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Abstract 
This paper has investigated whether phoneme-based word 
activation in spoken-word recognition can be observed in 
Japanese by examining Japanese school children who have no 
knowledge of Roman alphabet.  Two experiments were 
conducted with Japanese third graders at Japanese elementary 
schools with a word reconstruction task in order to test 
whether they could access to phonemes to reconstruct the 
original words from  partially distorted words.  The position of 
the distortion included both word-initial and word-medial.  
The results in the two experiments have clearly shown that 
they could reconstruct original Japanese words from the 
phoneme- distorted words than the mora-distorted words much 
faster and more accurate.  The findings suggest that Japanese 
school children who do not have Roman alphabet may activate 
word candidates on the basis of phonemes, just like Japanese 
adults in our earlier studies and that the phoneme-based word 
activation may be universal in spoken-word recognition. 

1. Introduction 
Today’s models in spoken-word recognition assume that 
spoken input automatically activates possible word candidates 
in mental lexicon [1, 2, 3].  According to these models, the 
basic unit of word activation is based upon phonemes rather 
than other phonological units, such as syllables and morae.  
This basic assumption is  advantageous when universal 
models in spoken-word recognition are constructed because a 
single unit can be presupposed across languages. 

Up to now, the investigation of phonological units 
associated with the word activation has mainly been 
conducted in western languages.  Since the current models 
assume that the word activation is posited as universal, it is 
desirable to supply further evidence from other languages 
which do not belong to western languages.  Japanese is one of 
the ideal languages to test this proposal because it is called a 
mora-based language in which morae play an important role in 
their linguistic activities including language games [4], 
language production [5], language acquisition [6], and 
language processing [7, 8].  All these studies may implicitly 
imply that the word activation in Japanese may be based upon 
morae rather than phonemes.   

However, the recent studies on phonological awareness 
have reported some evidence that Japanese could actually 
access to a phonemic level.  For example, Japanese school 
children under the forth graders who have not acquired Roman 
alphabet are aware of phonemes and that they have enough 
ability to manipulate phonemes to create a new word if they 
are explicitly instructed that submoraic units exist within 
morae [9, 10].  What these studies may suggest is that even 

though Japanese is called a mora-based language, Japanese 
native speakers may have an ability to access to phonemes as 
well as morae.  If so, it may be more appropriate to say that 
Japanese speakers can in fact access to both morae and 
phonemes. 

Then, is there any evidence that Japanese native speakers 
can access to the phonemic level in recognizing spoken 
words?  Our earlier studies have reported two kinds of 
evidence.  The first evidence is derived from the analysis of 
Jiguchie, the Japanese traditional language game which was 
popular among the Edo people during the eighteenth century 
[11].   This language game was based upon goroawase, which 
is equivalent to a pun in English.  Interestingly, the analysis of 
this language game has shown that phonemes as well as morae 
are manipulated.  This finding seems to be intriguing  because 
the ordinary Edo people in general had no knowledge of 
Roman alphabet, yet they could manipulate the phoneme-
based unit in the language game.   

 The second evidence is derived from a psycholinguistic 
experiment with a word reconstruction task [11].  In this 
experiment, college students were asked to reconstruct an 
original word from a partially distorted word.  The three 
versions were constructed such that one replacement mora 
shared the consonant with the original mora but not the vowel; 
another shared the vowel but not the consonant; the third 
shared neither the vowel nor the consonant.  Thus, the three 
versions of pasokon ‘a personal computer’ were pesokon (V-
change), tasokon (C-change), and tesokon (M-change).  The 
position of the distortion was word-initial, word-medial and 
word-final.  The results show that they could reconstruct the 
original word much faster and more accurate if phonemes 
were distorted, suggesting that Japanese college students are 
able to access to the phoneme level in spoken-word 
recognition.   

 Although the data from the psycholinguistic experiment is 
convincing by itself, there is one potential problem in it.  That 
is the effect of orthographic knowledge.  Roman alphabetic 
letters are fully recognizable by all college students in Japan 
because they learn Roman letters during the fourth graders at 
elementary schools. Thus, strictly speaking, it may be possible 
to argue that the reason why the college students were able to 
access to the phonemic level was simply the influence of the 
knowledge of Roman alphabet.  Hence, it is desirable to test 
Japanese subjects who do not possess the knowledge of 
Roman alphabet. 

