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ABSTRACT

This study investigates a potential facilitatory effect
in the perception of the French vowel contrasts /a-o/
and /0-0/ by Spanish-dominant heritage speakers of
HAafho (HHSs), an understudied and vulnerable
Indigenous language in Mexico, as a result of
transferring their perceptual abilities of comparable
contrasts from their heritage language (Hfiéfiho) to a
language unknown to them (French). In an AXB
task, 12 HHSs and 12 monolingual speakers of
Mexican Spanish (MSMs) were presented with
minimal pairs containing these vowels in Hfiafiho
and French. Group comparisons showed similar
discrimination patterns for these groups in both
Hfanho and French. However, response time data
indicate that only the HHSs exhibited significant
correlations between their individual perceptual
abilities in HAanho and French. These results
suggest a possible transfer of perceptual abilities
from a native, heritage language to an unknown
foreign language, even if the heritage language is not
actively used by its heritage speakers.

Keywords: Hféfiho, Indigenous heritage language,
non-native phonetic learning, early exposure.

1. INTRODUCTION

Heritage speakers (HSs) are early bilinguals who
have been exposed to a minority (i.e., heritage)
language and the majority language early in life.
These HSs may have grown up speaking both
languages since birth (i.e., simultaneous bilinguals),
may have been brought up in a monolingual setting
in early childhood and become bilingual after
starting school in the majority language (i.e.,
sequential bilinguals), or may have had exposure to
their heritage language (HL) during their childhood
to acquire native-like comprehension of the language
but have no active command in it (i.e., passive
bilinguals). The latter scenario is especially common
in contexts of language shift, like those of speakers
of endangered Indigenous languages, in which HL
use is usually limited to their nuclear family.

There has been an increased interest in the
phonetic abilities of HSs in recent years [9, 26],
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especially since there is the general assumption that
HSs have a benefit in perceiving and producing
sounds in their HL as a result of early exposure to
the language [4, 10, 19]. However, fewer studies
have investigated if this early exposure is
advantageous for the perception and/or production of
sounds in another language [3, 25]. In other words,
does early exposure to an HL facilitate non-native
phonetic learning?

The aim of the present study is to examine the
potential transfer of perceptual abilities from a
native, HL to an unknown foreign language. More
specifically, we focus on the perception patterns of
Spanish-dominant, Mexican Indigenous HSs in their
HL (Hfi&fiho) and in a foreign language unknown to
them (French). We compare their perception in both
languages to those of a control group of Spanish-
speaking Mexican monolinguals of  similar
socioeconomic status and age, who have no
knowledge of French nor Hfiafiho and may therefore
only transfer their perceptual abilities from Spanish.

1.1. Heritage speakers of Hfiafiho

Santiago Mexquititlan Otomi (HAafho) is an Oto-
Manguean language variety spoken in Central
Mexico. HAafnho is the first language (L1) or second
language (L2) almost exclusively of the Otomi
Indigenous people from the rural community of
Santiago Mexquititlan in the state of Querétaro.

Even though the term HS has not traditionally
been used in Mexico to refer to Indigenous language
speakers, the linguistic reality of these speakers very
much aligns with the definition of a HS [23]. For
instance, HAafho is the minority language used in
the household, whereas Spanish is the majority
language mostly learned either early or later in life
as an L2 [20, 16, 24]. The different degrees of
Hfafho-Spanish bilingualism observed in urban
areas span from limited knowledge of HAafiho,
changes in language dominance and an increase in
Spanish language use, and an eventual language shift
from Hfafiho to Spanish in as few as three
generations [8]. The relevance of the Nafiho culture
and a connection to the language have been reported
to be experienced even by those who have little or
no competence in the HAdnho language.
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1.2. Spanish, Hfiafiho, and French vowels

