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Using a questionnaire comprising voiced-or-voicglgsices by native Japanese speakers, the present
study investigated the influence of the phonoldgieagth and etymological-type of first elements on
sequential voicing arendakuof the initial consonant of the CVCVCV-structundthgelike nonwords
/hukari/ and /lasuri/. Experiment 1 revealed an overall trendrerlveicing determination (i.e., voicing
power) from one mora to three morae was observdthwe a descending order of strength. After
controlling for printed-frequency, script type, dnele-standing single kanji, Experiment 2 showed th
single-morawagofirst-elements had stronger voicing power on sdalaments than those consisting
of two and three morae. Considering the combieedIts of Experiments 1 and 2, it may be concluded
that a single CV mor@&/agoof first elements had greater voicing power thao or three morae cases.
Experiment 3 demonstrated that first elem@fdgo exerted stronger voicing power upon second
elements than eithéfangoor Gairaigo, which exerted equally influence. However, aftentrolling

for printed-frequency and script type, Experimernindicated that the first elemewagoandKango
resulted inrendakuon second elements with greater voicing power thaimaigo. Thus, the present
study demonstrated that both the first-element plogical-length and etymological-type appear to
influencerendakuof the voiceless consonants of second elements.

Areas of interestrendaky psycholinguistics

1. Purpose of the present study

In the Japanese language, when two words or morgdesuch as the first element of /naga(i)/ (‘loragidl
the second element ofdhasi/ (‘talk’) are compounded, the initial consanaf the second element /h/ is
voiced to /b/, as in /nagaabasi/ (‘a long talk’). This is callecequential voicingn English, orendakuin
Japanese (hereafteendaky. As this example indicatesgendakurefers to the voicing of the initial
voiceless obstruent of a second element in the alseo-element nominal compounds (Vance, 1979).
However,rendakudoes not occur with consistency. For example,nanthe above example of /naga/ is
combined with /&aku/ (‘square’), the first consonant /s/ of tlezend element is not voiced as /z/, but
rather remains voiceless in being sounded as /skghkd/ (‘rectangle’). Similarly, in the case thhe
first element /ko/ (‘small’) is combined with thesnd element /tori/ (‘bird’), the initial consondtl of
the second element ‘bird’ is not voiced to be bt remains /koeri/ (‘a small bird’). In contrast, when
the same morpheme /ko/ is combined with /hako/x(}ydhe initial consonant /h/ is voiced as /b/ to
produce /ko-Bko/ (‘a small box’). As these examples indicétseems difficult to identify consistent
rules forrendaku

“The authors would like to express their sinceetigrde to the JJL Editor-in-Chief, Mineharu Nakaygg and two anonymous
reviewers for their insightful and constructive coents to complete the present paper.

! Through historical change, the modern Japaneseab/derived from /p/ via a voiceless bilabial ftica. Inrendaky /h/ is
voiced to be /b/. The phoneme /h/ behaves in &ggdike an obstruent whose voiced counterpébt.isSee Hashimoto (1950),
Komatsu (1981) and Vance (1979), among otherdpftiner details of the transition of /h/.
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Although various studies (e.g., Haraguchi, 200 &ltMester, 1986, 2003; McCawley, 1968; Otsu,
1980; Rosen, 2001; Vance, 1979, 1987, 2006) hawvesiigatedrendaku extensively, the effect of
individual differences omendakuhave not received much attention. It6 and Mg&@03) claimed that
“the class membership of the first member playsah®in the realization of linking morphemes” (g.7).
They provided three different examples of etymatagitypes for first-elementaime-dyori (/lume/ +
[tayori/) for aWago(words of Japanese origin) first element (they ubedtermYamatofor words of
Japanese originkankyoo-lnasi(/kankyoo/ + /hanasi/) for Kango (Sino-Japanese) first element, and
supootsu-dyori (/supootu/ + /tayori/) for &airaigo (foreign Japanese) first element (see more details
It6 & Mester, 2003, p.147). Based on these exasypey concluded that characteristics of firsiredats
have no influence on thendakuof a second element. However, ‘a spirit distilfeam barley’ can be
pronounced as eithenugi-shoochuumugi-s/oRtyuR/ (‘R’ refers to a long vowel) with the veless
sound omugi-joochuudmugi-zyoRtyuR/ with voiced soundepending upon the preference of the speaker.
Likewise, native Japanese speakers pronounce aicatiolm of kome(‘rice’) and shoochuuas either
kome-shoochuukome-goRtyuR/ or kome-joochuwkome-zoRtyuR/ (‘a spirit distilled from rice’).
Tamaoka and Ikeda (2008, in press) indicated beaendakufrequency of the second elemshbochuu
depended on whether the first ingredient wag)i (‘buckwheat’),kome(‘rice’) or imo (‘sweet potato’). It
is quite possible that both first and second elémeould be important factors in determining the
occurrence ofendaky which fluctuates even with the same words amatiy@ Japanese speakers. As
observed in these examples, because individuaknenetes are likely to affect the determination of
rendaky linguistic arguments become somewhat more comphen psychological aspects of individual
differences become implicated.

The present study investigated how the nature wft-élement phonological-length and
etymological-type affectseendaku(i.e., rendakudetermination’) for second elements in compounddisor
from the perspective of individual preferences.

2. Questionnaire-based approach to individual differences influencing rendaku

The present research used a questionnaire-baseshappgorendakuas was initiated by Vance (1979).
Instead of searching for existingndakuexamples, Vance used a data-driven questionraotetermine
individuals’ determinations aendakuin compound words. Using 14 native Japanese speakth the
Tokyo Yamanoteaccent, Vance asked participants to determine heheir not 645 compound words
exhibitedrendaku This study showed clear differencesendakufrequencies among compound words.
However, Vance did not employ a statistical apphdacclassify these compound words, such as aetlust
or correspondence analysis. Furthermore, a s$tafisinvestigation into individual differences or
preferences determinirgndakucannot be practically run with such a small nundferarticipants.

Taking this into consideration, Murata’s (1984) sfimnnaire-based approach expanded the
sample size and employed carefully selected artubedéed test items exhibiting specific examples of
rendaku He covered a wide range @ndakuoccurrences such as effects of first elementsecorsl
elements (e.g., comparing the non-wokdshasuri andnaga-hasuri), rendakurelation to Lyman’s Law
(e.g., comparing the non-wordaga-tgi andnaga-haragi), and its variations related to the first element
etymological types (e.g., comparitfagq Kangq and Gairaigo using naga-tashigo ‘long ladder’,
tetusei-lashigo ‘steel ladder’, andsutenresu-ashigo ‘stainless ladder’ as respective examples and
right-/left-branched sub-compounds (e.g., comparfkg [sakura hakyj ‘small cherry-box’ and
[ko-sakura[hakd] ‘small-cherry box’). Following an interval of12years, lhara and Murata (2006)
repeated the same questions. The details of theedeMurata (1984), and Ihara and Murata (2006)
experiments are explained in the following sectibthis study.
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In the present study, adapting the questionnaisedbapproach used in previous studies (Murata,
1984; lhara & Murata, 2006; Vance, 1979), we fodugpon the influence of first elements in causing
rendakuof second elements by using nonexistent compowrttisa large number of participants.

