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Abstract
Despite the importance of cognitive development for vocabulary acquisition, limited
attention has been given to the impacts of cognitive factors on this phenomenon from a
longitudinal perspective. This study evaluates the longitudinal development of such factors
(i.e. metacognitive knowledge, working memory, and non-verbal intelligence) and L2
vocabulary knowledge growth in 210 young second language learners enrolled in a bilingual
programme in China. Results supported individual differences in the initial level and the
growth rate of learners’ cognitive development and vocabulary knowledge growth: a higher
starting level of cognitive development correlated with a higher level of vocabulary know-
ledge and a faster rate of vocabulary knowledge growth. Findings revealed particularly
significant predictive role of metacognitive knowledge on vocabulary knowledge, followed
by non-verbal intelligence and working memory. Relevant implications were discussed
based on the findings.
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摘要

尽管认知发展对词汇习得的重要性不言而喻,但从纵向角度来看,认知因素对
这一现象的影响却受到的关注有限。本研究评估了在中国一项双语项目
中,210名年轻第二语言学习者的认知因素(即元认知知识、工作记忆、非语言
智力)和L2词汇知识增长的纵向发展。结果支持了学习者的认知发展和词汇
知识增长的初始水平及增长率的个体差异:认知发展的起始水平越高,与词汇
知识水平越高和词汇知识增长率越快相关。研究发现,元认知知识对词汇知
识的预测作用特别显著,其次是非语言智力和工作记忆。根据研究结果本文
讨论了相关的启示。
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1. Introduction

The primary grades represent a crucial phase for young learners’ language development,
during which cognitive development may significantly influence vocabulary knowledge.
Understanding how children’s cognitive development – encompassing metacognitive
knowledge, working memory [WM], and non-verbal intelligence – relates to the pro-
gression of their vocabulary knowledge can enable educators to better tailor teaching
strategies to meet young learners’ needs. Therefore, it is both theoretically and practically
essential to elucidate the cognitive development of these students and the trajectory of
their L2 vocabulary growth.

Early childhood is a period of rapid development in both language and cognitive
abilities. Previous research has concentrated on how language development is intertwined
with executive functioning – fundamental cognitive skills that underpin the broader
construct of language, including vocabulary, syntax, and language acquisition (White
et al., 2017). In the present study, cognitive development mainly involves metacognitive
knowledge, WM, and non-verbal intelligence. These three factors were chosen because
they offer specific insights into young learners’metacognitive awareness of their executive
functions within their own learning processes, holding and manipulating information,
and processing information for abstract concepts (Ohtani & Hisasaka, 2018). These
aspects are essential for the learning and retention of new L2 vocabulary in a bilingual
setting. The three factors allow for stable development and influence individuals’ aca-
demic work (Sutherland, 1992). First, metacognition refers to the knowledge and cogni-
tive processes that accompany thinking about one’s own thinking (Teng, 2025). It
includes the ability to reflect on one’s learning, monitor one’s progress, and regulate
one’s cognitive processes (Flavell et al., 1993) or the three basic phases of cognitive
processing (initiation, planning and execution, and output) (Efklides, 2006). Metacog-
nitive knowledge is a significant predictor of learners’ vocabulary knowledge develop-
ment; students with a firm understanding of their own cognitive processes are more likely
to gain new vocabulary (Teng, 2022). In particular, knowledge about a person, task, and
strategy is particularly important for young students’ longitudinal vocabulary develop-
ment when learning English as a foreign language (EFL) (Teng & Mizumoto, 2024).
Second, WM is a cognitive system responsible for temporarily holding and manipulating
information related to a cognitive task (Baddeley & Hitch, 1974). It enables people to
process information in real time. WM is notably important for vocabulary learning
because learners can hold new words in memory while incorporating these terms into
their existing knowledge. Learners with stronger WM abilities may be better prepared to
process and retain new vocabulary, as they can hold more information in their mental
workspace. They may then be able to make more connections between new words and
their existing knowledge, leading to more efficient vocabulary learning (Gathercole et al.,
1992). WM capacity significantly predicts EFL learners’ vocabulary knowledge develop-
ment (Teng, 2024; Teng & Zhang, 2023). Third, non-verbal intelligence refers to one’s
analytical reasoning ability, namely the capacity to solve problems and think logically
without relying on language (Paradis, 2011). Non-verbal intelligence is a core factor in
young learners’ vocabulary development. For example, Sun et al. (2018) identified non-
verbal intelligence as a significant predictor of bilingual young learners’ vocabulary
knowledge, even when controlling for cognitive factors such as WM and metacognitive
knowledge. It is thus essential to examine cognitive development, as it is thought to be tied
to the skills to learn and apply new information in various contexts, including the growth
of vocabulary knowledge.
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Vocabulary knowledge extends beyond merely recognizing words; it encompasses a
thorough understanding of their form, meaning, use in context, and depth of knowledge
(Nation, 2022). This type of knowledge also indicates a learner’s degree of language
development. Studies have shown that individuals’ vocabulary knowledge between ages
5 and 6 can partially predict future reading achievement among monolingual English-
speaking children (Scarborough, 2001). Additionally, an extensive vocabulary facilitates
the acquisition of words and concepts (Biemiller, 2005). By building a robust vocabulary
repertoire that covers these dimensions, learners can enhance their language proficiency
and effectively engage in various aspects of communication, comprehension, and expres-
sion.

Although scholars have explored the roles of these cognitive factors (i.e. metacognitive
knowledge, WM, and non-verbal intelligence) in acquiring vocabulary knowledge, lon-
gitudinal studies have rarely examined the developmental trajectories of these variables in
young learners enrolled in bilingual programmes. Longitudinal research can track
changes over time to provide a comprehensive sense of the dynamic relationships
between cognitive factors and vocabulary knowledge. This depth of understanding is
vital because these aspects are interconnected and guide language learning. The selection
of the three cognitive aspects embodies the information-processing approach (Huitt,
2003). This framework posits that environmental information undergoes processing
through various systems, such as attention, perception, and short-term memory. Key
factors like metacognition, working memory, and intelligence play a crucial role in
systematically transforming ormodifying this information, thereby shaping the processes
and structures fundamental to cognitive performance. In addition, the relationship
between metacognitive knowledge, working memory, and non-verbal intelligence can
be conceptualized within a hierarchical framework. Within this expanded framework,
non-verbal intelligence remains a broad, encompassing a broad construct of various
processes and abilities related to understanding and dealing with non-linguistic and
spatial information, problem-solving, and reasoning, with working memory serving as a
specific, integral component crucial for temporary storage and manipulation of infor-
mation for complex cognitive tasks. Metacognitive knowledge introduces an additional
layer, acting as a critical mediator that influences both the efficiency of working memory
and the broader application of non-verbal intelligence. By discerning these relationships,
we can recognize how cognitive processes support or hinder vocabulary learning and then
apply vocabulary learning strategies accordingly.

2. Vocabulary learning

Acquiring vocabulary in a second language (L2) is crucial for attaining L2 proficiency,
which is instrumental in enhancing communication and literacy skills. Therefore, enrich-
ing vocabulary is a paramount and continuous challenge in both first language (L1) and
L2 education. Vocabulary acquisition is also significant in the context of language
immersion programmes, where students typically commence their educational journey
with minimal knowledge of the target language. These students are expected to utilize a
substantial vocabulary, often acquiring amore extensive vocabulary in the target language
than their counterparts in traditional L2 learning environments. However, the absence of
systematic vocabulary instruction in many immersion and bilingual programmes results
in students’ vocabulary knowledge being inadequate for expressing themselves appro-
priately for their age and academic level, thereby impeding their literacy development.
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Understanding a word and its application in various contexts is central to vocabulary
learning (Nation, 2022). This entails not onlymemorizing words but also being capable of
utilizing them across diverse language scenarios (Gu, 2003). The acquisition process
encompasses two primary dimensions: the knowledge dimension, involves the breadth
and depth of vocabulary knowledge, requiring deliberate and explicit learning strategies
(Schmitt, 2008). The skill dimension, on the other hand, is largely dependent on implicit
learning and memory processes (Ellis, 1994). Thus, vocabulary learning should cater to
both the “knowing” and “using” aspects of language mastery.

Learners approach vocabulary acquisition with a variety of individual differences that
significantly affect their learning pace and eventual outcomes. Factors such as age
(Miralpeix, 2006), language aptitude (Dahlen & Caldwell–Harris, 2013), intelligence
(Ongun, 2018), metacognitive knowledge (Teng & Mizumoto, 2024), awareness of self-
regulation abilities (Alamer et al., 2024), and working memory capacity (Martin & Ellis,
2012) have been identified as crucial determinants. These stable, person-specific factors
largely dictate a learner’s approach to vocabulary learning and the success thereof.

