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ABSTRACT

In deep orthographic languages, a separate phonetic transcription system, such as the Pinyin system in Mandarin Chinese,
plays a crucial auxiliary role in helping learners master the pronunciation of written words. While many studies have indicated
that learning Pinyin enhances Chinese reading, its relationship with listening comprehension in L2 Chinese remains under-
explored. The current study investigated whether Pinyin transcription skills predict short- and long-term listening comprehension
performance of L2 Chinese learners at different proficiency levels. A total of 120 non-native Chinese speakers were tested
twice (with an interval of one semester, 5 months) on sound-to-Pinyin transcription, character-to-Pinyin transcription, character
production, and listening comprehension skills. The results suggest that Pinyin transcription skills had positive effects on listening
comprehension. Specifically, sound-to-Pinyin transcription skills showed direct and immediate effects on listening comprehension
for both elementary and intermediate learners. Character-to-Pinyin transcription skills directly predicted listening comprehension
for elementary learners but with some delay. It also predicted listening comprehension mediated by the character production skill,
which occurred without any lag for elementary learners but with a lag for intermediate learners. Our study demonstrated that the
benefits of learning Pinyin for listening comprehension vary among L2 Chinese learners at different levels. Some of these effects
may not be immediately observable but become apparent after a period of accumulation.
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1 | Introduction

Chinese is widely recognized for the challenges posed by its
writing system learning, not only due to the complexity of its
orthographic forms but, more importantly, because the Chinese
writing system does not directly encode phonological infor-
mation, making its sound-orthography mappings particularly
difficult to master (see McBride 2016, for a review). Given these
challenges, from the late 19th century onward, a number of
missionaries began experimenting with transcribing Chinese
pronunciation using Roman letters (de Francis 1943). In the
mid-1950s, building on previous efforts, Mainland China devel-
oped the Pinyin system, a phonetic transcription system of
Mandarin Chinese using Roman letters to assist with learning
and notating Chinese pronunciation (Scheme of the Chinese
Phonetic Alphabet 1958). Since its implementation, Pinyin has
become an indispensable tool for both native Chinese children
and foreign learners of Chinese. However, there has been a
lack of systematic research on the cognitive functions of this
Chinese phonetic transcription system. That is, beyond its role
in transcoding sounds and characters, the use of Pinyin may
also have a profound impact on the processes of language pro-
duction and comprehension. Learning Pinyin has been broadly
shown to have a significant positive correlation with Chinese
speaking and reading, not only for native Chinese children
(Lin et al. 2010; Yin et al. 2011) but also for L2 Chinese
learners (Lii 2017; Packard 1990; Xiao et al. 2020). The effect
of Pinyin learning on L2 Chinese listening comprehension,
however, has not been systematically explored. Therefore, the
present longitudinal study aims to investigate the role of phonetic
transcription skills (i.e., Pinyin transcription skills) in Chinese L2
acquisition, particularly its impact on listening comprehension
skills. We examined two Pinyin transcription skills, sound-
to-Pinyin transcription (transcribing sounds into Pinyin) and
character-to-Pinyin transcription (transcribing characters into
Pinyin) and looked at how these two skills predicted L2 Chinese
listening comprehension performance both concurrently and
longitudinally. Additionally, we explored whether their effects
were mediated by character production skills and whether L2
proficiency modulated these effects. Our study not only aims
to offer insights into Chinese-specific Pinyin teaching and L2
Chinese acquisition but also to shed more light on the important
role of general phonetic transcription and phonological repre-
sentation concretization in language development, the mecha-
nisms of interaction between multimodal language forms (i.e.,

visual and auditory forms) in general language processing, and
cross-modal abilities in a broader second language acquisition
context.

1.1 | Chinese Phonetic Transcription System:
Pinyin

The Chinese writing system (Chinese characters) is well-
known for its use of ideograms, where the writing symbols
are morphosyllabic-based and are more closely related to the
meanings rather than the phonemes. For example, the Chinese
character [, meaning mouth, pronounced as [kloy214], does not
represent a combination of [kh] and [og], but rather the shape
of the mouth. Since such an ideographic writing system leads
to difficulties in character reading for Chinese learners, Chinese
Pinyin, as an alphabetic phonemic-based phonetic transcription
system, was invented in 1958 in Mainland China to facilitate
the learning of Chinese character pronunciation. Taking again
the characterl as an example, its Pinyin spelling is /kou/, in
which /k/, /ou/, and /v/ correspond to [k}], [0y], and its lexical
tone, respectively. Thus, the Pinyin system essentially has two
functions: (a) provide a visual transcription system that can be
mapped onto the Chinese phonological system more transpar-
ently than the original characters, and (b) act as a mediator
linking Chinese orthographic forms to their phonological forms.
Correspondingly, for individuals learning Chinese as a second
language (L2) or foreign language (FL), the Pinyin system can aid
in memorizing the pronunciation of spoken Chinese and learning
how to read the written words.

1.2 | Pinyin Transcription Skills

The skill of Pinyin transcription is the skill of transcribing other
forms of the Chinese language into the form of its visual phonetic
representations (i.e., Pinyin) according to Pinyin’s orthographic
rules. It includes two aspects (Xiao et al. 2020): One is the sound-
to-Pinyin transcription skill, that is, the skill to transcribe Chinese
spoken words into Pinyin, and the other is the character-to-
Pinyin transcription skill, that is, the skill to transcribe Chinese
written words (i.e., in Chinese characters) into Pinyin. These two
aspects reflect learners’ abilities in sound-to-Pinyin mapping and
character-to-Pinyin mapping, respectively. Compared to Pinyin
reading skills (also called Pinyin letter knowledge), which reflect
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Pinyin-to-sound mapping, and character writing skills, which
reflect Pinyin-to-character mapping, these two Pinyin transcrip-
tion skills are better suited as a measure for Pinyin proficiency
as producing specific Pinyin letters reflects more fine-grained
and accurate Pinyin knowledge (Xiao et al. 2020). In addition,
Pinyin reading and character writing largely involve the mastery
of motion control in articulation and writing movements, which
do not directly reflect Pinyin knowledge itself.

