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Abstract: Two major views have been proposed regarding the mechanism
underlying morphological generalization: rule-based and analogy-based mechanisms.
The analogy-based mechanism is sensitive to the similarity of nonce words to existing
words, whereas the rule-based mechanism is not. This study investigated the produc-
tion of volitional forms of Japanese verbs whose non-past forms end with suru by using
an elicited production experiment with low- and high-frequency real verbs and novel
verbs with varying degrees of similarity to existing verbs. The findings are as follows:
The conjugational form of the largest verb group was preferred, and an increase in the
conjugational form of a smaller verb group was found only in the completely similar
condition. These results can be explained by the rule-based mechanism.

Keywords: elicited production task; Japanese verbs; linguistic generalization; voli-
tional forms

1 Introduction

Humans possess the ability to generalize rules, constraints, and patterns to novel
linguistic data, which can also be observed in the production of morphologically
complex inflectional verb forms (Pinker 1999; Verissimo and Clahsen 2014). Two major
views have been proposed regarding the mechanism underlying morphological
generalization — rule-based (Albright and Hayes 2003; Hale 2001) and analogy-based
(the exemplar model: Nosofsky 1989; the connectionist model: Rumelhart et al. 1986;
Rumelhart and McClelland 1986) mechanisms, and there is also an eclectic view of the
two — the dual mechanism model (Clahsen 1999; Pinker 1999; Pinker and Prince 1988).

The rule-based mechanism assumes that conjugational forms are produced by
applying a rule or an operation to a verb, for instance, the past-tense form of English
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regular verbs is formed by the rule of adding ed to the verb root, and even to a novel
verb (e.g., ploamph-ploamphed) (Pinker 1999). Conversely, analogy-based mecha-
nisms have assumed that conjugational forms are produced based on the similarity
and frequency of existing verbs. That is, English past-tense forms of verbs are pro-
duced from a cluster of frequently overlapping items (Rumelhart and McClelland
1986). For instance, the past participle splung of the novel English verb spling can be
formed analogically with the existing English verbs ring—rung and sing—sung (Bybee
and Moder 1983). Bybee (1995) suggested that items with higher type frequency
are more productive in forming conjugational forms. The dual mechanism model
assumes that the past-tense forms of English regular verbs are produced by the rule-
based mechanism, namely, by applying the default rule to add ed to the verb stem,
where past-tense forms are not stored in memory, and those of irregular verbs are
produced by the analogy-based mechanism (Pinker 1999). One major method used to
investigate this issue is the elicited production task (Berko 1958). In the written
version of the task, a text is presented to participants. It contains a certain form of a
nonce word and a blank space, in which participants are expected to fill with the
target conjugational form. Because the elicited production task asks participants to
conjugate nonce words, if the rule-based mechanism works, the task will make
participants generalize the rules and operations they use for existing words to nonce
words. If the analogy-based mechanism works, the task will make them analogize the
conjugational form of a nonce word with existing words they know. The mechanism
that works in Japanese is unclear. Therefore, this study investigated the applicability
of these mechanisms in Japanese by checking whether the similarity of novel verbs to
existing verbs influences the production of volitional verb forms.

Some studies have utilized the similarity between real and novel verbs as
experimental stimuli in elicited production tasks. Verissimo and Clahsen (2014)
constructed novel verbs that were similar to real Portuguese verbs. Portuguese
contains three verb classes. The first conjugation class of verbs is the largest group
(3396 verbs). The second conjugation (380 verbs) and third conjugation (348 verbs)
classes of verbs are approximately the same size, and they are fewer than the first
conjugation class verbs. Their corresponding infinitive forms end with -ar, -er, and
-ir, respectively. The first-person singular indicative forms end with -o, regardless of
class. In an elicited production task, they presented a two-sentence text. The first
sentence contained a first-person singular indicative form of a novel verb, and the
second sentence contained a blank space, which participants were expected to fill
with the infinitive form. The endings of infinitive forms helped distinguish the
classes of verbs in the participants’ responses. The results indicated a similarity effect
in the first conjugation class but not in the novel verbs of the second and third
conjugation classes. They argued that their results were compatible with the dual-
mechanism model.
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Michon and Nakipoglu (2020) also conducted an elicited production experiment
on Turkish aorist (a kind of present-tense form that expresses truth and customs in
Turkish) by using nonce verbs with varying degrees of similarity to existing verbs at
a phonemic level. Different degrees of similarity were created by manipulating the
overlaps in the CVC-phonemic structure of stems between nonce and real Turkish
verbs, for example, two Cs overlap, the initial C overlaps, V overlaps, and second C
overlaps.! In the experiment, the nonce root was presented in the first sentence
auditorily, and the second sentence with a blank space, which participants were
expected to fill with the aorist, was visually presented; participants were instructed
to complete the sentence orally. They found that participants preferred the most
regular patterns, which can be best explained by rule-based generalization and the
effect of type frequency; namely, items with higher type frequency are more pro-
ductive, as more items share the same phonological overlaps, which are more
applicable to other items, including nonce words (Bybee 1995). Uygun et al. (2023)
conducted an elicited production experiment on aorist with Turkish monolingual
and heritage speakers and found the same pattern of results for monolingual
speakers. With these previous studies in mind, we conducted an elicited production
experiment on volitional verb forms with varying degrees of similarity in another
agglutinative language, Japanese.