3. Metacognition in vocabulary learning

The role of metacognition in language learning, including bilingual learning, stems from
Flavell’s (1979) groundbreaking work. He introduced the concept of metacognition,
referring to one’s awareness and understanding of their own cognitive processes, strat-
egies, and knowledge. This notion entails the ability to monitor and regulate one’s
learning, set goals, plan, and evaluate progress. In the field of applied linguistics, Teng
(2025) acknowledged the power of metacognition in language teaching, particularly in
early foreign language and bilingual learning settings. This focus is attributable to
metacognition’s potential to improve language learning outcomes and inform instruc-
tional practices. Students who capitalize on metacognitive processes can become more
effective and autonomous language learners. Different from learning a first language,
learning a second (L2) or a foreign language involves deliberate actions that require self-
invoked plans and cognitive skills. In an attempt to accomplish one’s goals in L2 learning,
a person must coordinate various types of information and task-based strategies to solve
the problems at hand (Wenden, 1998). Metacognitive knowledge reflects one’s under-
standing of their enduring characteristics and transient conditions for learning (person);
the nature, purpose, and demands of the tasks (task); and methods for coping with tasks
(strategies) (Flavell &Wellman, 1977). Metacognitive knowledge is also transsituational;
that is, it can be applied in diverse learning settings. It further serves an executive function
of directing one’s thinking and behaviour.

Learners possessing metacognitive knowledge tend to be aware of their own thinking
processes and able to effectively control their learning.

Research in educational psychology has delved into the longitudinal growth of
metacognitive knowledge, offering insights into how children’s understanding of their
own cognitive processes evolves over time. Annevirta and Vauras (2001) conducted a
study tracking the development of metacognitive knowledge among primary school
children, from preschool age up to the third grade, from ages of 6–7 to ages of 9–10.
Their findings highlighted a significant enhancement in metacognitive awareness begin-
ning around the ages of 6–7, with first graders starting to develop a more consistent
understanding of cognitive processes and their roles in cognitive activities. However, they
noted variability in the children’s grasp of specific cognitive processes, such as memory,
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comprehension, and learning. Furthering this line of inquiry, Roebers and Spiess (2017)
focused on second graders (ages of 7–8), examining their abilities in metacognitive
monitoring and control. Their research revealed a notable advancement in these areas
among second graders, indicating a significant developmental stride in metacognitive
capabilities. Building on this, Nicolay et al. (2022) embarked on a longitudinal study to
examine the evolution of metastrategic knowledge – the application of strategies in
learning – among students transitioning from grade 6 (ages of 12–13) to grade 9 (ages
of 15–16). While initial findings showed statistically significant enhancements in metas-
trategic knowledge, indicating growth, their findings showed that students still showed
considerable room for improvement in mastering these strategies across the two meas-
urement points. These studies collectively underscore that the trajectory of metacognitive
knowledge development is not only significant but also varies according to different
educational stages and contexts. The collective findings reveal a complex picture of how
children progressively refine their understanding and control over their cognitive pro-
cesses, highlighting the nuanced nature of metacognitive development across different
ages and learning environments.

There have also been other longitudinal studies on metacognition in the EFL context.
Teng (2022) suggested that metacognitive knowledge and vocabulary knowledge were
dynamically correlated among a total of 425 1st- to 4th-grade students learning EFL in
primary school; participants’metacognitive knowledge was strongly associated with their
vocabulary knowledge throughout the selected school years. Teng and Zhang (2021)
investigated how children’s metacognitive knowledge, along with their reading and
writing skills, evolves from Grade 1 to Grade 6. Their findings highlighted the predictive
influence of students’ metacognitive knowledge on their reading and writing perform-
ance. Teng and Zhang (2022) had previously described the covarying development of
metacognitive knowledge andmorphological awareness in groups of ethnic minority Yao
and Han majority students, who were young learners and bilingual or multilingual
speakers. The authors observed a cumulative trend from the third to the sixth grade:
Yao minority students generally lagged behind Han non-minority students in morph-
ology learning due to metacognitive knowledge. However, morphological awareness is
strongly influenced by prior language experience. Early learners of alphabetic languages
usually rely more on phonological information than morphological cues. Notably, Teng
and Zhang (2022) did not explore how Yao andHan students’ distinct language learning
experiences may influence this process. Likewise, Teng and Zhang (2024a) explored the
longitudinal development ofmetacognitive knowledge and breadth of English vocabulary
knowledge with a sample of 115 ethnolinguistic Yao minority and 108 ethnolinguistic
majority Han students. The results indicated that both groups of Han and Yao students
showed a cumulative improvement in their metacognitive knowledge and breadth of
English vocabulary from third to sixth grade. Furthermore, metacognitive knowledge was
identified as a predictor of the breadth of English vocabulary knowledge across the studied
school years.

Metacognitive knowledge is thus a key component of the vocabulary learning process.
Metacognition in vocabulary learning concerns reflecting on one’s learning processes and
the techniques used to gain vocabulary. Young EFL learners with strong metacognitive
knowledge can better regulate their own learning, monitor their progress, and adjust their
strategies as needed (Teng, 2022). For instance, a learner who knows their weaknesses in
vocabulary acquisition may use specific tactics, such as repetition or association, to
compensate for these limitations (Teng & Mizumoto, 2024). A plethora of studies have
shown that learners’ metacognitive knowledge is positively related to their vocabulary
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learning (e.g. Teng, 2022; Teng & Zhang, 2023, 2024). Yamada (2018) explored a
taxonomy of metacognitive vocabulary learning strategies and their relationship with
vocabulary knowledge, based on a sample of 132middle-school EFL learners. Participants
completed a vocabulary size test and a questionnaire on vocabulary learning strategies.
The 20 metacognitive vocabulary learning strategies were grouped into six factors. A
regression analysis highlighted input seeking as a positive predictor of vocabulary test
scores from the 1,000- to 4,000-word levels. Spaced learning positively predicted test
scores for the 2,000- and 3,000-word levels. Guessing with confidence positively predicted
test scores for the 2,000- and 5,000-word levels. Note-making was a significant predictor
at the 5,000-word level. Planningwas not a positive predictor of test scores from the 1,000-
to 5,000-word level; in other words, planning appeared less important in vocabulary
knowledge scores. However, one critical issue is that the six factors, including input
seeking, planning, selective attention, spaced learning, guessing with confidence, and note
taking, were considered vocabulary learning strategies that partially reflect metacogni-
tion. Teng and Zhang (2023) subsequently discovered that metacognitive knowledge
(i.e. in relation to the person, task, and strategies) was integral to multilingual young
learners’ vocabulary acquisition.

Overall, metacognitive knowledge relates to the parameters of learning and perform-
ance. It represents an executive function that coordinates one’s thinking and behaviour in
vocabulary learning. Young studentsmust become aware of their own cognitive processes
when acquiring vocabulary. Developing metacognitive knowledge of persons, tasks, and
strategies can help individuals control their learning and improve their vocabulary
knowledge. They can then develop new vocabulary more efficiently. Understanding their
own cognitive processes and using strategies to plan and monitor their learning should
lead to more successful outcomes. Developing metacognitive knowledge is especially
important for young learners. By doing so, learners can become more conscious of their
cognitive processes and more confident in their ability to gain vocabulary.

4. Working memory in vocabulary learning

WM involves learners’ basic cognitive abilities to maintain and process a certain amount
of information for a brief period while completing other tasks (Baddeley, 1992). Scholars
have continually studied howWM intertwines with vocabulary learning. This concept is
believed to catalyze the formulation and refinement of the cognitive model in vocabulary
learning (Ellis & Sinclair, 1996). Baddeley’s multicomponent model of WM is widely
regarded as the most influential framework for studying WM. Researchers have lately
begun to recognize the unique roles of phonological and executive WM in terms of
learning subskills in L2 acquisition (Wen & Skehan, 2021). It is therefore essential to
examine individual differences in executive functions such as updating, task switching,
and inhibitory control (Miyake, 2001).

In the realm of educational psychology, the study of the longitudinal growth of WM
has garnered attention. A notable study by Reynolds et al. (2022) delved into the
development ofWM in childhood, specifically from ages five to 11½ years. Their findings
revealed a curvilinear trajectory of WM growth, characterized by an initial rapid increase
that gradually slows over time. This pattern of decelerating growth marks a departure
from earlier research (Gathercole et al., 2004), which posited a linear increase in WM
throughout childhood. Further complicating the picture, research by Stipek and Valen-
tino (2015) suggests that the rate of WM growth may vary significantly across different
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stages of childhood. Their findings indicate a sharper increase in WM during the early
years of elementary school, followed by a more gradual growth in later years, supporting
the notion of a curvilinear growth pattern. These studies collectively highlight the
variability in WM development among children, suggesting that individual trajectories
of WM growth are influenced by a variety of factors. Moreover, the observed differences
in growth trajectories can partly be attributed to the diverse methodologies employed in
assessing working memory. The association between WM growth and other develop-
mental changes further underscores the complexity of WM development.

