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Abstract

This study investigates the persistence of maternal vocative expression (VE)
effects on adult auditory processing. Using a quasi-experimental, one-way re-
peated measures ANOVA, the research examines reaction time (RT) differ-
ences among adult women responding to their names spoken by their mothers,
unfamiliar women, and unfamiliar men. Findings reveal a statistically signifi-
cant reaction time advantage for maternal voices, supporting Usage-Based
Theory (UBT) over the Nativist perspective, which proposes that language ca-
pacity (LC) is dissociated from other cognitive systems. Results of a one-way
repeated measures ANOVA under three conditions, F(2, 96) = 52.88, p < .001,
n? = .52, suggest that mere exposure to highly frequent, familiar, and emotion-
ally salient stimuli shapes long-term cognitive processing patterns. Implica-
tions extend to models of language acquisition, auditory processing, and im-
plicit learning. Learning any variety of motherese, or even the persistence of
motherese, is a feature of mere exposure heightened by frequency and salience.

Keywords

Mere Exposure, Motherese, Word Perception, Reaction Time

1. Introduction

Conventional expressions are formulaic sequences used in specific pragmatic con-
texts, such as in uncertainty, “I don’t know,” hedges, “well, you see, what had hap-

>

pened was...,” and attention grabbing with the use of vocatives, “Hey, John!” or
“John” (Bardovi-Harlig & Su, 2018; Culpeper, 2010). The use of a participant’s
name to call their attention is called a vocative expression (VE). Proper names
have unique implicatures, including them in the category of vocative expressions
(Hirata, 2023). The well-known Cocktail Party Effect, first studied by E.C. Cherry

in 1953, persists in the field as a well-defined phenomenon, but not in the context
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of language learning or development (Jia et al., 2023). Vocative expressions (VEs)
provide an appellative category as pragmatic functions (Glusac & Miki¢ Coli¢,
2017). These conventional expressions serve as pragmatic guides to language ac-
quisition in use, as they are not syntactically prominent (Bardovi-Harlig & Su,
2018). In this study, the salience of a mother’s voice is evaluated by the reaction
times of their adult daughters to establish if familiarity of such cues influences
language acquisition at every level, from the role of initial primary caregiver into
adulthood (Holmes & Johnsrude, 2023; Mrkva & Van Boven, 2020).

The nature of language acquisition is investigated by cognitive science, con-
trasting Nativist theories’ innate language faculty with Usage-Based Theory (UBT),
which emphasizes the role of environmental input (Chomsky, 2017; O’Madagain
& Tomasello, 2021; Pearl, 2021). Nativists claim children possess an inborn ca-
pacity for language that is activated by minimal input (Yang et al., 2017). In con-
trast, UBT posits that language is learned through exposure to frequent, salient,
and contextually rich linguistic stimuli (Tomasello, 2003). The Nativist approach
is necessary but insufficient as a stand-alone theory of language acquisition. Na-
tivists propose that languages are acquired, not learned, and in that respect, lan-
guage users do not need correction or punishment/reinforcement from language
providers such as their own mothers.

Early linguistic exposure, Infant-Directed Speech (IDS) or “motherese,” is char-
acterized by exaggerated prosody, simplified syntax, and heightened emotional
tone (Fernald, 1989). IDS is known to capture infant attention, enhance language
segmentation, and facilitate grammatical learning (Wu et al., 2023). The potential
for these exposure effects to persist into adulthood remains underexplored. Some
claim that IDS does not exist in every language culture (Pinker, 1995). In many
cultures, mothers do not interact with their children in the same way as do many
other societies, and this lack of IDS is considered a point in favor of the argument
against motherese. However, in that society, children are not held in the swaddled,
eye-gazed arms of their mothers as is typical of many cultures of European de-
scent. In the referenced cultures, children are held with their backs to the mother’s
chest, establishing joint attention through joint intention without eye gaze, but
through interaction (Falk, 2009). Tomasello (2021) proposes that joint attention
established in the zone of proximal development facilitates the acquisition of lin-
guistic conventions (Vygotsky, 1978). In this respect, infants are not limited to
interlocution with only one person but engage the larger community. Motherese
in such a scenario would be shared by more than merely the interactions with the
mother and the child, but also through the interactions with the child and the rest
of the language culture (Falk, 2009). In this scenario, the “mamanése,” that Pinker
detracts from, should be considered “culturese” (Pinker, 1995, 2002). The pro-
sodic nuances of language, which provide clues to phonology, morphology, syn-
tax, and pragmatics, are culturally biased, not merely presented by the mother. As
early as two days old, infants demonstrate a discrimination between their mother’s