2 Background
2.1 Japanese verbs

Japanese verbs are classified into three groups (Groups I, II, and III). Group-I verbs
are referred to as consonant-stem verbs because their stems end with a consonant.
For instance, the non-past form of a Group-I verb kaku ‘write’ constitutes the stem
kak and non-past affix u. Its volitional form is formed by attaching an affix o0 to the
stem, i.e., kako ‘let’s write’. Group-II verbs are referred to as vowel-stem verbs
because their stems always end with a vowel. For example, the non-past form of a
Group-II verb kiru ‘wear’ constitutes the stem ki and non-past affix ru. Its volitional
form constitutes the stem and volitional affix yo, i.e., kiyo ‘let’s wear.” Group III has
only two members, i.e., kuru ‘come’ and suru ‘do’ and they are categorized as
irregular verbs. Kuru constitutes the stem ku and non-past affix ru. Furthermore, its
past-tense form is kita ‘came’, which constitutes the stem ki and past-tense affix ta.
Additionally, its volitional form is koyo ‘let’s come’, which constitutes the stem ko and
volitional affix y6. Suru constitutes the stem su and non-past affix ru, and its past-

1 Abbreviations used are as follows: C (consonant), and V (vowel).
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tense form sita ‘did’ constitutes the stem si and affix ta. Furthermore, its volitional
form siyo ‘let’s do’ constitutes the stem si and affix yo. Unlike Group-I verbs, Group-III
verbs involve unpredictable vowel alternation, i.e., u is changed to i.

Note that the volitional forms of Group-I and Group-III verbs differ particularly
in their word endings. The volitional form of Group-I verbs ends with 6 and that
of Group-III verbs typically ends with yo.> Some Group-I verbs end with suru, e.g.,
sasuru ‘rub’ to sasuro ‘let’s rub’. N-suru verbs typically change the non-past form:
N-suru ‘do N, to the volitional form: N-siyo ‘let’s do N,” e.g., the non-past form:
benkyo-suru ‘study’ to the volitional form: benkya-siyo ‘let’s study.” Even though some
verbs end with the same suru, their volitional forms differ depending on the verb
group to which they belong.

Pinker (1999) assumed that the rule of the largest and most regular verb group
serves as the default rule for conjugational forms. In Japanese, Group I is the largest
group, followed by Group II. According to Pinker (1999), this means that Group-I
verbs are the most regular and serve as the default for producing conjugational
forms. Group I1T has only two members; when one of them, suru, is attached to a noun
(N), it functions as a light verb and forms an N-suru verb. For instance, when suru is
attached to the noun benkyo, ‘study,’ it forms the verb benkyo-suru, ‘study.” Suru can
be attached to various nouns and is highly productive. Note that there are several
verbs in Group I whose non-past forms end with suru, and Group-III verbs with the
suru ending are numerous. Therefore, if the dual mechanism works, one possibility
is that when the non-past form of a verb ending with suru is presented, the default
rule will be based on Group-III verbs with the suru ending.

2.2 Japanese orthography and Group-I and N-suru verbs

Japanese words are written in kanji (logographic script) and in two types of kana
(moraic script). Word roots are often written in kanji, affixes in hiragana, and loan
words in katakana. Words are often written in a mixture of kanji and hiragana;
however, the same words can also be written in kana only.

Morphological boundaries are not orthographically clear in Group-I verbs. For
instance, the non-past form of the verb #% 2 (kosuru ‘rub’) orthographically constitutes
kanji #2 (kosw) and hiragana % (ru). Morphologically, the stem is kosur, and the root
corresponds to kanji #% and u is the non-past affix. The r at the stem end and u forms
one mora and are written as one hiragana 2. Therefore, the boundary between the
stem end and non-past affix is orthographically unclear. Klafehn (2003) highlighted

2 Although the number of verbs is very small, shifts of some Group-III verbs to other verb groups
have been reported (Tanomura 2001, 2009).
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that ambiguous morpho-orthographic boundaries may make the application of rule-
based mechanism to Japanese inflectional forms difficult because many Group-I verb
stems end with a consonant and are never used in isolation.

The word roots of N-suru verbs can be compound nouns that constitute a noun
(N) and a conjunctive form of a verb (V), and are referred to as NV-type compound
nouns (Ishizuka 2013). A light verb construction can be formed by attaching suru, or a
case marker (o: an accusative case marker, and ga: a nominative case marker) and
suru. The word roots of N-suru verbs of Chinese origin are written in kanji, and suru
in hiragana (9" %, underlined) is attached. Word roots of Japanese indigenous N-
suru verbs are written only in hiragana ("9 <3 4 % guzuguzusuru, ‘dawdle’),
with a mixture of kanji and hiragana (‘£ # 4 3 % asibumisuru, ‘stomp’), and only in
kanji (9 2 koisuru, love’). Word-roots of N-suru verbs of origins other than
Chinese and Japanese are typically written in katakana (2 X — 3~ % sutatosuru,
‘start’). Different origins of the word roots of N-suru verbs may also affect the
insertion of case markers between the N and suru, where the script type with which
the verbs are written facilitates readers of the verbs identifying their origins.
Because novel words do not have any corresponding kanji, they are bound to bhe
presented in kana. This means that if we present real words with a mixture of kanji
and hiragana, and novel words in hiragana, participants will be able to distinguish
novel words from real words using different types of scripts. Therefore, to check the
influence of script type, two lists of stimulus words were constructed. In one list, the
stimulus verbs were written only in hiragana, and in the other, they were written
with a mixture of kanji and hiragana (described in Section 3.2).

