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Abstract
Previous studies have yielded mixed findings regarding the effect of familiar and novel L2
graphemes on learners’ phonological encoding. The current study investigated this topic by
comparing the effect of Pinyin and Chinese characters on English speakers’ Mandarin
word learning. Different from previous research, this study examined both segmental
and tonal encoding and compared participants from different Mandarin proficiency levels.
Seventeen Advanced learners, 29 Intermediate learners, and 21 Naïve English speakers par-
ticipated in a word-learning experiment in which half of the participants were exposed to
the Pinyin spelling of the target words while the other half to characters. After the learning
phase, they did a meaning – auditory stimulus matching task. Half of the stimuli were
complete matches, while in the other half the stimulus mismatched the target either in
segments or tones. The results revealed that at the Advanced level, the Character group
was more accurate than the Pinyin group in rejecting tonal mismatches to the target words,
while the opposite tendency was observed at the Naïve level. This study suggests that novel
graphemes facilitate advanced L2 learners’ tonal encoding more than familiar graphemes,
which is probably due to the unique nature of Chinese characters.

Keywords: L2 orthography; Mandarin word learning; different L2 proficiency levels; segmental and tonal
encoding

One of the most crucial tasks in second-language (L2) acquisition is to build a lexi-
con, which requires forming an association between sound and meaning. The ortho-
graphic form of an L2 word, although not always required, can also be linked to the
lexicon especially after schooling. Learning the orthography of an L2 is not only
essential for reading and writing, but has also been found to affect learners’ encoding
of L2 phonological forms (e.g., Hayes-Harb et al., 2010). However, whether L2
orthographic input plays a facilitatory or negative role in phonological acquisition
is still under debate. Some studies suggest that the availability of L2 orthographic
forms aids learners’ encoding of L2 sounds (Erdener & Burnham, 2005;
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Escudero et al., 2008). For example, Escudero et al. (2008) found that Dutch speak-
ers who were provided with written representation in addition to auditory input of
English nonwords containing the vowels /ε/ and /æ/ during training learned to dis-
tinguish these two vowels to some degree (even though Dutch does not have the
/ε/-/æ/ contrast), while those who received auditory input only could not discrimi-
nate this vowel contrast. In another study, Erdener and Burnham (2005) showed
that Turkish and Australian English speakers made fewer errors in repeating
Spanish and Irish nonwords when the spelled forms were available to them.
These studies demonstrate a positive effect of L2 orthography in L2 phonological
acquisition.

In contrast, other studies provide evidence for a negative effect of L2 ortho-
graphic input on L2 phonological encoding, especially when the L2 and L1 use
the same alphabet but employ different grapheme-to-phoneme correspondences,
or GPCs (Bassetti, 2006, 2007; Hayes-Harb et al., 2010; Young-Scholten, 2002;
Young-Scholten & Langer, 2015). In one study, Hayes-Harb et al. (2010) found that
when English speakers were presented with the spelled form of a new word that did
not conform to their L1 GPCs, they were more likely to memorize the new word
using their L1 correspondence and thus make errors. For instance, when the target
word [fɑʃə] was spelled as <faza>, the English speakers were more likely to mem-
orize it incorrectly as [fɑzə]. Similarly, Bassetti (2006, 2007) observed that English
speakers tended to use their L1 GPCs to interpret Pinyin (Romanized transcription
of Mandarin Chinese used in China). Hence, they often failed to pronounce or per-
ceive a vowel that was not represented in Pinyin, even when it was present in the
audio stimulus. In sum, these studies suggest that L2 orthographic representation
may negatively interfere with phonological encoding of L2 sounds due to mis-
matches between L1 and L2 GPCs.

In view of the negative L1 interference when L2 uses the same alphabet but
adopts different GPCs, a few studies have investigated the effect of L2 orthography
that utilizes novel graphemes, defined as graphemes that are nonexistent in the
learners’ L1. Among them, Showalter and Hayes-Harb (2013) examined the effect
of Mandarin tonal diacritics (e.g., < ā, á, ǎ, à > for Tone 1: high level, Tone 2: high
rising, Tone 3: low dipping, and Tone 4: high falling, respectively) on English speak-
ers’ encoding of Mandarin tonal categories. They found that those who saw
Mandarin tonal diacritics during the word-learning phase discriminated
Mandarin tonal contrasts more accurately in the subsequent perception test than
those who did not see the diacritics. This finding demonstrated that novel graphe-
mes helped English speakers establish new phonological categories for novel L2
phonemes (i.e., Mandarin tones). In another study, Hayes-Harb and Cheng
(2016) compared the relative benefit of familiar and novel L2 graphemes on native
English speakers’ phonological encoding of Mandarin nonwords. Specifically, dur-
ing the word-learning phase, one group of English speakers were presented with
Pinyin (familiar graphemes) and the other group with Zhuyin (phonetic transcrip-
tion of Mandarin Chinese used in Taiwan utilizing graphemes nonexistent in
English). The results showed that the Zhuyin group needed more time than the
Pinyin group to memorize the correspondences between auditory stimuli and writ-
ten forms, most likely because they had to learn new graphemes in addition to the
GPC rules. In the subsequent test on the matchedness of meaning and sound of
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Mandarin nonwords, the Zhuyin group achieved higher accuracy than the Pinyin
group in rejecting segmental mismatches between the target words and audio stim-
uli, particularly when the mismatches conformed to the English GPCs. This study
suggests that novel L2 graphemes are more beneficial than familiar graphemes in
helping learners encode accurate phonological forms of L2 words, because they
are less likely to activate L1 GPCs and thus avoid negative L1 interference.
However, in another study that similarly compared the effect of Pinyin and
Zhuyin input on native English speakers’ ability to distinguish English and
Mandarin consonants, Pytlyk (2011) did not find an advantage of Zhuyin input over
Pinyin. The Zhuyin group, Pinyin group, and a third group with no orthographic
input did not differ statistically in their improvement from pretest to posttest. If
anything, the Pinyin group descriptively made a larger improvement than the other
two groups. Pytlyk hypothesized that the Zhuyin group did not show the expected
advantage probably because of their heavier cognitive load of having to learn new
graphemes and new GPCs simultaneously. In addition to Pytlyk (2011), several
other studies have also shown little difference in the learning outcome when expos-
ing learners to familiar or novel L2 graphemes during the learning phase (e.g.,
Mathieu, 2016; Showalter, 2018; Showalter & Hayes-Harb, 2015; Simon et al.,
2010). These studies posit that factors other than L2 grapheme familiarity may
contribute to the effect of L2 orthography on phonological encoding, including
transparency of the learners’ L1 orthography, difficulty of the L2 phonological con-
trasts, complexity and foreignness of the novel L2 graphemes, among other factors.