1.3 | L2Listening Comprehension

Some listening comprehension models are widely used in the
field of second language acquisition. Field (2008a) has proposed
a two-process model of listening comprehension: decoding and
meaning-building. Decoding is the lower-level rapid recogni-
tion process of language units, while meaning-building is the
higher-level process that establishes the literal meaning and
beyond-literal meaning within a sociocultural context (Cheng
et al. 2023). Similarly, Anderson’s (1995, 2009) three-phase model
divides listening comprehension into three phases, (a) perceptual
processing: recognizing and segmenting language units from the
speech stream, (b) parsing: constructing meaning of segmented
language units, and (c) utilization: using world knowledge
and context information in long-term memory to interpret the
intended meaning. Anderson’s model has also been regarded as
corresponding to the three stages (acoustic-phonetic processor,
parser, and conceptualizer) in Levelt’s (1995) speech production
model (Dornyei and Kormos 1998).

L2 listeners who are less proficient than native listeners tend
to experience significant difficulty with the decoding/perceptual
processing phase (Field 2008b; Goh 2002). This is primarily
because the spoken language is fast and contains many unclear
pronunciations, leading to worse recognition, memorization, and
segmentation of phonological information on the part of L2 listen-
ers (Hasan 2000; Goh 2000). Additionally, since the links between
phonological representations and concepts in L2 listener’s mental
lexicon are weaker than those of L1 listeners (Gollan and Acenas
2004; Gollan et al. 2008), it is also harder for them to access the
meaning of spoken input in the meaning-building phase.

1.4 | Pinyin Transcription Skills and L2 Chinese
Listening Comprehension

The lexical quality hypothesis (Perfetti and Hart 2002) provides
a theoretical framework for understanding the potential mech-
anisms through which Pinyin skills affect language processing.
This hypothesis emphasizes that the lexical-level knowledge
in comprehension tasks is composed of interconnected ortho-
graphic, phonological, and semantic components. All three
components must be of high quality to contribute to more
coherent and reliable word identification, which in turn benefits
the automatization of word processing and, ultimately, fluid
comprehension (Perfetti et al. 2005; Perfetti and Hart 2002;
Perfetti 2007, 2017). Moreover, lexical quality “allows learning”;
that is, “new information about spelling, pronunciation, or
meaning to an impoverished presentation” can be added to
improve its quality (Perfetti 2017, 59). In the case of Chinese,
as Chinese orthography does not directly represent sounds,

learners may struggle to memorize its phonological knowledge,
which can result in impoverished and lower-quality phonological
representations of Chinese words. Therefore, Pinyin can be relied
on as a visual-physical aid of phonological encoding and as
added “new information about pronunciation” to substantiate
and strengthen the lexical phonological component and the
relationships between the phonological component and the
orthographic and semantic components. This, in turn, enhances
the interrelated trinity of the overall lexical quality and promotes
more efficient and fluent language comprehension. Correspond-
ingly, numerous empirical studies have demonstrated that Pinyin
skills are positively correlated to L1/L2 Chinese phonological
perception (Liu and Xu 2023), reading comprehension (e.g., Ma
et al. 2020), writing (e.g., Zhang and Roberts 2021), and oral
production (e.g., Packard 1990; Xu et al. 2023). Moreover, evi-
dence from several cross-sectional and longitudinal studies has
revealed that these Pinyin skills can predict students’ L2 Chinese
performance even 1-5 years later (Lin et al. 2010; Pan et al. 2011),
suggesting that Pinyin learning might have a long-term effect. It
has even been found that some benefits of Pinyin on L2 Chinese
proficiency can only be long-term and not immediately apparent
(Liu et al. 2020).

However, to the best of our knowledge, far fewer studies have
focused on the relationship between Pinyin transcription skills
and L2 Chinese listening comprehension. Theoretically, based
on the lexical quality hypothesis and listening comprehension
models, Pinyin transcription skills possibly affect L2 Chinese lis-
tening comprehension through two different pathways. One is by
influencing the phonological encoding (or perceptual processing)
phase, and the other by influencing the meaning-building (or
parsing and utilization) phase.

In terms of their effects on the phonological encoding phase of
listening comprehension, based on the lexical quality hypothe-
sis, sound-to-Pinyin and character-to-Pinyin transcription skills
visually reinforce the formation and memory of L2 Chinese
phonological representations. Therefore, these skills may help
learners develop higher-quality phonological components in the
mental lexicon, thereby benefiting phonological encoding in
listening comprehension. Furthermore, according to the percep-
tual assimilation model (PAM; Best and Tyler 2007), different
L2 phonemes can in some cases be auditorily perceptually
assimilated into a single phonetic category in the L1, making it
difficult for learners to develop distinct phonological representa-
tions between these sounds. In this context, the sound-to-Pinyin
transcription skill reflects the fine-grained ability to map the
auditory phonemes to different written letters, emphasizing the
distinctiveness of auditory phonemes in visual perception. It may
therefore strengthen more refined and L1-category-independent
phonological representations and thereby the abilities of phono-
logical discrimination, categorization, and segmentation (Huang
and Hanley 1997; Cheung et al. 2001), which are essential to the
phonological encoding in listening comprehension (Vandergrift
2007; Li et al. 2012).

Although Pinyin transcription skills are more closely related to
the phonological component in the mental lexicon, they may
also influence the meaning-building phase of listening com-
prehension through the mediation of the character production
skill (i.e., transcribing spoken Chinese into written characters, or
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character dictation). As Chinese orthography carries less phono-
logical information but is rich in semantic information, Chinese
lexical quality has a stronger correlation between its orthographic
component and its semantic component as compared to alpha-
betic languages (Perfetti, 2017). It has also been reported that
proficient Chinese learners tend to rely more heavily on the direct
connection between orthography and semantics (Lin and Zhang
2025; Zhou et al. 2018). Such a stronger orthography-semantics
connection in Chinese not only strengthens its semantic activa-
tion through orthography but also aids higher lexical-semantic
quality in listening comprehension by enhancing semantic pre-
cision and “minimizing confusion” (Perfetti and Hart 2002,
190), as the stricter mappings (i.e., more toward one-to-one
mappings) between characters and meanings in Chinese help
resolve ambiguities arising from the looser mappings (i.e., more
toward one-to-many mappings) between sounds and meanings
in Chinese. Thus, by mapping the sounds to orthographies, good
character production skills may be able to promote the activation
of orthographic information during listening processing, which
thereby leads to more efficient and accurate semantic activation
and benefits meaning-building during listening comprehension.
Given that Pinyin is the bridge connecting sounds and charac-
ters, Pinyin skills may play an important role in the abilities
of sound-to-character mapping/character production (Shen and
Bear 2000; Zhang et al. 2020). Therefore, taken together, it
is possible that Pinyin transcription skills favor character pro-
duction and, in turn, promote meaning-building in listening
comprehension.