2.3 Previous studies on Japanese verbs

Some studies have investigated the applicability of mechanisms for producing
Japanese inflectional verb forms; however, the results have been mixed. Vance (1991)
conducted a forced choice completion task. A text containing a citation form of the
made-up godan (Group-I) verbs, hoku, homu, muru, and kapu, in hiragana, and blank
spaces was presented. The blank spaces were filled with volitional, past, negation, and
conditional forms; the participants were asked to fill them with one of four choices.
Participants indicated difficulty choosing the correct form, which can be produced
analogically to existing Group-I verbs (for the nonce verb hatu, the volitional form
hattoo and the past form hatta). Participants had more difficulty choosing the correct
form of the phonotactically inadmissible verb kapu. According to Vance, these diffi-
culties indicate that regular verb forms are stored in the lexicon and forms of made-up
verbs are analogically produced.
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Klafehn (2003) replicated Vance (1991) using native speakers (NSs) of Japanese
and non-native speakers (NNSs) learning Japanese. The rule-based mechanism
predicts that NSs outperform NNSs; however, NNSs chose correct forms more often
than NSs. NSs did not necessarily generalize the conjugation pattern of Group-I verbs
to nonce verbs; therefore, no effect of the default rule was observed. These results are
more consistent with analogy-based mechanisms.

Batchelder (1999) conducted an aural/oral production task in which texts that
contain a non-past form of a nonce verb (ganosuru) were aurally presented twice,
and either its negative or past form was presented twice; participants were asked to
utter the other form that they did not hear (the negative or past-tense form). The
stimulus nonce verbs constituted the two-mora stem that end with either o or i (e.g.,
gano, nimi) and the ending of either ru or suru (e.g., ganoru, ganosuru, nimiru and
nimisuru). Reaction times to utter the requested verb form and error rates were
analyzed. According to Batchelder, if the rule-based mechanism works, producing
new inflected forms of nonce verbs is easy, but if individual forms are in memory,
producing new forms is difficult, and the ease or difficulty of producing inflected
forms of nonce verbs is indicated by reaction times and error rates. The reaction
times indicated a significant interaction between verb types (i/o, ru/suru), but no
significant main effects of verb types. The expected forms were produced for the
verbs -oru more than for the verbs -osuru, -isuru, and iru. No main effect or inter-
action was observed for error rate, but participants produced incorrect forms, which
account for 12.3 %. This difficulty is not predicted by the rule-based mechanism, but
can be better explained by an analogy-based mechanism (Batchelder and Ohta 2000).

Fushimi (2002) studied the morphological generalizations of Japanese verbs and
utilized similarities between novel and real verbs. The non-past forms of Japanese
verbs always end with u. Japanese is a moraic language, and one mora typically
constitutes a consonant (C) and a vowel (V). The penultimate two syllables of a non-past
form constitute C,V,C, and V,, and V, is always u (Table 1). Additionally, typically, the V;
of Group-Iverbs is g, o, or u and C, is a consonant other than r. The V; of Group-II verbs
iseoriand Cyisr. Vy and C, are critical for judging similarities and dissimilarities
between Group-I and Group-II verbs. However, some Group-I verbs have similar (S) or
dissimilar (D) V; and C, to those of Group-II verbs. In Table 1, S and D in rows corre-
spond to similar and dissimilar V;; S and D in columns correspond to similar and
dissimilar C,. For instance, SS-type verbs are Group-I verbs, but hold the identical V;
and C, with those of Group-II verbs. The verb hukeru (§k %), ‘be absorbed in’ is a
Group-I verb and the homonym of Group-II verb hukeru ({3 %), ‘grow old’. DD-type
verbs are not similar to Group-II verbs regarding V; and C,. The four categories of
Group-I verbs have different degrees of similarity to Group-II verbs (Fushimi et al.
2006). However, they conjugate differently, as described in Section 2.1.
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Table 1: Four categories of Group-I verbs by similarity of V4 and C, to Group-II verbs in Japanese.?

Similarities of V, of Group-I Verbs Similarities of C, of Group-I verbs to
to Group-II Verbs Group-II Verbs
Dissimilar: non-r Similar: r
Dissimilar: g, 0, and u DD (kaku) ‘write’ DS (karu) ‘mow’
Similar: jand e SD (kiku) ‘hear’ SS (keru) ‘kick’

2Fushimi (2002) and Fushimi et al. (2006) use the term consistency and inconsistency instead of similarity and dissimilarity.
They assume the typical V; and C; of Group-I verbs. As this study is trying to describe one of the major differences
between the morphological generalization mechanisms through similarity, we re-labeled the categories of Group-I verbs
considering similarity and dissimilarity to Group-II verbs.

Fushimi (2002) presented non-past forms of real verbs with high and low fre-
quencies and novel verbs in kana. They instructed participants to orally provide
their corresponding negative forms and polite forms, which end with mas(u) (e.g.,
non-past forms: kaku ‘write’, the negative form: kakanai ‘do not write’, and kakimasu
(the polite form of kaku)), and measured their naming latencies and error rates. They
found that the magnitude of conjugation difficulty for low-frequency verbs varied in
the order of DD real verbs, DS real verbs, and Group-II verbs; the order of naming
difficulty reflected the similarity effect between the two types of verbs. The fre-
quency effect in each of the four categories was the weakest in DD and DS and Group-
IT verbs indicated strong effects. For novel verbs, they found that the conjugation
pattern of Group-II verbs was applied to novel verbs more frequently in SS than in SD
and DS and in DS and SS than in DD, which also indicate a similarity effect. If
conjugated forms are retrieved from memory, the time to retrieve them, i.e., naming
latency, becomes shorter for high-frequency forms, and they have fewer similarity
effects. For low-frequency forms, naming latency increases and is affected more by
the similarity effect than for high-frequency forms. Furthermore, the more similar a
particular verb is to typical Group-III verbs, the more likely it is to be conjugated in
the Group-III pattern. Conversely, if the word is less similar to typical Group-III verbs,
it is less likely for the word to be conjugated in the Group-III verb conjugation
pattern. They also conducted an orally elicited production task for nonce verbs. As
the similarity at V; and C, increased, Group-II forms increased, which, according to
them, is an indication of an analogy-based generalization. However, the overall
proportions of Group-I and -II forms were 75 % and 5 %, respectively. The production
of Group-II forms was below chance level, which could be due to the block from
analogizing further. Therefore, the results can also be interpreted as an indication of
rule-based generalization. Fushimi (2005) also mentioned that these results could be
explained by both rule- and analogy-based mechanisms.
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Oseki et al. (2019) conducted bidirectional elicited-production tasks for past-tense
and non-past forms of novel verbs with Japanese NSs as participants and input the
same materials into a software program, referred to as a minimal generalization
learner (MGL; Albright and Hayes 2003). The MGL learns patterns between the original
and output forms during the learning phase and describes the rules from the patterns.
In the output phase, when new words are provided to the MGL, rules are applied.
Therefore, the MGL simulates rule-based linguistic generalizations (Albright and
Hayes 2003).

