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Introduction

It is widely known that the Japanese have difficulty distinguishing
between the /r/ and /1/ speech sounds. For example, Yamada
and Tohkura (1992) reported the rate of correct identification of
naturally spoken English words containing /r/ or /1/ consonants
was 65.7% on average in Japanese who had no experience of living
in a foreign country. Simultanecously, great individual differences
were reported in this study; approximately 40% of the participants’
identification accuracy was less than 60%, 30% of the participants’
identification accuracy was within 60% to 70%, and 20% of the
participants’ identification accuracy was within 70% to 80%.
Further, approximately 10% of the participants’ identification
accuracy was more than 80%. These data are valuable because they
report not only average performance but also the distribution of
individual performance, which is especially essential in the context
of English listening education. Similarly, Ueda et al. (2007) reported
that the rate of correct identification of English words containing /
r/ or /1/ was 67.2% on average, with approximately 20% of the
participants’ identification accuracy being less than 60%, 50% of the
participants’ identification accuracy was within 60% to 70%, 20% of
the participants’ identification accuracy was within 70% to 80%, and
10% of the participants identification accuracy was more than 80%.

Ueda et al. (2007) also reported that 15 days (each 2 hours)
identification training of /r/ - /1/ improved the performance of eight
Japanese participants whose initial identification accuracy was within
50% to 70%. On the final day, six of them reached over 90% correct,
one about 85% correct, and one 75% correct. A previous study also
reported directional asymmetry in the discrimination between /r/
and /1/. For example, Kuhl et al. (2006) used a conditioned heart-
turn procedure, a widely used technique for the assessment of infants’
ability to perceive speech, to examine their ability to discriminate
consonants. They found that detection of the stimulus change from
/ra/ to /la/ is more difficult than from /la/ to /ra/ regardless of
age (i.e., 6 or 12 months) or native language (Japanese or English)
in infants. Yamada and Tohkura (1992) and Ueda et al. (2007)

used the same number of /r/ and /1/ stimuli, and the distribution
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of individual discrimination performance by the direction of the
stimulus change was not reported.

This study surveyed Japanese graduate students' ability to
discriminate between /r/ and /1/ sounds. Specifically, we examined
the discrimination ability of /ra/ and /la/ speech sounds with
considering the change in direction, using the signal detection
theory (Green & Swets, 1966) . This could clarify the percentage
of Japanese people who could distinguish between /r/ and /1/
sounds and the extent to which they could do so in each direction.
Furthermore, we examined the effect of a short learning experience
(less than 3 min) . We hypothesized that a short-term learning
experience might increase discrimination performance in /ra/
detection from /la/ sounds but not in /la/ detection from /ra/
sounds, because the latter was shown to be challenging in a previous

study (Kuhl et al., 2006).

1. Methods
1.1 Participant

The experiment was conducted as a class assignment for graduate
students enrolled in "Advanced Experimental Psychology" at the
Nagaoka University of Technology. All were native Japanese, and
all or most had no experience of studying abroad, although this was
not individually confirmed. Since the experiment was conducted
as part of the class assignment, the participants could not refuse to
participate in the experiment. However, they were free to decline
using their data for purposes other than class. On the day of the
experiment, 29 men and two women in their early 20s attended the
class, and none of them declined to use their data for purposes other
than the class.

After the experiment, the log files were distributed to the students
for data analysis, which was also a part of the class assignment and a
final report for the course credit. Given that the first author was the
lecturer in charge of the class, we determined the analysis method
before the students’ report submission, so that reading students’
reports would not lead to plagiarism. Consequently, no reports used

signal detection theory to accomplish the same analysis as this study.



1.2 Apparatus

The experiment was conducted using students’ laptops running
Windows 10. Students who did not have a Windows 10 laptop used
other students' laptops for the experiment. Further, students used
their earphones or those prepared by the experimenter. No specific
instructions were provided regarding the volume level, and the

participants could adjust the volume as they liked.