 Our earlier pilot study with a limited number of 
experimental items and subjects who did not possess Roman 
alphabet revealed that the Japanese third graders could 
manage the reconstruction task described above without much 
difficulty [12].  This result may imply that having the 
knowledge of Roman alphabet is not directly relevant to an 
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ability to manipulate phonemes to reconstruct original words 
which are partially distorted.  In fact, some researchers have 
argued that an ability to play language games which are 
associated with the phoneme manipulation is not constrained 
by the knowledge of Roman alphabet [13].  Therefore, in this 
study two experiments which are fully compatible with the 
adult experiments in our earlier study [8] were replicated by 
Japanese third graders at Japanese elementary schools.  In the 
following two experiments the materials which were 
manipulated word-initially and word-medially in terms of 
phonemes and morae were presented to Japanese school 
children, respectively.  

2. Experiment 1 

2.1. Method 

2.1.1. Materials 

Thirty Japanese words, which were judged to be high 
familiarity to third graders at a Japanese elementary school 
were chosen.  The selection criteria for the words was that the 
planned alternation would yield a unique reconstruction 
solution, i.e., that no other word of the same length shared to 
the unaltered remainder of the word.  The criteria were the 
same as the one in our earlier work [8]. 
     These words were three or four morae in length.  The 
experimental stimuli consisted of three versions of each word, 
in each of which the initial CV mora had been replaced by 
another CV mora.  The three versions were constructed such 
that one replacement mora shared the consonant with the 
original mora but not the vowel; another shared the vowel but 
not the consonant; the third shared neither the vowel nor the 
consonant.  The replacing consonant and vowel in the first 
two versions were always also the consonant and the vowel of 
the whole-mora replacement.  The complete materials are the 
following: bideo, hanabi, hasami, hirune, hoteru, kamera, 
kodomo, namida, pantsu, poteto, rajio, sakana, suzume, 
tabako, terebi  kakezan, kanemochi, kuchibiru, kutsushita, 
misoshiru, nagagutsu, pasokon, rimokon, sukaato, supiido, 
supootsu, takushii, tomodachi, yakusoku, zabuton. 
 
2.1.2. Subjects 
 
Thirty Japanese third graders at Sakae Elementary School in 
Soka, Japan who could not recognize Roman letters took part 
in the present experiment.  All were native speakers of 
Japanese with no reported hearing impairment. None had 
lived abroad nor read Roman letters (At Japanese schools 
Roman script is introduced at the fourth grade).  Ten received 
each of the three presentation lists. 
 
2.1.3 Procedure 
 
The participants were tested one at a time in a quiet classroom 
at the elementary school.  They heard the items binaurally 
over Audio-Technica ATH-A9 headphones.  The experiment 
began with a practice session.  The listeners were instructed 
to listen to each item and to change a part of it to produce a 
known word.  The instruction did not specify which part 
should be changed; the 8 practice session items were used to 
draw listeners’ attention to the necessary change.  Listeners 

were given a chance to hear the practice set second or third 
times if desired.  This indirect method of instruction was also 
successful for Japanese children; all listeners produced 
correct responses, involving substitution of the initial mora, 
by the end of the practice session. 
     Listeners were instructed to press a response button as 
soon as they had identified a real word and then to speak out 
this word.  The correction and storage of the response times 
(RTs) was controlled by a personal computer running E-
Prime experimental software. 
 

2.2. Results and Discussion 

The listeners’ responses were analyzed, and incorrect 
responses, failures to produce a spoken response, and 
responses after timeout were treated, as were missing 
keypress responses, as missing data.  An intended alternative 
response was produced to certain items by a few participants.   
     The overall mean RT (from item offset) was 1671 ms and 
the overall mean miss rate of missed responses was 34.6%.   
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Figure 1.  Mean response time (in milliseconds) and 
percentage error for word reconstruction as a function of 
whether replacement of the first mora of the target word 
involved the vowel, the consonant, or the whole mora. 