native language and a nonnative language, especially if it is produced by someone
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who is not their mother (Moon et al., 1993).

This current study shows the enduring influence of motherese through adult
women’s responses to vocative expressions (VEs)—their own names spoken by
their mothers, unfamiliar women, and unfamiliar men. We theorized that par-
ticipants would respond more quickly to maternal VEs, reflecting the influence of
mere exposure to frequent, familiar, and emotionally salient stimuli. Consistent
and salient linguistic environments should engender language acquisition, estab-

lishing motherese as critical input.

2. Literature Review

Motherese and Early Language Acquisition

Motherese, or Infant-Directed Speech (IDS), is a widely observed form of
speech characterized by exaggerated intonation, slower tempo, and simplified
syntax (Faulk, 2009). IDS enhances infant language learning (Fernald, 1989) and
even helps first language learners determine where to place narrowly focused parts
of speech, such as articles, nouns, or verbs (Gerken & McIntosh, 1993). IDS has been
shown to promote attention, facilitate word segmentation, and support grammati-
cal acquisition (Wu et al., 2023). Neonates are born with a predisposition to parse
their native language and their mother’s voice when measured as early as two days
(Moon et al., 1993). This early exposure represents a cognitive function of mere
exposure in utero.

Nativism versus Usage-Based Theory: Implicit Learning and Familiarity
Effects

Nativist Universal Grammar theorists propose that linguistic input is insuffi-
cient for language learning without a language capacity (LC) (Chomsky, 2017).
UBT theorists propose that language is acquired through repeated exposure to
meaningful interactions (O’Madagain & Tomasello, 2021). Studies show that fre-
quency, salience, and emotional engagement enhance memory and cognitive pro-
cessing, supporting UBT (Domingo et al., 2018; Mrkva & Van Boven, 2020).

Research indicates that implicit learning, whereby individuals acquire patterns
without conscious awareness, is a foundational mechanism of language acquisi-
tion (Arnon, 2019). Familiarity further enhances processing efficiency, with stud-
ies showing that familiar voices are recognized and processed faster than unfamil-
iar ones (Holmes et al., 2021). Considering our mothers are the first to provide
spoken stimuli to the young, we considered testing a mother’s speech over that of
a father’s speech, as it is more likely to find a pattern associated with language
learning. In studies regarding auditory stimuli, female participants were shown to
be more sensitive to speech, especially in pragmatic contexts influenced by into-
nation, than males (Rao, 2015). Infants tested on electronic simulations of human
voices responded more to female-sounding artificial voices than to their artificial
male-sounding counterparts (Gerken & Mclntosh, 1993). Recent studies in audi-
tory stimuli reveal that women respond faster and more accurately than men when

exposed to higher frequency (Hz) stimuli (Aloufi et al., 2023). Given these con-
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siderations, women were used in this study to ensure more reliable and valid re-
action times. These results may not be as generalizable to the male population, but
considering the robust results found, further study should reveal some equal to
this study. Furthermore, no cross-cultural samples beyond two bilinguals were
included in this study. All other participants were monolinguals from the U.S.,
and the two bilinguals were mother-daughter dyads. Future studies will isolate
men’s and women’s reactions to their mothers’ VEs and include more cross-cul-
tural dyads for the sake of comparison.

