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ABSTRACT
Reaction time of lexical decision and word recognition score
were measured to investigate whether the neighborhood, a word
candidate set with single mora substitution with a target word,
has inhibitory effects on spoken word recognition in Japanese.
Partial correlation analyses were conducted between subjects’
performance of spoken word recognition (reaction time and
recognition score) and neighborhood properties (density, mean
familiarity, maximum familiarity, and sum of familiarity). The
results showed significant inhibitory effects of neighborhood on
the recognition score but not on the reaction time. It is suggested
that some amount of time is necessary for the neighborhood to be
activated and to compete with a target word in spoken word
recognition in Japanese.

1. INTRODUCTION
1.1. Background
Researches on spoken word recognition suggested that multiple
word candidates are activated during the recognition process
(e.g., [1], [2], [3]), and that these candidates compete with each
other (e.g., [4], [5], [6], [7]). However, there has been no general
agreement on the set of word candidates which are activated and
compete. Previous studies suggested several different sets of
word candidates for spoken word recognition. One of the most
well-known sets is a neighborhood. It is defined as a collection of
words which differ only one segment (usually a phoneme) from a
particular target word (e.g., [8], [9], [10]).
Many studies showed that the neighborhood has significant
effects on word recognition performance both in on-line and
off-line tasks. For example, the number of words and word
frequency in neighborhood negatively correlate with recognition
score of a target word [11]. The number of words in
neighborhood have inhibitory effects on reaction times in lexical
decision and naming for a target word [12]. A low frequency
word in a neighborhood have negative priming effects on target
word recognition [13]. Recognition of two-syllable target words
(spondees) is affected by neighborhood characteristics of each
syllable in the word [14]. Older adults have difficulty recognizing
a target word if its neighborhood has a large number of words
and high frequency words [15]. Taken together, all these studies
clearly indicate that the neighborhood has competitive and
inhibitory effects on spoken word recognition.
However, these neighborhood studies were carried out in
English. The neighborhood effects in Japanese have not been
studied. The present study addressed the question whether the

neighborhood affects spoken word recognition of Japanese in
on-line and/or off-line tasks. For that purpose, performances in a
lexical decision task and a word recognition task were measured
and their relationships to the neighborhood were analyzed in this
study.
1.2. Target Word Properties
The following three variables were used for a target word.
TV1: Reaction time.
TV2: Recognition score.
TV3: Auditory word familiarity.
The ‘reaction time’ (TV1) of lexical decision was measured in
Experiment 1 as an on-line performance, and the ‘recognition
score’ (TV2) with/without noise was measured in Experiment 2
as an off-line performance. ‘Auditory word familiarity’ (TV3)
was used because it is a well-known factor which affects spoken
word recognition. For example, Connine, Mullennix, Shernoff,
and Yelen [16] showed that high-familiarity spoken words in
English produced shorter reaction times than low-familiarity
spoken words in a lexical decision task and a delayed naming
task. They also showed that the high-familiarity spoken words
are recognized better than the low-familiarity spoken words in
these tasks. Similarly, Amano and Kondo [17] showed that
auditory word familiarity strongly and consistently affects
reaction times and recognition scores of Japanese spoken words.
These results indicate that it is important to include the auditory
word familiarity as the target word variable.
1.3. Definition of Neighborhood
Neighborhood of a Japanese spoken word was defined with the
following conditions.
J1:
J2:
J3:
J4:

Neighborhood is a set of words with a single mora
substitution with a target words.
Words with the same mora sequence with different
pitch accent were regarded as different words.
Homophones are regarded as different words.
Population of neighborhood is entire words (about
80,000) in the Japanese word familiarity database in
PSYLEX [18].

The neighborhood in English is usually defined using a phoneme
as a segment (e.g., [11], [13]). However, as shown in J1
condition, the neighborhood in this study is defined using a mora
as a segment. This is because the mora is said to be a
segmentation unit of speech perception for Japanese natives
([19], [20]) and therefore it is most probably used in a lexical
processing of Japanese spoken words.

1.4. Neighborhood Properties
Neighborhood was described with the following variables.
NV1: Density.
NV2: Mean auditory word familiarity.
NV3: Maximum auditory word familiarity.
NV4: Sum of auditory word familiarity.
The ‘density’ (NV1) is the number of words in a neighborhood.
The ‘mean auditory word familiarity’ (NV2) is an averaged
auditory word familiarity of all the words in a neighborhood. The
‘maximum auditory word familiarity’ (NV3) is the highest
auditory word familiarity of a word in a neighborhood. The ‘sum
of auditory word familiarity’ (NV4) is total amount of auditory
word familiarity of words in a neighborhood. The auditory
familiarity which ranged from 1 (unfamiliar) to 7 (familiar) was
obtained from Japanese word familiarity database in PSYLEX
[18]. The auditory word familiarity was used in this study instead
of word frequency which is usually used in neighborhood studies
in English (e.g., [11], [12], [13], [14], [15]). This is because the
auditory word familiarity is measured in the same modality as
spoken words but the word frequency is not. The word frequency
is usually the counted occurrence of a ‘written’ word in
newspapers and journals. In addition, Amano and Kondo [17]
showed that the auditory word familiarity exerts strong effects on
spoken word recognition in Japanese. Therefore, the auditory
word familiarity is better than the word frequency to describe the
neighborhood of spoken words.
1.5. Partial Correlation Analysis
Amano and Kondo’s [17] results lead the idea that auditory word
familiarity so strongly affects the target word recognition that the
neighborhood effects might be very hard to be observed.
Therefore, partial correlation was used to analyze the data, so
that the effects of the auditory word familiarity can be excluded
(Figure 1). By this partial correlation, the pure relationship
between the target word and the neighborhood should be
observed.