The vowel systems of Spanish, HAafiho, and French
are considerably different. Spanish has a simple five-
vowel symmetrical system [18, 27]. Along the
height dimension, Spanish has two high vowels (/i/
and /u/), two mid vowels (/e/ and /of), and one low
vowel (/a/); and, along the frontness/backness
dimension, there are two front vowels (/i/ and /ef),
one central vowel (/a/), and two back vowels (/u/ and
/of). In contrast, Hf&iho has a nine-vowel
symmetrical system [17, 21, 22] with an additional
contrast in height, distinguishing higher-mid vowels
/el and /o/ from lower-mid vowels /¢/ and /o/, and a
high-mid central vowel /o/ also contrasting with the
high central vowel /#/. It is also worth noting that the
HAafho vowel system has one nasal vowel /d/.
Finally, the vowel system of Standard French
consists of up to 13 vowels (/i, y, u, e, @, 9, 0, €, €,
e, 9, a, a/) and four nasal vowels (/Z, &, 3, d/) [13].
Of relevance to the present study, the Hfafho
and French vowel systems both contain mid-vowel
contrasts, even though they may not be acoustically
identical. Most importantly, however, the acoustic
spaces of the Hfidfiho and French pairs /e-¢/ and /o-o/
are different from the Spanish mid vowels /e/ and
/ol. Therefore, it remains to be seen if the perceptual
abilities regarding the mid-vowel contrasts in one
language (HL) can transfer to an unknown foreign
language, for which the combination of Spanish as
the dominant language, HfAanho as L1/HL, and
French as a foreign language is an idoneous setting.

2. METHOD
2.1. Participants

A total of 24 adults participated in the study. Twelve
were HAanho heritage speakers (HHSs) with
Mexican Spanish as their dominant language and 12
were Mexican Spanish monolinguals (MSMs). Both
groups were proficient speakers of Spanish, but they
differed in their mother tongue: HHSs’ native
language was Hiidfiho and/or Spanish, while MSMs’
only native language was Spanish. HHSs learned
Spanish simultaneously since birth or sequentially
during early childhood as an L2; the average age of
Spanish acquisition was 5. The two groups were
matched in age (mean age 29.9 for HHSs and 29.4
for MSMs) and low socio-economic status.

2.2. Materials

The experimental stimuli consisted of two Hfafiho
minimal pairs /do/ do ‘rock’ - /do/ da ‘eye’; /pa/ pa
‘day’ - /po/ pa ‘snake’, and one French minimal
triplet /ot/ hote ‘host’ - /ot/ hotte ‘hood’ - /at/ hate
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‘haste’. The stimulus recordings in Hiéfiho and
French were obtained from three female native
speakers of each language in a sound-attenuated
booth. The stimuli were recorded using a head-
mounted microphone (Shure SM10A) and a solid-
state digital recorder (Marantz PMD660), digitized
(44 kHz, 16-bit quantization), and computer-edited
for subsequent acoustic analysis. All tokens were
automatically extracted in Praat [7], adjusted to
200ms duration, and normalized in terms of
intensity. One acoustic realization per speaker was
selected for each HAdnho and French stimulus and
used in the experiment. Table 1 displays the mean
vowel formant values for all experimental stimuli.

F1(Hz) F2(Hz) F3(Hz)
Hfafnho lal | 934 1530 2224
/o/ | 808 1315 2615
/ol | 626 1078 3021
French lal | 822 1522 2812
/o/ | 589 1172 2602
/ol | 455 819 2598

Table 1: Mean formant values for the vowels used
as experimental stimuli.

2.3. Experimental procedure

On the day of the experiment, HHSs filled in the
BLP questionnaire [6] and all participants completed
the experimental tasks in an individual computerized
session. Response times and accurate answers from
all tasks were recorded on a Cedrus Response Pad
RB740. The AXB task was carried out in a sound-
attenuated room, where the participants were
comfortably seated in front of a computer screen.
Auditory stimuli were delivered by means of
earphone inserts and the instructions, as well as
other visual aids, were presented at the center of the
screen in white font on black background.