3. Evidence of first-element influence on rendaku

The present study focused on the phonological kertge final /N/, and the etymological types offir
elements. /N/ denotes the so-called ‘moraic nasdiich is also known as one of the three specabm
(i.e., nasal /N/, geminate consonant /Q/ and lamgel /R/). The influence of the final /N/ is reba to

both the phonological length and the etymologigpétof first elements as considered in this section

The etymological types of modern Japanese anerghy categorized int®Wagq Kangg and
Gairaigo. Little attention has been focused on the effetthe phonological length of first elements on
rendakuso far. Some existing research refers to a @airoel between the final nasal of first elements and
rendakuin Kanga Using a corpus dfango developed from the texts of 8th century Buddhigtas,
Okumura (1952) counted 123 ‘neendaku (shin-dakd) cases after the nasal /N/, as in /keM{¢solid’),
to suggest thatendakuin Kango has a very strong tendency to occur after a fa€@abn thereafter,
Okumura (1955) expanded on his earlier data-basekhfs to offer a more theoretical proposal that
rendakuis most likely to occur where the end of firstretnts is nasal. Later, Okumura (1964) examined
the relationship betweeendakuand first element final nasals in modern Japans®g) verbs comprising
a Kango morpheme (verb stem) pluiru (‘to do’), as inyuu-suru (‘to possess’) andei-suru (‘to
suppress’). Okumura reported that the voiced fernry, as inmei-zuru(‘to order’) andsin-zuru(‘'to
believe’) is more likely to occur witKkango morphemes having a final nasal than in cases wihere
Kangomorpheme ends otherwise.

Likewise, Endo (1966) examined approximately 608hgo examples ofrendakufound in a
Japanese-Portuguese dictionary containing abo@0B0words published in Japan in the early 17th
century. Among the 600 examples, 95 cases fluetu@io-existent cases with and withoemdaky; of
this number, 52 werdangoand 43Waga Furthermore, excludingangowords which sound differently
in Kan-onandGo-on(adopted pronunciations from different Chinesdedits), Endo (1966) analyzed 44
Kangoand 43Waga Countingrendakucases classified by the final sounds of first eleim@mong these
cases, Endo (1966) found &ndakucases out of 44 (56.82%) Kangovoiced after the nasal /N/, such as
/aN-zyuR/ (‘inside hermitage’). Among AB8/agorendakucases, Endo (1966) counted only a single case
/oN-dori/ (‘a rooster’) which showerendakuafter the nasal.

It should be noted thAWagoare likely to show a great variety ndakuforms. Therefore, the
final nasal of first elements is a strong candidateausingendakuamongKangocompounds. Yet, with
respect to both first element phonological lengtth etymological type, it is still an open questamether
or not the final /N/ of a first element causeadakuto occur in a second element in modern Japanese.

ZA sinograph which originally includes voiced conaats adopted from the Chinese language is catieddaku‘original
voicing’. When the voicing occurs after a sinodragpadopted into the Japanese language, it sd=tiin-dakunew voicing'.
Irwin (2005) provided an explanation with exampl&be sinographt (‘ground’) is probably read as both /ti/ and /il
adapted fronkan-onand /zi/ adapted fromo-on Thus, this sinograph can be voicelés# /dai-i/ (‘plateau’) and voiced

H fro-Zi/ (‘alley’). However, since these two sounds bé tsinograph exist in original Chinese readingsy thre called
hon-daku On the other hand, the sinogrdphtkoku/ (‘country’) has only one prescribed readifidnis sinograph may undergo
sequential voicing when the second element is a-$apanese binom (two-kanji compounds) astial /toR-gpku/ (‘the east
country”). Since the readingdlu/ is not the original Chinese reading, thisalied shin-daku

3 On the other hand, Vance (1979) implies that tlaeeeno psychologically real tendencies such aseti@aimura (1955)
mentions. Vance (1979) conducted a second expetiprénarily designed for the purpose of examinihg psychological
status of Lyman’s Law. In a part of this experitnetating to the final /N/, however, the first glent used in the test examples
was limited to only one kind of Sino-Japanesagen(‘human being’).
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It has been well-documented and is uncontrovetis@élthe etymological type of second elements
affectsrendakuin compound wordsRendakwccurs more frequently in cases that the secardesit is
Wagq whereas it less frequently or hardly ever oceunsre the second elementkiango or Gairaigo.
Vance (1979) and Itd and Mester (2003) note thaffiist element has no effect ocendakuin nominal
compounds based on observations of hybrid compoertibiting combinations of first and second
elements of each different etymological type. Hwoeve results of experiments conducted by Murata
(1984) and Ihara and Murata (2006) suggest thatetiimological type of first elements also affect
rendaku

Lyman’s Law (for details see Itd6 & Mester, 2003;d¢6zono, 1999, 2005; Kubozono & Ota, 1998;
Otsu, 1980) stipulates that the existence of aedbigbstruent in a second element prohiketsdaku
/Nawa-kasigo/ (‘rope ladder’) is a well-known exceptionltgman’s Law (Kindaichi, 1987). Murata
(1984) and Ihara and Murata (2006) conducted exy@ris connecting three first elements (one of each
etymological type) to a pair of second elements,(thasigo/, /basigo/), and asked participanthtmse
one of the paired choices (e.g., /Asigo/, /X-kasigo/, with ‘X’ representing any first elementhp both
studies, a series of Chi-square tests for goodokegsrevealed that a significantly larger proport of
participants selected the voiced case X-basigo whenfirst element wa¥Vagq while the voiced
proportion was significantly smaller than the vééss proportion (X-hasigo) when the first elemeasw
Kangoor Gairaigo.

For instance, when the first element is tidago /naga/ (‘long’), a Chi-square test of
goodness-of-fit showed that a significantly largeoportion of participants selected the voiced case
Inaga-asigo/ (‘long ladder’) both in Murata (1984) andlirara and Murata (2008).In the case of the
Kango /tetusei/ (‘iron-made’) for the first element, tmeimber of participants selecting the voiced
proportion /tetusei-dsigo/ (‘fan iron-made ladder’) was significantlyahar than those who chose the
voiceless proportion (/tetuseasigo/) both in Murata (1984) and in lhara and Nai(2006)° Also, when
combined with the Gairaigo /sutenresu/ (‘stainless-steel-made’), a Chi-squesé of goodness-of-fit
revealed that a significantly larger proportiorpafticipants selected the voiceless case /suteingsigo/

(‘a stainless-steel-made ladder’) both in Mura@8d) and in Ihara and Murata (2008)aus, examining
the proportion of choices between voiceless andedbases, the result when combining /hasigo/ with
Wagoshowed a reversed direction, compared to casesich /hasigo/ was combined wiango or
Gairaigo.

Many phonologists (e.g., Haraguchi, 2001; 1t6 & kes 2003; Kurisu, 2006) have focused
extensively on the nature of second elements falyamgrendakuin the case of two-element compound
words. However, as described above, Ihara and tsl(2806) clearly demonstrate a shift in percentdge
choice between voiced and voiceless initial obstisief second elements when the first elementesea
from Wagoto Kango and Gairaigo. This contrasting result implies that first elertseactually affect
voicing of initial obstruents of second elements.

