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ABSTRACT ARTICLE HISTORY
Early trilingual development is an excellent testing ground for input Received 28 July 2021
reduction effects on acquisition outcomes. This article reports a study  Accepted 27 March 2022
investigating input-outcome relations in a child Leo in Hong Kong, who
was addressed to in Mandarin, Cantonese and later also in English by C o

, B ) aretaker input; trilingual
caretakers throygh one careta.ker-_one Iapguage and ‘one day-one development; Chinese;
language’ practices. Caretaker-child interactions were recorded monthly lexicon; morphosyntax
from 1,6 to 2,11 and compared with monolingual baselines in
grammatical complexity, lexical diversity and verb morphology. Receptive
vocabulary tests were administered at 3;1. Results show that Leo, having
accumulated 54%, 26% and 20% of his total input in Mandarin,
Cantonese and English respectively from birth to three, demonstrated
monolingual-like development in Mandarin and surprisingly, also in
Cantonese in most lexical and grammatical measures. Hearing English
primarily from non-native speakers, Leo was able to match monolinguals
in receptive vocabulary and develop productive morphosyntax in English.
The findings suggest that language distance and similarity should be
taken into consideration in predicting developmental rates and outcomes
of specific languages in trilingual development, and that the role of
language input from non-native speakers in the acquisition of a third
language warrants further examination.

KEYWORDS

1. Introduction

Language input from a child’s caretakers has an enormous impact on the language development of
the child. However, relations between aspects of language input (e.g. amount, diversity, and com-
plexity) and aspects of language acquisition outcome (e.g. phonology, vocabulary, grammar) are
highly complex and dynamic (Ambridge et al. 2015; Rowe and Snow 2020). Infant or early trilingu-
alism is a child’s acquisition of three languages before onset of speech (Quay 2011) or the age of
three (Unsworth 2013). Trilingual development is an excellent testing ground for input-outcome
relations. For children who grow up with three languages simultaneously, the input directed to
the child in each language is likely to be reduced in terms of quantity and possibly in quality com-
pared to their monolingual peers. The three-way split and reduced input in each language may bring
about great effects of input reduction, which presents a revealing window where input-induced
developmental differences from the monolingual norm can be observed in a relatively short
period of time, and in a wider range of linguistic phenomena. However, longitudinal speech data
from trilingual children and their input providers are still in very short supply (Quay 2011; Unsworth
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2013). To fill this gap, this article reports a case study tracking the caretaker input and the trilingual
development in a male child in Hong Kong for 18 months from 1;6 to 2;11.

2. Caretaker input and trilingual development
2.1. Input-outcome relations in early lexical and grammatical development

Huge variation exists in the talk that young children hear from their caretakers (Hart and Risley 1995).
In early language development, there have been robust and consistent findings demonstrating
strong input-outcome associations in lexical development. A number of fine-grained measures
have been identified as indices of richness of the input: TALKATIVENESS (usually measured by total
number of words or utterances in a given speech sample), LEXICAL DIVERSITY (number of unique
words), and GRAMMATICAL COMPLEXITY (mean length of utterance, MLU) positively correlate with the
child’s vocabulary growth to varying extents. Infants and toddlers who have richer language experi-
ence are found to have a larger receptive and expressive vocabulary size in parental reports, produce
more diverse words in caretaker-child conversations, score higher in standardized assessments such
as the Peabody Picture Vocabulary Test (PPVT, Dunn and Dunn 1997) and process spoken words
faster in looking-while-listening paradigms (Pan et al. 2005; Hurtado, Marchman, and Fernald
2008; Rowe 2012; Weisleder and Fernald 2013).

In terms of grammatical development, although input frequency can sometimes explain why
certain structures are acquired earlier than others within a language (Theakston et al. 2004) and
why structures of similar complexity are acquired at different times cross-linguistically (Ambridge
et al. 2015), there has been less evidence for effects of input variation in monolingual children,
let alone trilingual children.

2.2. Input-outcome relations in early bilingual development

Studies considering input variations in bilingual development have consistently found that the pro-
portion of input in a language in the child’s total input (‘input proportion’) is a strong predictor of
developmental rate in that language. In Hoff et al. (2012), input-outcome relations in both vocabu-
lary and grammar were examined in Spanish-English bilingual toddlers and their English monolin-
gual peers in the US. The proportion of English exposure in the child’s total input was positively
related with every outcome measure obtained through parental report in their study, whether
lexical or grammatical. Note that in this study, the group of bilinguals (n = 14) who had balanced
input in both languages (50-60% of the time) still differed from the monolingual group in both voca-
bulary score and mean length of longest utterances in English.