Auditory Salience and Memory

Salience, defined as the prominence of a stimulus within a sensory context, is
critical in cognitive processing. IDS is inherently salient due to its exaggerated
prosody, making it more likely to be encoded in long-term memory (Gaskins et
al., 2023). Researchers have found that FO and vocal tract length provide no sig-
nificant difference in intelligibility or familiarity responses to auditory stimuli
(Holmes & Johnsrude, 2023). An investigation into highly familiar and highly
conventional expressions, such as the VE, could yield enlightening results on the
nature of language acquisition and speech perception. The more a stimulus is per-
ceived, the more that stimulus is reported as being “liked” (Mrkva & Van Boven,
2020). Therefore, a mother’s voice should provide a sensitized perceptual experi-
ence to which a highly salient reaction could be found. Since responses to a
mother’s voice in neonates are well established, the question of whether this sali-
ence continues to influence adult cognitive processing is central to the present
study. Relative exposure to stimuli has a positive correlative effect on the salience

or intensity of a stimulus.

3. Methodology

Participants

A total of 49 adult women aged 18 - 45 (M = 28.4, SD = 6.2) were recruited. All
participants reported normal hearing and native English proficiency, were from
the southeastern United States, and maintained regular ongoing contact with their
biological mothers to ensure voice familiarity. The mothers of the 49 participants
also participated by recording their speech samples in a recording studio in the
southeastern United States. Five men of a similar mean age to the mothers rec-
orded themselves speaking the names of all the participants and 30 buffer names.

Materials and Design

The study employed a quasi-experimental, one-way repeated measures design.
Participants listened to pre-recorded vocative expressions (a participant’s name)
(VEs) spoken by three speakers: their own mother, an unfamiliar woman (the
mothers of non-active participants), and unfamiliar men, five times each. Partici-
pants also heard filler VEs that were not their own names 30 times. Audio record-
ings were standardized for volume and duration initially through PRAAT (Bo-
ersma & Weenink, 2018).

Procedure
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Participants completed a reaction time task using a Prime-Probe Reaction Time
Instrument (PPRTI) (Mondor & Leboe, 2008). The PPRTT was used without mod-
ification of the prime tone of 361 Hz. Participants were instructed to press a re-
sponse key as quickly as possible upon hearing their name. Each trial was marked
by the 361 Hz tone, then a randomized participant’s name was presented as spec-
ified in previous studies using this PPRTI (Mondor & Leboe, 2008; Schopper &
Frings, 2023). Prior research used two tones to determine a functional difference
in the priming effect; these were 361 Hz and 712 Hz (Mondor & Leboe, 2008). No
effect for the introduction of this tone was investigated, as it was not contrasted
with other tones (Mondor & Leboe, 2008; Schopper & Frings, 2023). The 361 Hz
tone was only used as a benchmark separating trials for the reaction time (RT)
participant’s benefit. Each participant heard VEs 15 times; 5 times by their
mother’s voice, 5 times from an unfamiliar woman’s voice, and 5 times from an
unfamiliar man’s voice. Each prompt was buffered by 30 other voices saying VEs
that were not of the active participant. Prompts were randomized to account for
sequence error by Inquisit X (2023). The duration range of the verbal stimuli was
unaltered from the phonetic requirements to express the names of the RT partic-
ipants, except for manually matching the onset of the speech sample with the pitch
increase noted by PRAAT (Boersma & Weenink, 2018). Upon hearing the prime
tone at 316 Hz for 500 ms before the probe was presented.

The VE probe was presented for a term of 3000 ms for a response. Reactions to
auditory stimuli improve up to 2000 ms, allowing more time for the participants
to respond without fatigue (Holmes et al., 2018). Loudness was set at 72dB in
PRAAT for each prompt (Mondor & Leboe, 2008; Styler, 2023; Zarate et al., 2015).
Recent studies in auditory and visual processing established thresholds for fatigue
effects as improving while time increases toward 2000 ms (Holmes et al., 2018).
Previous auditory studies far exceeded the limits of this study’s demand on par-
ticipants (Domingo et al., 2018; Holmes et al., 2018). Further, the structure of the
study yielded highly reliable scores against sequence effects by randomizing trial
structure established by Inquisit X (2023). Each participant’s set of trials was
uniquely patterned for their name produced by unknown female speakers, their
mother’s voice, and the voices of five men. This structure provided for counter-
balancing for each participant (Hsu et al., 2023).