WM plays a part in vocabulary learning; students must access recently presented
information while processing and integrating new details or prior knowledge in a
developing mental model. Martin and Ellis (2012) analyzed how phonological short-
term memory and executive WM affect vocabulary and grammar learning in a foreign
language context. The participants were 40 monolingual native-speaker university stu-
dents. Results demonstrated significant independent effects of phonological short-term
memory and executive WM on L2 vocabulary and grammar learning. Later, in a
multimedia learning context for university EFL students (Teng & Zhang, 2023), findings
again showed the benefits of phonological short-term memory and executive WM on
vocabulary learning. Simply put, students with a lower WM capacity may struggle to
achieve adequate vocabulary learning outcomes. Vocabulary learning often requires
people to process and remember multiple pieces of information simultaneously, which
can be challenging for those with a limited WM capacity (Teng, 2024). Furthermore,
when theWMdemands of a vocabulary learning activity exceed one’sWM capacity, they
might have trouble preserving necessary information. Less satisfactory vocabulary learn-
ing outcomesmight follow, such as difficulty recalling newwords or using them correctly.

Other studies have addressed bilingual young learners. Morra and Camba (2009)
explored WM and vocabulary learning in 161 primary school bilingual students in Italy.
Vocabulary knowledge was assessed with the Primary Mental Abilities battery; WM was
measured through forward digit span, backward digit span, non-word repetition, and
counting span. Linear structural relation models underlined WM capacity as a main
predictor of learning short non-words but not long non-words. In another case (Stokes &
Klee, 2009), 232 bilingual children (aged 24–30 months) were tested on expressive and
receptive vocabulary, cognitive development, word learning, andWM skills. The authors
focused on the relative effects of demographic, cognitive, behavioural, and psycholin-
guistic factors on these students’ vocabulary development. Non-word repetition was the
only significant unique predictor of vocabulary learning scores, indicating the importance
of WM for young students’ vocabulary. Teng (2023) proposed that phonological short-
term memory and complex working memory exert distinct predictive influences on
vocabulary learning outcomes, particularly regarding incidental learning and retention.
Notably, phonological working memory demonstrated a stronger predictive effect on
both incidental vocabulary acquisition and retention compared to complex working
memory. Seigneuric and Ehrlich (2005) examined how WM capacity and vocabulary
knowledge contribute to bilingual young learners’ reading comprehension. Data were
collected from 74 students in Grades 1–3. The authors concentrated on developmental
trends in WM and reading along with the relative impacts of WM and vocabulary on
reading-related success. Multiple regression analysis indicated that WM capacity directly
predicted reading comprehension inGrade 3. Vocabulary learning success in Grade 1 and
WM in Grade 2 additionally contributed to reading comprehension in Grade 3. WM and
vocabulary knowledge were thus deemed important for reading.
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In summary, WM is a key component of cognition. WM development throughout
childhood is a major predictor of cognitive development and vocabulary learning. To
date, the literature has reflected limited attention to bilingual young students’ longitudinal
development of WM and its relationship with vocabulary learning. Gathercole and
Pickering (2000) argued that this oversight may be due to difficulties in assessing WM
for young learners. Although we agree that vocabulary learning is closely associated with
WM, it seems important to contemplate how WM supports young students’ vocabulary
learning over time. Longitudinal studies call for substantial time, resources, and effort.
Following young students over an extended period to monitor their WM development
and vocabulary learning can be logistically complicated. Bilingualism is complex and
influenced by multiple factors, such as language proficiency, language use patterns, and
language dominance. These aspects can interact with WM development and vocabulary
learning in nuanced ways.

5. Nonverbal intelligence in vocabulary learning

The understanding of non-verbal intelligence can be traced back to Cattell’s (1963) theory
on fluid intelligence. Non-verbal intelligence captures one’s ability to solve problems
through extensive reasoning (e.g. memory, imagination, thinking, recognition, meaning
understanding, concept formation, classification, and reasoning). This type of intelligence
embodies young learners’ skills related to memory, imagination, thinking, classification,
and deduction. Children are sensitive to time and location, and vocabulary knowledge
partly corresponds to non-verbal intelligence (Anderson & Freebody, 1981). Sunde et al.
(2024) discovered that non-verbal reasoning abilities in first-grade students were pre-
dictive of their mathematics achievement by the fourth grade. This study highlighted the
possibility of developing the ability to solve single-digit arithmetic problems in the first
grade, while also noting the presence of individual differences in this process. Several
empirical studies have addressed the issue of non-verbal intelligence in bilingual young
learners. Ongun (2018) focused on 100 Turkish bilingual children in theUnited Kingdom
and documented a significant relationship between non-verbal intelligence scores
(measured via Raven’s coloured progressive matrices) and productive vocabulary size.
Song et al. (2015) explored vocabulary learning, reading, and non-verbal intelligence
among learners of speaking Chinese and learning English in China. Cognitive skills,
including non-verbal intelligence, varied among groups with different developmental
vocabulary trajectories. The initial size and growth rate of vocabulary may predict later
reading development. Other research has compared monolingual and bilingual young
learners. In an early study (Beech & Keys, 1997), a group of 40 bilingual Asian children
and a monolingual group of 24 children completed a series of standardized tests: non-
verbal intelligence, vocabulary, basic reading, reading comprehension, and language
preference questionnaires. A marked difference emerged in the two groups’ receptive
oral vocabulary and reading abilities. Their development of vocabulary and reading was
related to non-verbal intelligence.

Cognition, including non-verbal intelligence, may be pertinent when bilingual young
learners acquire vocabulary knowledge. De Wilde et al. (2021) recruited 107 bilingual
young students and discovered that external factors (e.g. out-of-school exposure and
length of instruction) affected vocabulary learning more than internal attributes such as
first-language vocabulary size and cognition. Conversely, Sun et al. (2018) explored WM
and analytic reasoning ability in a sample of 805 multilingual Singaporean bilingual
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young students. Cognition accounted for a higher degree of variance in vocabulary
learning. Non-verbal intelligence was not specifically assessed in either of these studies.
Cognitive factors, such as analytic reasoning ability, can be generalized to provide insight
into non-verbal intelligence. These findings emphasize the need to consider cognitive
factors when pondering the intricacies of young learners’ vocabulary acquisition.

6. Current study

Research has described the relative impact of cognition on vocabulary knowledge
development. Far less is known about young learners’ longitudinal development in a
bilingual programme. By tracking their cognitive abilities and receptive vocabulary
knowledge over an extended period, the present study paints a more vivid picture of
how these factors, i.e. metacognitive knowledge, WM, and non-verbal intelligence, are
developed in young learners. The hypothesis is that young learners might have the
capability to enhance their metacognitive knowledge, WM, non-verbal intelligence,
and understanding of receptive vocabulary during their elementary school years. There
could be a relationship between cognitive factors and vocabulary understanding, with
various cognitive factors potentially affecting the growth of vocabulary knowledge.
Findings thus unveil potential areas for intervention or support for these students’
vocabulary knowledge development. The present study addresses the following three
questions:

1. To what extent do learners develop in terms of cognitive factors (i.e. metacognitive
knowledge,WM, and non-verbal intelligence) and receptive vocabulary knowledge
during primary grades?

2. What are the covarying relations between learners’ cognitive factors
(i.e. metacognitive knowledge, WM, and non-verbal intelligence) and receptive
vocabulary knowledge during primary grades?

3. What is the relative significance of these three cognitive factors on receptive
vocabulary knowledge during primary grades?

7. Methods

7.1. Research design

This study examined the longitudinal development of young learners’ vocabulary know-
ledge during primary school. We focused on the covarying development of vocabulary
knowledge with metacognitive knowledge, WM, and non-verbal intelligence. Tests were
repeated annually from Grade 1 (from ages 6 to 7) to Grade 6 (from ages 12 to 13).
Although test–retest designs might enable participants to deliberately memorize target
items, no ceiling or floor effects were apparent in this research.

7.2. Participants

A total of 210 children from ages 6 to 7 (104 boys, 106 girls; Mage = 78.1 months, SD =
3.42 months) who were enrolled in a bilingual learning programme participated in this
study. The programme aims to develop students’ proficiency in Mandarin Chinese and
English. It employs a content-based approach, where academics are taught in both
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languages so students can cultivate subject knowledge while enhancing their language
skills. Participants were followed throughout primary school. Testing was administered at
the end of each grade to ensure participants had received a certain extent of English
instruction. Many participants reportedly began learning English in Grade 1, but some
said their lessons started earlier through a private English learning centre. Our initial
sample consisted of all Grade 1 students (n = 230) from a prestigious primary private
school in a developed city in southern China. A total of 210 students completed the test
materials required at all measurement points. Attrition was due to parents’ relocation (n=
15) or missing data (n = 5). All parents permitted us to gather data from their children for
the purposes of this research. The sample was culturally and racially homogenous. Most
participants hailed from a socioeconomic background with substantial income. Their
parents worked in the developed city and supported the students’ education there. All
participants spoke Chinese as their first language. None attended special education
classes.

