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Preface
Cognitive load theory, an instructional design theory developed on the basis of our ever-expanding knowledge of human cognitive architecture, deals with the design of teaching and learning approaches to facilitate the acquisition of meaningful knowledge (Sweller, 2010a, 2019; Sweller et al., 2011). When an instructional approach developed within the framework of cognitive load leads to better learning outcomes by using randomized, controlled experiments, a cognitive load effect is demonstrated. One of the cognitive load principles that have been generated since 1980s is the expertise reversal effect, which occurs when an instructional approach that is effective for novice learners is less effective or even counterproductive for more expert learners (Kalyuga et al, 2003; Sweller et al., 2011). Empirical evidence for the expertise reversal effect has come from research studies in domains of teaching technical and scientific knowledge (e.g., Homer & Plass, 2010; Kalyuga et al., 2003; Khacharem et al., 2014), and in the domain of first language acquisition, including reading and writing (e.g., Kalyuga et al., 2013; Oksa et al., 2010). However, limited research has been conducted to explore the expertise reversal effect in developing second language listening skills. This is an important area as there have existed data implying that foreign language listening skills can be developed more by reading rather than by listening (Jiang et al., 2018; Moussa-Inaty et al., 2012). These data are counter-intuitive but may be explained by the expertise reversal effect.
This book reports an empirical investigation through a series of four experiments to investigate the expertise reversal effect in the field of foreign language listening teaching and learning. Three instructional formats (read-only, listen-only, and read-and-listen) were designed to teach native Chinese students English (Experiments 1-3) or French (Experiment 4) listening skills. Experiment 1 (Chap. 8) found a significant interaction with no effect for learners with lower levels of listening expertise but a significant effect for learners with higher levels of listening expertise favouring the read-only approach. The results of Experiment 2 (Chap. 9) replicated the counterintuitive findings of Experiment 1. Experiment 3 (Chap. 10) testing less knowledgeable students than Experiments 1 and 2 indicated that the read-and-listen condition was more effective for novice learners. Experiment 4 (Chap. 11) testing beginner-level learners of French as a foreign language obtained results consistent with those of Experiment 3 in that lower expertise learners gained greater benefits from the read-and-listen than the read-only or listen-only teaching approaches. It is concluded from the four experiments that the read-and-listen approach was advantageous for novice learners in learning foreign language listening skills but more expert learners could gain more benefits from the read-only approach.
Highlights of this book: it represents	an interdisciplinary approach to understanding learning listening skills of a foreign language from the perspectives of cognitive load theory and second language acquisition theories;

	an exploration of when and how foreign language listening skills could be curiously improved more effectively by reading than by listening;

	a call to adjust instructional approaches to accommodate learners’ expertise level with evidence from randomized controlled experiments;

	a development of the existing language comprehension frameworks by including working memory load as a crucial factor in written or verbal information processing;

	an application of cognitive load theory in a less well-structured subject area—foreign language learning.
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Confucian Analects and the Expertise Reversal Effect
An instance in Tsze-lû and Zan Yû of how Confucius dealt with his disciples according to their characters manifests the ideas of the expertise reversal effect.
子路問：“聞斯行諸？”
子曰：“有父兄在, 如之何其聞斯行之！”
冉有問：“聞斯行諸？”
子曰：“聞斯行之！”
公西華曰：“由也問‘聞斯行諸’, 子曰：‘有父兄在。’求也問‘聞斯行諸’, 子曰：‘聞斯行之。’赤也惑, 敢問。”
子曰：“求也退, 故進之。由也兼人, 故退之。”
—选自 《論語•先進篇》
—Selected from Chap. 21, Book XI: Hsien Tsin, Confucian Analects
English Translations
Tsze-lû asked, “Should I immediately carry into practice what I heard?”
The Master said, “There are your father and elder brothers to be consulted; -- why should you act on that principle of immediately carrying into practice what you hear?”
Zan Yû asked the same, “Should I immediately carry into practice what I heard?”
The Master answered, “Immediately carry into practice what you hear.”
Kung-hsî Hwâ said, “Yû asked whether he should carry immediately into practice what he heard, and you said, ‘There are your father and elder brothers to be consulted.’ Ch'iû asked whether he should immediately carry into practice what he heard, and you said, ‘Carry it immediately into practice.’ I, Ch'ih, am perplexed, and venture to ask you for an explanation.”
The Master said, “Ch'iû is retiring and slow; therefore I urged him forward. Yû has more than his own share of energy; therefore I kept him back.”
—The English extract was adapted from Chapter XXI, Confucian Analects (Legge, 1966, pp. 147–148).



Contents

Part I Theoretical Background and Literature Review of Cognitive Load and Language Expertise

1 Introduction
3

1.​1 Listening Teaching Approaches
4


1.​2 Cognitive Load Theory
5


1.​3 Research Aims and Hypotheses
6


1.​4 Scope of the Study
7


1.​5 Significance of the Research
7


References
8



2 Human Cognitive Architecture
11

2.​1 The Informational Dimension of the Architecture:​ Categories of Knowledge
12


2.​2 The Structural Dimension of the Architecture:​ The Modal Model
13


2.​3 The Operational Dimension of the Architecture:​ Five Principles
14

2.​3.​1 The Randomness as Genesis Principle
15


2.​3.​2 The Information Store Principle
15


2.​3.​3 The Borrowing and Reorganizing Principle
16


2.​3.​4 The Narrow Limits of Change Principle
16


2.​3.​5 The Environmental Organizing and Linking Principle
17



2.​4 Chapter Summary
17


References
18



3 Sensory Memory, Working Memory, and Long-Term Memory
21

3.​1 Sensory Memory
22

3.​1.​1 Iconic Memory
22


3.​1.​2 Echoic Memory
23



3.​2 Working Memory
23

3.​2.​1 The Multi-Component Model of Working Memory
24


3.​2.​2 Characteristics of Working Memory
28



3.​3 Long-Term Memory
30

3.​3.​1 Declarative Knowledge Versus Procedural Knowledge
31


3.​3.​2 Schema Theory:​ How Knowledge is Structured
32



3.​4 Chapter Summary
34


References
35



4 Cognitive Load:​ Categories and Measurements
39

4.​1 Categories of Cognitive Load
39


4.​2 Measurements of Cognitive Load
40


4.​3 A Confirmatory Factor Analysis on Cognitive Load Model
43

4.​3.​1 Method
44


4.​3.​2 Results and Discussion
45


4.​3.​3 Conclusion
46



4.​4 Calculation of Instructional Efficiency
47


4.​5 Chapter Summary
48


Appendix A:​ Subjective Rating Scale
49


References
49



5 Cognitive Load Effects
53

5.​1 Redundancy Effect
53

5.​1.​1 Evidence from Research in Technical and Scientific Teaching
54


5.​1.​2 Evidence from Research on Developing Language Skills
55



5.​2 Transient Information Effect
56

5.​2.​1 Evidence from Research in Technical and Scientific Teaching
56


5.​2.​2 Evidence from Research on Developing Language Skills
58



5.​3 Imagination Effect (Mental Rehearsing)
60

5.​3.​1 Evidence from Research in Technical and Scientific Teaching
61


5.​3.​2 Evidence from Research on Developing Language Skills
62



5.​4 Expertise Reversal Effect
64

5.​4.​1 Evidence from Research in Technical and Scientific Teaching
65


5.​4.​2 Evidence from Research on Teaching (Second/​Foreign) Language Listening
66



5.​5 Chapter Summary
68


References
69



6 A Cognitive Perspective of Language Processing
75

6.​1 Design Features of Language
76

6.​1.​1 Arbitrariness in Relations Between Form and Meaning
76


6.​1.​2 Duality of Patterning
76


6.​1.​3 Generative Capacity
77



6.​2 Foreign Language Listening Expertise
77

6.​2.​1 Phonological Knowledge
78


6.​2.​2 Semantic Knowledge
79


6.​2.​3 Syntactic Knowledge
79


6.​2.​4 Pragmatic Knowledge
80



6.​3 A Cognitive Perspective of Language Comprehension
80

6.​3.​1 A Cognitive Model of Listening Comprehension
81


6.​3.​2 A Cognitive Perspective of Reading Comprehension
84



6.​4 Expert-Novice Differences in Listening Comprehension
86

6.​4.​1 Expert-Novice Differences in Terms of Memory
87


6.​4.​2 Expert-Novice Difference in Terms of Phonemic Coding Ability
88


6.​4.​3 Expert-Novice Difference in Terms of Grammatical Sensitivity
89


6.​4.​4 Expert-Novice Difference in Terms of Inductive Language Learning Ability
89



6.​5 Factors of Element Interactivity in Listening Materials
90


6.​6 Chapter Summary
91


References
92



Part II Empirical Investigations

7 Research Hypotheses and Research Design
99

7.​1 Conceptualizatio​n of Hypotheses
99


7.​2 Research Design
102


7.​3 Chapter Summary
104


Appendix A:​ Ethical Approval
104


References
105



8 Expertise Reversal Effect and Teaching EFL Listening Skills (Experiment 1)
107

8.​1 Method
107

8.​1.​1 Participants
107


8.​1.​2 Materials
108


8.​1.​3 Procedures
109


8.​1.​4 Scoring
110



8.​2 Results and Discussion
110

8.​2.​1 Results
110


8.​2.​2 Discussion
112



8.​3 Chapter Summary
114


Appendices:​ Instructional and Test Materials for Experiment 1
114


References
119



9 Expertise Reversal Effect:​ When Years of Active Learning Account for Language Expertise (Experiment 2)
121

9.​1 Method
121

9.​1.​1 Participants
121


9.​1.​2 Materials
122


9.​1.​3 Procedures
122


9.​1.​4 Scoring
123



9.​2 Results and Discussion
123

9.​2.​1 Results
123


9.​2.​2 Discussion
124



9.​3 Chapter Summary
125


Appendices:​ Instructional and Test Materials for Experiment 2
125


References
130



10 Expertise Reversal Effect and Teaching EFL Listening Skills to Lower Expertise Learners (Experiment 3)
131

10.​1 Method
132

10.​1.​1 Participants
132


10.​1.​2 Materials
132


10.​1.​3 Procedures
133


10.​1.​4 Scoring
134



10.​2 Results and Discussion
134

10.​2.​1 Results
134


10.​2.​2 Discussion
136



10.​3 Chapter Summary
137


Appendices:​ Instructional and Test Materials for Experiment 3
138


References
141



11 Expertise Reversal Effect and Teaching French as a Foreign Language Listening Skills (Experiment 4)
143

11.​1 Method
143

11.​1.​1 Participants
143


11.​1.​2 Materials
144


11.​1.​3 Scoring
145



11.​2 Results and Discussion
145

11.​2.​1 Results
145


11.​2.​2 Discussion
147



11.​3 Chapter Summary
148


Appendices:​ Instructional and Test Material for Experiment 4
149


References
152



Part III General Discussion and Conclusion

12 General Discussion and Conclusion
155

12.​1 Summary of Empirical Investigation
155


12.​2 Transient Information Effect
157

12.​2.​1 Teaching Listening by Reading—Permanency Counters Transiency
157


12.​2.​2 The Effectiveness of Teaching Listening by Reading—Years of Language Learning Experience Count
158


12.​2.​3 Teaching Listening by Listening—Transiency Results in Incompetency
159



12.​3 Imagination Effect
161

12.​3.​1 Imagination for Higher Expertise Learner—the Sound of Words
161


12.​3.​2 Imagination for Lower Expertise Learners—the Silence of Words
161



12.​4 Redundancy Effect—When More is Less
162


12.​5 Expertise Reversal Effect
163


12.​6 Theoretical and Pedagogical Implications
165


12.​7 Limitations of the Research and Suggestions for Future Studies
165


12.​8 Conclusion
167


References
167





List of Figures

Fig.​ 2.​1 The modal model of memory (adapted from Bruning et al.​ 2011)14
 
Fig.​ 3.​1 Cognitive model of information processing (adapted from Mayer, 2009, 2024)22
 
Fig.​ 3.​2 The original three-component model of working memory (Baddeley &​ Hitch, 1974)24
 
Fig.​ 3.​3 A functional model of phonological short-term memory (Vallar &​ Papagno, 2002)26
 
Fig.​ 3.​4 Current four-component model of working memory (adapted from Baddeley, 2010, 2015)29
 
Fig.​ 6.​1 Schematic representation of the processing components involved in spoken language use (Levelt, 1993)83
 
Fig.​ 6.​2 Schematic representation of the processing components involved in written language use (Perfetti, 1999, p.​169)85
 


List of Tables

Table 4.​1 Means, standard deviations (SD), skewness, kurtosis, and correlations for the questionnaire items45
 
Table 4.2 Factor loadings, standard errors (SE), t values, and p values for the questionnaire items46
 
Table 8.​1 Means and standard deviations for the listening performance scores, the subjective ratings of cognitive load, and the instructional efficiencies for different instructional groups and levels of learner listening expertise in Experiment 1111
 
Table 9.​1 Means and standard deviations for the listening performance scores, the subjective ratings of cognitive load, and and the instructional efficiencies for different instructional groups in Experiment 2124
 
Table 10.​1 Means and standard deviations for the listening performance scores, the subjective ratings of cognitive load, and the instructional efficiencies for different instructional groups in Experiment 3135
 
Table 11.​1 Means and standard deviations for the listening performance scores, the subjective ratings of cognitive load, and the instructional efficiencies for different instructional groups in Experiment 4146
 




Part ITheoretical Background and Literature Review of Cognitive Load and Language Expertise
This part has six chapters, which aims to depict the research context, explain the theoretical frameworks, and present an extensive review of empirical studies on cognitive load effects and their connections to teaching foreign language listening skills.
Chapter 
1 Introduction explains the rationale of the research, introduces cognitive load theory, and briefs the research hypotheses, research aims, research scope, and research significance.
Chapter 
2 Human Cognitive Architecture discusses the preliminaries of cognitive load theory—the human cognitive architecture. This chapter elaborates the architecture from the informational, structural, and operational aspects.
Chapter 
3 Sensory Memory, Working Memory, and Long-Term Memory is devoted to discussing the human memory systems and their significance to language learning.
Chapter 
4 Cognitive Load: Categories and Measurements discusses the types of cognitive load and presents a confirmatory factor analysis on two-factor cognitive load model.

Chapter 5 Cognitive Load Effects presents a detailed review of four effects and their significance to developing foreign language skills, especially listening skills.
Chapter 
6 A Cognitive Perspective of Language Processing presents cognitive models of listening comprehension and reading comprehension and discusses expert-novice differences in listening comprehension.
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Listening, as a primary source of linguistic input, plays a pivotal role in both first and second language acquisitions (Peterson, 2001; Rubin, 1994). It is common knowledge that infants spend their early months in listening their caregivers’ talks. By the age of about 6 months, young children can tell the unique acoustic properties of their first language; by the age of 3, most young children can be rather fluent speakers (Kuhl, P. (2015). Although, it is still largely a mystery how children acquire their first language so efficiently and effectively, one cannot deny the importance of listening in the process of language acquisition. Listening internalizes the basic linguistic rules of language and facilitates the development of reading, speaking, and writing skills. However, listening is considered as a complex cognitive skill (Renandya & Farrell, 2011). Hulstijn (2007) commented that listening was “the most implicit and least explicit of the four language skills” (p. 711). A similar view was shared by Lynch and Mendelsohn (2010) who argued that “listening processes are complex, and listening comprehension is difficult in a second or foreign language” (p. 194). However, there is no consensus on the nature of listening. From a cognitive perspective, it is generally accepted that listeners first decode the perceived auditory information and simultaneously integrated the retained information in their working memory with the relevant information retrieved from long-term memory in order to develop meaning representation (Anderson, 1995). Because of the transient nature of auditory information and the limited capacity and short duration of working memory especially when dealing with novel information, foreign language learners, particularly those beginners, often find it difficult learning to listen (Goh, 2000; Graham, 2006).
There are a number of factors that cause listening a challenging task (Lynch & Mendelsohn, 2010; Renandya & Farrell, 2011), among which learner expertise can be regarded as the critical one (Jiang et al., 2018). It has been reported that foreign language learners with different levels of proficiency may encounter different types of difficulties in learning to listen (Goh, 2000). More importantly, learners with different levels of expertise are likely to have different skills. Schmidt  (2001) commented that novice foreign language learners needed to acquire the simple linguistic structures prior to mastering the complex ones. Once they had developed more expertise through sufficient practices of the simpler processing routines, these beginner learners would be capable of attending to more complex structures and more sophisticated meaning units which were normally regarded as the features of expert learners’ language acquisition or native speakers’ language use. Thus, it is important to adjust teaching approaches dynamically to learners’ proficiency levels to facilitate meaningful learning. Nonetheless, the conventional teaching practice of English as a foreign language in typical classroom settings in many countries was to instruct listening through one set of teaching methods without differentiating learners’ levels of competency.
1.1 Listening Teaching Approaches
According to the presentation mode of instructional materials, listening teaching methods can be broadly categorized into three approaches: auditory-only (teaching listening by listening only), visual-only, and audiovisual (presenting the auditory and visual/textual information simultaneously), among which auditory-only and audiovisual approaches to teaching foreign language listening skills were two conventional ways used by instructors to develop learners’ listening competency.
Inconsistent findings have been reported in regard to the effectiveness of instructional approaches to foreign language listening skills. It seems to be intuitively true that auditory-only approach will facilitate learners’ acquisition of listening skills as learners provided with this instructional approach can expose themselves consistently and intensively to abundant aural input (Chang et al. 2019; Renandya and Farrell 2011; Rost and Wilson 2013). For example, Renandya and Farrell (2011) suggested that “listening is best learnt through listening” as long as “learners get to do a lot of meaningful listening practice” (p. 56). By contrast, learners in an audiovisual approach have to spend working memory resources on processing the visual or textual information which is hard to be neglected unless they choose to deliberately ignore the textual information by closing their eyes or by looking away from the materials. However, Chang and Millett (2014) cautioned that listen-only approach might not be a favourable method of teaching foreign language listening skills. Moreover, Hsieh and Huang (2020) reported that audio-only approach did not work well for lower proficiency students who are less competent to recognize words from auditory input.
Some research reported that an audiovisual approach could facilitate the acquisition of listening skills (Chang and Millett 2014). For example, textual information in an audiovisual teaching approach could assist learners in clarifying the pronunciation of words (e.g., Guichon and McLornan 2008; King 2002; Leveridge and Yang 2014; Markham 1999). In a similar vein, Sun and Dong (2004) and Tsai (2015) believed that textual information could help learners complete sound-form matchings. However, a sceptical view of the usefulness of textual information in an audiovisual teaching format contended that the textual information could not sufficiently complement the fast rate of speech (e.g., Guillory 1998). Diao et al. (2007) claimed that textual information in a read-and-listen approach led to better comprehension of the textual input but might result in less satisfactory comprehension of the auditory information.
Moreover, recent research reported counterintuitive findings that listening skills can be developed better by reading than by listening (Moussa-Inaty et al. 2012). The finding that reading facilitates the acquisition of foreign language listening skills may be explicable by the imagination effect which means that imagining a procedure or concept generates better learning outcomes than studying the material in a conventional manner (Cooper et al. 2001; Sweller et al. 2011). From the viewpoint of human cognitive architecture, visually presented language information will undergo a grapheme-to-phoneme conversion (deciphering the orthographic codes into the phonological codes) prior to being stored as phonological representations and being transferred to working memory (Baddeley 2003a, 2003b, 2007; Vallar and Papagno 2002). Moreover, Perfetti and Zhang (1995) claimed that phonological units are always activated in reading in order to complete the sound-form-meaning pairings. Therefore, it can be assumed that foreign language learners may activate phonological information of textual message and complete the grapheme-to-phoneme conversion either consciously or unconsciously depending on their levels of expertise. The activation of phonological knowledge and decipherment of visual information into phonological representations mimic the process of actual hearing the sounds and consolidate the integration of the graphic, phonological, and morphemic information in the identification of a printed word and interpretation of textual information, benefiting the acquisition of listening skills.

1.2 Cognitive Load Theory
The inconsistent findings on the effectiveness of different approaches to teaching foreign language listening skills can be attributed to the expertise reversal effect, one instructional principle in cognitive load theory (Sweller et al. 2011), which means that the instructional methods that are effective for novice learners may become ineffective or even detrimental for expert learners (Kalyuga et al. 2003, 1998). The same domain knowledge might generate different levels of intrinsic cognitive load (the working memory load caused by the inherent complexity of the information that should be learned) to learners of different expertise levels and accordingly the same instructional approach to teaching the domain knowledge would generate different levels of extraneous cognitive load (the working memory load generated by instructional methods that is unnecessary to learning goals). Therefore, only if the instructional approaches accommodate the differences in learners’ expertise can students learn more effectively and efficiently with more working memory resource spent on learning essential knowledge. Nonetheless, not only do foreign language teachers choose teaching approaches of listening skills based on conventional practices or personal beliefs rather than research findings but also seldom consider the differences in learners’ expertise in teaching practices.
Cognitive load theory deals with the design of visual and auditory information presentations to foster construction of meaningful knowledge (Sweller 2010; Sweller et al. 2011). One of the effects generated from cognitive load theory is the expertise reversal effect. The major implication of this effect requires the alteration of instructional methods according to the levels of learner expertise. Evidence of the expertise reversal effect initially came from research in technical and scientific domains (e.g. Homer and Plass 2010; Kalyuga et al. 2003; Khacharem et al. 2014), and more recently from research in the domain of language acquisition, particularly reading and writing (e.g. Kalyuga et al. 2013; Oksa et al. 2010). However, there is a paucity of research investigating this effect in the realm of acquiring foreign language listening skills. The primary concern of this study is to explore whether there is an interaction between levels of learners’ expertise and instructional formats in learning listening skills in English/French as a foreign language.

1.3 Research Aims and Hypotheses
This book is devoted to exploring the expertise reversal effect in teaching foreign language listening skills. The aim was realized by comparing the listening comprehension outcomes and levels of cognitive load of expert and novice learners of English/French as a foreign language using three instructional approaches: read-only, listen-only, and read-and-listen. The research hypotheses were conceptualized based on the transient information effect, the redundancy effect, the imagination effect, and the expertise reversal effect. The research hypotheses include:
Hypothesis 1: For lower expertise learners of English/French as a foreign language, learners in the read-and-listen instructions will outperform those in the listen-only or read-only groups in the listening performance test.
Hypothesis 2: For lower expertise learners of English/French as a foreign language, learners in the read-and-listen group will experience a lower level of cognitive load than those in the read-only and listen-only groups.
Hypothesis 3: For higher expertise learners of English/French as a foreign language, learners in the read-only group will outperform those in the listen-only and read-and-listen groups in the listening performance test.
Hypothesis 4: For higher expertise learners of English/French as a foreign language, learners in the read-only group will experience a lower level of cognitive load than those in the listen-only and read-and-listen groups.

1.4 Scope of the Study
The aim of this book is to explore the expertise reversal effect in teaching listening skills of English/French as a foreign language. There are several approaches accounting for the process of language acquisition, such as behavioural approach, nativist approach, cognitive approach, and social interactionist approach. This study takes the theoretical stand on the cognitive view of language acquisition, which believes that language is a part of human cognitive development. The cognitive view of language acquisition is grounded on two main principles that the linguistic system of the language learner is linked to his or her cognitive system and that the learner is active in language acquisition and meaning construction. Therefore, cognitive principles of general learning can apply to language learning.
Students’ listening comprehension performance was the major variable in this study. Thus, the product of listening—the listening comprehension score—was the major focus. Learner ability/aptitude was the main variable under investigation in this study. The study did not cover personal factors when considering individual difference, such as intelligence, personal internal distraction, personal disinterest in the topic of the listening material, motivation, learning styles, inattentiveness, self-esteem, learner beliefs, etc. (Dörnyei 2005; Dunkel 1991; Ellis 2008). In addition, the sociolinguistic factors of listening were not examined. I did not investigate how listening comprehension was influenced by learners’ sociocultural competence which was concerned with listeners’ degree of understanding associated with the sociocultural content of the listening materials. Moreover, learners’ strategic competence (their mastery of the cognitive, metacognitive and affective strategies) was beyond the scope of this study.

1.5 Significance of the Research
Previous research in cognitive load theory has focused on the learning of declarative or procedural knowledge in well-structured domains (van Merriënboer and Sweller 2005). By investigating the acquisition of foreign language listening skills, this study contributes to cognitive load theory as a tentative response to Vogel-Walcutt et al. (2011) who argued that cognitive load theory did not exemplify its applicability in less structured domains where learners must decide the types of information that should be acquired. Moreover, by investigating teaching foreign language listening skills to learners with more listening expertise and learners with less listening expertise, the research was intended to increase the understanding of the expertise reversal effect, as some researchers contended that it was unclear to which extent the technique of adapting instructional approaches to learners’ expertise would result in deeper learning and knowledge construction (Vogel-Walcutt et al. 2011). In addition, this research provided a cognitive load perspective for instructors of English/French as a foreign language to design more effective teaching materials. Another pedagogical implication was that this research extended the understanding of learners’ individual differences from the perspectives of human cognitive architecture and cognitive load theory. By examining different learning outcomes in the context of the expertise reversal effect, this study also shed light on teaching practices and research activities concerned with how to teach foreign language reading, speaking and writing skills effectively.
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Human cognitive architecture refers to the way in which the components of human cognitive system such as working and long-term memories are organised and administered (Kirschner et al. 2006; Sweller et al. 2011). Human cognitive architecture is the mechanism of information processing and knowledge construction. It is likely that the specific compositions of the cognitive architectures of expert and novice learners are different. Accordingly, teaching approaches should accommodate these differences in cognitive architecture to promote knowledge construction. Effective instructional designs should take human cognitive architecture and levels of learner expertise into consideration.
Cognitive load theory is by nature “an instructional design theory based on our knowledge of human cognitive architecture and evolutionary educational psychology” (Sweller 2022, p. 2229). In fact, one of the major advancements of the cognitive load theory in the last two decades is the adoption of an evolutionary perspective to examine and substantiate major properties of human cognitive architecture (Kalyuga 2023; Sweller 2019, 2022; Sweller et al. 2019). Cognitive psychology views an individual as an active processor of linguistic information (Long 1989; Mayer 1996, 2009, 2020; McLaughlin et al. 1983). It has been acknowledged that information is primarily processed and stored more permanently in the working memory and long-term memory respectively, the two main compositions of human cognitive architecture. Human cognitive architecture, also referred as human cognitive system, “belongs to natural information processing systems that have similar general structural characteristics and operations principles” (Kalyuga 2023, p. 2). In terms of information processing, the human cognitive architecture can be regarded as “analogous to the information processing characteristics of evolution by natural selection” (Sweller 2022, p. 2232). This analogy actually highlights the evolutionary psychology base of human cognitive architecture, which shed lights on instructional design (Sweller 2019). Therefore, by this architecture, we can answer three questions: what types of information that this architecture process (i.e., the informational dimension of this architecture), what the structure of this architecture is (i.e., the structural dimension of this architecture), and by what principles the architecture operates (i.e., the operational dimension of this architecture).
2.1 The Informational Dimension of the Architecture: Categories of Knowledge
Due to the evolutionary significance for survival of human species over millions of years, it has been speculated that native speakers of a language are genetically endowed with natural abilities to acquire their listening and speaking skills seemingly unconsciously and effortlessly, whereas foreign language learners acquire these skills rather deliberately and arduously. However, when it comes to the two literacy skills: reading and writing, even native speakers of a language need to intentionally develop these skills (in evolutionary terms, according to Ardila (2018) reading and writing skills originated relatively recently, probably 5–6,000 years ago), foreign language speakers have to spend even more time and effort before they master these two skills to a competent level. The difference has been perplexed linguists and educators for a long time.
This contrast can be better understood by differentiating biologically primary and secondary knowledge on top of their evolutionary origins and importance from the perspective of evolutionary educational psychology (Kalyuga 2023; Sweller 2022; Sweller et al. 2011). Biologically primary knowledge refers to knowledge and skills that humans have specifically evolved to acquire (Geary 2007, 2008; Sweller 2022). These knowledge and skills, which are acquired more intuitively and unconsciously, are the basis of human functioning, such as recognizing human faces, recognizing a wide range of sounds, general problem-solving skills and developing speaking and listening skills of a native language (Kalyuga 2023; Sweller et al. 2019, 2011). On the other hand, biologically secondary knowledge consists of knowledge that humans develop to fulfill social and cultural functions in societies, such as mathematical skills, computer skills, and reading and writing skills of a native or foreign language (Geary, 2007, 2008; Kellogg 2008). This kind of knowledge is slow to develop and extensively depends on working memory, therefore it needs learners to exert conscious and explicit efforts (Kalyuga 2023).
Language is regarded as the most significant evolutionary invention over millions of years. Nowak (2000) claimed that language “was an adaptation that helped our species to exchange information, make plans, express new ideas and totally change the appearance of the planet” (p. 1615). It is believed that children use a type of mental grammar, an abstract cognitive faculty that can spontaneously and swiftly calculate the grammatical compositions of linguistic input, in order to generate meaning. Children acquire this mental grammar in a relatively short period of time and without explicit instruction (Nowak 2000). Therefore, developing the mental grammar of one’s first language can be seen as the acquisition of biologically primary knowledge as “babies and young children ‘pick up’ or acquire the language through a more subsconscious natural process” (Payne 2011, p. 420).
Generally speaking, it can be fast for people to develop biologically primary knowledge while it is slow to develop biologically secondary knowledge. This distinction between biologically primary knowledge and biologically secondary knowledge is of paramount significance to cognitive load theory and actually “should be critical to any theory concerned with instructional design” (Sweller 2022, p. 2230). The primary instructional implication of this categorization is that only biologically secondary knowledge should be the focus of instructional design, as it requires effortful and conscious learning using the cognitive system with significant processing limitations. On the contrary, it is assumed by cognitive load researchers that biologically primary knowledge does not need explicit instruction as humans have naturally evolved to do so (Sweller 2022).

2.2 The Structural Dimension of the Architecture: The Modal Model
Human memory is conventionally regarded as an information processing system. Although research on human memory can be dated back to hundreds of years ago (Schneider 2015), the intangible nature of memory has largely encumbered scholars and scientists to fully understand the organisation and composition of human cognitive system. It is not until the invention of computer that researchers began to compare the mechanism of human memory metaphorically to the operations of a computer system (Ritter et al. 2019; Schneider 2015). Throughout the modern era development of memory research in cognitive science, it has been assumed that human memory consists of sensory memory, working memory, and long-term memory systems, each of which has their own subcomponents (Anderson 2000; Atkinson and Shiffrin 1968; Baddeley et al. 2009; Bruning et al. 2011; Eysenck and Keane 2015).
Human memory systems play the functions of encoding, decoding, storing and retrieving information, which can be collectively termed as the information processing stages. The modal model of memory or the sensory memory-short-term memory-long-term memory model (Fig. 2.1) developed in Atkinson and Shiffrin’s (1968) and Waugh and Norman’s (1965) seminal works provided theoretical foundations for understanding the development of human cognitive architecture. The model visualised active processes that humans use to process information and construct knowledge. The modal model postulates that information is processed at the stages of sensory memory, short-term memory, and long-term memory, each of which performs specific functions (Healy and McNamara 1996). Incoming stimuli are registered and processed in sensory memory which is conventionally depicted in terms of auditory and visual modalities; the perceived information is then transferred to short-term memory where additional meaning-based processing happens after related information has been retrieved from long-term memory; humans deliberately rehearse the information in working memory to prevent elapses; processed information that is related to one’s goals is then encoded and stored in long-term memory for future use; expert learners engage in a variety of encoding and retrieval processes to transfer information between short-term memory and long-term memory (Bruning et al. 2011) (Fig. 2.1).[image: ]A block diagram of the memory model. The stimuli are input to sensory memory, which pays perception and attention to short term memory with rehearsal, leading to long term memory.