One factor that has been less well studied is whether the effect of L2 orthography
on L2 phonological encoding differs for learners at different L2 proficiency levels.
Showalter (2020) investigated this question by comparing the phono-lexical acqui-
sition of Russian nonwords by English speakers with no Russian experience (naïve
group) and learners of Russian from elementary and advanced-level Russian classes
(beginner and experienced groups, respectively). All participants learned Russian
nonwords whose initial phoneme was represented by three types of Cyrillic graphe-
mes: ones that do not exist in English (novel graphemes), exist in English and com-
ply with the English GPCs (familiar congruent), and exist in English but have
different GPCs (familiar incongruent). Showalter (2020) found that the naïve
English speakers and both learner groups performed at ceiling in matching audio
stimulus with its pictured meaning when the target words contained novel graphe-
mes or familiar congruent graphemes. A significant between-group difference was
found only when the target words contained familiar incongruent graphemes, with
the experienced learners performing significantly more accurately than the naïve
group. This study suggests that grapheme familiarity per se does not affect L2
phono-lexical acquisition, regardless of learners’ L2 proficiency level. However,
L2 graphemes that exist in the learners’ L1 but with different GPCs have a detri-
mental effect for participants naïve to the L2 but not for experienced learners. In
another study that compared learners with different amounts of L2 experience,
Hayes-Harb and Hacking (2015) investigated whether written stress marks, which
are novel graphemes for native English speakers, facilitated their phonological
encoding of Russian stress contrasts. They found that for both experienced and
inexperienced learners of Russian, whether the stress marks were available did
not change their performance: the inexperienced learners performed at chance,
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while the experienced learners were significantly more accurate than the inexperi-
enced learners. These two studies suggest that there is little difference in the influ-
ence of novel L2 graphemes on experienced and inexperienced learners’
phonological encoding.

Similar to Showalter (2020), the current study compared the effect of familiar and
novel graphemes on the phonological encoding of Mandarin words by native
English speakers with different amounts of L2 experience. However, our study cru-
cially differs from Showalter (2020) and most previous studies in the following
aspects. First, the novel L2 graphemes that we examined are Chinese characters,
which are not considered a type of sound-based orthography. Thus, the findings
should provide a unique insight into the existing literature, which has primarily
focused on sound-based orthographies. Second, the majority of previous orthogra-
phy studies targeted at consonantal or vowel contrasts, with a few investigating pro-
sodic contrasts (Hayes-Harb & Hacking, 2015; Showalter & Hayes-Harb, 2013). The
present study examined both segmental and tonal encoding, which should provide a
more comprehensive picture of the influence of orthography on different types of
sound contrasts. Finally, all the target stimuli in this study were real words in
Mandarin Chinese. Hence, the findings should be more comparable and applicable
to natural L2 word acquisition.

English orthography, Chinese characters, and Pinyin

English and Chinese orthographies differ extensively in the association between the
written form, sound, and meaning, which affects how native speakers encode pho-
nological information of a word in memory. Classified as a phonological orthogra-
phy, the English writing system uses Roman alphabet to represent phonemes.
However, there are many irregularities in the GPCs, especially for vowels. As a
result, English is typically considered an opaque orthography (Van den Bosch
et al., 1994). The graphemes do not provide any semantic information, which
has to be obtained by converting graphemes into phonemes and then assembled
into words. Therefore, English speakers have often been found to rely more heavily
on phonological than orthographic information in word learning, identification,
and reading (Chikamatsu, 1996; Hayes-Harb et al., 2010; Turnage &
McGinnies, 1973).

Different from English, the Chinese writing system is generally regarded as a
meaning-based rather than sound-based orthography. Its graphemes, Chinese char-
acters, often contain a semantic component (radical) that cues the meaning. For
example, most characters whose meanings have something to do with water contain
the water radical “氵”, and most characters whose meanings have something to do
with metal contain the gold radical “金”. In addition to semantic information, more
than 74% of the most commonly used Chinese characters also contain a phonetic
component that may serve as a pronunciation cue (Chen, 1999; DeFrancis, 1984).
For instance, the pronunciations of the characters 箱 <xiāng> “box”, 厢

<xiāng> “wing-room,” and 湘 <xiāng> “short form for Hunan Province” are
the same as their phonetic component “相”. However, characters differ from
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graphemes in a phonological orthography in two crucial ways. First, characters cannot
be decomposed into different phonemes such as consonants, vowel, and tones.
Instead, each character corresponds to a whole syllable. Second, the number of char-
acters far exceeds the number of possible syllables in Mandarin, and thus there are
often many-to-one relations between characters and syllables. For example, 力 <lì>
“power”, 利 <lì> “profit”, and 粒<lì> “measure word for small round objects”,
which do not share any phonetic component, are pronounced identically.
Probably due to the abundance of homophones, native Chinese speakers have been
found to rely more on visual (written forms) than audio information in word recog-
nition (Leck, Weekes & Chen, 1995; Turnage & McGinnies, 1973), even when they
recognize words in another language that uses a phonological orthography (Haynes &
Carr, 1990; Koda, 1990; Wang & Koda, 2005; Wang, Koda & Perfetti, 2003).
Furthermore, the literacy rate among Chinese speakers is relatively low compared
to speakers of alphabetic languages due to the common dissociations between
Chinese characters and pronunciation (Chen, 1996; Coulmas, 1983; DeFrancis, 1984).