The present study focused on the influence of fes#ments onrendaku Using a
guestionnaire-based approach similar to that takéme previous studies of Murata (1984) and Ilzara
Murata (2006), we investigated the effects of felment phonological-length. The length of thetfi
element has not been empirically investigated fiben perspective of individual differences. Thus,
Experiments 1 and 2 tentatively hypothesized thatshorter the phonological construction of thstfir

“ltis astonishing that the percentage of partidiparho chose voiceless cases increased 28.36% dreti@84 and 2005
[¥*(1)=56.883p<.001; a Chi-square test of independence]. Thepmianal case of /hasigo/ has therefore becomeasangly
preferred as voiceless over the course of 21 yéaase results are in close conformance to thagd@fid.yman’s Law.

5 Furthermore, this proportional change of 8.73%ificantly increased over 21 yeapg(fl)=3.994 p<.05; a Chi-square test
of independence]. This also reveals a tendencloseaconformance to the tenets of Lyman’s Law.
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element, the more frequentigndakuwill occur. Experiments 3 and 4 investigated \hleefirst-element
etymological-type and final /N/ affectendakuin compound words. Although 1t6 and Mester (2003)
suggested null effects of first element etymololgigiees orrendakuof second elements, the present study
hypothesized differemendakufrequencies varying by etymological type in theading order diVagq
KangoandGairaigo.

4. Experiment 1: Effects of first-element phonological-length

Experiment 1 examined whether or not phonologieafth of first elements affects voicing of second
elements in two-element compound words. Keepiraprsd element CVCVCV-structured nonwords
which sound like real words of Japanese origin,M&agQ, the phonological length of first elements was
varied from one to three morae.

4.1. Participants

A total of 224 undergraduate students (75 femad¥8 males) at Hiroshima Shudo University partiapat

in Experiment 1. All were native Japanese speakera and raised in the same accent area of the
Chugoku Region of Japan. A majority of the 184tipgrants (82.1%) were from Hiroshima Prefecture
(26 participants or 11.6% from Yamaguchi, 8 paptits or 3.6% from Shimane, 5 participants or 2.2%
from Okayama, 1 participant or 0.4% from TottorAges ranged from 18 to 23 years, with the average
age being 18 years and 6 months on the day of Eweet 1.

4.2. Stimulusitems

As shown in Table 1, three real words were chosezach of the three phonological categories of CV-,
CVCV- and CVCVCV-structure as first elements. TW&CVCV-structuredWagelike nonwords,
/hukari/ and /hasuri/, were chosen as second elsm@measure sequential voicing. This maniputatio
was intended to keep the second element semantieltral, negating semantic influence. Each goeest
consisted of two choices as the first element casibwwith a voiced or voiceless initial consonanthes
second element. The first elements in Experimemere selected from actual existing items wéhdaku

of the second element. For example, the first etenof /te-gkoro/ (‘to use one’s discretion’), /te/
(‘hand’), is a frequently-used element in compowwatds which undergoendaku The word /te/ was
presented as a single kanji characferwith the katakana symbofr presented at the top of the kanji
character fUrigana) to ensure that participants semantically undetstthe meaning as ‘hand’, was
combined with the second element, the nonword Mitjhaesented in three katakana symbglss V.

All participants were asked to choose between \esse/te-lnkari/ and voiced /tetkari/ options as
presented below.

O é « 77V (voiceless)
0o F-THY (voiced)
Likewise, the same first element /te/ was combivid another nonword’~ A U’ /hasuri/ as the second

element, with participants being asked to choosen feither voiceless /teasuri/ or voiced /tedmsuri/ as
presented below.

O % + NA U (voiceless)
O %f': + XA U (voiced)
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In this way, thre&Vagowords used as the first element in each of CV-C&Vand CVCVCV-structured
phonological categories were combined with themweowords /hukari/ and /hasuri/ as second elem@nts (
real words as first element x 2 nonwords as seeterdent x 3 phonological categories = 18 questj@us)
that a total of 18 voiced-and-voiceless paired tioes were used for Experiment 1. These
voiced-and-voiceless paired questions were rand@ndgented to participants in a single questioenair
All pairs were randomly mixed on the questionnéomen.

The semantic aspect of first elements might infagetie results okendakufrequencies. However,
Wagostimulus items are strongly associated with teeimantics, so that meanings attached to a kanji
script are unavoidable. Romanization of stimuligsns might be one possible means to avoid this.
However, since many homophonic words exist in JapanRomanized presentation creates multiple
meanings, which may only serve to confuse partidgpavhen determiningendaku Similarly, since the
items of the first element in Experiment 1 wereestdd from parts of already existing compounds
exhibiting rendaky word/morpheme types were not exactly matchedsactioree phonological-length
conditions. For example, the single kanji /sak\teierry tree’) is frequently used as a single avor
whereas the single kanji /ko/ (‘small’) is oftenedsas a part of compound words such as /ko-bigo/ (*
dwarf’), or /ko-buta/ (‘a piglet’). All of thesegssible factors were considered in the next exparm
(Experiment 2). According to the lexical databpseduced by Amano and Kondo (2000, and 2003 for the
CD-ROM version) from editions of th&sahi Newspapeprinted from 1985 to 1998, containing a total
type frequency of 341,771 morphemic units and @ token frequency of 287,792,797 morphemic units,
all items of the first element in Experiment 1 wimiliar, being token frequencies as a kanji usid for
common nouns (proper nouns excluded for countipg)Htimes for /ko/, 50,737 times for /te/ and 981
times for /to/, 38,708 times for /simo/ (‘below}52,161 times for /naka/ (‘middle’), 10,189 times f
/naga/, 3,198 times for /sakura/, 46,168 timedtikara/ (‘power’) and 3003 times for /maturi/ (eval’).

4.3. Procedure
All participants responded to 18 sets of voicedraiceless choices in the questionnaire. Particgparre
given sufficient time to complete all questionstedir own pace.

4.4. Item-by-item analyses and results

As shown in Table 1, compound words were examined beries of Chi-square tests of goodness-of-fit
setting an expected value of equal frequency (583tlam chance) for choice of a voiceless or voiced
initial consonant in the second element. Sincegineal words constructed with one to three masdiest
elements were repeatedly combined with a nonwardrekelement to ask participants whether or not the
should be voiced, this manipulation resulted iremepetitions (3 real words x 3 mora types = 9 ¢ime
Thus, to avoid an ‘error of the first kind’ (TypeElror), rejecting the null hypothesis when it ciually
true, the Bonferrorni adjustment for the numbetests being carried out was used to examine tled ¢év
significance. In Experiment 1, the 0.05 level gndicance was divided by the number of repetision
resulting in 0.0056. Thus, the significance lewak set at 0.001.

As shown in the results of Chi-square tests of gesd-of-fit reported in Table 1, 15 out of the 18
cases were more frequently selected as havingcadaiitial consonant in second elements of comg@oun
words. The results of all nine CV-, CVCV- and CVCV-structuredWago first-element compound
words combined with the second elemenikéri/ indicated that voiced compounds were setkaotere
frequently than voiceless compounds. The one éxxepas the first element was /sakura/ which was
still selected at the random chance level. Likewis the case of the second elemeasthi/, all results,
with two exceptions of the first element /sakurad &naturi/, also showed the same trend of beileg s
as a voiced compound. The case of /sakura/ shawaddom frequency eéndakuin both nonword
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cases of /hukari/ and /hasuri/, while /maturi/ sedwonly a random frequency when combined with
/hasuri/.

