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Abstract 
The sequence /zi/ does not occur in the Japanese language, 
and in loanwords from English, it is adapted as /dʑi/, e.g., 
English busy - Japanese /bi.dʑi/. While similar sequences 
of alveolar obstruent plus high vowel, such as /ti/ or /tɯ/, 
also used to be avoided in Japanese, they are occurring in 
recent loanwords. Such formerly impossible sound 
sequences are likely to have emerged because current 
Japanese speakers have more contact with English than 
previous generations: extended exposure to English with its 
less restrictive phonotactics leads younger speakers to 
acquire less strong restrictions against the sequences in 
question in their Japanese.  

In the present study, we tested whether Japanese 
listeners are sensitive to the difference between [zi]-[dʑi] in 
an online AX discrimination task. Our participants ranged 
in age from 18 to 65. We hypothesized that the younger the 
listeners are, the better they would be better at 
discriminating [zi]-[dʑi] in non-words as they had more 
exposure to English, which allows /zi/. Our study could not 
confirm this hypothesis. Instead, we found large individual 
variation in performance, and a good discriminability in 
general, which leads us to expect that the occurrence of /zi/ 
in Japanese loanwords is imminent. 

 
Index Terms: Phonotactic restrictions, Japanese, 
discrimination task, speech perception, loanword adaptation. 

1. Introduction 
When English loanwords are adapted into Japanese, they are 
usually changed to adhere to the rather restrictive Japanese 
phonotactics. The sequence /zi/, the topic of the present study, 
is one of the combinations that is not permitted in the Japanese 
language: no single Japanese word exists where /i/ follows /z/, 
while other consonant-vowel sequences with a /z/ in onset 
position, such as /za/, /ze/, /zo/ and /zɯ/, are allowed [1]. 

In English words borrowed into Japanese, /zi/ and /zɪ/ are 
adapted as the phonetically and phonologically closest and 
acceptable sequence /dʑi/ ([2], [3], [4], [5]), as illustrated with 
the examples in (1). Note that the phonetically closer /ʑi/, with 
a fricative instead of an affricate, is phonotactically not 
acceptable in Japanese.  

(1) English word Japanese adaptation Source 
 /lɪ.mə.ziːn/ /ri.mɯ.dʑin/ [6, p.69] 
 /mju.zi.əm/ /mjɯ.dʑi.a.mɯ/ [7, p. 147] 
 /zɪ.pər/ /dʑi.pa/ [1, p. 228] 
 

For the voiced obstruent in these Japanese adaptations, there 
does not seem to exist any consensus on its transcription: 
different studies have employed different phonetic symbols, 
such as /ɟʑi/ [8], /ɟi/ [5], and /dʒi/ [1]. The present study follows 
[9] and [4] in using /dʑi/, although it is likely that there is 
considerable variation in the phonetic realization of the 
affricate. Sporadically, the use of an alveolopalatal fricative /ʑ/ 
has been reported, though only in word-internal position (e.g. 
[4], [5]). 

While a change in the sibilant is one way to adapt the 
sequence /zi/, another way could be to change the vowel, 
resulting in a phonotactically also acceptable sequence, such as 
/zɯ/. This strategy, however, is seldom attested, probably 
because the formant transitions into the high front vowel are 
given more weight by Japanese listeners than the spectral cues 
of the fricative, cf. [10].  

Besides /zi/, English has many other consonant-vowel 
sequences that are not licensed by the phonotactic rules of the 
Japanese language, such as /ti/, /tɯ/, /di/, /si/, /dɯ/, /fa/, /fi/, 
/tsa/, /wi/ and /hwi/. However, many of these combinations 
have been slowly entering Japanese via loanwords ([1], [10]). 
One way this becomes visible is through diachronic variation in 
the integration of English loanwords into the Japanese 
language: over time, the same English consonant-vowel 
combinations have been integrated into Japanese differently. 
The English sequence /ti/, for example, was adapted into 
Japanese before 1890 with palatalization and affrication of the 
plosive, e.g., team as /tɕiː.mɯ/. This adaptation strategy began 
to change in the following decades, and from 1930 onwards, the 
majority of newly attested English loanwords containing /ti/ 
were adapted with /ti/, cf. [2], e.g. party as /paː.tiː/ [3, p. 30]. 
Another example is the sequence /tɯ/. English loanwords 
containing the phoneme combination /tu/ were generally 
adapted as /tsɯ/, e.g. English tool /tu:l/ - Japanese /tsɯ:.rɯ/ [7], 
but studies of the last two centuries (such as [1], [7], [10]) report 
an increase in the integration of the more innovative /tɯ/ in 
recent loanwords, as e.g. English tonight - Japanese /tɯ.nai.to/  
[7, p. 150]. Variation in adaptation patterns can even be 
identified over the span of living generations. Elderly Japanese 
speakers, for instance, tend to replace English /di/ by the native 
sequences /de/ or /dʑi/, whereas younger speakers adapt the 
input sequence as /di/. English building and disco thus become 
/bi.rɯ.dʑiŋ.ɡɯ/ and /de.sɯ.ko/ by elderly speakers and 
/bi.rɯ.diŋ.ɡɯ/ and /di.sɯ.ko/ by young speakers [1].  