Pinyin is the official Romanized transcription of Mandarin Chinese used in
China. It was developed by Chinese linguists in the 1950s and has been used ever
since. Pinyin utilizes the Roman alphabet to represent segments (consonants and
vowels) of each syllable, and there is generally a one-to-one correspondence between
graphemes and phonemes. Pinyin and English share some GPCs. However, since
some Mandarin phonemes do not exist in English and vice versa, discrepancies also
exist (cf. Bassetti, 2006, 2007). For example, the letter <x> stands for [ɕ] in Pinyin
but typically stands for [ks] in English; the letter <z> stands for [ts] in Pinyin but
for [z] in English. Another difference between Pinyin and English orthography is
that the four lexical tones in Mandarin are marked by diacritics above the main
vowel in Pinyin, namely <wēi> for Tone 1: high-level tone; <wéi> for Tone 2:
rising tone; <wěi> for Tone 3: low-dipping tone; <wèi> for Tone 4: falling tone.
In China, Pinyin is commonly used to type Chinese characters with a Western key-
board, aid Chinese children in learning the pronunciation of characters, and anno-
tate sounds in dictionaries. However, it does not replace Chinese characters in
written communications. As for L2 instruction, Pinyin is widely used in
Mandarin instruction for English-speaking beginning learners due to its shared gra-
phemes with English orthography as well as its regular GPCs. However, as L2 learn-
ers gain experience in Mandarin and receive more training in reading and writing,
the use of characters in language instruction usually becomes more dominant.

Research questions and hypotheses
The research questions that this study addresses are (1) Do English speakers benefit
more from Chinese character or Pinyin input in their phonological encoding of new
Mandarin words? (2) Does the relative benefit of these two types of orthographic
input differ for English speakers at different Mandarin proficiency levels? and (3) Is
there a differential effect on segmental and tonal encoding between these two types
of orthographic input?

It is hypothesized that Pinyin should facilitate L2 phonological encoding more
than characters for English speakers with little or no knowledge of Mandarin. This is
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because English speakers do not need to learn new graphemes given the similarity of
Pinyin to the Roman alphabet used in English orthography, and thus they can focus
on phonological encoding of Mandarin words. As for more advanced learners, they
may find Chinese characters more helpful than Pinyin for their new word learning,
since they have become accustomed to using characters in their language study.
Furthermore, the semantic information carried by characters may also facilitate
their word learning. With regard to segmental and tonal encoding, previous studies
have suggested that Pinyin often negatively interferes with English speakers’ pho-
nological encoding because of discrepancies in the GPCs between Pinyin and
English (Bassetti, 2006, 2007; Hayes-Harb & Cheng, 2016). On the other hand,
the tonal diacritics in Pinyin have been found to facilitate English speakers’ learning
of Mandarin tonal categories (Showalter & Hayes-Harb, 2013). However, we have
no basis to predict the effect of Chinese characters on Mandarin segmental and
tonal encoding, because segments and tones are not marked in characters and there
is not yet any literature on this topic. The findings of this study shall shed some light
on this question.

Methods
Participants

Three groups of native English speakers differing in their Mandarin proficiency levels
participated in this study. The Naïve group was composed of 21 university students
who had no knowledge of Mandarin (2 M and19 F; mean age= 21.24, SD= 0.68).
The Intermediate (Inter) group consisted of 29 L2 learners of Mandarin recruited
from second- and third-year Chinese classes (13 M and 16 F; mean age= 19.62,
SD= 1.27). The Advanced (Adv) group consisted of 17 learners recruited from
fourth-year Chinese classes (11 M and 6 F; mean age= 20.56, SD= 1.34). The par-
ticipants at each level were randomly assigned to the Pinyin input (PY) group and
Character input (CH) group. Specifically, the first participant from each level who
signed up for the experiment was assigned to the PY group, the second participant
assigned to the CH group, the third assigned to the PY group, the fourth assigned to
the CH group, and so on. Due to a few cases of no-shows, the numbers of participants
in the PY and CH groups were close but not identical (Naïve: 11 vs. 10; Inter: 16 vs. 13;
Adv: 9 vs. 8 in the PY and CH groups, respectively). Their average length of Mandarin
studying in years and study-abroad duration in months are summarized in Table 1.

To check whether the PY and CH groups at each proficiency level had comparable
Mandarin learning experience, independent t tests were conducted to compare their
length of Mandarin studying and study-abroad duration. The results are reported in
Table 1. One may notice that the CH group at the Adv level had studied Mandarin
and studied abroad for a longer period of time than the PY group. However, none of
the difference between the PY and CH groups was significant (ps> .05). Independent
t tests were also conducted to compare the Mandarin experience between the Inter
and Adv learners. Regarding the length of studying, no significant difference was
found between the Inter and Adv learners (t(44) = .71, p = .48). As for the
study-abroad duration, the Adv learners had spent a significantly longer period of
time in Chinese-speaking countries than the Inter learners (t(44)= 3.68,
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p = .001). This indicates the two learner groups differed mainly in the amount of
immersion experience they had received but not in the years of formal education.
In fact, the PY group at the Inter level had slightly longer average length of
Mandarin studying than the PY group at the Adv level. This could be because the
Inter learners were recruited from both second- and third-year Chinese classes
and thus exhibited larger variation in their Mandarin experience.

Target words

Sixteen disyllabic Mandarin words were selected from the vocabulary list of the
highest Hanyu Shuiping Kaoshi (HSK) levels, level 5 and 6. The HSK is a standard-
ized Mandarin proficiency test most commonly used in China, administered by its
Ministry of Education. The vocabulary list of level 5 and 6 includes low-frequency
words that may be known only by very advanced L2 learners. Another selection
criterion was that the individual characters used to form these target words are
vocabulary words in the textbooks of Elementary Chinese classes (Integrated
Chinese Level 1 part 1 & 2, 3rd edition, Liu et al., 2009). The purpose of these selec-
tion criteria was to ensure that the meanings of the target words were unknown to
the participants, yet the characters were known to the two learner groups. Hence,
the L2 learners in the CH group should be able to focus on learning the phonological
form and lexical meaning of the target words rather than having to learn new gra-
phemes at the same time.