2. EXPERIMENT 1
2.1. Objectives
The objective of Experiment 1 is to investigate the relationships
between neighborhood and reaction times of lexical decision for
Japanese words.
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Figure 1. Relationships among variables in a partial correlation
analysis between a target word and a neighborhood.

2.2. Method
2.2.1. Subjects
All Japanese participants undertook the kanji-word reading
ability test (100 Rakan) [21] as a screening test, and only those
who scored between 70% and 80% of accuracy participated in
the experiment. Thirty participants (15 males and 15 females)
passed the screening test. They were between 18 and 30 years
old, and had no hearing impairment.
2.2.2. Stimuli
Japanese words were selected from the word familiarity database
in PSYLEX [18], according to the following conditions.
W1: Auditory word familiarity is ranged 4.0-4.5, 4.5-5.0,
5.0-5.5, 5.5-6.0, and 6.0-7.0.
W2: Word length is 4 moras.
W3: Accent pattern is low-high-high-high.
W4: No homophone exists.
W5: Difference between auditory and visual word
familiarity is less than 0.15.
W6: No homograph exists.
W7: Orthography consists of two kanji characters.
The W5, W6, and W7 were additional conditions for future visual
experiments using the same words as used for the current
auditory experiment. Two word sets of 100 words were made by
collecting 20 words in each word familiarity range. Nonwords
consisted of very low-familiarity words which were selected from
the word familiarity database with the following conditions.
N1: Auditory word familiarity is ranged 1.0-2.0.
N2: The conditions from W2 to W7.
The N1 condition assures that the stimuli are not recognized as
words and that they do not violate Japanese phonotactic rules
(e.g., transitional probability of mora). One nonword set was
made by collecting 100 nonwords. Two stimulus sets of 200
stimuli were made by combining the word set 1 and the nonword
set (hereafter called stimulus set 1), and the word set 2 and the
nonword set (hereafter called stimulus set 2). Another 10 words
and 10 nonwords were selected for practice trials from the word
familiarity database according to the same conditions described
above. Speech files of these stimuli were extracted from
PSYLEX [18]. They were digitally recorded files (16 bit - 16 kHz
sampling rate) pronounced by one Japanese female speaker. All
stimuli were digitally adjusted to have the same root-meansquare power.
2.2.3. Procedure
The stimuli were diotically presented to the subjects through
headphones at 74 dBSPL. In each trial, a warning signal (1 kHz
pure tone, 150 ms) was presented first. One second after it, a
word or a nonword was presented. The subjects were instructed
to push one key with their first finger and another key with their
second finger as soon as possible when they thought that they
heard a word or a nonword respectively. The subjects were also
instructed to try to avoid errors as much as possible. The interval
between successive trials was about two seconds. Reaction times
were measured from the word/nonword stimulus onset. A half of
the subjects heard the stimulus set 1, the other half heard stimulus
set 2. Each subject heard 200 experimental trials after three sets
of 20 practice trials. There was a short break after every 50 trials.
The order of the stimuli was randomized for each subject.