7.3. Measures

This study focused on the cognitive antecedents of vocabulary knowledge acquisition,
namely metacognitive knowledge, WM, and non-verbal intelligence. Variables were
measured through individual testing administered via an iPad. All tests were con-
ducted by 16 investigators with extensive teaching experience and training in psy-
chological assessment. The testing procedure, which involved approximately
30 students per day, took place over one week. The measures are described in the
ensuing subsections.

7.3.1. Vocabulary knowledge (VK)
We referred to Anthony and Nation’s (2017) Picture Vocabulary Size Test (PVST) to
evaluate participants’ vocabulary knowledge. The PVST is a standardized test that
estimates young learners’ receptive vocabulary knowledge. It pertains to vocabulary size,
specifically the number of words a person may know. The PVST was primarily developed
for either young preliterate native speakers up to age 8 or young non-native speakers of
English. It is a recognition test that assesses whether the test taker can find a suitable
meaning (i.e. a picture) for a given word. Two 96-item test sets are included.We only used
the first set, as no ceiling effects were observed among participants. A ceiling rule is that if
all students respond to 96 items correctly, we need to include more test items. Each image
plate in the set contains four pictures. Participants were required to choose one picture
they believed represented themeaning of the stimulus word they had heard (or an “I don’t
know” option). As vocabulary knowledge tends to develop gradually and incrementally, it
can be reliably tracked across age groups. Vocabulary knowledge acquisition and devel-
opment can therefore be analyzed longitudinally.

For the purposes of this study, “vocabulary knowledge” refers to an assessment that
measures the receptive vocabulary size of young Chinese learners. The original test
required learners to choose a correct picture after listening to a target word. We
modified this test format after consulting with teachers in the chosen school. The
revised version included printed text for the target words, enabling learners to listen
while reading the words and then select the correct picture. This change was made
because comprehending new words solely through listening was considered too
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challenging for young Chinese learners, who have limited exposure to the target
language. Although the test format used here differs from the one proposed by Nation
andAnthony (2016) to evaluate vocabulary size, was intentionally less difficult. This test
targeted learners’ receptive vocabulary knowledge by assessing their capacity to asso-
ciate words with visual representations; it focused on comprehension and recognition
rather than productive vocabulary use.

In order to make this test appropriate for young learners, who may be vulnerable in
their cognitive, social, emotional, and physical growth (McKay, 2006), we administered
this test in a one-on-one manner to support each participant individually. The teacher
sought to keep every student on task by providing encouraging feedback such as “You are
doing well” and “Good job.” The PVST yields raw scores indicating the number of items
correct out of 96. Participants received five training words and image plates prior to the
formal assessment to familiarize themselves with the test requirements. The test stopped
once a participantmade errors on six consecutive items. Cronbach’s alpha values by grade
ranged from .85 to .91, indicating sound test reliability. Two raters scored the assessment.
The interrater reliability equalled 98.5%, and disagreements were resolved through
discussion.

7.3.2. Metacognitive knowledge (MCK)
MCK was measured using a personal interview-based test adapted from earlier studies
(Annevirta & Vauras, 2001; Teng, 2022; Teng & Zhang, 2024b). The teacher presented a
series of verbal and visual tasks as prompts for participants to express metacognitive
knowledge. This test was used to measure young students’ cognitive processes, including
their abilities to remember, understand, and learn. This test totally included 24 tasks
(e.g. recalling a story, focusing on a task, using WM, recalling previously encountered
items, and examining objects). Each picture depicted a young boy or girl attempting to
remember, understand, or learn something. Figure 1 shows a sample picture task in which
a young boy is trying to understand a storybook.

The teacher verbally explained every situation in the test. Following each explan-
ation, participants independently looked at the drawings. They then chose the picture
that best reflected their idea of remembering, understanding, or learning. For example,
when answering the question, “What was the best way for the boy to remember the
details of a story?”, the learners selected one picture. In the original MCK test, scores
were assigned based on participants’ decisions. We did not rate young learners’
selections in this way because some participants randomly guessed without fully
understanding the task directions. Scores were therefore mostly based on learners’
verbal justification (e.g. “Why can the boy you chose remember the details of a story?”)
(Figure 1).

Participants’ level of English language proficiency could affect these test results. The
assessment was thus completed in Chinese, their first language, to mitigate associated
limitations. However, some participants still found certain questions challenging. The
teacher guided these learners by telling them to imagine themselves as the child in the
given situation. The teacher also gave prompts to help participants reflect on how to
remember, understand, or learn something: “How would you try to remember as much
information as possible from a storybook?” (memory); “How would you try to under-
stand a storybook?” (comprehension); and “How would you learn from a storybook?”
(learning). These prompts helped learners consider factors that might influence their
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cognitive activities and provided explanations that accorded with their thoughts and
experiences.

Participants’ explanations were scored on a 4-point scale. Zero points were given for
no answers or irrelevant justifications (e.g. “I just think it’s good” or “I just like it”). One
point was awarded for implicit, indirect references to the participant’s cognitive process-
ing (e.g. “I can knowmore through books,” “I try to find something new in the book,” or “I
like reading books”). Two points were awarded for adequate cognitive mental processing
(e.g. “I can find something newwhen I focus a lot on reading” or “I knowmorewhen I take
notes while reading”). More explicit explanations related to cognitive processing earned
three points (e.g. “Playing with toys while reading can make me distracted” or “Taking
notes from reading can better help me memorize some details”).

Scores for the explanations were summed for a possible maximum of 72 points.
Participants’ scores reflected the quality of their oral explanations about metacognitive
knowledge. Young learners’ descriptions of their academic routines and cognitive mental
processing reflected such knowledge. This MCK test aligned with Flavell’s (1976) theor-
etical conceptualization that metacognitive knowledge conveys learners’ ability to under-
stand their own cognitive processes.

Cronbach’s alpha values by grade ranged from .79 to .85, indicating sound reliability
for this test. Participants’ verbal explanations were recorded and transcribed. Three
independent judges, who had no involvement in the instruction process, were paid to
evaluate the answers. All had more than five years of experience teaching English in
primary school. They rated participants’ verbal explanations twice. Interrater reliability
reached 86–95% in the second round of scoring. Disagreements were resolved through
discussion and majority opinion.

Figure 1. An example task in the MCK test.
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7.3.3. Test of non-verbal intelligence
The Test of Non-verbal Intelligence (Third Edition, TONI-3) assesses young learners’
abstract/figural problem-solving (Brown, Sherbenou, & Johnsen, 1997). Measurement
topics include shape, position, direction, rotation, contiguity, shading, size, and move-
ment. The TONI-3 is a single-scale test that evaluates performance on a standalone factor
associated with non-verbal problem-solving. The assessment includes two forms (“A”
and “B”) to establish multiple measures of a test taker’s ability. Each form contains one
45-item test with six response options. Each item is scored as 1 if answered correctly or 0 if
answered incorrectly for a maximum possible score of 90 points. Regarding content
validity, the TONI-3 is culture-free and language-independent: it concerns figural
problem-solving skills that do not rely on specific cultural or linguistic knowledge
(Brown et al., 1997). The alpha coefficients by grade ranged from .81 to .87, indicating
sound reliability.

7.3.4. Working memory
The Working Memory Power Test (WMPT) was used to assess learners’ WM capacity
(Freeman et al., 2017). This test taps into one’s confidence and accuracy in memory
performance. The emphasis of this test was on evaluating the memory-updating capabil-
ities of young learners, as opposed to assessing their phonological WM. This approach
was chosen to better understand how these learners process and refresh information in
their workingmemory, a critical aspect of cognitive development that differs significantly
from the mere storage capabilities associated with phonological WM. The test has five
levels of increasing difficulty: Memorize, 1-Swap, 2-Swap, 3-Swap, and 4-Swap. At the
Memorize level, the participant is presented with drawings of three animals (e.g. bird, rat,
and dog) on the screen, which function as non-verbal stimuli. The test taker must
remember these items in order. They then use a mouse to click a button to proceed
through the test. The participant chooses one out of six options for each question. Every
option is a triplet of three presented animals in various orders. The person should choose
the triplet that reflects the order of animals they have seen; this level is the easiest. The
1-Swap condition is more difficult, wherein the participant views a new triplet of three
animals andmustmentally swap the position of two of the three (e.g. “Swap 2 and 3”). The
original triplet remains on the screen but disappears when the test taker clicks a button to
proceed to the next item. Six options then appear again. The person should pick the
option corresponding to the swapped sequence. The 4-Swap is the most challenging level.
It involves four position swaps (e.g. “Swap 3with 1, then 2with 3, then 1with 2, and then 3
with 2”). Instructions for this test were provided in Chinese. After each level, learners were
required to rate their confidence in their performance on a 4-point scale. We could not
obtain the data from first graders because many participants were unable to indicate their
level of confidence. Scores only reflected accuracy in these instances. Each level consisted
of five trials for a total of 125. One point was awarded per trial. The test had good
reliability as evidenced by a Cronbach’s alpha value of .83.