1.3 Stimuli

A total of 10 speech sounds of /ra/ and /la/, produced by 10
female native English speakers, were used in this experiment.
Since all authors were Japanese and were not confident in auditory
discrimination of /ra/ and /la/ sounds, we used Praat, software
for sound analysis, to visually check the shape of the third formant
trajectory of the stimuli, given that /r/ and /1/ have different
characteristics in the shape of the third formant trajectory (Gordon

etal., 2001).

1.4 Procedure

The experiment was conducted simultaneously in the classroom,
divided into the first half (those who had a Windows laptop) and the
second half (those who borrowed other students' laptops) during one
class period (90 min). First, the participants were instructed that
the experimental task was to distinguish between /r/ and /1/ and to
remain quietly in the classroom when they were not experimenting.
Next, the experimental program created by PsychoPy (Peirce et al.,
2019) was distributed to the participants, and they wore earphones
and ran the program independently. No practice trials were
conducted because we wanted to gather data without practice effect.
Additionally, the participants were not informed that the ratios
of /ra/ and /la/ speech sounds were not the same and changed
depending on the experimental block.

The experimental procedure is shown in Figure 1. In the first
block of the experiment, the instruction that "Press Enter for Ra,
but not for La" appeared on the screen, and 2 s later, playback of
the auditory stimuli began while keeping the instruction on the
screen. The stimuli of the first block comprised 30 /ra/ and 120 /
la/ speech sounds, which were played in a pseudo-random order
with 1 s stimulus onset asynchrony (i.e., from the start of stimulus
presentation to the start of the next stimulus presentation at intervals
of 1's). After the first block was completed, the instruction that
"Press Enter for La, but not for Ra" appeared on the screen for 2 s,
and then the second block started. The stimuli in the second block
comprised 30 /la/ and 120 /ra/ speech sounds in pseudo-random
order. After the second block was finished, the instruction of the
third block that "Listen to La and Ra sounds. Letters appearing on
the screen correspond to audio. No key-presses required." appeared
on the screen. Two seconds later, /ra/ and /la/ were both auditory
and visually presented alternately three times each, for 150 times.
As was the instruction, visually presented letters on the screen

corresponded to auditory presented sounds. The fourth and fifth
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150 auditory stimuli were played in a pseudo-random order.
(30 /ra/ and 120 /la/ in the 1st and the 4th block, and

30 /la/ and 120 /ra/ in the 2nd and the 5th block.)
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For a total of 150 times, /ra/ and /la/ were auditory and visually
presented alternately 3 times each.

Figure 1. Procedure of the experiment

blocks were identical to the first and second blocks. The experiment

took approximately 13 min.

1.5 Signal detection theory

In evaluating the discrimination ability, it is necessary to evaluate
both the performance of (1) correctly pressing the key when the
target speech sounds (i.e., hit) and (2) correctly not pressing the
key when the non-target speech sounds (i.e., correct rejection) in
an integrated manner. Therefore, we evaluated each participant's
discrimination ability using d' (d-prime), a measure of signal
detection theory (Green & Swets, 1966) that distinguishes between
the real sensitivity of participants and their potential response biases.
The d' indicates the distance between the distribution of trials that
include the signal and the distribution of trials that do not include
the signal (i.c., noise trials) concerning a psychological quantity
corresponding to the intensity of the signal. In summary, a larger
d’ value indicates a higher discriminative power because there is a
greater distance between the distributions of the signal and noise
trials. If d' is close to zero, there is no discriminative power because
the distributions of the signal and noise trials almost overlap. If d' is
negative and not close to zero, signal and noise trials distribution are
distinguished but reversed. In this case, the signal and noise trials
are perceptually discriminated, but the required responses are the
opposite. Specifically, participants found the signal from the noise

trials and did not find signals from the signal trials.