There were 24 randomly ordered trials in each
AXB categorical discrimination task (Hfiafho and
French) consisting of a 500ms fixation cross,
followed by the presentation of three auditory
HAafho/French words (A, X, and B), each
pronounced by a different speaker in random order,
with a duration of 200ms and 1000ms stimulus onset
asynchrony. At the beginning of each task,
participants were instructed to pay close attention to
the three words and decide whether the vowel in the
word they heard second (X) was the same as the
vowel in the word they heard first (A) or in the word
they heard third (B), and to press the button
designated for each scenario. There were four prior
AXB training trials on an easy vowel contrast /o-i/ to
familiarize the participants with the task.
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2.4. Data analyses

Correct answers and corresponding reaction times
(RTs) were obtained from all participants for both
vowel contrasts in each language. Data from 1 HHS
participant were removed, because they failed to
follow the instructions. All remaining data were
analyzed for outliers. Trials with RTs above 2
standard deviations (SD) from the mean were
removed for each participant in each experimental
condition (N= 46, 3.3% of the data). Additionally,
data from 1 HHS and 1 MSM participant were
removed, since their average RTs were above 2SD
from the group mean in all 4 experimental
conditions. The final dataset consisted of data from
10 HHSs and 11 MSMs.

ANOVAs and Pearson's correlations were used
for the statistical analyses of the data, which
consisted of accuracy scores and mean RT values
per participant and per condition. The factors
included in the ANOVASs were participant Group
(HHSs and MSMs), Language (Hfiafiho and French),
and vowel Contrast (/a-o/ and /2-0/).

3. RESULTS
3.1. Group differences

Figures 1 and 2 show the group averages for
participants’ RTs and accuracy scores in the AXB
task, respectively. At the group level, HHSs and
MSMs showed similar perceptual patterns for both
contrasts in Hfafho and French, both in terms of
RTs and accuracy.

For RTs (Fig. 1), the ANOVA showed no main
effect of Group, Language, or Contrast (all Fs<1).
However, there was a significant Language*
Contrast interaction (F(1,19)=15.130, p<0.001).
Bonferroni-corrected pairwise comparisons showed
that participants took longer to identify the /a-o/
contrast than the /o-0/ contrast in HA&nho, whereas
the inverse was true for French (both ps<0.05).
There were no other significant interactions.

For accuracy scores (Fig. 2), the ANOVA vyielded
a main effect of Group (F(1,19)=5.791, p<0.05),
which did not interact with any other factor. There
was a main effect of Contrast (F(1,19)=4.485,
p<0.05), but no main effect of Language (F<1).
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Figure 1: Reaction times in the AXB
task, divided by language, vowel
contrast, and participant group.

Figure 3: Pearson’s correlation
between RTs for the /a-o/ contrast in
Hfafho and French for HHSs.

Figure 5: Pearson’s correlation
between RTs for the /5-0/ contrast in
Hfafho and French for HHSs.
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Figure 2: Accuracy scores in the
AXB task, divided by language, vowel
contrast, and participant group.

Figure 4: Pearson’s correlation
between RTs for the /a-o/ contrast in
Hfafho and French for MSMs.

Figure 6: Pearson’s correlation
between RTs for the /5-0/ contrast in
Hiafho and French for MSMs.
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However, there was a significant Language*
Contrast interaction (F(1,19)=23.515, p<0.001).
Bonferroni-corrected pairwise comparisons showed
that participants were more accurate in identifying
the /a-o/ contrast than the /5-0/ contrast in French
(p<0.001), whereas there was an inverse, non-
significant trend in HAanho (p=0.072), with
participants being more accurate in identifying the
/2-0/ contrast than the /a-o/ contrast. There were no
other significant interactions.