7.4. Procedure

All tests were performed individually. The MCK and VK took approximately 90 minutes
to finish; while the TONI-3 and WM tests each took approximately 15–20 minutes to
complete. All tests were conducted on the same day, but each was administered at
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different time intervals to reduce the cognitive load on participants. Data collection began
in the second semester of first grade and was repeated annually from the second semester
until sixth grade. Each test ceased once participants answered six consecutive items
incorrectly. No ceiling effects were detected for any test. The school, and its teaching
department, demonstrated considerable support for this longitudinal study, recognizing
its potential to yield insightful information for teaching and policy making. This facili-
tated the study’s smooth execution. In support of this endeavour, a total of 30 English
teachers from the institution actively engaged in the data collection process.

7.5. Data analysis

Latent growth curve analysis was conducted using structural equation modelling in
Mplus to explore dynamic relationships between cognitive factors and vocabulary
knowledge development. Using longitudinal data with identical multiple indicators at
each point enabled a thorough understanding of participants’ cognitive factors and
vocabulary knowledge over time (Geiser, 2013). The measurement of each variable was
divided into several latent components to understand linear or quadratic trends. This
approach yielded rich information on how these variables evolved.Multilevelmodelling
was adopted to explore the relative significance of the three cognitive factors on
vocabulary knowledge. This technique accounted for the nested structure of the data,
where repeated measures of vocabulary knowledge were nested within participants.
Variance in the data could thus be estimated with greater accuracy. We could also
identify which cognitive factors significantly influenced young learners’ development of
vocabulary knowledge and language skills over time. Data and coding were shared
through an open science framework (https://osf.io/w7nt6/) to promote open science
practices.

8. Results

Table 1 lists descriptive statistics for each test across time.
Participants demonstrated steadily increasing growth in their vocabulary knowledge,

MCK, WM, and non-verbal intelligence (NVI). Standard deviations showed large indi-
vidual differences in each test at each time point. Skewness and kurtosis values indicated
that the data were normally distributed. A Pearson correlation analysis revealed signifi-
cant positive correlations between MCK, WM, NVI, and VK (Table 2)

RQ 1. Cognitive development and receptive vocabulary knowledge during primary
grades

A linear latent variable growth model and a quadratic non-linear growth model were
constructed to answer the first research question (i.e. on developmental trends in young
learners’ cognitive factors and vocabulary knowledge). The intercept (α) and slope (β)
need to be estimated in a linear latent variable growthmodel. The intercept represents the
initial level of learners’ developmental trajectories, and the slope indicates the develop-
ment speed. Factor loadings were limited to one (set to 0, 1, 2, 3, 4, and 5) in our model,
and the interval between each test point was equal. Table 3 displays the intercept and slope
values.
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We computed each variable’s developmental pattern. We first calculated the formula
forMCK:MCK= 18.965 + 4.662*time + .451*time2 (time: starting from 0; 0, 1, 2, 3, 4, and
5 represent the first, second, third, fourth, fifth, and sixth measurement scores, respect-
ively). The other formulas were as follows: WM = 13.350 + 5.631*time + .434*time2;
NVI = 14.460 + 7.024*time + .130*time2; VK = 13.846 + 11.797*time.

We further attempted to determine the linear or quadratic model for each variable
based on our formulas. Linear and quadratic growth models were used to compare
development trends across the six measurements of the variables. The optimal growth
model was determined based on model fit. According to the indicators in Table 4, MCK,
WM, and NVI were the best examples of quadratic growth, while VK was the preferred
linear growth model.

Table 1. Descriptive statistics of cognitive factors and vocabulary knowledge

Variables M SD Min. Max. Skewness Kurtosis

MCK T1 18.95 10.12 2 39 �.077 –1.240

MCK T2 24.21 10.86 1 44 �.187 –1.119

MCK T3 29.97 11.46 7 50 �.212 –1.142

MCK T4 36.95 11.87 13 61 �.132 –1.157

MCK T5 45.37 12.21 18 68 �.204 –1.101

MCK T6 53.43 11.99 23 70 �.381 –1.059

WM T1 13.35 6.45 2 28 .275 �.967

WM T2 19.51 7.65 6 37 .304 �.756

WM T3 25.66 8.67 7 49 .396 �.536

WM T4 34.77 9.78 16 62 .339 �.546

WM T5 43.30 10.78 22 71 .388 �.343

WM T6 52.52 11.14 28 82 .335 �.486

NVI T1 14.42 6.51 2 29 .271 �.927

NVI T2 21.62 7.24 5 38 .264 �.944

NVI T3 29.05 8.50 8 48 .148 �.909

NVI T4 36.70 9.70 13 58 .101 �.962

NVI T5 44.55 10.79 15 68 .038 �.896

NVI T6 53.07 11.57 20 78 �.038 �.732

VK T1 13.65 6.40 2 32 .244 �.509

VK T2 25.76 8.74 8 44 .193 �.862

VK T3 31.25 9.86 11 54 .230 �.814

VK T4 37.04 10.81 14 67 .355 �.462

VK T5 49.33 11.38 26 81 .256 �.448

VK T6 62.08 12.61 32 90 .116 �.360

Note. MCK, metacognitive knowledge; WM, working memory; NVI, non-verbal intelligence; and VK, vocabulary knowledge.
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Table 2. Correlations between variables at different time points

Varibles MCKT1 MCKT2 MCKT3 MCKT4 MCKT5 MCKT6 WMT1 WMT2 WMT3 WMT4 WMT5 WMT6 NVIT1 NVIT2 NVIT3 NVIT4 NVIT5 NVIT6 VKT1 VKT2 VKT3 VKT4 VKT5

MCKT1 1

MCKT2 .993** 1

MCKT3 .990** .993** 1

MCKT4 .969** .972** .979** 1

MCKT5 .948** .951** .960** .970** 1

MCKT6 .928** .934** .942** .946** .967** 1

WMT1 .866** .861** .861** .851** .837** .818** 1

WMT2 .841** .831** .834** .825** .815** .795** .968** 1

WMT3 .810** .798** .802** .801** .789** .764** .935** .977** 1

WMT4 .829** .811** .821** .815** .811** .789** .904** .932** .949** 1

WMT5 .818** .799** .805** .803** .803** .779** .864** .889** .907** .963** 1

WMT6 .810** .789** .795** .803** .803** .776** .847** .874** .894** .945** .979** 1

NVIT1 .806** .798** .799** .790** .781** .768** .936** .913** .884** .864** .835** .822** 1

NVIT2 .786** .780** .779** .768** .761** .750** .896** .870** .843** .813** .794** .781** .960** 1

NVIT3 .781** .777** .776** .766** .756** .751** .882** .856** .826** .794** .772** .757** .947** .986** 1

NVIT4 .768** .765** .764** .754** .749** .745** .874** .843** .815** .788** .764** .748** .940** .973** .987** 1

NVIT5 .752** .749** .749** .741** .740** .736** .864** .837** .809** .779** .752** .736** .931** .955** .972** .987** 1

NVIT6 .722** .717** .718** .710** .710** .709** .824** .795** .762** .730** .706** .693** .892** .920** .938** .954** .969** 1

VKT1 .780** .784** .793** .794** .794** .763** .759** .753** .748** .770** .763** .766** .732** .694** .672** .659** .640** .615** 1

VKT2 .846** .849** .854** .872** .855** .828** .767** .754** .738** .753** .759** .770** .715** .695** .679** .669** .643** .623** .851** 1

VKT3 .854** .855** .866** .894** .874** .849** .771** .750** .736** .770** .780** .791** .726** .704** .698** .693** .670** .644** .804** .940** 1

VKT4 .827** .829** .840** .866** .857** .834** .723** .697** .682** .731** .739** .751** .689** .666** .659** .659** .637** .617** .782** .900** .968** 1

VKT5 .770** .776** .789** .821** .805** .784** .685** .662** .652** .699** .702** .717** .653** .633** .627** .617** .594** .580** .756** .856** .920** .953** 1

VKT6 .676** .686** .699** .737** .718** .701** .619** .600** .601** .635** .636** .648** .584** .570** .565** .553** .532** .528** .691** .766** .828** .854** .956**
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The model intercept (i.e. initial vocabulary knowledge level) was 18.95 (p < .001) and
increased significantly during the subsequent 5-test period (p < .001). The factor loadings
indicated linear growth that accelerated significantly during primary grades (p < .001).
The variance of the intercept (σ2 = 2.98, p < .001) and the variance of the slope (σ2 = .76,
p < .001) were also significantly greater than 0; that is, the initial level and growth rate of
learners’ vocabulary knowledge showed clear individual differences. The correlation
between the intercept and the slope was significant as well (p < .001), demonstrating
that growth in learners’ vocabulary knowledge was significantly associated with their
starting level. All three types of cognitive development trends were quadratic and did not
convey linear growth. The slopes of the quadratic functions changed at each time point.
Individual differences were evident in both the initial levels and growth rates of learners’
cognitive factors. Growth was not significantly associated with starting level in these
respects.