Furthermore, to compare voiced frequency betweekatty and /lasuri/, a series of Chi-square
tests of equality for two sets of frequencies (Sipitare tests of independence) were carried oeich of
the first nine elements. None of the set-casdseofirst element was significant, suggesting thatratios
of voiceless and voiced frequencies of all firgreént real words combined with second elements were
equal between (kkari/ and /lasuri/. Thus, although the present study testéyltaro nonword cases, a
general trend of higher voiced frequencies oveceless frequencies is likely to be observed in the
majority of compound words (only three out of 18ngmund words were randomly voiced) regardless of
the second elements.

Table 2. Voicing power of mora difference in thstfiivVago elements on second elements

, Phonological Number Voicing power
FirstWago elements
structure  of morae M SD
/Iy Ikol, T htel, 7 Itol CV 1 4.88 1.43
T /simo, ' /naka/ & /naga/ CVCV 2 4.24 1.55
¥ [sakura) 77 ftikaral, %%V /maturi/ CVCVvCV 3 3.78 1.68
Results of pair-wise simple contrast comparisons 1>2>3

Note: Participants=217. M=Mean. SD=Standard deviation

4.5 Analysisand resultsfor examining effects of fir st-element phonological-length

In each CV-, CVCV- and CVCVCV-structured phonolajiength category (6 compound words each),
voiced items were recorded as 1 and voiceless itens so that theoicing powerof a first element on a
second element was defined by a single variablgimgrfrom 0 to 6. The means and standard devigtion
are shown in Table 2. The means of one CV motaree CVCVCV morae in the first element seem to
suggest a tendency for voiced frequencies to deeraathe number of morae increases, as the data sh
a mean of 4.88 for a CV mora, 4.24 for CVCV morad 8.78 for CVCVCV morae (3 being considered
random). A one-way analysis of variance (3 phogickl-lengths of one to three morae) with repeated
measures (the analysis being conducted with 21ficypants due to 7 missing values) indicated that t
main effect of phonological-length was significfiR(2,432)=54.938p<.001]. Pair-wise simple contrast
comparisons indicated that (1) the single CV mdiagoas first element significantly differed from the
two CVCV moraéNago[F(1,216)=46.684p<.001], (2) the single moN¥/agosignificantly differed from
the three CVCVCV moraéNago [F(1,216)=102.65,p<.001], and (3) two CVCV mora&Vago
significantly differed from the three CVCVCV morsi¢ago[F(1,216)=16.701p<.001].

4.6. Findings of Experiment 1

Experiment 1 depicted a clear trend in which theatgr the number of morae became, the lesser the
voicing power was observed (i.e., 1 mora > 2 mor&amorae), supporting the hypothesized effechef t
phonological length of first elements endakuof second elements.
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5. Experiment 2: Effects of first-element phonological-length when controlling frequencies of first
elements

First elements in Experiment 1 were selected frarsti@g compound words exhibitimgndaku Due to

the limited selection of possible candidates am@rglakucompound words, printed-frequencies and
script types were not controlled. Therefore, Expent 2 repeated the process of Experiment 1 with
different participants in order to examine the effeof phonological-length using the stimuli of timst
element controlling for these characteristics, altfh the selected elements in Experiment 2 do not
necessarily exhibitendakuin actual language use.

5.1. Participants

A total of 118 undergraduate students (50 fem&gsnales, and 3 unidentified) enrolled at univegsiin

the Kanto Region in Japan participated in Experin2enAll participants were native Japanese spaaker
Among them, 82 participants (69.49%) were bornraigkd in the same accent area of the Kanto Region,
33 were from Tokyo, 20 from Kanagawa, 10 from Chib&om Saitama, 6 from lIbaraki, 3 from Gunma
and 1 was from Tochigi. The remaining 36 partinigacame from various regions in Japan including 6
from Shizuoka, 5 from Fukushima, 2 from Niigata @hftom Akita. Ages ranged from 18 to 32 years,
with the average age being 21 years and 2 montkiseotiay of Experiment 2. Analyses were carried ou
depending on the number of participants who respond each item while making accommodations for
missing values. None of these participants togkipaany other experiments of the present study.

5.2. Stimulusitems

RealWagowords, which can stand freely as a single kangreachosen as first elements in each of the
three phonological categories of one to three mo@wy free-standing single-kanji words were stddc

in order to keep their meanings contained as a nain For example, the CV-structured item /halssd

as a single kanji meaning ‘tooth’. Likewise, the@/CV-structured item /minato/ is used as a single
kanji meaning ‘harbor’. As shown in Table 3, threets of one to three morae were matched by
printed-frequencies, counted as a kanji unit wrach used as general nouns in Asahi Newspaper
(Amano & Kondo, 2000, 2003). With this approadte tincontrolled factors of script type (i.e., agtn
kaniji), printed-frequency, lexical category and,stame degree, semantic influence were controlled in
Experiment 2. However, unlike Experiment 1, tlegnis used for the first elements in Experiment Zewer
not necessarily found in existing compound wordsildkng rendaku

Table 3. Stimuli of the firstVago elements

First elements Sound Phonological structure  Numbenavhe  Printed frequency

L1'g /kal/ Ccv 1 515
fifi /kaki/ cveyv 2 442
J) /katana/ cvCcvecyv 3 588
T /ha/ cv 1 3,659
= /kumo/ cvcv 2 3,891
¥iS /minato/ Ccvcvcv 3 3,170
K /nif cv 1 11,441
i lyama/ SVCVv 2 11,469
=R /hasira/ cvcvcyv 3 15,248
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5.3. Procedure
As in Experiment 1, all participants responded ® dgets of voiceless-or-voiced choices in the
guestionnaire. Participants were given suffictene to complete all questions at their own pace.

5.4. Item-by-item analyses and results

As shown in Table 4, each compound word was examuseng a Chi-square test of goodness-of-fit,
setting an expected value of equal frequency (586lam chance) for choice of a voiceless or voiced
initial consonant in the second element. As indixpent 1, the significance level was set at 0.001
according to the Bonferrorni adjustment. As showthe results of Chi-square tests of goodnesstof-f
reported in Table 4, second elements of compoundsweere more frequently selected as having a doice
initial consonant in 16 out of the 18 cases. Tdwults of all nine CV-, CVCV- and CVCVCV-structured
Wagofirst-element compound words combined with theosdcelement_fakari/ indicated that voiced
compounds were selected more frequently than vassetompounds. In the case of the second element
/hasuri/, all results with two exceptions in whicketfirst element /yama/ (‘mountain’) and /minato/
appeared, also showed the trend of being selestadraiced compound.

As in Experiment 1, ratios of voiced and voicelfsguencies betweenukari/ and /lasuri/ were
examined using a series of Chi-square tests ofligg(@hi-square test of independence) for each pfi
the first nine elements. With the exception of siregle case /yama/, none of the paired-casesedirdt
element showed significance, suggesting that rafiesiceless and voiced frequencies of all filstreent
real words combined with second elements were dlmgpgal between [kkari/ and /lasuri/. Thus, a
general tendency of higher voiced frequencies vu&eless frequencies would likely be observede t
majority of compound words regardless of the seadachents.