Fig. 2.1The modal model of memory (adapted from Bruning et al. 2011)




2.3 The Operational Dimension of the Architecture: Five Principles
Sweller and Sweller (2006) established a link between human cognitive architecture and biological evolution. They argued that if knowledge acquisition complies with biological evolutionary rules, “the mechanisms of human cognition and the structures that constitute human cognitive architecture should incorporate the processes and functions of evolution by natural selection” (Sweller and Sweller 2006, pp. 434–435). By providing an integrated view on the nature of knowledge acquisition and human cognition, they proposed five principles of natural information processing systems, which underlie cognitive load theory. The first two principles are about generating information, the following two principles are about processing and storing information, and the last one is about using the stored information to deal with problems in the environment (Kalyuga 2023).
2.3.1 The Randomness as Genesis Principle
This principle tells the initial state of human evolution and knowledge construction, or in other words, it “explains how information is first generated” (Kirschner et al. 2018, p. 216). Even though evolutionary biologists and scientists contend the statement that mutations are random (Domingues 2022; Monroe 2023), it is still a ubiquitous idea when it comes to natural selection and evolution. It is generally believed that “the mechanisms of evolution—like natural selection and genetic drift—work with the random variation generated by mutations” and “mutations can be beneficial, neutral, or harmful for the organism, but mutations do not “try” to supply what the organism “needs”. In this respect, mutations are random—whether a particular mutation happens or not is unrelated to how useful that mutation would be” (UC Berkeley 2023, p. 24). Each mutation is subsequently tested for its effectiveness with beneficial mutations passed on to future generations and harmful ones lost, at least ideally (Sweller 2022).
In the case of human cognition, the randomness as genesis principle concerns with acquiring new information that “(a) is obtained from the external environment; (b) is not obtained from another person in spoken or written form and (c) for which we do not have previously acquired knowledge indicating how it should be processed” (Sweller 2019, p. 4). As for language learning, when children first decipher linguistic signals, they might use random guesses and confirm or reject the connection between the signal and meaning based on the feedback they received. On their way of picking up their mother tongue, they will still resort to the guessing technique but the guesses would be less random but more educated in the case that they might have already figured out the rules and principles of how to make more cost-effective guesses (Peccei 2005).

2.3.2 The Information Store Principle
The acquired knowledge and processed information are believed to be stored in long-term memory, metaphorically a repository with infinite capacity. Information is stored in the form of schemas in long-term memory. It has been hypothesized that schemas are hierarchical in nature and have slots in each hierarchy storing different types or levels of information. Once information is processed, the newly acquired knowledge will be integrated with existing knowledge structures, forming a higher level of schemas. Evidence of the possible existence of schemas and the relevant features are provided by chess-related research studies. For example, Chase and Simon (1973), following the work of de Groot (1946), found that expert chess players could reproduce chess board configurations from real games with more accuracy than amateur players. This is because the master and grandmaster chess players had more schemas of chess board configurations in their long-term memory than amateur players. It is also found that people can reproduce genuine chess board configurations from real games more accurately than random, fake configurations.

2.3.3 The Borrowing and Reorganizing Principle
After the random generation and testing for effectiveness processes, novel knowledge structures are then created and stored in long-term memory. When individuals need to process new information, they would retrieve (borrow) the knowledge structures stored in their own or borrow from others’ long-term memories. Then the processed information would be reorganized with the borrowed structures to form more advanced or higher levels of information structures.
When talking about learning languages, we know that new born babies cannot talk, understand conversations, and recognize their parents’ face because they have no knowledge structures constructed and stored in their long-term memory yet. After listening to auditory signals and observing human faces as well as their surrounding environment, they develop language knowledge and can recognize their parents’ faces. By listening to conversations more frequently and engaging in imitating or actively processing others’ talks, they acquire more fluent language skills. As they grow up, schooling, reading and imitating assist them to acquire more knowledge. To interpret this from a theoretical perspective, most information stored in long-term memory is organized in the form of schemas so that it can be retrieved by themselves or borrowed by others to process novel information.

2.3.4 The Narrow Limits of Change Principle
The narrow limits of change principle refers to that effective instructional designs should ensure that the limited number of information structures coming in learners’ working memory should be targeted at the intrinsic essentials of a subject area rather than an extraneous aspect (Sweller et al. 2011). From the evolutionary perspective, an individual mutation can have a significant impact, however in most cases, evolutionary changes are the results of the accumulated effects of many mutations with small impacts (UC Berkeley 2023). In terms of human cognition, humans hear all kinds of sounds and watch a large number of scenes every day and receive countless amounts of information in their lifetime. Even though they may have registered all of them in their sensory memory (i.e., eyes and ears), they do not process and remember all the information they perceive. For this reason, human working memory has a limited capacity and short duration when constructing knowledge and upgrading schemas. It has been known that human beings can remember about seven units of information and process about three to five units when we are asked to integrate and contrast the items (Miller 1956; Sweller 2022). If we do not rehearse novel information, we could retain it in our mind for no more than 20–30 s (Peterson and Peterson 1959; Sweller 2022). Therefore, only limited amounts of information can be processed in order to protect the contents of long-term memory from destructive changes. Otherwise, the high amount of incoming novel information would jeopardize the functioning of working memory and consequently it cannot store novel information in neat forms and structures in long-term memory.
The idea expressed in the narrow limits of change principle is consistent with the claim of comprehensible input proposed by Krashen (1987). Comprehensible input means that in order to guarantee successful language acquisition to happen, the language input should contain structures that are only one level beyond learners’ current level. To be specific, assume a learner’s current language level is ‘i’. Language teachers should provide the learner with instructional materials with the difficult level of ‘i + 1’ so that it is very possible to facilitate the learner’s language acquisition to the next level. Even though ‘i + 1’ has been found very challenging to be implemented in real classroom settings, at least it gives people an idea of striking a balance between instructional material and learners’ prior knowledge (Payne 2011).

2.3.5 The Environmental Organizing and Linking Principle
While working memory is limited when processing novel information from the environment, those limitations disappear when working memory processes organised information transferred from long-term memory. Based on environmental signals, appropriate information can be transferred from long-term memory to working memory in order to generate activity appropriate to the environment (Leahy and Sweller 2016; Sweller et al. 2011). The environment organizing and linking principle explains how individuals apply the information developed and stored via the previous four principles to function properly in a natural environment. After the environmental stimulus triggers information structures being retrieved from long-term memory, the knowledge structures can be processed in the working memory to regulate behaviours or solve problems in that environment. In the educational context, instructional materials, which function as environmental triggers, should directly relate to the teaching goals and effectively help learners retrieve information from their long-term memory and construct meaningful knowledge structures according to the instructional goals.


2.4 Chapter Summary
The chapter introduced the importance of considering the human cognitive architecture in presenting instructional information and the significance of figuring out the different characteristics between biologically primary knowledge and biologically secondary knowledge in instructional design. As human cognitive architecture and biological evolution share some similarities in terms of information processing, the chapter then reviewed the five fundamental principles of human information processing which formed the epistemological foundations of cognitive load theory. The five principles summarized the features of knowledge storage in long-term memory, the characteristics of knowledge construction and modification as well as the manner of information processing in working memory, and the interactions between human cognitive architecture and the external environment in the process of problem-solving.
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Mayer (2009, 2024) proposed a cognitive model of information processing (Fig. 3.1) based on Paivio’s (1986) dual-coding theory. Paivio (2007) claimed that “cognition involves the cooperative activity of two functionally independent but interconnected systems, a nonverbal system specialized for dealing with nonlinguistic objects and events, and a verbal system specialized for dealing directly with language” (p. 33). According to this approach, if information is presented in verbal form, it will be processed in the verbal channel; if information is presented in nonverbal channel, it will be processed in the nonverbal channel. In a similar vein to the modal model (Bruning et al., 2011) and the dual-coding theory (Paivio, 1986, 2007), the cognitive model of information processing also consists of sensory memory, working memory, and long-term memory. Sensory memory is where information gets registered in the cognitive system through the auditory modality (i.e. ears) and/or visual modality (i.e. eyes). According to the dual-coding theory, in the sensory memory, pictorial and textual information are perceived as visual images while auditory information as auditory images (Mayer, 2005; Paivio, 2007). Perceived information will be subsequently passed on to working memory which is the central place where information processing happens. In working memory, auditory and visual information elements are first mutually converted, which can be referred as inter-reference (Lai et al., 2011). Then, auditory and visual information elements are organized respectively into the verbal model and pictorial model. Prior knowledge retrieved from long-term memory is involved in information integration in working memory. Finally, the acquired knowledge will be encoded and stored in long-term memory.[image: ]A block diagram of the information processing. It comprises incoming information, sensory memory, working memory, and long term memory. The words lead to ears, followed by sounds, a verbal model, and integration with prior knowledge. The pictures lead to eyes, followed by images and a pictorial model.


Fig. 3.1Cognitive model of information processing (adapted from Mayer, 2009, 2024)


The modal model of information processing and the cognitive model of information processing agree with each other in the sense that human memory is a multi-layer system. The two models enlighten people about the compositions and operations of human memory systems. However, it can be argued that the models shown in Figs. 2.​1 and 3.1 might have oversimplified the mechanisms underlying human information processing. In the following sections, the major components of human cognitive architecture will be elaborated in more details.
3.1 Sensory Memory
Sensory memory can be defined as a system which briefly holds the stimuli from environment in sensory registers so that perception can actually happen before the information is lost (Bruning et al., 2011). There are basically three steps in the process. The first step is perception which enables the stimuli in the environment to be detected by sensory organs such as eyes and ears. The following step involves pattern recognition in which the perceived stimuli are associated with a recognizable pattern. Third, initial meanings are assigned to the stimuli before transmitting to working memory for further processing. Sensory memory is modality-specific in nature. The two components of sensory memory are iconic memory and echoic memory.
3.1.1 Iconic Memory
Iconic memory or visual memory perceives and holds visual information. In his seminal research, Sperling (1960) briefly showed an array of letters or numbers for a blink of time length and then asked the participants to either recall all the letters they could remember or recall a specific row of letters which was cued by the tones of different pitches. The results indicated that although almost all of the information presented could be registered in the iconic memory, the information decayed rapidly within 0.5 s after the array was removed from sight to the degree that only three or four pieces of information were available in iconic memory. However, a follow-up study by Averbach and Coriell (1961) contended that Sperling’s findings about the iconic memory capacity and duration might be underestimated. In their research, a black bar appeared above the position where one of the sixteen letters in an array was presented. The display of the black bar was at varying milliseconds before or after the letter was presented. The research participants were asked to report the letter that was cued by the black bar. It was found that when the black bar appeared immediately before or after the appearance of the letter, the participants could accurately report as many as 12 letters. Therefore, they speculated that the iconic memory could hold about 12 items when the output interference had been minimised. The existence of iconic memory could increase the time period for which the information is available (Eysenck & Keane, 2015).

3.1.2 Echoic Memory
Echoic memory, the auditory equivalent of iconic memory, holds auditory information for a few seconds (Baddeley et al., 2009). Darwin et al. (1972) investigated the analogous sensory memory in the auditory register by using auditorily presented information. They presented three lists of three items, which are combinations of letters and numbers. The participants heard over headphones one stimulus from their left side, one from the right side, and one from the middle in the back. After hearing the stimuli, the participants were asked to report one of the lists indicated by the position cues. The researchers delayed the display of position cues from 0 to 3 s after the stimuli were played. The results showed that the longer the delays were, the poorer the participants’ performance was, to the point that at about 3 s after the presentation, there was no significant difference in the recall performance between the cued condition and the whole report condition (i.e. non-cued one). Darwin et al.’s (1972) experiments show that the length of time information is held in the auditory memory is about three seconds.


3.2 Working Memory
After stimuli from the environment have been detected, perceived, and assigned with meaning partially, the information is transmitted to working memory to be further processed. Working memory is “the system or systems that are assumed to be necessary in order to keep things in mind while performing complex tasks such as reasoning, comprehension and learning” (Baddeley, 2010, p. R136). According to Sharwood Smith (2017), working memory can be understood as “a temporary storage facility available during online processing and subject to strict capacity limitations” (p. 291). There is no doubt that working memory plays a critical role in learning a foreign language (Ardila, 2003; Sharwood Smith, 2017). Working memory is the faculty where information is processed, meaning assigned, and schemas modified or built (Bruning et al., 2011; Cowan, 2014). The concept of working memory was derived from that of short-term memory. They were generally treated as synonyms and can be used interchangeably under certain circumstances (Baddeley, 2012). However, short-term memory tends to be viewed as a passive, unitary store. Alternatively, the concept of working memory, as an active, multi-component system, is widely accepted as it indicates the dynamic nature of this part of human cognition architecture (Baddeley, 1986; Bruning et al., 2011; Smith & Kosslyn, 2014).
3.2.1 The Multi-Component Model of Working Memory
Working memory is the theoretical construct that has been used to refer to the system or mechanism that is responsible for maintaining task-related information when performing a cognitive task (Baddeley & Hitch, 1974; Daneman & Carpenter, 1980; Shah & Miyake, 1999). Since 1960s, several models of short-term/working memory have been proposed, such as the modal model of information processing (Atkinson & Schffrin, 1968), the multi-component working memory model (Baddeley & Hitch, 1974), the embedded-processes model (Cowan, 1999), the dual code theory (Paivio, 1971), the adaptive control of thought-rational (ACT-R) model (Anderson, 1993, 2007; Anderson et al., 2004), etc. (see Miyake & Shah, 1999; Wen, 2016 for a comprehensive overview). It has been widely acknowledged that the multi-component working memory model (Baddeley, 1986, 2000; Baddeley & Hitch, 1974) is one of the most influential ones (Wen, 2016). The original model (Fig. 3.2), which was proposed by Baddeley and Hitch (1974), subsumed three components: the central executive, the phonological loop, and the visuospatial sketchpad. The central executive orchestrates attention-directing, manipulates information retrieval, and supervises information integration. Although the central executive plays a vital role in working memory, its functioning mechanisms are less investigated and less known. The phonological loop, a verbal faculty of working memory, is responsible for circulating or rehearsing auditory information for temporary holding and successive integrating (Baddeley et al., 2009). It is hypothesized that the phonological loop has two subsystems: a phonological temporary store which retains information in a phonological form, and a subvocal rehearsal process which aims to preserve decaying information in the phonological store.[image: ]A schematic representation of the working memory with multiple elements. The central executive is located between the visuospatial sketch pad and phonological loop, which are interconnected with each other. The pad and loop are denoted by a rectangle, and the executive is denoted by a circle.


Fig. 3.2The original three-component model of working memory (Baddeley & Hitch, 1974)


3.2.1.1 The Central Executive
The central executive is regarded as the most important but intangible component of the working memory system. The conceptualisation of the term stemmed from studies examining patients with cognitive deficits. For example, Baddeley and colleagues (1991) compared the coordination skills of patients with Alzheimer disease with those of healthy adults in single-task and dual-task performances respectively. They found that both the patients and healthy adults had the same level of accuracy in single-task condition but the patients were significantly worse than the healthy adults in dual-task coordination. The result led them to postulate that the coordination of mental resources in performing dual-task requires a faculty functioning as the central executive.
The central executive is the component which most strongly differentiates the concept of working memory from that of short-term memory (Smith & Kosslyn, 2014). The central executive orchestrates the operations of two slave systems, which are referred as phonological loop and visuospatial sketch pad, and links them to long-term memory. Not only does it initiate and monitor the activation of slave systems according to the incoming information perceived by the sensory memory but also integrates and coordinates information between these two slave systems. The visuospatial sketch pad processes visual information and the phonological loop the verbal information. The central executive performs its role through the control and allocation of attention: expending cognitive resources on relevant information and suppressing nonessential information which would consume those cognitive resources (Baddeley, 1986; Smith & Kosslyn, 2014). The central executive functions more like a system controlling attentional processes instead of a memory store which is realized by its two slave systems.

3.2.1.2 The Phonological Loop
The phonological loop can be understood as “a relatively modular system comprising a brief store together with a means of maintaining information by vocal or subvocal rehearsal” (Baddeley, 2012, p. 7). It is the subcomponent of working memory that processes spoken and written information (Fig. 3.3) (Vallar & Papagno, 2002). It has been proposed that the phonological loop has two subsystems: a phonological store holding speech-like information which will spontaneously decay within about two seconds and an articulatory rehearsal process (verbal or subverbal) taking place in real time (Baddeley, 1986, 2010; Schütze, 2017). After the analyses of initial acoustic and phonological cues, auditory input will be retained in the phonological short-term memory where the auditory information is recoded into a phonological format (Vallar, 2006). If phonemes cannot be identified immediately, they will also be stored temporarily in the loop (Schütze, 2017). The phonological output buffer deals with the articulatory programming of linguistic output, with a repeating translation between the phonological representations of acoustic input and those of the articulatory output (Vallar & Papagno, 2002). Spoken information accesses the phonological store automatically. By contrast, it takes several steps for written information to access the phonological short-term memory. Visually presented information should be deciphered from an orthographic code to a phonological code. After the grapheme-to-phoneme conversion, the phonological representations of the visually presented verbal information will be registered in the phonological buffer which will subsequently transfer the phonologically represented information to the phonological short-term memory (Baddeley, 2003). The rehearsal process recircles the memory trace between the phonological short-term memory and the phonological output buffer.[image: ]A flow diagram of the functions of the phonological loop. The auditory input undergoes phonological analysis, followed by phonological short term memory, and the rehearsal process leads to a phonological output buffer with orthographic to phonological recoding of the visual input, resulting in spoken output.


Fig. 3.3A functional model of phonological short-term memory (Vallar & Papagno, 2002)


Evidence of the phonological store comes from a range of phenomena including the phonological similarity effect and the word length effect (Baddeley, 2012). When words in a list are similar in spelling and/or pronunciation (e.g., CAT, GAP, CUP, TUG), immediate recall of the words will be poorer than the recall of words that are phonologically or orthographically different (e.g., CAG, DAK, DUT, GUP). This implies that information that is phonologically coded is vulnerable to decay or interference from other information encoded in a phonological form (Larsen et al., 2000; Salamé & Baddeley, 1982). As for the word length effect, it was found that learners performed better when they were asked to immediately recall a sequence of five monosyllabic words (e.g., pen, day, hot, cow, tub) than when they were asked to recall five multisyllabic words (e.g., university, tuberculosis, opportunity, hippopotamus, refrigerator). This is intuitively true as it takes longer to rehearse multisyllabic words than monosyllabic words.
The phonological store, a cognitive faculty with short duration, can retain spoken information or the articulatory codes for no more than two seconds (Jones et al., 2007). To prevent complete fading, the spoken information or written information (in the form of auditory-phonological code in the store) should be rehearsed to be maintained in working memory, which is referred to as the articulatory rehearsal process. Smith and Kosslyn (2014) metaphorically proposed that verbal working memory involves a mind’s ear which hears the verbal information in people’s own voice as if they read them as well as a mind’s voice which recites the auditory-phonological codes in rehearsal. Convergent evidence for the articulatory rehearsal process comes from the word length effect. Baddeley et al. (1975) examined the effect of the syllabic length of words on immediate recall and found that participants performed better in recalling sequences of short words than those of long ones, suggesting that the articulatory rehearsal occurs in real time and the time taken to articulate the words is the limiting factor in participants’ performance in immediate recall. The word length effect exists because rehearsing short words takes shorter length of time than long words and fewer long words than short words can be rehearsed before decay happens in the phonological store (Baddeley, 1986).
The phonological loop is linked to language acquisition and speech perception. For example, Baddeley et al. (1998) claimed that the phonological loop serves to acquire new words rather than to remember familiar ones. The richer is the array of the familiar words that a learner possesses in the long-term memory, the easier it would be for him or her to acquire new ones (Baddeley, 2015). Processing familiar information may not consume excessive working memory resources as relevant information has already been constructed and stored in long-term memory. By contrast, new information needs to be retained phonologically before prior knowledge can be activated. Retaining new information in the loop maximizes the chances of creating longer representation of the new information in working memory, which could in turn facilitate schema construction in long-term memory. The operation of phonological loop depends on the phonological and lexical representations within long-term memory and the procedurally based rehearsal habits of linguistic information (Baddeley, 2012).

3.2.1.3 The Visuospatial Sketchpad
As its compound name implies, the visuospatial sketchpad (inner eyes) is the short-term storage system for visual and spatial information (Baddeley, 2010). It is also the place where people develop, inspect, and manipulate mental images as well as store and process verbal information that has been represented in pictorial codes (Baddeley, 2012; Gathercole & Baddeley, 1993). The visuospatial sketchpad may consist of two distinctive subsystems: visual sketchpad which is responsible for maintaining visual object representation and spatial sketchpad which monitors people’s relations to the surrounding objects as they move in the environment. However, Baddeley (2006) argued that the sketchpad was more a spatial system than a visual one. Research has been carried out to investigate the role of visuospatial sketchpad or visuospatial working memory in the process of language comprehension and production. For example, Pan and Lin (2020) found that young learners’ visuospatial working memory was significantly associated with reading comprehension of Chinese, a language that has more visual information than alphabetic languages.

3.2.1.4 The Episodic Buffer
The three-component model of working memory seemed to be insufficient to address how multimodal information from phonological loop and visuospatial sketchpad are integrated as well as how working memory and long-term memory are linked. Therefore, a fourth component, the episodic buffer (Fig. 3.4), was conceptualized by Baddeley (2000) as “a limited-capacity temporary storage system that is capable of integrating information from a variety of sources” (p. 421). The buffer is episodic by nature in that it holds multidimensional information in episodes or chunks. It is assumed that the buffer holds a limited capacity of around four episodes or chunks which can be accessible via conscious awareness. The episodic buffer is under the direct control of the central executive in the form of conscious awareness, with the phonological loop and the visuospatial sketchpad feeding a wide range of information into it. The information brought by the visuospatial sketchpad includes spatial location, colour and shape, as well as information from the complex systems supervising and executing kinesthesis and touch; the phonological loop provides not only speech information but also information which is linguistic or symbolic in nature such as sign language, lip reading, together with non-verbal sounds (e.g., music and environmental sounds) (Baddeley, 2015). It is also speculated that other organs such as mouth and nose might provide information in the forms of taste and smell respectively to the buffer. The episodic buffer not only links the components of working memory but also bridges working memory with long-term memory. This happens as the episodic buffer can hold multidimensional codes temporarily and integrates features from different sources into chunks or episodes.[image: ]A diagram exhibits the elements of working memory. The elements are the central executive, episodic buffer, visuospatial sketchpad, and phonological loop. The episodic buffer includes smell and taste. The sketchpad includes visual, spatial, and haptic elements. The loop includes speech, sign, and sound.


Fig. 3.4Current four-component model of working memory (adapted from Baddeley, 2010, 2015)




3.2.2 Characteristics of Working Memory
Working memory is featured as a system with limited capacity and short duration, especially when dealing with novel information. The capacity of working memory was first empirically investigated by Miller (1956). After analysing a series of studies, he argued that the typical number of items or elements that people could recall accurately was about seven plus or minus two. Researchers in later studies argued that Miller might even overestimate the capacity of working memory. For example, Simon (1974) proposed that a range of five to seven units of information could be recalled accurately. After examining various studies on the recall of spatial information, Henderson (1972) claimed that the magic number should be four plus or minus one. A similar view was shared by Broadbent (1975), Halford et al. (1998), and Luck and Vogel (1997) who argued that people could recall three to four clusters of information without error. It should be noted that Miller’s magic number was obtained on the theoretical ground that short-term memory functioned as a passive temporary storage system. A more recently accepted view of working memory is that in addition to performing temporary storage functions, working memory actively associates with long-term memory in processing information (Baddeley, 1986; Baddeley et al., 2009) or working memory itself is an activated part of long-term memory (Cowan, 2000). After reviewing previous research on the capacity of working memory, Cowan (2000) concluded that in more strictly controlled experimental conditions where chunking was prohibited, taking into consideration the role it plays in processing information, working memory of an adult can realistically retain three or four elements accurately. Even though “the capacity limit is open to considerable differences of opinion and interpretation” (Cowan, 2000, p. 88), evidence has been accumulating that working memory is limited in capacity.
The view that the capacity of working memory is highly limited has a two-fold significance. On the one hand, the limited capacity of working memory can have a detrimental effect on learning. Having excessive amounts of information in working memory may generate high levels of working memory load, resulting in shallow learning. Therefore, instructional designs should take this feature into consideration and the amount of information to be processed in working memory which is delivered by an instructional design should not exceed the capacity of learners’ working memory to guarantee effective learning. On the other hand, the limited capacity of working memory could ensure that adaptions of existing schemas can be made within the limits that human cognitive architecture can handle. This feature, from the perspective of evolutionary psychology, is justified by “the combinatorial explosion that occurs with even small increases in the number of elements with which working memory must deal” (Sweller et al., 2011, p. 43).
Another significant aspect of working memory is the perishable nature. After presenting university students with a group of three syllables which consisted of three-letter syllable of consonants and three-digit number, Peterson and Peterson (1959) asked the students to count three consecutive numbers backwardly to prevent any rehearsal of the syllables. When tested after three seconds, the participants forgot half of the information, and when tested after 18 s, they forgot almost all the information. The gradually weakening trace of stimuli in working memory can be attributed to decay without rehearsal and interference caused by other information as rehearsal facilitates the transfer of information to long-term memory (Bruning et al., 2011; Cowan, 2005; Sweller et al., 2011). However, Muter (1980) contended that in Peterson and Peterson’s study, the participants may have executed several cognitive skills other than simply rehearsing as they knew that they were going to be asked to recall the to-be-remembered information after a filled retention interval. Research showed that when individuals knew that they would be required to recall the to-be-remembered items after a filled retention interval, secondary memory traces would be formed to help them remember the items. When participants did not expect or rarely expected to be tested, they forgot almost all the information after approximately two seconds (Muter, 1980). As was the case for capacity limitations, results of research on the temporal limitations of working memory remain controversial (Cunningham et al., 1993; Healy & Cunningham, 1995; Muter, 1980). Nonetheless, it is indisputable that working memory can only hold information for a brief time and the information will be lost if it cannot be processed in real time and it is not rehearsed. It is note-worthy that working memory’s capacity and duration limitations only apply to new information obtained from external environments via sensory memory to working memory rather than acquired information retrieved from long-term memory to working memory (Sweller et al., 2011).


3.3 Long-Term Memory
After incoming information has been processed in working memory, the processed information can be stored in long-term memory, the permanent but constantly updating repository of knowledge (Bruning et al., 2011). Long-term memory can be defined as a “store of essentially unlimited capacity holding information over very long period of time” (Eysenck & Keane, 2015, p. 205). However, only a small proportion of long-term memory is used for storing biologically secondary knowledge as the amount of biologically primary knowledge is enormous. Evidence of the effectively unlimited capacity and duration of biologically secondary knowledge in long-term memory came from the research by de Groot (1965) on the recall of chess board configurations. The research was driven by his observation that chess grandmasters always defeated weekends players. It was found that the grandmaster players reproduced the briefly presented chess board configuration significantly more efficiently and accurately than the weekends players, which suggested that chess grandmasters could easily retrieve huge numbers of standard board configurations with the associated best moves stored in long-term memory. Much of the information kept in long-term memory is stored “in the form of schemas or organised packets of knowledge” (Eysenck & Keane, 2015, p. 251) and chunking is the technique which is used to construct schema into a higher layer (Cowan & Chen, 2009; Gilchrist & Cowan, 2012). Not only is moving information into long-term memory effortful, but also this process is time-consuming. As instructional designs should take learners’ levels of prior knowledge into consideration (Kalyuga et al., 2003; Sweller et al., 2011), it is essential to understand the nature of knowledge and the categorization of knowledge levels.
3.3.1 Declarative Knowledge Versus Procedural Knowledge
Perhaps the most fundamental distinction between different categories of knowledge is the so-called declarative knowledge and procedural knowledge (Anderson, 1993; Eysenck & Keane, 2015). Declarative knowledge refers to factual or experiential knowledge that people could report explicitly, while procedural knowledge refers to implicit knowledge about procedures of performing certain activities and mediating problem-solving (Anderson, 2000; Bruning et al., 2011). Within the category of declarative knowledge, Tulving (1972) further distinguished semantic memory which is about memory of general knowledge and episodic memory which concerns memory of personal experience and thought. Episodic memory stores and retrieves one’s autobiographical experience, just like a mental movie of one’s life (Bruning et al., 2011; Slavin, 2020; Tulving, 2002). By contrast, semantic memory stores not only information about general facts and principles of the physical world but also abstract knowledge such as words and grammar in the forms of propositions, images, and schemas (Anderson, 2000; Bruning et al., 2011).
The distinction between declarative knowledge and procedural knowledge has great theoretical and pedagogical significance to second language acquisition (O'Malley et al., 1987). Knowing language as a grammatical system, such as learning grammatical rules and lexical knowledge, is insufficient to use the language functionally; declarative knowledge is needed to perform communicative tasks appropriately. One way that declarative knowledge is represented in memory is in the form of schemas or hierarchical structures (O'Malley et al., 1987). Human’s ability to generate language and comprehend language could be seen as good examples of procedural knowledge (O'Malley et al., 1987). A key issue in the current debate is how to strike a balance between what we might call the procedural and declarative knowledge elements that underlie successful language use, including comprehension (Johnson, 1996). It is worth drawing attention to the fact that declarative knowledge includes contents as well, which has been shown to exert a powerful influence on success in listening (Jensen & Hansen, 1995; Long, 1990; Tauroza & Allison, 1994). There are alternative views on what happens when a listener of limited foreign language proficiency tries to process foreign language text. According to the threshold hypothesis, a listener should achieve a certain level of (declarative) proficiency to process speech efficiently; the rival interdependence hypothesis claims that foreign language (procedural) performance is largely shared with the native language (Bernhardt & Kamil, 1995).