The integration of these previously forbidden sequences is 
propelled by increasing contact with English; approximately 
10% of the contemporary Japanese lexicon is of English origin 
[7]. Moreover, over the past few decades, various technological 
advancements have enabled communication and exchange via 
internet and social media, where English serves as lingua 
franca. A greater exposure to English from a young age is likely 
to impact the phonotactic restrictions Japanese listeners form, 
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and their ability to perceive contrasts that play a role in English 
but not in Japanese: Japanese learners with more exposure to 
English are likely to have less strong phonotactic restrictions 
against structures that occur frequently in English, and their 
sensitivity to perceptual cues relevant in English is probably 
higher than that of Japanese learners with less exposure. This 
reasoning was employed by [11] to account for a diachronic 
change in the adaptation strategy of English /kr/ into Hong 
Kong Cantonese loanwords.  

Returning to the topic of the present study, loanwords from 
English containing /zi/, such as busy, easy, music, position, 
rising, noisy, crazy, physical, exhibition, positive, etc. are all 
consistently adapted with /dʑi/ into Japanese. The sequence /zi/ 
does still not occur in Japanese, cf. [3], as the recent loanword 
list in [7] shows. And according to [8, p. 84], /zi/ is only ever 
produced by Japanese speakers in the very careful 
pronunciation of the North American letter Z. However, due to 
increased contact with English, we expect Japanese listeners to 
be partly able to pick up on the perceptual difference between 
non-native [zi] and native [dʑi]. As with the previously non-
occurring /di/, we expect age-related variation between younger 
and older listeners, with younger Japanese listeners being able 
to better perceive the difference than older listeners, even 
though the two sequences do not (yet) form the basis of a 
phonemic contrast in Japanese. We tested this hypothesis with 
a perception experiment elaborated in the following section. 

2. Perception experiment 
For our perception experiment, we employed an online AX 
discrimination task created with the software Experiment 
Designer (ED; [12]). The experiment was approved by the 
ethics committee of the University of Amsterdam. 

2.1. Participants 

38 Japanese native speakers, ranging between 18 and 65 years 
at testing, participated in this online experiment. Their age 
distribution is shown in Figure 1. Note that rather than grouping 
the participants into two groups, old and young (with an 
artificially set boundary), we used real age on a continuous 
scale in our analysis.  

 
Figure 1: Age-distribution of participants. 

In the selection process, we controlled for the participant’s 
area of residence as well as for the participant’s linguistic 
environment: to ensure that their linguistic differences were 
minimized, all participants originated from and lived in the 
Kansai region. Furthermore, all participants were from 
monolingual Japanese households to make sure that their 
perceptual input during language acquisition was not influenced 
heavily by another language. 

2.2. Stimuli 

The stimuli consisted of a total of 83 bisyllabic non-word pairs: 
20 experimental items, 60 fillers, and 3 catch trials. The 
experimental items were 10 same pairs and 10 different pairs, 
all given in Table 1. For the different pairs, half were presented 
in the order [zi] - [dʑi], the other half in reverse order (as shown 
in Table 1). An illustration of the acoustic differences in such a 
different pair is given in Figure 2. 

Table 1: Experimental items.  

same different 
[gadʑi] - [gadʑi] [gɯzi] - [gɯdʑi] 
[tedʑi] - [tedʑi] [nɯzi] - [nɯdʑi] 
[nadʑi] - [nadʑi] [pizi] - [pidʑi] 
[hedʑi] - [hedʑi] [rɯzi] - [rɯdʑi] 
[bodʑi] - [bodʑi] [dazi] - [dadʑi] 

[pɯdʑi] - [pɯdʑi] [kedʑi] - [kezi] 
[jɯdʑi] - [jɯdʑi] [dadʑi] - [dazi] 
[wadʑi] - [wadʑi] [midʑi] - [mizi] 
[zɯdʑi] - [zɯdʑi] [zodʑi] - [zozi] 
[zadʑi] - [zadʑi] [bidʑi] - [bizi] 

 
 

       
Figure 2: Oscillograms and spectrograms of the different experimental item [gɯzi] (left) - [gɯdʑi] (right).
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One of the different experimental pairs (the last one in 
Table 1) accidentally contained an existing loanword, /bi.dʑi/ 
from English busy. 