Nevertheless, Thordardottir (2011, 2015) found that French-English bilingual 3-to-6-year-olds in
Montreal were able to perform within the normal ranges of monolingual peers (operationalized
as one standard deviation (SD) above or below the monolingual mean) in several measures of recep-
tive and expressive vocabulary as well as productive morphosyntax when they had relatively equal
exposure (50-60%) to both languages. Crucially, additional input beyond this point did not further
facilitate development. This has led to the hypothesis that an input proportion of 50% is the
threshold for monolingual-like development in lexicon and syntax in the language, at least for
older bilingual children (3-to-6-year-olds) who are learning languages that are not too far apart
from each other and enjoy relatively equal status in the community, like French and English in
Montreal.

Hoff et al. (2012) and Thordardottir (2011, 2015) have important differences in terms of age range,
outcome measures, language pairing and societal context, which might have led to the differences
in their findings. Nevertheless, their studies have pointed out interesting directions for input-
outcome studies. Extending the 50% threshold hypothesis originally proposed for bilinguals to tri-
linguals, if 50% of total input is a necessary condition for monolingual-like development in
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lexicon and syntayx, it is expected that trilingual toddlers will inevitably lag behind their monolingual
peers in at least two of the languages they are learning, since it is mathematically impossible for
more than one language to take up 50% of a trilingual’s waking hours. This is a very testable yet
untested prediction, which will be taken up by our study.

Another issue that we will address in our study is differences between language input provided
by non-native speakers and native speakers (hereafter ‘non-native/native input’). Bilingual and tri-
lingual children are very often raised by multilingual caretakers who address the child in their
non-native and less fluent language. Research on the mature state of second language attainment
has revealed systematic differences between native and non-native speakers across domains
especially in morphosyntax (e.g. Lardiere 1998; Hopp 2010). There has been an emerging interest
in effects of non-native input on early language development. Place and Hoff (2011, 2016)
measured vocabulary and grammatical growth of Spanish-English bilingual two-year-olds and
associated their growth with aspects of their dual input documented through diary records
kept by their caretakers. A positive correlation was found between the proportion of English
exposure provided by native speakers and the child’s development in English in both comprehen-
sion and production.

Recently in Hoff, Core, and Shanks (2020), non-native input was scrutinized through systematic
comparisons of English input provided to English-Spanish bilingual toddlers by mothers with
three different proficiency levels in English (limited’, ‘good’, ‘native’). Results show that those
Spanish-L1 mothers who reported ‘good’ proficiency in English performed significantly better
than mothers with only ‘limited’ proficiency in a number of input measures such as grammatical
complexity and lexical diversity. Interestingly, those mothers with ‘good’ English proficiency,
despite being non-native speakers of English, did not differ from native English mothers in any of
the measures examined, indicating potentially native-like richness of language input provided by
speakers with ‘good’ proficiency. Nevertheless, little do we know about native vs non-native differ-
ences in the English input provided by mothers speaking L1s other than Spanish. Given the preva-
lence of L1 influence on the L2 (Odlin 1989), L1-differences in non-native caretaker input should be
taken into consideration. This study follows up on this issue.

2.3. Early trilingual development

Infants and toddlers who are regularly exposed to three languages at home can differentiate the
languages at phonological, lexical and pragmatic levels by age 2. They are reported to develop
active trilingualism to different degrees (Yang and Zhu 2010; Montanari 2009; 2010; 2011; but see
Chevalier 2015 for cases of passive trilingualism).

In Montanari (2010), the trilingual lexicon of Kathryn, a Tagalog-Spanish-English trilingual child in
the US, was reconstructed through diary records and adult-child recordings between 1;4 and 2;0.
Kathryn's earliest cross-language doublets were formed by an item from Tagalog, which is the
language she had received most input in (48%), and an item from either Spanish or English, the
languages she had less input in (29% and 23% respectively). She did not produce triplets until
later at 1,7, suggesting a relation between proportion of input and lexical development in that
language. Interestingly, it took less time for triplets to emerge after doublets had appeared than
it did for her to develop doublets after singlets. Apart from this study, little has been reported on
fine-grained properties of the trilingual input and their impact on the child’s lexical or grammatical
development.

Among the five major types of trilinguals sketched out in Hoffmann (2001), children who grow up
in trilingual communities belong to a distinctive category, since children raised in trilingual societies
are more likely to have regular and frequent exposure to all three languages from a wide spectrum of
native and non-native speakers both in and outside their home. Existing studies on trilingual devel-
opment almost exclusively observed children growing up in monolingual communities like the UK
and the US (e.g. Montanari 2009, 2010, 2011) or bilingual communities where only one or two of the
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languages being acquired by the trilingual child is spoken in the wider community (e.g. Yang and
Zhu 2010). There is no longitudinal linguistic documentation of how toddlers develop trilingualism
through interaction with caretakers in multilingual societies like Hong Kong.