The human and MGL data indicated a weak correlation in the non-past form to the
past-tense form direction. By contrast, they indicated a strong correlation in the past-
tense form to the non-past form direction. One possible interpretation of this result is
that the analogy-based mechanism worked to produce past-tense forms from non-past
forms, whereas the rule-based mechanism worked to produce non-past forms from
past-tense forms. Another possible interpretation is that producing past-tense forms
from non-past forms is more computationally complex than producing non-past forms
from past-tense forms. Furthermore, phonological changes are involved in producing
past-tense forms from non-past forms than in producing non-past forms from past-
tense forms, which merely indicates different computational complexities or com-
plexities of phonological changes involved in changing one form to a different form
rather than the involvement of different mechanisms.

In summary, the aforementioned studies have investigated the mechanisms of
morphological generalization in producing the past-tense forms of verbs in Groups I
and I1, and the results are mixed. No study has yet investigated the inflectional forms
in Groups I and Il in Japanese using graded similarities, which could be another way
to evaluate views on mechanisms. Therefore, this study tested the mechanisms for
producing volitional forms of Group-I and Group-III verbs with the suru ending
through an elicited production task using varying degrees of similarity.

2.4 Research questions

With the aforementioned background in mind, we made two research questions

below.

(i) When participants produce volitional forms of high- and low-frequency real
Group-I verbs with varying degrees of similarity to Group-III verbs, do they rely
on the similarity to Group-III verbs with the suru ending?

3 There can be a few different expressions of volitionality in Japanese verbs. Since this study deals
with morphological generalization in verb forms, we refer to the verb form that constitutes the verb
stem and the affix (y)o as volitional forms of Japanese verbs.
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(i) When participants produce volitional forms of novel Group-I verbs with varying
degrees of similarity to Group-III verbs, do they rely on the similarity to Group-III
verbs with the suru ending?

3 Volitional form elicited-production experiment
3.1 Participants

Forty Japanese native speakers (List 1: 6 males and 14 females, mean age: 40.65 years,
List 2: 16 males and 4 females, mean age: 42.7 years) participated in the experiment.

3.2 Experimental stimuli

Stimuli consisted of low- and high-frequency real and novel words. As described in
Section 2.2, orthography may help participants distinguish Group-I verbs from
Group-I1I verbs and may affect their responses. We constructed two lists of stimulus
words (Lists 1 and 2). In List 1, real and novel words were presented only in hiragana,
while in List 2, the same real words were presented with a mixture of kanji and
hiragana, and novel words were presented in hiragana. We indicated pronunciation
of each kanji in hiragana in parentheses, e.g., #(Z ¥) 3.

Forty-eight high-frequency Group-I verbs, and forty-eight low-frequency Group
I verbs, six high-frequency Group-III verbs with the suru ending, and six low-
frequency Group-III verbs with the suru ending were chosen from the long unit word
list data (2 or higher lemma frequency) of the Balanced Corpus of Contemporary
Written Japanese (BCCWTJ; National Institute of the Japanese Language 2015). A total
of 80 novel words were constructed. Novel verbs consisted of either three or four
morae. These were constructed by converting random numbers into hiragana using
Excel. A total of 188 words were presented on each list. Table 2 shows the sample’s
real and novel verbs in the eight categories.

In Table 2, the consonants (C; and C,) are those in the phonemic structure of the
last two morae of a word (C; V; C, V3). Cy, V3, and C, are particularly important for
creating different degrees of similarity of Group-I novel verbs to Group-III verbs, and
V, of non-past verb forms is always u. S stands for “similar” and D for “dissimilar,”
and the three capital letters, which are either S or D, indicate the (dis)similarity of C,,
V,, and C, to those of Group-III verbs with the suru ending. The graded similarity of
existing Group-I verbs to Group-III verbs with the suru-ending is indicated by the
number of phonemes in the last two morae that overlap between Group-I and Group-
III verbs. Any non-past verb form ends with the vowel u. Therefore, the minimum
number of overlapping phonemes is one. The number of phonemes that overlapped
between Group-I and Group-III verbs ranged from one to four (Table 2). In each cell of
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Table 2: Sample real and novel Group-I verbs and their non-past and volitional forms.?