After selecting the target words, one segmentally mismatched variant and one
tonally mismatched variant were created for each target word. Table 2 lists two tar-
get words along with their segmental and tonal mismatches as an example. Half of
the variations were made in the first syllable, while the other half in the second syl-
lable. The segmental mismatches included both consonantal and vowel divergence.
The divergence was created by replacing the target segment with a phonetically sim-
ilar sound. For example, the vowel in the second syllable of the Mandarin word

Table 1. The average length (M), standard deviation (SD), and range of Mandarin studying (in years) and
study-abroad duration (in months) of the Inter and Adv learners

Level
Input
group

Length of
studying (years)

Comparison of
PY and CH

Study-abroad
duration (months)

Comparison of
PY and CH

Intermediate PY M= 3.94
SD= 1.82
Range= 1–7

t(27) = .19
p = .86

M= 1.38
SD= 2.82
Range= 0–12

t(27) = .57
p = .57

CH M= 4.08
SD= 2.10
Range= 1–8

M= 0.89
SD= 1.06
Range= 0–3

Advanced PY M= 3.72
SD= 1.40
Range= 2–7

t(15)= 1.53
p = .15

M= 4.11
SD= 3.37
Range= 1–12

t(15) = .62
p = .55

CH M= 5.25
SD= 2.38
Range= 3–10

M= 5.44
SD= 4.91
Range= 1–16
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“theory” [ɕyεT2 ʂuoT1] was replaced by [oʊ]; the consonant in the second syllable
of the Mandarin word “day dream” [kʰoŋT1 ɕiɑŋT3] was replaced by [ʂ]. The tonal
mismatches focused on the contrast between Tone 1 (high level) and Tone 4 (high
falling) and that between Tone 2 (rising) and Tone 3 (dipping), because previous
studies have shown that these two pairs are more confusable than others for
English speakers who have no knowledge of Mandarin (So & Best, 2010, 2014)
as well as for L2 learners of Mandarin (Hao, 2012; Kiriloff, 1969; Shen, 1989;
Wang et al., 1999). For instance, the tonal mismatch for the Mandarin word “the-
ory” [ɕyεT2 ʂuoT1] was created by replacing Tone 1 in the second syllable with
Tone 4, as in [ɕyεT2 ʂuoT4]. The full list of target words and their phonological
mismatches is provided in the Appendix.

One female native Mandarin speaker from northern China produced the 16 tar-
get words, 16 segmental mismatches, and 16 tonal mismatches. These recordings
were used as the stimuli of this experiment.

Procedure

The experiment consisted of a target word assessment, word-learning phase, a cri-
terion test, and a perception test. A naming test was also administered, but the result
will not be reported here. All the tasks except for the target word assessment were
programmed and administered by the software E-Prime 2.0 Professional. Each par-
ticipant completed the experiment individually in a sound-attenuated room.

Target word assessment
The participants listened to the recording of the 16 target words and tried to write
down their English meaning. If they did not know the meaning, they were instructed
to write down “x”. This task was self-paced and they could listen to each word as
many times as they needed. The purpose of this task was to confirm that all the
targets were unknown to the participants.

Table 2. The English meaning, Characters (CH), Pinyin (PY), and IPA of two target words and their
segmental and tonal mismatches. The mismatches are in bold

Target words Segmental mismatch Tonal mismatch

English “theory”

CH 学说

PY xuéshuō xuéshōu xuéshuò

IPA [ɕyεT2 ʂuoT1] [ɕyεT2 ʂoʊT1] [ɕyεT2 ʂuoT4]

English “day dream”

CH 空想

PY kōngxiǎng kōngshǎng kōngxiáng

IPA [kʰoŋT1 ɕiɑŋT3] [kʰoŋT1 ʂɑŋT3] [kʰoŋT1 ɕiɑŋT2]
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Word-learning phase
The participants listened to the audio recording of each target word through head-
phones (Sennheiser PC350) and saw its English translation on the computer screen.
For each target word, the PY group saw its Pinyin with tonal diacritics below the
English translation, while the CH group saw its Chinese characters. They were
instructed to repeat each audio stimulus and memorize the association between
the sound and meaning (English translation). They were told that the orthographic
input below the English translation was to assist their learning, and they would not
be tested on the orthographic forms after the learning phase. Each target word
appeared four times in a random order. The learning phase was self-paced and
no feedback was given.

Criterion test
The purpose of the criterion test was to ensure that the participants had memorized the
association between the sound and meaning of the target words before starting the per-
ception test. In each trial, the participants heard an audio stimulus and saw an English
meaning on the computer screen. They had to judge whether the sound matched the
meaning. No Pinyin or character input was provided. Each of the 16 target words
appeared twice on the screen, once paired with an audio stimulus that matched its
meaning and the other time with an audio stimulus of a different target word (which
had different segmental and tonal composition), resulting in 32 trials. The participants
had to achieve an accuracy of 90% or higher to advance to the perception test. If the
participants failed to meet the requirement, they had to repeat the learning phase and
criterion test until they reached the threshold.

Perception test
In the perception test, the participants were presented with 128 pairs of audio stim-
uli and English meanings and had to judge whether they matched or not. The par-
ticipants were told that the procedure for this test was the same as that for the
criterion test, but the mismatch between the audio stimulus and English meaning
was more subtle than that in the criterion test. In the mismatched trials, the audio
stimulus differed from the target word only by one segment or by one tone, rather
than corresponded to a different word. In this test, 64 pairs were complete matches
(16 target words × 4 repetitions), 32 pairs were segmental mismatches (16 segmen-
tal mismatches × 2 repetitions), and 32 pairs were tonal mismatches (16 tonal mis-
matches × 2 repetitions). They were presented in a random order.