Table 3. Intercept and slope values of each factor

Model
Unstandardized

estimate SE t p
Standardized
estimate

MCK I (Intercept) 18.965 0.681 27.850 0.000 1.880

S (Slope) 4.662 0.097 48.169 0.000 3.837

Q (Quadratic slope) 0.451 0.021 21.189 0.000 1.753

WM I 13.350 0.435 30.721 0.000 2.092

S 5.631 0.151 37.282 0.000 2.946

Q 0.434 0.025 17.454 0.000 1.329

NVI I 14.460 0.420 34.430 0.000 2.368

S 7.024 0.138 50.847 0.000 4.167

Q 0.130 0.024 5.490 0.000 0.511

VK I 13.846 0.620 22.322 0.000 1.722

S 11.797 0.380 31.032 0.000 4.819

Table 4. Comparison of linear and quadratic models for each variable

Model χ2 df CFI TLI RMSEA SRMR AIC BIC

MCK Linear 649.303 16 0.835 0.845 0.424 0.134 6990.947 7028.277

Quadratic 62.692 12 0.987 0.983 0.139 0.009 6412.336 6463.241

WM Linear 628.859 16 0.801 0.813 0.417 0.178 7075.727 7113.057

Quadratic 197.822 12 0.940 0.925 0.165 0.022 6652.691 6703.595

NVI Linear 178.490 16 0.955 0.957 0.215 0.081 6114.706 6152.035

Quadratic 62.917 12 0.986 0.982 0.139 0.050 6007.132 6058.036

VK Linear 371.323 12 0.958 0.923 0.169 0.269 7604.146 7655.050

Quadratic 663.198 12 0.743 0.679 0.497 0.133 7896.020 7946.925
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RQ 2. The covarying relations between cognitive development and receptive vocabulary
knowledge during primary grades

To answer the second research question on the covarying relations between cognitive
factors (i.e. metacognitive knowledge, WM, and non-verbal intelligence) and vocabulary
knowledge, we tried to determine each factor’s impact on vocabulary development.
Predictors such as MCK, WM, and NVI were incorporated into three growth models
to examine whether each factor influenced differences in learners’ initial levels and
growth rates of vocabulary knowledge. We used fit indices (i.e. chi-square test, compara-
tive fit index [CFI], rootmean square error of approximation [RMSEA], and standardized
root mean square residual [SRMR]) to ensure that the statistical model fit the data well.
Hu and Bentler (1999) reported that a cutoff value close to .95 is ideal for TLI and CFI, a
value close to .08 is desirable for SRMR, and a value close to .06 is preferable for RMSEA.
An overall model fit is not necessarily compromised if a few indices do not meet these
specifications (Hu & Bentler, 1999). Ourmodel showed an acceptable model fit (Table 5).

Next, we determined the intercept and slope between each cognitive factor and
vocabulary knowledge. Figure 2 and Table 6 show the covarying relationship between
MCK and VK.

The intercept forMCKwas significantly positively correlated with the intercept for VK
(r = .877, p < .001) and the slope (r = .238, p < .05). A higher initial MCK level therefore
correlated with a higher initial VK level and a faster VK growth rate. The slope of MCK
significantly correlated with the VK intercept (r = .718, p < .001) and slope (r = .343, p <
.001): the faster MCK grew, the faster VK grew, and the two displayed a similar growth
trend. The quadratic slope ofMCKwas significantly correlated with the VK intercept (r =
-.437, p < .001). In other words, the higher the starting point of VK, the larger the
quadratic slope of MCK growth.

Figure 3 and Table 7 show the covarying relationship between WM and VK.
The intercept of WM was significantly positively correlated with the intercept and

slope of VK: the higher theWM starting point, the higher the VK starting point. A higher
starting point forWM also corresponded to faster growth in VK. The linear slope ofWM
was significantly correlated with the VK intercept, indicating that the higher the VK
starting point, the greater the linear slope of WM growth.

Figure 4 and Table 8 show the covarying relationship between NVI and VK.
The intercept of NVI was significantly positively correlated with the intercept and

slope of VK: the higher the NVI starting point, the higher the VK starting point. Also, a
higher NVI starting point was tied to faster VK growth. The linear slope of NVI was
significantly correlated with theVK intercept, such that a higher VK starting point led to a
greater linear slope of NVI growth.

Table 5. Model fit indexes

Model χ2 df CFI TLI RMSEA SRMR AIC BIC

MCK and VK 492.150 54 0.935 0.921 0.192 0.143 13670.402 13792.572

WM and VK 633.562 54 0.932 0.980 0.121 0.137 14008.497 14130.668

NVI and VK 501.554 54 0.929 0.913 0.194 0.141 13448.985 13571.156
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RQ 3. The relative significance of cognitive factors on receptive vocabulary knowledge
during primary grades

We adopted multilevel modelling to answer the third research question (i.e. concerning
the relative significance of learners’ three cognitive factors for vocabulary knowledge).

Table 6. The intercept and slope correlation coefficient between MCK and VK

Unstandardized
estimate

Standardized
estimate SE t p

IMCK with IVK 70.514 0.877 0.019 46.177 0.000

SVK 5.853 0.238 0.069 3.465 0.001

SMCK with IVK 6.643 0.718 0.074 9.654 0.000

SVK 0.970 0.343 0.084 4.062 0.000

IMCK 8.906 0.761 0.081 9.420 0.000

QMCK with IVK –0,854 –0.437 0.081 –5.409 0.000

SVK –0.077 –0.129 0.089 –1.448 0.148

IMCK –1.341 –0.543 0.079 –6.893 0.000

SMCK –0.213 –0.748 0.049 –15.168 0.000

SVK with IVK 2.043 0.105 0.081 1.302 0.193

Figure 2. The intercept and slope correlation between MCK and VK.
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Prior to carrying out this analysis, we calculated the intercorrelation coefficient (ICC) for
VK (ICC = .102): in brief, the between-subject variable explained 1.2% of the variance in
the dependent variable, VK, while the within-subject variable explained 89.8%. A multi-
level model was hence suitable for exploring the roles of cognitive factors on VK.We built
the following multilevel model accordingly:

Figure 3. The intercept and slope correlation between WM and VK.

Table 7. The intercept and slope correlation coefficient between WM and VK

Unstandardized
estimate

Standardized
estimate SE t p

IWM with IVK 40.645 0.808 0.027 29.401 0.000

SVK 2.998 0.192 0.070 2.737 0.006

SWM with IVK 7.186 0.476 0.067 7.104 0.000

SVK 0.413 0.088 0.080 1.100 0.271

IWM 7.372 0.601 0.068 8.873 0.000

QWM with IVK –0.269 –0.106 0.078 –1.370 0.171

SVK 0.060 0.077 0.078 0.982 0.326

IWM –0.693 –0.337 0.076 –4.416 0.000

SWM –0.453 –0.732 0.039 –18.782 0.000

SVK with IVK 2.322 0.121 0.083 1.456 0.145
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Level 1:
VK = β0i + β1i(time) + β2i(MCK) + β3i(WM) + β4i(NVI) + rit
Level 2:
β0 = γ00 + u0i
β1 = γ10 + u1i
β2 = γ20 + u2i

Figure 4. The intercept and slope correlation between NVI and VK.

Table 8. The intercept and slope correlation coefficient between NVI and VK

Unstandardized
estimate

Standardized
estimate SE t p

INVI with IVK 36.863 0.762 0.033 22.907 0.000

SVK 3.056 0.204 0.070 2.913 0.004

SNVI with IVK 5.787 0.433 0.075 5.798 0.000

SVK 0.608 0.147 0.084 1.748 0.081

INVI 6.904 0.665 0.070 9.519 0.000

QNVI with IVK –0.126 –0.062 0.097 –0.638 0.523

SVK –0.038 –0.059 0.095 –0.628 0.530

INVI –0.211 –0.132 0.101 –1.312 0.190

SNVI –0.283 –0.643 0.060 –10.711 0.000

SVK with IVK 2.253 0.117 0.083 1.414 0.157
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β3 = γ30 + u3i
β4 = γ40 + u4i
First-level independent variable
Time = 0, 1, 2, 3, 4, 5
MCK, WM, and NVI are respective time variables.
The second-level independent variable, and no time variables.

