EFFECTS OF FIRST LANGUAGE PROSODIC FEATURES ON ENGLISH
LEXICAL STRESS PERCEPTION: A CASE OF JAPANESE SPEAKERS

Momoko Narita, College of Humanities, University of Tsukuba
Yuichi Ono, Institute of Humanities and Social Sciences, University of Tsukuba

Second language (L2) learners often struggle to perceive nonnative prosodic
contrasts. Choi et al. (2019) found that Cantonese—English bilinguals outperformed
L1 English listeners in English stress perception, due to L1 experience with FO
distinctions. Japanese, as a pitch-accent language, also encodes contrasts through H—
L/L—H patterns. This study examines whether Japanese learners of English show
comparable sensitivity to English stress. Twenty-five learners and thirteen L1 English
speakers completed an AX discrimination task (600 ms interval) listening to two
consecutive productions of the same word by male and female speakers and judging
whether the stress patterns were the same or different. Stimuli included real and
pseudo words under three cue conditions (FO-only, duration-intensity-only, all-cues).
Generalized linear mixed-effects models revealed that accuracy significantly declined
for male—female order in same trials, particularly for pseudowords, with a similar
tendency in L1 English speakers, highlighting language-specific and general auditory
constraints in prosodic perception.

INTRODUCTION

Each language has its own unique phonological patterns. The present study focuses on the
phonological characteristics of three languages relevant to this research: Cantonese, English,
and Japanese. Cantonese is a tonal language with six contrastive tonal categories and no
lexical stress (Choi et al., 2019). English, by contrast, is a stress-accent language in which
lexical stress is cued through a combination of intensity, pitch, duration and vowel quality
(Mihara & Takami, 2013). Japanese differs from both in employing a pitch-accent system.
Japanese lexical pitch accent is characterized by the presence or absence of a falling high-to-
low (HL) pattern, whereas the initial low-to-high (LH) rise reflects a phrasal intonational
phenomenon (initial rise) rather than lexical contrast (Kawahara, 2015). For instance, the
meaning of a word may change based on accent placement: consider the words hashi
(“bridge,” LH) and hdshi (“chopsticks,” HL). These examples suggest that, in Japanese,
relative FO height serves as a cue for lexical contrast; accordingly, first language (L1)
Japanese listeners are assumed to exhibit relatively high sensitivity to FO. Furthermore, the
presence or absence of long vowels also contributes to meaning discrimination in Japanese
(Yazawa et al., 2023). These typological differences in prosodic systems are likely to
influence how speakers of each language perceive prosodic cues in a second language (L2).

Evidence suggesting that certain L2 learners can achieve native-like performance in
phonological perception has been reported in several studies. For instance, Dupoux et al.
(2010) demonstrated that a subset of French—Spanish bilinguals could attain native-like
proficiency in the perception of Spanish lexical stress, performing at a level comparable to
that of Spanish monolinguals. Furthermore, Chung (2013) conducted experiments with
Korean learners of English and found that they relied heavily on FO changes for stress
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identification. Critically, under conditions where FO was the dominant cue, their perceptual
accuracy was statistically indistinguishable from that of L1 English speakers. These findings
suggest that L1 prosodic experience can facilitate a high level of perceptual accuracy in L2,
particularly when the target phonological contrast aligns with the acoustic resources
prioritized in the learner’s L1. Generally, previous studies have not reported instances in
which L2 learners outperform L1 English speakers in the perception of English lexical stress.
However, a notable exception is found in Choi et al. (2019), who demonstrated that
Cantonese—English bilinguals significantly surpassed L1 English speakers in English lexical
stress accuracy. This superiority is presumably attributed to their extensive L1 experience
with fine-grained FO distinctions, which appears to enhance their sensitivity to prosodic
contrasts in the target language. To better understand the mechanisms behind this unusual
finding, it is essential to examine their experimental design and specific results in detail.