     Analysis of variance was carried out, separately across 
participants and across items for both RTs and miss rates.  
The effect of replacement condition was significant for RTs 
across subjects [F1 (1, 9) = 324.57, p<0.001] and across items 
[F2 (1, 28) = 104.74, p<0.001].   As can be seen in Fig. 1, the 
pattern of results was the same for both measures: responses 
were easier, when only C or V was replaced than when the 
whole morae were replaced.  RTs were faster [t1(9) =3.86, 
p<0.01; t2(29) = 3.31, p<0.01] in the C-replaced condition 
than in the M-replaced condition.  Miss rates were lower 
[t1(29) = 3.85, p<0.001; t2(29) = 4.36, p<0.001] in the C-



replaced condition than in the M-replaced condition.     RTs 
were faster [t1(9) = 5.12, p<0.001; t2(29) = 2.48, p<0.05] in 
the V-replaced condition than in the M-replaced condition.   
Miss rates were lower [t1(29) = 4.64, p<0.001; t2(29) = 3.87, 
p<0.01] in the V-replaced condition than in the M-replaced 
condition.   However, RTs were not significantly different in 
the V-replaced condition than in the M-replaced condition.   
Miss rates were lower [t1(29) = 3.03, p<0.01] in the V-
replaced condition than in the M-replaced condition in the 
analysis across subjects.    
     The results in Experiment 1 have clearly shown that partial 
information about morae (either the C or the V) can be 
informative even to Japanese school children without the 
knowledge of Roman letters.  What this suggests is that the 
word reconstruction was significantly easier when the initial 
morae had been replaced another morae sharing with it either 
C or V and that this manipulation has nothing to do with the 
knowledge of Roman alphabet.  

3. Experiment 2 

3.1. Method 

3.1.1. Materials 

Thirty items, three and four mora words, were constructed in 
the same manner as for Experiment 1, which were selected 
from our earlier study [8], except that all substitutions were 
made on the second mora.  An example item is yubiwa 
(“ring”), of which the three versions were yubewa (bi 
replaced by be), yunewa (bi replaced by ne), and yuniwa (bi 
replaced by ni). 
     The complete materials are the following: baketsu, beruto, 
dorama, gurahu, hanage, kodomo, megane, miruku, poteto, 
remon, sarada, tomato, tsumiki, wagomu, yubiwa, kanazuchi, 
yakimochi, guratan, kakezan, karaoke, misoshiru, nagagutsu, 
pokemon, poketto, rimokon, takenoko, takoyaki, takushii, 
yakusoku, zabuton. 
 
3. 1. 2.  Subjects 
 
Thirty six Japanese third graders at Kitaya Elementary School 
in Soka, Japan who could not recognize Roman letters took 
part in the present study.  All were native speakers of 
Japanese with no reported hearing impairment. None had 
lived abroad nor read Roman letters.  Twelve received each of 
the three presentation lists. 
 
3. 1. 3.  Procedure 
 
The same as the one in Experiment 1. 

3.2. Results and Discussion 

The listeners’ responses were analyzed in the same way as for 
Experiment 1.  Unintended alternative responses caused us to 
discard nine items.  The overall mean RT was 1426 ms and 
the overall mean miss rate of missed responses was 36.5%.  
Although the task in the word-medial position in the adult 
experiment was considered to be more difficult than the 
word-initial position, this effect was not observed in the 
children’s experiment (This discrepancy may have resulted 
from too many discarded items). 