3.3.2 Schema Theory: How Knowledge is Structured
3.3.2.1 The Nature of Schemas
It is argued that schemata, along with concepts and propositions, is mostly related to declarative knowledge while productions and scripts are highly related to procedural knowledge (Bruning et al., 2011). A schema can be defined as an organized knowledge structure that is used for mentally categorizing and constructing concepts and procedures in long-term memory (Kalyuga, 2009b). The term itself was coined by Bartlett (1932) who argued that knowledge in people’s brain was organized into interrelated patterns like stereotypical mental scripts or scenarios of life situations and social events, accumulated from numerous experiences of similar events. It can be seen that a schema, by nature, is a structure for organising information (Marshall, 1995). The elements of information are organized according to the manner with which they will be treated (Sweller, 1994). Instead of serving as a kaleidoscope of concrete entities, a schema holds a generalized and abstract concept as a set of attributes (slots) which capture the essential characteristics of the multiple episodes. For example, the schema of bird may be labelled as any warm-blooded vertebrates with features of a body covered with feathers, a jaw with toothless beak, etc. Birds included in this schema range from bee hummingbird to ostrich. In other words, a schema is a stereotype in that “schemas abstract generalizations about objects from specific instances, encode general categories and typical features” (Kalyuga, 2009a, p. 8). It has been widely acknowledged that information that integrates with an existing schema can be more easily remembered, understood and maintained than information that does not fit into existing schemas (Anderson & Bower, 1983; Slavin, 2020).

3.3.2.2 Features of Schemas
A schema has a number of essential characteristics (Rumelhart & Norman, 1985; Rumelhart & Ortony, 1977). To begin with, schemas have variables. This assertion corresponds directly to the idea of the slots in the frame theory. Minsky (1975) postulated a distinction between fixed contents (general default features) and variable contents (inconstant features which may change with the situation) of a schema or a frame. When details of objects or concepts are observed, they replace the default values in the slots; if situation details are absent, slots may be filled with default values (Marshall, 1995). For example, the fixed contents of the bird schema or frame are general features i.e., any warm-blooded vertebrates with features of a body covered with feathers, a jaw with toothless beak, etc. The variables are specific birds, such as a bee hummingbird, a crane, a pigeon, an eagle, an ostrich, and so on. When the Dutch sailors landed on the island of Mauritius, they found a wild fowl which resembled a small ostrich, a rail, or a vulture. As the specific variables in the schema or frame of bird were lacking in their long-term memory, it could be speculated that the sailors would initially use the umbrella term bird to refer the strange fowl. After the flightless fowl was recognized as a specific species and was named as dodo bird, the default values were replaced by the specific variable—the dodo bird. After essential values have been assigned to slots of the schema of dodo bird, a schema-based knowledge structure will be stored in the form of concept.
The second characteristic of schemas is that they can embed within themselves. By using chunking techniques, schemas can be nested hierarchically within other schemas, instead of being stored as discrete pieces of information in long-term memory. Schemas may exist at various different levels of abstraction, ranging from very simple to elaborately complex (Marshall, 1995). Similarly, Kalyuga (2009a) claimed that “multiple schemas can be linked together and organized into sophisticated hierarchical structures where one schema can form part of a more complex schema” (p. 8). Moreover, schemas are dynamic. They are not viewed as static but rather as active and constantly changing. A person’s schemas are constantly updating as elements of information that enter into the cognitive system are organized according to the manner with which they will be dealt (Sweller, 1994).

3.3.2.3 Schema Acquisition and Modification
According to schema theory, the process of learning can be regarded as schema acquisition or schema modification—the process of establishing new schemas or adding new variables to existing schemas (Kalyuga, 2009a). The input information may contain cues for individuals to select appropriate schemas to complete information processing. After the initial selection of a specific schema, additional schemas may be needed to embellish and add further details as multiple schemas are interrelated and interconnected into sophisticated hierarchical structures where one schema can comprise part of a more complex schematic knowledge hierarchy (Kalyuga, 2009a; Marshall, 1995). When the activated schema does not match the given situation appropriately, it will be modified by abandoning and/or adding some variables. If no existing schema is available, a new schema will be constructed. In general, schema acquisition could be considered as a non-linear process where the schema debuts from lower-level of elements during learning or practice. When particular values are assigned to slots of a schema, the schema will become a cognitive unit which represents a higher level of structure. The need for the formation of higher-level structure can be related to the general limitations of human memory system. Because a schema operates as a single cognitive unit in working memory, processing higher levels of schema hierarchy consumes less working memory capacity than processing the multiple lower-level components they contain, which could help individuals manage the working memory load. Acquisition and automation of schematic knowledge structures have been regarded as the most important factors in reducing working memory load (Kalyuga, 2009b).

3.3.2.4 Schema Automation
Following the acquisition of a new schema and/or the modification of an existing schema, the new values and/or new changes may be programmed orderly in long-term memory for future retrieval and use in processing new information in working memory. The activation of newly acquired schemas and the transfer of relevant information between working memory and long-term memory can occur in mentally controlled processes, which means that the cognitive process is conscious and arduous as far as the invested working memory resource is concerned; with increasing practice, the schemas can be used relatively unconsciously and automatically with lower levels of working memory resources consumed, referring as the automatic processes (Schneider & Shiffrin, 1977; Sweller et al., 2011). Consequently, more cognitive resources are available for the acquisition of new schemas, the modification of the existing schemas, and embedding schemas into a higher level of knowledge hierarchy. The trajectory of development of foreign language listening ability provides a clear example. Initially, when novice foreign language learners are learning to listen, they must consciously perceive the phonological patterns of the auditory input, decode the input into spellings (the composition of individual letters), generate the orthographic representation, and complete the sound-form matching and meaning-referent pairing. In addition, novice learners should also draw on their lexico-grammatical knowledge to interpret the literal meaning of the sentence and dialogue. With increasing practice, segmenting and decoding skills and sound-form-meaning pairing become automated. After the lower-level schemas for letters, words, phrases, and clauses become increasingly automated, more working memory resources can be devoted to higher levels of schema acquisition, such as the interpretation of communicative purposes and analysis of genre features in terms of developing foreign language listening skills.



3.4 Chapter Summary
This chapter introduced an overview of human cognitive architecture. It began with an introduction of two models of human information processing mechanisms. It was followed by a discussion of the sensory memory. A detailed review of working memory was given as working memory plays an essential role in learning and instruction. This chapter ended with a discussion on long-term memory and schema theory which is about how knowledge is represented, modified, constructed, and stored in long-term memory.
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Cognitive load theory is an instructional theory which is explicitly based on our understanding of human cognitive architecture and its evolutionary features, in particular the properties of working memory and long-term memory (Sweller et al., 2011). The ultimate goal of this theory is to maximize the acquisition and automation of organized knowledge structures with instructional methods that can minimize the amount of working memory load that learners experienced in the process of instruction and learning. A number of cognitive load effects, which are sensitive to the features of working memory and are congruent with human information processing, have been generated by cognitive load theory (Sweller et al., 2011).
4.1 Categories of Cognitive Load
Because working memory has a limited capacity and short duration, processing large chunks of information will generate higher levels of working memory load for learners, especially for novices. Cognitive load refers to the working memory resources required by a particular learning task. It has been argued that learners may engage in three discrete categories of cognitive load: intrinsic cognitive load, extraneous cognitive load, and germane cognitive load (Clark et al., 2006; Kalyuga, 2011; Sweller et al., 2011; van Merriënboer & Sweller, 2005). In general, intrinsic cognitive load is determined by the nature of domain information, extraneous cognitive load is generated by teaching formats, and germane cognitive load is related to learning activities.
Intrinsic cognitive load is defined as the working memory load that deals with the inherent complexity of information that must be learned and reflects the level of intellectual difficulty presented by any given fact or concept, irrespective of pedagogical issues such as how the information should be delivered or how the instructional activities are organized (Sweller, 2010; Sweller & Chandler, 1994). The innate complexity of learning materials exists when elements of instructional information interact and must be processed simultaneously for comprehension and problem solving. Intrinsic cognitive load is resistant to external manipulation for a given learner and a given task unless the nature of the task or the expertise of the learner are altered (Sweller, 2010).
Element interactivity is considered as the factor determining the level of cognitive load that learners experience in learning tasks. The degree of element interactivity is assumed to be determined by considering whether an information element or a component of a learning task can be learned in isolation. For example, learning words in a vocabulary list can be regarded as low in element interactivity as individual words can be learned without reference to other information. In contrast, high element interactivity materials may include a large number of interactive elements, which requires simultaneous processing for understanding (Sweller, 2010). Compared with vocabulary learning, listening to a passage is a task of high element interactivity as information interacts on phonological, semantic, syntactic, textual, and contextual levels. Learners should integrate multiple elements simultaneous for understanding.
Extraneous cognitive load is defined as the working memory load that “is unnecessary and extraneous to the learning goals” (Sweller et al., 2011, p. 57). Unlike intrinsic cognitive load, extraneous cognitive load is determined by the structures of the instructional materials. Because this load is solely influenced by the instructional procedures being used, designing the most optimal instructional material is crucial to active and meaningful learning.
Germane cognitive load refers to “the working memory resources that the learner devotes to dealing with the intrinsic cognitive load associated with the information” (Sweller, 2010, p. 126). Germane cognitive load, which has more to do with learner’s characteristics rather than the features of presented information, relates to the mental efforts necessary for processing and automating new information. It is automation that helps expand working memory limitation and consequently decreases cognitive load. Even though it was conceptualized as an independent cognitive load by learners in schema acquisition, it is increasingly accepted that germane cognitive load is highly affiliated to and indistinguishable from intrinsic cognitive load (Kalyuga, 2011). The current study does not regard germane cognitive load as a separate construct as germane cognitive load is associated with intrinsic cognitive load when learners allocate working memory resources to cope primarily with the interacting elements imposed by the domain knowledge; on the other hand, germane cognitive load is affiliated to extraneous cognitive load when they have to spend working memory resources on elements imposed by instructional choices (Sweller, 2010).

4.2 Measurements of Cognitive Load
The availability of valid and reliable measures of cognitive load is a central issue in cognitive load theory research. The results of measuring cognitive load may not only provide an explanation for cognitive load-based instructional design but also indicate levels of learners’ expertise (Kalyuga, 2009). Various methods of measuring cognitive load have been developed and they can be categorized into analytical and empirical approaches (Xie & Salvendy, 2000). Computational models (Sweller, 1988) were the first attempt at using analytic methods to evaluate cognitive load. Empirical approaches of measuring cognitive load can be grouped into two categories along with subjective /objective and direct/indirect dimensions (Brünken et al., 2003; Kalyuga, 2009). Instruments adopting a direct objective approach include dual-task methodology (Chandler & Sweller, 1996; van Gerven et al., 2006) and eye-tracking techniques (van Gog et al., 2005). Physiological measures are examples of indirect objective measures such as heart rate (Paas & van Merriënboer, 1994a, b) and pupil dilation (Beatty, 1982). One direct subjective instrument of cognitive load measuring was the rating of the difficulty of the materials by Kalyuga et al. (1998). The most often used indirect subjective measures of cognitive load remain simple subjective rating scales of effort (Kalyuga, 2009; Schnotz, 2010). The subjective rating scales are relevant to this study and will be discussed in the following section.
Subjective rating scales, which were first adopted by Paas (1992), can provide valid and reliable measures of mental effort in a non-intrusive way as the scales are mostly post-learning estimators of cognitive load (Kalyuga, 2009). Mental effort is defined as the aspect of working memory resources invested in learning tasks (Paas et al., 2003). In most research involving subjective rating scales, levels of cognitive load or mental effort were evaluated retrospectively after participants completed learning activities. The assumption was that learners were capable of recalling, reflecting and reporting their learning processes and perceived task difficulty. Since their debut in Paas (1992), the instruments have been adopted extensively and adapted broadly in cognitive load theory research. A more recent version of subjective rating scales was suggested by Leppink et al. (2013). The ten-point scales had three items on intrinsic cognitive load, three items on extraneous cognitive load, and four items on germane cognitive load. The results of confirmatory factor analysis supported the three-factor model. The subjective rating scales in this study were adapted in Leppink et al.’s (2013) model.
Research studies adopting a cognitive load framework measured cognitive load via a range of techniques. There are two broad dimensions of cognitive load measurements: direct/indirect and objective/subjective. Direct objective measures include dual-task technique, eye tracking, measures of brain activity such as fMRI, and so on; indirect objective measures include physiological methods such as EEG, behavioral measures such as linguistic indices, and learning outcome measures; direct subjective measures refer to self-reported stress level; indirect subjective measures refer to self-reported mental load or effort (Brünken et al., 2003).
Subjective measures of mental workload that have been applied in research and practice for several decades (e.g., NASA-TLX index, Hart, 2006; Hart & Staveland, 1988). In comparison, subjective ratings of cognitive load associated with specific learning tasks and instructional materials were used in research studies since 1990s, as these techniques were easier to implement even in authentic classroom settings and do not interfere with main instructional activities (Paas, 1992; Paas et al., 1994; Paas & van Merriënboer, 1994a, 1994b). The single-scale subjective measure of mental effort initially developed by Paas (1992) and the scale of task difficulty (Kalyuga et al., 1998) have been used in multiple studies that resulted in a number of cognitive load effects.
Likert-type scales are usually adopted to collect subjective ratings. This required participants to estimate the perceived task difficulty (i.e., how easy or hard previous instructions were to understand or learning task to perform) and/or the perceived mental effort (i.e., how much mental effort they spent into learning or performance) by choosing a number on the scale starting from 1 (indicating for extremely easy or least effort) to 7 or 9 (indicating extremely difficult or most effort). Researchers usually distributed these scales immediately after a learning session or a problem-solving task. For example, Schwamborn et al. (2011) asked the participants to estimate the experienced cognitive load by rating both their invested mental effort and perceived task difficulty against two corresponding items using seven-point scales. Schmeck et al. (2015) adopted two similar subjective rating items in their research to assess learners’ experience cognitive load.
Historically, it is believed that subjective ratings of mental load have the advantage of providing sufficiently valid and reliable estimates of experienced mental load in a non-intrusive manner, and to correlate strongly with objective measures (Braarud, 2001; Eggemeier, 1988; Gopher & Braune, 1984; Hill et al., 1992; Moray, 1982; Nygren, 1991; O'Donnell & Eggemeier, 1986; Xie & Salvendy, 2000). In recent years, research studies in cognitive load theory have also found that subjective rating scales are sensitive to variations in cognitive load between different designs of teaching materials (for an overview, see Paas et al., 2003). Of course, the validity of subjective ratings is grounded on the assumption that learners can properly reflect, retrospect and report on their cognitive processes during learning or performance. This assumption may not be true in some situations, for example, when dealing with younger children or when a significant proportion of automatic (subconscious) processes is involved. Also, learners’ perception of the rating scales could be different. Another limitation of subjective scales is that usually learners report their cognitive load during the previous learning session retrospectively rather than concurrently. Some studies argue that concurrent ratings reflect the real nature of cognitive load phenomena more accurately than retrospective ones (Kalyuga & Plass, 2017).
Researchers have endeavoured to develop instruments that can gauge the level of overall cognitive load as well as can tell the constituent types of cognitive load (e.g., Cierniak et al., 2009; DeLeeuw & Mayer, 2008). For example, Gerjets et al. (2009) suggested that different types of terms should be used to meet the specific purposes. For example, if the main focus is about measuring intrinsic load, researchers could ask participants to rate the difficulty of the task domain. For extraneous cognitive load, participants can be asked to rate the level of difficulty between essential and nonessential information, and the difficulty of coping with the environment. Finally, in terms of germane load, researchers could demand participants to retrospect the amount of effort that they invested in understanding the content.
Gerjets et al. (2006) developed a new scale from the NASA-TLX in order to measure three types of cognitive load. The NASA task load index (NASA-TLX) refers to “a multi-dimensional scale designed to obtain workload estimates from one or more operators while they performing a task or immediately afterwards” and “consists of six subscales that represent somewhat independent clusters of variables: Mental, Physical, Temporal Demands, Frustration, Effort, and Performance” (Hart, 2006, p.1). Specifically, Gerjets and colleagues (2006) modified the item of to task demands (the required mental and physical activity) in the NASA-TLX scale to measure intrinsic cognitive load, matched the item on navigational demands (the effort required for navigating in the learning environment) to extraneous cognitive load, and aligned the participant’s effort (the required hard work) to germane cognitive load respectively. However, no conclusive evidence has been obtained that these three items in their modified scale indeed measured the corresponding kinds of cognitive load. Overall, it is still a dubious issue in this field whether the separate subjective rating scales can distinguish all three different kinds of cognitive load (e.g., Sweller et al., 2011).

4.3 A Confirmatory Factor Analysis on Cognitive Load Model
It should be highlighted that the above versions of subjective rating scale use one-item or two-item scales to evaluate either overall cognitive load or individual load. This has been commonly contended that it does not approve a reasonable level of reliability. As a response to this challenge, Leppink et al. (2013) developed a version of multidimensional scale that consisted of several items for each kind of load: three items for intrinsic cognitive load, three items for extraneous cognitive load, and four items for germane cognitive load. They investigated the validity of the scale in four experiments with research participants learning statistics. The results of principal component analysis (a form of exploratory factor analysis) in Experiment 1 and exploratory factor analysis in Experiment 3 found that the hypothesized component loadings were built between ten items and three factors. Nevertheless, the statistics in Experiment 2 and Experiment 4 only supported the three-factor model partially. In addition, there was no statistically significant correlation between the germane load ratings and task performance scores. These potential issues motivated Leppink and his colleagues (2014) to carry out two additional experiments to investigate whether the three types of cognitive load can be effectively differentiated by the suggested three-factor cognitive load rating instrument. They found that intrinsic and extraneous cognitive load can be sufficiently distinguished, which is consistent with previous research. However, they admitted that “support for the assumption that the third factor in the psychometric instrument represents or closely relates to germane cognitive load is limited” (Leppink et al., 2014, p.40).
As mentioned earlier, Kalyuga (2011) claimed that the construct of germane cognitive load was not supported by neither theoretical considerations nor empirical findings. Therefore, the concept of germane load seemed to be redundant since two-factor model (intrinsic and extraneous types of load) was sufficient for discussing and explaining the findings from the perspective of cognitive load theory (for supporting ideas read Sweller, 2010). One of the significances of the modified bi-factor (intrinsic-extraneous) model for cognitive load measurement is that there is no need for separate ratings of all three conventional kinds of cognitive load, but only for its two subcomponents – intrinsic and extraneous. However, this suggestion has been largely a theoretical claim as there lack a large amount of empirical or psychometric evidence to support it. The study reported here was an attempt to add such evidence (also see Jiang & Kalyuga, 2020).
4.3.1 Method
The cognitive load rating questionnaire used in this research study was developed from the scale designed by Leppink et al. (2013). A group of 60 Year 1 undergraduate students of English as a foreign language were asked to rate the level of cognitive load experienced when learning English listening skills at one Chinese university. The research participants listened to an audio recording of a short conversation between a passenger and a check-in officer at an airport. The experiment was originally conducted to investigate the impact of instruction formats (visual and auditory) on learners’ learning outcomes within the scope of cognitive load theory.
The experiment was carried out in three phases: vocabulary learning, sentences learning, and passage learning. The questionnaire was provided to the research participants immediately after they completed the learning activities in the three phases. It should be pointed out that the original Leppink et al.’s (2013) scale had three items on intrinsic cognitive load, three items on extraneous cognitive load, and four items on germane cognitive load. However, taking into consideration that this study had three learning phases, the modified questionnaire (see Appendix A) contained twelve items, with four items for each type of cognitive load (Items CL1–CL4 on intrinsic load; Items CL5–CL8 on extraneous load; and Items CL9–CL12 on germane load). Within each category of cognitive load, one item was designed to obtain an overall rating of generally rating the whole learning process, and the remaining three items targeted at the three specific learning phases respectively.
Although the last four items (CL9–CL12) were originally designed to measure the level of germane cognitive load as was in Leppink et al. (2013), the validity of keeping the germane cognitive load in rating scale was contentious according to the modified bi-factor model of cognitive load (Kalyuga, 2011; Sweller, 2010). Therefore, it was hypothesized that the last four items (CL9–CL12) could actually measure intrinsic cognitive load from a different angle. Since for each of these last four items, contrary to the first eight items of the questionnaire, the lower quality ratings were indicated by lower rating numbers (such as 0 – “not at all”), the ratings of items CL9–CL12 were re-coded into the reverse scale before statistical analyses. In accordance with the modified bi-factor model of cognitive load, it was hypothesized that the first four items (1–4) and last four items (9–12) could be applied to rate intrinsic cognitive load and the middle four items (5–8) to rate extraneous cognitive load.
The reliability of the rating scale as assessed by Cronbach’s alpha was 0.78. In situations where the factors were theoretically conceptualized and the loadings of indicator items onto specific factors were hypothesized before testing, it is usually recommended to run confirmatory factor analyses (Wang & Wang, 2012). Accordingly, a confirmatory factor analysis of the collected data was conducted to test the factorial validity of the cognitive load rating scale by using the programming language R on the RStudio software (RStudio Team, 2016).

4.3.2 Results and Discussion
The confirmatory factor analysis was performed by using the lavaan package (Rosseel, 2012). As the data was recorded in a SPSS file, the R package foreign (R Core Team, 2017) was run to extract the questionnaire data. Prior to performing the confirmatory factor analysis, the following types of information of each item in the subjective rating questionnaire were calculated by using the describe and smc functions from the psych package: the mean and standard deviation, skewness, kurtosis, and squared multiple correlations (R2) (Revelle, 2018).
Table 4.1 presents the mean, standard deviation, skewness, kurtosis, and squared multiple correlations (R2) of each item. In general, the data patterns a normal distribution since the absolute values of skewness and kurtosis are smaller than the cut-offs of 2 and 7 respectively (Curran et al., 1996). What’s more, the squared multiple correlations (R2) were above the threshold level (0.25) of item reliability.Table 4.1Means, standard deviations (SD), skewness, kurtosis, and correlations for the questionnaire items


	Item
	Mean (SD)
	Skewness
	Kurtosis
	R2

	CL1
	2.83 (1.15)
	0.39
	-0.22
	0.61

	CL2
	2.97 (1.10)
	0.36
	-0.27
	0.53

	CL3
	3.03 (1.06)
	0.36
	-0.09
	0.63

	CL4
	2.85 (1.33)
	0.83
	0.65
	0.67

	CL5
	3.90 (1.10)
	-0.03
	-0.74
	0.36

	CL6
	3.92 (1.20)
	-0.19
	-0.25
	0.43

	CL7
	3.98 (1.17)
	-0.28
	-0.50
	0.29

	CL8
	3.87 (1.26)
	0.55
	-0.27
	0.37

	CL9
	3.20 (1.02)
	0.26
	-0.43
	0.25

	CL10
	3.10 (0.99)
	0.22
	-0.02
	0.27

	CL11
	3.20 (1.02)
	-0.12
	-0.51
	0.25

	CL12
	3.50 (1.14)
	0.44
	-0.20
	0.46




A two-factor model was specified in accordance with the hypothesis by coding and commanding the appropriate lavaan syntax, and a confirmatory factor analysis was carried out through the cfa function. The χ2 statistics for the two-factor model was χ2 = 54.069, df = 53 (p = 0.433), suggesting that the two-factor model was a good fit. In addition, both CFI = 0.994 and TLI = 0.993 were greater than 0.95, also suggesting an ideal fit (Westland, 2015). Both RMSEA (0.018) and SRMR (0.077) indices were less than 0.08, indicating that the two-factor model fit was acceptable (Westland, 2015). Table 4.2 summarized factor loadings, standard errors, t values, and p values of the items. All items have factor loadings greater than 0.40, thus sufficing the generally accepted threshold value of factor loading (Hair et al., 2014). Table 4.2Factor loadings, standard errors (SE), t values, and p values for the questionnaire items


	Item
	Factor Loading (SE)
	t Value
	P Value

	CL1
	0.49 (0.11)
	4.36
	 < 0.001

	CL2
	0.53 (0.11)
	4.64
	 < 0.001

	CL3
	0.45 (0.10)
	4.50
	 < 0.001

	CL4
	0.41 (0.12)
	3.33
	 = 0.001

	CL5
	0.79 (0.18)
	4.39
	 < 0.001

	CL6
	0.86 (0.20)
	4.13
	 < 0.001

	CL7
	0.90 (0.20)
	4.42
	 < 0.001

	CL8
	0.75 (0.23)
	3.22
	 = 0.001

	CL9
	0.93 (0.17)
	5.41
	 < 0.001

	CL10
	0.83 (0.16)
	5.38
	 < 0.001

	CL11
	0.95 (0.17)
	5.42
	 < 0.001

	CL12
	0.81 (0.16)
	5.10
	 < 0.001





4.3.3 Conclusion
Due to the applicability, simplicity, and non-intrusiveness into learning processes, subjective rating scales have been widely adopted to measure overall cognitive load as well as different types of load in the majority of cognitive load studies, grounding on the assumption that the levels of perceived cognitive load that learners reported can reflect or at least approximate the actual levels of cognitive load. Most of research studies in the field of cognitive load theory since 1998 have followed the three-factor model: intrinsic load, extraneous load, and germane load. While Sweller (2010) and Kalyuga (2011) put forward theoretical reasons against this triarchic framework and were in favour of the modified dual model, the research findings reported here and in Jiang and Kalyuga (2020) provide psychometric empirical support for this model.
This chapter reported a study that carried out a confirmatory factor analysis of the subjective rating data obtained from a multidimensional cognitive load questionnaire in the field of learning the listening skills of English as a foreign language by running the programming language R. The confirmatory factor analysis was operated through the lavaan package by running relatively simple scripts. The results of the confirmatory factor analysis confirmed the hypothesized intrinsic-extraneous model as an acceptable fit. Even though Mardia (1974) argued that small samples did not necessarily contaminate the normality of data, it should be admitted that the relatively small sample size of this reported study (N = 60) might be a potential limitation to the generalizability of the research findings. Therefore, future research should employ larger samples to carry out factor analyses on the categories of cognitive load.
As a dynamic feature of working memory, an individual’s cognitive load readily varies on the short timescale of his or her working memory operation (Kalyuga & Plass, 2017). Therefore, theoretically, it is an ideal solution to develop rating instruments of cognitive load at local levels, in immediate contexts, and in real time. If subjective rating scales of cognitive load are used in the process of learning or performance tasks instead of after the completion of learning task (as a way of retrospection), they may potentially function as such local-level tools, despite that they could be regarded as intrusive and external to the essential learning or performance processes. Even though eliminating one dimension might reduce the interference, technically more sophisticated, objective methods such as psychophysiological methods are better suitable for assessing cognitive load in real time, however they are adopted mostly in laboratory settings. Alternatively, Kalyuga and Plass (2017) suggested using think-aloud protocols as a simple method for measuring cognitive load in real time, immediate context at the local level. Potentially, this method of think-aloud protocols could be combined with the subjective ratings techniques, for example by using selected rating questions (items) as prompts during the think-aloud protocols and parts of pre-report instructions to learners.
In conclusion, the two-dimension model of cognitive load “makes the cognitive load theory framework more straightforward and transparent by eliminating the redundant concept of germane load, and rendering unnecessary the efforts in developing separate psychometric measures for all three types of cognitive load” (Jiang & Kalyuga, 2020, p. 222). The findings reported in chapter provided empirical psychometric evidence for the validity of the two-dimension model, thus allowing to further clarify the fundamental concepts of cognitive load theory.


4.4 Calculation of Instructional Efficiency
An instructional design can be regarded as efficient if it can promote the maximum learning gains with relatively less mental efforts invested and less extraneous cognitive load. Instructional efficiency refers to “a measure of efficiency of instructional conditions, based on test performance and mental effort invested to attain this test performance” (van Gog & Paas, 2008, p. 16). In a similar vein, Hoffman (2012) introduced a similar term, cognitive efficiency, which can be conceptualized as “qualitative increases in knowledge gained in relation to the time and effort invested in knowledge acquisition” (p.133). Instructional efficiency in most cognitive load research was calculated using Paas and van Merrienboer’s (1993, 1994) formula E = (P-R)/[image: $$\surd 2$$] in which E stands for efficiency, P for performance z-score, and R for cognitive load rating scale z-score. The denominator [image: $$\surd 2$$] makes the graphical interpretation of the formula straightforward as the cognitive load and performance z-score are represented in a cross of axes. This formula measures the efficiency of instructional approaches by combining measures of mental effort with measures of listening performance. In this formula, if performance z-score and cognitive load rating scale z-score are equal (P = R), then efficiency is zero (E = 0). If performance z-score is greater than cognitive load rating z-score (P > R), efficiency is positive (E > 0). On the contrary, if performance z-score is lower than rating scale z-score, efficiency is negative (E < 0). The cognitive load z-score in this study was calculated based on the mean of intrinsic cognitive load and extraneous cognitive load ratings. The formula of instructional efficiency and its adapted forms have been widely adopted in the area of pedagogical methods, instructional designs, and contextual conditions related to learning in order to evaluate the cognitive load efficiency of instructional activities with strong psychometric characteristics in various contexts (Fischer et al., 2023; Hoffman, 2012). The ultimate aim of this formula is to help instructional designers and teachers to compare the effects of different teaching formats on learning and make right decisions accordingly (van Gog & Paas, 2008; Mavilidi & Zhong, 2019). However, it also should be noted that Hoffman and Schraw (2010) cautioned that the formula may not be so valid and effective as the performance and cognitive load rating were conceptually different variables, however, they also acknowledged the merit of the formula as long as the purpose was to examine the learning performance and invested mental effort or perceived difficulty (Sweller et al., 2011).

4.5 Chapter Summary
The chapter discussed the categories of cognitive load. It compared the two-factor model with the three-factor model. It focused on an overview of the cognitive load measurement instruments and reported a confirmatory factor analysis on the two-factor model. It highlighted that the two-factor (intrinsic-extraneous) cognitive load model is a good fit. The chapter ended with a description of instructional efficiency calculation.