Choi et al. (2019) aimed to elucidate the mechanisms underlying the perceptual advantage
demonstrated by Cantonese—English bilinguals in English lexical stress perception,
specifically investigating the roles of phonotactic and lexical constraints alongside specific
acoustic cues such as F0, duration, and intensity. To determine whether this advantage was
modulated by L1 phonological constraints, the researchers utilized three types of stimuli: real
English words, “legal” pseudowords (permissible in both Cantonese and English), and
“illegal” pseudowords (permissible only in English). The experimental design employed an
AX discrimination task with a 600 ms inter-stimulus interval, incorporating three acoustic
conditions: “all-cues,” “F0-only,” and “duration/intensity-only.” Thirty Cantonese—English
bilinguals and thirty L1 English speakers participated in the study, which consisted of nine
blocks (3 lexical types x 3 acoustic conditions), each containing 96 trials (8 stimuli x 2
speaker orders x 2 trial types % 3 repetitions). Accuracy and reaction times were recorded for
each trial, and d' scores were calculated for the analysis. The results revealed that the
Cantonese—English bilinguals significantly outperformed the L1 English speakers in stress
perception accuracy. Critically, this advantage was found to be specifically attributed to the
bilinguals’ heightened sensitivity to FO cues, a direct consequence of their extensive L1
experience with lexical tones.

Building on this finding, the present study investigates Japanese learners of English, whose
L1 also encodes lexical pitch accent and prosodic phrases using FO-based HL and LH accent
patterns. Because Japanese is a pitch-accent (rather than tonal) system, it remains unclear
whether Japanese learners of English show enhanced sensitivity to English lexical stress
similar to Cantonese bilinguals. The primary objective of this study, therefore, is to
investigate whether the perceptual advantage identified in tonal language (Cantonese)
speakers (Choi et al., 2019) extends to speakers of a pitch-accent language (Japanese), which
utilizes FO as a phonological resource but within a distinct systemic framework. By
contrasting three languages with divergent prosodic systems—English, Cantonese, and
Japanese—this research aims to elucidate the gradational nature of perceptual advantages
derived from L1 experience. To address this question, we replicate the experimental design of
Choi et al. (2019) while uniquely incorporating speaker order, a factor that was not
sufficiently examined in the original study.

Furthermore, the data from L1 English speakers reported in this study were newly collected
and are not drawn from Choi et al. (2019). These participants serve as a baseline for
comparison with Japanese learners, allowing us to interpret the results within a consistent
experimental framework. Therefore, the present study should be understood as an



independent conceptual replication and extension, rather than a direct re-analysis or
integration of previous data.

In addition to L1-specific prosodic transfer, speech perception is influenced by language-
general auditory mechanisms such as talker normalization. Previous studies have shown that
listeners dynamically recalibrate perceptual representations when speaker identity changes,
and that upward shifts in FO impose greater perceptual costs than downward shifts (McQueen
& Cutler, 2010; Nusbaum & Morin, 1992; Wong & Diehl, 2003). Based on this framework,
cross-speaker conditions—particularly male—female sequences—are expected to increase
processing difficulty. The predicted asymmetry in speaker-order effects was formulated as a
priori hypothesis based on the theory of talker normalization.

Research Questions and Hypothesis

Choi et al. (2019) found that Cantonese-English bilinguals exhibited heightened sensitivity to
English lexical stress, presumably due to their tonal-L1 experience. However, Choi’s study
did not explicitly analyze the influence of speaker order (male—female vs. female—male)
and trial type (same vs. different). To extend this line of research, the present study examines
how these perceptual variables interact with acoustic cue type (FO-only, duration-intensity-
only, all-cues) and lexical status (real words vs. pseudowords) in Japanese learners’
discrimination of English stress patterns. This study was guided by the following research
questions:

1. How do acoustic cue type, word type, speaker order, and trial type (same, different)
affect accuracy in Japanese learners’ perception of English lexical stress?

2. How do these same factors affect accuracy in L1 English speakers?

3. How do the same factors influence reaction time (reaction time), and what do these
patterns reveal about the processing mechanisms underlying L2 prosodic
perception?