Number of phoneme C4V,Cou Real verbs Novel verbs
overlaps .
Non-past forms Volitional forms Non-past forms
1 DDDu K< (B &) HBEIS IHY
oyogu ‘swim’ 0yo0go ‘let’s swim’ suosu
2 SDDu AL (FEL) TTIS >5%<
sosogu ‘wash’ 505090 ‘let’s usoku
wash’
DSDu W< (P AL) RS ERY
yabuku ‘tear’ yabuko ‘let’s tear’ ginumu
DDSu B3 (LE?) LEs5 BESD
sibaru ‘tie’ sibaro ‘let’s tie’ setoru
3 SDSu £% (€3) 55 BB
saru ‘leave’ saro ‘let’s leave’ omuru
SSDu E< (9 9<) 3> kR
yusugu ‘rinse’ susugo ‘let’s susoru
rinse’
DSSu K2 (HASD) HEDS Wy A
aburu “grilP aburo ‘let’s grill isubu
4 SSsu R (3%) ¥55 59%
suru ‘print’ suro ‘let’s print’ usuru

?Underlines indicate the phonemes in the last two morae that overlap with the phonemes of suru.

non-past forms, in the first tier, each sample verb is written in one kanji root with one
hiragana, and only in hiragana in parentheses; in the second tier, Romanized letters
and typical meanings are given.

Texts comprising two sentences were constructed. As shown in example (1), the
first sentence contained the non-past form of a critical verb (in the Japanese pa-
rentheses [ ] ), which was followed by an affix that requires the non-past form of a
verb, e.g., koto ‘the fact that’, mae ‘before’, and yo ‘in order to’. The second sentence
has a blank space, which participants were instructed to fill with the volitional form
of the verb, and the blank space was followed by an expression that often follows a
verb volitional form, e.g., to omotte imasu(yo) ‘I think that.*

@ A sample text for the novel verb Z % 2 (koyaru)

The first line: BWi%E [CX3] 2&ENTEZT,
osake-o “koyaru” koto-ga dekimasu.>
saké-acc “koyaru” fact-nom can
‘() can koyaru saké.

4 yois an emphatic particle.
5 Abbreviations used are as follows: acc (Accusative), comp (Complementizer), and top (Topic).
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The second line: i 2 —t —% EH-oTwEJ,

asa-wa koohii-o to omotte imasu.
morning-top coffee-acc Comp I think.
‘I think I will coffee in the morning.’

A total of 188 texts were analyzed. The stimuli were presented one by one on a
separate screen via the Internet using PCIbex Farm (Zehr and Schwarz 2018).°

3.3 Ethics statements

Ethical approval for this study was obtained from the Ethics Committee of Kwansei
Gakuin University (No. 2022-54) and the study was conducted in accordance with the
principles of the Declaration of Helsinki. All the participants received a written
explanation of the purpose and risks of the experiment. Only those who provided
informed consent participated in the study.

3.4 Procedure

The procedure was as follows: A brief survey collecting participants’ personal
information, including age, gender, and language background, was administered,
and subsequently they proceeded to the main elicited production task of volitional
forms. After the main experiment, a test was conducted in the Japanese language.

In the main experiment, participants were given a two-sentence text and
instructed to fill in the blank with a volitional verb form in hiragana.

3.5 Predictions of results

The predicted results are as follows: If the rule-based mechanism was working, the
rule of the largest group, that is, the conjugation rule of Group-I verbs, would be
applied to the production of volitional forms; therefore, approximately the same
production rates of Group-I volitional forms would be found regardless of conditions.
However, if the analogy-based mechanism was to work, similarity effects would
occur. Namely, the Group-III type of volitional verb forms increases as its similarity
to existing verbs increases.

6 Although web-based experiments are not conducted face-to-face with participants, their effec-
tiveness has been reported in several studies (Clahsen and Jessen 2021).
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4 Results
4.1 Data cleaning

For data cleaning, two participants input their answers with a script other than
hiragana and two participants input verb forms other than volitional forms. Data
from the four participants did not undergo further analyses. Data from 36 partici-
pants were statistically analyzed. For real verbs, when the verb stem was completely
different from the stimuli verb, for example, from the non-past form sasuru ‘rub’ to
ageyo ‘let’s give’, its data was excluded from further analyses. Additionally, two
words in classical Japanese, sasagu ‘dedicate’ and kitau ‘train’, were excluded from
further analyses.

4.2 Analyses

Participants’ responses were converted to Romanized letters and categorized into
three according to verb endings (Table 3). As described in Section 2.1, Group-I verbs
typically conjugate from u to 0, and Group-III verbs with the suru ending, that is,
N-suru verbs, typically conjugate from ru to yo. As the proportion of endings other
than 0 and yo is approximately 2 % or below, we analyzed only the produced forms
that end with either 6 or yo.

4.2.1 Analyses of real verbs

The mean proportions of high- and low-frequency real verbs in the four similarity
categories by the number of overlapping phonemes and N-suru verbs were calcu-
lated for List 1 (with real verbs presented in hiragana) and List 2 (with real verbs
presented in a mixture of kanji and kana), as shown in Tables 4 and 5, respectively.

Table 3: Overall means of produced forms with three types of ending (n = 36).

Ending Real verbs (%) Novel verbs (%)
-0 92.50 (87.89 %) 71.06 (88.82 %)
-yo 10.83 (10.29 %) 7.33(9.17 %)
Others 1.92 (1.82 %) 1.61(2.01 %)
Sum 105.25 (100.00 %) 80.00 (100.00 %)

Note. - 6: volitional forms that end with 6; and -yo: volitional forms end with yo.
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Table 4: Means and population proportions of volitional forms with 6 and yo for real verbs in four
different similarities and N-suru verbs in List 1 (with real verbs only in hiragana) (n = 17).