Analysis
To check whether the PY and CH groups differed in the time needed to pass the
criterion test, independent t tests were conducted within each proficiency level to
compare the number of times the participants had to go through the learning phase.
Aside from the time needed for learning, individual participants’ accuracy rates in
the perception test were converted to d-prime (MacMillan & Creelman, 2004) in
order to assess their sensitivity to phonological mismatches, which is a measure
of their phonological encoding accuracy. To further compare their ability to encode
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segmental and tonal contrasts, accuracy rates for segmental and tonal mismatches
were separately computed and converted to d-prime as well. The target words cor-
rectly identified by each participant in the target word assessment were removed
from his/her data, so that all the target words analyzed were unknown to the learn-
ers prior to the experiment. This ensured that the learners’ accuracy in the percep-
tion test reflected their learning outcome from the learning phase rather than their
prior knowledge of the target words.

Results
The number of times the participants needed to go through the learning phase to
pass the criterion test are summarized in Table 3. It can be seen that the Naïve par-
ticipants in both PY (Pinyin) and CH (Character) groups generally had to go
through the learning phase three times to reach 90% accuracy in matching the
sound and meaning of the target words. The Inter (Intermediate) and Adv
(Advanced) learners, on the other hand, needed to go through a little over once
on average. Independent t tests revealed that the difference between the PY and
CH groups was not statistically significant at any level (Naïve: t(19)= 0, p= 1;
Inter: t(27) = .41, p = .69; Adv: t(15) = .08, p = .94). In other words, the PY
and CH group did not significantly differ in the number of learning cycles they
needed in order to move on to the next phase.

The accuracy rates of the PY groups at the three proficiency levels in the percep-
tion test are plotted in Figure 1, while those of the CH groups are plotted in Figure 2.
The accuracy rates of the Naïve group are represented by white bars, those of the
Inter group by light gray bars, and those of the Adv group by dark gray bars. From
left to right are the accuracy rates in the matched, segmental-mismatched, and
tonal-mismatched trials.

As can be seen from Figures 1 and 2, one clear similarity between the PY and CH
groups was that the participants were generally least accurate in the tonal-
mismatched trials in which the audio stimulus differed from the target word only
by the tone of one syllable. One noticeable dissimilarity between the PY and CH
groups, on the other hand, was the greater accuracy difference in the tonal-
mismatched condition between the three proficiency levels in the CH groups than
in the PY groups.

The PY and CH groups’ overall d-prime scores as well as those for segmental-
mismatched and tonal-mismatched items are plotted in Figure 3. The PY groups’
values are represented by light gray bars, and the CH groups’ values by dark gray

Table 3. The average number and range of the learning phase the participants needed to go through to
pass the criterion test

Level Adv Inter Naïve

Input

PY group M= 1.11 (range 1–2) M= 1.13 (range 1–2) M= 2.7 (range 2–4)

CH group M= 1.13 (range 1–2) M= 1.08 (range 1–2) M= 2.7 (range 2–4)
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bars. From left to right are the Naïve, Inter, and Adv level. A visual inspection of the
figure revealed that at the Naïve level the PY group was generally more sensitive to
phonological mismatches than the CH group, while at the Inter and Adv levels the
CH groups showed higher sensitivity than the PY groups. These participants’

Figure 1. Accuracy rates of the PY groups at the three proficiency levels in the perception test.

Figure 2. Accuracy rates of the CH groups at the three proficiency levels in the perception test.

Figure 3. D-prime scores of the PY and CH groups at the three proficiency levels in the perception test.
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d-prime values were submitted to a repeated measures ANOVA with orthographic
input (PY, CH) and proficiency level (Naïve, Inter, Adv) as between-subject factors
and mismatch type (overall, segmental mismatch, and tonal mismatch) as within-
subject factor. The main effects of proficiency level (F(2,61)= 21.40, p < .001, par-
tial η2 = .41) and mismatch type were found to be significant (F(2,122)= 418.26,
p < .001, partial η2 = .87), while the orthographic input was not (F(1,61)= 0.95,
p = .34, partial η2 = .015). Post hoc analysis (Bonferroni adjustment) indicated that
Adv group had significantly higher sensitivity than the Inter group, who in turn had
higher sensitivity than the Naïve group (ps < .001; Cohen’s ds between 0.62 and
0.74). Regarding the mismatch type, the participants were most sensitive to segmen-
tal mismatches and least sensitive to tonal mismatches (ps < .001; Cohen’s ds
between 0.80 and 1.03). Given the medium to large effect sizes of these comparisons,
these main effects were highly significant.

The interactions between proficiency level and orthographic input (F(2,61)= 4.81,
p = .011, partial η2 = .14), between proficiency level and mismatch type
(F(4,122)= 8.59, p < .001, partial η2 = .22), and between mismatch type and orthog-
raphy (F(2,122) =3.22, p = .044, partial η2 = .05) all reached statistical significance,
although the latter only had a medium effect size. Given these significant interactions,
we conducted post hoc analysis (Bonferroni adjustment) to investigate the PY and CH
groups’ performance at different proficiency levels and to different stimuli types. The
results showed that at the Adv level, the CH group had higher overall d-prime scores
than the PY group (p= .014; Cohen’s d= 1.06), which was driven by their higher sen-
sitivity to tonal mismatches than the PY group (p= .005; Cohen’s d= 1.21), as the two
groups did not differ on segmental mismatches (p= .32). The CH group at the
Intermediate level generally had higher d-prime scores than the PY group, although
the differences did not reach statistical significance (ps between .096 and .525). At
the Naïve level, on the other hand, the PY group exhibited higher d-prime scores than
the CH group in all conditions, with the difference in the overall d-prime scores reach-
ing significance with a relatively large effect size (p = .045; Cohen’s d= 1.01).
Comparing within the PY groups, the Adv learners were significantly more sensitive
to segmental mismatches than the Inter and Naïve participants (ps ≤ .036; Cohen’s
ds≥ 1.09), while no difference was observed in the other two conditions. Within the
CH groups, in all three conditions, the Adv learners’ d-prime scores were significantly
higher than those of the Inter learners, which were significantly higher than those of the
Naïve participants (ps ≤ .021; Cohen’s ds≥ 1.47).