Given Japanese learners’ reliance on pitch-accent patterns in their L1, accuracy was expected
to be relatively high in FO-only conditions. However, because English stress relies on
multiple cues, accuracy may decrease when cross-speaker order introduces large FO shifts,
particularly in same trials where LH contours are perceptually less stable. Thus, perceptual
sensitivity was predicted to vary based on cue-type x speaker-order interactions. For reaction
time, we predicted shorter latencies in all-cue conditions due to richer cue availability, and
longer reaction times in FO-only and cross-speaker conditions (especially male—female).
Same trials were expected to produce faster responses than different trials.

METHOD
Participants

The participants were 25 L1 Japanese speakers recruited from the University of Tsukuba.
Their English proficiency levels ranged from B1 to B2 according to the Common European
Framework of Reference for Languages (CEFR). In addition, a control group of 13 L1
English speakers was recruited through the online platform Prolific. L1 English speakers
were defined as individuals who acquired English as their first language and have used it as
their primary language since early childhood. All Japanese learners began learning English at



approximately age of 12 in a formal EFL context through secondary education, and none
reported extended residence in English-speaking countries.

Procedure

An AX discrimination task was conducted with an inter-stimulus interval of 600 ms. In each
trial, participants listened to two consecutive productions of the same word, each spoken by a
different gender (male or female) in random order. The two tokens either shared the same
stress pattern (e.g., IMport—IMport) or different patterns (e.g., IMport—imPORT). Participants
were instructed to judge whether the two stimuli had the “same” or “different” stress pattern
by pressing the corresponding key. Stimuli were organized into nine blocks, combining
phonological and lexical factors (legal and illegal pseudo-words and real words) with
acoustic factors (all-cues, FO-only, and duration-intensity only). Each block contained eight
stimulus types with two speaker-order permutations, for a total of sixteen trials per block.
Audio editing and resynthesis were performed using a Python-based Praat script and
Audacity. The script controlled the manipulation of pitch and intensity through the
ParselMouth library, an open-source Python interface for Praat (Boersma & Weenink, 2023).
For the FO-only condition, the durations of the first and second syllables were normalized to
300 ms, and their intensities neutralized to 66dB. For the duration-intensity-only condition,
the FO contour was flattened to 120 Hz (male recordings) or 210 Hz (female recordings).
Block presentation order was randomized. Both accuracy and reaction times were recorded
for all trials. However, reaction time analyses are used to explore processing mechanisms in
Japanese learners, who are the main focus of the study. The experiment was implemented and
conducted online using PCIbex Farm, a web-based experimental platform built on
PennController (Zehr & Schwarz, 2018). Stimuli were constructed following Choi et al.
(2019), using minimal pairs and pseudowords designed to control for phonotactic legality. To
minimize segmental influences, vowel quality was kept constant across stressed and
unstressed syllables. Recordings were produced by one male and one female native speaker
of American English, and the clearest tokens were selected for analysis.

Data Analysis
Correct Response Rate

To examine the effects of lexical, acoustic, and perceptual factors on discrimination accuracy,
a generalized linear mixed-effects model was fitted using a binomial family (logit link). The
dependent variable was binary (1 = correct, 0 = incorrect). Fixed effects included word type
(Real Word [RW], Legal Pseudoword [P_Legal], and Illegal Pseudoword [P_Illegal]),
speaker order (male—female, female—male), cue type (all_cue, di_only, FO_only), and trial
type (same, different), as well as their interactions. Random intercepts were included for
participants. The model formula was as follows:

glmer (correct ~ group x word x speaker x same X cue + (1 | subject), family =
binomial)

Descriptive statistics for each condition (mean accuracy and standard deviation) are shown in
Table 1.