2. Results

The frequencies of the occurrence of hit, miss, correct rejection,
and false alarm for each participant in each block are presented in
Table 1. As shown in Table 1, we found several negative d’ values
that were not close to zero, especially in the second and fourth
blocks. This is strange but could happen if some participants were
unaware that the detection target had changed from /ra/ to /la/

in the second or fifth experimental blocks. Therefore, we asked the
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Table 1. Values of d' for each participant for each block. The number of hit, miss, correct rejection, and false alarm shows the number of frequency of their
occurrence. |d’| indicates mean absolute d’ value in 1st, 2nd, 4th, and 5th experimental blocks. IDs are assigned in order of mean performance

[mean]| |1st block| Detection of /fra/ (30 /ra/, 120 /la/) |2nd block] Detection of /la/ (30 /la/, 120 /ra/)

1D |d'| Hit  Miss  Correct Rejection False Alarm d Hit  Miss  Correct Rejection False Alarm d
1 2.87 27 3 116 4 3.12 24 6 107 13 2.08
2 2.73 27 3 117 3 3.24 22 8 109 11 1.95
3 2.16 26 1 78 42 1.50 24 6 116 4 2.68
4 1.59 21 9 102 18 1.56 26 + 70 50 1.32
5 1.57 27 3 88 32 1.90 8 22 47 73 -0.90
6 1.52 24 6 107 13 2.08 3 27 68 52 -1.11
7 1.51 21 9 78 42 0.91 18 12 110 10 1.64
8 1.42 18 12 82 38 0.73 26 + 85 35 1.66
9 1.35 24 6 63 57 0.90 26 4 92 28 1.84
10 1.29 22 8 100 20 1.59 8 22 33 87 -1.22
11 1.08 13 17 108 12 1.11 -+ 26 75 45 -0.79
12 0.88 12 18 56 64 -0.34 17 13 101 19 1.17
13 0.83 15 15 109 11 1.33 2 28 103 17 -0.43
14 0.79 17 13 78 42 0.55 23 7 76 44 1.07
15 0.74 17 13 58 62 0.13 14 16 62 58 -0.04
16 0.69 11 19 84 36 0.18 9 21 94 26 0.26
17 0.58 19 11 60 60 0.34 16 14 48 72 -0.17
18 0.50 18 12 89 31 0.90 18 12 67 53 0.40
19 0.49 14 16 93 27 0.67 14 16 84 36 0.44
20 0.46 16 14 54 66 -0.04 15 15 55 65 -0.10
21 0.43 19 11 56 64 0.26 17 13 51 69 -0.02
22 0.43 20 10 55 65 0.33 19 11 53 67 0.19
23 0.42 13 17 60 60 -0.17 11 19 39 81 -0.79
24 0.40 18 12 74 46 0.55 11 19 71 49 -0.11
25 0.36 12 18 79 41 0.15 11 19 81 39 0.11
26 0.34 16 14 47 73 -0.19 19 11 42 78 -0.04
27 0.34 19 11 61 59 0.36 15 15 59 61 -0.02
28 0.32 11 19 53 67 -0.49 12 18 83 37 0.25
29 0.26 11 19 87 33 0.26 16 14 87 33 0.68
30 0.25 8 22 63 57 -0.56 16 14 67 53 0.23
31 0.12 14 16 67 53 0.00 14 16 73 47 0.19
mean| 0.93 17.7 123 78.1 41.9 0.74 [154 146 74.5 45.5 0.40

[mean] [4th block] Detection of /ra/ (30 /ra/, 120 /la/) [5th block] Detection of /la/ (30 /la/, 120 /ra/)