Appendix A: Subjective Rating Scale
All of the following questions refer to the learningactivitiesthathave just finished. Please respond to each of the questions on the following scale (0 meaning not at all the case and 10 meaning completely the case).	No
	Items
	Scales

	CL1
	The topic covered in the lesson was very complex
	0 1 2 3 4 5 6 7 8 9 10

	CL2
	The vocabulary learning activity was very complex
	0 1 2 3 4 5 6 7 8 9 10

	CL3
	The sentence learning activity was very complex
	0 1 2 3 4 5 6 7 8 9 10

	CL4
	The passage learning activity was very complex
	0 1 2 3 4 5 6 7 8 9 10

	CL5
	The instructions and explanations during the lesson were, in terms of listening learning, very ineffective
	0 1 2 3 4 5 6 7 8 9 10

	CL6
	The vocabulary learning activity was very unclear
	0 1 2 3 4 5 6 7 8 9 10

	CL7
	The sentence learning activity was very unclear
	0 1 2 3 4 5 6 7 8 9 10

	CL8
	The passage learning activity was very unclear
	0 1 2 3 4 5 6 7 8 9 10

	CL9
	The lesson really enhanced my understanding of the topic covered
	0 1 2 3 4 5 6 7 8 9 10

	CL10
	The lesson really enhanced my understanding of the vocabulary covered
	0 1 2 3 4 5 6 7 8 9 10

	CL11
	The lesson really enhanced my understanding of the sentenced covered
	0 1 2 3 4 5 6 7 8 9 10

	CL12
	The lesson really enhanced my understanding of the passage
	0 1 2 3 4 5 6 7 8 9 10
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Instructional materials with lower element interactivity can impose lower levels of intrinsic cognitive load, which means learners regardless of their expertise level may have sufficient working memory resources to process essential information and have effective learning. In that case, instructional approaches do not have significant effects on achieving the learning goals. However, when it comes to instructional materials with high element interactivity, an appropriate instructional design will generate a lower level of extraneous cognitive load, leaving sufficient working memory resources for essential information processing. On the contrary, an inappropriate instructional design will generate additional extraneous cognitive load which can be harmful to learning as insufficient working memory resources are available for essential information processing. To guarantee effective learning, the extraneous cognitive load generated by the instructional design should be kept to a minimum level.
A cognitive load effect refers to an experimental demonstration that an instructional design based on the framework of cognitive load theory facilitating learning or problem solving compared to a conventional instructional approach (Sweller, 2019; Sweller et al., 2011). The comparison is usually based on the results of replicable, randomised, controlled trials. Four cognitive load effects which were theoretically conceptualized and empirically investigated to deal with excessive levels of extraneous cognitive load are reviewed in the following sections. These four effects are relevant to the subsequently reported empirical work.
5.1 Redundancy Effect
When multiple sources of instructional information can be understood separately without the need of mental integration, presenting a single source of information may be sufficient to guarantee efficient learning. Therefore, the multiple sources of information are considered redundant. Albers et al. (2023) further distinguished contentual redundancy from modal redundancy. Contentual redundancy is related to “the extent of contentual overlap between two or more sources of information” and happens “when the same information is presented more than once”, while modal redundancy, related to the modes of delivery, happens “when multiple information in concurrently presented in the same mode (auditory or visual), resulting in an excessive load in either the auditory or the visual channel” (Albers et al., 2023, p. 341). In either case, excluding the redundant information rather than including it would result in a better learning outcome, which is referred as the redundancy effect (Mayer, 2020; Sweller et al., 2011). The redundancy effect was first demonstrated by Chandler and Sweller (1991) who studied the effect of split-source and integrated information on learning electrical engineering and biology information in a series of six experiments. The materials consisted of text and diagrams which did not have to be mentally integrated to be processed and learned. They found that the participants who were not explicitly instructed to mentally integrate the two sources of information performed better than the participants who were explicitly instructed to integrate the text and diagrams. Their study indicated that processing redundant information would generate an extraneous cognitive load as the processing consumed additional working memory resources. In a later study by Sweller and Chandler (1994), students were taught computer knowledge in two conditions: a computer manual containing text and diagrams either with the presence of the actual hardware or with the absence of the actual hardware. They found that the presence of the actual hardware was redundant to the manual as the learners in the manual without the hardware condition performed better than the learners in the manual with the hardware condition.
5.1.1 Evidence from Research in Technical and Scientific Teaching
A large number of studies have been done to examine the redundancy principle in the field of multimedia learning by Mayer and his associates (Mayer, 2009; Mayer et al., 2001; Mayer & Moreno, 2002; Moreno & Mayer, 2002). For example, Mayer et al. (2001) studied the effect of integrating on-screen text with animations and narrations explaining the process of lightning formation on students’ learning outcomes. The students were randomly allocated to four experimental conditions. The first group viewed the animation and listened to the narration which explained the animation and concurrently read an on-screen text which summarized the formation of lightning storms. The second group underwent the same instructional approach as the students in the first group except that the on-screen text replicated the narration. The students in the third group learned by watching the animation and listened to the narration concurrently without the on-screen text. Results of the experiments showed that the university students who studied narrations with concurrent animations (non-redundant group) performed significantly better on retention and transfer post-tests than the students who watched animations with concurrent narrations and on-screen text which either redescribed or summarized the narration, indicating the redundancy effect.

5.1.2 Evidence from Research on Developing Language Skills
In the field of foreign language learning, Plass et al. (2003) studied the effect of different formats of vocabulary annotation on students’ language learning. The participants received four types of lexical aids: no annotations, verbal annotations, visual annotations, and verbal-visual annotations. The results showed that students had significantly lower comprehension performance when they had to process the pictorial annotations, which indicated that the pictorial information was redundant for English as a foreign language learner’s reading proficiency development. Similarly, Diao and Sweller (2007) investigated reading comprehension learning in two conditions: reading with concurrent visual and verbal information and reading with written text only. It was found that the students who received written and spoken texts simultaneously had not only a higher cognitive load but also a lower learning outcome than the students who were exposed to written text only. However, more recently, both Luchini (2015) and Machado and Luchini (2018) found opposite findings: the participants who received a single mode of instruction (reading) obtained better performances in reading comprehension than the participants who received a twofold format (reading plus listening).
Moussa-Inaty et al. (2012) investigated the effect of simultaneous read-and-listen approach, listen-only approach, and read-only approach on the acquisition of listening comprehension skills in a series of three experiments. The results of their first experiment indicated that students in the read-only group significantly outperformed the participants in the read-and-listen group in both word learning and sentence learning tasks. The read-only instructional materials fostered superior listening skills. In order to figure out which literacy skills were enhanced most under the read-only instruction, Experiment 2 was conducted. Research participants were randomly allocated to read-only group and read-and-listen group. There were three tasks in the testing phase: listening, reading, and writing. It was found that the students in the read-only group significantly outperformed the students in the read-and-listen group in the listening test. However, there were no significant differences in reading and writing tests between these two groups. In Experiment 3, the researchers incorporated a third instructional approach, listen-only, in order to investigate whether this single-modality-only approach would achieve a similar beneficial effect as the read-only approach did. The results confirmed that the students in the read-only condition performed significantly better in the listening test than the students in the read-and-listen group. However, the participants in the listen-only approach did not differ significantly from either of the other two groups in the listening test.


5.2 Transient Information Effect
Information can be transient or permanent. The defining feature of transient information is that it disappears immediately or a few seconds after it has been presented. Speech is a typical example of this transiency. As soon as speech has been made, it immediately disappears completely unless it has been recorded. The transient information effect is conceptualized as a failure of knowledge acquisition due to information such as speech or animation fading before learners can process the information in their working memory and integrate it with previously held schemas in their long term memory (Jiang & Sweller, 2021; Sweller et al., 2011, 2019). The fleeting nature of some types of information is an underlying reason for the transient information effect. In addition, high element interactivity is another compounding factor. Auditory materials that are low in element interactivity can be easily retained and processed in working memory, thus not generating the transient information effect. In contrast, lengthy discourse, particular those with high element interactivity, will result in the transient information effect because of a failure to retain auditory information long enough to be processed.
The transient information effect caught cognitive load researchers’ attention as a reverse modality effect. An audio-visual presentation of instructional information that must be mentally integrated before it can be understood, frequently is superior to a visual-only approach, which is referred to as the modality effect (Mayer, 2009; Sweller et al., 2011). As an example, a diagram and spoken text may be superior to a diagram and written text. This is because an audio-visual approach can distribute different modes of information to auditory and visual channels, offloading more cognitive load from the visual channel than a visual-only approach. However, the auditory register cannot always readily capture and effectively retain auditory information in working memory, resulting in inferior learning outcome. This phenomenon is called the reverse modality effect. Leahy and Sweller (2011) found that a written textual information format benefited students in reading temperature–time graphs more than an auditory information format when the instructional materials were in lengthy chunks in the first experiment. In their second experiment, a conventional modality effect was obtained: the audio-visual format proved more beneficial than the written information group when the instructional information was in shorter chunks.
5.2.1 Evidence from Research in Technical and Scientific Teaching
Singh et al. (2012) studied the impact of segmentation on textual and auditory text on the comprehension of business information in listen-only and read-only situations. In Experiment 1, the research participants were instructed in four teaching modes: continuous-reading, segmented-reading, continuous listening, and segmented-listening. It was found that the continuous-reading group outperformed the continuous-listening group but that the segmented-listening group scored higher than the continuous-listening group. However, no significant differences in terms of test performance between segmented-reading group and continuous-reading group were observed. The researchers found that during the first experiment the participants in the segmented-reading group did not reread the text during the pauses. Therefore, they conducted Experiment 2 by explicitly advising the participants in the segmented-reading group to reread the text during the pauses in order to investigate whether segmented reading could benefit the students’ learning. The results of Experiment 2 replicated the findings of Experiment 1 in that the continuous-reading group was superior to the continuous-listening group and segmented-listening group scored higher than the continuous-listening group. This study demonstrated the transient information effect in single modality instruction conditions. The implication is that under some conditions it might be more advantageous to learn from reading than listening to the same text.
Similarly, van den Broek et al. (2014) investigated how visual-only and audio-visual instructional formats could affect university students’ learning performances as well as how written and oral test questions affect learners’ learning outcomes. Even though they did not find significant differences between the two instructional conditions on immediate tests, they found that the participants in the visual-only instructional condition had significantly better performances than learners in the audio-visual instructional condition on transfer tests that were delivered on the day. Moreover, the participants in the permanent, visual-only conditions processed the instructional materials more rapidly and read the materials back-and-forth more than the transient, audio-visual conditions. In addition, the students who took the written test questions achieved significantly higher scores than those who received the spoken test questions.
Leahy and Sweller (2016) conducted two experiments to investigate the relation between the transient information effect and the modality effect. Using longer instructional material, the first experiment found that the visual format helped secondary school students read contour maps better than the audio format, which is a reverse modality effect. By using shorter instructional material in the second experiment, the researchers obtained the conventional modality effect in that the audio text format favoured learning more than the visual text group. This is because learners could retain the short auditory information in their working memory while processing the diagram. However, due to the transiency of auditory information as well as the immediacy of interpretation, learners were unable to retain enough of the long auditory information to enable full processing of the diagram, which demonstrates the transient information effect.
The transient information effect was also demonstrated by researchers in fields other than the realm of cognitive load theory. For example, Byrne and Curtis (2000) reported a text-only format to be more effective to extract verbal health-related information. With the popularity of mass media and information communication technology, there came a surge of research investigating the effect of presentation modes on information recall. Furnham and Gunter (1989) studied the effect of presentation mode on individuals’ information recall. The participants received news stories in two modes: auditory-only modality and visual-only modality. It was found that the subjects who received the news story in printed format significantly outperformed those in the auditory-only group in recalling the news story content. By using science text as a different genre of instructional material, Furnham et al. (1990) further investigated the impact of information presentation modes on adults’ information recall. The participants received the science text in three modes: audio-visual, audio-only, and visual-only. The results were consistent with their previous findings. The subjects who were in the read-only group remembered significantly more pieces of information than their counterparts in the listen-only group and audiovisual group. Similar results were reported in Furnham’s (2001) study. The research participants, who were adult native English speakers, were presented a piece of fiction for television in three modes: read-only, listen-only, and audio-visual. The results confirmed previous findings that the research subjects who were in the read-only condition recalled significantly higher amount of information than those in the listen-only condition and audio-visual condition. The series of studies done by Furnham and his collaborators indicated that printed material facilitated comprehension and information recall. Transient information is one important factor that makes listening comprehension a challenging task (Chang, 2012). Due to its real-time nature, decaying auditory information leaves learners with fewer opportunities to activate explicit knowledge, which makes listening comprehension one of the most complex and difficult skills in language acquisition (Hulstijn, 2007; Oxford, 1993).

5.2.2 Evidence from Research on Developing Language Skills
Penney (1989) investigated the effect of presentation modes (visual versus auditory) on learners’ performance in free recall and recognition tasks. It was found that the learners who were presented with a list of one-syllable words in the written form had significantly better performances than those who were presented with the list in the auditory form in both the delayed recall test and the recognition test of the learned words. These findings demonstrated a typical case of the transient information effect in that “visual presentation of items produced better performance than did auditory” (Penney, 1989, p. 466).
Guichon and McLornan (2008) investigated the impact of multimodal presentation on French learners’ acquisition of English listening skills. The experiment had four instructional conditions: auditory-only, auditory-pictorial, auditory-pictorial-French subtitle, and auditory-picture-English subtitle. It was found that the French students who were presented with a transient auditory recording together with permanent pictorial or textual information achieved better comprehension than those who were presented with only auditory information. The permanent forms of information presentation led to less lexical interference than the transient approach—auditory-only instructional approach, demonstrating an example of transient information effect.
In addition, Moussa-Inaty et al. (2012) and Jiang et al. (2018) provided strong evidence for the transient information effect. Moussa-Inaty et al. (2012) examined the impact of a simultaneous read-and-listen teaching approach, a listen-only approach, and a read-only approach on the development of listening comprehension skills by Arabic learners of English as a foreign language. They reported counterintuitive findings that the reading approach facilitated the development of listening skills more than the listening approach. One possible explanation for this result was that the participants in their research study were higher proficient learners of English as a foreign language and it could be speculated that they might silently pronounce the words to themselves when reading since they had the ability to do so. Because the written version of the instructional materials was permanent, the learners in the read-only instructional condition could repeatedly return to those points that needed more practice, which was largely impractical or impossible for the learners who were presented with the transient, spoken version of the text. Consequently, the development of English listening skills was facilitated more by reading than listening (Jiang & Sweller, 2021).
More recently, Jiang et al. (2018) investigated the transient information effect in developing foreign language listening skills within the framework of the expertise reversal effect (see Kalyuga et al. (2003) for an overview of the effect; see also Sect. 5.3 of this chapter). Consistent with the results of Moussa-Inaty et al. (2012), Jiang et al. (2018) found that the higher-proficiency foreign language learners in a read-only condition had significantly better listening performances than the higher-proficiency learners in the read-and-listen and listen-only instructional conditions, but they also reported that lower-proficiency foreign language learners in the read-and-listen teaching groups had significantly more listening gains than lower-proficiency foreign language learners in the other two teaching conditions. Lower-proficiency foreign language learners had insufficient linguistic knowledge to pronounce the relevant words when reading and so had no choice but to depend on the auditory information to develop their phonological and semantic knowledge despite the transient nature of listening (Jiang & Sweller, 2021).
To sum up, when acquiring listening skills of foreign languages, once learners’ linguistic expertise reaches a sufficient level, additional practice may best be carried out by reading than by listening. The beneficial aspects of having permanent sources of instructional information can outweigh the negative aspects of not actually engaging in listening practice (Jiang & Sweller, 2021).


5.3 Imagination Effect (Mental Rehearsing)
Textual information is believed to be converted to phonological representations before being transferred to short-term phonological store (Baddeley, 2003a, 2003b; Vallar & Papagno, 2002). A similar view was shared by Perfetti and Zhang (1995) who argued that the phonological units of textual information are always activated to integrate the phonological, orthographic, and semantic meanings of a printed word or text. Therefore, it can be assumed that learners who read textual information may mentally rehearse the sounds of the printed text either consciously or unconsciously. However, it might be contentious that native speakers of a language or expert learners of a foreign language do not consult the phonological units of the textual information while reading. The possible reasons could be that native-like foreign language learners, and sometimes those high proficiency/high expertise learners, store a word’s three-component identify (grapheme, meaning, and pronunciation) as one schema of higher hierarchy. When they read a word, they identify it by retrieving the schema as a whole without decomposing its elements. It is thus hypothesized that for foreign language learners who have not developed native-like language competency, reading can facilitate the learning of listening skills as reading not only provides a more stable access to the linguistic inputs comparing to the fleeting nature of auditory information in a listen-only approach, but also activates the phonological units and the mental rehearsal processes in the auditory channel of working memory.
Most conventional instructional approaches require learners to read (either overtly or covertly) and consider the learning material until they have understood it. Within a cognitive load theoretical framework, Cooper et al. (2001) suggested an alternative instructional approach which asked learners to imagine (or mentally rehearse) the procedures of how to use a spreadsheet application in computer-based settings rather than follow the conventional manner of reading and thinking about the procedures. The results of their research showed that imagining the procedures benefited expert learners more than the traditional read-and-think approach, which is referred as the imagination effect. The imagination effect occurs “when instructions to imagine a series of steps required to solve a problem, paired with practice problems, generate better learning outcomes than instructions to study (read through and understand) equivalent instructional materials” (Ginns, 2012, p. 1485). In the framework of cognitive load theory, imagination is conceptualized as the mental reproduction of a procedure or a concept (Sweller et al., 2011).
Similar theoretical assumptions of the imagination effect were conceived by previous researchers under different terms, for example, ‘mental practice’ (Feltz & Landers, 1983; Richardson, 1967) and ‘mental rehearsal” (Epstein, 1980). Mental practice, which is defined as “the symbolic rehearsal of a physical activity in the absence of any gross muscular movements” (Richardson, 1967, p. 915), has been widely advocated and applied by coaches and sports psychologists as a means of improving athletes’ performance at a professional level. It was reported that some successful athletes used mental rehearsal skills in trainings and contests (Corbin, 1967; Gallwey & Kriegel, 1977; Mahoney, 1979). Similarly, mental rehearsal became a popular area of research not only in sports psychology and other motor skills-related fields (Kendall et al., 1990; Woolfolk et al., 1985; Wrisberg & Ragsdale, 1979) but also in more cognitive-based learning activities, for example, education (Schirmer, 2003). Meta-analyses of mental practice conducted by Feltz and Landers (1983) and Ginns (2005) and those of mental rehearsal conducted by van Meer and Theunissen (2009) indicated that the higher the level of the cognitive demands of a task, the more beneficial mental practice and mental rehearsal were in improving learner performance. It should be noted that van Meer and Theunissen’s (2009) meta-review showed that even though less research was done to investigate the role of mental rehearsal in cognitive tasks than motor tasks, the cognitive tasks produced greater effects than motor tasks, which suggests that the mental rehearsal or practice effect should be considered within the framework of cognitive load theory (Sweller et al., 2011).
5.3.1 Evidence from Research in Technical and Scientific Teaching
The Cooper et al. (2001) study was the first empirical research in the field of cognitive load theory to investigate the effectiveness of mental practice when learning in highly cognitive domains such as geometry and computer skills. In one of their experiments, the researchers randomly allocated high-ability and low-ability students to imagine or study groups for a computer-based spreadsheet tutorial. Not only was a main effect found favouring the high-ability group on test performance and time spent on questions but also an interaction was found between level of expertise and instructional approaches. The high-ability students in the imagination condition had higher test performance than the high-ability students in the study group, while a reverse pattern was observed for the low-ability performance. The researchers assumed that it was the limited knowledge base of the low-ability students that made the imagination teaching method less effective. With the aim of testing the hypothesis that learners’ prior knowledge level was the principal determinant of the effectiveness of the imagination effect, Cooper et al. (2001) conducted another experiment to compare novice participants’ learning outcomes of geometry knowledge. Two groups of low-ability participants were randomly assigned to two instructional situations each of which consisted of four teaching phases. In the first and second sections, essential concepts concerning the to-be-learned geometry knowledge were introduced. In the third section, one group imagined the worked examples while the other group studied the material in a conventional manner. In the fourth section, the instructional methods swapped between the two groups so that the group which imagined the learning materials studied the material while the group which studied the materials engaged in imagining the materials. The rationale behind the research design was that the study-imagine instructional condition supported schema acquisition and automation processes but the imagine-study sequence was expected to facilitate neither schemas acquisition nor schemas automation processes. In other words, after the fourth section, the participants in the study-imagine condition would have a higher level of prior knowledge than the participants in the imagine-study condition. It was found that the participants in the study-imagine teaching approach solved the test questions more rapidly than the participants in the imagine-study condition. It was concluded that the benefits of imagining concepts and procedures applied only to more expert learners with an appropriate knowledge base.
Following the Cooper et al. (2001) research, a number of cognitive load studies replicated the imagination effect (Ginns, 2005; Ginns et al., 2003; Leahy & Sweller, 2004, 2005, 2008; Leopold & Mayer, 2015; Tindall-Ford & Sweller, 2006). For example, Ginns et al. (2003) examined the imagination effect with university students (Experiment 1) as participants studying or imagining HTML code and with secondary school students (in Experiment 2) as participants studying or imagining geometry materials. The materials in Experiment 1 were complex for the participants as they had low levels of prior knowledge in the domain of HTML code. It was found that the instructional approach of repeatedly studying the materials benefited the lower expertise learners more than the imagination approach. In Experiment 2, secondary school students were considered as expert learners as they had higher levels of prior knowledge relating to geometry rules. The results indicated that the participants who imagined the learning material had better learning outcomes than the participants who studied the materials. Leahy and Sweller (2004) investigated the effects of the imagination techniques by using adults as participants studying or imagining the interpretation of contour maps. Their research results showed that the participants in the imagination approach performed better than the participants in the study conditions, which were consistent with Cooper et al. (2001) and Ginns et al. (2003).

5.3.2 Evidence from Research on Developing Language Skills
In addition to the beneficial role of imagination effect in learning scientific and technological domain knowledge, imagination or mental imagery has been suggested as contributing to a range of high-level cognitive functions, including social communication and language comprehension (Just et al., 2004; Pearson et al., 2008). According to Paivio (1971), language is closely related to two basic coding systems, or cognitive codes. The verbal code is tied directly to speech itself (human minds operate in the medium of words and their interrelations) and the non-verbal code is linked closely to the private experience that is called imagery. For example, after hearing “The Harbour Bridge turns purple in Sydney’s New Year’s Eve fireworks show”, listeners should develop some kinds of mental picture of the Harbour Bridge and the colour purple, together with scenes of the fireworks display, instead of merely rehearsing the words themselves. It was assumed that since the language input and output are verbal codes, the comprehension process should involve some rapid transformations from verbal code to nonverbal code and back again to the verbal code (Paivio, 1971). The two coding systems were developed into the dual-coding theory. Paivio (1986, 2007) argued that comprehension would be facilitated when learners made referential connections between the verbal codes and pictorial codes during learning.
Mental imagery, which has similar connotations as the imagination effect, can be conceptualized as mental activities resembling perceptual experience happening in the absence of the related external stimuli (Bergen et al., 2007). It is believed that comprehending linguistic inputs automatically and unconsciously activates mental imagery corresponding to the linguistic contents (Barsalou, 1999; Langacker, 1987; Zwann, 2004). Fruitful research has been conducted to investigate the role of mental imagery in language learning (Anderson & Kulhavy, 1972; Atkinson, 1975; Ellis & Beaton, 1993; Gambrell & Jawitz, 1993; Giesen & Peeck, 1984; Nippold & Duthie, 2003; Sadoski et al., 2000). For example, Ellis and Beaton (1993) examined the role of visual imagery and rote verbal rehearsal in learning German words by English native speakers. The results demonstrated that imagery was a superior strategy for learning to generate the English equivalent of German words but that rote verbal rehearsal proved to be effective for learning to produce the German equivalent of English words. Optimal performance was obtained when learners integrated the visual imagery with verbal rehearsal in learning German vocabulary. Nippold and Duthie (2003) investigated the use of mental imagery by school-aged children and adults in understanding idioms. After having been presented with 20 familiar idioms (half transparent and half opaque), the participants were requested to describe in writing their mental images for each idiom. The results showed that both groups had a better performance in understanding transparent idioms than opaque ones and that the adults demonstrated better understanding of the idioms than did the school-aged children, indicating that the imagery technique was relatively more effective for learners with high levels of prior knowledge.
Ignatova et al. (2023) seems to be the only group of researchers to date who has conducted experiments to investigate the imagination effect in language learning from the viewpoint of cognitive load theory. Experiments 1 and 2 compared participants’ learning outcomes of visual linguistic materials (in textual and diagrammatic formats) of low and high element interactivity in two instructional conditions: imagination and study. The results of the experiments showed that imagination instructions proved to be more effective than the conventional study approach only for materials using a textual format. Following the similar designs of previous experiments, the researchers investigated the relative effectiveness of imagination and study approaches in learning abstract and concrete auditory linguistic materials of high and low element interactivity. It was found that the participants instructed to use an imagination approach had better performance than those in the study condition only in learning abstract auditory linguistic materials. Experiment 5 examined the effect of imagination and study instructional formats in learning abstract and concrete auditory materials of both high and low element interactivity. The results indicated that the imagination teaching approach could be more effective for learning materials of high element interactivity. Together with previous research which found that the imagination effect was more beneficial for learners with a high level of prior knowledge (Cooper et al., 2001; Ginns et al., 2003; Leahy & Sweller, 2004), Ignatova et al.’s (2023) study implied that the imagination effect has its specific applicability in terms of the prior knowledge base and element interactivity, reflecting the expertise reversal effect which will be reviewed in the following section.


5.4 Expertise Reversal Effect
The expertise reversal effect is demonstrated when instructional designs that are effective for novices may become less effective or even counter-effective for more knowledgeable learners, and vice versa (Jiang et al., 2018; Kalyuga, 2007; Kalyuga et al., 2003; Sweller et al., 2011; van Merriënboer & Sweller, 2005). This effect is demonstrated as an interaction between one of several cognitive load effects (e.g. split-attention effect, redundancy effect, imagination effect) and levels of learner expertise (van Merriënboer & Sweller, 2005; Yeung, Jin, & Sweller, 1997). The expertise reversal effect can be related to research on aptitude-treatment interactions (Kalyuga, 2007; Kalyuga et al., 2003). Aptitude-treatment interactions, which were initially demonstrated by Cronbach (1967), occur when different instructional approaches produce different learning outcomes depending on learners’ aptitude (Cronbach & Snow, 1977; Lohman, 1986; Snow, 1989, 1991, 1994). These researchers broadly defined aptitude as a complex of learner characteristics such as knowledge, skills, learning strategies, personality characteristic, etc., that could influence learning outcomes and processes. Research on aptitude-treatment interactions has found interactions between learner expertise or prior knowledge and the effectiveness of instructional treatments. Therefore, prior knowledge is the aptitude of prime interest in the context of the expertise reversal effect (Kalyuga, 2007, 2009b; Sweller et al., 2011).
The expertise reversal effect was first predicted and conceptualized by cognitive load theory as an exceptional case of the redundancy effect in that information that is essential for novice learners may possibly become redundant for those more knowledgeable. For example, a diagram that physically embedded related textual explanations was more advantageous for less expert learners than for more knowledgeable ones who found the textual information as redundant (Kalyuga et al., 1998). As novice learners may lack essential schemas to engage in effective and meaningful learning, they may depend on external instructional guidance (i.e., the additional textual material) to facilitate problem solving and schema building via the borrowing and reorganizing principle (Sweller et al., 2011). However, expert learners who have appropriate schemas for interpreting the diagram may find the textual information impossible to neglect and accordingly spend cognitive resources on processing it, resulting in the redundancy effect (Kalyuga et al., 2003, 1998). This indicates that the relative effectiveness of instructional methods depends on the levels of learners’ expertise in specific domains. The expertise reversal effect indicates learners’ prior knowledge as a determining factor in choosing appropriate instructional methods.
The working mechanism of the expertise reversal effect is grounded on the fundamental characteristics of human cognitive architecture (Kalyuga, 2007; Sweller et al., 2011). First, prior knowledge is stored as schemas in long-term memory with relatively large capacity and long duration. Those well-organised knowledge structures play an executive role in information processing. Novel information is processed in working memory which is limited in capacity and duration. The expertise reversal effect is generated from a potential conflicting overlap between the available knowledge structures in a specific domain in long-term memory and the amount of cognitive resources activated by instructional methods in working memory. Novice learners who may lack domain-specific prior knowledge will depend on external instructional guidance to process essential information. However, the same instructional format may be deleterious to more knowledgeable learners because the information provided by the instruction overlaps with the prior knowledge held in long-term memory. Processing the redundant information will consume working memory resources which could be otherwise devoted to essential learning. From the perspective of the expertise reversal effect, the amount of elaborative information provided by instructional material should be inversely proportional to levels of learner expertise. There are several categories of empirical evidence for the expertise reversal effect, which will be discussed in the following sections.
5.4.1 Evidence from Research in Technical and Scientific Teaching
The empirical evidence for the expertise reversal effect initially came from longitudinal studies in technical and scientific fields. Kalyuga et al. (1998) reported the expertise reversal effect in a series of three experiments which were originally conducted to investigate the split-attention effect and the redundancy effect. They found that an integrated-diagram-and-text format and a separate-diagram-and-text format that both were initially beneficial for inexperienced technical trainees lost their superiority to a diagram-only format when these learners acquired more knowledge by receiving further training. When a diagram and text were difficult to understand in isolation, it was better to present them in either an integrated manner (integrated-diagram-and-text format) or even split-source manner (separate-diagram-and-text format) to facilitate novice learners’ comprehension and knowledge acquisition because these learners relied on the additional external instructional guidance to compensate for the absent domain-specific prior knowledge. As the novice learners developed more expertise through training, they acquired domain-specific knowledge. The diagram and text were no longer unintelligible in isolation. Providing the textual information would force learners to unnecessarily process it, consuming working memory resources. Therefore, the cognitive load could be mediated by providing additional instructional guidance when learners were less knowledgeable but could be reduced by eliminating the redundant information as the relatively less expert learners acquired more expertise.
Kalyuga et al. (2000) further investigated the interaction between the redundancy effect and the level of learner expertise in two experiments designed to teach trade apprentices technical knowledge in four instructional formats: a diagram plus visual text, a diagram plus auditory text, a diagram with both visual and auditory texts, or the diagram-only. In the first stage of the first experiment, the trainees were inexperienced and the diagram with auditory text format was better than the other three teaching methods, which was consistent with the modality effect. However, when the instruction reached the second stage, the trade apprentices had acquired more training and became more knowledgeable. In this situation, the initially most disadvantaged group, the diagram-only group, improved more than the other three groups in terms of performance. In the second experiment, the researchers devised the diagram plus auditory text format to require the trainees to attend to the diagram and auditory information simultaneously without having the freedom of skipping either of the two sources of information. The results reconfirmed that more experienced learners benefited more from the diagram-only instructional format than the diagram plus auditory text one. For expert learners, the duplication of the same information using different modes of presentation may overload working memory, impeding effective and efficient learning.
In addition to the investigation of the interaction between levels of learner expertise and split-attention and redundancy effects, Kalyuga et al. (2001) also examined the effectiveness of worked example and explorative instructional approaches in teaching simple and complex tasks about scientific knowledge to learners with different levels of prior knowledge. There were only minimal differences in the performances of learners in two instructional groups in a simple task situation. However, for a complex task, the instructional formats based on worked examples benefited the novice learners more than the explorative instructional procedure did in terms of test performance and subjective rating of mental effort. After two sessions of specific training, those learners who were novice became relatively more experienced in the knowledge domain. The worked example procedure which was more advantageous in the previous experiment lost its superiority to the initially disadvantaged, exploratory group in terms of the test performance, the subjective rating of mental effort, and instructional efficiency.