Table 1

Descriptive Statistics for the Correct Response Rate

Conditions
Word Speaker Cue Type M SD
P Illegal f—m all cue different 0.60 0.49
P Illegal f—m all cue same 0.72 0.45
P Illegal f—m di_only different 0.16 0.37
P Illegal f—m di_only same 0.90 0.30
P Illegal f—m FO only different 0.52 0.50
P Illegal f—»m FO only same 0.78 0.42
P Illegal m—f all cue different 0.76 0.43
P Illegal m—f all cue same 0.58 0.50
P Illegal m—f di_only different 0.38 0.49
P Illegal m—f di_only same 0.66 0.48
P Illegal m—f FO only different 0.58 0.50
P Illegal m—f FO only same 0.58 0.50
P Legal f—»m all cue different 0.46 0.50
P Legal f—m all cue same 0.98 0.14
P Legal f—m di_only different 0.06 0.24
P Legal f—m di_only same 0.94 0.24
P Legal f—m FO only different 0.76 0.43
P Legal f—m FO only same 0.98 0.14
P Legal m—f all cue different 0.70 0.46
P Legal m—f all cue same 0.58 0.50
P Legal m—f di_only different 0.32 0.47
P Legal m—f di_only same 0.66 0.48
P Legal m—f FO only different 0.56 0.50
P Legal m—f FO only same 0.62 0.49
RW f—m all cue different 0.70 0.46
RW f—m all cue same 0.82 0.39
RW f—m di_only different 0.34 0.48
RW f—m di_only same 0.72 0.45
RW f—m FO only different 0.66 0.48
RW f—m FO only same 0.56 0.50
RW m—f all cue different 0.52 0.50
RW m—f all cue same 0.68 0.47
RW m—f di_only different 0.20 0.40
RW m—f di_only same 0.76 0.43
RW m—f FO only different 0.66 0.48
RW m—f FO only same 0.80 0.40




Reaction Time

Reaction time analyses were conducted for Japanese learners of English, who were the
primary focus of the study, while L1 English speaker data were used mainly as a baseline for
accuracy comparisons (Choi et al., 2019). Outliers exceeding mean of = 2.5 standard
deviation were removed from each condition (word x cue x speaker) during preprocessing (n
=47 excluded, deletion rate = 2.6%), a commonly used procedure in psycholinguistic
research (Ratcliff, 1993; Baayen & Milin, 2010). Reaction times were log-transformed
(log(RT)) to enhance normality, and a linear mixed-effects model was constructed using the
Imer() function in R. The step() function was then used to search for the optimal model based
on AIC, resulting in the final model structure shown below. Participants and items were
treated as random effects to account for individual and item differences. The final model
formula was:

Imer(log(RT) ~ c_speaker + ¢_same + ¢_word + ¢_speaker X ¢_word + c_same x
c_word + (1 | subject) + (1 | item))

RESULTS
Effect on Accuracy for Japanese learners of English

Table 2 summarizes the results of the generalized linear mixed-effects model predicting
response accuracy.

Significant main effects were found for speaker order (B = 0.23, SE = 0.06,z=4.07, p
<.001), trial type (B = 0.64, SE = 0.06, z = 11.09, p <.001), and word type (B = 0.15, SE =
0.07, z=2.09, p = .037). Additionally, significant two-way interactions emerged for speaker
order x same (f = 0.34, p <.001), speaker orderx word (f = 0.22, p = .001), and same x word
(B=0.23, p=.001). Furthermore, two three-way interactions were also significant: cue X
speaker order x word (p =0.31, p <.001) and speaker order x same x word (B = 0.45, p
<.001). Taken together, these results indicate that both speaker order and lexical status
substantially shaped participants’ sensitivity to stress contrasts, and that these factors
interacted with cue availability and trial type in non-uniform ways.

Accuracy was consistently higher in same trials than in different trials, suggesting greater
perceptual confidence when the two stimuli matched. Additionally, accuracy was higher for
female—male than male—female sequences. This is likely due to cross-speaker pitch
differences: the upward FO shift from male to female voices appears to impose greater
perceptual demands on stress comparison. Crucially, the significant speaker order x same X
word interaction shows that lexical status modulated perceptual performance differently
depending on speaker order. These results suggest that for Japanese learners of English stress
perception is jointly shaped by acoustic cues, lexical familiarity, and cross-speaker variability
rather than by any single factor.