Table 5. Voicing power of mora difference in thestfiVago elements on second elements

, Phonological Number Voicing power
FirstWago elements
structure  of morae M SD
W /kal, t /hal, sk Ihil cv 1 5.53 1.02
fifi /kaki/,ZE /kumol/,ILI /yama Ccvcv 2 4.26 1.60
JJ Ikatana/# /minato/ #¥ /hasira/ CvCvCVv 3 4.35 1.66
Results of pair-wise simple contrast comparisons 21=>3

Note 1 Participants=118. M=Mean. SD=Standard deviation
Note 2 /yama/ has a SVCV phonological structure, bwtais included as one of the CVCV items.

5.5. Analysisand resultsfor examining effects of fir st-element phonological-length

As in Experiment 1, voiced items were recorded asd voiceless items as 0 in each CV-, CVCV- and
CVCVCV-structured phonological-length category Bpound words each), so that thacing power

of a first element on a second element was defiyeasingle variable ranging from 0 to 6. The nseamd
standard deviations are shown in Table 5. It ghbelnoted that single movdagoindicated a very high
voicing power of 5.53 out of the maximum of 6.00A one-way analysis of variance (3
phonological-lengths of one to three morae) withested measures conducted with 118 participants
indicated that the main effect of phonological-lgngvas significant f(2,234)=58.787,p<.001].
Pair-wise simple contrast comparisons indicated (hathe single CV mordVago as first element
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significantly differed from the two CVCV mora@/ago[F(1,117)=90.642p<.001], and (2) the single
mora Wago significantly differed from the three CVCVCV mord#ago[F(1,117)=72.769p<.001],
however (3) two CVCV mora®/agodid not significantly differ from the three CVCVCMoraeWago
[F(1,117)=0.401n.s].

5.6. Findings of Experiment 2

Unlike the results of Experiment 1 (see Table Xpdfiment 2 (see Table 5) did not show a differance
voicing power between two and three morae firstnelets. Since the first element in Experiment 2 wer
real words, controlled for printed-frequency, striype, and free-standing single kanji, puttinghbot
results of Experiments 1 and 2 together, it wowddshfe to conclude that a single CV m@vagofirst
element had greater voicing power than two or thmeeae cases, even though all three phonological
structures showed strong voicing power over thigaintonsonants of the second elements.

6. Experiment 3: Effects of first-element etymological-type

Experiment 3 examined whether or not the etymokdgigpe of the first elements affected the voioiig
the second elements. As with Experiments 1 atitejrst element was controlled by varying CVNéan
CVCV-structured etymological types Wagq KangoandGairaigo while holding the second element as
CVCVCV-structuredWagolike nonwords,. All these first element stimuliexe selected from real
words/morphemes actually existing as compound wexdsbitingrendaku

6.1. Participants
The participants were the same as in Experimenatldifferent from those in Experiments 2 and 4.

6.2. Stimulusitems

First elements were chosen according to threerdifteetymological-typedVagg Kangd’ andGairaigo,
exhibiting phonological structures of CVN and CVCYs shown in Table 6, three different words for
each etymological-type were combined with Wagalike nonwords /bkari/ and /lasuri/, for both CVN
and CVCV phonological structures. Thus, the stuaulitems (questions) comprised 36
voiceless-and-voiced pairs (3 etymological type8 different words x 2 phonological structures x 2
second-element nonwords = 36 total questions). sEmee three CVCV-structuralagofirst elements
/simo/, Inaka/ and /naga/ of Experiment 1 were atsdl in the data analyses of Experiment 3.

6.3. Procedure
The same as Experiments 1 and 2.

6.4. Item-by-item analyses and results

As shown in Table 6, each compound word was examumng a series of Chi-square tests of
goodness-of-fit setting an expected value of edreduency (50% random chance) for choice of a
voiceless or voiced initial consonant of seconanellets. As in Experiments 1 and 2, to avoid a Tlype
Error, a level of significance 0.001 was used icoadance with the Bonferrorni adjustment.

6 Many Japaneskanji have more than one way of being pronounced or, ihith is calledon. Thisonis classified into
different kinds, based upon the time period in \uhie kanji were borrowed from Chinese. Thes@aten, kan’on, to’onand

so on. Chronologicallgo’onis the oldest and is said to exhitehdakusystematically, whil&an’onwas adopted later than
go’onand rarely exhibiteendaku In Experiment 3 we conducted for the presenepagpe limited Sino-Japanese items to those
with kan'on



"2IMoNAIS-ADAD PUB -NAD UIPIPMUOU YoBa J0j S8 sulu pareadal si JUSWISYP 8yl 90UIS ‘Pasn Sem TOO'0 10 [9A8] souetgiEsuswIsnipe SjUIoLIBJUOYg YIM 82UepIodde. Ul € 910N
"(Wopuel SI 950G) SNNWNS Yoea 0) sasuodsan|im N0 S)el PIJIOA 0} SI8al € gqe) Ul ,21ey, Z 910N
"¥Z2 O} 2gg WOl SalleA sninwns Juswa|d 1sagugdionied Jo Jaquinu ay) ‘sanjea Buissiw 01 ang T 810N

Effects of phonological-length and etymologicaletypatures imendaku29

"SUBTET=(T) X T00>dS0e'65=(T),* %8L'S. 69T ¥ T00>dovy'6e=(1),* %860, 65T g9 ofiresres 1iod fsk
"s'Uory0=(T) % T00>d9828T=(1)* w6zv9 ¥l 08 T00>d/85'92=(1),* %9z'/9  0ST €L ofreses oind oL
's'ugzge=(T),X 100>d19T22=(T),X  9Ty'29  1ST €l 'SUry'o=(T),X  o8p'8s  TET 6 ofrelres uiw =%
'S'U6T00=(T), X s'uev9'0=(1),X %60y  SOT 81T SUePTT=(1),X %eror 0T octT obue ning (L)
's'UeZTo T=(T) X 700>d810°0e=(T),X  %0g'89 €SI L T00>dvv2'Sv=(1),%  %g9c. 29T 19 obuey N0 (%) rr

's'UpTe 0=(T) X T00>d982°8T=(1)* %6zv9 ¥l 08 T00>d/68'€2=(1),* 96299  8¥T Gl obuey o3} (4 )
(£ £)agpue (£ )b ‘(3 2) - T wewussidWeES ay) aiam obeAn PaInonis-ADAD Buimojo) sy L