Since only one tone was used, a priming effect was not anticipated. Measuring
the differences between speakers in the limited samples of only one word was the
aim of this study. Spectral matching was not equalized for the sake of maintaining
some of the subjective experience of each mother’s naturalistic voice. Prompt re-
cordings were made in a soundproof recording studio to counter any possible
acoustic confounds (Jia et al., 2023). Therefore, the spectral features were left un-
altered to appreciate the differences between the speakers (Feng & Oxenham,
2018). Had the spectral features been equalized, the VE prompts may have been
less discriminable. The prime in this study was only used to mark different trials

for the participants. No baseline was collected, which could have possibly primed
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the participants against the VEs.

If the participant’s name was Debra, under the buffer condition, of the 30 buffer
prompts, they did not hear Debra spoken. Instead, they heard names from people
who were not their mothers not saying their names. Reaction times were recorded
in milliseconds by a computer program via Inquisit X (2023). Trials were random-
ized to minimize order effects. Each participant was tested only one time, and
their responses were gathered for analysis.

All prompt recording participants and reaction time participants signed in-
formed consent forms and were adults above the age of 18 at the moment of sign-
ing. No identifiable data is presented in this manuscript for any participant. Freely
given informed consent to participate in the study was obtained from each partic-
ipant, and to publish the results anonymously after its completion. The Internal
Review Board of Grand Canyon University approval was obtained prior to any
data collection of any kind. The IRB granted exemption for this study in accord-
ance with the Declaration of Helsinki.

Data Analysis

A one-way repeated measures analysis of variance (ANOV A) was conducted to
examine reaction time differences across the three speaker conditions. Post hoc
comparisons utilized Tukey Honest Significant Difference adjustments to control
for Type I error. One outlier was included in the analysis but did not affect the

significance of the results found.

4. Results

Descriptive Statistics

Mean responses for each participant’s maternal VE stimuli were faster than
those of unfamiliar men and unfamiliar women. Oddly, the results indicate that
the unfamiliar men’s voices elicited slightly faster, but not significantly faster, re-
action times. Mother’s voice: M = 504.47, SD = 44 ms; Unfamiliar woman’s voice:
M = 610.96, SD = 56 ms; Unfamiliar man’s voice: M = 589.20 ms, SD = 61 ms.

Inferential Statistics

The one-way repeated measures ANOVA revealed a significant main effect of
speaker type on reaction time, F(2, 96) = 52.88, p <.001, 7 = .52, indicating a large
effect size.

Post Hoc Comparisons

Significant differences were found in the comparisons with the Mother’s VEs
compared to the Unfamiliar women’s VEs, and the Unfamiliar men’s VEs, but not
between the unfamiliar women’s and unfamiliar men’s VE prompts. Mother vs.
Unfamiliar Woman: p < .001; Mother vs. Unfamiliar Man: p < .001; Unfamiliar
Woman vs. Unfamiliar Man: p = .47 (nonsignificant)

Table 1 presents the ANOVA results of the comparison between the within
factors of the mothers vs. the unfamiliar speaker’s VEs. The means of the within-
subjects factor are presented in Table 2 and Figure 1. Both Figure 1 and Table 2
label the participants (MVERTms, UFVERTms, & UMVERTms), which respec-
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tively stand for Mother’s Vocative Expression Response Times, Unfamiliar Fe-

males’ Vocative Expression Response Times, and Unfamiliar Males’ Vocative Ex-

pression Response Times.

Table 1. Repeated measures ANOVA results.

Source
Within-Subjects
Within Factor

Residuals

df S5 MS
2 310,224.38 155,112.19
96  281,574.29 2,933.07

F p w2

52.88 <.001 0.52

Table 2. Means table for within-subject variables.