The filler items all contained licit phoneme combinations in 
Japanese. Half of the filler pairs contained the same non-word 
(e.g. [keza] - [keza], [dana] - [dana] or [heɕi] - [heɕi]), half of 
them different non-words (e.g. [nɯhi] - [nɯhe], [zatɕi] - [zata] 
or [puka] - [puke]). Both the experimental and the filler pairs 
had identical first syllables within each pair, and the second 
syllable was either different or the same. The three catch trials, 
by contrast, had non-word pairs that differed both in first and 
second syllable (e.g. [pigo] - [bome]), to check whether 
participants paid attention to the task at all.  

All stimuli were produced by a 33-year-old female Japanese 
speaker from the Kansai region whose level of English was 
sufficient to be able to comfortably produce the sequence [zi]. 
This is illustrated with the speaker’s production of the two 
stimuli in the experimental pair [gɯzi] - [gɯdʑi] in Figure 2 on 
the previous page. In this figure we can see that [gɯdʑi] (on the 
right) has a short closure phase where the formant structures of 
the previous vowel are not continued but the friction noise of 
the alveolopalatal (with a low center of gravity) has not yet 
started. The non-native [gɯzi] on the left, by contrast, is lacking 
this closure phase, and the formant structure of the previous 
vowel merges into the alveolar friction noise (with a slightly 
higher center of gravity). The speaker produced several tokens 
of each non-word, all recorded in the sound-attenuated booth of 
the Speech Lab of the University of Amsterdam.  

The selection and creation of stimuli pairs was performed 
in Praat [13]. For the creation of same stimuli pairs, different 
tokens of the same non-word were combined. The inter-
stimulus interval for each pair was set at 800 ms, to ensure that 
participants were accessing phonological knowledge rather 
than simply comparing acoustic similarity (cf. [14]). 

2.3. Procedure 

The 83 stimuli pairs were divided into two trial blocks, 
consisting of 41 and 42 stimuli pairs each, separated by a self-
paced break. Participants heard the two non-words of a pair at 
a time and had to reply whether the two were the same or 
different by pressing corresponding buttons on their keyboard. 
After the break, the response buttons for ‘same’ or ‘different’ 
were switched.  

The 83 stimuli pairs were pseudo-randomized for each 
participant in such a way that experimental items were spaced 
apart by a minimum of two filler items. Additionally, 
experimental items in block 1 did not occur within the first three 
stimuli pairs. The catch trials were installed in fixed positions 
as stimulus pairs 4, 50 and 79. If participants provided incorrect 
answers for a minimum of two out of the three catch pairs, they 
were excluded from the experiment. This was not the case for 
any of our participants; two participants performed incorrectly 
on one of three catch trials, but this could have been due to 
accident, and we therefore did not interpret this as meaningful.  

Before the start of the experiment, participants had to 
answer four questions on their background, presented on 
screen. They furthermore read a short instruction, in which they 
were also informed that the amount of ‘same’ and ‘different’ 
items might not be balanced in the experiment. At the end of 
the experiment, the participants were asked to write in a text 
field what they thought the experiment was about. The whole 
experiment lasted no longer than 10 minutes. 

2.4. Analysis 

The statistical analysis was carried out using R [15] together 
with the packages lm4 [16] and lmerTest [17]. In order to 
investigate whether age had an effect on perceiving the 
difference between [dʑi] - [zi], a generalized linear mixed-
effects model was fitted with Correctness of the responses to 
the experimental items (binary; with 1 for correct and 0 for 
incorrect) as a function of the interaction between the 
continuous predictor Age (centered, with 40 as middle value) 
and the categorical predictor Same or different experimental 
pair (Same/Diff for short; coded with a sum-to-zero orthogonal 
contrast). The interaction was considered necessary, because a 
main effect of Age alone could be explained by a bias of older 
participants to answer “same” to all stimuli. Random participant 
slopes were fitted for Same/Diff, and random item pair slopes 
for Age. Additionally, descriptive statistics were drawn up by 
calculating the number and percentages of correct responses per 
participant. 

2.5. Results 

The overall performance (for experimental items, filler and 
catch trials together) ranged from 83% to 97% correct, which 
illustrates that all participants performed well above chance on 
the experiment. For the different experimental items, the focus 
of our study, participants performed on average 77% correct, 
ranging from 0% (one participant) to 100% correct (11 
participants). The distribution of percentage correct scores by 
age of participants is shown in Figure 3. 

 
Figure 3: Percentage correct for experimental items 

that were different, by age of participants. 

For the experimental items that were the same, participants 
performed better, with an average performance of 86%, ranging 
from 50% (one participant) to 100% correct (seven 
participants).  