3. This study
3.1. Research questions and predictions

To fill the aforementioned research gaps, we contribute an open-access longitudinal corpus docu-
menting the speech of a Mandarin-Cantonese-English trilingual child Leo and his main input provi-
ders from child age 1;6 to 2;1. In this article we present our first analysis of lexical and grammatical
properties in the trilingual input and outcomes. Like many of his trilingual peers in the literature, Leo
had uneven exposure to the three languages. By age 3, he had spent 54% of his waking hours with
his father and paternal grandmother both speaking Mandarin to him, 26% of the time with his
mother (first author of this article) speaking Cantonese to him and the remaining 20% of the time
in English-speaking environments, predominantly with his mother, who is a native speaker of Can-
tonese and Mandarin and would rate her English as ‘good’, as opposed to ‘limited’ in the sense of
Hoff, Core, and Shanks (2020) (details of Leo’s language exposure to be introduced later). In this
study, we focus on the lexical and grammatical domains and ask the following two sets of questions:

1) Input proportion and outcomes: For the trilingual child, will there be a one-to-one mapping
between the proportion of his input in a language and the developmental outcome of that
language? Will Leo perform within monolingual ranges in the language associated with more
than 50% of his total input and below monolingual ranges in languages that do not meet the
50% input threshold? In languages where trilingual vs monolingual differences are evident,
will lexical and grammatical development be equally affected?

Predictions: If the strong input-outcome associations found in bilingual children (e.g. Hoff et al.
2012) are extendable to trilingual acquisition, Leo is expected to display significantly stronger ability
in Mandarin than in Cantonese or English and similar performance between Cantonese and English,
considering the 54% vs 26% vs 20% distribution of his Mandarin, Cantonese and English input.
Additionally, if the 50% input threshold proposed for bilinguals applies to young trilinguals, Leo
should be indistinguishable from his monolingual peers in Mandarin, at least in receptive vocabulary
and grammatical complexity as reported in Thordardottir (2011, 2015), and will inevitably lag behind
his monolingual peers in Cantonese and English in both lexical and grammatical measures. However,
Mandarin and Cantonese are typologically very close with many transparent lexical cognates, over-
lapping structures and shared cultural heritage (Matthews and Yip 2011). If language distance is a
moderating factor, Leo’s Cantonese may profit from Mandarin and develop faster than English
despite similar input proportions.

2) Input quality: For the language in which the trilingual child receives input primarily from non-
native speakers, does the non-native input differ from native input in terms of utterance length,
lexical diversity and verb morphology?

Predictions: Spanish-L1 mothers with self-reported ‘good’ English proficiency have been found to
provide native-like English input in terms of grammatical complexity and lexical diversity (Hoff, Core,
and Shanks 2020). If this applies to Leo’s mother, who is a non-native yet ‘good’ speaker of English,
her English input is expected to be similar to native English input in these two aspects. On the other
hand, we predict non-native vs. native differences in grammatical structures that have not been
examined by studies on Spanish-L1 mothers but are potentially vulnerable for Chinese-L1
mothers. Verb morphology has been reported to cause persistent difficulty for both adult and
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child Chinese-L1 learners of L2 English (Lardiere 1998; Paradis, Tulpar, and Arppe 2016), partially due
to lack of positive transfer from Chinese, which is a typologically isolating language with little inflec-
tional morphology. In this study, we focus on two inflectional morphemes on English verbs, namely,
progressive -ing and past tense regular -ed, the acquisition of which demands generalization of rules
from meaningful amounts of input.

3.2. Participants and methods

Leo was born and raised in Hong Kong, where a large number of residents are trilingual speakers of
Cantonese, Mandarin (Putonghua) and English to different degrees. Cantonese remains the most
widely spoken language in Hong Kong, with more than 85% of the Hong Kong population speaking
Cantonese as their primary language (Census data: https://www.censtatd.gov.hk/en/). Leo’s parents
are originally from mainland China. His mother is an early bilingual proficient in both Cantonese
(Guangzhou variety) and Mandarin (Putonghua), and fluent speaker of English. She had completed
her postgraduate studies in language-related subjects in England and had been using English as the
language of instruction for university-level linguistics courses. Leo’s father speaks Mandarin as his
primary language and the Changde dialect (a variety of Southwestern Mandarin) as a secondary
language. Leo's paternal grandmother, who is a native speaker of the Changsha dialect (a variety
of Xiang Chinese) and fluent speaker of Mandarin, cared for Leo during daytime on weekdays.
The Changde and Changsha dialects were commonly used between the father and the grandmother,
but almost never with the child. The parents conversed mainly in Mandarin, with occasional switches
to Cantonese and English.