     Analysis of variance was carried out, separately across 
participants and across items for both RTs and miss rates.  
The effect of replacement condition was significant for RTs 
[F1 (1, 11) = 173.75, p<0.001; F2 (1, 20) = 461.28, p<0.001] 
and miss rates [F1 (1, 35) = 717.42, p<0.001; F2 (1, 20) = 
139.41, p<0.001].   As can be seen in Fig. 2, the pattern of 
results was the same for both measures: responses were 
easier, when only C or V was replaced than when the whole 
morae was replaced.  RTs were faster [t1(11) =2.36, p<0.05; 
t2(20) = 2.10, p<0.05] in the C-replaced condition than in the 
M-replaced condition.  Miss rates were lower [t1(35) = 6.77, 
p<0.001; t2(20) = 2.83, p<0.001] in the C-replaced condition 
than in the M-replaced condition.     RTs were faster [t1(11) = 
4.15, p<0.01; t2(20) = 3.53, p<0.01] in the V-replaced 
condition than in the M-replaced condition.   Miss rates were 
lower [t1(35) = 11.99, p<0.001; t2(20) = 4.33, p<0.001] in the 
V-replaced condition than in the M-replaced condition.   
However, both RTs and miss rates in the C-replaced and V-
replaced conditions were not significantly different.   Thus, 
the results in Experiment 2 have confirmed the advantage of 
partial information with the mora for ward identification. 
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Figure 2.  Mean response time (in milliseconds) and 
percentage error for word reconstruction as a function of 
whether replacement of the first mora of the target word 
involved the vowel, the consonant, or the whole mora. 

4. Discussion 
The present paper has investigated whether Japanese school 
children without Roman letters could access to phonemes to 
reconstruct Japanese words which were partially distorted at 
word-initial and word-medial positions.  The results of the 



two experiments have clearly shown that a partial information 
about a mora could help them reconstruct distorted words.    
     If the claim in our earlier study was correct [8], the 
findings in the present study may provide us with some 
implications not only for the current models in spoken-word 
recognition but also for the linguistic activity by Japanese 
including children.  Let us discuss some of them here. 
     First of all, the current study on spoken-word recognition 
in Japanese has mainly be focusing on the matured Japanese 
adult listeners.  As we have reported in Introduction, the 
matured Japanese adults could access to the phonemic level, 
but this access may be contaminated by the orthographic 
knowledge of Roman alphabet.  However, as we have seen in 
the present study, Japanese school children without the 
knowledge of Roman letters can surely access to the partial 
information about a mora which constitutes as useful 
information for listeners.   Thus, the findings in the present 
study with Japanese school children could be stronger 
evidence to support for the hypothesis that Japanese listeners 
may activate word candidates on the basis of phonemes rather 
than morae and that the mora does not function as an early 
structural unit in Japanese listeners’ recognition of spoken-
words.  In other words, we may safely conclude that the unit 
of word activation is on the basis of phonemes as a universal 
mechanism. 
    Second, in our earlier studies on phonemic awareness [9, 
10], we demonstrated that Japanese school children could 
access to the phonemic level.  Thus, they could successfully 
search an embedded word aki ‘autumn’ within kaki 
‘persimmon’ very easily [9] and they could manipulate 
phonemes between two words in order to create a new word 
[10].   These findings may lead us to predict that Japanese 
school children must be able to enjoy not only the language 
game like jiguchie, but also dajare.  The difference between 
these two language games is that the former is based upon 
more off-line nature, whereas the latter is based upon more 
on-line nature.  Dajare is one of the most common language 
games among Japanese in Japan.  As we pointed out in our 
earlier study [14], a number of phoneme-based distortion was 
observed in the language games.  What this suggests is that 
Japanese school children without Roman letters may enjoy 
these language games without much difficulty, which we plan 
to investigate next. 
     Finally, a further interesting question arises.  This question 
is concerned with the developmental aspect of the phoneme-
based word activation.   According to Mann (1986) who 
investigated phoneme awareness by Japanese school children, 
she provided evidence that even the first graders at an 
elementary school in Japan could be aware of phonemes [15].  
If this evidence is correct, then, the word activation by 
Japanese goes back to as early as seven years old.  Thus far, 
the word activation model is proposed only for adult listeners.  
However, there is no reason to believe that the two 
populations employ different phonological units for the word 
activation.  Therefore, we predict that Japanese children may 
employ phonemes for word activation in spoken-word 
recognition in Japanese just like Japanese adult listeners, 
although a further research is needed. 

5. Conclusions 
The present investigation has revealed that Japanese children 
without Roman letters could successfully reconstruct 

Japanese words which are partially distorted both word-
initially and word-medially.  This suggests that the proposed 
word activation model which is based upon phonemes can be 
applicable to Japanese children as well as Japanese adults, 
who are mora-based language users.   
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