As shown in Table 9,MCK,WM, andNVI all significantly and positively contribute to
the development of VK, with standardized regression coefficients of .441, .166, and .186,
respectively. This indicates that MCK has the strongest influence on VK development,
suggesting that an individual’s awareness and understanding of their own cognitive
processes play a pivotal role in acquiring new vocabulary. Following MCK, NVI, which
encompasses reasoning and problem-solving abilities, also shows a notable impact on
VK, albeit to a lesser extent. WM, while still positively affecting VK development, has the
least influence among the three predictors. This hierarchy of effects underscores the
complex interplay between cognitive processes in aquiring vocabulary knowledge.

Table 9. The influence of cognitive factors on VK

Fixed effect Coefficient SE t p Standardized coefficient

First level model

Intercept 1.434 0.469 3.057 0.002 –0.446

Time 3.333 0.296 11.274 0.000 0.178

MCK 0.441 0.040 11.077 0.000 0.390

WM 0.166 0.050 3.299 0.001 0.145

NVI 0.186 0.053 3.503 0.000 0.158

Random effect

Between-subject residuals

rit 14.230 0.720 19.767 0.000 0.041

Within-subject residuals

u0i 3.116 5.127 0.608 0.543 0.054

u1i 1.833 2.100 0.873 0.383 0.005

u2i 0.067 0.031 2.190 0.029 0.054

u3i 0.036 0.035 1.014 0.310 0.025

u4i 0.032 0.046 0.697 0.486 0.019

Model fit

N 3600

LL –3960.772

AIC 7963.544

BIC 8072.437

Adjusted BIC 8005.729
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9. Discussion

Overall, the study’s findings reveal a consistent pattern of growth in vocabulary know-
ledge (VK), alongside increases in metacognitive knowledge (MCK), working memory
(WM), and non-verbal intelligence (NVI). These three cognitive factors, which are
indicative of broader cognitive development, exhibited a quadratic growth pattern,
suggesting a complex, non-linear progression over time. In contrast, the expansion of
VK followed a linear growth model, indicating a steady, direct increase. The research
highlighted a significant correlation between the initial levels ofMCK,WM, andNVI, and
both the starting level and the acceleration of VK development. This suggests that higher
foundational levels of these cognitive abilities not only contribute to a superior initial
capacity for vocabulary but also facilitate a quicker pace of vocabulary acquisition. MCK,
WM, and NVI were found to be significant, positive predictors of VK development,
underscoring their integral role in enhancing vocabulary knowledge.

This selection of cognitive aspects aligns with the information-processing approach as
outlined by Huitt (2003), which posits that environmental information is processed
through various cognitive systems including attention, perception, and short-termmem-
ory. Within this framework, metacognition, working memory, and intelligence are key in
systematically transforming and organizing information. This process is vital for the
development of VK, as it influences the cognitive structures and processes at the heart of
vocabulary learning. By understanding and leveraging these cognitive factors, educators
and learners can more effectively enhance vocabulary acquisition, reflecting the intricate
interplay between cognitive development and vocabulary learning.

9.1. Development of cognitive factors and vocabulary knowledge

Our findings uncovered individual differences in the initial levels and growth rates of the
young learners’ development of cognition and vocabulary knowledge. In addition, the
growth rate of vocabulary knowledge was significantly associated with the starting level.
The growth of cognitive development was less straightforward: no significant correlation
emerged between its initial level and growth rate. The metacognitive knowledge growth
model has provided compelling evidence that young learners experience a steady increase
in their metacognitive knowledge from first through sixth grade. This pattern of growth
aligns with findings from previous research (Annevirta et al., 2007), which documented a
significant enhancement in metacognitive knowledge accompanying age progression
among young learners. Building upon the foundational work of Annevirta and Vauras
(2001), as well as more recent studies (Teng, 2022; Teng & Zhang, 2021, 2022, 2024a), the
present study reveals that the initial levels of metacognitive knowledge in bilingual young
learners play a critical role in their future development in this area. This is particularly
noteworthy as Roeschl-Heils et al. (2003) highlighted a significant challenge: young
learners, for example, those acquiring English in a predominantly German-speaking
environment, who start with lower levels ofmetacognitive knowledge, may find it difficult
to achieve the same rate of progress as their peers with initially higher metacognitive
knowledge. Further extending the discourse, Roebers and Spiess (2017) conducted a study
over a year, contributing to the body of longitudinal evidence on this subject. The current
research complements these findings by providing longitudinal data that underscores the
significance of metacognitive skills development over a considerable period. Specifically,
in the context of tasks involving learning, memory, and comprehension, the findings
suggested a notable developmental trajectory in the learners’ ability to monitor and
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control their cognitive processes. The results of the present study suggested that children
become increasingly adept at fine-tuning their metacognitive skills throughout their
primary school years. This fine-tuning involves a more sophisticated ability to monitor
and regulate their cognitive activities, thereby enhancing their learning efficiency and
comprehension capabilities.

Similar trends manifested for learners’ development of non-verbal intelligence and
WM. The observation of quadratic growth inWM is consistent with Stipek andValentino
(2015), who proposed that the rate ofWMdevelopment can exhibit significant variability
across the various stages of childhood. This notion suggests that WM growth does not
occur at a constant rate but rather accelerates and decelerates at different times during a
child’s development, reflecting a more complex trajectory than previously understood.
Similarly, the findings supported quadratic growth patterns in non-verbal intelligence
(measured through raw scores), echoing prior research that has documented the evolu-
tion of age-related differences in intelligence (Sunde et al., 2024). Such findings under-
score the nuanced nature of cognitive development, indicating that like WM, the
advancement of non-verbal intelligence does not follow a simple linear path but varies
in rate and intensity over time. The present study contributed to this body of knowledge
by providing empirical evidence that supports these complex growth patterns in both
working memory and non-verbal intelligence. The findings align with the broader
consensus in the field that cognitive development, including the acquisition and refine-
ment of various types of WM and intelligence, is influenced by a myriad of factors and
manifests in multifaceted ways across the childhood. This expanded understanding
highlights the importance of considering the dynamic and variable nature of cognitive
growth when studying developmental trajectories in childhood. In longitudinal research
involving monolingual English learners in England (Gathercole et al., 1992), the devel-
opment of phonological memory skills and vocabulary knowledge did not display a direct
causal relationship. Instead, it was related to the longitudinal development of WM and
non-verbal intelligence. Although young learners demonstrated increasing development
of cognition (as assessed through metacognitive knowledge, WM, non-verbal intelli-
gence, and vocabulary knowledge), such development may remain stable. The partici-
pants demonstrated individual differences in mastering basic skills associated with
cognitive processes. However, they were able to reflect on their cognition, learning, and
memory as their age and experience increased.

9.2. Covarying relations between learners’ cognitive factors and vocabulary knowledge

Overall, the findings suggested a positive correlation between initially higher cognitive
development, higher vocabulary knowledge, and faster vocabulary knowledge growth.
Significant positive correlations existed between metacognitive knowledge and vocabu-
lary knowledge, between WM and vocabulary knowledge, and between non-verbal
intelligence and vocabulary knowledge. Initially, higher metacognitive knowledge, non-
verbal intelligence, andWMeach correlated with higher vocabulary knowledge and faster
growth in it. These findings underline the predictive roles of metacognitive knowledge,
WM, and non-verbal intelligence on vocabulary knowledge. In line with prior studies in
EFL contexts (Teng, 2022; Teng & Mizumoto, 2024), metacognitive knowledge signifi-
cantly predicted vocabulary knowledge development in the examined sample of young
learners. This outcome also echoed Morra and Camba’s (2009) findings on bilingual
students in that WM plays a significant role in vocabulary learning. Martin and Ellis
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(2012) similarly showed that WM influences lexical learning and is important for lexical
processing.

The present study substantiates the association between non-verbal intelligence and
vocabulary knowledge as well. The results corroborate Ongun’s (2018) conclusions that,
for bilingual learners, the underlying mechanism of intelligence explains the relationship
between vocabulary knowledge and intelligence. The psychological trait of intelligence
encompasses verbal and non-verbal cognitive abilities. It may directly influence general
vocabulary knowledge development (Sun et al., 2018). The present study provided a novel
longitudinal perspective through which the covariance in learners’ cognitive factors and
vocabulary knowledge can be understood. The observed relationship between cognitive
factors (e.g. non-verbal intelligence) and vocabulary knowledge appears not static. By
addressing these relationships’ trajectories, researchers can gain valuable insights into the
dynamic nature of cognitive development and vocabulary knowledge acquisition.