Variable M SD
MVERTms 504.47 100.28
UFVERTms 610.96 101.33
UMVERTms 589.20 89.68

Note. n=49.
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Figure 1. Within-subject variable means.
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The pattern in Figure 1 shows a not statistically significant trend toward unfa-
miliar male VEs being slightly faster than those of unfamiliar females.

Interpretation

The significant reaction time advantage for maternal voices supports the hy-
pothesis that exposure to frequent, familiar, and emotionally salient stimuli has
enduring effects on auditory processing. Effects from a mother’s speech, or any
speech sample that has about five times more frequency than other stimuli, will

result in faster processing of said stimuli.

5. Discussion

Support for Usage-Based Theory

These findings provide strong empirical support for UBT, suggesting that mere
exposure to frequent and emotionally salient linguistic stimuli, such as motherese,
is sufficient and necessary for language acquisition as a cognitive imprint. When
the exposure occurs early in life, as in the case of a mother’s voice, the mere expo-
sure effect develops with the linguistic systems. Mother’s voice is the primary
source of linguistic information by measures of frequency and salience in all of
humanity. This effect may be pruned in the case of children adopted at birth, but
the mere exposure effect is so prevalent that even the repeated exposure to one
stimulus five times provides a significant processing difference compared to stim-
uli presented only once. A significant familiarity effect between friends and ro-
mantic partners has been established for up to a period of 1.5 years. After 1.5 years,
cognitive processing is not affected by becoming any easier. This was noted in
Domingo et al. (2018), as intelligibility rates increased between familiar speakers
for up to 1.5 years. However, in that study, conventional expressions were not
standardized for comparison, and therefore this study provides more evidence for
language type, which also influences cognitive processing. Another difference be-
tween this study and Domingo et al. is that the sentences included a name, but
that name was not the VE of the responding participant. It is possible that the
significance in this study was influenced not only by the familiarity of the
speaker’s voice, but also by familiarity with the linguistic signal itself.

Comparisons between Mothers’ Voices, Unfamiliar Women’s Voices, and
Unfamiliar Men’s Voices.

It makes more sense that if a mother’s voice would elicit faster reaction times,
then an unfamiliar woman’s voice should elicit faster reaction times than that of
unfamiliar men. However, it may be the contrast of the men’s voices that elicited
slightly faster reaction times from the all-female participant cohort. Questions of
sexual preference were not elicited in the recruitment phase of this study and will
be considered in future investigations. Also, the subtle comparison between the
mother’s voices and the voices of the unfamiliar females may show a preference
for the mother’s voice over that of the unfamiliar women’s voices from some un-
known gender bias against other women’s voices, or even an increased need for

inhibition due to the presence of the mother’s voices. The men’s voices should
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have been much easier to discriminate by comparison to those of the unfamiliar
women’s voices. An argument for novelty could facilitate or affect the processing
of stimuli more effectively than frequency or salience in the processing of simple
vocative expressions depending on the circumstances of the umwelt. Further re-
search is required.

Implications for Auditory Processing and Memory

The persistence of faster reaction times to maternal VEs aligns with research on
implicit learning and attentional salience, suggesting that familiarity enhances
processing efficiency. Intelligibility increases from mere exposure up to a period
of 1.5 years in contexts of utterances of the following structure: subject (Non-par-
ticipant VE) + verb + adjective + noun. The non-participant VE is the name of a
person who is not associated with the study, or a neutral party’s name. However,
in the current scenarios, the processing of a mother’s voice producing a partici-
pant’s name was significantly faster, and therefore easier, than any of the other
verbal stimuli. If this pattern of learning increases for other conventional expres-
sions, a stronger argument can be made for the influence of the environment on
language acquisition instead of relying solely on an undefined language acquisi-
tion device and genetic endowment from which language is purported to be gen-
erated. Auditory processing and memory are influenced by mere exposure with-
out awareness of the learning. The learning versus acquiring distinction is one of
the key discriminatory markers in first and second language acquisition literature.
If our speech signals are consistent enough, as consistent as a mother’s voice to a
300 billion neuronal infant dependent upon that caregiver for all their needs, then
it is possible that language is totally acquired from the environment with only
some blueprint DNA structures which create language as an emergent property.