The family initially adopted a strict ‘one parent-one language’ practice in which the father and
the grandmother addressed the child in Mandarin and the mother in Cantonese. Leo’s
maternal and paternal grandfathers visited the family every few months and provided additional
sources of input in Cantonese and Mandarin respectively. Leo’s systematic exposure to English
began at 1;1 when his mother began to interact with him in English and Cantonese on alternate
days in a ‘one day-one language’ pattern, illustrated in Figure 1. Leo, although not conscious of
the arrangement at this stage, usually responded to the mother in the language he was addressed
in and did not have difficulty switching between languages. From 2;1 to 2;11, Leo attended nursery
schools where classes were taught by native speakers of English. Another important source of
English input came from a Tagalog-L1 Filipino domestic helper joining the family at child age
2;2. Leo remained the only child of the family before age 3, and his exposure to video or audio
input through electronic devices was close to minimal.

The mother kept a diary record of how much time and in what language Leo interacted with five
of his primary input providers (mother, father, grandmother, English teachers, domestic helper).
Figure 2 presents the cumulative amounts of time Leo spent with each input provider in each
language in three one-year stages from birth to 3;0. Assuming that the amount of input in a
language can be indicated, very roughly, by the amount of time a child spends with the caretaker

I N O S A T

Grandmother to child
Father to child

eoca R G R

Figure 1. Leo’s unique trilingual input model from 1;1, integrating ‘one parent-one language’ and ‘one day-one language’
practices.
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Mandarin Cantonese English
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Figure 2. Amount of time (in hours) Leo spent with his primary input providers from birth to 3;0 and their relative proportions.

speaking that language, Leo had accumulated 54%, 26% and 20% of his total input in Mandarin, Can-
tonese and English respectively by age 3.

Leo was video-recorded by a parent or research assistant at home since 0;6. In this study, we
selected 54 recordings made in 18 consecutive months from 1;6 to 2;11. Each recording consists
of 30-minute video documentation of Leo and one of his input providers engaged in daily routines
and play activities, conversing in one of the three languages (‘the intended language’). The resulting
corpus contains a total of 44,846 utterances. The speech data were transcribed and tagged by
research assistants, and checked by the child’s mother for speech-to-text accuracy. The Leo
Corpus, including transcripts and corresponding audio files, has been deposited in the Child
Language Data Exchange System (CHILDES, MacWhinney 2000) for open access (doi:10.21415/
T5V398).

3.3. Monolingual baselines and the receptive vocabulary tests

Several longitudinal child language corpora from CHILDES were included in this study as mono-
lingual baselines. Priority was given to the corpora and child cases which maximally match Leo
and his corpus in terms of gender (male), socioeconomic status (middle), type of study (longi-
tudinal and naturalistic), time and frequency of recording (monthly), adult interlocutor (care-
taker) and age span (1;6-2;11). In cases with multiple transcripts in a month, we selected the
first transcript to represent the child’s development in that month. Table 1 summarizes the tri-
lingual and monolingual corpus data selected for this study. For the corpus data, we used mul-
tiple measures such as MLU, word type and frequency to assess the input, the outcomes and
their relations in the lexical and grammatical domains (details of calculation methods to be
described later).

To gain insights into the trilingual child’s receptive vocabulary size in comparison with monolin-
guals, three supplementary vocabulary tests were administered to Leo at 3;1, namely, Mandarin
Receptive Vocabulary Test for Hong Kong Children (MRVT) (Chan, Lee, and Yip 2014), Cantonese
Receptive Vocabulary Test for Hong Kong children (HKCRVT) (Cheung, Lee, and Lee 1997) and
Peabody Picture Vocabulary Test (PPVT-4) (Dunn and Dunn 2007). All tests were picture-
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Table 1. Trilingual and monolingual corpus data selected in this study.