To summarize, statistical tests revealed that the effect of orthographic input is
different at different proficiency levels. At the Adv level, the CH group generally
outperformed the PY group, particularly in detecting tonal mismatches to the target
words. The CH group at the Inter level also had higher d-prime scores than the PY
group in all conditions, although not significantly. At the Naïve level, in contrast, the
PY group had significantly higher overall d-prime scores than the CH group. They
also exhibited higher sensitivity to both segmental and tonal mismatches than the
CH group, although the difference did not reach statistical significance. When the
comparison was made across proficiency levels within each orthography group, for
both the PY and CH groups, the Adv learners were more sensitive to segmental
mismatches than the less experienced groups. However, proficiency did not affect
participants’ accuracy in rejecting tonal-mismatched items within the PY groups. As
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for the CH groups, proficiency was a significant predictor for their sensitivity to
tonal mismatches.

Discussion
The main purpose of this study was to assess the effect of two types of orthographic
input, Pinyin and Chinese characters, on English speakers’ phonological encoding of
new Mandarin words. Pinyin utilizes the Roman alphabet that is familiar to English
speakers, while characters are novel graphemes that do not exist in English. Our data
showed that orthographic input did not influence the time English speakers needed to
form association between the phonological form and meaning of new Mandarin
words, as the PY and CH groups did not differ in their number of learning phase
repetitions at any level. However, orthographic input was found to facilitate
English speakers’ phonological encoding to a different degree depending on their
Mandarin proficiency level and the type of sound contrast. Specifically, at the Adv
level, the Character (CH) group was more accurate than the Pinyin (PY) group overall
and performed significantly better than the PY group in rejecting tonal mismatches.
The Inter learners showed a similar tendency as the Adv learners, although the dif-
ference between the CH and PY groups was much smaller and not significant. The
Naïve participants patterned differently from the two learner groups: the PY group
had significantly higher overall d-prime scores than the CH group, and they also
obtained higher d-prime scores than the CH group in segmental- and tonal-
mismatched conditions, although the difference did not reach statistical significance.
The finding on the Naïve participants is inconsistent with that in Hayes-Harb and
Cheng (2016), which revealed greater facilitation of novel graphemes than familiar
graphemes on English speakers’ phonological encoding of Mandarin nonwords.
We hypothesize that such a discrepancy is probably due to the fact that the novel
graphemes in our study, the Chinese characters, do not represent phonemes.
Furthermore, Hayes-Harb and Cheng (2016) provided a training session for their par-
ticipants to learn the GPCs of the novel graphemes (Zhuyin) before the actual word-
learning task, whereas our participants did not receive any training in characters prior
to the word-learning phase. Hence for our participants who were used to phoneme-
denoting orthography and totally unfamiliar with the nature of Chinese characters,
they most likely found characters to be of no use or even distracting for their pho-
nological encoding. As for Pinyin, although it differs from English in some GPCs, it is
a sound-based orthography and does not require participants to learn new graphemes.
This is probably why it seemed more beneficial than characters for English speakers’
Mandarin phonological encoding when they had no knowledge of the target language.

On the other hand, the current study also found that for English speakers who
had studied Mandarin, especially the Adv learners, novel L2 graphemes had a
greater facilitatory effect on the phonological encoding of Mandarin sounds than
the familiar graphemes, as evidenced by the CH group’s higher sensitivity to pho-
nological mismatches than the PY group at the Adv level. This is similar to the find-
ing in Hayes-Harb and Cheng (2016), which attributed the advantage of novel
graphemes over familiar graphemes to the absence of negative L1 interference.
Specifically in their study, when the GPCs in Pinyin were incongruent with those
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in English, English speakers had the tendency to comply with their L1 GPCs and
encoded the L2 phonological forms incorrectly. However, L1 interference does not
seem to be the cause for the difference between the CH and PY groups in our study,
because the CH group was not more sensitive to segmental mismatches than the PY
group. The CH group exhibited significantly higher sensitivity to tones, which are
marked by tonal diacritics rather than by the Roman alphabet. We hypothesize that
the Adv CH group performed better in their phonological encoding than the PY
group probably because the presentation of characters along with the English mean-
ing of new words is closer to their accustomed way of vocabulary learning. As learn-
ers’Mandarin proficiency increases, the use of characters in language instruction as
well as literacy practices outside the classroom becomes much more prevalent than
that of Pinyin. In addition, the individual characters of the target words in our study
were carefully chosen, so that they were known to the learners. As a result, the learn-
ers in the CH group were not tasked with the learning of new graphemes and thus
could focus on sound encoding just like the PY group. Finally, the semantic infor-
mation that many characters carry may have facilitated the CH group’s retention of
the target words, which led to more accurate phonological encoding. For instance,
the target word 知觉 <zhījué> “consciousness” is composed of the character 知,
which means “to know”, and 觉, which means “feeling”. Hence, seeing the charac-
ters may have helped the CH group’s memorization of the target words, an advan-
tage that the PY group did not have. Certainly, these explanations are tentative until
they are verified in a separate study. Specifically, Adv learners’ familiarity with the
characters of the target words should be assessed, as well as their accustomed way of
vocabulary learning.