1D |d'| IIit  Miss  Correct Rejection  False Alarm d it  Miss  Correct Rejection  Talse Alarm d
1 2.87 28 2 119 1 3.90 24 6 113 7 2.41
2 2.73 25 5 117 3 2.93 24 6 117 3 2.80
3 2.16 25 5 105 15 2.12 21 9 116 4 2.36
1 1.59 27 3 92 28 2.01 27 3 68 52 1.45
5 1.57 25 5 107 13 2.20 3 27 61 59 -1.26
6 1.52 24 6 100 20 1.81 23 7 77 43 1.09
7 1.51 27 3 83 37 1.78 22 8 103 17 1.70
8 1.42 23 7 101 19 1.73 24 6 92 28 1.57
9 1.35 27 3 62 58 1.32 25 5 78 42 1.35
10 1.29 23 7 81 39 1.18 9 21 32 88 -1.15
11 1.08 14 16 112 8 1.42 12 18 107 13 0.98
12 0.88 23 7 71 49 0.96 22 8 80 40 1.05
13 0.83 13 17 106 14 1.02 7 23 70 50 -0.52
14 0.79 20 10 76 44 0.77 23 7 61 59 0.75
15 0.74 28 2 80 40 1.93 23 7 66 54 0.85
16 0.69 23 7 90 30 1.40 8 22 47 73 -0.90
17 0.58 23 7 60 60 0.73 7 23 41 76 -1.07
18 0.50 14 16 71 49 0.15 18 12 74 46 0.55
19 0.49 18 12 71 49 0.49 10 20 95 25 0.38
20 0.46 19 11 78 42 0.73 22 8 77 43 0.99
21 0.43 23 7 61 59 0.75 23 7 59 61 0.71
22 0.43 23 7 39 81 0.27 23 7 70 50 0.94
23 0.42 11 19 56 64 -0.42 13 17 54 66 -0.29
24 0.40 16 14 82 38 0.56 14 16 82 38 0.39
25 0.36 16 14 82 38 0.56 17 13 81 39 0.62
26 0.34 25 5 60 60 0.97 19 11 37 83 -0.16
27 0.34 21 9 68 52 0.69 16 14 69 51 0.27
28 0.32 10 20 63 57 -0.37 17 13 61 59 0.19
29 0.26 12 18 76 44 0.09 18 12 49 71 0.02
30 0.25 18 12 50 70 0.04 17 13 41 76 -0.17
31 0.12 19 11 49 71 0.11 13 17 73 47 0.11
mean| 0.93 20.7 9.3 79.6 40.4 1.09 | 17.5 125 72.8 47.2 0.58
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participants about this possibility the week after the experiment.
Consequently, we found that four participants were unaware of the
change in the instruction throughout (ID 5, ID 10, ID 13, and ID
17 seem to be these participants from the pattern of the d’ values).
Five participants were not aware of the change in the instruction
immediately but noticed it during the experiment (ID 6 and ID 11
seem to be these participants from the pattern of the d’ values). The
reasons for this were that some of them performed the experiment
with their eyes closed to concentrate on the auditory stimuli, and the
other performed the experiment with their eyes open but were too
concentrating to notice the change in the instruction on the screen.
It was impossible to confirm which participants had done so because
of time constraints and the priority of the progress of the class.
However, because a negative d’ value not close to zero also indicates
perceptual discrimination success, as described in the previous

section, we decided to use absolute d’ values for discrimination
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Figure 2. Absolute d' values for each participant for each block plotted in
Receiver Operating Characteristic (ROC) Space. The x and y axes indicate
false alarm(FA) ratio and hit ratio, respectively. A plot in the upper left corner
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performance to address this problem. Note that discrimination
performances in some of the participants who noticed the instruction
change during the second or the fifth blocks became underestimated
because the absolute value of the d' becomes smaller in this case.
The absolute d’ values for each participant for each block plotted
in receiver operating characteristic space are presented in Figure
2. The mean absolute d’ values in the first, second, fourth, and fifth
blocks were 0.74, 0.40, 1.09, and 0.58, respectively.

To examine the directional asymmetry and the effect of the short-
term learning effect, we conducted a two-way analysis of variance
(ANOVA) with absolute d’ as the dependent variable and detection
target (/ra/ vs. /la/) and short-term learning experience (before the
third block vs. after the third block) as within-participants variables.
The results revealed a significant main effect of the detection target
(F(1,30) =10.32, p < 0.01, partial n*=0.256), showing that

absolute d' was higher in the /ra/ detection condition than in the /la/
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indicates good performance, while a plot on the diagonal from lower left to
upper right indicates no discriminative power
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Table 2. Correlations between the absolute d' values in each block

1stblock 2nd block 4th block  5th block
Ist block - 69 FK  gOEE 75k
2nd block - Jo*x gk
4th block - 86 **
5th block -
(**p<.01)

detection condition, and a marginally significant main effect of the
short-term learning experience (F (1, 30) = 10.32, p < 0.10, partial
i = 0.092), suggesting that absolute d' increased by the short-term
learning experience. The correlations of the absolute d” values in
each block were also provided for readers interests (Table 2).