The statistical analysis showed that the interaction of Age 
and Same/Diff was not significant (p = 0.126; estimated 95% 
confidence interval = 0.069 .. 1.426). Figure 4 illustrates that in 
the model, we can observe a general downward trend in 
percentage correct for different items (red line) across centered 
age, while there is a stable, good performance for same items 
(blue line). We can also see that the standard error increases 
considerably with age for the different items (red area). This 
can be explained by the fact that there were less older 
participants than younger participants within the data sample, 
and that there was large variation in performance for the older 
participants. We can also see that there is quite a big standard 
error for same times (blue area) for both younger and older 
participants. 
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Figure 4: Predicted probabilities of percentage 

correct for same (blue) and different (red) 
experimental items by centered age. 

The model also showed no main effect of Age (p = 0.364; 
CI = 0.385..1.489) or Same/Diff (p = 0.146; CI = 0.077..1.500). 

To sum up our results, it is not possible to conclude on the 
basis of this sample that the older a participant is, the less 
accurate they become at responding to different experimental 
items. Consequently, it is not possible to formulate the larger 
generalization that younger Japanese speakers are better at 
distinguishing between [dʑi] and [zi] than older Japanese 
speakers. The implications of our results will be further 
elaborated in the following section. 

3. Discussion 
It is possible to interpret the results of our experiment in two 
ways. The first interpretation is that age-related variation does 
exist for the speakers from the Kansai region of Japan (with 
performance decreasing with an increase in age), but due to 
methodological issues (such as too few speakers towards the 
older end of the continuum) it was not possible to identify a 
significant correlation. The second possible interpretation is 
that there is indeed no age-related difference in performance 
because speakers towards the older end of the age continuum 
are better than expected: Most of the speakers from the Kansai 
region of Japan are well able to perceive the difference between 
[dʑi] and [zi].  

In general, the participants in our experiment performed 
better than we expected, indicating that they are quite used to 
the perceptual cues necessary to perceive the [dʑi]-[zi] contrast. 
This sensitivity leads us to expect that Japanese listeners will be 
able to incorporate English loanwords with /zi/ as /zi/ in the near 
future.  

There is quite some variation in the performance of our 
participants, as can be seen in Figure 3. If this variation cannot 
be attributed to age, then we need to consider what other factors 
could account for it. As we started with the assumption that the 
basis for a difference between generations is their difference in 
English input, with older speakers having received less English 
input, it is likely that this indirect implication is incorrect. There 
might be older speakers with considerable input from English, 
and younger speakers with less. The input of English that 
participants received should therefore have been quantified 
directly. As a standardized test of their level of English is 
cumbersome to perform, one could ask participants whether 
they spent a longer period of time in an English-speaking 
country and to estimate their weekly input of English, e.g., in 

the form of English-spoken series and films and consumption 
of social media (see, e.g., [18] for self-estimation as reliable 
tool). Other factors could also prove interesting to explore, such 
as level of education, profession, interests, etc. Future studies 
need to test whether the perceptual discrimination of [dʑi]-[zi] 
correlates with self-reported English input of the participants 
and the duration of their stays in English-speaking countries, 
and whether other factors are also of influence. 

4. Conclusions 
The present study set out to investigate whether Japanese 
listeners are able to distinguish the non-native contrast [zi]-
[dʑi], and more specifically, whether there is age-related 
variation in this ability. An online AX discrimination 
experiment showed that although accuracy on the different 
experimental items did decrease as age increased, no significant 
interaction of age and type of experimental item (same 
pairs/different pairs) was found within our data sample. 

The absence of any mention of the sequence /zi/ in the 
literature on Japanese loanwords from English, and its absence 
in Japanese loanword dictionaries, lead us to expect that both 
younger and older participants should perform rather poorly on 
the different experimental items. Surprisingly, the opposite was 
the case; the majority of our participants were able to respond 
accurately to the majority of the different items. Can we 
therefore conclude that the reported results provide evidence 
against the claim that age-related variation exists? Not 
necessarily. A possible explanation for our null results could be 
ascribed to the imbalance in the age distribution of our 
participants: less than one third of our participants were older 
than 40, and most errors on the different items were produced 
by the oldest third of our participants; on the other hand, two 
out of the three oldest participants made no errors on the 
different items. These points make it clear that further 
perception studies are necessary, with more older speakers and 
a measure to quantify the amount of English input that the 
speakers received. 

The observed existing sensitivity to the difference between 
[zi]-[dʑi] makes it very likely that future loanwords with a [zi] 
sequence will be incorporated into Japanese as /zi/. We hence 
predict an imminent phonologization of /zi/ in Japanese.  
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