
First Language Effects on Second Language Perception: Evidence from
English Low-vowel Nasal Sequences Perceived by L1 Mandarin Chinese

Listeners

Sijia Zhang1

1University of British Columbia, Canada
sijia01@student.ubc.ca

Abstract
First language (L1) sound systems can shape second language
(L2) perception of non-native phonological contrasts. This
study examines how L1 Mandarin listeners perceive English
low vowel + nasal (VN) sequences that are not contrastive in
Mandarin. A speeded AX discrimination task tested listeners’
low-level processing of English VN sequences, and a percep-
tual similarity rating task assessed listeners’ higher-level phono-
logical knowledge. Despite high discrimination accuracy, re-
action times showed that L1 Mandarin listeners had a harder
time processing nasal-different sequences compared to L1 En-
glish listeners. Moreover, L1 Mandarin listeners perceived
vowel-different sequences as more distinct than English listen-
ers. Overall, listeners’ L1 phonological system influences L2
perception, suggested by group-level differences in both per-
ceived phonological distinctiveness and phonetic discrimina-
tion.
Index Terms: second language perception, Mandarin, vowel
nasal sequences, phonological contrast, phonetic processing

1. Introduction
First language (L1) sound systems can influence listeners’ per-
ception of non-native speech sounds [1]. In particular, the pres-
ence or absence of a phonological contrast in the L1 has an
impact on one’s perceptual ability. At an auditory level, lis-
teners might have difficulty distinguishing between sounds that
are not contrastive in their L1, such as the perception of En-
glish /l/ and /r/ by Japanese listeners [2], and Hindi dental and
retroflex stops perceived by American English listeners [3]. At
a phonological level of processing, [4] [5] and [6] assessed the
perceptual consequences of L1 phonological relations between
sounds. Listeners tend to perceive sounds in allophonic alter-
nations as more similar than those that are phonemically con-
trastive. For instance, L1 Spanish listeners perceived [D] and
[d] as more similar than L1 English listeners, as [D] and [d] are
allophones in Spanish and are distinct phonemes in English [4].

In second language (L2) acquisition, the revised Speech
Learning Model (SLM-r) posits that L2 learners start by auto-
matically linking non-native sounds that they hear to an existing
L1 category [7]. According to the SLM-r, L2 learners gradually
discern the phonetic differences between L1 and L2 sounds as
they receive more L2 input. The likelihood that a new phonetic
category is formed for an L2 sound depends on the perceived
dissimilarity of the L2 sound from its closest L1 sound, as well
as the quality and quantity of the input received by the L2 learn-
ers [7] (p.33).

L2 perception of non-native nasal contrasts is often chal-
lenging [8, 9], especially when different L1 phonological re-
strictions apply concerning the surrounding segments. In the

case of Mandarin and English, Mandarin has multiple phono-
logical restrictions on low-vowel + nasal sequences (V[+low]N,
e.g., ham[æm] and dawn[An]) that do not apply in English.
North American English has two low vowel phonemes, the low
front vowel /æ/ and the low back vowel /A/. The three nasal con-
trasts /m, n, N/ are all allowed in the coda position. In contrast,
Mandarin allows the alveolar nasal /n/ and the velar nasal /N/ in
coda position, but not the bilabial nasal /m/. The low vowels
[a] and [A] are allophones in Mandarin, and their backness is
conditioned by the place of the following nasal coda [10, 11].
Namely, the low front vowel must precede the alveolar nasal
(i.e., [an] but *[aN]), and the low back vowel must precede the
velar nasal (i.e., [AN] but *[An]) (Rhyme Harmony as in [10]).
While the only contrastive V[+low]N permitted in Mandarin are
[an] and [AN], English permit all the combinations of V[+low]N
sequences as contrastive (i.e., [æm, æn, æN, Am, An, AN]).

Production errors have been reported with respect to En-
glish vowel + nasal (VN) sequences in general learned by Man-
darin speakers (e.g., the coda [n, N] and the place of vowels are
confusable) [12, 13]. How all the possible English V[+low]N se-
quences in particular are perceived by L1 Mandarin listeners has
not been systematically investigated in the current literature.

This study aims to examine how Mandarin-speaking adults’
L1 background influences their perception of V[+low]N contrasts
in English. A speeded AX discrimination task is adopted to tap
a phonetic level of processing [14], while a perceptual similar-
ity task is used to tap phonological level of processing [4, 6].
Two demographic groups of L1 Mandarin listeners are tested,
in order to further examine whether different amounts of L2 ex-
perience influence the two levels of processing.