SpJom paimonis-AJAD (2)
's'UeGZ 0=(T) X T00>devTe2=(1)* 9%.099 8yl oL T00'>d810°0e=(1),X o%0c89  €ST TL ofirenres Nem Zh
'STU68T 0=(1),% 100>d509'22=(1),X  %z6's9  IvT 9. 100>d7.5'82=(T),X %9829  2ST zL ofireres Nou s
's'uggLe=(T) X 100>dovy'or=(1),X  os222 €91 19 100>d0se 12=(1),% on/v's9  ovT Ll ofresres Nes s
's'uegg T=(T) X T00>d192'69=(1)* w%ee22 €T 6t T00>d98226=(1),* ov0'€8 98T 8¢ obuey Noy (~w) ¥
"SUTTO0=(T) X T00>devTTv=(1),*  %ey1. 09T ¥9 100>d6.8'2v=(1),X %egT. 19T €9 obuey NIS () g
'$'U020°0=(T) X 100>d9z. 18=(T),X  9%/z'08  6LT 44 700>d810'68=(T),X %608'08 18T e obuey Ne () 5
'$'U009°€=(T) X T00>dvy2'Sv=(1)*  wg9e. 29T 19 T00>d922 18=(1),* o208 6.1 44 obem Nou (v /) vy
's'U9500=(T), X 100>des6'v0T=(T),X op0ev8 88T ge T00>dovy 00T=(T),* oe8y'e8 /8T L€ obem N (v 2) v
100">d5y92T=(T) X 100>devT Tv=(T),X  9%eyT. 09T ¥9 100>dory TTT=(1).X op/2's8  T6T €€ obem NOp vz
spJom painonis-NAD (T)
9ouspuadapul W-jo-ssaupooh  Sked P3JI0A  SSJ[3J0A 1-Jo-ssaupooh aley P3JOA  SSIISJAOA adfy punos 1duos
Jo 158} asenbs4yo Jo 158} arenbs-yo lnseysws|s puodas J0 1s8) arenbs4yod e nyawale puodas ealbojowA3 sluswg|a 1S4

adA1-eaBojowia paInSmMIDAD PUe -NAD JO SIUSWSIIS 1Sy AQ pasuanjul Se LINSeYpPUR e NIPJOMUCWAI3-PUOISS PIJIOA J0 SS3IB0I0A JO 33I0yD 9 a|gel



30Katsuo Tamaoka, Mutsuko lhara, Tadao Murata, andrjfiyng Lim

The results of all 18 compound words of the CVNd &WVCV-structuredWagq Kango and
Gairaigo first elements combined with the second elemeuokah/, with the two exceptions of the
CVCV-structuredKango/butu/ meaning ‘Buddhism’ and tl@&airaigo /mini/ meaning ‘mini’, indicating
that voiced compounds were selected more often vbareless compounds (see details of Chi-square
values in Table 6). This trend was also apparetite case of the second elemeasliri/, with the single
exception of /butu/. All results for bothukari/ and /lasuri/ showed that compound words with initial
consonants in second elements were more frequealdgted as voiced in 33 out of the 36 compoundiwor
choices.

To compare ratios of voiced and voiceless frequenbetween_(ikari/ and /lasuri/, Chi-square
tests of equality (Chi-square tests of independeneae carried out for each set-case of the 18 firs
elements. Only the case of Wagofirst element /doN/ was significant, suggestirgj tine ratio of voiced
and voiceless frequencies of this first elementwbembined with the second elementkari/ were
dissimilar to the same word combined wittaghri/. In other words, when compounded with /doN/
/hukari/ was voiced as Ullkari/ more frequently than was /hasuri/ voicedoasuri/. Yet, the overall trend
of higher voiced frequencies over voiceless fregiemnremained consistent in the majority of the 33
compound words.

6.5. Analysis and resultsfor examining effects of fir st-element etymological-type

Voicing power was calculated using the same me#sBxperiments 1 and 2. The means and standard
deviations of voicing power in Experiment 3 areased in Table 7. A 3 (etymological-type) x 2
(phonological structure) two-way analysis of vadgartanalysis was carried out with 213 participaiuts

to 11 missing values) with repeated measures waduobed on the voicing power of first elements upon
second elements for both of the nonwordsk#ri/ and /lasuri/. Main effects were significant in variables
of phonological structureé1,212)=68.125p<.001] and etymological-typé-[2,424)=14.815p<.001].

In addition, the interaction of these two variabhes significantff(2,424)=24.521p<.001]. The
CVN-structured first element®/44.50) influenced voicing of the second elementsani/ and /lasuri/
more than those of CVCV structutd£4.00). As for etymological differences, pair-wsmple contrast
comparisons revealed th#tagofirst elements N1=4.52) had significantly stronger voicing power on
second elements than eith€ango (M=4.16) [F(1,212)=19.250,<.001] or Gairaigo (M=4.07) first
elements [(1,212)=24.103,p<.001], but no difference was found betwekKango and Gairaigo
[F(1,212)=1.003n.s].

Since the interaction of phonological structure atgimological-type was significant, pair-wise
simple contrast comparisons were conducted on es@mnpbination of the six categories (see means of
voicing power in Table 7). Detailed results arewh in Table 6 as_‘A B> C D F> E (underlined
categories indicate similarity). In sum, all resubf pair-wise comparisons indicate that: (1) Tinst
element words of CVN-structured/ago and Kango had similar influence on the voicing of second
elements, but differed from the rest, (2) the fesgment CVN- and CVCV-structure@airaigo and
CVCV-structured Wago had similar voicing power but differed from thestre and (3) the
CVCV-structuredkangoshowed the weakest voicing power and was diffefremt all others’

" F-values of pair-wise simple contrast comparisongewas follows: F(1,212)=1.540,p=.216, n.s. for A and B,
F(1,212)=43.879p<.001 for A and CJ(1,212)=22.797p<.001 for A and D,F(1,212)=103.664p<.001 for A and E,
F(1,212)=37.452p<.001 for A and F,F(1,212)=25.947p<.001 for B and CJF(1,212)=10.483,p<.001 for B and D,
F(1,212)=94.688p<.001 for B and EF(1,212)=26.022p<.001 for B and FF(1,212)=2.788p=.096,n.s. for C and D,
F(1,212)=14.017p<.001 for C and EF(1,212)=0.002p=.961,n.s. for C and F,F(1,212)=27.382p<.001 for D and E,
F(1,212)=2.569p=.110,n.s.for D and F, andr(1,212)=12.450p=<.001 for E and F.
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Table 7. Voicing power of CVN- and CVCV-structuretymological-type on second elements

ical- i Voicing Power
Etymtsg)glcal P:g:zz%gal Stimulus words v 9 D
(1) CVN structure
A Wago CVN i /U (huN), Bk A (noN), & A (doN) 4.78 1.53
B Kango CVN 7€ (kaN), #7(siN), 7(hoN) 4.65 1.56
C Gairaigo CVN # > (saN) / > (noN), V > (waN) 4.06 1.72
(2) CVCV structure
D Wago Ccvcv T (simo), " (naka) ¥ (naga) 4.27 1.53
E Kango CvCVv [l (koku), 77 (riki), 1A (butu) 3.66 1.65
F  Gairaigo CVCV X =(mini), 7 = (puro) 7~ U (pori) 4.07 1.74

Wago > Kango = Gairaigo
AB>CDFPFE

Results of pair-wise simple contrast comparisons

Note: Participants=213. M=Mean. SD=Standard deviation

6.6. Findings of Experiment 3

Experiment 3 indicated th&Yagofirst elements showed stronger voicing power aosd elements than
those of eitherKango or Gairaigo as indicated by ‘Wago > Kango = Gairaigo’. In gidad,
CVN-structured first elements had greater voicirgyver than those of CVCV-structure. Pair-wise
comparisons further suggested that CVN-structiWagoandKangoshowed greater voicing power than
others.