Child Location Language
Leo Corpus
Leo Hong Kong Mandarin
Cantonese
English
Tong Corpus (Deng and Yip 2018)
Tong Shenzhen, China Mandarin
Zhou3 Corpus (Zhang and Zhou 2009)
Xuexue Nanjing, China Mandarin
Hong Kong Cantonese Child Language Corpus (Lee et al. 1996)
ccc Hong Kong Cantonese
ckt Hong Kong Cantonese
hhc Hong Kong Cantonese
mhz Hong Kong Cantonese
Manchester Corpus (Theakston et al. 2004)
Aran Manchester, UK English
Carl Manchester, UK English
Dominic Nottingham, UK English
Joel Nottingham, UK English
John Manchester, UK English
Warren Manchester, UK English

Selected span

1;6-2;11
1;6-2;11
1;6-2;11
Total

2;0-2;11
2;0-2;10

2;1-2;9
2;0-2;7
2;4-2;10
2;1-2;8

2;0-2;10
2;0-2;8
2;0-2;10
2;0-2;10
2;0-2;10
2;0-2;9

Child utterance

3,696
4,422
3,825
11,943

5,082
2,195

5,644
5,502
4,898
2,391

5,839
7,037
6,565
5,944
4,937
4,565

identification tasks where the child was asked to listen to a target word in the target language and

identify the picture that matched the target word from a set of four pictures.

4, Results

4.1. Trilingual outcomes

4.1.1. Mean length of utterance in words (MLUw)

Mean length of utterance in words (MLUw) was used to index grammatical complexity in both the
input and the outcomes. We calculated Leo’s MLUw in each language in the recordings intended for
these languages in CLAN. Utterances switched into languages other than the intended language
were excluded. As Figure 3 shows, from 1;6 to 2;11, Leo’s MLUw in Mandarin and Cantonese were
very close to each other, whereas his MLUw in English fell notably below the two Chinese languages
between 1;10 and 2;6, indicating relatively balanced and more rapid grammatical development in

4.00

MLUw
3
Iy

1.50 ‘-

1.00 PERRNE R -— -

1:6  1;7 1:8 1:9 1:10 1;11 2:0  2:1
esesee Mandarin [1.12 1.09 1.20 1.45 1.90 2.03 2.11 2.34/2.20 2.48
== e «= Cantonese 1.05 1.04|1.21/1.42/1.57 2.12/2.19|2.14 2.18|2.32
e= = English |1.02/1.04/1.04/1.26 1.33/1.06/1.09 /1.24 1.43/1.272.18/1.771.72 | 2.16

Figure 3. Mean Length of Utterance in words (MLUw) in the trilingual child.

2:412:5| 26
3.27|2.24/2.48 2.28
2.68|2.44/2.71 2.63

2:82:92:102;11
3.19/3.072.98 |3.57
3.67/2.70 2.63 3.38
2.96/2.67 2.79 3.28
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Figure 4. Mean Length of Utterance in words (MLUw) in trilingual Leo and Mandarin monolingual children (n = 2; Deng and Yip
2018; Zhang and Zhou 2009), Cantonese monolingual children (n =4, Lee et al. 1996) and English monolingual children (n =6;
Theakston et al. 2004). Error bars represent monolingual normal range defined as +/—1SD.

Mandarin and Cantonese than in English. Nevertheless, his English MLUw caught up rapidly from 2;7
and approximated those of the Mandarin and Cantonese at 2;11.

Figure 4 presents the trilingual versus monolingual comparisons. We follow the gist of Thordar-
dottir (2011) and define RANGE of monolingual performance by 1 SD above or below the monolingual
mean. Leo’s monthly MLUw in Mandarin and English fell below the corresponding monolingual
ranges in 8 or 9 of the 11 months compared. Quite surprisingly, Leo’s MLUw in Cantonese was con-
sistently higher than that of the monolinguals in 9 of the months.

4.1.2. Lexical diversity

We adopted the moving-average type/token ratio (MATTR) algorithm (Covington and McFall 2010)
rather than the traditional type/token ratio (TTR) to measure lexical diversity in the input and the
outcomes. The MATTR algorithm, which calculates the average TTR of a sample from a series of suc-
cessive windows of fixed length, is a stronger and fairer indicator of lexical diversity in naturalistic
conversations uncontrolled for length and content (Fergadiotis, Wright, and West 2013). We
follow Muhinyi and Hesketh (2017) and set the window length at the token number of the shortest
sample among all monolingual and trilingual samples under analysis in this study (i.e. 23 words). As
shown in Figure 5, the developmental trajectory of Leo’s MATTR closely resembles that of his MLUw
in that there was a Mandarin/Cantonese-dominant stage when his Mandarin and Cantonese monthly
MATTRs were visibly higher than his English MATTRs (around 1;10-2;6), followed by a stage when the
monthly MATTRs of the three languages converged (after 2;7).
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Figure 5. Moving Average Type/Token Ratio in 23-word windows (MATTR-23) in the trilingual child.
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Figure 6. Moving Average Type/Token Ratio in 23-word windows (MATTR-23) in trilingual Leo and Mandarin monolingual chil-
dren (n=2; Deng and Yip 2018; Zhang and Zhou 2009), Cantonese monolingual children (n =4, Lee et al. 1997) and English
monolingual children (n = 6; Theakston et al. 2004). Error bars represent monolingual normal range defined as +/—1SD.