9.3. Relative significance of three cognitive factors on vocabulary knowledge

Our findings highlight the relative significance of three cognitive factors in vocabulary
knowledge development. MCK was the most prominent predictor of vocabulary acqui-
sition, exceeding non-verbal intelligence and WM. This revelation implies that learners’
awareness of their cognitive processes, strategies, and monitoring abilities are determin-
ants of vocabulary development. These outcomes defy the typical emphasis on general
intelligence or WM capacity as the main predictors of vocabulary knowledge. By
recognizing the pivotal effect of MCK, educators can design targeted interventions that
foster students’ self-regulation, metacognitive awareness, and strategic vocabulary learn-
ing. These instructional approaches can promote more effective vocabulary acquisition.
The observation thatMCKplays a pivotal role inVKmight stem from its unique nature as
not solely a cognitive factor but a metacognitive one. This distinction is crucial as
metacognitive knowledge, defined by Flavell (1979) as “the cognition of cognition,”
operates on a level independent from traditional cognitive factors. It encompasses an
individual’s awareness and understanding of their own thought processes (Teng, 2025),
which is a step removed from the direct cognitive abilities such as intelligence and
WM. Another possible explanation for the stronger relationship between MCK and
VK is that MCK was the only cognitive variable assessed using a verbal test, albeit in
the L1 rather than the L2. This suggests that the development of MCK and VK may be
intertwined through a shared trajectory of becoming “verbally stronger” across both
languages. As learners enhance their verbal abilities in L1, these skills likely transfer and
support similar growth in L2, leading to parallel developmental pathways. This shared
verbal strengthening could account for the observed correlation between MCK and VK.

The relationship between intelligence, WM, and MCK may suggest a hierarchical
model of influence on VK. Intelligence and WM are foundational to the development of
metacognitive knowledge. This may be because both intelligence and WM facilitate the
processing and manipulation of information, which are essential skills for reflecting on
one’s own cognitive processes. For instance, a higher level of intelligence might enable a
learner to more effectively analyze and evaluate their learning strategies, while a robust
WMcapacity allows for the temporary storage andmanagement of information necessary
for such reflective activities. In turn, MCK, with its capacity to oversee and regulate
cognitive processes, directly impacts vocabulary acquisition (Teng, 2022). It enables
learners to be more strategic in their approach to learning new words, applying effective
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memory strategies, recognizing their learning preferences, and adjusting their learning
tactics based on their self-assessment of what works best for them (Teng & Mizumoto,
2024). This strategic approach to learning, guided byMCK, is what primarily contributes
toVK, rather than the raw cognitive abilities themselves. Therefore, while intelligence and
WMare critical components in the cognitive framework of an individual, they serve as the
underpinnings for developing MCK, which then has a more direct and significant impact
onVK. This nuanced understanding highlights the importance of fosteringmetacognitive
skills alongside cognitive abilities to enhance vocabulary learning and acquisition. It
underscores the complex interplay between different types of cognitive andmetacognitive
factors in the process of language learning, offering insights into more effective educa-
tional strategies for vocabulary development.

Echoing the insights from early research (Schraw, 1994), it is evident that the deeper
learners delve into understanding their own mental and cognitive processes, the more
proficient they become in acquiring receptive vocabulary knowledge. Specifically, the
ability of learners to articulate their strategy use, drawing from their learning experiences,
has been shown to be a predictive factor for vocabulary acquisition. Nonetheless, the
significance of WM and NVI in the assimilation of vocabulary knowledge cannot be
overlooked. Working memory capacity, which serves as a versatile attentional resource
for activating a finite number of cognitive units or “schemes,” plays a pivotal role in the
development of vocabulary knowledge (Teng, 2023). The findings from this study
underline its importance, demonstrating that WM capacity is a critical predictor for
learning receptive vocabulary. At this developmental stage, children are particularly adept
at co-activating relevant schemes when faced with the task of learning new words,
suggesting that an increase in vocabulary knowledge may necessitate the support of
WM capacity. This aligns with Morra and Camba’s (2009) argument that effective
vocabulary learning requires not only a foundational knowledge of vocabulary and the
ability to retrieve words but also sufficient WM capacity. Furthermore, the present study
sheds light on the distinctive contributions of non-verbal intelligence to the process of
learning vocabulary knowledge. Daller and Ongun (2018) found a positive correlation
between vocabulary sizes and non-verbal IQ scores among bilingual individuals, sug-
gesting that larger vocabulary sizes are associated with cognitive benefits. This observa-
tion is consistent with Cummins’ Threshold Hypothesis, which posits that cognitive
advantages emerge beyond a certain level of proficiency.

The results regarding the effects of non-verbal intelligence and WM on vocabulary
knowledge development harken back to a longitudinal study based on 3 years of data
(Gathercole et al., 1992). Those findings described the predictive effects of phonological
memory on vocabulary tests after controlling for differences due to age and non-verbal
intelligence. The authors also argued that the relative importance of phonological
memory declines in later years of vocabulary development given individual differences
in semantic and conceptual skills (i.e. a form of non-verbal intelligence). Non-verbal
intelligence may be fairly more important than WM because vocabulary knowledge
development is linked to WM, and WM is a subcomponent of intelligence. Murphy
et al. (2021) also alluded to the relative importance ofmetacognitive knowledge compared
with WM and non-verbal intelligence: fluid intelligence moderated the value of
to-be-learned words and the accuracy of participants’ judgments. Increased intelligence
was related to more strategic and selective betting behaviour, leading to better memory
outcomes. These results further demonstrated learners’ awareness of their metacognitive
monitoring. We assert that young learners’metacognitive knowledge helps to maximize
recall and strategic control of valuable information when learning English vocabulary.
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Meanwhile, non-verbal intelligence is useful for optimizing WM resources to acquire
vocabulary.

10. Limitations and implications

Several limitations of this study can be addressed in future work. First, our vocabulary
knowledge test focused on receptive vocabulary. This measure should be cautiously
applied to evaluate the multifaceted nature of vocabulary knowledge. A more explicit
test is needed to understand the depth of such knowledge (i.e. the complexity of one’s
understanding of individual words). Second, monolingual and bilingual students’
vocabulary learning may differ from their cultural backgrounds (Bialystok et al., 2010).
Subsequent research can compare both groups of learners. We also did not measure
parental education, proficiency in English, learners’ use, or exposure to English outside of
school, which is a limitation. Third, our sample consisted of young students, largely
because their cognitive development level could yield intriguing findings. Follow-up
studies should assess the cognitive development of older and younger bilingual students
to determine their degree of cognitive sophistication. In addition, one limitation is the
selective nature of the sample, consisting of children from high-income, SES families
likely residing in high-class neighbourhoods. The applicability of these findings to
children from less advantaged backgrounds remains an open question. Finally, L2
vocabulary knowledge growth may serve as a predictor for various cognitive parameters.
It is possible that as VK growth – and consequently bilingualism – increases, it results in
greater cognitive demands, which in turn fosters more advantageous cognitive develop-
ment in young learners. Considering the reverse relationship could be a valuable avenue
for future research.

Despite these limitations, our findings lay the groundwork for a comprehensive
exploration of the cognitive development and vocabulary knowledge of bilingual indi-
viduals. The study indicates that young learners develop metacognitive knowledge, WM,
and non-verbal intelligence – three cognitive factors that significantly predict their
English vocabulary knowledge. These insights can be instrumental in shaping vocabulary
pedagogy, particularly in primary school settings. To enhance vocabulary instruction,
primary school teachers can incorporate these cognitive factors into their teaching
strategies. For instance, teachers can encourage metacognitive awareness by prompting
students to engage in self-reflection, goal setting, and self-assessment through activities
like vocabulary journals, where students track their learning progress and reflect on
effective strategies for remembering new words. To strengthen working memory, edu-
cators might design activities that require students to hold and manipulate information,
such as memory games that involve matching words with definitions or using flashcards
in timed sessions to improve retention and recall. Additionally, incorporating visual aids
and non-verbal cues can enhance vocabulary learning by using images, gestures, and
physical objects to represent words, thereby helping students make connections between
new vocabulary and their meanings. This approach is especially beneficial for visual
learners and aids in the retention of abstract concepts. Future research can delve deeper
into the dynamic relationships between these cognitive factors and vocabulary knowledge
development in bilingual learners. Understanding how these elements interact can
inform the creation of targeted instructional strategies that cater to the diverse cognitive
profiles of young learners. By integrating these cognitive factors into lexical instruction,
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primary school teachers can inspire more effective vocabulary acquisition and lay a
foundation for lifelong language learning. Any errors that remain in the paper are mine.
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