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Introduction
The assessed article pertains to the domains of neuro/metacognitive, socio-cultural, and multimedia learning theories. The authors employed strategies based on these theories and conducted a quasi-experiment with pretest/posttest involving experimental and control groups. This essay intends to critically assess the theories, methodology, and results of their research. Through a detailed presentation of previous studies, the hypotheses are put forward rationally, and the methodology is designed meticulously, thereby generating valid results. However, certain limitations exist regarding the exploration of interrelationships among theories, sample selection, and final data (there are only 33 participants in the final tests). Both the advantages and disadvantages of the research article will be discussed in detail. Hopefully, it will offer insights for our further studies as linguistic learners. 

Question 1: scientific method / theoretical considerations
a) What theory (or part of a theory) does the article aim to test?
[bookmark: OLE_LINK3]This research article incorporates a wide range of theories, including neurocognitive, multimedia learning, socio-cultural and metacognitive theories. It aims to evaluate the application of strategies derived from these theories in English vocabulary acquisition, specifically focusing on word recall (production) and recognition (Hu and Luo, 2024). 
The literature review introduces and elaborates on these theories by drawing upon various pertinent studies. 

[bookmark: OLE_LINK11]To begin with, the neurocognitive theory investigates the intricate interplay between brain function and language acquisition, emphasizing the impact of different levels of neural activity on language learning, thus laying a foundational framework for understanding the neural mechanisms underlying vocabulary acquisition (Turker, Seither-Preisler and Reiterer, 2021). Moreover, from a metacognitive perspective, metacognitive strategies will deepen the thinking-learning process in vocabulary from an advanced cognitive level. According to B R and V (2020), their study reflects the planning and decision-making function of metacognition in vocabulary learning, helping learners select appropriate learning content. Besides, sociocultural theory has a significant impact on second language learning. According to Petronella and Gerhard (2022), it emphasizes the socially mediated nature of knowledge construction, affects the learning process through object regulation, social interaction regulation, and self-regulation, and is related to learners' emotion management, promoting learners to develop from social interaction to self-regulation to improve their second language ability. As a final point, Mayer (2014) defines multimedia learning as learning through words and pictures, where the words are usually in some form of explanatory text (such as narrative or written), and the pictures can be dynamic (such as animations, videos) or static (such as photos, charts). The multimedia teaching theory developed from it holds that the combination of words and images could enhance learning efficiency for it could reduce the cognitive load of multiple sensory channels (Ayres, 2015). 

Critiques: The theories covered in this research are rich and comprehensive, showing the authors’ endeavor and in-depth understanding of this topic. Moreover, the theories back up the aim of this research. When elaborating the theories, the authors widely cited research findings in relevant fields, enhancing the credibility and scientific nature of the theoretical framework. For instance, when explicating metacognitive theory, Mathias’s sensory-motor learning mechanism, Hartman’s notetaking and vocabulary search strategy and Borkowski’s multilinguistic awareness were introduced to verify the rationale of metacognitive theory in language, especially vocabulary, learning (Hu and Luo, 2024).   
   
[bookmark: OLE_LINK5]However, there is an obvious deficiency in elaborating the interrelationships among these theories. Although each theory is mentioned simultaneously in the study, the synergistic mechanism among them has not been analyzed. It is difficult for readers to clearly understand from the text how these different factors at various levels are intertwined and interact in vocabulary learning. In what order or manner do they jointly act on each stage of vocabulary learning? Whether the result will be affected because of interference among strategies because they are implemented almost simultaneously? The authors seem to just focus on the positive interrelationships among theories to gain favorable results, which is understandable but the interaction among theories should be considered as it would potentially affect participants’ performance. In this case, the entire theoretical framework seemingly is a simple superposition of multiple theories rather than an organically integrated whole, thus affecting readers' understanding of the research theories.

b) What specific predictions of that theory are being tested? 
There are two hypotheses in this research:
1. Neurocognitive, metacognitive, and socio-cultural teaching strategies have a significant impact on Chinese learners' vocabulary production. 
2. Neurocognitive, metacognitive, and socio-cultural teaching strategies have a significant impact on vocabulary recognition.