In summary, despite MSMs’ higher accuracy, the
lack of interactions between the participant group
and the vowel contrast suggests that there are no
group differences between HHSs and MSMs in their
patterns of perceptual sensitivity to vowel contrasts
/a-o/ and /»-0/ in HA&Aho and French.

3.2. Individual differences

At the individual level, there were no significant
correlations between participants’ accuracy scores in
Hf&fho and French, neither in the HHS group nor in
the MSM group, and neither for the /a-o/ nor for the
/-0l contrast (all ps>0.2 except for HHSS’ non-
significant trend for the /0-0/ contrast, p=0.063).
However, there were significant correlations
between RTs in Hfidfiho and French, both for the /a-
o/ and for the /5-0/ contrast, but only in the HHS
groups and not in the MSM group. These results are
shown next in more detail.

Figures 3 and 4 display the relationship between
the /a-o/ contrast in Hadfiho and French for the HHS
and MSM group, respectively. For this vowel
contrast, Pearson's correlation was significant only
for the HHS group (Fig. 3) and not for the MSM
group (Fig. 4). Similarly, Figures 5 and 6 show the
relationship between the /0-0/ contrast in HAdfho
and French for the HHS and MSM group,
respectively. For this vowel contrast, too, Pearson's
correlation was significant only for the HHS group
(Fig. 5) and not for the MSM group (Fig. 6).

4. DISCUSSION AND CONCLUSIONS

The aim of this study was to examine the possible
transfer of HHSs’ perceptual abilities from their HL
(HRé&fiho) to a foreign language that was unknown to
them (French). HHSs’ performance on an AXB
categorical discrimination task, using Hfafho and
French vowel contrasts that do not exist in Spanish,
was compared to that of a matched group of
monolingual Mexican Spanish speakers with no
previous exposure to HAanRho nor French.

The comparison of the speaker groups’ RTs
and accuracy data revealed similar discrimination
patterns for these groups in Hfafho and French.
However, an analysis of the RT data yielded
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significant correlations between the individual
perceptual abilities in HA&Aho and French, but this
was only found for the HHSs, and not for the MSMs.
These results are interpreted as evidence of a
potential link between their perceptual abilities in
the HL and in the foreign language. In other words,
they may indicate transfer of perceptual abilities
from a native, heritage language to a foreign
language, even in cases in which the HL is not
actively used by the HSs.

Theoretical models of L2 phonetic acquisition,
such as the Speech Learning Model (SLM; [14]), the
Perceptual Assimilation Model of Second Language
Learning (PAM-L2; [5]), and the Second Language
Perception Model (L2LP; [12]), have postulated that
L2 perception, especially at the initial stages of L2
acquisition, is influenced by L1 perception [5; 15;
11]. These models propose that success in the
acquisition of L2 sounds depends on the
establishment of new phonetic categories for the L2
segments based on the perceived similarity between
the L2 sound and an existing L1 category.

It has been claimed that bilinguals acquire a
third language (L3) easier than monolinguals acquire
an L2 [1, 25] and, more specifically, bilinguals may
acquire certain phonetic features in an L3 easier than
monolinguals acquire them in an L2 [2, 3], but
phonetic similarities between an unknown foreign
language to the native language may also facilitate
the perception of universally ‘difficult’ contrasts [3].
The results of this study suggest that this might also
be the case for passive bilinguals (e.g., HHSs) whose
HL (HAafiho) contains similar vowel contrasts as the
foreign language (French), but crucially not
comparable to the vowel system of their dominant
language (Spanish), thus extending the previously
reported effects of L1 to heritage bilinguals.

Our results, of course, must be taken with
caution because they are based on a relatively small
number of participants. Future studies should collect
data from a larger participant pool in order to be able
to support stronger and generalizable claims about
potential bilingual advantages in phonetic learning,
and more specifically, the ability of perceiving
sounds in an unknown language by HSs.
Importantly, these efforts will contribute to a
necessary diversification of our field to include
Indigenous languages and Indigenous speakers, who
have been severely understudied.
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