Frequency = Number of phoneme Mean (SD) Proportion (SD)

type overlaps and N-suru R V6 5 V6

High 1 5.94 (0.24)  0.00(0.00)  1.000(0.000)  0.000 (0.000)
2 17.76 (0.44)  0.06(0.24)  0.997(0.057)  0.003(0.057)
3 17.12(1.32)  0.00(0.00)  1.000(0.000)  0.000 (0.000)
4 5.76 (0.44)  0.00(0.00)  1.000(0.000)  0.000 (0.000)
N-suru verbs 0.18(0.39) 559(0.62) 0.031(0.172)  0.969(0.172)

Low 1 4.76 (0.66)  0.00(0.00)  1.000(0.000)  0.000 (0.000)
2 16.24(1.39)  0.06(0.24)  0.996 (0.060)  0.004 (0.060)
3 17.00(1.58)  0.00(0.00)  1.000(0.000)  0.000 (0.000)
4 5.82(0.39) 0.00(0.00)  1.000(0.000)  0.000 (0.000)
N-suru verbs 1.00(1.27) 4.88(1.27)  0.170(0.376)  0.830(0.376)

Table 5: Means and population proportions of volitional forms with 6 and yé for real verbs in four
different similarities and N-suru verbs in List 2 (with real verbs in kanji and hiragana) (n = 19).

Frequency = Number of phoneme Mean (SD) Proportion (SD)

type overlaps and N-suru

vp P 0 yo 0 yo
High 6.00 (0.00)  0.00(0.00 1.000 (0.000)  0.000 (0.000)

17.95(0.23)  0.00(0.00
17.68(0.48)  0.00(0.00
6.00 (0.00)  0.00(0.00

1

2 1.000 (0.000)  0.000 (0.000)
3

4

N-suru verbs 0.05 (0.23) 5.79(0.42

1

2

3

4

N-:

1.000 (0.000)  0.000 (0.000)
1.000(0.000)  0.000 (0.000)
0.009 (0.094)  0.991(0.094)
1.000 (0.000)  0.000 (0.000)
1.000(0.000)  0.000 (0.000)
1.000 (0.000)  0.000 (0.000)
1.000 (0.000)  0.000 (0.000)
0.107(0.309)  0.893(0.309)

Low 4.74(0.56)  0.00(0.00
16.79(0.54)  0.00(0.00
17.53(0.84)  0.00 (0.00

5.95(0.23)  0.00(0.00

)
)
)
)
)
)
)
)
)
suru verbs 0.63(0.90)  5.26(0.99)

Some participants produced Group-III volitional forms for Group-I verbs, and vice
versa. In List 1 one participant produced Group-I1I volitional forms for Group-Ireal verbs
twice, i.e, & Z 8 & 9 yosooyo for the non-past form 2% 5 yosoou ‘dress’, and L » < L
& 9 syukusiyo for #L3 shukusu ‘congratulate’. For the high-frequency N-suru verbs,
one participant produced the Group-I volitional form (% A §° % 9 ronzuro for i3 2
ronzuru ‘discuss’). For five N-suru verbs, ten participants conjugated non-past forms to
the volitional form of Group-I verbs (#t 3" % kenzuru ‘offer’, to \J A 3 % 9 kenzuro, 77
59 2 kiyosuru ‘contribute’ to & & % 5 kiyoso, 7K 3 2 kiesuru ‘become a believer’
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to & 2 3 % 9, kiesuro, %A 9 % tohusuru ‘apply an ointment’ to & 3.3 3 5 tohu-
surd, and JiE#% 9" % higosuru ‘protect’, 12 forms in total) and Group-I volitional form
like forms (EAfi$ % to & 33 9 tohuro, and JFk 4 % to & 2 & % 95 kiesaro, 11
forms in total). Furthermore, four participants, three of whom were included in the
afore-mentioned ten participants, wrote the volitional forms of synonyms of the
three verbs (¥2 5 9 nuro, the volitional form of the verb # % nuru ‘apply’, which is
synonymous to the verb ¥4 9 % tohusuru, ¥ % H % 5 osowaro ‘let’s learr’, the
volitional form of [fi% 3 % sijisuru ‘become sombody’s pupil’, and 2 58 Z 5
turanuko, the volitional form of & < turanuku, the synonym of [#]3f 3 % kojisuru
‘stick to’, 7 forms in total).

For statistical analyses, general linear mixed models (GLMMs) for logistic regres-
sion were fitted into data by using R (R Core Team 2023) and the package Ime4 (Bates
et al. 2015) with Script Types (kanji-hiragana mixture and hiragana), Frequency (high
and low), and Verb Types (Group-I, and Group-III with the suru ending, i.e., N-suru
verbs) as fixed factor, and the number of overlapping phonemes between Group-I and
Group-III verbs with the suru ending (henceforth indicated, as the Number of Over-
lapping Phonemes) as covariate. Dependent variables were types of ending in volitional
forms (0 and yo0), which are binomial. The maximal model with random intercepts and
slopes for both participants and items was adopted according to Barr et al. (2013). The
optimizer Bounded Optimization by Quadratic Optimization (bobyqua, Powell 2009) was
applied to the model. When the maximal model failed to converge, the next maximal
model was adopted. The adopted model was “Response ~ Script Type * Frequency *
Verb Type + (1 + Frequency + Verb Type | ss) + (1 + Script Type | item) + the Number of
Overlapping Phonemes.”