The most substantial difference between the CH and PY groups was that the Adv
CH group was significantly more sensitive to tonal mismatches than the Adv PY
group. This is intriguing because, as described in the Introduction, tones are marked
in Pinyin but not in characters, and yet all three proficiency groups who received
Pinyin input achieved similarly low accuracy rates (0.42–0.47) on tonal-mismatched
items, revealing that even Adv L2 learners who were familiar with the Pinyin tonal
diacritics did not benefit from them. This is reminiscent of the finding in Hayes-
Harb and Hacking (2015) that the presence of written stress marks on Russian non-
words did not improve English speakers’ encoding of Russian stress contrasts,
whether they were experienced L2 learners or had no knowledge of Russian.
Taken together, these findings suggest that English speakers probably pay little
attention to L2 prosodic diacritics regardless of their experience with the L2. We
propose that this may be because tonal diacritics in Pinyin are relatively unfamiliar
graphemes to English speakers compared to the Roman alphabet used to mark seg-
ments. Hence, it is likely that the participants in the PY groups attended less to tones
because their attention was drawn to the more familiar Roman alphabet. This prop-
osition, however, is not compatible with the results in Showalter and Hayes-Harb
(2013), which showed that tonal diacritics in Pinyin helped English speakers encode
Mandarin tonal contrasts to some extent. We hypothesize that such a discrepancy
may result from differences in the stimuli. Specifically, the target stimuli in
Showalter and Hayes-Harb (2013) were 2 monosyllables each combined with the
4 Mandarin tones, while our stimuli were 16 different disyllabic words with tonal
variation on both the first and second syllable. Thus, the participants in Showalter
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and Hayes-Harb (2013) were able to focus on tonal contrasts, whereas our partic-
ipants had to encode consonantal, vowel, and tonal information of 32 syllables. This
may be why our participants seemed to pay little attention to tones even though they
were marked in Pinyin. Our results also suggest that when English speakers have to
encode multiple types of phonological information, they tend to prioritize segments
over tones.

Regarding the character input, previous research suggests that reading Chinese
characters activates phonological information for native speakers just like reading in
English, despite the fact that characters are not sound-based. The difference is that
pronunciation of English words is obtained by assembling a sequence of phonemes
represented by letters, while pronunciation of Chinese characters is obtained by
retrieving the whole syllable, including both segments and tone (Perfetti & Liu,
2005; Perfetti et al., 1992). In other words, the character input is a holistic represen-
tation of a syllable. This may be why the Adv CH group attended more to tones than
the PY group, because tonal information is not separate from segmental information
in characters. A similar hypothesis was proposed by Liu (2013) when trying to
account for the observation that Mandarin speakers recalled words much faster than
Vietnamese speakers when being primed by a prompt written in their L1 orthogra-
phy. Liu suggested that Vietnamese speakers probably have separate entries for seg-
ments and tones in their mental representation, because their orthography, similar
to Pinyin, marks segments with Roman alphabet and tones with diacritics. Hence,
when seeing a prompt written in their L1 orthography, they had to convert the
sequence of letters into phonemes and combine them with tones to derive the pro-
nunciation and meaning of the word. In contrast, due to the non-compositional
nature of Chinese characters, Mandarin speakers have developed an integrated entry
for each character with its pronunciation and meaning. Therefore, Mandarin speak-
ers could retrieve the pronunciation and meaning of the prompt significantly faster
than Vietnamese speakers (Liu, 2013: pp. 9–10). Our findings suggest that the Adv
L2 learners of Mandarin behaved similarly to native Mandarin speakers. They
benefited from the integral representation of sounds in characters and encoded
tones of new words more accurately than the group who saw Pinyin. As for the
participants with less Mandarin experience, such as the Naïve and Inter participants,
the tone encoding accuracy rates of both the CH and PY groups were relatively low
(mean accuracy rates range from 0.38 to 0.47). This indicates that it probably
requires extensive L2 experience for learners to process characters as a phonological
representation of syllables and attend to both segmental and tonal information in
their phonological encoding.

It should be noted that we cannot rule out a potential confound that the Adv CH
group encoded Mandarin tones more accurately than the PY group because they
were simply more proficient in Mandarin. Even though the assignment of partic-
ipants to the two orthography groups was random, a measure of their proficiency
should have been administered to ensure that the two groups were comparable. A
counterevidence to this possibility, however, is that the CH and PY groups did not
differ in their sensitivity to segmental mismatches. Nevertheless, a measure of their
proficiency would provide a more robust confirmation that the two groups did not
differ in their proficiency. Furthermore, the relatively low number of participants at
the Adv level also renders any conclusion tentative. A larger sample of advanced
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learners would be needed in future research to confirm the findings and hypotheses
of this study.

With regard to the effect of orthographic input on learners at different L2 profi-
ciency levels, in both PY and CH groups, the Adv and Inter learners differed sig-
nificantly in their sensitivity to segmental mismatches, showing that the Adv
learners outperformed the Inter learners in their ability to encode segments of newly
learned Mandarin words. As for tonal mismatches, the Adv learners in the CH
group were significantly more sensitive than the Inter learners, while the Adv learn-
ers in the PY group did not differ from the Inter learners and not even from the
Naïve participants. All three PY groups had relatively low d-prime scores on
tonal-mismatched items, suggesting that increasing L2 experience did not improve
English speakers’ sensitivity to tonal contrasts. Even though we cannot definitively
exclude the possibility that this is due to imprecise categorization of participants’ L2
proficiency, a more plausible explanation seems to be that English speakers have
more difficulty encoding tonal than segmental information in newly learned L2
words. This is a clear tendency in our data that all groups were more accurate in
rejecting segmental mismatches to the target words than rejecting tonal mismatches.
Even for the Adv CH learners who had the highest sensitivity to tonal mismatches
among all groups, their accuracy in the tonal-mismatched trials (0.675) was still
much lower than that in the segmental-mismatched trials (0.95). Similar findings
have been reported in previous research, which showed that English speakers are
more accurate in perceiving Mandarin vowels than tones (Gottfried & Suiter,
1997; Hao, 2018). These researchers attributed this pattern to native English speak-
ers’ L1 influence, because vowels but not tones are phonologically contrastive in
English. Similarly in the current study, the English-speaking participants were more
proficient in encoding segmental than tonal information when learning new words,
because they do not usually have to encode the latter in their L1. The effect of ortho-
graphic input seems to be, as revealed by our data, that Pinyin hindered rather than
facilitated L2 learners’ improvement on tone encoding. This is probably due to its
separate markings of segments and tones as discussed above.