5.4.2 Evidence from Research on Teaching (Second/Foreign) Language Listening
Mueller (1980) investigated the impact of a visual organizer on the listening comprehension of beginning students of German. The visual organizers provided the contextual information of the listening passage, such as the characters, their relationships, the general situation, etc. Less proficient and more proficient students experienced three instructional situations respectively: visual organizer before listening, visual organizer after listening, and no visual organizer. The researcher found that less proficient German learners in the visual-before and visual-after groups outperformed their counterparts in the no visual organizer groups. However, no significant difference was found in the listening performance in the three teaching conditions among more proficient students. Thus, the results indicated an inverse relation between listening materials with additional written organizers and learners’ level of language proficiency. Although Mueller did not elaborate the results from the perspective of cognitive load research, it was clear that less proficient German beginner learners, without adequate schemas, benefited from the visual organizers which reduced the level of intrinsic cognitive load by providing additional instructional guidance. On the other hand, more proficient learners, who had sufficient linguistic knowledge, did not depend on visual organizers to construct meaning. Similarly, Leveridge and Yang (2014) found that proficiency might have a mitigating effect on the usefulness of captions in language learning: less proficient learners draw on textual information to clarify the pronunciation of words.
Yeung et al. (1997) investigated the split-attention effect using separated format (placing the vocabulary list at the end of the text) and integrated formats (integrating the list into the text) when presenting explanatory notes in reading passages for learners with different levels of expertise. The results confirmed that the separated format generated a split-attention effect for novice learners. It was found that more expert learners performed better in the separated instructions and novice learners had better comprehension with the integrated formats. The same reverse pattern of results was observed in another experiment: low-knowledge learners of English as a second language had better comprehension from the integrated instruction, while high-knowledge learners benefited from the separated instruction. In a study with a similar research design, Yeung (1999) obtained consistent results indicating that lower expertise learners had better comprehension with integrated vocabulary and text learning, while higher expertise learners benefited from a separated glossary.
Oksa et al. (2010) compared the effects of two instructional formats of explanatory notes on comprehension of Shakespearean plays. The explanatory notes groups were provided with extracts of Shakespearean plays with modern English explanatory notes integrated line by line into original plays, while the conventional unguided group received extracts without explanatory notes integrated. The results of Experiments 1 and 3 showed that participants who had no prior knowledge of the Shakespearean texts in the integrated explanatory notes groups had better performance in comprehension and experienced lower levels of cognitive load than similar learners in the conventional group. A reverse pattern was demonstrated in Experiment 2 which used professional Shakespearean actors as participants: the conventional group outperformed the integrated explanatory note group.
Kyun et al. (2013) also obtained an expertise reversal effect in the investigation of the worked example effect in learning to answer essay questions about English literature knowledge. The participants in Experiments 1 and 2 were more knowledgeable learners and the participants in Experiment 3 less knowledge learners. The three experiments followed an identical research design and procedures. Korean university students in each of the three experiments were randomly allocated to two instructional groups: problem-solving and worked examples. The participants in the problem-solving condition answered essay questions conventionally without addition aids, while the learners in the worked examples group were provided model answers before responding to the essay questions. The results of Experiments 1 and 2 demonstrated that the more expert learners did not need the guidance of worked examples, while the results of Experiment 3 showed that the lower expertise learners in the worked example conditions performed better than those in the problem-solving conditions.
Song (2016) investigated the expertise reversal effect in teaching English vocabulary and grammar rules to Korean elementary school students who were learning English as a second language. The participants who were categorized respectively as learners with high prior knowledge and learners with low prior knowledge were randomly allocated to sequential and concurrent instructional conditions. In the sequential instructional format, words and grammar rules were presented on separate pages, while for the concurrent instructional format, these two sources of knowledge were integrated onto one page. The sequential instructional format proved to be more effective for elementary school participants with high levels of prior knowledge, but the reverse pattern was observed for lower expertise students.
Research in the field of foreign language acquisition also demonstrated that language proficiency is a compounding factor in the effectiveness of teaching listening comprehension by incorporating textual information. After investigating the effect of the auditory-only approach and auditory plus caption approach on beginner learners’ and expert learners’ French listening skills development, Danan (1992) found that the integrated approach of auditory and textual information benefited the beginners more than the expert learners. Similarly, Vanderplank (1988) claimed that using textual supports such as captions could help intermediate learners understand authentic videos. Bird and Williams (2002) found that incorporating captions in listening materials had a large effect size for beginner learners because printed materials could assist in visualizing word boundaries and help the decoding process. In a similar vein, Montero Perez et al. (2013) argued that as beginning learners have not yet acquired language proficiency, providing captions could compensate for deficient phonetic, lexical, and syntactic knowledge.


5.5 Chapter Summary
The chapter provided detailed reviews of several cognitive load effects (transient information effect, redundancy effect, and imagination effect), which illustrated the reduction of extraneous cognitive load in instructional design to promote effective learning. The chapter ended with a detailed review of the expertise reversal effect which is the core concept of the report research. The expertise reversal effect demonstrated the significance of tailoring instructional approaches to learners’ level of prior knowledge.
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Language is an intricate system of auditory and visual symbols (Fromkin, Rodman, & Hyams, 2007). It functions as a means of cognition and socialization. Humans use language to think, to communicate, and more importantly to survive, which is the most significant attribute that distinguishes humans from other species. Vygotsky (1986) believed that language development is the key to being able to internalize complex ideas. It is language that enables human beings to internalize the external world and to externalize their internal thoughts and emotions (Fromkin et al., 2007). The information encoding and transmitting natures of language are referred as symbolic and interactive functions respectively. There are many complicated cognitive processes involved in language acquisition and comprehension. While developing listening and speaking abilities of one’s native language is almost unconscious and effortless as these two abilities can be regarded as biologically primary knowledge, acquiring listening and speaking abilities of a foreign language in non-immersion situations requires deliberate and arduous efforts as they can be categorized as biologically secondary knowledge (Geary, 2007, 2008; Kalyuga, 2023; Sweller, 2022; Sweller et al., 2019, 2011). Knowing the connotations of language knowledge facilitates the understanding of the cognitive processes associated in foreign language acquisition and comprehension. This chapter begins with an introduction of the design features of language. Followed is a review of foreign language listening expertise. The third section of this chapter is the major focus which discusses the cognitive view of language comprehension, reviews a cognitive model of listening comprehension, and introduces a schematic framework of reading comprehension. The last section is devoted to a discussion of expert-novice differences in listening expertise.
6.1 Design Features of Language
All biological species use some specific systems of sensory signals and rules to communicate with members within their species, for example birds by singing, bees by dancing, and ants by smelling. However, the ability to use language to communicate is the most distinct characteristic of human beings (Bolton, 1996; Fromkin et al., 2007). The design features of language refer to the properties which might be said to be unique and distinctive of human language (Widdowson, 1996). Hockett (1960) identified sixteen design features of human languages (for a detailed review, see Wiley, 2021). For the sake of direct relevance, this chapter will focus on three design features: arbitrariness, duality, and generativity or productivity.
6.1.1 Arbitrariness in Relations Between Form and Meaning
Language, by its very nature, is a system of symbols (Fromkin et al., 2007). It is generally the case that the symbols, either phonological or orthographic, are arbitrarily associated with the things and states of affairs that they refer to (Fromkin et al., 2015; Lycan, 2000; Yule, 2006). A symbol in a particular language could be referred as a symbolic assembly because each symbol consists of a form and a meaning (or meanings) that the form refers to (Langacker, 1987; Nation, 2001). For example, the English word sheep has no natural relationship with that four-legged ruminant mammal having a thick woolly coat in the world. The process that these arbitrary associations are then accepted as conventions by speakers is called form-meaning pairing (Evans & Green, 2006). As for native speakers, the process of form-meaning pairing is generally unconscious and effortless because acquiring one’s native language is considered as learning biologically primary knowledge. However, as for second language learners, except those who started learning the language when they were infants or in immersion contexts, the process could be deliberate, conscious and arduous as acquiring a foreign/second language is regarded as learning biologically secondary knowledge. After speakers of a certain language have automated the language conventions, they will have the ability to both internalize the external world and externalize their internal states in the form of that language, reflecting the symbolic nature of human languages.

6.1.2 Duality of Patterning
The property that human language is organized at the sound and meaning levels or layers distinctively and simultaneously is called the duality of patterning (Yule, 2006). The representation of language sounds is called the phonological system of a language while the representation of language meaning is referred as the semantic system. The means or rules specifying the phonological-semantic relation can be called the syntactic system of a language or grammar (Chomsky, 2006; Foss & Hakes, 1978). Having mastered a language means having acquired “a system of rules that assigns sound and meaning in a definite ways for an indefinite class of possible sentences” (Chomsky, 2006, p. 91). Accordingly, it can be assumed that language processing involves three mental stages: phonographic processing, semantic processing, and syntactic processing. According to Wiley (2021), human languages are usually illustrated within three layers: phonological, morphological, and syntactic (or phrases), of which only syntactic representations (phrases) convey meaning. The ability of organizing phonological and morphological signals into syntactic representations distinguish humans from other species as nonhuman animals may not have the ability to put discrete signals into syntactic structures in a recursive, consistent way (Wiley, 2021).

6.1.3 Generative Capacity
It is indisputable that the different configurations of the 26 letters in English alphabet could represent an indefinite number of vocabularies and English language can be transcribed into different combinations of 44 phonemes. The feature that phonemes, morphemes, words, and sentences can be recombined to convey a potentially unlimited number of thoughts is called the generative capacity (Smith & Kosslyn, 2014). For example, adding the phonemes /ruː/ at the end of the cluster of phonemes /'sɒkə/ forms /sɒkə’ ruː/. Accordingly, on the morpheme level, adjusting the morpheme oo at the end of the morphemes soccer constitutes the new morphemes socceroo. On the syntax level, the creation of the new word reflects the generative feature of human language. The same is true for the word formation of deliveroo. Successful comprehension of these words which have been created complying with the linguistic rules but have not yet added into dictionaries required learners of English as a foreign language not only mastering the linguistic rules of the language but also understanding the relevant word knowledge or contextual knowledge. If learners of English as a foreign language have the adequate prior linguistic and general knowledge, their generative capacity would allow them to determine the intended meaning even though they have not encountered the new combination before.


6.2 Foreign Language Listening Expertise
Language acquisition can be regarded as a sequential process, which means that the developments of phonological, semantical, and syntactical knowledge of language may follow hierarchical patterns (Ellis, 2001). Language expertise develops along a continuum both sequentially and recursively, beginning from acquisition of phonological features of language to the mastery of syntactic structures. Presumably, the distinct command of particular language features in terms of phonology, semantics, and syntax could be a reliable index of language proficiency.
From the perspective of cognitive psychology, the process of listening comprehension involves segmenting the auditory signals, producing mental representations of phonemes, chunking the decoded information into meaningful units, and actively associating the intakes with their prior knowledge (Goss, 1982; Harrington, 2001). To have good listening comprehension, foreign language learners should acquire adequate levels of linguistic knowledge which include phonological (the sound system), semantic knowledge (word and propositional knowledge), syntactic knowledge (grammar rules), pragmatic knowledge (cultural and contextual information), and discursive knowledge (Field, 2013; Flowerdew & Miller, 2005; Goh, 2005; Rost, 2002). Sabourin and Stowe (2008) also argued that “language acquisition takes place in stages, with some indications that phonological development normally precedes lexical and semantic acquisition and with complete syntactic development lagging behind” (p. 32).
6.2.1 Phonological Knowledge
In alphabetic languages such as English and French, words consist of one or more syllables. A syllable is a phonological unit which is composed of one or more phonemes. Phonological knowledge refers to a foreign language learner’s knowledge of the sound systems of the language, which could assist learners in segmenting the speech into its component sounds (Flowerdew & Miller, 2005; Storkel, 2006). It has been reported that phonological knowledge affects word learning and language comprehension (Rost, 2002). Successful foreign language learners should have sufficient knowledge of the sound systems of the foreign language: types of speech sound that are meaningful components of the phonological system (phonemes); possible sequences and combinations of vowels and consonants (phonotactics); sound elements that contrast meaningfully with one another; intonation patterns, such as stress, pitch, and duration (Richards & Rodgers, 1986; Saville-Troike, 2006). Phoneme is defined as “the smallest unit of sound that can distinguish two words” (Flowerdew & Miller, 2005, p. 30). It has been reported that foreign language learners of different aptitude levels are affected by phonological modification of acoustic signals in continuous speech, such as assimilation and elision (Henrichsen, 1984). In fact, successful speech recognition depends on knowledge of prototypical sounds and sensitisation to the phonological variations of these prototypes, which happens as a result of co-articulation processes (Rost, 2002). For example, the phonological representation of the word handbag is /ˈhændbæg/. However, the phonological representation of its pronunciation in rapid speech is /ˈhæmbæg/ where the phonemes /n/ and /d/ are assimilated with the phoneme /b/, which results in the replacement of phonemes /n/ and /d/ by the phoneme /m/. A foreign language learner with automatized phonological knowledge could write the orthographic representation of /ˈhæmbæg/ as handbag instead of hambag which is a non-existed word in English. Similarly, Schütze (2017) argued that pairing a word’s phonemes with its lexemes is fragile and demands much energy as “the phonemes must be discriminated against other phonemes during rehearsal in the loop” (p. 72). Research found that phonological knowledge and proceduralized lexical processing skills are essentially significant to successful language comprehension as they can help learners match acoustic–phonetic input to phonemes and syllables (Field, 2001, 2013; Lynch, 1998).

6.2.2 Semantic Knowledge
After segmenting the auditory information by using the phonological knowledge, a listener would assign meanings for the recognized words. Semantic knowledge is concerned with the meaning of the words and the relationships between words (Flowerdew & Miller, 2005; Gass & Selinker, 2008). In addition to the meaning of key words of the auditory input, listeners should also understand the meanings of colloquial usages and metaphorical language. Semantic knowledge also means “the ability to recognise the word in a number of variant forms, determined very much by the co-text within which the word is embedded and by how precise the articulation of the speaker is” (Field, 2013, p. 105). Once the meaning of individual words has been assigned, mental representation of a sentence’s semantic meanings will be stored in memory as a proposition which is regarded as the smallest unit of meaning. On the textual level, semantic knowledge means building up relationships between the propositions in a discourse or a text and arranging them into a coherent order (Flowerdew & Miller, 2005). The semantic knowledge may facilitate the generation of a propositional model of speech which represents text referents and their relationship to each other in the listener’s mind (Rost, 2002).

6.2.3 Syntactic Knowledge
Syntactic knowledge refers to grammatical rules of parsing sentences and making sense of them. The meaning of a sentence or even a text cannot be simplified to an addition of the meaning of the words that compose it. By building up the relationships between the words and the meanings of these relationships, syntactic knowledge also plays a significant role in assigning meanings to words, sentences, and texts (Flowerdew & Miller, 2005). As meaning is partially expressed by the grammar of text, it is assumed that syntactic knowledge, especially when it has been automatized, can promote parsing of spoken texts (Goh, 2005). For example, understanding that a default meaning of the sequence is + -ing represents the present continuous tense is a precondition to perceiving the pattern when it occurs and to interpreting it accurately. Research has found a strong correlation between the level of syntactic knowledge and the performance of listening comprehension (Mecartty, 2000). However, because of the fleeting nature of auditory information, foreign language learners may be unable to process and retain all essential information in working memory. In this case, learners should draw on their mastery of the word order knowledge and other grammatical rules such as inflection and animacy to interpret meaning. When syntactic rules were not recognized, phonological and semantic knowledge can also complement meaning allocation and construction to some extent (Flowerdew & Miller, 2005).

6.2.4 Pragmatic Knowledge
An utterance could convey some inferential meanings and speakers’ real intention under the cover of the literal meaning. For example, if a roommate says: “The room is hot”, the real communicative purpose might be to ask for permission or help to open a window instead of making a plain comment. In this case, the roommate’s conversational partner should not only process literal meaning of the utterance but also infer the contextual meaning. Pragmatic knowledge can be defined as a listener’s ability of using social frames, cultural knowledge, and contextual information to construct meaning and interpret the intended effect (Field, 2013; Goh, 2005; Rost, 2002). Studies showed that if foreign language learners had insufficient level of pragmatic knowledge, their listening process and comprehension could be negatively affected (Brice & Montgomery, 1996). From a cognitive viewpoint, speech is an attempt to complete a communication process and achieve a certain communicative purpose. To ensure the completion of this process and the realization of this goal, listeners should engage in the communication event, switching from a passive listener to an active interpreter (Rost, 2002).


6.3 A Cognitive Perspective of Language Comprehension
A number of language comprehension frameworks have been conceptualized, among which Anderson’s (2000) three-stage model has been much cited in the field of second language teaching. The process of language comprehension can be analysed into three stages: decoding, parsing, and utilisation. The decoding stage consists of the perceptual processes by which the acoustic information is initially decoded. To be specific, this stage is where “acoustic–phonetic input being matched to the phonological system and vocabulary repertoire of the language being spoken” (Field, 2013, p. 94). Decoding is a challenging task not only because the speech appears to be a continuous acoustic stream with no obvious boundaries between words but also because within a single word, phonemes should be segmented from continuous stream in order to ensure correct decoding, which is particularly true for novice foreign language learners (Anderson, 2000). A phoneme, which is a distinctive structural component of the sound system of a language, is defined as an abstract mental representation of unit representing word in our mental lexicon (Finegan, 1999). Sound variations and alternations make phoneme segmentation more difficult. For example, the co-articulation effect happens when an individual speech sound is affected by, and sounds similar to, a preceding or following speech sound (Harley, 2014; McMahon, 2002).
Decoding is followed by a parsing process. Parsing is the stage where meanings are assigned to those recognized patterns of segmented phonemes and words in the acoustic information are transformed to mental representation of certain syntactic structures of words with integrated meanings (Anderson, 2000; Field, 2013). In comprehending linguistic inputs, linguistic patterns are being encoded in these syntactic rules while these patterns are being related to meaning interpretations at almost the same time. Phoneme segmenting and pattern recognizing are taking place online, while speech continues to be produced. This phenomenon is referred as immediacy of interpretation (Anderson, 2000). Consequently, parsing often has to be provisional as listeners always retain the parsed syntactic structure and modify it after more structures have been parsed. It should be noted that the degree of the complexity of the syntactic structure that a listener pre-assembled would determine the success of parsing (Field, 2013). A listener’s knowledge of syntactic rules will facilitate parsing as the size and amount of possible syntactic structures that the listener has to retain in his or her working memory before parsing it will be reduced.
The utilization stage is the third stage in Anderson’s (2000) model. In the process of utilization, the mental representation of the auditory information is related to the declarative knowledge in the long-term memory (Anderson, 2000; O'Malley & Chamot, 1990). In any piece of information, there should be an interplay between old knowledge and new knowledge. In other words, there should be a distinction between suppositions, or information that both the speaker and listener commonly share, and assertion, or information that the speaker believes to be new to listener (Anderson, 2000). The purpose of utilization is to trigger some actions or to construct knowledge on the part of listener. Listeners can draw on their language-related knowledge, pragmatic knowledge, discourse knowledge, and contextual knowledge to enrich the meaning of the auditory information (Field, 2013; Vandergrift & Goh, 2012).
6.3.1 A Cognitive Model of Listening Comprehension
Listening comprehension can be broadly regarded as an active process in which learners decode the auditory information and then associate the interpreted information with their prior knowledge to form meaning (Ervin, 1992). Speech recognition is a challenging task mainly for three reasons. The most obvious difficulty is that spoken information is presented briefly and speech perception is fast as listeners only get one chance to interpret the spoken information (Harley, 2014). Furthermore, the boundary between sounds of words may be imperceivable and indistinguishable, at least it is true to some beginners of a foreign language. Third, speech perception is an online activity: listeners must decode the information as soon as they hear them instead of waiting until an utterance is complete (Field, 2013; Marslen-Wilson, 1973).
Anderson’s three-stage model was conceptualized to deconstruct language comprehension in general. In terms of spoken language comprehension, Levelt (1993) conceptualized a more comprehensive model demystifying language listening comprehension (Fig. 6.1). This model also consists of three levels: perception, parsing, and utilization. In the perception stage, as soon as listeners hear acoustic signals, they will perform acoustic–phonetic analysis, analyse the acoustic features and generate the phonetic representation of the acoustic signals. The perceived information is active for a short period of time in working memory and some phonetic representations will be retained for further processing while others will vanish in order to make memory space for processing incoming acoustic signals.[image: ]A flow diagram exhibits the elements involved in the spoken language and their stages. The elements are conceptualizer, formulator, parser, lexicon, articulator, and acoustic phonetic processor. The stages include perception, parsing, metacognition, and utilization.


Fig. 6.1Schematic representation of the processing components involved in spoken language use (Levelt, 1993)



The parser is responsible for phonological decoding, lexical selection, and grammatical decoding. Parsing is known as the process in which “the listeners must figure out the syntactic and semantic relations among words and phrases in a sentence” (Fromkin et al., 2012, p. 332). As soon as listeners have generated phonetic representations, they need to perform phonological decoding. The crucial step is to segment the connected speech into phonologically meaningful units. However, spoken languages do not have visible spaces as written languages do. It is predicted that listeners drew on the cues in the signal and they could also predict the ending of a word and the beginning of the next one (Levelt, 1999). However, the paradigm underlying automatic segmentation in speech and conversation is less known.
Along the course of phonological decoding, words are identified and meanings are accordingly assigned simultaneously. The cohort theory (Marslen-Wilson, 1987, 1989) is influential and frequently cited in the field of word identification. According to this theory, after a very small stretch of sound signals has been received, its phonological features will ignite all the lexical items that share the same initial phonemes. As the incoming acoustic signal proceeds, the word-initial cohort will be reduced. Successful listening comprehension happens when the reduction of word-initial cohort continues until only one word candidate left. Listeners also engage in prosodic decoding as prosody carries important communicative information. The product of phonological decoding and lexical selection is called lexical/prosodic representation.
The subsequent grammatical decoding consists of syntactic processing and semantic processing. Levelt (1993) argued that syntactic parsing occurs shortly before semantic processing. Syntactic parsing can happen on two levels: local syntactic analysis and global syntactic parsing. As words have been successfully recognized, listeners should analyse words’ categories such as content words (e.g., verbs, nouns, adjectives, etc.) and function words (e.g., conjunctions and determiners). The global syntactic parsing focuses more on semantic analysis. In this stage, the syntactic roles (e.g., subject, predicate, object, etc.) are projected into thematic roles (e.g., agent, patient, experiencer, recipient, etc.). The meaning of sentences cannot be determined by the simply adding up the meanings of the content words, but by the role that each noun phrase played in relation to the verb (Finegan, 1999).
The parsed speech or derived message, which is the output of parser, is to represent a literal interpretation of the auditory information (Field, 2013). In order to derive the speaker’s communicative intention, listeners must undertake discourse processing during which the derived message is linked to existing knowledge stored in long-term memory. By applying prior pragmatic, contextual, discourse knowledge, listeners enrich the meaning of the auditory information or the intention of the interlocutor (Field, 2013; Levelt, 1993; Vandergrift & Goh, 2012).

6.3.2 A Cognitive Perspective of Reading Comprehension
There is no doubt that listening plays an initial role in knowledge construction. According to the borrowing and reorganising principle, reading, as a way of absorbing information, contributes significantly to schema construction and knowledge building. As both reading and listening were conventionally regarded as receptive skills in terms of the nature of information processed, they share some similarities. Perfetti (1999) proposed a detailed schematic framework of the components involved in written information comprehension (Fig. 6.2). Reading comprehension is the process of constructing mental representations from written text (Grabe, 2009). The success of comprehending a written message, to a larger extent, depends on the identification of words and the utilisation of language processing faculties to integrate words into messages (Perfetti, 1999). Reading comprehension begins with the processing of visual input which is usually a string of letters. Followed are the co-activations of orthographic and phonological units. In fact, phonological loop can process both visual and auditory information (Schütze, 2017). The phonological information is rapidly available in word processing, only slightly later than the orthographic information (Perfetti & Bell, 1991). The orthography of a language refers to the “system that indicates how the letters of the alphabet are used to represent the phonemes” (Finegan, 1999, p. 447). Phonological units may facilitate the identification of words, which is referred as the phonological mediation. It is assumed that there are two pathways of phonological mediation: direct pathway which is from graphemic units to meaning directly and mediation pathway which is from graphemic units to phonological units first and then to meaning (Perfetti, 1999). The pathway of phonological mediation for novice readers is usually the mediation one as their representational capacity is phonologically based and they need to match the printed word with its pronunciation at least once; the pathway for skilled readers is the direct one as their orthographic processing is more graphemically-based with the accumulation of practices (Hoover & Gough, 1990).[image: ]A flow diagram exhibits the elements involved in the written language and their stages. It includes general knowledge, the linguistic system, phonology, syntax, morphology, lexicon, and orthographic system. The visual input leads to orthographic and phonological units for word presentation.


Fig. 6.2Schematic representation of the processing components involved in written language use (Perfetti, 1999, p.169)



Accordingly, when it comes to the identification of words, dual route theory (Coltheart et al., 1977) postulates that there are two pathways, with the addressed route corresponding to the direct pathway in terms of phonological mediation and the assembled route – to the mediation pathway. The addressed pathway to the identification of words refers to the direct generation of a word representation from the graphic input while the assembled pathway means graphemes should be first converted into phonemes which are subsequently used to generate the word representation (Perfetti, 1999). In a similar way, Schütze (2017) held the view that “if we hear a word, the phonemes go directly to the loop and are rehearsed. If we see a word, it must be transcribed into a phonological code before it can be rehearsed” (p.27). However, Perfetti and Zhang (1995) believed that the phonological units are always activated in order to create a three-constituent word identity: grapheme, meaning, and pronunciation. The integration of the graphic, phonological, and meaning information in the identification of a printed word happens in a very brief period of time.
After printed words have been identified, their relevant semantic meanings are encoded into the mental representation that readers are constructing. A large proportion of words have multiple meanings and more than one meaning of a word will be activated initially. Relative frequency of a word’s meanings is one factor influencing the success and the time course of meaning selection. It has been reported in a series of research that readers always first activate the most frequently used meaning of a word (Hogaboam & Perfetti, 1975; Neil et al., 1988). Then context will exert decisive influence on narrowing the range of possible meaning and selecting one meaning based on the consistency with message level information (Kintsch & Mross, 1985). The grammatical role that a word plays in the sentence will help readers select its correct meaning.
The meaning of words in one sentence will subsequently be parsed to form idea units or propositions in order to generate sentence level comprehension. Parsing refers to the process in which the readers compute the syntactic structure of the sentence (Harley, 2014). In this process, both semantic knowledge and syntactic knowledge contribute to build a mental representation of a text message (Perfetti, 1999). Parsing begins with determining the grammatical categories to which words in a sentence belong. It is then followed by a phrase-forming stage. Then syntactic constituents (e.g. noun phrases and verb phrases) are formed and syntactic representations are built.
Text representation is constructed when the propositions of each successive sentence are extracted. It is supplemented by inferences when it is necessary to make the text more coherent (Wolley, 2011). The text representation which is achieved when a reader develops a mental representation of the printed text is a literal representation of propositions of each sentence according to the syntactic rhetoric structures. As readers are active information processors, they will update the text representation by making further inferences and linking with their prior knowledge, which generates the situational model (Kintsch, 1998).


6.4 Expert-Novice Differences in Listening Comprehension
Research found that listening comprehension can be affected by a number of factors, among which is the learner expertise or language proficiency (Schütze, 2017). The expertise reversal effect demonstrates that instructional approaches should be tailored to learners’ levels of expertise (Jiang et al., 2018; Kalyuga et al., 1998; Roussel, Gruson, & Galan, 2019; Sweller et al., 2011). Individual differences in foreign/second language learning may take many different forms, including language aptitude, learning style, motivation, personality, learning strategies, learner beliefs (Dewaele, 2009; Dörnyei, 2005; Dörnyei & Skehan, 2003; Ellis, 2004; Leaver et al., 2005; Li, 2019; Li & Zhao, 2021; Skehan, 1989; Vandergrift, 1997; Wen et al., 2017). Concerning the direct relevance to the current study, only expert-novice differences in language aptitude were reviewed. Language aptitude can be defined as a talent for learning languages, which varies considerably among learners (Dörnyei & Skehan, 2003; Shahnazari, 2023; Skehan, 1989). Research has found that language aptitude or expertise is strongly correlated with language proficiency (Carroll, 1981; Grigorenko et al., 2000; Kiss & Nikolov, 2005). According to Carroll (1981), language aptitude covers four constituent abilities: phonetic coding ability, grammatical sensitivity, rote learning ability, and inductive language learning ability. The phonetic coding ability is regarded as the most important factor, which enables listeners to identify the boundaries of acoustic units and to establish the association between sounds and meaning representations. Grammatical sensitivity refers to the ability of recognizing the syntactic function of words in sentences. Rote learning ability means how rapidly and effectively learners can learn the associations between sounds and meaning. Inductive language learning ability is conceptualized as the ability to infer or generalize linguistic structures as well as the ability to infer or induce the underlying meaning or purposes from the linguistic materials provided.
Skehan (1998), from the perspective of information processing process, suggested a three-component view of aptitude: phonemic coding ability, language analytic ability, and memory. In his paradigm, language analytic ability incorporates the grammatical sensitivity and inductive language learning ability of Carroll’s (1981) framework; the phonemic coding ability and memory ability match Carroll’s phonetic coding ability and rote learning ability respectively.
6.4.1 Expert-Novice Differences in Terms of Memory
Research demonstrates that one of the differences between expert and novice learners lies in the amounts of domain-specific knowledge in long-term memory (Gagné et al., 1993). Expert learners usually have a better domain-specific schematic knowledge base, while novices do not specialize in domains of knowledge (Kalyuga, 2006; Tsui, 2003). Expert foreign language learners can be characterized as learners who “possess complex knowledge of the language system, much of which has been proceduralised” (Goh, 2005, p. 77). As expert learners have better organization and retrieval structures of schematic knowledge base, they can recognize meaningful patterns in their specialized domain more rapidly than novices and use the patterns more effectively in problem solving. Goh (1998) compared the uses of listening comprehension strategies and tactics by learners of English as a second language with different listening abilities. It was found that the expert learners used their prior knowledge extensively in connecting new information to existing knowledge to achieve a more complete understanding, predicting the incoming information, and in reconstructing the meaning of the original input by combing information from the text and background knowledge. By contrast, low-ability listeners did not use their prior knowledge extensively for prediction, contextualization, and reconstruction. This echoes Chase and Simon (1973) who argued that expert-novice differences in a wide range of domains were related to their immediate access to domain-specific knowledge in their long-term memory.
In addition, the operations and retrievals of schemas are more automatized in the case of expert learners than novices. Therefore, schematic knowledge structures in expert learners’ long-term memory can provide more effective executive guidance during high-level cognitive processing than those of novices (Sweller, 2003). After investigating high and low-ability learners’ comprehension problems, Goh (2000) found that lower-ability learners encountered more difficulties in forming meaning associations with prior knowledge in long-term memory as they did not have high levels of automatized sound-script and word-referent processing. Another possible reason can be that the lower expertise learners had insufficient amounts of phonological and semantic knowledge in long-term memory, impeding sound-form-meaning matching in understanding the fleeting auditory information.
Just and Carpenter (1992) argued that individual differences in working memory capacity were the determining factor of individual learners’ performances in several aspects of language comprehension. Studies have found a correlation between learners’ verbal working memory capacity and their foreign language listening comprehension abilities (Ando et al., 1992; Miyake & Friedman, 1998). Because working memory is limited in terms of capacity and duration, thus the more automatized is the processing of information at a lower level (such as automatic word recognition skills), the more cognitive resources will be devoted at a higher level (such as meaning representation) (Hulstijn, 2007). According to Goh (2000), novice learners of English as a foreign language reported that they had difficulty in recognizing words they knew and they quickly forgot the words that they thought they have understood. This might be because that even though the lower-ability learners recognized specific words, they had limited working memory capacity available for higher level processing required for producing meaningful associations with existing schemas in long-term memory. Another possible reason is that because of limited working memory capacity, mental representations from successful decoding and parsing were superseded by new input before novice learners could process the chunk of input semantically.