In trilingual versus monolingual comparisons, three distinct patterns emerged in the three
languages, shown in Figure 6. Leo’s Mandarin MATTRs were indistinguishable from the monolin-
guals’ (t(10) = —.854, p =.413); his Cantonese MATTRs were visibly higher than the monolinguals’
throughout the period; and his English MATTRs were below the monolingual ranges throughout
the period.

4.1.3. Receptive vocabulary tests

In Mandarin, Leo performed accurately in 90 out of 98 questions in MRVT, achieving an accuracy rate
of 92%, which is comparable with age-matched children (3;0-3;5) who acquire Mandarin as their L1 in
Beijing (n =51, M =93.5%, SD = 3.4%, Min = 87%, Max = 99%, Chan, Lee, and Yip 2014). In Cantonese,
Leo provided 58 correct responses out of 65 questions (accuracy rate 89%) in HKCRVT, equivalent to
the performance of children aged 5;2-5;3 in the norm. In PPVT, Leo obtained a raw score of 54 and a
standard score of 107, which is at the 68th percentile in the age norms and equivalent to the average
performance of children aged 3;8 in the US norm.

4.2. Input in English

We calculated the MLUw, MATTR and frequency of two grammatical morphemes in the English input
and outcomes, presented in Table 2. For the input, we included utterances produced by Leo’s
mother and the mothers of the six monolingual children in four months (2;3, 2;4, 2;5, 2;7), for
which data from all seven mothers are available for comparison. Results show that Leo’s mother dis-
played means lower than the mothers of the monolingual children across measures. Her MLUw was
within the monolingual normal ranges, whereas the other three measures of her input (MATTR in
100-word windows, percentages of progressive -ing and past tense -ed) were below the normal

Table 2. MLUw, MATTR and frequency of verb morphology in the English input and outcome of Leo, compared with monolingual
baselines.

Mother (2,3, 2,4, 2,5, 2,7, 4 months) Child (2;0-2;10, 11 months)
Leo Monolingual (n=6) Leo Monolingual (n=4)
Total utterance 2669 3180.17 2854 5821.25
MLUw 3.66* 4.20 [.61] 1.93%** 2.28 [.15]
MATTR-100/23 R bkl .62 [.01] .60** .67 [.05]
Progressive -ing
token 187 346.00 91 191.75
% 7.01%** 10.66% [2.45%)] 3.19%* 3.28% [.17%]
Past tense -ed
token 21 40.33 2 19.25
% T9%*** 1.27% [.20%] 0.07%** 0.32% [.19%]

Note: [] = SD among individual speakers; % = token number divided by total utterance; * = within 1SD below monolingual mean;
** = between 1SD and 2SDs below monolingual mean; *** = between 2SDs and 3SDs below monolingual mean; **** beyond
3SDs below the monolingual mean.
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ranges to different extents. The non-native versus native differences in the input are more pro-
nounced in lexical diversity and verb morphology than in grammatical complexity.

For the outcomes, we included the English utterances produced by Leo and four of the six mono-
lingual children, who have data from 2;0 to 2;10. Like his mother, Leo performed below the mono-
lingual children across measures. However, unlike his mother, he only showed within-normal-range
performance in one measure, namely, progressive -ing, producing 91 tokens on 30 different verbs,
which is strong evidence for successful generalization and application of a suffixing rule. He pro-
duced only 2 tokens of past tense -ed markings in 2854 utterances, which does not constitute evi-
dence for successful acquisition of the corresponding rules.

5. Discussion
5.1. Input proportion effects and the development of the two Chinese languages

We asked whether the trilingual child Leo, having accumulated 54%, 26% and 20% of his total input
in Mandarin, Cantonese and English respectively over the course of three years, would develop Man-
darin distinctively in a monolingual-like manner and more rapidly than the other two languages. Our
results show that on the one hand, Leo demonstrated unambiguously more advanced performance
in Mandarin than in English across lexical and grammatical measures, which is consistent with his
input distribution. On the other hand, Leo did not develop Mandarin more rapidly than Cantonese.
The developmental trajectories of these two languages went hand in hand in both grammatical
complexity and lexical diversity throughout the study period. When compared with monolinguals,
Cantonese is the only language in which Leo displayed monolingual-like performance across
measures including receptive vocabulary size, lexical diversity and grammatical complexity, as
shown in Figure 7.