Compared to English listeners, we expect that Mandarin lis-
teners will overall find it harder to distinguish between V[+low]N
sequences that are not contrastive in their L1 (e.g., [An] vs.
[AN]). Sequences that differ in nasals will be perceived as more
similar than those that differ in vowels. Mandarin listeners,
especially those with limited L2 English input, may associate
certain perceptually similar nonnative V[+low]N contrasts with a
single L1 category [7, 1]. Thus, L1 Mandarin listeners may per-
ceive higher similarity between English V[+low]N sequences that
are non-contrastive in Mandarin than L1 English listeners.

2. General Procedure
Two groups of Mandarin-speaking participants originally from
Northern regions of China1 were recruited through Chinese so-
cial media. 24 of the L1 Mandarin-speaking participants were
living in China and learned English as L2 (Chi-M group) (8

1Speakers of Northern Mandarin varieties (e.g., Beijing Mandarin)
are expected to maintain the /n/ and /N/ coda nasal contrast followed by
the low vowel in Mandarin [15, 16]
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male, 16 female, mean age = 25.2 years, range = 20-55). 26
of the L1 Mandarin speakers were living in Canada and learned
English as L2 (Can-M group) (10 male, 16 female, mean age
= 24.9 years, range = 22-30). All did not speak a Chinese di-
alect other than Mandarin, and reported that they learned North
American variety of English (mean age of acquisition of Chi-
M = 7.7 years, Can-M = 4.7 years). Participants in the Can-
M group lived in Canada for 3 to 8 years (mean age of arrival
= 19.23, range = 15-26). 26 of L1 English-speaking partici-
pants of a North American English variety were recruited from
a Canadian University’s participant pool as the L1 control group
(4 male, 22 female, M = 20.8 years, range = 18-25). The English
control (Eng) group reported no proficiency in any Chinese lan-
guages.

The Can-M group was assumed to have more exposure to
English than the Chi-M group. Individual L2 experience and
proficiency level were quantitively measured through the Lexi-
cal Test for Advanced Learners of English (LexTALE) [17] and
the questionnaire Bilingual Language Profile (BLP) [18]. The
means of the LexTALE scores differed across the three groups
(Chi-M = 55.81, Can-M = 72.83, Eng = 90.96), suggesting
that Can-M had more advanced English lexical knowledge and
higher L2 proficiency compared to Chi-M. The negative means
of the BLP scores showed that both Chi-M and Can-M groups
were Mandarin-dominant rather than English-dominant (Chi-M
= -141.76, Can-M = -60.48), yet Chi-M had a greater degree of
dominance in Mandarin than Can-M.

Participants completed two online perception tasks: a
speeded AX discrimination task, and a perceptual similarity rat-
ing task. The order of the two tasks was counterbalanced across
participants. All the instructions presented to the L2 participant
groups were in both English and simplified Chinese characters.
The whole study lasted about 40 minutes.

3. Speeded AX discrimination task
In this task, participants heard two auditory items on each trial,
with an inter-stimulus interval (ISI) of 250 msec. Participants
responded whether the two items were the same or different as
fast as they could. The response time window had a limit of
3000 msec. To encourage faster responses, a feedback window
with the overall accuracy rate and response time was given after
each response. The relatively short ISI and speeded response
time window had a low memory load and aimed to tap low-level
phonetic processing [14, 6, 4].

3.1. Materials

All of the auditory stimuli were recorded by an L1 female
speaker of Canadian English. 9 of the “different” item pairs
used in the auditory stimuli contained all the combinations of
V[+low]N sequences (i.e., [æm, æn, æN, Am, An, AN]) which dif-
fered only in either the vowel (e.g., [æm] vs. [Am]) or the nasal
(e.g., [An] vs. [AN]). The stimuli used for the 6 “same” V[+low]N
item pairs were physically identical. In addition, the stimuli
consisted of pairs of low vowels (e.g., [A] vs. [æ]), and pairs
that contained the mid front vowel [e] and one of the nasals
(e.g., [em] vs. [en]) in separate blocks.2 The items in each “dif-
ferent” pair were presented in both orders and each stimulus
was presented three times. Each of the “same” pair stimuli was

2The reason to include these two types of pairs was to examine how
well low vowels and coda nasals were distinguished, independent from
a V[+low]N environment ([e] was chosen as a non-low vowel). We do
not report the results here due to space limit.