Few studies have provided empirical evidence for the above
theoretical pathways of Pinyin transcription skills’ effects on L2
Chinese listening comprehension. Xiao et al. (2020) investigated
Pinyin transcription skills’ influence on L2 Chinese reading,
suggesting that successful performance of sound-to-Pinyin tran-
scription indicates successful categorization and retainment of
fine-grained Chinese phonological representations, which facili-
tates listening comprehension and then reading comprehension.
However, they did not find the effects of character-to-Pinyin
and character production skills, which might only partially
support our theoretical pathways, namely, the sound-to-Pinyin
transcription skill’s impact on the phonological encoding phase,
but not other pathways. On the other hand, Zhang and Roberts
(2021) have revealed that the Pinyin-invented spelling (i.e.,
spelling the Pinyin of pseudo-words) is a strong predictor of
character production. Their findings imply the possibility of the
mediation of character production in the pathway of sound-to-
Pinyin transcription’s effect on the meaning-building phase of
listening comprehension. More recently, Yuan and Xu (2024)
specifically focused on studying the relationship between Pinyin
and listening comprehension. They found the sound-to-Pinyin
transcription skill had a direct impact on listening comprehen-
sion, which occurred at elementary and intermediate levels,
whereas the character-to-Pinyin transcription skill impacted lis-
tening comprehension in a character-production-mediated way,
which only occurred at the intermediate level. No significant
effects of Pinyin were found at the advanced level, possibly
because advanced learners are rarely exposed to Pinyin at this
stage in their language learning. These existing studies provide
mixed empirical support for the role of Pinyin in listening com-
prehension, and they mostly validated only part of the potential

pathways and did not systematically explore the full picture.
Additionally, these studies considered only the immediate effects
of Pinyin without addressing its long-term effects during the
learners’ L2 learning process.

2 | The Current Study

The current study aims to systematically discuss the relationship
between Pinyin transcription skills and L2 Chinese listening
comprehension. More importantly, given that the beneficial
effects of Pinyin skills have been found to be long-lasting or
delayed in Chinese reading (Lin et al. 2010) and oral performance
(Liu et al. 2020), we also aim to investigate whether Pinyin
transcription skills have longitudinal effects on L2 Chinese
listening comprehension, which has never been investigated
before.

Furthermore, it is noteworthy that people usually learn L2
Chinese relying on Pinyin more than Chinese characters at
the beginning stage (Xu and Liu 2016), which may lead to
different concurrent and longitudinal impacts of Pinyin skills
on listening comprehension according to the different levels of
L2 Chinese proficiency. First, beginners’ knowledge of Chinese
characters is still not solid, so their character production skills
may not be sufficient to help access precise meanings during
listening comprehension. Second, some studies have argued
that Chinese characters’ orthographic information can be more
rapidly and strongly activated during spoken word processing
in native speakers and highly experienced L2 learners than in
beginners (Chen et al. 2019; Qu and Damian 2017). Hence,
character production skills are probably more difficult to imme-
diately strengthen online activation of orthographies and in turn
help meaning-building processes in listening comprehension for
learners with less learning experience. Third, sounds may also
be less activated in character-to-Pinyin transcription if one does
not have enough experience with character learning, resulting in
the effect of character-to-Pinyin transcription skills on improving
phonological encoding in listening comprehension being seen
probably only in more experienced learners.

In summary, our research questions in the current study are (1)
whether and how the two Pinyin transcription skills (sound-to-
Pinyin and character-to-Pinyin) concurrently and longitudinally
predict the performance of L2 Chinese listening comprehension
and (2) to what extent these effects differ depending on L2
Chinese proficiency. Based on the previous theoretical and empir-
ical investigations, we expect that both two Pinyin transcription
skills would concurrently and longitudinally predict L2 Chinese
listening comprehension, but the pathways would be different for
different proficiency levels. Specifically, for the sound-to-Pinyin
transcription skill, we expect that it would predict listening com-
prehension performance only directly (i.e., affecting phonological
encoding phase) for less proficient learners, but both directly and
indirectly mediated by character production (i.e., affecting both
phonological encoding and meaning-building phases) for more
proficient learners. As for the character-to-Pinyin transcription
skill, it would predict listening comprehension performance both
directly and as mediated by character production, but these would
only appear in the more proficient group.
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3 | Methods
3.1 | Participants

159 non-native Chinese speakers studying at Beijing Normal
University were recruited for this study to test at two different
times (T1 and T2); 39 of them were excluded because they
did not complete all tasks at two times. The remaining 120
participants were divided into two groups: (1) the elementary
group (i.e., the less proficient group), consisting of 60 participants
who studied in the L2 Chinese elementary class (21 males, 39
females; M,, = 21.58, SD,q. = 3.13, range = 17-37; number of
months of Chinese study: M = 19.57, SD = 14.59, range = 1-
72; native-language background: 30 from sinographic culture, 30
from non-sinographic culture) and (2) the intermediate group
(i.e., the more proficient group), consisting of 60 participants
who studied in the L2 Chinese intermediate class (16 males, 44
females; M, = 21.92, SD,,. = 3.06, range = 18-37; number of
months of Chinese study: M = 43.71, SD = 35.69, range = 6-
192; native-language background: 30 from sinographic culture, 30
from non-sinographic culture). The elementary and intermediate
classes were divided based on students’ L2 Chinese entrance exam
scores (a custom-designed exam by Beijing Normal University),
Chinese learning duration, and their HSK (Chinese Proficiency
Test) levels (if they have one). Therefore, this division can
effectively reflect the different Chinese proficiency levels of the
participants.