6.4.2 Expert-Novice Difference in Terms of Phonemic Coding Ability
Learners’ phonological and semantic knowledge can affect their phonemic coding ability. Foreign language vocabulary knowledge is one of the most significant estimators of learners’ listening comprehension performance (Kelly, 1991; Vandergrift & Baker, 2015). The view was even more strengthened by Mecartty (2000) who claimed that vocabulary knowledge was a more important and reliable predictor of listening comprehension in foreign language speakers than grammatical knowledge. In addition, Wallace and Lee (2020) reported that “only vocabulary was predictive of listening comprehension, regardless of text length or skill measured in the test” (p.1). As suggested by Nagy and Herman (1987), expert learners had a significantly larger vocabulary size than novices. A small vocabulary size can account for lower phonemic coding ability with novice learners as the limited lexical base may imply that sound-form and meaning-referent pairings are not automatized. For higher expertise learners, the phonological, orthographic, and morphemic attributes of a word are constructed in a single schema of a higher hierarchy. When they perceive the components of a word, they would retrieve the schema as a whole and process it in working memory. This process would consume less cognitive resources as it is automatic. However, lower ability learners may perceive the phonological, orthographic, and morphemic meanings as discrete elements and deliberately integrate the elements to achieve meaning representations, consuming higher levels of cognitive load. Novice learners had difficulty in listening comprehension at the decoding and perception stages especially in rapid, concatenated speech as their sound-form and meaning-reference pairings were not automatized (Field, 2003; Goh, 2000).

6.4.3 Expert-Novice Difference in Terms of Grammatical Sensitivity
Grammatical sensitivity can account for expert-novice differences in speech-processing as listening comprehension “requires the mapping of incoming speech on to a grammatical model of the language” (Rost, 2002, p. 26). The acquisition of syntactic rules may follow a sequential order. For example, simple declarative sentence should be taught before passive sentence which should be prior to interrogative sentences. Expert learners can achieve a complete parsing of incoming auditory information: assign all perceived information into syntactic constituents and establish a precise network of these components. By contrast, lower expertise learners may have difficulty in assigning perceived words into grammatical categories in terms of content words and function words. Field (2008) found that lower ability foreign language learners recognized content words significantly better than function words. This can explain the difficulties that novice students had in parsing in Goh’s (2000) study as function words were more grammatical in nature, while content words carried more semantic information (Vandergrift & Goh, 2012).

6.4.4 Expert-Novice Difference in Terms of Inductive Language Learning Ability
Inductive language learning ability is defined as “the capacity to extract syntactic and morphological patterns from a given corpus of language material and to extrapolate from such patterns to create new sentences” (Dörnyei & Skehan, 2006, p. 592). This ability can be mapped into the utilization stage of language comprehension as at this phase listeners may draw different kinds of inferences to complete the comprehension and make it more personally meaningful (Goh, 2000). It was found that expert listeners could use a wide range of strategies extensively to make inferences as well as vary their listening skills depending on a situation, which was consistent with the unique characteristic of expert learners that they “make use of knowledge about specific listening contexts to form interpretations and give appropriate responses” (Goh, 2005, p. 77). By contrast, the frequency and quality of the use of listening skills like inferencing and contextualization were lower in the case of lower-ability foreign language listeners (Goh, 1998).


6.5 Factors of Element Interactivity in Listening Materials
Foreign language learners’ listening expertise differ in these four perspectives: phonetic coding ability, grammatical sensitivity, rote learning ability, and inductive language learning ability (Carroll, 1981; Skehan, 1998). In addition to the attributes of individual learners, learning material itself can be an important factor influencing language learning outcomes (Robinson, 2001). Corresponding to the four aspects of expertise differences, factors affecting the element interactivity of listening instructional materials can be categorized into four aspects: lexical, grammatical, physical, and thematic. These aspects are structurally interrelated and logically interact.
The lexical factor in the element interactivity of instructional material refers to the word count and ratio of unknown vocabulary to known vocabulary. It corresponds to learners’ phonetic coding ability as Mecartty (2000) claimed that vocabulary size was a reliable indicator of listening comprehension in foreign language speakers. Skehan (1996) and Rost (2002) proposed that vocabulary load (the total number of words) in a text affected learning performance. The more vocabulary a text contains, the more interactions the vocabulary will have. Consequently, learners will simultaneously process these interacting elements to get accurate and efficient comprehension. Brown and Hilferty (1986) reported unfamiliar vocabulary as a factor influencing learners’ perception of text difficulty. The higher the ratio of unknown to known vocabulary, the higher the level of cognitive resources a learner will invest in decoding, parsing, and utilizing the essential information.
According to Graham (2006) and Hasan (2000), complex and difficult grammatical structures of the listening material may be one of the main sources of listening comprehension problem. Complex grammatical structures may make learners unable to map incoming speech on to a grammatical model of the language due to “the inadequacy of the bottom-up processing strategy in which learners make use of the analysis of words and sentence structure to enhance their understanding of the spoken text” (Hasan, 2000, p. 143). Element interactivity in terms of grammatic structures can be assessed by the number of clauses and the length of sentences. A long sentence would need more cognitive resources for learners to retain and process in working memory. A sentence with several clauses embedded is more likely to generate higher levels of cognitive load.
The physical factor affecting the complexity or difficulty of instructional materials refers to the physical properties of the listening material and features of speakers, such as speed of delivery, accent, stress, etc. Underwood (1989) argued that the speed of listening material was one of the main barriers to effective listening comprehension. Similarly, Flowerdew and Miller (1996) identified speed of delivery as one problem that students had in listening to academic lectures. In order to rapidly process the auditory information which exists in real time, learners need to retain and process the information simultaneously in working memory. If the speed of presentation of listening material exceeds a learner’s proficiency, the learner may be unable to retain the auditory information and map it to a grammatical model. Fast speed of presentation of listening material will force learners to decode incoming speech, assign meanings, and generate meaning representation in a short period of time, which increases the number of interacting elements that they must process in a specific unit of time. On the contrary, a relatively slower speed of speech delivery would give learners (especially lower proficiency learners) more time to complete decoding, parsing, and utilization of the listening process, improving their listening comprehension.
The thematic perspective of element interactivity of listening material refers to the amount of previous knowledge that a listener should have as well as the number and depth of inferences that a listener should make in order to demonstrate effective and efficient listening comprehension performance. Listeners use their prior knowledge to make references and to identify the speaker’s intended meaning (Vandergrift, 2007). Hasan (2000) suggested that learners should be taught to infer unknown words from the context and to unlock challenging grammatical structures through a process of inference and self-explanation. Research shows that familiarity with the theme of the listening passage improves foreign language listening comprehension (Chiang & Dunkel, 1992). Learners who have less prior knowledge about the listening content may be unable to relate their schema-based prior knowledge to new information in the speech. Instead, they may use the randomness as genesis principle to make random guesses, resulting in ineffective listening comprehension.

6.6 Chapter Summary
The purpose of this chapter was to review cognitive models of listening comprehension and reading comprehension. It began with an introduction of the design features of human languages, demonstrating that learning a foreign language can be a very cognitively demanding task. The following section discussed the four fundamental types of knowledge that a successful foreign language learner should have: phonological knowledge, semantic knowledge, syntactic knowledge, and pragmatic knowledge. Followed were an introduction of language comprehension from the cognitive perspective and reviews of a cognitive model of listening comprehension as well as a schematic model of the components involved in written information comprehension. The cognitive models of listening comprehension and reading comprehension illustrated the manner of information processing in the human cognitive system. A review of expert-novice differences in listening comprehension followed. The chapter ended with a discussion of factors of element interactivity in listening materials.
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Part IIEmpirical Investigations
In Part II, four experiments, which were designed to investigate the expertise reversal effect in teaching listening skills of English as a foreign language (Experiments 1-3) and in teaching listening skills of French as a foreign language (Experiment 4), are reported.

Chapter 7 presents the research hypotheses and gives an overview of the research design of the four empirical studies.
Chapter 8 reports Experiment 1, which was conducted to investigate the expertise reversal effect in teaching English listening skills to both high expertise and low expertise learners of English as a foreign language.
Chapter 
9 reports Experiment 2, which was carried out to further examine the expertise reversal effect in teaching English listening skills to low expertise learners of English as a foreign language who had learned English for a number of years.
Chapter 10 reports Experiment 3, which was conducted to investigate the expertise reversal effect in teaching English listening skills to middle school students who were regarded as low expertise learners.
Chapter 
11 reports Experiment 4, which was carried out to further examine the expertise reversal effect in teaching French listening skills to low expertise learners of French as a language who had learned French for one or two years.
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7.1 Conceptualization of Hypotheses
According to Anderson’s (2000) three-stage model, language comprehension can be analysed into three stages: decoding, parsing, and utilization. The decoding stage is where “acoustic–phonetic input being matched to the phonological system and vocabulary repertoire of the language being spoken” (Field, 2013, p. 94). Decoding is a challenging task not only because speech is always a continuous acoustic stream with no obvious boundaries between words but also because sound changes and alternations (e.g., coarticulation and elision) make phoneme segmentation more difficult. Parsing, the stage where sentences are segmented into units of meaning by using reader’s syntactic and semantic knowledge, requires “readers process incoming data economically as memory and processing constraints limit the amount of data which can be dealt with at one time” (Day, 1986, p. 87). The segmented information would then be integrated to develop a meaningful representation of the original utterance and be further processed in the utilization stage where listeners use a range of knowledge bases stored in their long-term memory such as contextual knowledge and situational knowledge, to extract the implied meaning rather than merely literal meaning of the original information in order to complete the communicative needs (Goh, 2000). Learners with varied levels of proficiency will use different learning strategies and perform differently in the three stages (Peterson, 2001). Also, learners can have better listening comprehension when they have adequate levels of language aptitude in terms of phonetic coding ability, grammatical sensitivity, rote learning ability, and inductive language learning ability (Carroll, 1981). Foreign language proficiency refers to a learner’s skill in using the foreign language in different tasks while language aptitude or expertise refers to a learner’s internalized knowledge of the foreign language (Ellis, 2008). Research has reported that language aptitude or expertise is strongly correlated with language proficiency (Carroll, 1981; Grigorenko et al., 2000; Kiss & Nikolov, 2005). Even though language aptitude, language expertise, and language proficiency have subtle differences, they were used as synonyms in this book.
As less proficiency foreign language learners generally have not developed sufficient language knowledge in terms of phonology, morphology, and syntax, they might encounter great difficulties when studying listening skills (Goh, 2000; Peterson, 2001). Therefore, novice foreign language learners must hear the language in order to learn to listen as actual hearing a language can familiarise learners with the phonological patterns and acoustic features of the language. It is indisputable that after having been exposed to the target language for a long period of time, some foreign language learners could develop competent listening skills without knowing the spellings of the vocabulary and the rules of the grammar. However, this usually happened in an immersion environment. For second or foreign language learners who were not exposed to an immersion environment, they should develop a considerable degree of the knowledge of spelling and pronunciation to guarantee effective learning. For practical reasons, they may learn to read before they learn to listen so simultaneously reading while learning to listen may provide them with useful information, such as the pairing of sound and form as well as the match between meaning and referent, leading to Hypothesis 1:
Hypothesis 1.  For lower expertise foreign language learners of English/French as a foreign language, learners in the read-and-listen instructions will outperform those in the listen-only or read-only groups in the listening performance test.
In addition, lower expertise learners of English/French as a foreign language in the read-and-listen condition could draw on both the textual and auditory information to comprehend the linguistic input. The information processing would be distributed to the auditory and visual channels. Therefore, learners exposed to the read-and-listen approach to teaching listening skills would experience a lower level of cognitive load. However, as lower expertise learners had not acquired sufficient language knowledge in terms of phonology, morphology, syntax, and pragmatics, those in the read-only teaching condition would have difficulty in generating the phonological representations and tonic features of the printed information. Lower expertise learners of English/French as a foreign language in a listen-only condition could not decode the fleeting information comprehensively as research has reported failure in listening comprehension due to speed rate of listening materials, indicating the transient information effect. Consequently, they could not establish the pairing of form and sound and connections between meaning and referent, which would lead them to rely on the randomness as genesis principle as a means of decoding the instructional information. Lower expertise learners in the read-only and listen-only approaches would spend a significantly large proportion of working memory resources on coping with the instructional manners, leaving them less working memory resources to learn essential information, resulting in Hypothesis 2:
Hypothesis 2.  For lower expertise learners of English/French as a foreign language, learners in the read-and-listen group will experience a lower level of cognitive load than those in the read-only and listen-only groups.
In contrast to lower expertise learners, higher proficiency learners of English/French as a foreign language normally have sufficient linguistic knowledge including phonological rules and conventional mapping between orthography and phonology, and so may not need the additional support for building connections between a word’s pronunciation and its spelling that the read-and-listen approach provides. Teaching higher proficiency learners of English/French as a foreign language listening skills through a read-and-listen approach may generate the redundancy effect. In addition, even though higher expertise learners can retain more stretches of acoustic signals in the phonological loop and process the information before fading, the fleeting nature of the acoustic wave could produce more cognitive load for students in the listen-only teaching situation, which leads to the transient information effect. By contrast, printed words are permanent and accordingly learners can read back and forth to maximize acquisition and learning. Therefore, it is hypothesized that the read-only approach could be more effective for higher expertise learners.
Hypothesis 3.  For higher expertise learners of English/French as a foreign language, learners in the read-only group will outperform those in the listen-only and read-and-listen groups in the listening performance test.
Even though higher expertise learners of English/French as a foreign language could rely on their well-structured schemas of language knowledge to generate either the phonological representations of the textual information in a read-only instructional situation or the morphological representations of the auditory information in a listen-only teaching condition, higher expertise learners of English/French as a foreign language in a listen-only approach would experience a higher level of cognitive load as the auditory information is fleeting and they could not go back and forth to process the auditory information in a system-controlled condition, due to the transient information effect. As higher expertise learners would have both the orthographic and phonological knowledge of a piece of language information stored in their long-term memory, reading a text while listening to the recording of the text would be redundant to each other as both forms of information presentation are difficult to ignore, implying the redundant effect. Accordingly, processing the redundant information would generate an additional cognitive load.
Hypothesis 4 .  For higher expertise learners of English/French as a foreign language, learners in the read-only group will experience a lower level of cognitive load than those in the listen-only and read-and-listen groups.
These four hypotheses reflect an expertise reversal effect (Kalyuga et al., 1998, 2003). Novices require the assistance of written information in order to learn to listen and, of course, must hear the language in order to learn to listen. More expert learners need to practice listening but have already learned the phonological knowledge of the language and can generate the phonological representations of the printed words. They do not need both the spoken and written words simultaneously. As the spoken words are transient when listening, it may be technically difficult for learners to think about particular words or phrases and repeat them. Listening to transient information may not be very effective. In contrast, reading eliminates transiency. If more expert learners pronounce the words and phrases to themselves while reading, both the redundancy and transiency effects may be eliminated resulting in more effective learning.

7.2 Research Design
Four experiments were designed to investigate the expertise reversal effect in teaching English as a foreign language listening skills (Experiments 1–3) and in teaching French as a foreign language listening skills (Experiment 4). An Ethical Approval to conduct the reported research was issued by the Human Research Ethics Advisory Panel B for the Arts, Humanities & Law, the University of New South Wales, Australia in 2014 (Appendix A). These four empirical studies will be reported in Chapters 8–11. The approach of simultaneous listening and reading has been used as a conventional way to teach listening skills of English as a foreign language (Woodall, 2010). The underlying assumption of this approach was that the textual information could complement auditory information in helping learners of English/French as a foreign language (especially lower expertise learners) match spelling and pronunciation, leading to better listening comprehension. On the other hand, asking learners of English/French as a foreign language to listen the auditory materials only was also a common approach adopted by instructors to teach listening skills. However, it is common that instructors of English/French of a foreign language usually delivered their lessons through one approach without differentiating learners’ proficiencies. This one-fit-all teaching approach might not achieve the best instructional outcome as there were discrepancies in terms of listening proficiencies of learners under one instructional format. Moreover, even for an individual learner, his or her expertise level would change after receiving more instructions as, according to the expertise reversal effect, the instructional approach which was effective for novice learners might be ineffective or even counterproductive for expert learners or vice versa (Kalyuga et al., 2003; Sweller et al., 2011). Therefore, it is of great theoretical and pedagogical significances to investigate the expertise reversal effective in teaching listening skills of English/French as a foreign language.
Experiment 1 was conducted to investigate the expertise reversal effect by comparing expert and novice English as a foreign language learners’ listening comprehension performance and the amount of cognitive load that they experienced in three instructional conditions: read-only, listen-only, and read-and-listen. The domain knowledge that the teaching material aimed to deliver was about how to check in at an airport. Research participants in the experiment were categorised into two levels: higher proficiency and lower proficiency, based on their pre-test performance. Then the learners in the higher proficiency group and lower proficiency group were randomly allocated to one of the three instructional groups respectively. The first group were instructed with textual mode with no auditory information—the read-only teaching approach. The second group were presented in auditory mode with no visual text—the listen-only approach. The third experimental group had access to both the visual text and auditory information simultaneously in listening learning—the read-and-listen approach. As for lower expertise learning, the visual text and auditory information were unintelligible in isolation. Therefore, presenting both the visual text and auditory information in the read-and-listen approach would help lower expertise learners in a complementary way to comprehend the instructional materials better. By contrast, higher expertise learners might have enough linguistic knowledge to process either the auditory input or the textual input in isolation. Therefore, presenting these two modalities together in the read-and-listen approach would generate the redundant effect. Instead, teaching listening skills to higher expertise learners of English as a foreign language through read-only could be more effective. The listen-only approach would generate the transient information effect for both the higher expertise and lower expertise learners. It is anticipated that the higher expertise learners in the read-only condition and the lower expertise learners in the read-and-listen condition would experience less amount of cognition loads than their counterparts in other two teaching situations.
Experiment 2 focused on studying the expertise reversal effect by using less complicated instructional material to teach English as a foreign language listening skills to lower expertise undergraduates in three instructional conditions: read-only, listen-only, and read-and-listen. The teaching material was also about how to check in at an airport as is in Experiment 1 but was abridged in order to reduce the level of element interactivity. Only lower expertise learners were recruited for this experiment. The lower expertise learners were randomly allocated to one of the three instructional conditions: read-only, listen-only, and read-and-listen. The read-only group were required to learn the listening skills by reading the material. The listen-only group were presented with the auditory mode with no visual texts. The read-and-listen group had access to both auditory information and the corresponding visual text. As the language proficiency of lower expertise learners was not good enough to comprehend the visual texts and auditory information in isolation, the read-and-listen teaching approach would promote learning efficiency of the lower expertise learners and reduce cognitive loads that they experienced.
On the assumption that lower expertise learners’ years of English learning experience would compensate language incompetency, Experiment 3 used Year 10 high school students as participants to study the expertise reversal effect in teaching English as a foreign language listening skills in three instructional conditions: read-only, listen-only, and read-and-listen. The instructional material of Experiment 3 was about how to check in at an airport but was abridged in order to accommodate the lower expertise level of the participants in Experiment 3. The participants were high school students and they were randomly assigned to one of the three instructional conditions: read-only, listen-only, and read-and-listen. The read-only group were presented in textual mode with no auditory information. The listen-only group were instructed in auditory mode with no textual information. The read-and-listen condition had access to both the visual texts and the auditory information. It was assumed that the auditory information and the visual texts would be unintelligible in isolation for the lower expertise middle school learners. Therefore, it was predicted that participants in the read-and-listen group would have better learning outcome and experience less amount of cognitive load.
Experiment 4 investigated the expertise reversal effect by teaching listening skills of French as a foreign language to lower expertise learners. The teaching material was about how to book a room at the reception desk of a hotel. The participants, who were Year 1 adult learners of French as a foreign language and had learned French for only 1 year, were randomly allocated to one of the three instructional conditions: read-only, listen-only, and read-and-listen. The read-only group were presented in textual mode with no auditory information. The listen-only group had access to the auditory information but not the visual texts. The read-and-listen group were instructed with the simultaneous presentation of the visual texts and auditory information. As the learners of French as a foreign language had only 1 year of French learning experience, their proficiency level were low, which means that they could not comprehend either the visual texts or the auditory information when they were presented separately. It was accordingly hypothesized that the read-and-listen approach would improve the listening learning of the lower expertise learners of French as a foreign language and would reduce the amount of cognitive load that they would experience in their learning.

7.3 Chapter Summary
The chapter presented the conceptualizations of hypotheses of this research study, based on the detailed reviews in previous chapters. Then this chapter discussed the rationales of carrying out the four experiments as well as the research designs.
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Experiment 1 was designed to investigate the expertise reversal effect in teaching listening skills to learners of English as a foreign language. It was predicted that there would be an interaction between learners’ listening expertise and the effectiveness of different listening teaching approaches. Specifically, it was hypothesized that for students with higher listening expertise, the read-only group would have better listening comprehension performance and experience lower levels of cognitive load than the listen-only group due to the transient information effect and the read-and-listen group due to the redundancy effect. On the other hand, for students with lower listening expertise, the read-and-listen group would have better listening comprehension performance and experience lower levels of cognitive load than the read-only and the listen-only groups because the read-and-listen group provides novice students with necessary information to establish the sound-form-meaning pairings. That pattern of results would provide evidence of an expertise reversal effect.
8.1 Method
8.1.1 Participants
There were several procedures of recruiting the research participants. First, letters of invitation were distributed to a pool of Year 2 and Year 3 English-major undergraduates and a pool of Year 1 non-English-major undergraduates at a Chinese university. On the letter of invitation, the potential participants were briefed about the research aims, the research procedures, their rights of participating the experiment, their rights during the experiment, their rights of withdrawing the experiment, and their rights of accessing the research results in the future. Then, the students who agreed to participate were given a piece of consent form and were requested to sign their names on it. By the end of recruitment, the participants with higher listening expertise were 169 Year 2 and Year 3 English-major undergraduates enrolled in eight classes at a Chinese university. The learners with lower listening expertise were 295 Year 1 non-English-major undergraduates recruited from five classes at the same Chinese university. As the prime concern of this experiment is to investigate the expertise reversal effect in teaching English as a foreign language listening skills, the rationale of purposefully selecting students from different cohorts of distinct proficiency levels rather than from cohorts of similar proficiency levels was to maximise and contrast the expertise difference to a larger extent.
Even though the recruitment of the participants was based on the assumption that the expertise levels of Year 2 and Year 3 English-major undergraduates were higher than those Year 1 non-English-major students, it is both important and necessary to confirm that these two cohorts were at different proficiency levels. Therefore, these students took an IELTS listening test as pre-test. The two rationales for adopting IELTS as the listening pre-test construct are that IELTS has been regarded as one of the most reliable English proficiency tests and IELTS has a clear-cut rubric for differentiating test-takers’ proficiency. In IELTS, Band 6 signifies competent listening abilities and Band 5 means modest listening skills. As for the English-major students, only those who scored above Band 6 were invited to participate in the study; as for the non-English-major students, only those who scored between Band 3.5 and Band 5 were recruited to participate in the study. The test material was selected from The Official Cambridge Guide to IELTS for Academic and General Training authored by Cullen, French, and Jakeman (2014). The listening pre-test material had four sections which consisted of a total of 40 questions. Section one had six note completion questions and four sentence completion questions; section two had seven short answer questions and three matching questions; section three had two matching questions, four summary completion questions, and four multiple choice questions; section four had ten note completion questions.
The participants sat the listening comprehension pre-test in a language laboratory equipped with Lenovo desktop computers and Lancoo language learning systems in the university from which they were recruited. After the IELTS test, 92 English-major EFL learners (27 females) who scored above Band 6 and 98 non-English-major EFL learners (29 females) who scored between Band 3.5 and Band 5 were selected to participate in the study. These 92 students with higher listening expertise were randomly assigned into three subgroups: read-only group (32), listen-only group (30), and read-and-listen (30). Similarly, 98 students with lower listening expertise were assigned into three groups: read-only (33), listen-only (33), and read-and-listen (32).

8.1.2 Materials
The instructional material was about how to check-in at an airport, selected from the textbook Survival English: International Communication for Professional People authored by Viney (2004) – see Appendices A, B, and C. There were five phases: three learning phases (vocabulary learning, sentence learning, and passage learning), the cognitive load assessment phase, and the listening comprehension test phase. The participants were required to learn 11 words (e.g. “flight”; “baggage”) and five phrases (e.g. “emergency exit”; “boarding pass”) constituting vocabulary, and five sentences (e.g. “Do you have any baggage to check, Mr. Kramer?”; “Are any of the articles on this list in your carry-on baggage?”). The vocabulary and sentences were central components of the passage to be studied and were paired with the Chinese translations. The passage to be studied (see Appendix C) did not have a Chinese translation. The rationale of including a vocabulary learning phase and arranging it as the first phase was that the successful listening comprehension and learners’ vocabulary size were highly correlated (Montero Perez et al., 2013; Stæhr, 2009). The passage in the learning phase had 189 words and was 80 s in length. The passage in the listening comprehension phase was about the same theme as the passage in the learning phase. The participants in the three groups had exactly the same length of time to complete each learning phase (90 s each), respond to the cognitive load questionnaire (4 min), and take the listening comprehension test (20 min). The materials in the three learning phases were not only printed on individual A4 sheets but also recorded in mp3 files. The instrument for rating cognitive load was adapted from the questionnaires developed by Leppink et al. (2013). The testing material, which was about the same topic and had similar vocabularies as the learning materials, was downloaded from an English learning website (http://​maryglasgowplus.​com/​teacher_​resources/​16194). The instructions for the listening test phase were: “Please summarize the main ideas of the listening material in Chinese by providing as much detailed information as possible. You have 20 min to answer this question. Please write NO LESS THAN 120 words.” The audio file of the testing material was 90 s in length and had 248 words. The testing material and the instrument for rating cognitive load were identical across the three groups.

8.1.3 Procedures
Experiment 1 was administered in the same language laboratory where the pre-test was administered. The language laboratory was equipped with Lenovo desktop computers and Lancoo language learning systems. The three groups underwent the experiment in the same language laboratory but in separate sessions. The participants sat at separate desks with one meter distance from each other in order to prevent cooperation in their learning and testing, as a way to control variables in randomized, controlled empirical studies. In the three learning phases, the participants in the read-only group were provided with written materials only, those students in the listen-only group learned the materials by listening to the recording only, and the learners in the read-and-listen group studied the materials by both reading and listening the recordings concurrently. After the learning phase, the participants were asked to respond to the Cognitive Load Rating Questionnaire (see Appendix D) which was to gauge the levels of their cognitive load during their learning. The experiment ended with a listening comprehension test in which all the participants in the three groups listened to a recording and summarized the main ideas in Chinese. Participants could demonstrate their comprehension of the listening material through translating the key information literally or providing a summary.

8.1.4 Scoring
The marking of the listening comprehension test papers was guided by a marking scheme (Appendix E). According to the scheme, the listening material was divided into seven sections and had 30 units of essential information, each of which worth two marks. A correct answer will be awarded two marks; a partially correct answer one mark; a wrong answer no mark. Accordingly, the highest mark that a participant could achieve in the listening comprehension test was 60. The reliability of the marking was achieved by inter-rater marking involving two raters. One rater was the researcher and the other rater was a lecturer of English as a foreign language from the university where the experiment was conducted. The two markers first read and discussed the marking scheme in order to have uniform understanding of the marking criteria. Then the raters independently marked a sample test paper by strictly complying with the marking scheme. The raters discussed their marking in order to resolve the discrepancies in their application of the scheme in sample marking. They acknowledged that the participants might have many acceptable ways of expressing their comprehension of the main ideas. The overarching marking criterion was whether the answer explicitly contained the main meaning of the major idea. Acceptable alternatives would be agreed at the standardised answer indicated in the marking scheme, but the two markers were ready to accept other versions that accurately rendered the meaning into Chinese. Then the marking of the listening comprehension test papers was carried out by the two markers independently. The inter-rater reliability was calculated by running Pearson intra-class correlation coefficient (ICC). A high degree of reliability was found between the ratings of two raters. The average ICC measure was 0.969.


8.2 Results and Discussion
8.2.1 Results
Experimental design. A 3 × 2 independent group factorial experimental design was used to compare the effectiveness of three listening instructional methods (read-only, listen-only, and read-and-listen) for learners with two levels of expertise (higher listening expertise and lower listening expertise) using the listening comprehension test score, subjective rating of cognitive load (intrinsic and extraneous), and instructional efficiency as three dependent variables. Analysis of variances (ANOVA) was used to analyse the data collected.
Means and standard deviations of the listening comprehension scores and the subjective ratings of cognitive load for the six groups in the three instructional conditions can be found in Table 8.1. With the three instructional groups (n = 65 for read-only group, n = 63 for listen-only group, and n = 62 for read-and-listen group), analysis of variance indicated a highly non-significant difference for the pre-test scores, F (2, 187) = 1.21, MSe = 0.30 (M = 5.09, SD = 1.48 for the read-only group; M = 5.20, SD = 1.40 for the listen-only group; and M = 5.18, SD = 1.35 for the read-and-listen group). Therefore, the three groups of participants could be regarded as at the same levels of listening expertise and the result differences among groups should reflect the effect of the treatment condition.Table 8.1Means and standard deviations for the listening performance scores, the subjective ratings of cognitive load, and the instructional efficiencies for different instructional groups and levels of learner listening expertise in Experiment 1


	Expertise
	Lower
	Higher

	Group
	Read
n = 33
	Listen
n = 33
	Read + Listen
n = 32
	Read
n = 32
	Listen
n = 30
	Read + Listen
n = 30

	Score

	M
(SD)
	6.56
(3.35)
	5.42
(4.00)
	7.27
(4.51)
	22.19
(6.01)
	16.85
(9.20)
	19.14
(7.46)

	Intrinsic

	M
(SD)
	2.53
(2.11)
	3.47
(2.05)
	3.02
(2.28)
	1.70
(1.32)
	1.95
(1.79)
	1.39
(1.41)

	Extraneous

	M
(SD)
	3.40
(1.98)
	3.80
(1.73)
	4.60
(2.13)
	3.20
(2.18)
	3.92
(2.13)
	3.90
(2.25)

	Efficiency

	M
(SD)
	- 0.36
(0.78)
	- 0.58
(0.67)
	- 0.70
(0.77)
	0.98
(0.98)
	0.31
(1.17)
	0.42
(0.96)


Note The maximum test score was 60, the maximum subjective rating scores for the intrinsic and extraneous cognitive load were 10, and the instructional efficiency ranges from -1 to 1
Read stands for the read-only group, Listen stands for the listen-only group, and Read + Listen stands for the read-and-listen group



Listening comprehension performance results. Two-way ANOVAs indicated main effects for instructional conditions, F (2, 187) = 5.06, MSe = 33.09, p < 0.01, ηр2 = 0.05. There was a main effect for listening expertise, F (1, 188) = 229.43, MSe = 33.09, p < 0.01, ηр2 = 0.55. A significant interaction between the instructional approaches and levels of learner listening expertise was found, F (2, 187) = 3.25, MSe = 33.09, p < 0.05, ηр2 = 0.03. A significant simple effect was found for learners with higher levels of listening expertise, F (2, 184) = 7.30, MSe = 33.09, p < 0.01, ηр2 = 0.07. Following this significant effect, a Tukey HSD post-hoc test indicated the read-only group significantly outperformed the listen-only group (p < 0.01) but no significant difference was found between the read-only group and the read-and-listen group as well as between the listen-only group and the read-and-listen group. For learners with lower listening expertise, no significant simple effect was found, F (2, 184) = 0.85, MSe = 33.09.
Ratings of cognitive load. The two-factor cognitive load rating questionnaire (Appendix D), adapted from Leppink et al. (2013), had four items on intrinsic cognitive load and three items on extraneous cognitive load. Two-way ANOVAs indicated no significant main effects of instructional approaches for measures of intrinsic cognitive load, F (2, 187) = 1.87, MSe = 3.49. There was a significant main effect of listening expertise for measures of intrinsic cognitive load, F (1, 188) = 23.97, MSe = 3.49, p < 0.01, ηр2 = 0.12. There was no significant interaction between the levels of listening expertise and instructional conditions for measures of intrinsic cognitive load, F (2, 187) = 0.85, MSe = 3.49. Two-way ANOVAs showed a significant main effect of listening instructional approaches for measures of extraneous cognitive load, F (2, 187) = 3.29, MSe = 4.41, p < 0.05, ηр2 = 0.03. Post hoc comparisons by using Tukey HSD revealed that the participants in the read-only group experienced significantly lower level of extraneous cognitive load than the participants in the read-and-listen group, p < 0.05. However, no significant differences in extraneous cognitive load were found between the read-only group and the listen-only group as well as between the read-and-listen group and the listen-only group. There was no significant main effect of listening expertise for measures of extraneous cognitive load, F (1, 188) = 0.74, MSe = 4.41. No significant interaction between the levels of listening expertise and instructional conditions for measures of extraneous cognitive load was found, F (2, 187) = 0.61, MSe = 4.41.
Instructional efficiency results. Two-way ANOVAs indicated a main effect of listening teaching approaches for instructional efficiency, F (2, 187) = 5.38, MSe = 0.81, p < 0.01, ηр2 = 0.06. According to Tukey HSD post-hoc test, the read-only group had a significantly higher efficiency than the listen-only group (p < 0.01). However, no significant differences were found between the read-only group and the read-and-listen group as well as between the read-and-listen group and the listen-only group. A main effect of listening expertise for instructional efficiency was found, F (1, 188) = 73.14, MSe = 0.81, p < 0.01, ηр2 = 0.28. However, there was no significant interaction between the levels of listening expertise and teaching approaches for instructional efficiency, F (2, 187) = 1.01, MSe = 0.81.