E1: wrong key is pressed
E2: reaction times which is more than 1600 ms
E3: reaction times which is less than 160 ms
The data from the two subjects were excluded from the analyses
because their error rates were greater than 25%. Otherwise, the
erroneous responses were excluded from the analyses. Partial
correlation coefficients between lexical decision time and
neighborhood variables were calculated by excluding the factor
of familiarity of the target word. The coefficients were .103
between reaction time and density, .083 between reaction time
and mean auditory word familiarity, .030 between reaction time
and maximum auditory word familiarity, and .109 between
reaction time and sum of auditory word familiarity. None of the
partial correlation coefficients was significant.
2.4. Discussion
Although the partial correlation coefficients were positive values
suggesting tendency of weak inhibitory effects, none of them was
significant in Experiment 1. Therefore, the results indicate that
neighborhood does not affect reaction times of lexical decision
for spoken words. This result seems to be inconsistent with
Goldinger’s study [12] which showed that the density of a
neighborhood has inhibitory effects on reaction time of lexical
decision in English. However, direct comparison is difficult
because he used only high-frequency target words. It might be
argued that the neighborhood is not activated in a time span in
which lexical decision is made, or even if it is activated, its
activation level is not high enough to compete with a target word.
If so, the effects can be observed in an off-line task which allow
the neighborhood to be activated at a response point of a subject.
This possibility was investigated in the next experiment.
3. EXPERIMENT 2
3.1. Objectives
Experiment 2 was conducted to investigate the relationship
between neighborhood and recognition score of a word.
3.2. Method
3.2.1. Subjects
Forty Japanese adults (20 males and 20 females) aged between 18
and 30 years participated in the experiment. They scored from 70
to 80% of accuracy in the kanji-word reading ability test (100
Rakan) [21]. They had no hearing impairment.
3.2.2. Stimuli
The 200 words in Experiment 1 were used as stimuli in
Experiment 2. To prevent the ceiling effect, the words were
prepared by adding the Hoth noise. The Hoth noise had a spectral
shape with about 5dB/oct decreasing in higher frequency.
Frequency range of the noise was between 80 Hz and 8 kHz. The
noise started 100 ms before the onset of a word stimulus, and
lasted about 100 ms to 200 ms after the end of the word stimulus.
The onset of the noise was tapered for 20 ms to prevent an
audible click. There were five signal-to-noise ratios (-5.0, -2.5,
0.0, and 2.5 dB, or no noise which is hereafter called ‘org’). The
10 word stimuli used for the practice trial in Experiment 1 were
also prepared in the same noise-adding operation for a practice
trial in Experiment 2. All stimuli were digitally adjusted to have
the same root-mean-square power after the noise-adding
operation. All the ‘org’ stimuli were also digitally adjusted to

have the same root-mean-square power.
3.2.3. Procedure
The word stimuli were diotically presented to the subjects
through headphones at 70 dBSPL. The subjects were instructed
to type the presented word in ‘hiragana’ using a computer
keyboard with a ‘romaji-to-hiragana’ conversion software. They
were also instructed to make a guess and type their answer even
when they could not identify the word. Forty words in each word
familiarity range were assigned to different signal-to-noise ratio,
so that one subject did not hear a particular word more than once
in different noise conditions for preventing unexpected memory
effects. The assignment of these was counterbalanced across
subjects. Each subject undertook 200 trials for the word stimuli
after the 10 practice trials using practice stimuli. There was a
short break after 100 trials. The order of the stimuli was
randomized for each subject.
3.3. Results
Word recognition scores were obtained by dividing the number
of correct answers by the total number of answers for each
spoken word at each signal-to-noise ratio. Partial correlation
coefficients between word recognition score and neighborhood
variables (density, mean familiarity, maximum familiarity, and
sum of familiarity) were obtained by excluding the factor of
familiarity of the target word, and they were plotted in Figure 2 as
a function of signal-to-noise ratio. Partial correlation coefficients
between averaged recognition score and neighborhood variables
were also plotted in Figure 2 designated as ‘All’.
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Figure 2. Partial correlation coefficient between word
recognition score and neighborhood variables (density, mean
familiarity, maximum familiarity, and sum of familiarity) as a
function of signal-to-noise ratio. Single and double asterisks
respectively represent 5% and 1% significance.

3.4. Discussion
Although a few partial correlation coefficients were not
significant, almost all of them were negative and significant.
Especially, the partial correlation coefficients between averaged
recognition score and neighborhood variables were all negative
and significant. Therefore, the result of Experiment 2 indicates
that the neighborhood has inhibitory effects on the spoken word
recognition in an off-line task in Japanese. That is, the higher the
neighborhood variables (density, mean word familiarity,
maximum word familiarity, and sum of word familiarity) are, the
worse the word recognition score is. Taken together with the
results of Experiment 1 that the neighborhood is not effective on
spoken word recognition in an on-line task, it is suggested that
the neighborhood requires some amount of time to be activated
enough to compete with a target word.
This idea on the time course of lexical competition is supported
by the study of Vroomen and de Gelder [7]. They found that
facilitative cross-modal priming effects are larger for auditory
primes with few or no competitors than for auditory primes with
many competitors, which suggest that competitors have an
inhibitory effect on word recognition according to their numbers
(i.e., density). More importantly, they also found that the
difference of priming effects according to the number of
competitors disappeared when there was no interstimulus
interval between auditory prime and visual target word, which
can be interpreted that lexical competitors require some amount
of time to be activated. Although their task is not identical to this
study, their results are consistent with the present results in term
of time at which lexical competitors interact with a target word.
The present study showed that the neighborhood affects on
spoken word recognition of Japanese in an off-line task.
However, it does not mean that the neighborhood defined in this
study is the best word candidate set for the recognition. Other
kind of word candidate set might be more suitable for
representing lexical competition. One of the possibilities is the
different kind of neighborhood which includes words with single
phoneme deletion or addition to the target words in addition to
the substitution (e.g., [11], [12], [15]). The other possibility is the
cohort (e.g., [22]) which shares the initial part of a word. Further
studies should be conducted on these issues.
4. CONCLUSION
The present study investigated neighborhood effects on spoken
word recognition in Japanese. The inhibitory neighborhood
effects were found on recognition scores, but not on lexical
decision times for Japanese spoken words. It is suggested that the
neighborhood requires some times to be activated for lexical
competition with a target word.
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