ENG Can-M Chi-M
Nasal 96.24% 93.46% 90.45%
Vowel 96.97% 99.14% 97.22%
Same 95.47% 96.07% 96.12%

Table 1: Average accuracy rate of discriminating V[+low]N se-
quences.

presented 3-9 times to match the total number of its “different”
pair counterpart in each block. This led to 156 trials in total.
The stimuli were presented in three blocks (i.e., vowel only,
mid-vowel+nasal, and V[+low]N) and were randomized within
each block. The RMS intensity of all stimuli were normalized
to 65 dB.

3.2. Analysis and results

Reaction times (RTs) were calculated from the onset of the sec-
ond stimulus for each trial. Responses received before the onset
of the second stimulus were removed from the data (1% of the
responses).

3.2.1. Accuracy

All the language groups showed high accuracy on average in
discriminating the V[+low]N sequences. As presented in Table 1,
nasal-different pairs (i.e., nasal condition) had slightly lower
average accuracy than vowel-different pairs (i.e., vowel condi-
tion). A Bayesian mixed-effects model was fitted in Stan using
the brms package [19] in R [20] to analyze the accuracy of re-
sponses. The fixed effects included dummy-coded Condition
(nasal, vowel, same, ref level: nasal), Helmert-coded Group
(ENG vs. mean of Can-M and Chi-M, Can-M vs. Chi-M ),
the interaction effect of Condition and Group, and the Order
of items in each pair (Order1 vs. Order2). The outcome vari-
able was dummy-coded Correct Responses (True = 1, False =
0). By-item and by-subject random intercepts were included, as
well as by-item random slopes for Group and by-subject ran-
dom slopes for Condition. A Bernoulli distribution was as-
sumed for the correct responses. Weakly informative priors
were used for all population-level parameters (centered at 0 and
had a 0.25 standard deviation). Hamiltonian Monte-Carlo sam-
pling was used to draw samples from the posterior distribution
(four chains, each with 2000 iterations and 1000 warm-up). We
report the mean of the posterior distribution, the 95% credible
interval (CrI), and the probability of direction (PD). A 95% CrI
that does not encompass 0 is considered as evidence for a mean-
ingful effect, and a PD that is greater than 95% provides strong
evidence of a non-null effect with a particular direction (positive
or negative) [21].

The model revealed weak evidence for a difference between
nasal and vowel conditions in their response accuracy (β = 0.71,
CrI = [-0.55, 1.96], PD = 87.78%). The model also provided
weak evidence for a difference between the English group and
the mean of the two Mandarin groups (β = 0.61, CrI = [-0.61,
1.88], PD = 84.12%), and weak evidence for a difference be-
tween the two Mandarin groups (β = 0.78, CrI = [-0.48, 2.08],
PD = 89.28%). These result indicate that the accuracy was high
in all groups and conditions.

3.2.2. Reaction times

Reaction times to the “different” pairs reflect how difficult to
hear the difference between the stimuli [22]. Figure 1 shows
RTs for correctly responded “different” pairs comparing nasal-
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Figure 1: Reaction times to correct “different” pairs in AX task
for different pair types (nasal vs. vowel) and listener groups.

different vs. vowel-different pairs across the three language
groups. A Bayesian mixed-effects model was fitted, with
weakly informative priors used for all parameters. Similar to the
model for accuracy, fixed effects included dummy-coded Con-
dition (nasal, vowel, ref level: nasal), Helmert-coded Group, the
interaction effect of Group and Condition, and Order. By-item
and by-subject random intercepts were included, as well as by-
item random slopes for Group and by-subject random slopes for
Condition.

The model provided strong evidence that the RTs were
longer for nasal pairs than vowel pairs (β = -221.54, CrI = [-
281.88, -151.42], PD = 100%). We also observed strong ev-
idence that the English group had shorter RTs than the mean
of the two Mandarin groups (β = -232.18, CrI = [-352.23, -
110.26], PD = 100%), yet little-to-no evidence for a difference
between the two Mandarin groups (β = -34.27, CrI = [-174.53,
115.84], PD = 72.92%). Nevertheless, we found strong evi-
dence for an interaction effect between Group (ENG vs. mean
of Chi-M and Can-M) and Condition (β = 79.62, CrI = [10.28,
147.97], PD = 98.85%), suggesting that the difference in RTs
between English and the mean of the two Mandarin groups was
greater for nasal pairs than vowel pairs (as seen in Figure 1).
There was weak evidence for an order effect (β = -8.41, CrI =
[-62.50, 45.07], PD = 62.38%).