8.2.2 Discussion
Experiment 1 was conducted to test the four hypotheses: higher expertise learners of English as a foreign language in the read-only group would have better listening comprehension performance and experience less amounts of cognitive load than higher expertise learners of English as a foreign language in the listen-only or the read-and-listen groups; lower expertise learners of English as a foreign language in the read-and-listen group would have better listening comprehension performance and experience less levels of cognitive load than lower expertise English as a foreign language learners in the read-only or listen-only groups. Specifically, it investigated the effect of three different instructional formats (read-only, listen-only, and read-and-listen) on the listening performance, ratings of cognitive load (intrinsic and extraneous), and instructional efficiency of learners with two different levels of expertise (novice and expert learners), as assessed by an IELTS listening test prior to the learning phases of the experiment.
The results indicated that there was an interaction between the levels of expertise and the effectiveness of instructional approaches to teaching foreign language skills. Although it was hypothesized that listening performance of expert learners in the read-only group would be better than those of expert learners in the listen-only and read-and-listen groups, a significant difference was found only between the read-only and listen-only group. This finding is in line with Moussa-Inaty et al. (2012), who found that the listening skills of some categories of learners could be developed more effectively by reading than by listening. A plausible reason for the superiority of reading in teaching listening skills is that expert listeners who had phonological knowledge could rehearse the pronunciation of the materials building their linguistic knowledge (Moussa-Inaty et al., 2012). The lower scores of the listen-only instructional approaches can be attributed to the transient information effect.
However, the results did not support the hypothesis that lower expertise learners of English as a foreign language who were taught listening skills through the read-and-listen approach could perform significantly better than the lower expertise learners of English as a foreign language in the read-only and listen-only approaches. A floor effect may have occurred in the case of the lower expertise learners. The read-only group, the listen-only group, and the read-and-listen group scored 6.56, 5.42, and 7.27 out of 60 respectively in the listening comprehension test. Chang et al. (2019) reported that college-level EFL learners in read-only conditions had significantly lower performance in terms of listening fluency. It should be pointed that the post-test in their study concerned primarily about fluency rather than comprehension. The findings that both high-expertise and lower-expertise students in the listen-only condition performed less well than the students in the other instructional conditions were consistent with Hsieh and Huang (2020) who found that audio-only teaching format was not enough to improve lower proficient students’ listening performance.
The results did not support the hypothesis that higher expertise learners in the read-only teaching approach would experience lower levels of cognitive load than the higher expertise learners in the read-and-listen and listen-only conditions. In addition, the lower expertise learners in the read-and-listen teaching condition did not experience lower levels of cognitive load than the lower expertise learners in the read-only and listen-only conditions. It was found that the participants provided with read-only instructions experienced significantly lower levels of extraneous cognitive load than the participants in the read-and-listen condition.


8.3 Chapter Summary
The chapter investigated the expertise reversal effect in teaching listening skills of English as a foreign language to both high expertise and low expertise learners of English as a foreign language. It was found that both high expertise and lower expertise learners in the read-only instructional condition had better listening comprehension performances and experienced lower levels of cognitive load than those participants in the listen-only or read-and-listen instructional conditions. The findings were discussed within the framework of cognitive load theory and foreign language learning theories.

Appendices: Instructional and Test Materials for Experiment 1

Appendix A: Phase I: Learning Vocabulary
	flight
	航班

	baggage
	行李

	check
	检票

	pack
	整理

	article
	物品

	tag
	贴标签

	aisle
	通道

	legroom
	(座椅的) 腿部空间

	depart
	离开，起飞

	board
	登机

	transfer
	转机

	emergency exit
	紧急出口

	boarding pass
	登机牌

	seat preference
	座位偏好

	seat assignment
	座位安排

	connecting flight
	转机航班





Appendix B: Phase II: Learning sentence
	Do you have any baggage to check, Mr. Kramer?
克莱默先生，您有行李需要检查（办理托运吗）？

	Are any of the articles on this list in your carry-on baggage?
您的登机行李中包含清单上所列物品吗？

	Would you like me to tag these bags through to Aspen?
请问您是否需要我把您的行李贴上标签直接运到阿斯彭？

	Then you won’t have to pick them up in Denver
那样的话，您就不必在丹佛再取这些行李了。

	Please report to the Transfer desk in Denver for a seat assignment on your connecting flight
请到丹佛转机柜台为您的转机航班安排座位。





Appendix C: Phase III: Learning passage
Flight UA 755
(Jeff Kramer is flying to Denver. He’s in front of the check-in desk at the airport now.)	Attendant:
	Your ticket, please, Sir

	Jeff:
	There you go

	Attendant:
	Flight UA 755 to Denver, then you’re going on to Aspen, on flight RM002?

	Jeff:
	That’s right

	Attendant:
	Do you have any baggage to check, Mr. Kramer?

	Jeff:
	Yes, I do. Just two pieces

	Attendant:
	And did you pack them yourself, Mr. Kramer?

	Jeff:
	Yes, I did

	Attendant:
	And have they been with you at all times?

	Jeff:
	Yes, they have

	Attendant:
	Has anyone given you anything to take on the flight?

	Jeff:
	No, they haven’t

	Attendant:
	Are any of the articles on this list in your carry-on baggage?

	Jeff:
	Um… No

	Attendant:
	Would you like me to tag these bags through to Aspen? Then you won’t have to pick them up in Denver

	Jeff:
	That would be great. Thanks

	Attendant:
	Do you have a seating preference, Mr. Kramer?

	Jeff:
	An aisle seat. Extra legroom, if possible

	Attendant:
	Yes, I have a seat, next to the emergency exit. So that’s Flight UA755 to Denver, departing at 5:30 p.m., boarding at Gate Number 2. Report to the gate 20 min before departure. Here’s your boarding pass. Please report to the Transfer Desk in Denver for a seat assignment on your connecting flight

	Jeff:
	Thank you

	Attendant
	You’re welcome. Have a good flight






Appendix D: Phase IV: Subjective rating of cognitive load
Here is a seven-item questionnaire for the measurement of intrinsic cognitive load (Items 1, 2, 3, and 4) and extraneous cognitive load (Items 5, 6, and 7).
All of the following questions refer to the teaching activity that just finished. Please respond to each of the questions on the following scale (0 meaning not at all the case and 10 meaning completely the case).	No
	Question
	Scale

	1.
	The topic/topics covered in the activity was/were very complex
	0 1 2 3 4 5 6 7 8 9 10

	2.
	The activity covered vocabulary learning that I perceived as very complex
	0 1 2 3 4 5 6 7 8 9 10

	3.
	The activity covered sentence learning that I perceived as very complex
	0 1 2 3 4 5 6 7 8 9 10

	4.
	The activity covered passage learning that I perceived as very complex
	0 1 2 3 4 5 6 7 8 9 10

	5.
	The instructions and/or explanations were, in terms of learning, very ineffective
	0 1 2 3 4 5 6 7 8 9 10

	6.
	The activity really enhanced my understanding of the topic(s) covered
	0 1 2 3 4 5 6 7 8 9 10

	7.
	The activity really improved my listening comprehension of the topic(s) covered
	0 1 2 3 4 5 6 7 8 9 10





Appendix E: The Marking Scheme for Experiment 1
This mark scheme was developed as an aid to the raters and researchers, to indicate the requirements of the listening examination in Experiment 1. The approach adopted in designing this marking scheme can be considered as communicative/functionalist in the very broad sense of the term whilst also retaining an emphasis on accuracy. It shows the basis on which marks will be awarded by the raters. The raters will be instructed that alternative answers and unexpected approaches in candidates’ answer should be given marks that fairly reflect the relevant knowledge and skills demonstrated.
Annotations used in the detailed Mark Scheme.	Annotation
	Meaning

	Single underline
	Correct answer

	Single squiggly line
	Partially correct answer

	?
	Handwriting illegible

	//
	Boundaries between sections




评分细则
这份评分细则的制定旨在帮助研究者和研究参与者了解研究中听力测试的具体要求。制定的核心理论依据是交际主义或者功能主义，既强调交际功能也强调准确性。这个评分细则是研究者评分的依据。研究者和评分人员应该被告之其它可接受的答案以及对一些无法预计的答案有所准备。评分的目的是正确衡量学生的相关知识水平以及所展示听力技巧能力。
Annotations used in the detailed Mark Scheme	标注符号
	含义

	一条下划直线
	正确答案

	一条下划曲线
	部分正确答案

	?
	无法识别的字迹

	//
	意群部分之间的界限




Mark scheme—English version	Section
	Answer
	Mark
	Guidance

	1.
	A lady was going to take her flight. The check-in clerk was arranging her flight-taking. First, he asked the lady to show her ticket and passport1. Then he asked whether she just had one suitcase2. The lady admitted that she had one suitcase3 but added that she also had two pieces of hand luggage4
	8
	The listening material can be divided into seven sections and have 30 units of essential information, each of which worth two marks. Correct answer will be awarded two marks; partially correct answer one mark; wrong answer no mark. The bold and underlined words or phrases in the left column signify the units of key information. Please write the mark awarded for each unit of essential information in the right-hand margin
Participants can demonstrate their comprehension of the listening material through translating the key information literally or providing a summary. There are many acceptable ways of expressing their comprehension of the main ideas. The marking criterion is whether the answer explicitly contains the main meaning of the major idea. Acceptable alternatives will be agreed at the standardised answer indicated in the left column, but examiners should be ready to accept other versions that accurately render the meaning into Chinese
The standardised answer given in the left hand column is an indicative answer, and not the only possible way of expression the meaning of the listening passage

	2.
	Then the clerk requested the lady to lift the suitcase on the scales5 and enquired that whether she packed the suitcase by herself6. The lady answered yes7
	6

	3.
	The clerk asked whether there were electronic8 or flammable items in the suitcase9. The lady said no10 and added that she carried the Walkman, razor, and mobile phone with her11
	8

	4.
	After asking the lady to read a list12, the clerk then asked whether there were items indicated on the list in her hand luggage13. The lady said no14 and added that she put her scissors in the suitcase15
	8

	5.
	The clerk proceeded to ask whether the lady had left her suitcase unattended16 since it was packed17. The lady said no18
	6

	6.
	Then the clerk asked whether the lady would like to take a window seat19 or an aisle seat20. The lady said that she would prefer a window seat21
	6

	7.
	Finally, the clerk issued the boarding pass22 with seat number23 printed on it and told the lady that she should board the plane at Gate 2524. Then he continued to tell the lady that she could wait in the departure lounge25 after she passed the security desk and passport control desk26. He also suggested the lady to have a look at the shops while she was waiting for the flight27. He then reminded the lady to pay special attention to the screen28 to find out the time for boarding29. In the end, the check-in clerk wished the lady a good flight30. In return, the lady thanked the man for his service and kind wishes
	18




Marking scheme—Chinese version 评分细则	部分
	答案
	分数
	评分指导

	1.
	一名女乘客在机场准备乘飞机，机场值机员为她办理乘机手续。首先值机员要求乘客出示机票和护照1，并且询问她是否只有一件托运行李2。乘客回答是的（只有一件托运行李）3，还有两件手提行李 4。
	8
	听力材料根据意群可以分为7部分，共30个关键信息点，每个信息点2分。正确答案值两分，部分正确答案值一分，错误答案零分。左侧栏目中黑体下划线的短语词语句子代表重要信息。请在答案右侧相应空白处标处分数。
学生可以通过翻译或者概括总结的方式表示他们对听力材料的理解。可能会有不同的表达方式，评分的主要依据就是答案中是否清楚表达主要信息点。判定合格的答案应该以左侧栏目中列出的参考答案为依据。评分教师应该根据用汉语表达对听力材料的理解程度的准确性给予适当分数。
左侧栏目中所列的是参考答案，并不是表示对听力材料理解的唯一方式。

	2.
	然后值机员要求乘客将托运行李放到称重仪上 5，并且询问是否是乘客本人亲自打包的行李 6。乘客回答是的 7。
	6

	3.
	值机员接着问托运行李里是否有电子产品 8或者易燃品 9。乘客回答没有 10，她的随身听录音机，剃刀，还有手机都随身携带 11。
	8

	4.
	值机员然后请乘客阅读一张列表 12，询问乘客手提行李中是否有列表上的物品 13。乘客回答没有14，她的剪刀放在托运行李中 15。
	8

	5.
	值机员继而问乘客是否在行李打包后 16 将行李放到自己无法照看的地方 17。乘客回答没有 18。
	6

	6.
	值机员又问乘客想要临窗的座位 19 还是靠通道的座位 20。乘客回答她希望得到一个靠窗的座位 21。
	6

	7.
	最后，值机员给乘客签发了登机牌22，乘客座位号23显示在登机牌上，提醒乘客所乘航班将在25号登机口登机24。并告知乘客可以通过安检处和护照管理处25，在出发大厅候机26，或者可以在候机时在商店浏览一下27。同时提醒乘客关注航班信息显示屏28以确认航班开始登机时间29，并祝旅途愉快30。乘客表达感谢。
	18
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The findings of Experiment 1 supported the hypothesis that the read-only listening teaching approach would benefit the higher expertise learners more than the listen-only teaching approach. It was also found that there is an interaction between the level of learners’ expertise and the effectiveness of the English as a foreign language listening teaching approaches. However, the results of Experiment 1 did not support the hypothesis that the read-and-listen teaching approach would benefit the lower expertise learners more than the read-only approach and the listen-only approach, possibly due to a floor effect for the less expert learners.
One plausible explanation of the observed performance of lower-expertise students in Experiment 1 is that the listening materials were too lengthy and difficult for them as, in accordance with the transient information effect, the length of the listening materials would contribute to the working memory load, thus hindering listening comprehension (Tsui & Fullilove, 1998). It was assumed that abridging the listening materials for Experiment 2 by eliminating some units of information without affecting the genre and coherence would make the material less complicated, reduce less knowledgeable learners’ cognitive load, and facilitate language acquisition, allowing differences to be manifested.
9.1 Method
9.1.1 Participants
The recruitment of research participants followed the identical procedures as Experiment 1. Ninety-six Year 1 non-English major undergraduate students (40 females) from three classes at a Chinese university agreed to participate in this experiment. The participants were 20.5 years old and had 7 years’ experience of formal and intensive English learning at the time of the experiment. The students were randomly assigned to read-only group (n = 32), listen-only group (n = 32), and read-and-listen group (n = 32). Even though these learners were assumed to be lower expertise learners, an IELTS listening comprehension test was given to assess their actual listening competency. A one-way ANOVA showed a highly non-significant difference between groups means of the pre-test scores, F (2, 93) = 0.332, MSe = 0.198 (M = 4.09, SD = 0.78 for the read-only group; M = 4.16, SD = 0.72 for the listen-only group; and M = 4.25, SD = 0.81 for the read-and-listen group). Therefore, the three groups of participants were at the same level of listening expertise, and the result differences among groups should reflect the effect of the treatment condition.

9.1.2 Materials
Given that the lengthy instructional material in Experiment 1 imposed high levels of cognitive load on lower expertise learners, the materials used in Experiment 2 were adapted from Experiment 1 by omitting relatively independent clusters targeting some aspects of check-in procedures in order to make the discourse structures less complicated and the passage shorter (see Appendix C). The instructional materials in Experiment 2 were also about how to check-in at an airport, selected from the textbook Survival English: International Communication for Professional People authored by Viney (2004). The materials of Experiment 2 were organised and presented in a similar manner to those of Experiment 1 except for some adaptions made to the instrument of subjective rating of cognitive load. The subjective rating of cognitive load questionnaire (Appendix D) had eight items, with the first four items measuring intrinsic cognitive load and the last four items measuring extraneous cognitive load. Reliability using Cronbach’s alpha was 0.78. The listening testing material was about the same topic and had similar vocabularies as the learning materials. The instructions for the listening test phase were: “Please summarize the main ideas of the listening material in Chinese by providing as much detailed information as possible. You have 20 min to answer this question. Please write NO LESS THAN 120 words”.

9.1.3 Procedures
There were the same five phases as in Experiment 1: three learning phases (vocabulary learning, sentence learning, and passage learning), a cognitive load assessment phase, and a listening comprehension test phase (see Appendices A, B, and C). In the vocabulary learning phase, the participants were required to learn 13 words and four phrases constituting vocabulary in two and a half minutes. For the sentence learning phase, the participants were asked to learn seventeen sentences in 3 min and 40 s. The words and sentences, paired with Chinese translations, were the essential components of the learning passage which took 75 s. The passage in the listening comprehension phase was about the same theme as the passage in the learning phase but did not have a Chinese translation. The passage had 135 words and was 76 s long.
Participants in the three instructional groups had exactly the same length of time to complete each learning phase. Then, they were asked to respond to the cognitive load questionnaire in 4 min, and to take the listening comprehension test in 20 min respectively. The materials in the three learning phases were not only printed on individual A4 sheets but also recorded in mp3 files. The instrument for rating cognitive load and the testing material were identical across the three groups.

9.1.4 Scoring
A marking scheme was used to guide the marking of the listening comprehension test papers (see Appendix E). According to the scheme, the listening material was divided into seven sections and had 15 units of essential information, each of which worth two marks. A correct answer was awarded two marks; a partially correct answer one mark; a wrong answer no mark. Accordingly, the highest mark that a participant could achieve in the listening comprehension test was 30. The reliability of the marking was achieved by inter-rater marking in the same manner as Experiment 1. Using a Pearson intra-class correlation coefficient, a high degree of reliability was found between the ratings of two raters. The average ICC measure was 0.964.


9.2 Results and Discussion
9.2.1 Results
Means and standard deviations of the listening comprehension scores, the subjective ratings of cognitive load, and instructional efficiency for the three instructional conditions can be found in Table 9.1.Table 9.1Means and standard deviations for the listening performance scores, the subjective ratings of cognitive load, and and the instructional efficiencies for different instructional groups in Experiment 2


	Group
	Read-only (n = 32)
M (SD)
	Listen-only (n = 32)
M (SD)
	Read-and-Listen (n = 32)
M (SD)

	Score
	11.31 (4.44)
	9.34 (4.24)
	8.80 (3.87)

	Intrinsic
	1.54 (1.44)
	1.78 (1.42)
	2.23 (1.93)

	Extraneous
	2.43 (2.06)
	2.51 (1.65)
	2.43 (1.68)

	Efficiency
	0.39 (0.94)
	- 0.20 (1.14)
	- 0.37 (1.07)


Note The maximum test score was 30, the maximum subjective rating scores for the intrinsic cognitive load and the extraneous cognitive load were both 10, and the instructional efficiency ranges from -1 to 1




Listening comprehension performance results. A one-way ANOVA was conducted to compare the effect of different instructional approaches on the listening learning outcomes in three teaching conditions. It showed significant differences in terms of listening comprehension performance across the three groups, F (2, 93) = 3.19, MSe = 56.02, p < 0.05, ηр2 = 0.06. Post hoc comparisons by using Tukey HSD revealed that the participants in the read-only group significantly outperformed their counterparts in the read-and-listen group, p < 0.05. However, no significant differences in listening performance were found between the read-only group and the listen-only group as well as between the listen-only group and the read-and-listen group.
Ratings of cognitive load and instructional efficiency results. One-way ANOVAs showed no significant differences in terms of intrinsic cognitive load and extraneous cognitive load. A one-way ANOVA revealed significant differences in the learning efficiency across the three groups, F (2, 93) = 3.19, MSe = 56.02, p < 0.05, ηр2 = 0.06. Post hoc comparisons by using Tukey HSD test showed that the participants in the read-only group had significantly higher efficiency than their counterparts in the read-and-listen group, p < 0.05. However, no significant differences were found between the read-only group and the listen-only group as well as between the read-and-listen group and the listen-only group.

9.2.2 Discussion
Experiment 2 was designed to test the hypothesis that a read-and-listen approach to listening teaching could be more beneficial for lower expertise undergraduate learners than read-only and listen-only approaches. However, the hypothesis was not supported as the read-only approach was superior to the read-and-listen approach and no significantly different to the listen-only approach. Even though the undergraduate students in Experiment 2 were categorized as lower expertise learners, they had 7 years’ experience of formal and intensive English learning. Therefore, they could have acquired a basic knowledge of English phonology and of the pairing between pronunciation and spelling. In addition, as the morphemic and syntactic complexity of the learning materials had been reduced, these lower expertise learners were more capable of dealing with the intrinsic cognitive load imposed by the instructional material, compared with their counterparts in Experiment 1. When the participants in the read-only group read the textual information, they could automatically activate the orthographic units and phonological units in their long-term memory and simultaneously complete matching between these units. Furthermore, as the textual information was permanent, the learners in the read-only group could perceive the syntactic structures and generic information better than their counterparts in the read-and-listen and listen-only groups. In the following listening test, the participants in the read-only group could engage in a top-down listening process, which means they could use syntactic and general knowledge to help them comprehend the meaning of the passage. By contrast, because of the transient nature of auditory information and the immediate demand of generating words and textual representations, the participants in the listen-only group could not effectively perceive meaning and comprehend the auditory discourse while those in the read-and-listen group were presented the same information in a redundant format. In general, reading appeared to be a more effective and efficient approach in terms of information processing.


9.3 Chapter Summary
The chapter investigated the expertise reversal effect in teaching listening skills of English as a foreign language to college undergraduates. The empirical study reported in this chapter replicated the research design of Experiment 1 but recruited only lower expertise learners as research participants as well as used the abridged instructional materials to lower the element interactivity as a way to reduce intrinsic cognitive load. Counterintuitive results were found in that the learners who had learned English as foreign language for years improved their listening skills in the read-only condition more effectively than the listen-only and read-and-listen conditions. Even though these participants were regarded as low expertise learners, their years of continuous formal English learning had equipped them with sufficient phonological, morphological, and syntactic knowledge. The chapter discussed the research findings within the framework of cognitive load theory and foreign language learning theories.

Appendices: Instructional and Test Materials for Experiment 2

Appendix A: Phase I: Learning Vocabulary

	flight
	航班

	ticket
	机票

	Denver
	美国丹佛市

	baggage
	行李

	check
	检票

	piece
	行李件数

	pack
	整理

	article
	物品

	carry-on baggage
	随身携带行李

	seating preference
	座位偏好

	aisle
	通道，过道

	emergency exit
	紧急出口

	depart
	离开，起飞

	board
	登机

	report
	报到，报告

	boarding pass
	登机牌

	departure
	起飞，离开






Appendix B: Phase II: Learning sentence

	Your ticket please, Sir?
先生，请出示您的机票。

	There you go!
给您。

	Flight UA 755 to Denver
去往丹佛市的UA 755航班。

	Do you have any baggage to check, Mr. Kramer?
克莱默先生，您有行李需要检查（办理托运吗）？

	Yes, I do. Just two pieces
是的，我有，就两件行李。

	And did you pack them yourself, Mr. Kramer?
克莱默先生，是您自己整理打包的行李吗？

	Have they been with you at all times?
这些行李一直在您身边吗？

	Have anyone given you anything to take on the flight?
有人让您带东西到航班上吗？

	Are any of the articles on this list in your carry-on baggage?
您随身携带行李中有这张单子上列的物品吗？

	Do you have a seating preference, Mr. Kramer?
克莱默先生，您有座位偏好吗？（您喜欢坐什么样的座位？）

	An aisle seat
靠窗的座位。

	Yes, I have a seat next to the emergency exit
好的，我这有一个靠近紧急出口的座位。

	Departing at five thirty pm
飞机在五点半钟起飞。

	Boarding at Gate Number two
请在二号登机口登记。

	Report to the gate 20 min before departure
请在起飞二十分钟前抵达登机口汇报登记。

	Here is your boarding pass
这是您的登机牌。

	Have a good flight!
祝您旅途愉快！






Appendix C: Phase III: Learning Passage
Flight UA 755
(Jeff Kramer is Flying to Denver. He’s in Front of the Check-In Desk at the Airport Now.)	Attendant:
	Your ticket, please, Sir

	Jeff:
	There you go

	Attendant:
	Flight UA 755 to Denver

	Jeff:
	That’s right

	Attendant:
	Do you have any baggage to check, Mr. Kramer?

	Jeff:
	Yes, I do. Just two pieces

	Attendant:
	And did you pack them yourself, Mr. Kramer?

	Jeff:
	Yes, I did

	Attendant:
	And have they been with you at all times?

	Jeff:
	Yes, they have

	Attendant:
	Has anyone given you anything to take on the flight?

	Jeff:
	No, they haven’t

	Attendant:
	Are any of the articles on this list in your carry-on baggage?

	Jeff:
	Um… No

	Attendant:
	Do you have a seating preference, Mr. Kramer?

