F1 F1, [F1, F2
S1 [F1, F2[F1, F2 2| F2 [F1 [FL F1  [F1 Fl. [F1
T M F1, F2[F1, F2 JF2 JF2 | LF2 [F1, F2|[F1  [F1 F1  [F1 F1, [F1, F2
E2 [F1, F2[F1, F2 JF2 | F2 [F1 Fl F1, [F1,F2
P F1, F2F1 B2 | F2 | F2 Fl F1, [F1,F2
st [F1, F2JF1, 2| F2| F2| ,F2| 2| F2| .F2| .,F2 F1, JF2 [F1,  [F1, F2
R T F1, F2 [F1 JF2 JF2 JF2 | JF2 | LF2 F1 Fl, JF2 F1, F2
E2 [F1, F2|F1, F2| ,F2| ,F2 | F2| F2| ,F2| ,F2 | .F2| ,F2 |FI, JF2 [F1,  [F1, F2
jp [F1,F2| F2 | F2| ,F2| ,F2| ,F2| ,F2| ,F2 |FI F1  [F1 F1  [F1, F2
S1 [F1,F2| ,F2 | F2| ,F2 | .F2 JF2 | 2 [F1 F1  [F1 JF2 [F1
V & F1, F2| ,F2 | ,F2| .F2 JF2 | F2| F2 |[F1  [FL F1  [F1 F1  [F1, F2
E2 [F1, F2fF1, F2| ,F2| ,F2 | F2| F2| ,F2| .F2 |FI Fl F1, [F1, F2
P [F1 1 JF2 [F1 JF2 JF2 | F2 |F1 JF2 [F1 F1, F2
Ss1 [F1  [Fl JF2 F1 2| F2 | F2| P2 [F1  [FI F1, [F1
A TR T F1 JF2 [F1 JF2 F1, F2| F2| ,F2 [FI, JF2 [F1 F1, F2
E2 [F1 [l F1 JF2 F1, F2| F2| ,F2 | ,F2| .,F2 |F1 F1, [F1, F2
P JF2 1, F2 F1, F2|[F1, [F1, F2|FI, JF2 | ,F2 [F1, F2|F1, [F1, F2[F1, [F1, F2
S1 JF2 F1, F2| ,F2 [F1, F2| ,F2 [F1, F2| ,F2 [F1, F2| ,F2 [F1, F2|F1, [F1, F2|F1  [F1.F2
X El, JF2 [F1, F2| ,F2 [F1, F2|F1, [F1, F2]|F1, JF2 [F1,  [F1, F2|F1, [F1, F2[F1, [F1, F2
E2, [F1,F2| ,F2 | ,F2 [F1, F2| ,F2 [F1, F2|F1, [F1, F2|F1, [F1, F2|F1, [F1, F2|F1  [F1
P JF2 | F2 [F1, F2|F1, [FL F1, F2
s1 [F1 |1 JF2 [F1, F2|F1, [F1, F2 F1
Y lgy JF2 | JF2 [F1, [F1, F2|[F1  [Fl F1, F2
E2 2| F2 [F1, [F1, F2

Thus, recalling the

“assistant language teachers (ALTs)” appointed to junior

and high schools throughout the country are mostly from the USA, these

results call on further investigations to understand the absence of a dominant

variety of English in the speaking of Japanese female students.
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