Given that the reaction time might reflect the difficulty of the
detection, we also conducted a three-way ANOVA with reaction
time as the dependent variable and correctness of response (correct
vs. incorrect), detection target (/ra/ vs. /la/), and learning
experience (before the third block vs. after the third block) as
within-participants variables. The rationale was that, although
participants were not instructed to press the key quickly, they
should do so because the stimuli were presented quickly (i.e., with
1 s stimulus onset asynchrony). The results showed a significant
interaction between detection target and learning experience (F (1,
30) = 6.15, p < 0.05). Follow-up analysis revealed a significant effect
of learning experience in the /ra/ detection condition (p < 0.05) and
a significant effect of detection target after the learning experience
(p < 0.01). The reaction times in the first, second, fourth, and fifth

blocks were 0.52, 0.52, 0.50, and 0.53 seconds, respectively.

3. Discussion

We surveyed the discrimination ability between /r/ and /1/
sounds in Japanese graduate students to determine the number
of Japanese who could distinguish between L and R sounds and
to what extent. Although some participants performed the task
inappropriately in the second and fifth experimental blocks, we
could evaluate the discrimination ability with no serious problems by
using absolute d' values.

Although greater absolute d’ values indicate a higher discriminative
power, we need to examine the data closely to determine what
value should be considered excellent. First, we checked the
minimum value of d' in the first and fourth experimental blocks,
where all participants performed the task appropriately because
the detection target was the same as that shown at the beginning
of the experiment; thus, overlooking it did not matter in the fourth
experimental block. Consequently, we found that it was -0.56, and
we could assume that at least this magnitude was within the range
of what could happen by chance. Based on this, we categorized
the participants whose mean absolute d' values were under 0.56
(ID = 18-31, Table 1) as the worst performance group, whose
discrimination ability was as good as the chance level (n = 14). We
then checked these participants' maximum absolute d' value, which

might be considered the maximum absolute d' value by chance.
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Since we found that it was 0.99, we categorized the participants
whose mean absolute d’ values were under 1.00 (ID = 12-17,
Table 1) as the second-worst group (n = 6). We then examined
the high-performing side. We found that three participants showed
outstanding performance, with mean d’ values over 2.16 (ID = 1-3,
Table 1). The next highest performing participant’s mean d’ value
was 1.59. Therefore, we decided to adopt more than 2.00 in mean
absolute d' values as a criterion for the best performance group
(n = 3). The remaining participants (ID = 4-11; Table 1) were
categorized into the intermediate group (n = 8). This distribution
ratio was similar to that reported by Yamada and Tohkura (1992)
and Ueda et al. (2007), indicating that our criteria were reasonable
and comparable to those of previous studies.

The results also showed that detecting /la/ sounds from /
ra/ sounds were more difficult than vice versa. This directional
asymmetry is consistent with a previous study on infants’ consonant
discrimination tasks (Kuhl et al., 2006). We also found that short-
term learning experiences of simultaneous auditory and visual
presentation could improve discrimination performance to some
degree, although it was only marginally significant. Additionally,
we found that the reaction time was shortened after the learning
experience in detecting /ra/ from the /la/ condition, which was
generally consistent with the discrimination performance results.

In conclusion, this study revealed that approximately 10% of
Japanese graduate students showed excellent performance in
discriminating between /ra/ and /la/ sounds, and 50% of Japanese
graduate students showed poor performance as good as the chance
level. This study also provided the nature of the distribution of
individual discrimination performance in Japanese graduate students
based on signal detection theory in each direction of the stimulus

change, which is especially useful for English listening education.
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