Hu and Luo (2024) propose these hypotheses based on the assumptions from the theories. According to the neurocognitive perspective, the relevant regions of our brain and sensory channels will be activated in storing and recalling vocabulary, thus promoting vocabulary production. Moreover, the multimedia theory states that there are limitations for sensory channels in our brain, thus implementing both visual and auditorial learning strategies will be beneficial for language learners. This could also be supported by the multisensory method of metacognition theory. It studies the cognitive process in language learning, indicating that vocabulary learning can be enhanced by increasing awareness. Students can monitor and adjust their learning process, thus creating better outcomes. The sociocultural theory stresses the importance of social interaction and cultural context, indicating that communication, collaboration, and cultural integration will shape vocabulary development. Based on these assumptions, the hypotheses are reasonably and logically proposed.

Question 2: methodology
a) What specific methodology is being used in order to test the prediction(s) / hypothesis?
Methodology: This study adopted a quantitative research method. It sets a quasi-experiment involving a pretest-posttest design. The sample size is 90. They are English learners aged 20-24 at an intermediate language level (1B) from a Chinese university. The students were randomly assigned to an experimental group (n = 45) and a control group (n = 45). The independent variable in this context is the strategies used, while the dependent variables are the production and recognition of vocabulary of CEFLs. During the implementation phase, the experimental group received instructional interventions based on the theories, while the control group used traditional teaching methods. 

The instructional interventions were designed by integrating diverse teaching methods from different theoretical bases. Specifically, note-taking and vocabulary search (metacognitive theory), rotation and storytelling (socio-cultural theory), audiovisual teaching and close-eye drawing (multimedia learning theory). The interventions were conducted in 45-minute sessions before the posttest (Hu and Luo, 2024). 

Data Analysis: The research collected the pretest and posttest scores from two groups of students. Based on their rigorous selection criteria, 33 participants were encompassed in the final analysis. For data analysis, SPSS software was used for multivariate analysis of covariance (MANCOVA) and univariate analysis of covariance. MANCOVA mainly controlled the pretest effect and other variables to comprehensively evaluate the intervention's impact on vocabulary learning. Univariate analysis of covariance focused on finding differences in vocabulary production and recognition between the groups. The Bland-Atman plot was used to analyze within-group changes.

[bookmark: OLE_LINK6]Critiques: The research methodology demonstrates several notable strengths. Firstly, the experimental design is rationally constructed. A quasi-experiment explores causal relationships and related validities through various design elements and analyses, providing valuable information for research, and is widely adopted in social and linguistics studies (Shadish and Cook, 1999). In this case, the authors collect comparative data to verify the influences of diverse teaching methodologies on vocabulary acquisition and it provides valid and comprehensive data support for the research. Secondly, the sample exhibits a certain degree of representativeness with reasonable selection criteria. Thirdly, the data analysis tools employed in this research are reliable and valid. The vocabulary test, which includes sixty questions divided into recall and recognition segments, has its validity substantiated through expert content validation (with a CVR of 0.62), and a calculated reliability coefficient of 0.73, thereby indicating a relatively high level of reliability. 

Nevertheless, the study has some limitations regarding its sample selection and duration of intervention. The sample size is restricted because only 33 learners are incorporated into the final analysis, and they are from one university in one region. This relatively limited sample size has the potential to impede the universality and stability of the research findings. Moreover, In the context of multi-factor analysis, the insufficient sample size may reduce the statistical power. Furthermore, the duration of the experimental intervention is relatively short. With merely eight teaching interventions implemented in a 45-minute session, it may be inadequate to explore the long-term pedagogical effects, jeopardizing the accuracy and reliability of the long-term effects of specific strategies. Finally, the adoption of a quantitative teaching method provides accurate data which is easy to testify, but the reason behind the nuance is neglected for such a short-term study.  

b) What alternative methodology could have been used? Provide arguments in support of your answer.
[bookmark: OLE_LINK9]As a supplement to the original test method, a mixed research method could be implied in this context. It can integrate qualitative and quantitative components to create a more comprehensive analysis, enabling researchers to explore unexpected results and refine findings for practical application (Creswell and Clark, 2017). A study conducted by B R and V (2020) regarding the application of cognitive and metacognitive strategies in EFL vocabulary adopted mixed-method research. Although their sample size is restricted as well, the qualitative data explains and compensates for this. 