7. Experiment 4: Effects of first-element etymological-type by controlling frequencies of first
elements

The first elements in Experiment 3 were selectethfexisting compound words exhibitirgndaku Due

to the limited selection of possible candidates mgrendakucompound words, printed-frequencies and
script types were not controlled. Therefore, Expent 4 repeated the process of Experiment 3 with
different participants in order to examine the effeof etymological categories. This was donegitiie
stimuli of first elements, controlling for theiripted frequencies and limiting them to a CVCVC-stwie
(CVSVCV and CV@VCV were considered CVCVCYV for thegperiment). The selected elements in
Experiment 4 do not necessarily exhilgihdakuin actual language use.

7.1. Participants

A total of 136 undergraduate students (35 femal@s males) enrolled at universities in the KantgiBe

in Japan participated in Experiment 4. All pagants were native Japanese speakers, and werarmbrn
raised in the same accent area of the Kanto Reuwitn, 41 being from Tokyo, 41 from Kanagawa, 25
from Saitama, 14 from Chiba, 7 from Ibaraki, 6 fr@nnma and 2 coming from Tochigi. Ages ranged
from 18 to 21 years, with the average age beingyei8s and 9 months on the day of Experiment 4.
Analyses were carried out depending on the numbgadicipants who responded to each item, and
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varying according to missing values. None of thpadicipants were involved in any of the other
experiments of the present study.

7.2. Stimulusitems

RealWago, Kango and Gairaigewords consisting of three morae were chosen sisdiements. As
shown in Table 8, three etymological types werectied by printed-frequencies counted of use in the
Asahi NewspapdgiAmano & Kondo, 2000, 2003). All of these itemer& chosen from commonly-used
nouns which have clear meanings. However, unhk€xperiment 3, the items used for first elememnts i
Experiment 4 were not necessarily found in existaompound words exhibitinggndaku

Table 8. Stimuli of the first three-mora elements

First elements Etymological type Sound Phonologicacstire  Printed frequency
L Wago ftukue/ CvCvaVv 4,086
S Wago /hukuro/ CvCcvcv 5,924
i Wago /hatake/ Ccvcvcyv 5,965
% T Kango Ikitaku/ CvVCvCcVv 5172
JPR & Kango /mayaku/ CVSsvCcVv 5,213
JBE 52 Kango /masatu/ CvCvcVv 5,676
T =R Gairaigo Itenisu/ cvcvev 4,099
e/ Gairaigo /piano/ Ccvgvcv 5,447
27 Gairaigo Ikisuku/ CvCvcVv 4511

7.3. Procedure
All participants responded to 18 sets of voicedraiceless choices in the questionnaire. Particgparre
given sufficient time to complete all questiongtedir own pace.

7.4. 1tem-by-item analyses and results
As shown in Table 9, each compound word was exairbge series of Chi-square tests of goodnesg-of-fi
set at an expected value of equal frequency (50ftora chance) for choice of a voiceless or voicddin
consonant in a second element. As in Experimetdas31the significance level was set at 0.001tdube
Bonferrorni adjustment. As shown in the result€bi-square tests of goodness-of-fit reported inlg 8,
all first Wagoelements compounded with eitheulari/ or /rasuri/ were more frequently selected as
having a voiced initial consonant in second elemaritcompound words. Likewise, all firstango
elements compounded with eitheulari/ or /fasuri/ were more frequently selected as havingieedo
initial consonant in second elements with the etoamf the single combined case of /mayaku/ @GHe
drug’) and /hasuri/. For the firgairaigo elements, however, three of the six combinatidreved
random selection of either voiced or voiceless. eWwhounting compound cases exhibitregdaky the
first Gairaigo elements appeared to be less frequently voicedttiese ofWagoandKanga

As in Experiments 1 to 3, a series of Chi-squaststef equality (Chi-square tests of independence)
for two sets of frequencies was carried out orosabif voiceless and voiced frequencies betweekafty
and /rasuri/ for each of the first nine elements. Nohé¢he paired-cases of the first elements showed
significance, suggesting that ratios of voicelass$ @iced frequencies of all first-element real agor
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combined with the second elements showed no digtmbetween_/bkari/ and /lasuri/. Thus, a general
tendency is likely to appear in the majority of quound words regardless of second elements.

7.5. Analysisand resultsfor examining effects of thefir st-element etymological-type

As in Experiments 1 to 3, voiced items were recdrae 1 and voiceless items as 0 in each etymologica
category (6 compound words each), so thavtheing powerof a first element on a second element was
defined by a single variable ranging from 0 tolle means and standard deviations are shown ire Tabl

A one-way analysis of variance with repeated messaof the three etymological-types conducted with
136 participants indicated that the main effectetyfimological-type was significanF(2,270)=6.147,
p<.01]. Pair-wise simple contrast comparisons iat#id that (1) the firstWago element significantly
differed in voicing power from the firgbairaigo elements f(1,135)=13.190p<.001] and (2) the first
Kangoelements significantly differed in voicing poweorn the firstGairaigo element$F(1,135)=4.276,
p<.05], but (3) the firstWago elements did not significantly differ from thKango elements
[F(1,135)=1.539n.5].

7.6. Findings of Experiment 4

As was indicated in Experiment\Bjagofirst elements in Experiment 4 also consisterttigvged stronger
voicing power on second elements than those oéeithngoor Gairaigo. Therefore, the overall trend of
the first element ‘Wago = Kango > Gairaigo’ affecfithe voicing power of second elements must be
much more prevalent.

Table 10. Voicing power of three-morae etymologfigpe on second elements

Etymological- Stimulus words Voicing Power
type M SD
Wago HL (tukue),£¥ (hukuro), ki (hatake) 4.24 1.70
Kango Jii: % (Kitaku), % 3£ (mayaku) B2 # (masatu) 4.07 1.78
Gairaigo 7 = A (tenisu),t’ 7 / (piano), Y A 7 (risuku) 3.74 1.85
Results of pair-wise simple contrast comparisons MWl ango > Gairaigo

Note 1 Participants=136. M=Mean. SD=Standard deviation
Note 2 /tukue/ and /piano/ include empy consonantseir fthonological CVCVCV-structure, but
these were included in the CVCVCV tem

8. General discussion

Sequential voicing, orendaky was observed in varying degrees of consisten@ermding upon a
combination of factors. The present study inveséd the influence of the phonological-length
(Experiments 1, 2 and partly 3) and etymologicaletyExperiments 3 and 4) of first elements@mdaku

of the initial consonant of the CVCVCV-structurééhgelike nonwords /bkari/ and /lasuri/. Findings
indicate that the voicing of second elements witompound words as determined by native Japanese
speakers is influenced by the nature of first-elenpdonological-length and etymological-type. ®irc
majority of previous studies regardingndaku(e.g., Haraguchi, 2001; Irwin, 2005; 1t0 & Mest2886,
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2003; Kurisu, 2006), limited their intensive invigstions largely to the voicing of second elemetits,
present study represents an innovative contributbdhe study ofendaku

The following sections discuss the influence eauly the nature (i.e., phonological-length and
etymological-type) of first elements on tlendakuof second elements.