Table 2
Results of the Mixed-Effects Analysis Predicting Accuracy for Japanese learners of English

Fixed effect Estimate (f) SE /4 D
Intercept 0.62 0.10 5.96 <.001
c_cue 0.01 0.07 0.19 .850
c_speaker order 0.23 0.06 4.07 <.001
c_same 0.64 0.06 11.09 <.001
c_word 0.15 0.07 2.09 .037
¢ _cue X ¢_speaker 0.01 0.07 0.17 .864
C_cue X c_same 0.01 0.07 0.16 876
c_speaker X ¢_same 0.34 0.06 5.84 <.001
c_cue x ¢_word 0.10 0.09 1.21 226
c_speaker x ¢ word 0.22 0.07 3.20 .001
¢ same x ¢_word 0.23 0.07 3.23 .001
c_cue x c_speaker x ¢c_same -0.12 0.07 -1.70 .089
c_cue x c_speaker x ¢_word 0.31 0.09 3.56 <.001
c_cue X ¢_same x ¢_word 0.07 0.09 0.79 429
c_speaker x ¢_same X ¢_word 0.45 0.07 6.38 <.001
c _cue X ¢_speaker X ¢_same X ¢_word —-0.03 0.09 -0.33 742

Note. All categorical variables are contrast-coded.
Effect on Accuracy for L1 English speakers

Figure 1 shows the predicted accuracy rates based on the interaction between the cue, the
speaker order, the matching condition (same or different), and the word type for Japanese
learners of English and L1 English speakers.

Although the overall accuracy of L1 English speakers exceeded that of Japanese learners of
English, their performance showed a similar pattern of sensitivity to speaker order. L1
English speakers also exhibited decreased accuracy in same trials when the sequence was
male—female. For pseudoword conditions—both illegal (PI) and legal (PL)—patterns were
comparable between Japanese learners of English and L1 English speakers.

Effect on Reaction Time

A linear mixed-effects model was fitted to log-transformed reaction times (IogRT) for correct
trials. Fixed effects included cue type, speaker order, trial type, and word type, along with
their interactions; random intercepts were included for subjects and items. The model was:

Imer(logRT~word X speaker order X same x cue + (1| subject) + (1| item))

The descriptive and predicted reaction time statistics are shown in Figures 2 and 3,
respectively. The result of the mixed-effects analysis is shown in Table 3.



Figure 1
Predicted Accuracy by Cue % Speaker order * Trial Type x Word Type
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Figure 2
Boxplot of Descriptive Reaction Time Statistics
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Table 3
Results of the Mixed-Effects Analysis Predicting Reaction Time

Fixed effect Estimate SE t df D
Intercept 6.50 0.11 59.28 24.38 <.001
c_speaker —-0.06 0.02 -3.02 135.97 .003
c_same —0.06 0.02 -3.04 135.95 .003
c_word —0.03 0.03 -1.01 136.13 315
c_speaker x ¢_word —-0.07 0.03 -2.70 136.12 .008
¢ _same x ¢_word —-0.05 0.03 -2.04 136.13 .043

Note. All categorical variables are contrast-coded.

As shown in Figure 3 and Table 3, Reaction time analyses revealed several consistent
patterns. First, reaction times were significantly shorter in same trials than in different trials,
indicating reduced cognitive load during perceptual matching. Second, responses were faster
in the all-cue condition than in the FO-only condition, suggesting that the availability of
multiple acoustic cues facilitates processing. Third, reaction s were slower in the
male—female speaker order, particularly in different trials, reflecting increased processing
demands associated with cross-speaker FO shifts. In addition, a significant interaction
between cue type, trial type, and word type indicates that cue utilization varied depending on
lexical status, with pseudowords eliciting slower responses particularly in FO-only conditions.

Taken together, the accuracy and reaction time results yield the following implications. First,
speaker order exerted a robust influence on performance, with both reduced accuracy and
slower responses in the male—female sequence. This pattern is likely attributable to the
perceptual difficulty introduced by cross-speaker FO disparity, which increases the cognitive
demands of comparing stress cues across talkers. Second, trial type reliably affected
processing, as same trials elicited higher accuracy and faster reaction times than different
trials, reflecting the reduced cognitive load associated with perceptual matching. Third, cue
type interacted with word type, indicating that listeners dynamically adjust the weighting of
prosodic cues depending on both the acoustic information available and the familiarity of the
lexical item. These findings suggest that Japanese learners’ stress perception is shaped by the
combined influence of language-general auditory mechanisms—including sensitivity to
cross-speaker pitch variation—and L1-specific perceptual strategies grounded in the pitch-
accent system of Japanese.