Together, these results show that all listeners were able to
accurately discriminate V[+low]N sequences at a phonetic level.
However, the longer reaction times suggested a harder process-
ing task for L2 listeners.

4. Perceptual similarity rating task
In this task, participants heard two auditory items on each trial,
with an ISI of 500 msec. Participants rated how similar the two
items were on a scale of 1 to 5 (1 = “very different”, 5 = “very
similar”). There was no limit on the response time window,
and no feedback was given when the response was received.
The relatively longer ISI was designed to tap a higher level of
processing that accessed phonological representations.

4.1. Materials

The same set of V[+low]N sequences recorded for the AX task
were used in this task. The stimuli contained three types of
item pairs, namely, 9 critical pairs that differed only in either
the nasal (e.g., [An] vs. [AN]) or the vowel (e.g., [æm] vs. [Am]),
6 non-critical pairs that differed in both the nasal and the vowel
(e.g., [An] vs.[æm]), and 6 physically identical pairs. Items
in the critical and non-critical pairs were presented in both or-
ders. The stimuli of all the three pair types were presented three

Figure 2: Overall distribution of similarity ratings across the
three trial types by listener group. The dotted lines indicate the
average rating scores for each type per group.

times, resulting in 108 trials in total. The order of all the stimuli
was randomized, presented in one single block.

4.2. Analysis and results

Figure 2 shows the distribution of similarity ratings across the
three pair types, where all listener groups perceived the same
pairs as highly similar (average = 4.77), and the non-critical
pairs as relatively distinct (average = 1.60). To further analyze
rating data of the critical pairs (average = 2.65), a Bayesian
mixed-effects ordinal regression (i.e., cumulative link) model
was adopted. The model captures the cumulative likelihood
of responses that fall in a certain range of ordered response
categories. Compared to a linear regression model which as-
sumes the dependent variables are continuous, the ordinal re-
gression takes into account that the distributions across ordinal
categories are uneven, and it can generate predictions that fall
within the response scale [23, 24].

The model was fitted in Stan using the brms package [19]
in R [20], with weakly informative priors used for all parame-
ters. Similar to the models described in section 3.2, fixed ef-
fects included dummy-coded Condition (nasal, vowel, ref level:
nasal), Helmert-coded Group, the interaction effect of Group
and Condition, and Order. By-item and by-subject random in-
tercepts were included, as well as by-item random slopes for
Group and by-subject random slopes for Condition. The link
function parameter was set to “logit” to fit an ordered logistic
regression model, and the threshold was “flexible” by default
without adding any further constraints to the intercepts [23].

The model provided strong evidence that the listeners on
average perceived the vowel pairs with lower similarity com-
pared to the nasal pairs (β = -2.97, CrI = [-3.76, -2.11], PD =
100%). However, we only observed weak evidence of Group
effects for nasal pair perception. Specifically, there was no
big difference in the ratings between the English group and the
mean of the two Mandarin groups (β = 0.32, CrI = [-0.51, 1.33],
PD = 85.52%), nor between the two Mandarin groups (β = 0.28,
CrI = [-0.50, 0.98], PD = 76.65%).

For the interaction effects between Group and Condition,
we found strong evidence that the differences in similarity rat-
ings between the English group and the mean of the two Man-
darin groups were greater for vowel pairs compared to nasal
pairs (β = 1.50, CrI = [0.50, 2.54], PD = 99.83%). The inter-
action effect can be clearly seen from Figure 3 and Figure 4
(explained below). There was weak evidence that the differ-
ences in rating between Chi-M and Can-M vary for vowel pairs
compared to nasal pairs (β = -0.02, CrI= [-1.17,1.18], PD =
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Figure 3: Average rating distributions for nasal-different pairs
estimated by the model.

Figure 4: Average rating distributions for vowel-different pairs
estimated by the model.

