Relation between writing coherence and executive working memory and its implication to EFL teachers as a learner factor

Abstract: The cognitive mechanism of coherent discourse production has always been a focus of attention in linguistics and psychology. In recent years, the cognitive mechanism by which second language discourse production leads to coherence has become a research hotspot. In order to reveal the cognitive mechanisms and influencing factors of coherence in second language argumentative discourse production, this study investigates the role of the central executive system (working memory capacity+attentional inhibition) in second language argumentative discourse production through behavioral experiments. The experiment used the central executive system (working memory capacity and attentional inhibition) as the independent variables, and the degree of discourse coherence as the dependent variable. The results showed that working memory capacity and attentional inhibition were significantly correlated with seven out of nine indicators of discourse coherence, namely lexical specificity, adjacent sentence overlap, causal relationship, discourse correlation, verb consistency, logic consistency, and intention consistency; In addition, working memory capacity and attentional inhibition are highly correlated, working together with coherence in discourse production. And also What implication does it bring to teacher? While facing differences in students WM, what should teachers do?
Introduction

Working memory is a limited capacity memory system that extracts, stores, and controls information from both long-term and short-term memory (Altarriba&Isurin 2013). It consists of four components: a speech loop, a visual spatial board, a central executive system (working memory capacity and attentional inhibition), and a situational buffer (Baddleley&Hitch 1974). The role of various components of working memory in language acquisition, understanding, and processing is gradually being emphasized (Dong et al., 2018; Chen Baoguo, 2010; Ni Jincheng, 2018; Zhang Wei, 2007). In the process of language acquisition, the phonological loop and central executive system are most closely related to second language acquisition. The phonological loop generates phonological working memory, and the central executive system generates the hypothesis of executive working memory (working memory capacity and attentional inhibition), which plays an important role in second language acquisition. Numerous empirical studies have shown that among the three parts mentioned above, phonological working memory has a close relationship with second language acquisition, especially with the production of fluency, accuracy, and complexity in written language (Denhovska et al. 2016; Verhagen&Leseman 2016; Yang Jing 2015, Yi Baoshu 2012). However, research on the relationship between executive working memory and written language is relatively scarce (Wen et al. 2015). At present, research on written language is rarely approached from the perspective of coherence, and the quality of written language is mostly evaluated from the perspectives of fluency, accuracy, and complexity. However, coherence is an important measure of writing quality (Higgins et al. 2004), and even the most important standard (Crossley&McNamara, 2011). In view of this, this article attempts to explore the effects and mechanisms of L2 working memory capacity and attentional inhibition on the coherence of output discourse. In order to reveal the cognitive mechanisms and influencing factors of coherence in second language argumentative discourse production, this study investigates the role of the central executive system (working memory capacity+attentional inhibition) in second language argumentative discourse production through behavioral experiments. The experiment used the central executive system (working memory capacity and attentional inhibition) as the independent variables, and the degree of discourse coherence as the dependent variable. The results showed that working memory capacity and attentional inhibition were significantly correlated with seven out of nine indicators of discourse coherence, namely lexical specificity, adjacent sentence overlap, causal relationship, discourse correlation, verb consistency, logic consistency, and intention consistency; In addition, working memory capacity and attentional inhibition are highly correlated, working together with coherence in discourse production.

2. Literature review

In writing, participants need to complete both language production and sentence coherence, and the central execution system coordinates the completion of these two tasks. The central executive system generates executive working memory (working memory capacity and attentional inhibition), coordinates and operates multiple tasks, including information storage, updating, switching, and attentional inhibition, which are crucial in producing coherent discourse (Daneman&Carpenter 1980; Bialystok 2011)

In recent years, coherence has become a hot topic for researchers in linguistics and cognitive psychology, which can be summarized into two perspectives: 1 From a linguistic perspective, the generation of coherence is composed of linguistic coherence and semantic coherence (Wen 2013, Halliday&Hasan, 1976), and cohesive devices can assist in achieving coherence. From the perspective of cognitive psychology, discourse coherence is related to the number of cognitive hypotheses. The fewer cognitive hypotheses in external discourse, the less cognitive reasoning is required, and the more coherent the discourse (Xu Yuchen, 2003). However, the above studies did not involve working memory. Therefore, researchers attempted to utilize existing research and combine executive working memory (working memory capacity and attentional inhibition) to explore its interaction with discourse coherence (Kintsch 2000).

Firstly, working memory capacity affects coherence. Coherence means the implementation of property attribution in arguments. The process of second language writing, especially argumentative writing, is actually the process of matching and proving the characteristics between the "source domain" and the "target domain". The "target domain" provides the central argument, while the "source domain" provides a series of examples, forming a synonymous category. This is the process of producing argumentation. In order to meet the cognitive resource requirements for the interaction and mapping of semantic features and relational structures between the source and target domains (Gluckberg et al. 1997), discourse producers must have sufficient attentional resources. A large capacity of working memory ensures sufficient attentional resources, and the more sufficient interaction and mapping, the more coherent the discourse produced.