3.2 | Measurements
3.21 | The Sound-to-Pinyin Transcription Skill

To measure participants’ sound-to-Pinyin transcription skills
both at T1 and T2, participants were asked to listen to the pre-
recorded spoken materials (16 words and 4 sentences) twice and
write down the corresponding Pinyin. 91 syllables were tested,
involving 24 consonants (C), 33 vowels (V), and 5 tones, and
including 6 types of syllable structures in Chinese (22 CV, 18 CVC,
20 CVV, 10 CVVC, 8 CVVYV, and 12 syllables with no consonants).
Taking into account the range of vocabulary that students had
learned in their Chinese courses and the variety of word syllable
structures, 27, 17, 34, 7, 5, and 1 words were selected from HSK
Level 1 through Level 6, respectively. For each correct onset,
rhyme, or tone, 1 point was given; otherwise, no point was given.
The maximum score was 273. The reliabilities of this task in both
T1 (e = 0.97) and T2 (a = 0.97) were strong.

3.2.2 | The Character-to-Pinyin Transcription Skill

To measure participants’ character-to-Pinyin transcription skills
both at T1 and T2, participants were asked to write down the
corresponding Pinyin of 24 printed written words/phases. 54
syllables were tested, involving 22 consonants, 18 vowels, and 5
tones, and including 5 types of syllable structures in Chinese (20
CV,13 CVC, 11 CVV, 4 CVVC, and 4 syllables with no consonant).
10, 5, 8, 9, 14, and 8 words were selected from HSK Level 1 through
Level 6, respectively. To detect more fine-grained character-to-
Pinyin skills, homonyms (e.g., liti and ¥, both pronounced as

/nd0/), polyphones (e.g., & can be pronounced either as /chang/
or /zhdng/), and characters with similar sounds (e.g., i&/qing/
and 1%/qing/) and orthographies (e.g., A/ru/ and A\ /rén/) were
all included. For each correct onset, rhyme, or tone, 1 point was
given; otherwise, no point was given. The maximum score was
162. The reliabilities of this task in both T1 (o« = 0.97) and T2 (o =
0.98) were strong.

3.2.3 | The Character Production Skill

To measure participants’ character production skills both at T1
and T2, participants were asked to listen to the pre-recorded
spoken materials (12 words and 4 sentences) twice and write
down the corresponding characters. 50 characters were tested,
including homonyms and characters with similar sounds and
orthographies. 24, 9, 11, 3, and 3 words were selected from HSK
Level 1 through Level 5, respectively. For each correct character,
1 point was given; otherwise, no point was given. The maximum
score was 50. The reliabilities of this task in both T1 (o = 0.88) and
T2 (a = 0.88) were very good.

3.24 | Listening Comprehension

Listening comprehension performance was assessed by a task
where participants were required to listen to some auditory
materials (5 sentences and 1 short paragraph) and then answer
10 questions (multiple choice questions or true/false questions)
according to the meaning of what they heard (adapted from Xiao
et al. 2020). The auditory materials and the stems of multiple-
choice questions were pre-recorded (played twice); thus, only
the true/false questions and the answer options of multiple-
choice questions were printed in Chinese characters on the
test paper. The Pinyin of each answer option was also printed
along with the corresponding characters (in case participants
could not understand the characters). The listening materials and
questions were different for elementary and intermediate groups
to match their own levels and also different at T1 and T2 to
avoid the repetition effect. The maximum score for each listening
comprehension task was 10 (1 point for each correct answer). As
there were only 10 questions in our listening comprehension task,
the reliabilities of this task in T1 (o = 0.48) and T2 (& = 0.50) were
not very strong but acceptable.

3.3 | Procedure

The elementary group and intermediate group were tested
separately, for each of which participants were tested together
in a quiet classroom. All recordings needed in the tasks were
recorded by native Chinese speakers. The interval was 10-15 s
between words and 15-20 s between sentences. The four tasks
were tested twice. The first time (T1) was at the beginning of one
academic semester and the second time (T2) was at the end of this
semester (5 months after). Since students’ L2 Chinese learning
was typically organized on a semester basis and Pinyin skill, as a
basic transcoding skill, is acquired quickly (typically 1-2 weeks of
systematic teaching; Xiao et al. 2020), one semester was a suitable
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interval to measure their learning progress. Each time of the
test lasted 35-50 min, and participants were rewarded after each
test.

3.4 | Data Analysis

Path models and cross-lagged panel models were constructed
in Mplus 8.10 (Muthén and Muthén, 1998-2023) to investi-
gate how Pinyin transcription skills affect L2 Chinese listening
comprehension concurrently and longitudinally, respectively.
Two Pinyin transcription skills were put in separate models to
avoid multicollinearity due to their relatively high correlations
(see Results). Each path model was built with three variables
(i.e., sound-to-Pinyin/character-to-Pinyin transcription, listening
comprehension, and character production) at each test time,
with the direct “Pinyin transcription — listening comprehension”
and mediated “Pinyin transcription — character production
— listening comprehension” pathways tested. In cross-lagged
models, based on a previous Pinyin-related cross-lagged modeling
study (Zhang et al. 2020), we added sound-to-Pinyin/character-
to-Pinyin transcription, listening comprehension, and character
production at both T1 and T2 into the models and tested the
direct “Pinyin transcription —T2 listening comprehension” and
mediated “Pinyin transcription — T1 character production — T2
listening comprehension” pathways while taking into account
all possible reciprocal and autoregressive pathways from T1
to T2, as well as all possible pathways that the predictors at
one time, through the mediation of the concurrent character
production, could affect variables at another time. We only
tested the mediation of character production concurrent with the
predictors, rather than the non-concurrent one or both, because
this approach was the only way to achieve a good model fit.
In addition, to avoid biases and ensure the accuracy of the
results, age, native-language background, and Chinese learning
duration were included in both path models and cross-lagged
models as control variables because of their theoretical influences
on L2 Chinese proficiency and their correlations with some
other variables in our study (see Results). Since gender was not
significantly correlated with any other variables in our study (ps
> 0.05), we did not add it to the models.