The overall results (Table 6) indicated that the main effects of frequency and verb
type were significant, and that the interaction between frequency and verb type was
significant. The effect of the script type was not significant. For the frequency effect,
volitional forms with the 0 ending were produced more often for low-frequency Group-I
verbs than for high-frequency Group-I verbs. Furthermore, they were also produced
more often for Group-I verbs than for Group-III verbs with the suru ending. For the
interaction between frequency and verb type, post-hoc analyses were conducted using
the least square means (Is-means) method in the EMMEANS package (Lenth et al. 2023).
In this method, the 1s-means were calculated for each condition, and post-hoc analyses
were performed using Holm’s sequential Bonferroni procedure. The results of post-hoc
analyses indicated that in Group-I verbs, the production rates of volitional forms with
the 0 ending between high- and low-frequency verbs were marginally significant
(B=-344,SE=18,df=inf,, z=-1.909, p = 0.0563); no clear frequency effect was observed.
In Group-III verbs with the suru ending, volitional forms with the 6 ending were pro-
duced more often for low-frequency verbs than for high-frequency verbs (f = 3.07,
SE =115, df=inf, z = 2.675, p = 0.0075). Therefore, Group-I real verbs did not indicate any
frequency effect, whereas Group-III real verbs indicated the frequency effect.
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Table 6: Results of GLMM for script types, high- and low-frequencies, and verb types.

Estimate SE z-Value pr(>|z|)
(Intercept) -0.1576 1.5039 -0.105 0.91654
Script type -0.99 0.7575 -1.307 0.19122
Frequency -3.5266 1.3088 -2.695 0.00705**
Verb type 7.1349 1.1862 6.015 1.8e-09***
Number of overlapping phonemes -0.4995 0.3335 -1.498 0.13422
Script type: number of overlapping phonemes -1.2894 1.6725 -0.771 0.44076
Script type: verb type 2.8829 1.5917 1.811 0.07011.
Frequency: verb type 3.7279 1.4804 2.518 0.01179*
Script Type: frequency: verb type 2.3571 2.0614 1.143 0.25287

Signif. codes: “*** 0.001 “*** 0.01 ** 0.05 <’ 0.1 <* 1.

4.2.2 Analyses of novel verbs

No effect of script type difference was found in real-word stimuli as mentioned in
4.2.1; hence, we excluded the script type from further analyses and collapsed the
data of the two lists into one and recalculated the means and standard deviations
according to the number of overlapping phonemes (Table 7).

For some novel verbs in the 1- to 3-phoneme overlapping conditions, 21 participants
conjugated their non-past form to Group-III like volitional forms, e.g., 1 phoneme <" &
& (guyomu) to < & 9 (guyo), 2 phoneme & 5 7 (sausu)to & 5 L & 9 (sausiyo), and
3phoneme 8 ¥ 9 (osuw)to & L & 5 (osiyo). Furthermore, six participants randomly
wrote the volitional form of suru, L & 5 (siyo, ‘let’s do’) to any condition, and three of
the six participants were the same participants who wrote volitional forms of synon-
ymous higher-frequency verbs for real verbs as described in 4.2.1. For the 4-phoneme
overlap condition, 33 participants conjugated non-past forms to Group-III like volitional

Table 7: Means and population proportions of volitional forms with 6 and yé for novel verbs (n = 36).

Number of overlapping Mean (SD) Proportion (SD)
phonemes ~ ~ ~ -
0 yo 0 yo
1 9.25 (1.23) 0.53 (0.99) 0.946 (0.23) 0.054 (0.23)
2 27.69 (4.20) 1.64 (3.24) 0.944 (0.23) 0.056 (0.23)
3 26.83 (4.84) 2.64 (4.16) 0.910 (0.29) 0.090 (0.29)
4 7.28 (1.76) 2.53 (1.71) 0.742 (0.44) 0.258 (0.44)
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forms, e.g., \J' 3 % (gesuru) to (7 % L & 9 (gesosiyo) and \> % 3 3 (isosisuru) to \» Z
L & 9 (isosiyo). Additionally, three participants conjugated any novel verbs including
the 4-phoneme overlapping condition to Group-I like volitional forms, e.g., \> % 4 %
(isosuru) to \> % 4% 9 (isosuro).

The overall analyses were conducted with GLMMs for logistic regression fitted to
the data by using R and the package Ime4 with the number of overlapping phonemes
between Group-I and Group-III verbs with the suru ending as a fixed factor.
Dependent variables were ending types of volitional forms (6 and yod), which are
binomial. The maximal model with random intercepts and slopes for both partici-
pants and items was adopted according to Barr et al. (2013). The optimizer bobyqua
was used for the model. When the maximal model failed to converge, the next
maximal model was adopted. The adopted model was “Response ~ The Number of
Overlapping Phonemes + (1+ The Number of Overlapping Phonemes | ss) + (1 + The
Number of Overlapping Phonemes | item).”

The results (Table 8) indicated a significant main effect of the number of over-
lapping phonemes of novel verbs with Group-III verbs with the suru ending, that is, N-
suru verbs. We also conducted post-hoc multiple comparisons using the ls-means
method. In the results (Table 9), only when the number of overlapping phonemes was 4,
that is, when the critical novel verbs had the suru ending, volitional forms with the yo
ending were produced significantly more often than when the number of overlapping

Table 8: Results of GLMM for the number of overlapping phonemes.

Estimate SE z-Value pr(>lz|)
(Intercept) 4.6024 0.5332 8.631 <2e-16***
Number of overlapping phonemes -0.4531 0.1923 -2.356 0.0185*

Signif. codes: “**** 0.001 “** 0.05.

Table 9: Results of post-hoc analyses for the numbers of overlapping phonemes.

Contrast Estimate SE df z-Value pr(>z])
1vs. 2 -1.409 0.943 Inf —1.495 0.4408
Tvs. 3 0.359 0.748 Inf 0.481 0.9634
1vs. 4 2.697 0.985 Inf 2.739 0.0313*
2vs. 3 1.769 0.779 Inf 2.271 0.1048
2vs. 4 4.106 1.093 Inf 3.758 0.001***
3vs. 4 2.338 0.821 Inf 2.846 0.023*

Signif. codes: “*** 0.001 “* 0.05 ¢* 1. Note. The numbers in contrast indicate the number of overlapping phonemes of the
last two morae in Group-I novel verbs and Group-III novel verbs with the suru ending.
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phonemes ranged from 1 to 3. This means that only when the novel verb ended with
suru, the Group-I type of volitional form was less produced. Furthermore, the Group-III
type of volitional form was produced more than the other conditions, although the
proportion of Group-III type was still below chance level (40 % or less).

