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Abstract

Vocabulary is an important prerequisite for the acquisition of a foreign language,
and it plays an important role in language use. However, the time-consuming, low-
efficiency, and disequilibrium problems in the vocabulary learning process among
Chinese college students have not been effectively solved so far. Furthermore,
vocabulary learning and memorizing has gradually become a “bottleneck” that hinders
most learners from improving foreign language learning efficiency. Therefore, it is
necessary to carry out a series of descriptive, explanatory and predictive research on
the individual differences in foreign word learning ability, which helps to provide
scientific evidences for further intervention and optimization of vocabulary learning in
the future. The results of bibliometric visualization analysis show that the research on
vocabulary acquisition at home and abroad in recent ten years has been increasingly
diversified and interdisciplinary in content, but there is still a large room for enrichment
in terms of research perspectives, research methods and research content.

In view of the current research situation, we intend to conduct a series of multi-
dimensional, reproducible, and interdisciplinary experimental research with large
sample, focusing on the internal mechanism of foreign word acquisition and individual
differences. In this study, we adopt both the EEG technology with high time resolution
and a variety of EEG data analysis methods (such as ERP analysis, resting EEG analysis,
machine learning, etc.), with an aim to investigate the individual brain activity patterns
in the process of foreign word learning. On this basis, we attempt to find the key EEG
indicators representing the depth of vocabulary acquisition (remember or forget) and
the breadth of vocabulary acquisition (the quantity of remembered words). Besides, we
hope to construct a model predicting the foreign word learning ability based on
behavioral and neural markers, which could in turn promote the development of
vocabulary teaching practice and research in China. In line with these objectives, this

study attempts to address the following four research questions:

(1) If there are individual differences in adults’ foreign word learning ability, then how
are they represented at the behavioral (external) and neurological (internal) level?

(2) Why are there individual differences in foreign word learning ability? Which
internal factors are responsible for this phenomenon?

(3) What are the changes of brain signals in the process of vocabulary learning? Can
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we further find the neural marker predicting the lexical semantic access?
(4) Can neural activities at different stages (pre-learning/resting state OR in-learning/

task state) effectively predict the foreign word learning ability?

This research consists of 4 studies, including 7 sub-studies in total. In study 1, the
individual differences in foreign word learning ability were investigated from a
behavioral perspective. In this study, we have adopted two behavioral paradigms, like
the LLAMA task and the adapted word paired-associates task, to reveal the external
manifestation (RQ1) and internal factors (RQ2) of word learning differences from
different research perspectives. In study 2, the task-based EEG was used to explore the
neural representation of foreign word learning process (RQ3/RQ4). In sub-study 3, we
have adopted the ERPs analysis on the brain activity changes during word learning. In
sub-study 4, the word trials in the learning stage were classified (correct/incorrect)
according to the word recall performance, and cross-trial averaging method as well as
single-trial analysis (machine learning) were employed to further extract the EEG
indicators of lexical semantic access. The 3™ study attempted to find the resting-state
EEG markers that predict foreign word learning ability without any tasks (RQ4).
Specifically, in sub-study 5 and sub-study 6, the resting-state EEG indicators closely
related to foreign word learning ability were investigated from the perspective of local
brain analysis (spectral analysis) and whole brain analysis (functional connectivity),
respectively. Finally, in order to further verify the reliability of the research conclusions
and to avoid the “Reproducibility Crisis”, we conducted the 4 study (sub-study 7) in
which we adapted the experimental paradigm slightly and expanded the age range of
samples, so as to improve the reliability and generalization of the research conclusions.

The results of the research are as follows: 1) (RQ1) Adult learners show large
individual differences in both the initial vocabulary learning stage and the memory
retention stage. In addition, individual differences in foreign word learning ability are
represented differently at the behavioral and neural levels. Specifically, at the
behavioral level, differences are mainly reflected in the vocabulary learning rate and
the long-term memory; while at the neural level, they are mainly manifested in the
amplitude of the N400 and P600 components evoked by word learning. 2) (RQ2)
foreign word learning ability is correlated with age, working memory, long-term
memory, attention and intelligence to different degrees. Among these cognitive abilities,

long-term memory and vigilant attention are two significant predictors of foreign word
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learning ability. These results indicate that foreign word learning ability is not a domain-
specific ability only related to language learning, but a domain-general ability closely
related to cognitive abilities. Moreover, the differences in long-term memory and
vigilant attention might be the internal cause of individual differences in foreign word
learning ability. 3) (RQ3) In the process of constructing vocabulary knowledge, it is
found that P200, N400 and P600 effects are induced in different brain regions, and that
these effects might correspond to different mental activities during vocabulary
acquisition. Most importantly, the P600 component is an important neural marker of
lexical semantic access, and has special meanings in the process of constructing lexical
semantic representation. These results have been further demonstrated in a repetitive
EEG experiment. 4) (RQ4) The neural predictors of individual vocabulary learning
ability have been found both before and during vocabulary learning. In other words, the
average amplitude of P600 induced in task state and the alpha band power (including
the strength of frontal—occipital functional connectivity) measured in resting state can
significantly predict the individual differences of foreign word learning ability.

In general, from the perspective of individual difference, we conduct a progressive
and systematic study on foreign word learning ability in accordance with the overall
framework of “Description (phenomenon)—Interpretation (mechanism)—Prediction
(behavior) — Verification (conclusion)”. Above all, our research is innovative in
terms of research perspective, research method and research content, which has made
a certain contribution to uncovering the brain mysteries of individual differences in

foreign word learning ability.

Keywords: Foreign word learning ability; individual difference; neural mechanism;

cognitive ability; EEG; reproducibility
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