Secondly, pay attention to suppressing the influence on language coherence. Coherence can be divided into linguistic coherence and semantic coherence from a linguistic perspective. Pay attention to the relationship between inhibition and language coherence, which is first reflected in cohesive devices such as anaphora and antecedent. For example, (gemsbacher) found that the correct understanding of anaphora is facilitated by inhibitory mechanisms. The inhibitory mechanism inhibits the activation of other non referential objects. As in the sentence bill handed John the tickets to the concept but he Took them back immediacy The use of reference to "he" promotes the inhibitory mechanism to understand whether the character he refers to is Bill or John, and ultimately determine whether he refers to Bill. But the efficiency of inhibition varies from person to person. The use of antecedents can also promote the work of inhibitory mechanisms, as antecedents such as "this ashtray is nice" can mark subsequent concepts, making them more prominent in the psychological representation structure. The inhibitory mechanism prevents the activation of other unmarked concepts to ensure that marked concepts gain a dominant position in psychological representation. When producing sentences in argumentative discourse, if the producer uses antecedents and anaphors reasonably, irrelevant information is effectively suppressed, and the reinforced representation concept (source domain) is strongly related to the main argument (target domain) of the discourse, the discourse becomes coherent.

Once again, attention should be paid to the inhibitory effect on meaning coherence, which is mainly reflected in the producer's inhibition of competing words with weak relevance to the main argument (target language) when producing sentences. Regulating working memory capacity can enable the inhibitory mechanism to select the content of information processing, effectively suppress information unrelated to the target domain, and thus maintain discourse coherence. Hasher and Zacks (1988) argue that regulatory processes can be summarized as follows: firstly, only information that is consistent with the target domain (argument) is allowed to enter working memory, while preventing information that conflicts with the target domain (argument) from entering; Secondly, if irrelevant information has already entered working memory, it quickly suppresses its activation of relevant content in long-term memory. Thirdly, prevent attention resources from being allocated to previously abandoned information, thereby selectively keeping attention focused on the current direction. The visible inhibition mechanism can maximize the prevention of working memory from processing irrelevant information, ensuring that limited cognitive resources are effectively utilized to process information related to the main argument during discourse production, making discourse construction smooth and discourse meaning coherent. Many cognitive experiments have also confirmed this (Conway and Engle 1994; Harnishfeger and Bjorklund 1993; Rosen and Engle 1998; Wang Jingxin et al. 2003).

However, there are few empirical studies on the relationship between executive working memory and second language written output and coherence. Randsdell et al (2001) found a relationship between working memory capacity and written language production, and found that both reading, speaking, and writing breadth can predict written language production performance; Bergsleithner (2010) found a significant relationship between learner working memory capacity and the accuracy and complexity of second language written output. Similar findings were also found in Fortkamp (2000) and Harrington&Juffs (2011) studies; However, some studies (Lu 2010; Bridges, 2011) have found that there is no significant correlation between working memory capacity and written language output quality in second language learners. The above studies have mostly focused on the relationship between working memory capacity and written language output quality, but very few empirical studies have focused on the relationship between working memory capacity and coherence. Although there is theoretical research on the relationship between attentional inhibition and discourse coherence, empirical research is relatively lacking. Therefore, this paper explores the relationship between executive working memory (working memory capacity and attentional inhibition) and discourse coherence through empirical research, aiming to fill the gap in this field.

At present, coherence can be achieved through quantitative analysis of textual discourse characteristics. The corpus analysis tool coh matrix can measure the surface and deep language features of texts, and has been proven effective in coherence analysis by scholars such as Reimer (2015) and Crossley&Macnamara (20112014). This tool can quantify language coherence and content coherence, with a total of 12 indicators. Six indicators for quantifying language coherence: narrative, interreferential, grammatical conciseness, lexical specificity, and adjacent sentence overlap; Six indicators for quantifying content coherence: causal relationship, discourse relevance, verb consistency, logicality, temporal consistency, whole sentence overlap, and intention consistency. The larger the indicator value, the higher the coherence of the text. Due to the prominent performance of indicators such as logic, consistency of intention, and causal relationships in the genre of argumentative writing, the output of this research text is defined as the genre of argumentative writing. Another variable in this study is executive working memory, which is defined as the preservation of short-term memory information, cognitive operations, and inhibition of irrelevant information. Therefore, among the 12 indicators, the measurement parameters related to the definition of working memory and argumentative writing genre, namely interdependency, lexical specificity, adjacent sentence overlap, causal relationship, discourse correlation, verb consistency, logicality, whole sentence overlap, and intention consistency, are retained as the operational definitions for measuring article coherence. Narrative and grammatical conciseness are more related to learners' language ability and narrative writing genre, and are not closely related to working memory. Therefore, no measurement is conducted, and time consistency is more reflected in narrative writing. The genre of writing, and this article is an argumentative essay as a measurement, and no measurement will be made here.

2. Empirical research

The research question of this article is as follows:

1.What are the characteristics of discourse coherence parameters produced by language learners with different working memory capacities? Is there any difference in writing coherence?

What are the characteristics of discourse coherence parameters produced by language learners with different attentional inhibition abilities? Is there any difference in writing coherence?