Finally, this study overall found more similarities than differences in the perfor-
mance between the PY and CH groups. These two orthography groups at all three
proficiency levels did not differ in the time needed to memorize the target words.
Aside from the overall sensitivity at the Naïve and Adv levels and the tonal-
mismatched condition at the Adv level, the orthographic input was not found to
be a significant factor in any other comparison. This suggests that L2 orthography
might not play a crucial role in English speakers’ encoding of Mandarin sounds.
Such a claim has been proposed in former studies, which showed that English speak-
ers who were provided with orthographic representation and audio input of target
words did not memorize the phonological forms better than those who were only
provided with audio input (Escudero, 2015; Hayes-Harb et al., 2010; Mathieu, 2016;
Showalter, 2018; Showalter & Hayes-Harb, 2015; Simon et al., 2010). Some of these
researchers proposed that this could be due to the fact that English uses an opaque
orthography which has many irregularities in the GPCs. As a result, English speak-
ers have learned not to allocate too much attentional resources to orthographic
forms in phonological encoding, since they may not reflect the actual pronunciation.
This proposition can account for the general observation that English speakers rely
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more heavily on audio than on written input in L1 speech processing (Chikamatsu,
1996; Mori, 1998; Turnage & McGinnies, 1973). It is also supported by L2 produc-
tion studies such as Erdener and Burnham (2005), which showed that L2 produc-
tion of Turkish speakers was more heavily influenced by orthographic forms than
that of Australian English speakers, the former having a transparent L1 orthography
while the latter having an opaque orthography. To determine the role of orthogra-
phy in L2 word learning, future studies could assess whether participants indeed pay
attention to orthographic forms during word learning. For example, probe ques-
tions about orthographic forms of the target words can be added to the learning
phase (e.g., “Was the word you just saw written as xuéshuō or xuéshōu?” for the
PY group, and “Was the word you just saw written as 学说 or 学悦 ?” for the
CH group). A more sensitive measure would be to implement eye-tracking during
the word-learning phase, which would reveal whether and for how long the partic-
ipants look at orthographic forms. Finally, more future research comparing trans-
parent and opaque L1 orthography groups is also needed to clarify the influence of
learners’ L1 orthographic depth on their use of L2 orthography.

Conclusion
This study has demonstrated that the effect of L2 orthography on phonological
encoding of L2 words varies depending on the learners’ L2 experience and the types
of phonological contrasts. An L2 orthography using graphemes similar to the learn-
ers’ L1 (i.e., Pinyin) appears to be more helpful than an orthography utilizing novel
graphemes for the early beginners, like our Naïve participants. For the more expe-
rienced L2 learners, however, novel graphemes (i.e., Chinese characters) are more
beneficial than familiar graphemes, especially in their tonal encoding. This may be
because the more advanced L2 learners have become accustomed to seeing charac-
ters when learning new Mandarin words, and because characters represent syllables
in a non-compositional manner. The current study offers a unique perspective on
the effect of orthography on L2 phonological encoding due to the distinctive nature
of Chinese characters. The comparison of segmental and tonal encoding by English
speakers with differing L2 proficiency also complements existing literature on the
relationship between orthography and L2 acquisition. One teaching implication
derived from this study is that for learners at the advanced level, using Pinyin does
not help them memorize the tones of new words as well as using characters.
However, it should be noted that the characters used to compose the target words
of this study were carefully chosen so that they were known to the learners. When
learners encounter new words with unknown characters or when an auditory input
is unavailable, which are possible scenarios in real-life vocabulary acquisition, the
relative benefit of Pinyin and characters on L2 phonological encoding needs to be
further investigated.
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Appendix The 16 target words used in the word-learning experiment and their
segmental and tonal mismatches.

Character Pinyin English meaning IPA
Segmental
mismatch Tonal mismatch

知觉 zhījué consciousness tʂɨT1 tɕyεT2 tɕiT1 tɕyεT2 tʂɨT4 tɕyεT2

生理 shēnglǐ physiology ʂəŋT1 liT3 səŋT1 liT3 ʂəŋT4 liT3

人工 réngōng man-made ɹənT2 koŋT1 lənT2 koŋT1 ɹənT3 koŋT1

打听 dǎtīng inquire about tɑT3 tʰiŋT1 tɑT3 tiŋT1 tɑT2 tʰiŋT1

不时 bùshí frequently puT4 ʂɨT2 puT4 ɕiT2 puT4 ʂɨT3

对比 duìbǐ contrast tuεT4 piT3 tuT4 piT3 tuεT4 piT2

人道 réndào humanitarianism ɹənT2 tɑʊT4 lənT2 tɑʊT4 ɹənT2 tɑʊT1

本事 běnshì capability pənT3 ʂɨT4 pənT3 sɨT4 pənT3 ʂɨT1

分红 fēnhóng bonus fənT1 xoŋT2 fɑnT1 xoŋT2 fənT1 xoŋT3

空想 kōngxiǎng day dream kʰoŋT1 ɕiɑŋT3 kʰoŋT1 ʂɑŋT3 kʰoŋT1 ɕiɑŋT2

学说 xuéshuō theory ɕyεT2 ʂuoT1 ɕyεT2 ʂoʊT1 ɕyεT2 ʂuoT4

手工 shǒugōng hand-made ʂoʊT3 koŋT1 ʂuoT3 koŋT1 ʂoʊT3 koŋT4

告别 gàobié say goodbye to kɑʊT4 piεT2 kɑʊT4 pεiT2 kɑʊT1 piεT2

要点 yàodiǎn main point jɑʊT4 tiɑnT3 jɑʊT4 tʰiɑnT3 jɑʊT1 tiɑnT3

学问 xuéwèn knowledge ɕyεT2 wənT4 ʂuεT2 wənT4 ɕyεT3 wənT4

请教 qǐngjiào seek advice tɕiŋT3 tɕjɑʊT4 tɕiŋT3 jɑʊT4 tɕiŋT2 tɕiɑʊT4
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