The robust maximum likelihood (MLR) estimator was used,
which allows adjusted standard errors and chi-square statistics
(with Huber-White Sandwich estimator) and is robust to the
non-normal distributed observations (Little and Rubin 2019).
Following Hu and Bentler (1999) and Hair et al. (2010), the
comparative fit index (CFI), the Tucker-Lewis index (TLI), the
root-mean-square error of approximation (RMSEA), and the
standardized root-mean-square residual (SRMR) were the indices
to evaluate the fit of our models. CFI and TLI above 0.95,
RMSEA below 0.06, and SRMR below 0.08 are considered a
good fit. The two-tailed significance level was set at 0.05 for
all tests of direct effects. To test the significance of mediated
effects, 95% biased-corrected bootstrapped confidence intervals
were recommended (Preacher and Hayes 2008; Shrout and Bolger
2002) and thus were estimated in our study with 1000 iterations
using the maximum likelihood (ML) estimator. A 0-excluded
95% confidence interval (CI) indexes a significant mediated
effect.

4 | Results
4.1 | Descriptive Statistics and Correlations

Table 1 shows the mean, standard deviation, minimum value,
maximum value, skewness, and kurtosis for each task in the
elementary and intermediate groups. Tables 2 and 3 show the cor-
relations of all variables for these two groups separately. Pearson r
was reported as the correlation coefficient except for the variables
largely violating normal distribution (i.e., age, Chinese learning
duration, and T2 listening comprehension in the intermediate
group; Spearman’s p was used for them) and the categorical
variables (i.e., gender and native-language background; Kendall’s
T was used for them).

From Tables 2 and 3, the scores of almost all tasks were signifi-
cantly (ps < 0.05) or marginally significantly (ps < 0.1) correlated
with each other. The exceptions were the correlations between
T1listening comprehension and T2 character-to-Pinyin transcrip-
tion and T2 character production in the elementary group, as
well as the correlations between T2 listening comprehension and
T1 and T2 character-to-Pinyin transcription in the intermediate
group.

4.2 | Path Models

Eight path models were established first for two Pinyin transcrip-
tion tasks, elementary and intermediate groups, and at T1 and
T2 separately, to examine the concurrent impacts of two Pinyin
transcription skills on listening comprehension and whether
character production played a role between them.

Figure 1a,b shows the path models of sound-to-Pinyin transcrip-
tion skill’s predicting effect on listening comprehension for the
elementary and intermediate groups at T1 and T2, which had
excellent fits. For the elementary group, at T1, MLRy2 (12) =
27.19, p = 0.007, CFI = 1.00, TLI = 1.00, RMSEA = 0.00, SRMR
= 0.00; at T2, MLRy2 (12) = 45.55, p < 0.001, CFI = 1.00, TLI =
1.00, RMSEA = 0.00, SRMR = 0.00. We can see that the sound-
to-Pinyin transcription score significantly and directly predicted
listening comprehension at T1 (8 = 0.24, p = 0.02). At T2, there
was a marginally significant direct pathway from sound-to-Pinyin
transcription to listening comprehension (8 = 0.22, p = 0.051)
and a significant pathway from sound-to-Pinyin transcription to
character production (8 = 0.39, p = 0.004) and from character
production to listening comprehension (8 = 0.28, p = 0.04).
However, the results of bootstrapping showed that this character-
production-mediated pathway was not significant (8 = 0.11, 95%CI
[0.00, 0.03]). For the intermediate group, at T1, MLRy2 (12) =
53.44, p < 0.001, CFI = 1.00, TLI = 1.00, RMSEA = 0.00, SRMR
= 0.00; at T2, MLRy2 (12) = 29.48, p = 0.003, CFI = 1.00, TLI =
1.00, RMSEA = 0.00, SRMR = 0.00. The results only found sound-
to-Pinyin transcription’s prediction on listening comprehension
directly (8 = 0.31, p = 0.01) at T1. No other significant pathways
toward listening comprehension were found.

Figure 1c,d shows the path models of character-to-Pinyin tran-
scription skill’s predicting effect on listening comprehension for
the elementary and intermediate groups at T1 and T2, which also
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TABLE 1 | Descriptive statistics of all tasks (accuracy percentage).

Group Time Task Mean SD Min Max Skew Kurt
Elementary Tl Sound-to-Pinyin transcription 0.78 0.10 0.54 0.99 -0.2 —0.38
Character-to-Pinyin transcription 0.62 0.13 0.33 0.88 —0.27 -0.91
Character production 0.69 0.14 0.36 0.96 —0.45 —0.04
Listening comprehension 0.67 0.17 0.30 1.00 —0.08 —0.49
T2 Sound-to-Pinyin transcription 0.81 0.09 0.58 0.99 —0.38 —0.28
Character-to-Pinyin transcription 0.72 0.13 0.42 0.91 —0.67 —0.65
Character production 0.78 0.14 0.32 1.00 —-0.98 1.25
Listening comprehension 0.75 0.22 0.20 1.00 —0.62 —0.54
Intermediate T1 Sound-to-Pinyin transcription 0.89 0.08 0.69 1.00 -0.71 -0.5
Character-to-Pinyin transcription 0.82 0.10 0.56 0.99 -0.3 —0.53
Character production 0.86 0.09 0.60 1.00 -0.73 0.09
Listening comprehension 0.85 0.13 0.50 1.00 -0.59 —0.47
T2 Sound-to-Pinyin transcription 0.91 0.07 0.72 1.00 -0.71 -0.1
Character-to-Pinyin transcription 0.86 0.08 0.63 0.99 -0.6 0.16
Character production 0.91 0.07 0.72 1.00 —-0.89 0.13
Listening comprehension 0.93 0.13 0.40 1.00 —-1.86 3.24
TABLE 2 | Correlation coefficients between all variables in the elementary group.
1 2 3 4 5 6 7 8 9 10 1
1Age —
2 Gender -0.06 —
3 Native-language background 0.09 -0.04 —
4 Chinese learning duration 0.01 0.05 0.34** —
5 T1 sound-to-Pinyin transcription 0.004 -011 -0.04 0.06 —
6 T1 character-to-Pinyin transcription —-0.05 0.13 —0.37*** 0.11  0.32* —
7 T1 character production 0.08 021" -012 005 025" 0.64"* —
8 T1 listening comprehension 013 -015 -0.03 011 0.33* 0.26% 0.35**
9 T2 sound-to-Pinyin transcription —-0.16 —0.004 —0.08 —0.06 0.64*** 0.50*** 0.44*** (.31* —
10 T2 character-to-Pinyin transcription 0.01  0.05 —0.36"** —0.001 0.26* 0.79*** 0.66™** 0.20 .45%**
11 T2 character production -0.12 0.09 -0.17 0.08  0.29% 0.57**% 0.74*** 017 0.43*%* Q.71 —
12 T2 listening comprehension 0.02 016 —0.20"7 0.05 0.26% 0.46™* 0.45** 027% 0.34* 0.48"* 0.37**

fp < 0.1, *p < 0.05, **p < 0.01, ***p < 0.001.