5 Discussion
5.1 High and low-frequency real verbs

The results for the real verbs are as follows. First, for the real Group-I verbs, regardless
of the similarity indicated by the number of overlapping phonemes in the last two
morae between Group-I and Group-III verbs, frequency and script type, the conjugation
pattern of Group-I verbs was dominantly preferred over that of Group-III verbs with
the suru ending, regardless of similarity. The lack of a similarity effect suggests that the
rule for Group I was applicable to any of the real Group-I verbs. Second, frequency
effect was observed in Group-III real verbs but not in Group-I verbs. Finally, in Group-
III verbs with the suru ending, more volitional forms with the 6 ending were produced
for low-frequency verbs than for high-frequency verbs. No frequency effect in Group-I
verbs suggests that a rule is applied, regardless of frequency, whereas the frequency
effect in Group-III verbs indicates that even though the verbs are real Group-III verbs,
when their frequencies are low and participants are unfamiliar with them, a conju-
gational rule for Group I was conceivably applied to them. In summary, the results for
real verbs can be best explained by the rule-based mechanism.

5.2 Novel verbs

One of the findings for novel verbs is that the conjugation pattern of Group-I verbs was
dominantly preferred over that of Group-III verbs in the 1 to 3-phoneme overlapping
conditions. This result indicated almost no similarity effect, which supports the rule-
based mechanism. The use of the 0 ending suggests that Group Iis the largest of the three
Japanese verb groups and its rule of attaching 0 to the verb stem is the default rule to
make volitional forms (Pinker 1999) in Japanese despite the fact that suru as a light verb
is highly productive. Alternatively, Albright and Hayes (2003) assumed two or more
default rules in a language. Considering the high productivity of the light verb suru, it is
conceivable that both Group-I and N-suru verbs work as defaults, and inflectional forms
are created by applying different rules to different verb groups in Japanese.

Second, as mentioned in 4.2.2, some participants produced forms with Group-III
like forms with yo for novel verbs, but they also incorrectly produced Group-III forms
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for real Group-verbs, as described in 4.2.1. This result indicates idiosyncrasy, which is
also reported in Batchelder (1999). Third, the conjugation pattern of Group-III verbs
increased only when the critical verbs ended with suru (suru to siyo) (Table 9), and
the proportions did not exceed chance level (below 20 %). Michon and Nakipoglu
(2020) reported a similar pattern of results and they argued that although less
preferred conjugational forms were produced for nonce verbs similar to irregular
verbs, the proportion of the conjugational forms is below chance level because the
default rule in Turkish is blocking the conjugational forms of irregular verbs.
Because the pattern of results in this study is similar to that of Michon and Nakipoglu
(2020), it is possible that the default rule to add 6 is blocking the use of siyo.

In summary, the results for real and novel verbs showed a preference for Group-I
type of volitional forms over Group-III type of volitional forms, regardless of the
similarities of Group-I real and novel verbs to Group-III verbs with the suru ending.
Therefore, the rule to attach 6 of Group-I verb served as the default rule to form
volitional forms, and the results were more compatible with the rule-based mecha-
nism than with the analogy-based mechanism. When the volitional forms of Group-III
verbs are produced for Group-III verbs, one possibility is that, as a light verb is highly
productive and its distribution is large in Japanese verbs (Nomura 1999), they are also
produced by a rule.”

Vance (1991), Batchelder (1999), and Klafehn (2003) supported the analogy-based
mechanism, whereas the results of this study are compatible with the rule-based
mechanism. This difference can be attributed to the different tasks and materials
used in the previous studies. Vance (1991) and Klafehn (2003) used four nonce verbs
as stimuli: hoku, homu, muru, and paku. The first three words exist as literary and
classical forms, that is, hoku corresponds to the modern verb hokeru ‘become senile’,
homu to homeru ‘praise’ and muru to mureru ‘gather’. Some classical forms appear in
literary works, biblical translations, and hymns. The two answer choices in the
conditional, e.g., homureba and homereba were expected to be rated as incorrect, but
they also exist. Homureba serves as the conditional of homu ‘praise’ and homereba is
the conditional form of homeru. They may have semantically primed their corre-
sponding modern verbs and conjugational forms. Vance (1991), Batchelder (1999),
and Klafehn (2003) also dealt with other forms, such as past-tense and negative forms
as well as volitional forms and tried to tap into the mechanism working for the whole
conjugational paradigm. Although past-tense forms can be categorized as inflected
forms, negative forms can be inflected forms and derived forms. Nai conjugates
in the same way as adjectives, and some negative forms work as adjectives (e.g.,
warikirenai, the negative form of warikireru ‘can be divided’; Kishimoto 2015).

7 Inthe corpus used in Nomura (1999), 52,000 words are listed, and Japanese verbs number 21669 and
N-suru verbs number 7649 words, which accounts for over 89 % of verbs.
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Hagiwara et al. (1999) argued that the dual-mechanism model produces derived
forms. Therefore, different mechanisms may produce different inflected and derived
forms. As this study investigated only volitional forms, further studies should be
conducted on other forms.

6 Conclusions

This study investigated the mechanisms that contribute to morphological generalization
in the production of volitional forms of Japanese verbs. The results did not indicate
any similarity effects. Therefore, the results of this study can be best explained by the
rule-based mechanism.
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