Challenges to Nativism

The significant advantage of maternal voices challenges Nativist assumptions
that early exposure merely triggers innate grammatical structures without long-
term cognitive effects. The longer the exposure to a mother’s speech, the deeper
the influence will be toward the child’s language acquisition. The sensitivity and
habituation of which may be too nuanced for standard statistical models, or for
traditional forms of conversation analysis without auditory scene analysis. This is
important because current statistical models may not sufficiently predict the char-
acter or degree of processing that the brain does globally.

Limitations and Future Directions

The study’s sample was limited to adult women, thus also limiting the gener-
alizability to other populations. Future research should explore similar effects
in male participants and across diverse cultural contexts. Future research will
combine the efforts of Domingo et al. (2018) by adjusting for the familiarity of
the speaker and the type of linguistic message delivered by the recording partic-
ipant. It will also be of interest to investigate the difference between the first
reaction times and subsequent reaction times to the vocative expressions or sen-

tences. Further research will investigate the differences in the number of years
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the speaker is known compared to a mother’s voice, which a neonate has known
long before any other speaker. Domingo et al. (2018) pointed out that a period
of 1.5 years is the threshold for activation of intelligibility, but their study was
not compared against perhaps more salient speakers, such as a reaction time

participant’s mother.

6. Conclusion

This study demonstrates that mere exposure to maternal vocative expressions
produces enduring advantages in adult auditory processing. Since mere exposure
to a mother’s voice begins in utero, and before language is considered present in
the mind of the listener, the mere exposure effect may be so robust that parsing
certain kinds of language from one person is facilitated cognitively and neurolog-
ically due to the experience. The findings support Usage-Based Theory, highlight-
ing the critical role of frequency, familiarity, and emotional salience in language
acquisition. The concrete sounds created by a mother’s voice have at least a mere
exposure effect during gestation. Because these effects would develop so early in
life, the acquisition of language may be biased toward that of the mother’s envi-
ronmental stimuli. Therefore, we can begin to attack the poverty of stimulus ar-
gument in that the stimuli have not been adequately measured.

The pattern of reaction times demonstrates that a non-significant difference
was found for response times to unfamiliar men’s vocative expressions, and re-
sponse times to unfamiliar women’s response times. The difference shows a very
slight trend for the unfamiliar men’s response times being faster than those of the
unfamiliar women. This could be due to a novelty or salience effect of the men’s
voices over those that were not the participant’s mother’s voice. The participant’s
mother’s voice should have elicited a mere exposure effect, which is dependent
upon frequency and salience (Mrkva & Van Boven, 2020).

One other failure of measurement in the literature regarding language acquisi-
tion is that of linguistic intelligence as a feature of a language capacity separate
from other cognitive capacities. Chomsky (2017) has stated that language is a spe-
cific cognitive capacity separate from other cognitive processes; it is “dissociated
from other cognitive systems.” We have tested the language capacity against the
cognitive system of mere exposure by eliminating linguistic variables, focusing on
vocative expressions. This simple reaction time experiment demonstrates that
some kinds of language capacity elicit different responses even when the linguistic
structures are the same; therefore, even the linguistic capacity is influenced by mere
exposure, frequency of exposure, and Hz frequency at least. Therefore, these two
phenomena are not separate cognitive processes, as suggested in the theory of the
capacity for language (LC) (Chomsky, 2017). From the results of this study, an ar-
gument can be made that LC is not dissociative from other cognitive systems as has
been stated (Chomsky, 2017). Even genetic roots motivating the emergence of cog-
nitive systems do not stand alone, but rather they overlap hierarchically to create

what we conventionally use as communicative language. However, it may be that
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language is the natural emergence of the culmination of cognitive processes and
their interactions with the sensory-motor system, but not the only method for com-
putation or communication. We suggest that the continua of cognitive processes
influence each other, but only language is used in a conventional and systematic
fashion between users. This suggests that if other cognitive processes could share
joint intention and attention, we could and would use them for computational and

communicative purposes as conventionally as we do human language.
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