had excellent fits. For the elementary group, at T1, MLRy2 (12) =
68.25, p < 0.001, CFI = 1.00, TLI = 1.00, RMSEA = 0.00, SRMR
= 0.00; at T2, MLRy2 (12) = 100.14, p < 0.001, CFI = 1.00, TLI
= 1.00, RMSEA = 0.00, SRMR = 0.00. The model reflected that
character-to-Pinyin transcription significantly predicted listening
comprehension via character production at T1 (from character-to-
Pinyin transcription to character production: § = 0.72, p < 0.001;
from character production to listening comprehension: 8 = 0.33,
p = 0.03), whereas predicted listening comprehension directly at
T2 (8= 0.35, p=0.049). The bootstrapping test demonstrated that
the mediation of character production at T1 was significant (
= 0.24, 95% CI [0.001, 0.05]). For the intermediate group, at TI,
MLRy2 (12) = 67.53, p < 0.001, CFI = 1.00, TLI = 1.00, RMSEA =

0.00, SRMR = 0.00; at T2, MLRy2 (12) = 29.32, p = 0.004, CFI =
1.00, TLI =1.00, RMSEA = 0.00, SRMR = 0.00, but no significant
pathways toward listening comprehension were found.

4.3 | Cross-lagged Models

Four cross-lagged models were next established to see how the
two Pinyin transcription skills predict listening comprehension
longitudinally and whether character production still mediates
their effects. Figure 2a shows the cross-lagged model of the sound-
to-Pinyin transcription skill in the elementary group. The model
fit was excellent, MLRy2 (33) = 165.75, p < 0.001, CFI = 1.00,
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TABLE 3 | Correlation coefficients between all variables in the intermediate group.

1 2 3 4 5 6 7 8 9 10 11
1Age —
2 Gender -0.22"  —
3 Native-language background 0.29* -0.08 —
4 Chinese learning duration 0.24"  0.04 0.08 —
5 T1 sound-to-Pinyin transcription —-0.10 0.19" 0.004 0.09 —
6 T1 character-to-Pinyin transcription -0.21 0.04 -0.14 -0.11 0.50*** —
7 T1 character production -013 0.05 -0.07 —0.03 0.50*** 0.63*** —
8 T1 listening comprehension —-0.33* 0.06 —0.34** 0.05 0.39** 0.31* 0.35**
9 T2 sound-to-Pinyin transcription —-0.16 014 0.01 0.06 0.72% 0.50*** 0.57*** 0.45*** —
10 T2 character-to-Pinyin transcription ~ —0.237 —0.02 —0.25* —0.15 0.40** 0.76™** 0.58*** (0.20% 0.52%***
11 T2 character production —0.14 018 -0217 0.07 037" 0.42°* 0.65*** 0.32% 0.36™* 0.47%%*
12 T2 listening comprehension —010 0.06 -010 001 0.30* 009 025" 023" 023 013 0227

fp < 0.1, *p < 0.05, **p < 0.01, ***p < 0.001.

TLI =1.00, RMSEA = 0.00, SRMR = 0.01. However, T1 sound-to-
Pinyin transcription did not predict T2 listening comprehension
in any way. Figure 2b shows the cross-lagged model of the
sound-to-Pinyin transcription skill in the intermediate group. The
model fit was excellent, MLRy2 (33) = 145.70, p < 0.001, CFI
= 1.00, TLI = 1.27, RMSEA = 0.00, SRMR = 0.003, where T2
listening comprehension was not found to be predictable by T1
sound-to-Pinyin transcription either. Figure 2c shows the cross-
lagged model of the character-to-Pinyin transcription skill in the
elementary group. The model fit was excellent; MLRy2 (33) =
247.84, p < 0.001, CFI =1.00, TLI = 1.00, RMSEA = 0.02, SRMR
= 0.01. The delayed direct prediction of T1 character-to-Pinyin
transcription on T2 listening comprehension was significant (3
=0.24, p = 0.047). Although the path from T1 character-to-Pinyin
transcription to T1 character production was significant (5 = 0.67,
p < 0.001) and the path from T1 character production to T2
listening comprehension was marginally significant (8 = 0.24,
p = 0.08), no mediation effect was confirmed by bootstrapping
tests (8 = 0.16, 95% CI [—0.01, 0.04]). Figure 2d shows the cross-
lagged model of the character-to-Pinyin transcription skill in the
intermediate group. The model fit was also excellent, MLRy2 (33)
=146.08, p < 0.001, CFI =1.00, TLI =1.26, RMSEA = 0.00, SRMR
= 0.004. In this model, the pathways from T1 character-to-Pinyin
transcription to T1 character production (8 = 0.59, p < 0.001) and
from T1 character production to T2 listening comprehension (3 =
0.41, p = 0.03) were significant, in which the mediating effect of
T1 character production was also manifested to be significant by
the bootstrapping test (8 = 0.24, 95% CI [0.002, 0.05]).

5 | Discussion

The current study investigated whether Pinyin transcription
skills are predictors of L2 Chinese listening comprehension
concurrently and longitudinally and whether their predictions
differ according to L2 Chinese proficiency. Our results revealed
that both Pinyin transcription skills were able to predict listening

comprehension performance in general, supporting the lexical
quality hypothesis (Perfetti and Hart 2002), in which Pinyin, as
a reinforcement of the phonological component of the mental
lexicon, benefits the interrelated trinity of lexical quality and the
improvement of language comprehension.