51.85%).
Based on the posterior distribution generated from the

model, we plotted the estimated distributions of average rating
scores by the three groups for nasal pairs (Figure 3) and vowel
pairs (Figure 4). In Figure 3, despite some overlap, the average
ratings by English listeners were a bit higher than the Can-M
group, and both are higher than the Chi-M group. The differ-
ence among the three groups was not very large (all most likely
in the range of 3 - 3.5), as suggested by the weak evidence from
the model. In Figure 4, the average ratings by English listen-
ers were higher than the two Mandarin groups. The variabil-
ity of the mean distribution was smaller for the two Mandarin
groups than the English group, as the distribution of the English
group was more spread out. Compared to nasal pairs (Figure 3),
the ratings for vowel pairs were lower for all groups, especially
the two Mandarin groups (Figure 4). The rating differences be-
tween English and Mandarin listeners were greater in Figure 4
than Figure 3, consistent with the strong interaction effect in-
terpreted from the model. Together, these results show that al-
though there was no strong group effect on perceiving the nasal-
different V[+low]N sequences, both groups of Mandarin listeners
perceived vowel-different V[+low]N sequences as more distinct
than English listeners. For all groups, nasal-different V[+low]N
sequences were perceived as more similar than vowel-different
ones.

5. Discussion and conclusions
Through the examination of how English V[+low]N sequences are
perceived by L1 Mandarin listeners, the current study provides
insights into how perception is shaped by listeners’ L1 sound
system given the evidence from different processing levels. At
a phonetic level, despite high discrimination accuracy across lis-
tener groups, Mandarin listeners exhibited longer time process-
ing non-contrastive sequences in their L1 compared to English
listeners, especially in discriminating nasal-different V[+low]N

sequences. Speeded discrimination task with a shorter ISI is
often assumed to be less sensitive to language-specific factors,
as reported in studies such as [14] and [6]. However, the results
of the current study provide evidence that low-level processing
can be warped by the L1 sound system, aligning with the find-
ings of [4] and [5], among others.

With respect to the phonological level of processing, in-
terestingly, we found that Mandarin listeners overall perceived
the V[+low]N sequences that were non-contrastive in their L1
as less similar compared to English listeners. Based on
the assumptions in the SLM-r and the findings in [5] and
[6], we would expect that L2 listeners, especially those less-
experienced ones, would perceive higher similarity between
these English V[+low]N sequences. This is because they might
have not yet formed L2 categories for non-contrastive sound se-
quences like [An] and would likely associate them with an exist-
ing L1 category (e.g., [AN]). Given the current results, one expla-
nation might be that some L2 sound sequences were perceived
as comparatively novel to the Mandarin listeners and were not
able to be sufficiently associated or assimilated to any of the ex-
isting L1 category, which is described as the “uncategorized”
case by the L2 Perceptual Assimilation Model (PAM-L2) in
[1]. A preliminary analysis of the similarity ratings by indi-
vidual item pairs suggested that nasal-different pairs containing
the labial nasal [m] (e.g., [æm] vs. [æn] and [Am] vs. [An]) were
perceived as more distinct by L2 listeners, possibly due to the
fact that coda [m] is completely banned in Mandarin and thus
[Vm] is hard to assimilate to any L1 category. To further test the
L2 categories of V[+low]N with different nasal codas, a repetition
priming paradigm can be adopted to examine their phonological
representations at the lexical level.

Another possibility to explain the similarity rating results
here has to deal with the design of the task and the types of
knowledge that were successfully tapped. [4] pointed out that
the similarity task would invite listeners’ metalinguistic knowl-
edge for off-line judgements. In other studies like [25], a vowel
identification task was explicitly used to tap listeners’ metalin-
guistic knowledge. It is possible that L2 listeners in the current
design might perform the task as in a “test” mode and hence
their metalinguistic awareness was implicitly tapped [26]. L2
listeners might be more motivated to judge the different pairs
as more distinct than L1 listeners as a demonstration of their
L2 knowledge. Notably, vowel-different pairs were particularly
rated as more distinct by L2 listeners than L1 listeners, which
might be due to the fact that vowel cues are arguably more
perceivable than nasal cues, especially those in coda positions
[27, 28]. When English loanwords are adapted into Mandarin,
the place of coda nasal often changes to agree with the place of
the preceding back vowel, arguably because nasals are weaker
in phonetic salience than vowels [29].

The current study compares data from two different L2 de-
mographic populations, and examines the potential variations
in their perception caused by the differences in L2 experiences.
According to the SLM-r, L2 listeners are more likely to discern
the phonetic differences between L1 and L2 sound categories as
more L2 input is received. The LexTALE and BLP were jointly
used to assess L2 learners’ relevant experience in English, and
both data suggested clear group-level differences between L2
learners in China and L2 learners in Canada. While the results
from the two perceptual studies did not show robust differences
between the two demographic groups, individual correlations
between perceptual data and language experience measures will
be further explored in a follow-up study to see the potential im-
pact of L2 experience on perception.
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