Within a language, different patterns were found among the three outcome measures. In Man-
darin, which is the only language associated with above-threshold input, Leo predictably performed
within monolingual ranges in two lexical measures, but he was below monolingual ranges in gram-
matical complexity, which is not consistent with the input threshold effects documented in the bilin-
gual literature. In this regard, Leo seems to have performed better in Mandarin than the balanced
Spanish-English bilingual toddlers in the US did in English, who did not match their English mono-
lingual peers in either lexical or grammatical measures (Hoff et al. 2012). This is probably due to Leo
receiving his Mandarin input from more than one primary caretaker, who were both (near-)native
speakers of Mandarin. Yet Leo did not perform as well as the balanced French-English bilingual 3-
year-olds in Canada (Thordardottir 2011, 2015), who did not differ from the monolingual group in

X Lexical diversity
X Grammatical complexity

X Grammatical complexity

Figure 7. Trilingual child Leo’s three-way split input and language-specific attainment in terms of receptive vocabulary size,
lexical diversity (MATTR-23) and grammatical complexity (MLUw) by monolingual standards. (\/=comparable to or better
than monolinguals, X = below monolingual range)
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English MLUw. This seems to suggest that compared with vocabulary, productive syntax requires
more input to develop at an earlier stage of development before age 3. Leo’s performance in
English further reveals the advantage of receptive vocabulary over both lexical diversity and gram-
matical complexity in production. Taken together, our findings suggest that in trilingual develop-
ment, both lexical and grammatical development are subject to input reduction in specific
languages, with receptive vocabulary showcasing more resilience than other domains.

Our findings show that Leo had developed Cantonese substantially better than predicted based
on input proportion alone and Cantonese displays remarkable resilience to input reduction very
rarely seen in bilingual cases, which is inconsistent with the hypothetical one-to-one mapping
relation between the input and the outcomes, as well as the threshold effects observed in bilingual
studies. Cantonese being the societal dominant language may have played a role, but cannot fully
explain its better-than-monolingual development in our trilingual child, for Leo had heard Canto-
nese from only one primary caretaker (mother) and one regular visitor (maternal grandfather),
and had very limited experience with other speakers of Cantonese in or outside his home at this
stage. Nor was Cantonese the lingua franca in the family. A more plausible account seems to be Can-
tonese profiting from positive transfer from Mandarin. The idea that positive transfer between
languages may contribute to mitigating the reduction of input in each language in the form of
cross-linguistic reinforcement is gaining attention. Studies have shown a unique role of form-
similar translation equivalents in vocabulary learning by bilingual infants learning closely related
languages (Schelletter 2002; Bosch and Ramon-Casas 2014). Positive transfer effects at the syntactic
level were also reported in older Cantonese-English-Mandarin trilingual children (age 5-6; Chan
et al. 2017), who demonstrated monolingual-like comprehension of Mandarin relative clauses
despite very limited exposure to Mandarin, pointing to positive transfer from Cantonese. In our
case, it is likely that cross-linguistic reinforcement between Mandarin and Cantonese has played a
role in mitigating the severe reduction of Cantonese input in early trilingual development, the
extent and magnitude of which is being investigated in an on-going endeavor involving the Leo
Corpus and other trilingual children by the authors.

For future investigations, we hypothesize that cross-linguistic reinforcement, if any, should apply
to all languages involved, but should be more pronounced in the language that is more reduced in
terms of input proportion (e.g. Cantonese in Leo) than the one that is less reduced and has met the
50% input threshold (e.g. Mandarin in Leo).

5.2. Input quality and the development of English

We also asked whether Leo’s English input was reduced in qualitative terms. Analysis of the English
input provided by Leo’s mother and by English-native mothers has revealed both non-native-like
and native-like aspects in Leo’s mother's input, cutting across lexical and morphosyntactic
domains. Leo’s English input was within native ranges in terms of grammatical complexity, while
falling below the native ranges in lexical diversity and verb morphology. The implication of this
finding is twofold: having ‘good’ proficiency in English does not guarantee native-like lexical diver-
sity in child-directed speech; and verb morphology, as predicted, is an additional vulnerability in
non-native English input, at least for mothers whose L1 shares few lexical cognates with English
and lacks rich verb inflection as a source of positive transfer. This adds new evidence to existing
research conducted mainly with Spanish-L1 mothers (Hoff, Core, and Shanks 2020) and reveals fruit-
ful directions for future investigations.