8.1. Effects of first-element phonological-length
Particular phonological aspects of first elemenkgctv influence the degree of second element voicing
were especially salient in the present study. Ewrpmt 1 revealed an overall trend whereby voicing
determination (i.e., voicing power) from one mardhree morae was observed to have a descendiag ord
of strength. However, after controlling the chaeastics of the firstWagoelements by three conditions of
printed-frequency, script type and free-standingylel kanji, Experiment 2 revealed that a single anor
Wagoshowed greater voicing power than two or threeamoAlthough the phonological-length is limited
to this small range of one to three morae, fromfitndings of Experiments 1 and 2, it is safe toadade
that a singl&Vagomora is more likely to have a stronger voicing pown the initial voiceless consonant
in the second element than phonologically lonyago

Irwin (2005) collected samples of noun compouwith Kango second elementsshowing that |
rendakuof mononoms (single kaniji units) appeared twicdraguently as binoms (two-kanji units). A
unit of mora differs from a unit of sinogram or agmaph (otkan;ji), but Irwin’s corpus data suggests that
the shorter the length of the second element, e fnequentlyendakuoccurs (type frequency) among
Kanga Although the present study examined the effettthe first element omendakuof a second
element and Irwin’s finding is related to the ldngff second elements, a shorter unit in either noora
sinogram may result in a higher frequencyesfdaku

Furthermore, as previous studies (Endo, 1966n@ika, 1952, 1955) have indicated, the results of
Experiment 3 showed a general likelihood that CMist felements have stronger effectsrendakuof
second nonword elements than their counter stioil@iVCV in bothWagoandKangag but notGairaigo.
Concerning the CVN unit, a group of Japanese plogsts (e.g., Haraguchi, 1996; Kubozono, 1989,
1995a, 1999; Kubozono & Ota, 1998; Terao, 2002)hanoposed that both morae and syllables are
described in a single phonological structure. Rnoes, morae and CVC and CVV (including CVJ as a
variation of CVV) syllables are illustrated togathe a single hierarchical structure. The lowest
phonological level is the phonemic level, represgntonsonants and vowels. The next higher |e/tie
moraic level. The first morau) is constructed from a consonant (C) and a voWea(d the second mora
(u2) from a consonant (i.e., /N/ or /Q/) or a vowee (i /R/ or /3/). The highest level in the figisehe
syllable level. Units at this level are constractieom CV and C/V, which create CVC and CVV sylkedl
In this phonological structure, a CVN is consideasdh single syllabic unit (or a single ‘heavy’lalgle),
while a CVCV structure is two syllabic units (orawight’ syllables). In addition, Tamaoka and &er
(2004) indicated in naming latencies that CVNC\Wstured nonwords were named with the same latency
as the CVCV-structured nonwords, suggesting thaN@eg a single phonological unit is processed just
fast as a CV unit. Therefore, as observed in CNSUVN units also have a strong influence on the
voicing of second elements. It should be noted 8iace /N/ ending is seldom seerVMagq the present
study could not find appropriate stimulus items chatl across other phonological lengths by
printed-frequency and script type to conduct Expent 2.

In sum, the findings of Experiments 1, 2 and, int,p& suggest the overall trend that within first
elements, a single mora or syllable phonologicalcstire of CV and CVN units results in higher
frequency ofrendakuin second elements.
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8.2. Effects of thefirst-element etymological-type
As previously noted, intensive linguistic investiga intorendakuto date has focused almost exclusively
on the voicing of second elements. In fact, Itd &hester (2003) claimed that since many examples
undergorendakuregardless of the etymological-type of the firgngent, only the status of the second
element is relevant. Despite this claim, the preséudy of three etymological-types in Experim8nt
demonstrated that the first elem&wagowords had stronger voicing power upon the sectardents than
either Kango or Gairaigo, both of which had equal influence. However, rafntrolling
printed-frequency and script type in Experiment¥¥hago andKango displayed a similar likelihood of
rendakuand both showed highezndakufrequency thaiGairaigo. In the results of both Experiments 3
and 4, the etymological-type of first-elements awpd to exert influence on threndakuin second
elements.

It is commonly known thatndakufundamentally occurs among Japanese origin woktsy0),
but not amondkangoor Gairaigo (e.g., 1td and Mester, 1986, 2003; Kubozono, 1995 mwever Kango
also exhibitrendakuin their compounds. For instance, the compounddwi =211 (‘joint-stock

company’) composed of /kabusikitiX)) and /kaisya/ £:%t) is pronounced /kabusikiagsya/ as the
initial consonant /k/ of the second element becomogsed /g/. According to Vance (1996), as desxtib
in Irwin (2005), the proportion of words exhibitimgndakuis approximately 90% fowagq 20% for
mononomes oKangq 10% for binomes oKangq and negligible foGairaigo (rounded to the nearest
10%). In fact, Nakagawa (1966) suggested thatalem@mong<angois a barometer for ‘nativization’.
Likewise, Otsu (1980) also mentioned tKaingoandGairaigo also exhibirendakuas one manifestation
of the extent to which these words have becomealliapd’. Takayama (1999) labeled these words as
zokukango(vulgarized Sino-Japanese) to displ@yndakuas observed iWaga Whichever term —
‘nativization’, ‘Japanization’ or ‘vulgarization’ s used to describendakuamongKangq it appears to
be a good candidate céndakuphenomena. Unlike the etymological typedMdgoandKangq lexical
items ofGairaigo, however, have not yet been sufficiently nativitceghow a strongendakutendency.
Experiment 3 showed the tendency rehdakuin second elements to be influenced by the
first-elementWagomore strongly thatKango and Gairaigo. After controlling for the major factor of
word-printed frequency, the results of Experimerstudggested that the first elements of bathgoand
Kangodisplayed similar voicing power to affe@ndakuin second elements. Although the present study
focused on first-elements, as suggested by prewstudies (Nakagawa, 1966; Otsu. 1980; Takayama,
1999), the tendency of nativization seems to bemdesl differently in the effects oéndakuon second
elements depending on the etymological types sf élements.

9. Limitations of the present study and further possible investigations

The present study shed light the influences of eabior-voiceless choice on first-element
phonological-length and etymological-type. Howewgre to the nature of data collection from oved 10
participants in each Experiment, the scope of tlesent study was limited to investigating only two
Wagelike nonwords (i.e hukariandhasuri as second elements to determine whether or aatdiceless
/h/ remains unchanged or becomes a voiced /b/ wiesiirst-element is varied. Thendakupattern of /h/

to /b/ is a relatively rare phenomenon, unique @pahese, which is caused by labial weakening; this
weakening alters the sound of /p/ to /h/, resulimg pattern of /h/ to/b/. As Kubozono (1999) lexped,
there are four distinct voiceless-to-voiced patieri/ to /g/, /s/ to /z/, It/ to /d/ and /h/ td./bAll these
rendakupatterns should be investigated using multiplargdas. In addition, since many first elements
ending with /N/ can be found amomk@ngo (but notWagg, the effects of /N/ omendakuin the cross
morpheme condition should be examined by contmpliie position of /N/ in first elements. Furthemnso
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the influence of the position of voiced consonantirst elements should also be investigated.séAsh,
the questionnaire-based approach will likely camtito have a prominent role in future studies.
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