Figure 3

Predicted Reaction Time Based on the Interaction of Cue, Speaker Order, Trial Type and
Lexical Status
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DISCUSSION
Influence of Speaker Order on Prosodic Perception

The present findings demonstrated a robust main effect of speaker order on both accuracy and
reaction time. Accuracy decreased and reaction times increased in the male—female
sequence, with the effect being particularly pronounced in same trials. Because male and
female voices differ greatly in average pitch range, abrupt upward shifts in FO likely disrupt
talker normalization processes and hinder efficient comparison across tokens. Notably,
similar patterns were observed among L1 English speakers as well, suggesting that speaker
normalization reflects a general auditory constraint rather than an L2-specific difficulty. The
stronger decline observed among Japanese learners further implies that cross-speaker
normalization interacts with L1-based perceptual strategies.
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L1 Pitch-Accent Transfer and Cue Weighting in Stress Perception

The findings also underscore the role of L1 prosodic experience in shaping L2 stress
perception. Japanese is a pitch-accent language that relies primarily on the HL pattern to
mark lexical distinctions and the prosodic phrasing for the LH pattern (Kawahara, 2015).
This system promotes attentional weighting toward FO as the primary perceptual cue.
Consistent with this, Japanese learners in the present study showed relatively high accuracy
in FO-only conditions, supporting the hypothesis that pitch-accent sensitivity transfers
positively to L2 prosodic processing.

However, English lexical stress differs fundamentally from Japanese pitch accent: stress in
English is realized through multiple interacting cues—FO0, duration vowel quality, and
intensity. The reduced accuracy and slower reaction times in FO-only and male—female
conditions suggest that a pitch-dominant cue-weighting strategy is not always adaptive for
English. Effective stress perception requires flexible integration of multiple cues, aligning
with previous work showing that L2 prosodic learning involves reweighting acoustic
dimensions (Cutler, 2015; Dupoux et al., 2010). Thus, the Japanese learners’ performance
reflects a combination of L1 cue weighting and language-general perceptual mechanisms.

Integrating Accuracy and Reaction Time Evidence: Cognitive and Acoustic Constraints

The combined analysis of accuracy and reaction times offers a comprehensive view of the
cognitive mechanisms underlying L2 prosodic perception. The convergence of lower
accuracy and longer reaction times in the male—female and FO-only conditions suggest
heightened processing demands, likely reflecting increased cognitive load during cue
integration. Conversely, faster and more accurate responses in the all-cue and same
conditions demonstrate how redundant cues promote more automatic stress identification.
Together, these findings support a dual-constraint account of L2 stress perception:

1. language-specific cue weighting rooted in L1 pitch-accent experience, and
2. general auditory normalization mechanisms that apply across languages.

The Japanese learners’ performance thus reflects the interaction of FO-based transfer and
processing limitations in cross-speaker normalization. This study extends Choi et al.’s (2019)
work by showing that speaker order and same/different trial structure—factors not examined
in their analyses—play critical roles in shaping L.2 prosodic judgments.

A limitation of the present study is that each gender category was represented by a single
speaker. As a result, gender is confounded with speaker identity, and the observed effects may
partly reflect individual speaker characteristics rather than purely gender-based differences.

CONCLUSION

Japanese learners’ perception of English lexical stress is shaped by the interplay of two
mechanisms: L1-based sensitivity to FO and cross-speaker acoustic normalization. Although
reliance on pitch cues derives from Japanese pitch-accent experience, the pronounced decline
in accuracy for male—female sequences suggests additional constraints stemming from
general normalization processes. Future research should disentangle these influences to
determine whether reduced performance primarily reflects challenges in FO normalization
across pitch ranges or a language-specific bias toward pitch-based weighting. Approaches
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combining acoustic modeling, neurocognitive measures, and cross-linguistic comparisons
will be essential for clarifying how these mechanisms jointly structure L2 prosodic
processing. The current study contributes to a deeper understanding of how L1 prosodic
experience and general auditory constraints interact in shaping nonnative stress perception,
with implications for both theoretical models of L2 phonological processing and pedagogical
practices in prosody instruction.
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