Our findings also speak to how much input is needed to trigger acquisition in lexical and gram-
matical domains. We have shown that the English input that Leo was exposed to was reduced to only
20% of what is assumed for monolinguals, and the quality of the input was also affected compared
with monolingual standards. In this case, it is well expected that Leo should display protracted devel-
opment in English. Although the design of our study does not allow us to tease apart effects of
reduced quantity from those of reduced quality, Leo’s development in English shows that with
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only a fragment of what is assumed for normal monolingual native input, the trilingual child was able
to meet monolingual standards in terms of receptive vocabulary and was able to develop productive
morphosyntax. Admittedly, in monolingual English children, progressive -ing appears earlier than
past tense -ed due to language-internal factors such as salience and consistency (De Villiers and
De Villiers 1973), and is one of the ‘easier’ grammatical markers. Additionally, there is a strong possi-
bility that Leo’s early acquisition of progressive -ing is facilitated by corresponding progressive
aspect markers in Mandarin (-zhe) and Cantonese (-gan) (see Luk and Shirai 2018 for -gan and
-ing in Cantonese-English bilingual children). Regardless, form-meaning mappings (however
‘easy’) and cross-linguistic correspondence (however transparent) have to be established based
on a non-trivial amount of English input. Since English is technically a third language added to
Leo’s linguistic repertoire at 1;1, Leo’s achievement shows that even a very small amount of input
in the third language can trigger acquisition in both lexical and morphosyntactic domains at this
very early stage of language development. Learning a third language is less effortful than learning
a second language, even when the other two languages are still developing, echoing the findings
with the Tagalog-Spanish-English trilingual in Montanari (2010) and pointing towards an early bilin-
gual benefit in acquiring a third language.

That said, meeting monolingual standards when the input is reduced to 20% and primarily from
non-native speakers is remarkable. Two factors may have contributed to Leo’s better-than-predicted
development in English and probably his language development in general. First, despite prevalent
differences between English and the two Chinese languages, the three languages share a canonical
word order of [subject-verb-object], which should generate cross-linguistically consistent syntactic
cues for the trilingual child to develop at least the basic syntax that is reflected in the earliest
MLUw, rendering the acquisition task less challenging than those in previous cases where the trilin-
gual child had to sort out cross-linguistically diverse word order cues to break into the languages.
Second, infants and toddlers have limited working memory and other cognitive and motor capacity.
These limitations constrain what young learners can intake from the abundant and rich input, to the
extent that some of the more sophisticated cues in the input is not effectively internalized by the
child at earlier stages of language acquisition, resulting in what we dub as the ‘intake ceiling’ in
language acquisition, a point held in Long and Rothman (2014), Paradis and Griter (2014) and
many others. This explains why multilingual children are able to match monolingual standards in
some areas at this earliest developmental stage when cognitive capacity is most limited, but have
difficulty keeping up with their monolingual counterparts later from (pre-)school age, when cogni-
tive and motor capacity is more developed and the intake ceiling lifted, even when they are blessed
with the best quality of input.

6. Conclusion

To our best knowledge, the Leo Corpus is the first and only open-access longitudinal trilingual
corpus with child utterances and caretaker input from all three target languages systematically
recorded for an extended period of time, when the few existing trilingual child language corpora
in CHILDES only recorded the child and his/her caretakers in one or two of the target languages.
We have found that unlike bilinguals, for whom the proportion of input in a language almost
always correctly predicts the developmental rate of that language in relation to the other, a trilingual
may develop one of the languages considerably faster than predicted by input proportion alone,
benefiting from positive transfer from a closely related and relatively stronger language in the
language triad, if any. The 50% input threshold hypothesis extended from bilingual studies may
not be equally applicable to all three languages in a trilingual child. Language distance and similarity
must be taken into consideration when predicting relative developmental rates and outcomes of
specific languages in trilingual development.

In terms of input quality, we have identified lexical diversity and verb morphology as vulnerable
areas in non-native caretaker input. Non-native versus native differences are evident in these areas
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even when the caretaker has ‘good’ proficiency in the language. We propose that non-nativeness in
caretaker input may be modulated by multiple factors very similar to that in second language attain-
ment. The input provider’s first language, for example, should play a prominent role in addition to
general proficiency.

Despite well-known limitations in the generalizability of case studies like ours, Leo’s case demon-
strates that productive trilingualism and monolingual-like performance in several important devel-
opmental domains are achievable in early childhood. The trilingual family’s innovative input model
incorporating features of ‘one day-one language’ and ‘one parent-one language’ practices may be
one effective way to turn multilingual resources of the child’'s caretakers into quality language
input that supports language development.
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