In Hu and Luo’s research, we could retain the pretest-posttest experiment design but extend the coverage and enlarge the size of the participants by selecting participants from diverse schools in different regions at different ages. Additionally, the duration of the intervention session ought to be prolonged, as eight interventions in a 45-minute class would be overly burdensome for students. Simultaneously, qualitative research methods could be added, such as classroom observations or interviews with students, providing insights into how teaching methods are implemented in the classroom and participants’ internal cognitive and emotional experiences during the learning process. 

Both quantitative and qualitative should be combined for analysis through statistical tools such as SPSS and thematic analysis. It overcomes the limitations of the original quantitative method by accounting for the overlooked emotional and attitudinal aspects, enhancing the validity and generalizability of the research results to a wider spectrum of English teaching and learning scenarios. 

Question 3: results and relevance to theory
a) What are the results of the data collection?
The test result verifies the hypotheses, and can be addressed in two dimensions:
1. After experimental comparison, there is a significant difference in vocabulary learning effectiveness between the experimental group and the control group. After receiving various interventions during the session, the experimental group participants gained improvement in both vocabulary recall (production) and recognition, and the improvement was significantly higher than that of the control group which adopted traditional teaching methods.

2. The calculations show that the teaching strategies have a relatively high effect size on vocabulary recall (production) and recognition, approximately 66% and 64% respectively, indicating that these strategies play a significant and effective role in vocabulary learning.

b) [bookmark: OLE_LINK7]Do the results support the theory on which the paper is based? How? 
The research results are consistent with the underlying theories. 

First, the research hypothesis about language production assumes that neurocognitive, metacognitive, and sociocultural teaching strategies significantly impact the vocabulary production of Chinese language learners. The experimental results showed that in the vocabulary production test, the post-test scores of the experimental group (with a mean of 12.40) had a significant increase compared to the pre-test scores (with a mean of 4.29), while the post-test scores of the control group (with a mean of 7.35) also increased but to a much lesser extent than the experimental group. This result indicates that the intervention received by the experimental group effectively promoted vocabulary production. These strategies activate relevant brain regions based on the neurocognitive theory, improve learners' self-management ability through metacognitive strategies, and increase interaction according to the sociocultural theory, thus jointly acting on the process of vocabulary production and strongly supporting the research hypothesis.

Moreover, the hypothesis about vocabulary recognition, that is, neurocognitive, metacognitive, and sociocultural teaching strategies have a significant impact on the vocabulary recognition of Chinese language learners. The experimental results showed that in the vocabulary recognition test, the post-test scores of the experimental group (with a mean of 21) had a significant increase compared to the pre-test scores (with a mean of 9.90), and the post-test scores of the control group (with a mean of 13.80) also increased but were lower than those of the experimental group. This means that teaching strategies based on multiple theories have played an active role in vocabulary recognition. For example, the audio-visual teaching strategy under the guidance of the multimedia learning theory helps learners construct mental representations of vocabulary, the metacognitive strategy guides learners to monitor and regulate the process of vocabulary recognition, and the sociocultural strategy promotes learners to deepen their understanding of vocabulary meaning through interaction. These factors jointly contribute to the improvement of vocabulary recognition ability, thus providing strong evidence to support the research hypothesis.

Finally, the study calculated that the effect size of the teaching strategies on vocabulary recall (production) is approximately 66%, and on vocabulary recognition is approximately 64%. The effect size reflects the degree to which the independent variable explains the dependent variable. A relatively high effect size indicates that these teaching strategies play a crucial role in vocabulary learning and can explain a large proportion of the variation in vocabulary learning effects. This further confirms statistically the significant impact of neurocognitive, metacognitive, and sociocultural teaching strategies on vocabulary production and recognition, providing more convincing support for the research hypothesis, indicating that these strategies are not only effective in terms of mean differences but also very important in terms of the overall degree of influence.

Conclusion
Overall, the research is well-designed and theories, methodology and results support and verify each other. Though there are drawbacks, it provides valuable guidance for English vocabulary teaching, as well as research strategies for research workers.  
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