3. Can the ability to write coherently predict the working memory ability of learners?

2.1 Participants

The experimental subjects were 40 second year non English major students from a university in Sichuan, belonging to three natural classes (1, and 2), with 20 students respectively. Before the experiment, all three classes participated in the English proficiency test, and there was no significant difference in scores [F (2172)=. 073, p=. 783], with an average age of M=18.9 and SD=1.35.

2.2 Experimental Materials

The experimental materials include two IELTS essays: finding an IELTS essay topic, choosing IELTS as the test because it is the most widely referenced exam in the world every year, and its reliability and validity have been tested and confirmed. In addition, the IELTS topic is argumentative writing, which requires higher cognitive load on participants than other writing styles. On the one hand, participants use second language writing, which requires extracting and selecting second language vocabulary to express meaning from their minds. On the other hand, they need to think about effective sentence arrangement to achieve effective argumentation. The higher cognitive load requires higher cognitive load on participants. Therefore, using argumentative writing to test the coherence of their writing results is more reliable than using other writing styles.

The measurement of working memory ability can be divided into working memory breadth measurement, attention inhibition measurement, using operational memory tasks and stroop-test to measure attention inhibition:

Operational memory task: In this type of task, participants are required to perform some operations while memorizing numbers or letter strings, such as operating on numbers according to certain rules (such as reverse order, odd even number judgment, etc.) after hearing a number string, and then recalling the number string. This task tests the subjects' ability to perform operations while memorizing information. The result is coded by PM.

Stroop test : participants are presented with color words printed in incongruent ink colors (e.g., the word "red" printed in green ink). They must suppress the automatic tendency to read the word and instead focus on naming the ink color,is used to testify the attention-inhibition task. The result is coded as SR.
2.3 Experimental Steps

1. Based on the results of PM , SR of working memory span for language learners and inhibition was calculated, and 40 subjects were divided into high memory breadth group Group A (experimental group) and low memory breadth group Group B (control group). AntConc was used to search for high-frequency words in the text, and the specific performance of coherence was analyzed to answer research questions Is there a significant difference in writing coherence among language learners with different working memory capacities? What are the characteristics of parameters?

2. According to the different stroop test, 40 participants were divided into high inhibitory group Group C and low inhibitory group Group D. AntConc was used to search for high-frequency words in the text to analyze whether there were differences in writing coherence among language learners with different inhibitory abilities? What are the characteristics of parameters?

Use regression analysis to determine whether the working memory ability of language learners can predict the degree of writing coherence?

Data collection：
High and low rated writing’s significance test.
Task finishing time and correction time as variants, to judge if different working memory capacity and inhibition are the factors to significantly influence task finishing time adn correction time.
indepedent sample t-test between G1 and G2 to judge working memory capacity as a variant, to see what coherence elements are influenced by it.
independent sample t-test between G3 and G4) to judge inhibition as a variants, to see what coherence elements are influenced by it.
Multiple regression analysis is used to predict the impact of executive working memory capacity and inhibition on article quality

Implication to teaching 
Working memory is one of the 7 intelligences in the multiple intelligence theory(Gardner, 1993), Gardner initially identified seven distinct types of intelligence:

Linguistic Intelligence: This intelligence involves the ability to understand and use spoken and written language effectively. 

Logical-Mathematical Intelligence: This intelligence refers to the capacity to analyze problems logically, perform mathematical operations, and engage in scientific reasoning.

Spatial Intelligence: Spatial intelligence involves the ability to perceive and manipulate visual-spatial information, such as understanding maps, images, and spatial relationships. 

Musical Intelligence: Musical intelligence entails sensitivity to rhythm, melody, pitch, and timbre. Individuals with high musical intelligence demonstrate a strong appreciation for music.

Bodily-Kinesthetic Intelligence: This intelligence involves the ability to use one's body effectively and skillfully, including coordination, balance, and physical agility. .

Interpersonal Intelligence: Interpersonal intelligence refers to the ability to understand and interact effectively with others, including empathy, communication skills, and social awareness.

Intrapersonal Intelligence: Intrapersonal intelligence involves self-awareness, introspection, and understanding one's own emotions, goals, and motivations. People with high intrapersonal intelligence have a strong sense of self, self-confidence, and self-regulation.such as verbal, musical,logical, etc. 

Rod Ellis(2008), pointed out that "any interpretation of second language acquisition is incomplete without fully considering the role of individual differences among learners.”

So, when facing variations in working memory capacity, teachers should Recognize his persistent attention in the field of his or her superior intelligence, and encourage to transfer to other intelligence field.

Also, teacher should help students start finishing tasks that need better working memory capacity with activities that they are most interested in (strengths in the field of intelligence.

Timetable 
Time duration
contents

Day 1-30
Literature review reading

Day 31-45
Instruct students and pre-test validation test

Day 45-50
Data collection

Day 51-60
Data analysis 

Day 61-70
Result collection and discussion

Day 71-80
Essay writing

BERA considerations

Students are told:

The purpose of experiments and expected endurance.

They are entitled to refuse the experiments 

Future benefits they may get, economically and intellectually

I’ll keep secret for their outcome.
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