5.1 | Two Pinyin Transcription Skills

The core cognitive function of Pinyin learning is to facilitate the
processing of Pinyin transcription (Xu et al. 2023). This current
study measured two aspects of Pinyin transcription skills of L2
Chinese learners, sound-to-Pinyin transcription and character-
to-Pinyin transcription, which correspond to the abilities to
transcode spoken and written forms of language into visual
phonetic symbols, respectively. Overall, our study confirmed
the positive effects of Pinyin, as the visual enhancement of
phonological information, on auditory information processing.
These effects, combined with previously found effects of Pinyin
on auditory phonological perception (Liu and Xu 2023), visual
reading (Xiao et al. 2020), and oral production (Xu et al
2023), highlight the role of phonetic transcription skills in the
cross-modal interaction and integration mechanisms of language
processing and emphasize its significance as an intrinsic factor
in language development. Moreover, our results showed that
two Pinyin transcription skills had different patterns of effects
on L2 Chinese comprehension, which was consistent with the
findings in previous research (Yuan and Xu 2024; Xiao et al.
2020). This suggests that two Pinyin transcription skills reflect
different auditory/visual information decoding processes and
possibly different activation of relevant language representations
(Ziegler and Muneaux 2007), which also supports the rationality
of dividing Pinyin transcription skills into these two sub-skills in
our study. At the same time, the significant correlations between
two Pinyin transcription skills indicated that both of them involve
the encoding of visual phonetic representations and reflect the
ability of Pinyin transcription.
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FIGURE 1 |

5.2 | The Sound-to-Pinyin Transcription Skill and
Listening Comprehension

The sound-to-Pinyin transcription skill reflects the skill of map-
ping auditory pronunciations to the alphabetic Pinyin system.
We hypothesized that this skill would predict L2 Chinese lis-
tening comprehension directly (i.e., aid phonological encoding
in listening) and as mediated by the character production skill
(i.e., aid meaning-building in listening). However, considering
that elementary learners may be not familiar with the character
system, we hypothesized this mediated effect would only exist in
our intermediate group.

Path models of the effects of Pinyin transcription skills on listening comprehension.

Partially in line with our hypothesis, in the path models, the
direct predicting effects were found in both elementary and
intermediate groups, but no indirect mediated effects were found
in any of them. These direct effects confirm the positive impacts of
Pinyin on phonological encoding in listening processing, which
is in line with Yuan and Xu’s (2024) and Xiao et al.’s (2020)
findings. Indeed, the acoustic differences between phonemes
are sometimes difficult for L2 learners to discern. However,
if we transcode the phonemes into alphabets that they are
more familiar with, the differences in the letter’s shape will be
more recognizable for such learners and may remind them of
the corresponding phonological categories. Furthermore, some
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FIGURE 2 | Cross-lagged models of the effects of Pinyin transcription skills on listening comprehension.

psychological evidence also suggests that auditory information is
more difficult to reserve, review, and retain in long-term memory
than visual information (Cohen et al. 2009; Lindner et al. 2009).
Thus, “writing the sound down” can be an effective strategy for
remembering the individual sounds and their differences, which
is useful to the phonological encoding phase during listening
comprehension.

The nonexistence of indirect mediated effects suggested that
the sound-to-Pinyin transcription skill may not influence the
meaning-building of listening comprehension via the mediation
of character production skills. From the concurrent path models,

we can see that sound-to-Pinyin transcription significantly
predicted character production for the elementary group at T2
and for the intermediate group at both T1 and T2, suggesting
that sound-to-Pinyin transcription can consistently enhance
character production after learners have accumulated a period
of learning experience. However, the relationships between
character production and listening comprehension were neither
strong nor stable. This is probably due to the difficulty of making
good use of character skills in listening comprehension. This
may also be due to the similarity between the sound-to-Pinyin
transcription task and the character production task, both of
which are auditory processing and character production may
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also involve the sound-to-Pinyin process. Thus, the effects
from these two predictors may be hard to distinguish clearly,
and some effects from character production may be diluted by
sound-to-Pinyin transcription. As a result, no reliable and robust
character-production-mediated paths were readily visible here.

Considering both path models and cross-lagged models, it is
worth mentioning that the direct effects of sound-to-Pinyin tran-
scription all appeared immediately. No longitudinal predictions
were found. Such straightforward effects may be because the
phonological processing in listening comprehension is foun-
dational, so better phonological abilities resulting from better
sound-to-Pinyin transcription skills could be immediately used
to improve listening. Note that these concurrent effects were
significantly or marginally significantly detected in almost all
tests except for the intermediate group at T2. This may be due to
the non-normal distribution of their T2 listening comprehension
scores (although we already used the analysis methods robust
to non-normal data). Upon inspecting the data, we also found
many participants scored full marks, once again indicating its
skewness and lack of sufficient differentiation. We would expect
that the effect could be found if the listening comprehension
task had higher reliability and a more reasonable distribution of
scores.

Comparing two proficiency levels, the results did not differ
greatly; that is, sound-to-Pinyin transcription skill predicted
listening comprehension directly and immediately for both ele-
mentary and intermediate learners at T1 or/and T2. This pattern
of results reveals that the facilitation of sound-to-Pinyin transcrip-
tion skills to the phonological processing in listening comprehen-
sion exists across different stages of L2 Chinese learning.

5.3 | The Character-to-Pinyin Transcription Skill
and Listening Comprehension

The character-to-Pinyin transcription skill involves more char-
acter knowledge. Thus, we hypothesized that such a skill may
only have an impact in the intermediate group, both directly on
phonological processing and as mediated by character production
on meaning-building processing of listening comprehension. The
results, however, were not exactly the same as what we expected.

First, the direct effects of character-to-Pinyin transcription skills
on listening comprehension were shown in the elementary
group, which was delayed at T1 but was immediate at T2. No
direct effects were found in the intermediate group. There are
two possible explanations. One is that since elementary learners
were not familiar with character reading, to help them better
spell Pinyin, they may tend to explicitly activate the phonological
representations when they read characters in the character-to-
Pinyin transcription task. Such activation provides learners with
more “training” on practicing phonological knowledge, which
can be useful for processing phonological information during
listening comprehension. However, due to their unfamiliarity
with Chinese characters at the beginning of their Chinese study
(i.e., T1), they could not activate phonological representation
efficiently at T1, and as a result, the effect of character-to-Pinyin
transcription skills had a period of delay. This is probably also

why no direct effects of character-to-Pinyin transcription skills
for elementary learners were found in Yuan and Xu’s (2024)
study, where only immediate effects were tested. On the contrary,
intermediate learners had a richer experience and more training
in character recognition and Chinese reading comprehension.
Given that advanced Chinese reading comprehension requires
the ability to quickly map characters’ orthography to their
meanings, the phonological activation may be weakened when
they see the characters, and thus the connection between
their character-to-Pinyin transcription skills and phonological
processing in listening comprehension may not be strong
either. This explanation could be supported by the results
of some studies showing that more experienced L2 Chinese
learners’ phonological activation during their Chinese reading
processing is weaker than that of beginners (Chen and Shu 2001;
Zhou et al. 2018).

The other possible explanation is that such direct effects of
character-to-Pinyin transcription skills may not be actually
relevant to the phonological encoding involved in listening
comprehension. Given that one Chinese character may have
different pronunciations according to its different meanings,
knowing characters’ meanings helps to determine their
pronunciations. Thus, the difference in character-to-Pinyin
transcription scores might be related to participants’ different
levels of knowledge about what these characters mean, which
could actually reflect their vocabulary knowledge levels. As
some previous studies have claimed that vocabulary knowledge
significantly predicts or is related to L2 listening comprehension
performance (Matthews 2018; Xiao et al. 2020), it is likely that
vocabulary knowledge plays a role between character-to-Pinyin
transcription skills and listening comprehension in our study.
Considering that vocabulary usually grows more rapidly at
the beginning stage of L2 learning and it might take time
from acquiring vocabulary knowledge to applying vocabulary
knowledge to listening comprehension, this effect could be more
obvious in the elementary group but have a period of delay. We
did not take vocabulary knowledge into account in our current
study, so we cannot decide which explanation is more plausible.
Future research may add vocabulary knowledge as a mediating
variable into the models to better understand the effect of the
character-to-Pinyin transcription skill.

We now focus on the mediating pathways from character-to-
Pinyin transcription skills to listening comprehension, which
were observed immediately in the elementary group at T1
and with a delay in the intermediate group. The existence of
these character-production-mediated effects supports our above
hypothesis that Pinyin transcription skills enhance character
production and, in turn, help learners to better access precise
meanings during listening comprehension. However, it is nec-
essary to explain why the mediation effect appeared both at
the beginning stage of L2 Chinese learning and at the later
stage with a lag. As we proposed theoretically, we believe that
taking better advantage of the benefits of character production
skills in listening comprehension is an advanced skill that
requires relatively high proficiency in Chinese characters and
rapid activation of character representation in the fleeting sound
stream. Therefore, learners need to accumulate sufficient char-
acter knowledge, but even so, it will still take some time before
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such knowledge can be truly applied in the listening processing
and contribute to listening comprehension. That is possibly why
we saw the lagged effect from the more proficient intermediate
group. The reason that such an effect can be immediately shown
at T1 in the elementary group is probably their sensibility to
characters at the beginning of character learning. Addition-
ally, as the learning curve of character learning is relatively
steep, it is also possible that the learners with high character
production scores at the beginning stage were generally those
who were diligent in studying, so their listening comprehension
scores were correspondingly higher. To have a more convincing
conclusion, this mediation effect is worthy of investigation in
the future to see whether the pattern of our results can be
replicated.

6 | Implications and limitations

From the theoretical perspective, our findings support the lexical
quality hypothesis, providing the evidence that Pinyin tran-
scription skills enhanced L2 Chinese comprehension both in
the short and the long term through enhancing the quality of
phonological representation and the quality of the interactions
between phonological, orthographic, and semantic representa-
tions. We also shed more light on the mechanism underlying
L2 development, highlighting the broader significance of the
phonetic transcription, that is, the concretization and visual sym-
bolization of phonological representations in L2 development.
While previous research has primarily focused on the facilitative
role of phonetic transcription in visual reading processes, our
study extended this understanding by demonstrating its impact
on phonological encoding and meaning-building in auditory
listening comprehension. This also underscores the interaction
between different modalities of language abilities. From the
practical perspective, our results indicate the necessity of learning
and teaching Pinyin or phonetic spelling in educational practice
in L2 Chinese or other languages. In practice, some people may
claim that Pinyin learning is only necessary at the beginning
of L2 Chinese teaching and should be reduced at the higher
levels. However, our results underline the importance of Pinyin
learning for even intermediate learners from the perspective of
its positive impact on listening comprehension performance. Our
results also showed that the benefits of Pinyin learning may
not be immediately apparent, requiring sustained practice and
cumulative effort over time. Therefore, teachers should not be
eager for quick results. Laying a solid foundation for students in
Pinyin knowledge will help improve their language ability in the
long run.

The current study has several limitations. First, to prevent an
excessively lengthy testing session, the listening comprehension
test used in the study contained a relatively limited number of
items, which may have affected its reliability. In addition, while
we identified a predictive role of Pinyin transcription skills on
listening comprehension, the deeper mechanisms underlying this
relationship are worth further clarifying. For instance, it remains
unclear whether Pinyin’s influence on listening comprehension
works through its impact on more fundamental metalinguistic
skills in listening comprehension, such as phonological aware-
ness and vocabulary knowledge. Further research could explore
this aspect to provide a more comprehensive understanding.

7 | Conclusion

The current study investigated whether two Chinese Pinyin tran-
scription skills have concurrent or longitudinal predictions on
L2 Chinese listening comprehension performance and whether
their effects vary based on learners’ Chinese proficiency levels.
Our findings showed direct and concurrent predictive effects
of the sound-to-Pinyin transcription skill on the phonological-
encoding stage of listening comprehension for both elementary
and intermediate learners. We also found the predictive effects of
the character-to-Pinyin transcription skill, which directly acted
on listening comprehension (the phonological-encoding stage)
with some delay at the begining stage for elementary learners,
while indirectly acting on listening comprehension (the meaning-
building stage) with the mediation of character production skills
without delay for elementary learners at the beginning stage, but
with a delay for intermediate learners. Our study highlighted the
benefits of learning phonetic transcription systems for L2 devel-
opment. Some of these benefits are immediate, while others may
lay the foundation for long-term improvement in L2 proficiency.
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