	Jeff:
	An aisle seat

	Attendant:
	Yes, I have a seat, next to the emergency exit. So that’s Flight UA755 to Denver, departing at 5:30 p.m., boarding at Gate Number 2. Report to the gate 20 min before departure. Here’s your boarding pass

	Jeff:
	Thank you

	Attendant
	You’re welcome. Have a good flight







Appendix D: Phase IV: Subjective rating of cognitive load
Here is an eight-item questionnaire for the measurement of intrinsic cognitive load (Items 1, 2, 3, and 4) and extraneous cognitive load (Items 5, 6, 7, and 8).
All of the following questions refer to the teaching activity that just finished. Please respond to each of the questions on the following scale (0 meaning not at all the case and 10 meaning completely the case).	No
	Question
	Scale

	①
	The topic/topics covered in the activity was/were very complex
	0 1 2 3 4 5 6 7 8 9 10

	②
	The activity covered vocabulary learning that I perceived as very complex
	0 1 2 3 4 5 6 7 8 9 10

	③
	The activity covered sentence learning that I perceived as very complex
	0 1 2 3 4 5 6 7 8 9 10

	④
	The activity covered passage learning that I perceived as very complex
	0 1 2 3 4 5 6 7 8 9 10

	⑤
	The instructions and/or explanations were, in terms of learning, very ineffective
	0 1 2 3 4 5 6 7 8 9 10

	⑥
	The instructions and/or explanations on vocabulary learning during the activity were very unclear
	0 1 2 3 4 5 6 7 8 9 10

	⑦
	The instructions and/or explanations on sentence learning during the activity were very unclear
	0 1 2 3 4 5 6 7 8 9 10

	⑧
	The instructions and/or explanations on passage learning during the activity were very unclear
	0 1 2 3 4 5 6 7 8 9 10






Appendix E: Marking Scheme (English version) for Experiment 2

	Section
	Answer
	Mark
	Guidance

	1
	A lady was going to take her flight. The check-in clerk was arranging her flight-taking. First, he asked the lady to show her ticket and passport1. Then he asked whether she just had one suitcase2. The lady said yes (one suitcase) but added that she also had two pieces of hand luggage3
	6
	The listening material can be divided into seven sections and have 15 units of essential information, each of which worth two marks. Correct answer will be awarded two marks; partially correct answer one mark; wrong answer no mark. The bold and underlined words or phrases in the left column signify the units of key information. Please write the mark awarded for each unit of essential information in the right-hand margin
Participants can demonstrate their comprehension of the listening material through translating the key information literally or providing a summary. There are many acceptable ways of expressing their comprehension of the main ideas. The marking criterion is whether the answer explicitly contains the main meaning of the major idea. Acceptable alternatives will be agreed at the standardised answer indicated in the left column, but examiners should be ready to accept other versions that accurately render the meaning into Chinese
The standardised answer given in the left hand column is an indicative answer, and not the only possible way of expression the meaning of the listening passage

	2
	Then the clerk enquired that whether she packed the suitcase by herself4. The lady answered yes5
	4

	3
	The clerk asked whether there were electronic items in the suitcase6. The lady said no7
	4

	4
	After asking the lady to read a list, the clerk then asked whether there were items indicated on the list in her hand luggage8. The lady said no9
	4

	5
	The clerk proceeded to ask whether the lady had left her suitcase unattended since it was packed10. The lady said no11
	4

	6
	Then the clerk asked whether the lady would like to take a window seat or an aisle seat12. The lady said that she would prefer a window seat13
	4

	7
	Finally, the clerk issued the boarding pass with seat number printed on it and told the lady that she should board the plane at Gate 2514. Then he continued to tell the lady that she could wait in the departure lounge or have a look at the shops while she was waiting for the flight, and wished the lady a good flight15
	4





Marking scheme—Chinese version评分细则.	部分
	答案
	分数
	评分指导

	1
	一名女乘客在机场准备乘飞机，机场值机员为她办理乘机手续。首先值机员要求乘客出示机票和护照1，并且询问她是否只有一件托运行李2。乘客回答是的（只有一件托运行李），还有两件手提行李 3。
	6
	听力材料根据意群可以分为7部分，共15个关键信息点，每个信息点2分。正确答案值两分，部分正确答案值一分，错误答案零分。左侧栏目中黑体下划线的短语词语句子代表重要信息。请在答案右侧相应空白处标处分数。
学生可以通过翻译或者概括总结的方式表示他们对听力材料的理解。可能会有不同的表达方式，评分的主要依据就是答案中是否清楚表达主要信息点。判定合格的答案应该以左侧栏目中列出的参考答案为依据。评分教师应该根据用汉语表达对听力材料的理解程度的准确性给予适当分数。
左侧栏目中所列的是参考答案，并不是表示对听力材料理解的唯一方式。

	2
	然后值机员询问是否是乘客本人亲自打包的行李 4。乘客回答是的 5。
	4

	3
	值机员接着问托运行李里是否有电子产品 6。乘客回答没有 7。
	4

	4
	值机员然后请乘客阅读一张列表，询问乘客手提行李中是否有列表上的物品 8。乘客回答没有9。
	4

	5
	值机员继而问乘客是否在行李打包后将行李放到自己无法照看的地方 10。乘客回答没有 11。
	4

	6
	值机员又问乘客想要临窗的座位还是靠通道的座位 12。乘客回答她希望得到一个靠窗的座位 13。
	4

	7
	最后，值机员给乘客签发了登机牌，乘客座位号显示在登机牌上，提醒乘客所乘航班将在25号登机口登机14。并告知乘客可以在出发大厅候机，或者可以在候机时在商店浏览一下,同时祝旅途愉快15。乘客表达感谢。
	4
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The findings of Experiment 2 did not support the hypothesis that the read-and-listen approach could be more beneficial for lower expertise learners than the read-only and listen-only approaches. It consolidated the major finding of Experiment 1, that the read-only approach can be an effective means of teaching English as a foreign language listening skills for relatively proficient learners. English learning experience should be considered as a relevant factor affecting the effectiveness of English as a foreign language listening teaching approaches.
It should be noted that the “lower expertise” learners in Experiment 2 had 7 years’ experience of formal and intensive English learning. Even though their proficiency level was relatively low, they had developed a considerable degree of linguistic knowledge from their years’ experience of having been constantly and intensively exposed to the target language. The learners in the read-only condition had sufficient knowledge to generate the auditory representations of the textual information that they read during the learning phase. However, the lower expertise learners in the listen-only group would be hindered by the transient information while the lower expertise learners in the read-and-listen approach would be disadvantaged by the redundant spoken and written information. In Experiment 3 it was hypothesized again that novice learners who have limited phonetic and phonological knowledge need access to both reading and listening materials in order to facilitate the sound-form pairing. Since the university learners of Experiment 2 had too much knowledge to adequately test this hypothesis, Experiment 3 tested high school students with much less exposure to English as a foreign language.
10.1 Method
10.1.1 Participants
The procedures of participant recruitment in Experiment 3 were identical to Experiment 2 except that the potential participants were Year 10 high school students at a middle school in Hebei Province, China. By the end of recruitment, 105 Year 10 high school students (58 females) enrolled in three classes were recruited for this experiment. These participants were 15.5 years old on average at the time of the experiment. Their experience of formal and intensive English learning was 3.5 years on average. The participants were randomly allocated into read-only group (n = 35), listen-only group (n = 35), and read-and-listen group (n = 35). The students sat an IELTS listening comprehension test as the pre-test to assess their actual listening proficiency. There was a highly non-significant difference between groups means of the pre-test scores indicated by one-way ANOVA, F (2, 102) = 2.064, MSe = 1.775 (M = 3.44, SD = 0.82 for the read-only group; M = 3.73, SD = 1.03 for the listen-only group; and M = 3.30, SD = 0.91 for the read-and-listen group). Therefore, the three groups of subjects were at the same level of listening proficiency, and the result differences among groups should reflect the effect of the treatment condition.

10.1.2 Materials
The instructional materials used in Experiment 3 represented an abridged version of the materials used in Experiment 2 (Viney, 2004) (see Appendix C). Without impairing the coherence and cohesion of the original discourse, some relatively independent sentence clusters related to particular aspects of check-in procedures were omitted in order to make the sentence structures less complicated and the passage shorter. Another adjustment made to the listening materials was that the speed of narration was slowed down. These manipulations were considered to be necessary not only because the relatively lengthy and genuine listening material used in Experiment 2 would require a significant amount of cognitive resources for non-essential information processing but also because the participating high school students had only a few years of formal English learning and had not developed an adequate knowledge of English phonetics and phonology.
There were seven procedural phases: three learning phases (vocabulary learning, sentence learning, and passage learning), a cognitive load assessment phase, and three listening comprehension test phases (passage listening tests, vocabulary listening tests, and sentence listening tests). In the vocabulary learning phase (Appendix A), the participants were required to learn nine words and one phrase constituting vocabulary. As for the sentence learning phase (Appendix B), the participants were asked to learn thirteen sentences. The words and sentences, paired with Chinese translations, were essential components of the passage learning. The passage in the learning phase did not have a Chinese translation (Appendix C). Participants in the three instructional groups had exactly the same length of time to complete each learning phase (90 s for vocabulary learning, 160 s for sentence learning, and 54 s for passage learning), respond the cognitive load questionnaire (4 min), and take the listening comprehension test (20 min). The materials in three learning phases were not only printed on individual A4 sheets but also recorded in mp3 files. The instrument for rating cognitive load was identical to Experiment 2 (see Appendix D in Chapter 9). The reliability of the questionnaire using Cronbach’s alpha was 0.89. The passage listening testing materials were about the same theme and had similar vocabularies as the learning materials. Then, the students took the vocabulary and sentence listening tests in order to evaluate their learning outcomes in the learning phases. The participants in the three instructional groups had exactly the same length of time to complete these two tests (90 s for vocabulary test and 160 s for sentence test). The materials of Experiment 3 were organised and presented in a similar manner to those of Experiment 2.
There are two main justifications to include vocabulary test and sentence test as two additional post-tests. To begin with, Experiment 1 and Experiment 2 had only the listening comprehension test, which required the participants to summarize the meanings of the auditory text in their native language. However, it was important to distinguish comprehension tests and language knowledge tests when it came to evaluate the effectiveness of instructional approaches in language teaching (Moussa-Inaty et al., 2012). An effective approach of listening teaching should not only improve learners’ comprehension but also facilitate their language knowledge acquisition. Therefore, as a way of broadening the scope of post-test, adding two more post-tests could increase the ability to detect the differences that instructional approaches had in promoting learning outcomes. In addition, including two more post-tests could increase the sensitivity of the post-tests, which could help us decide whether the differences in learners’ performance should be attributed to the treatment condition. Cronbach’s alpha tests of reliability on the vocabulary acquisition and sentence learning tests indicated reliability coefficients of 0.81 and 0.80 respectively.

10.1.3 Procedures
Experiment 3 was administered in a language laboratory equipped with Lenovo desktop computers in a middle school in Hebei Province, China. The three groups underwent the experiment in the same language laboratory but in separate sessions. Experiment 3 followed the procedures identical to those used in the previous experiments, except that it included three listening comprehension test phases. The cognitive load rating phase was followed by passage listening test phase in which all the participants listened to a recording which was about the same theme as the passage in the passage learning phase and contained similar vocabulary and sentences, and they were requested to summarize the main ideas in Chinese. Then, the participants were given the vocabulary test phase where they listened to the recording of vocabulary items (in a random order) that they had learned in the vocabulary learning phase and were asked to write down the English spellings and respective Chinese meanings. The experiment ended with the sentence listening test in which participants listened to the recording of sentences that they had learned in the sentence learning phase (in a random order).

10.1.4 Scoring
According to the marking scheme (Appendix D), the listening material was divided into five sections and had 15 units of essential information, each of which was worth two marks. A correct answer was awarded two marks; a partially correct answer one mark; a wrong answer no mark. Accordingly, the highest mark that a participant could achieve in the listening comprehension test was 30.
There were six words in the vocabulary acquisition test. The words or phrases and the corresponding translation were worth one mark each. A correct answer was awarded one mark; partially correct and incorrect answer no mark. A participant could achieve a highest score of 12 in the vocabulary acquisition test. The sentence acquisition test had six sentences. The participants were asked to write down the sentence and the corresponding Chinese translation. Correct answers were awarded two marks; partially correct answers one mark; wrong answers no mark. The highest possible score that a participant could obtain in the sentence acquisition test was 24.
The reliability of the marking of the listening comprehension test papers was achieved by inter-rater marking using the same procedure as in the previous experiments. One rater was the researcher and the other rater was a teacher of English as a foreign language from the middle school where the experiment was conducted. A high degree of reliability was found between the ratings of the two raters. The average ICC measure was 0.932.


10.2 Results and Discussion
10.2.1 Results
Means and standard deviations of the listening comprehension scores, the subjective ratings of cognitive load, the vocabulary acquisition test, the sentence learning test, and the instructional efficiencies for the three instructional conditions can be found in Table 10.1.Table 10.1Means and standard deviations for the listening performance scores, the subjective ratings of cognitive load, and the instructional efficiencies for different instructional groups in Experiment 3


	Group
	Read-only (n = 35)
M (SD)
	Listen-only (n = 35)
M (SD)
	Read-and-Listen (n = 35)
M (SD)

	Score
	10.69 (2.94)
	11.00 (4.30)
	13.29 (4.15)

	Intrinsic
	1.37 (1.64)
	2.42 (1.84)
	1.29 (1.39)

	Extraneous
	1.74 (1.66)
	2.50 (1.68)
	1.42 (1.06)

	Efficiency (L)
	-0.06 (0.75)
	-0.45 (1.24)
	0.51 (0.88)

	Vocabulary
	4.94 (2.03)
	4.57 (2.08)
	6.89 (2.90)

	Efficiency (V)
	-0.03 (0.95)
	-0.58 (1.13)
	0.61 (0.92)

	Sentence
	8.86 (3.47)
	8.43 (4.22)
	10.86 (4.58)

	Efficiency (S)
	0.03 (0.84)
	-0.49 (1.07)
	0.47 (1.00)


Note  The maximum test score was 30, the maximum subjective rating scores for the intrinsic cognitive load and the extraneous cognitive load were both 10, the instructional efficiencies range from -1 to 1, the maximum vocabulary test score was 12, and the maximum sentence learning test score was 24



Listening comprehension performance results. A one-way ANOVA showed that the effect of instructional formats on participants’ listening performance was significant, F (2, 102) = 4.77, MSe = 70.49, p < 0.01, ηр2 = 0.09. According to Tukey HSD post hoc tests, the read-and-listen group significantly outperformed the read-only group (p < 0.05) and the listen-only group (p < 0.05). There was no significance between the read-only group and listen-only group.
Ratings of cognitive load and instructional efficiency result of passage learning. An analysis of variance showed that the effect of instructional formats on participants’ level of intrinsic cognitive load was significant, F (2, 102) = 5.28, MSe = 14.00, p < 0.01, ηр2 = 0.09. The Tukey HSD post-hoc test showed that the listen-only group experienced significantly higher levels of intrinsic cognitive load that the read-only group and the read-and-listen group p < 0.05 but there was no significant difference between the read-only and the read-and-listen group. An analysis of variance showed that the effect of instructional formats on level of extraneous cognitive load was significant, F (2, 102) = 4.81, MSe = 10.77, p < 0.01, ηр2 = 0.09. Following the significant effect, a Tukey HSD post-hoc test indicated that the listen-only group experienced significantly higher levels of extraneous cognitive load than the read-and-listen group, p < 0.05 but no significant differences were found between the read-only group and the listen-only group or between the read-only group and the read-and-listen group.
An analysis of variance indicated that the effect of instructional formats on the instructional efficiency was significant, F (2, 102) = 8.40, MSe = 8.10, p < 0.01, ηр2 = 0.14. According to the Tukey HSD post-hoc tests, the read-and-listen group had significant higher efficiency than the listen-only group (p < 0.01) and the read-only group (p < 0.05). However, no significant differences in terms of instructional efficiency were found between the read-only group and the listen-only group.
Vocabulary acquisition and its efficiency. A one-way ANOVA indicated that there was a significant effect of the listening teaching approaches on the words and phrases learned, F (2,102) = 9.64, MSe = 54.07, p < 0.01, ηр2 = 0.16. Post hoc comparisons using the Tukey HSD test indicated that the mean score of vocabulary acquisition for the read-and-listen group was significantly higher than that for read-only group (p < 0.01) and that for the listen-only group (p < 0.01). There were no significant differences between the read-only group’s and listen-only group’s vocabulary acquisition. An analysis of variance revealed significant differences in vocabulary learning efficiency among groups, F (2, 102) = 12.32, MSe = 12.43, p < 0.01, ηр2 = 0.20. Post hoc comparisons using the Tukey HSD test revealed that learners in the read-and-listen group showed a significantly better vocabulary acquisition than those in the read-only group (p < 0.05) and those in the listen-only group (p < 0.01). However, no significant differences in terms of vocabulary learning efficiency were found between the read-only group and the listen-only group.
Sentence learning and its efficiency. An analysis of variance revealed significant differences between the three groups’ sentence learning efficiency, F (2, 102) = 3.47, MSe = 58.81, p < 0.05, ηр2 = 0.06. Post hoc comparisons by using the Tukey HSD post-hoc test revealed that participants in the read-and-listen condition performed significantly better in sentence learning than their counterparts in the listen-only group (p < 0.05). However, no significant differences in terms of sentence learning outcomes were found between the read-and-listen group and the read-only group as well as between the listen-only group and the read-only group. An analysis of variance revealed a significant difference between the three groups’ sentence learning efficiency, F (2, 102) = 8.54, MSe = 8.09, p < 0.01, ηр2 = 0.14. Following this significant effect, a Tukey HSD post-hoc test indicated that the participants in the read-and-listen group had significantly better efficiencies in sentence learning than those in the listen-only group (p < 0.01). There were no significant differences in terms of the sentence learning efficiency between the read-and-listen group and the read-only group as well as between the listen-only group and the read-only group.

10.2.2 Discussion
Experiment 3 was carried out to test the hypothesis that the read-and-listen approach of listening teaching would be more beneficial for lower expertise learners who had a relatively short period of English learning than the listen-only and read-only approaches. The results showed that the high school students in the read-and-listen group had significantly better performance in the listening comprehension test and the vocabulary acquisition test than their counterparts in the listen-only and read-only learning groups. It was also found that the participants in the read-and-listen group performed significantly better in the sentence acquisition test than those participants in the listen-only group. It is note-worthy that the participants in the read-and-listen group had significantly higher learning efficiency in the listening comprehension, vocabulary acquisition, and sentence learning consistently than their counterparts in the listen-only and read-only approaches. However, the students in the read-only and read-and-listen groups experienced less cognitive load than their counterparts in the listen-only approach. The results indicated that the read-and-listen approach could be more beneficial and efficient in teaching English as a foreign language listening skills to lower expertise learners, which means that the hypothesis was supported by the findings of Experiment 3. These high school students had only 3.5 years of intensive learning experience of English as a foreign language. Therefore, they could have not acquired superb knowledge of English phonology and phonetics and accordingly they could not fulfil the pairing of pronunciation and spelling effectively and efficiently. The students in the read-only group might have difficulty in activating the phonological units and thus were unable to integrate the orthographic units and phonological units to perform the next level processing—word identification. As for the middle school students in the listen-only approach, even though, optimistically, they could generate the phonological representations to some extent, they might encounter difficulties in phonological decoding and lexical selection. Accordingly, their language comprehension could not proceed to the next level of processing with satisfactory outcomes. By contrast, when the listening learning materials were less complicated and less lengthy, the lower expertise learners of English as a foreign language in the read-and-listen group could take advantage of the auditory and visual inputs and engage in the dual channel processing. The auditory and textual information could not only activate and integrate the orthographic and phonological units but also provide syntactic cues to enable top-down language processing. This is consistent with Conklin et al.’s (2020) study, in which they argued that “in English, a written text provides listeners with a visual cue for the boundaries of upcoming auditory words. This strong word segmentation cue may help speed word identification. It may also help learners to develop letter-sound correspondences” (p. 273).


10.3 Chapter Summary
The chapter presented the rationale why this experiment was necessary to the investigation of the expertise reversal effect on the acquisition of foreign language listening skills for young lower expertise learners. It replicated the research design of Experiment 2 but used lower expertise young learners of English as a foreign language as research participants. It was found that low expertise learners or learners who had learned a foreign language for a limited number of years need to access both auditory and textual information to complete the sound-form-meaning mapping, ultimately facilitating the development of their foreign language listening skills.

Appendices: Instructional and Test Materials for Experiment 3

Appendix A: Phase I: Learning vocabulary
	ticket
	机票

	flight
	航班

	Denver
	美国丹佛市

	baggage
	行李

	check
	检票

	piece
	行李件数

	seating preference
	座位偏好

	aisle
	通道，过道

	depart
	离开，起飞

	board
	登机





Appendix B: Phase II: Learning sentence
	Your ticket please, Sir?
先生，请出示您的机票。

	There you go!
给您。

	Flight UA 755 to Denver
去往丹佛市的UA 755航班。

	Do you have any baggage to check, Mr. Kramer?
克莱默先生，您有行李需要检查（办理托运吗）？

	Yes, I do. Just two pieces
是的，我有，就两件行李。

	Have they been with you at all times?
这些行李一直在您身边吗？

	Have anyone given you anything to take on the flight?
有人让您带东西到航班上吗？

	Do you have a seating preference, Mr. Kramer?
克莱默先生，您有座位偏好吗？（您喜欢坐什么样的座位？）

	An aisle seat
靠窗的座位。

	Yes, I have a seat
好的，我这有一个座位。

	Departing at five thirty pm
飞机在五点半钟起飞。

	Boarding at Gate Number two
请在二号登机口登记。

	Have a good flight!
祝您旅途愉快！





Appendix C: Phase III: Learning passage
Flight UA 755
(Jeff Kramer is Flying to Denver. He’s in Front of the Check-In Desk at the Airport Now.)	Attendant:
	Your ticket, please, Sir

	Jeff:
	There you go

	Attendant:
	Flight UA 755 to Denver

	Jeff:
	That’s right

	Attendant:
	Do you have any baggage to check, Mr. Kramer?

	Jeff:
	Yes, I do. Just two pieces

	Attendant:
	And have they been with you at all times?

	Jeff:
	Yes, they have

	Attendant:
	Has anyone given you anything to take on the flight?

	Jeff:
	No, they haven’t

	Attendant:
	Do you have a seating preference, Mr. Kramer?

	Jeff:
	An aisle seat

	Attendant:
	Yes, I have a seat. So that’s Flight UA755 to Denver, departing at 5:30 p.m., boarding at Gate Number 2. Have a good flight






Appendix D: Marking Scheme (English version) for Experiment 3
	Section
	Answer
	Mark
	Guidance

	1
	Woman: Good morning!
Man: Hello1, can I see your ticket and passport please?2 Is it just one suitcase you have?3
Woman: Yes, and two pieces of hand luggage4
	8
	The listening material can be divided into five sections and have 15 units of essential information, each of which worth two marks. Correct answer will be awarded two marks; partially correct answer one mark; wrong answer no mark. The bold and underlined words or phrases in the left column signify the units of key information. Please write the mark awarded for each unit of essential information in the right-hand margin
Participants can demonstrate their comprehension of the listening material through translating the key information literally or providing a summary. There are many acceptable ways of expressing their comprehension of the main ideas. The marking criterion is whether the answer explicitly contains the main meaning of the major idea. Acceptable alternatives will be agreed at the standardised answer indicated in the left column, but examiners should be ready to accept other versions that accurately render the meaning into Chinese
The standardised answer given in the left hand column is an indicative answer, and not the only possible way of expression the meaning of the listening passage

	2
	Man: OK. Did you pack your suitcase yourself?5
Woman: Yes.6
	4

	3
	Man: Have you left your case unattended at any time since you packed it?7
Woman: No.8
	4

	4
	Man: OK, that’s fine.9 Would you prefer a window seat or an aisle seat?10
Woman: I think a window seat, please!11
	6

	5
	Man: OK. Here is your boarding pass with your seat number.12 It will be gate 25.13 You can wait in the departure lounge or have a look at the shops while you are waiting.14 Have a good flight!15
Woman: Thanks!
	8




Marking scheme—Chinese version评分细则.	部分
	答案
	分数
	评分指导

	1
	女：早上好！
男：您好！1我可以看一下您的机票和护照吗？2 您只有一件行李（需要托运）吗？3
女：是的，还有两件手提行李。4
	8
	听力材料根据意群可以分为5部分，共15个关键信息点，每个信息点2分。正确答案值两分，部分正确答案值一分，错误答案零分。左侧栏目中黑体下划线的短语词语句子代表重要信息。请在答案右侧相应空白处标处分数。
学生可以通过翻译或者概括总结的方式表示他们对听力材料的理解。可能会有不同的表达方式，评分的主要依据就是答案中是否清楚表达主要信息点。判定合格的答案应该以左侧栏目中列出的参考答案为依据。评分教师应该根据用汉语表达对听力材料的理解程度的准确性给予适当分数。
左侧栏目中所列的是参考答案，并不是表示对听力材料理解的唯一方式。

	2
	男：好的，是您自己整理打包的吗？5
女：是的。6
	4

	3
	男：您打包好行李后，是否有将行李放到远离您的地方？7
女：没有。8
	4

	4
	男：好的，那就好。9您是想要一个靠窗的座位还是靠过道的座位呢？10
女：我想要一个靠窗的座位。11
	6

	5
	男：好的。这是您的登机牌，上面有您的座位号。12您会在25号门登机。13您可以在候机大厅等候或者在商店里逛一逛。14祝您旅途愉快！15
女：谢谢！
	8






References
	Conklin, K., Alotaibi, S., Pellicer-Sánchez, A., & Vilkaitė-Lozdienė, L. (2020). What eye-tracking tells us about reading-only and reading-while-listening in a first and second language. Second Language Research, 36(2), 257–276. https://​doi.​org/​10.​1177/​0267658320921496​Crossref


	Moussa-Inaty, J., Ayres, P., & Sweller, J. (2012). Improving Listening Skills in English as a Foreign Language by Reading Rather than Listening: A Cognitive Load Perspective. Applied Cognitive Psychology, 26, 391–402. https://​doi.​org/​10.​1002/​acp.​1840Crossref


	Viney, P. (2004). Survival English: International Communication for Professional People: Macmillan.






© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2024
D. JiangCognitive Load Theory and Foreign Language Listening Comprehensionhttps://doi.org/10.1007/978-981-97-2317-1_11

11. Expertise Reversal Effect and Teaching French as a Foreign Language Listening Skills (Experiment 4)

Dayu Jiang1  
(1)Wuhan University, Wuhan, China

 

 
Dayu Jiang
Email: d.jiang@whu.edu.cn



Keywords
Expertise reversal effectFrench as a foreign languageListening comprehensionLow expertise learners
The results of Experiment 3 indicated that listening teaching approaches would exert different impacts on lower expertise English as a foreign language learners’ vocabulary learning, sentence learning, passage learning, as well as the corresponding learning efficiencies. The read-and-listen approach of listening teaching would be more effective and efficient for learners of English as a foreign language whose language expertise were lower and whose language learning experience were relatively shorter. However, the research participants in Experiment 3 were adolescents whose cognitive architecture might be different from adult learners (Cowan, 2016, 2017). Therefore, it was necessary to investigate the effect further by employing college-level beginner learners of French as a foreign language. Experiment 4 was designed to test the hypothesis that learners of French as a foreign language with lower listening expertise in the read-and-listen group will outperform learners of French as a foreign language with lower listening expertise in the listen-only group and the read-only group in the listening performance test.
11.1 Method
11.1.1 Participants
The recruitment procedures were identical to those of Experiments 1 and 2 except that the potential participants were Year 2 French-major undergraduates at a Chinese university. These students had just started their third semester at the time of the experiment. By the end of the recruitment, 96 Year 2 French-major university students (74 females) were invited to participate in this experiment. These participants were enrolled in three classes in a Chinese university. The participants were 19.5 years old on average and had 1 year experience of French learning at the time of the experiment. Their experience of French learning was one 1 on average. These participants were randomly allocated into three instructional groups: read-only group (n = 32), listen-only group (n = 32), and read-and-listen group (n = 32). The French as a foreign language instructors of the participants indicated that the French as a foreign language students had learned French for only 1 year and their proficiency level was not sufficient to take international tests of fluency in French for non-native speakers, such as Test d’Evaluation de Francais. Therefore, their final test scores in the previous semester were used to assess the differences in proficiency across the three instructional groups. A one-way ANOVA indicated no significant difference between groups means of the pre-test scores, F (2, 93) = 0.439, MSe = 23.635 (M = 77.47, SD = 7.52 for the read-only group; M = 79.19, SD = 6.86 for the listen-only group; and M = 78.31, SD = 7.62 for the read-and-listen group).

11.1.2 Materials
The instructional material in Experiment 4 was concerned with how to book a room in a hotel, which was downloaded from a French learning website https://​www.​lawlessfrench.​com/​listening/​a-lhotel/​. There were seven phases: three learning phases (vocabulary learning, sentence learning, and passage learning) (see Appendices A, B, and C), a cognitive load assessment phase, and three listening comprehension test phases (passage listening test, vocabulary listening test, and sentence listening test). In the vocabulary learning phase, the participants were required to learn eighteen words and four phrases. In the sentence learning phase, the participants were asked to learn twelve sentences. The words and sentences, paired with Chinese translations, were the essential components of the learning passage. The passage in the listening comprehension phase did not have a Chinese translation. Participants in the three instructional groups had exactly the same length of time to complete each learning phase (180 s for vocabulary learning, 180 s for sentence learning, and 60 s for passage learning), respond to the cognitive load questionnaire (4 min), and take the listening comprehension test (20 min). The testing material and the instrument for rating cognitive load were identical across the three groups (see Appendix D in Chapter 9). The reliability as measured by Cronbach’s alpha was 0.91. The passage listening testing material, which was about the same topic and had similar vocabularies as the learning materials, was selected from a series of online French learning videos titled Apprendre le Francais Avec Victor and downloaded from https://​www.​youtube.​com/​watch?​v=​Xo6Qfc_​DrVM. The students took the vocabulary and sentence listening tests in order to evaluate their learning outcomes in the learning phases. The participants in the three instructional groups had exactly the same length of time to complete these two tests (5 min for the vocabulary test and 6 min for the sentence test). The procedures were identical to the procedures used in Experiment 3. Tests of reliability using Cronbach’s alpha for the vocabulary test and sentence test were 0.92 and 0.89 respectively.

11.1.3 Scoring
A marking scheme was developed to guide the marking of the listening comprehension test papers (see Appendix D). According to the scheme, the listening material was divided into five sections and had 15 units of essential information, each of which worth two marks. A correct answer was awarded two marks; a partially correct answer one mark; a wrong answer no mark. Accordingly, the highest mark that a participant could achieve in the listening comprehension test was 30. There were 22 words and phrases in the vocabulary acquisition test. The words or phrases and the corresponding translation worth one score each. A correct answer was awarded one mark; a partially correct or incorrect answer no mark. A participant could achieve a highest score of 24 in the vocabulary acquisition test. The sentence acquisition test had 12 sentences. The participants were asked to write down the sentence and the corresponding Chinese translation. A correct answer will be awarded two marks; a partially correct answer one mark; a wrong answer no mark. The highest possible score that a participant could get in the sentence acquisition test was 48.
The reliability of the listening comprehension marking was achieved by inter-rater marking. The procedures of inter-rater marking were identical to the previous experiments except for the two markers were lecturers of French as a foreign language at the university where Experiment 4 was conducted. A high degree of reliability was found between the ratings of two raters. The average measure of the Pearson intra-class correlation coefficient was 0.973.


11.2 Results and Discussion
11.2.1 Results
Means and standard deviations of the listening comprehension scores, the subjective ratings of cognitive load, the vocabulary acquisition test, the sentence learning test, and the instructional efficiencies for the three instructional conditions can be found in Table 11.1.Table 11.1Means and standard deviations for the listening performance scores, the subjective ratings of cognitive load, and the instructional efficiencies for different instructional groups in Experiment 4


	Group
	Read-only (n = 32)
M (SD)
	Listen-only (n = 32)
M (SD)
	Read-and-Listen (n = 32)
M (SD)

	Score
	8.13 (3.91)
	8.81 (3.71)
	12.84 (6.97)

	Intrinsic
	1.16 (1.33)
	2.44 (2.45)
	1.14 (1.30)

	Extraneous
	2.11 (1.92)
	2.32 (1.75)
	1.11 (0.90)

	Efficiency (L)
	-0.20 (0.85)
	- 0.44 (1.16)
	0.64 (1.20)

	Vocabulary
	34.06 (9.13)
	33.03 (9.75)
	38.69 (7.90)

	Efficiency (V)
	-0.06 (0.97)
	-0.47 (1.49)
	0.52 (0.90)

	Sentence
	30.87 (11.90)
	29.50 (10.35)
	36.91 (11.17)

	Efficiency (S)
	-0.06 (1.04)
	-0.47 (1.44)
	0.54 (0.97)


Note  The maximum test score was 30, the maximum subjective rating scores for the intrinsic cognitive load and the extraneous cognitive load were both 10, the instructional efficiencies range from -1 to 1, the maximum vocabulary test score was 44, and the maximum sentence learning test score was 48



Listening comprehension performance results. A one-way ANOVA was conducted to compare the effect of instructional formats on the listening performance. A significant difference was found, F (2, 93) = 8.04, MSe = 207.95, p < 0.01, ηр2 = 0.15. Post hoc comparisons by using the Tukey HSD test indicated that learners in the read-and-listen group performed significantly better than their counterparts in the read-only group (p < 0.01) and those in the listen-only group (p < 0.01) but there was no significant difference between the read-only group and the listen-only group.
Ratings of cognitive load and passage learning efficiency. A one-way ANOVA revealed significant differences in terms of intrinsic cognitive load among groups, F (2, 93) = 5.59, MSe = 17.62, p < 0.01, ηр2 = 0.11. According to Tukey test post hoc comparisons, the participants in the listen-only group experienced significantly higher levels of intrinsic cognitive load than their counterparts in the read-only group, p < 0.05 and those learners in the read-and-listen group, p < 0.05 but the participants in the read-only group did not experience significantly different amount of intrinsic cognitive load than the participants in the read-and-listen group. A one-way ANOVA indicated that there were significant differences in the amount of extraneous cognitive load among three groups, F (2, 93) = 5.31, MSe = 13.39, p < 0.01, ηр2 = 0.10. Post hoc comparisons by using the Tukey HSD test revealed that the participants in the read-and-listen group reported significant lower levels of extraneous cognitive load than their counterparts in the read-only group, p < 0.05 and those in the listen-only group, p < 0.01. There was no significant difference in terms of extraneous cognitive load between the read-only group and the listen-only group. A one-way ANOVA revealed significant differences in terms of learning efficiency across the three groups, F (2, 93) = 8.84, MSe = 10.31, p < 0.01, ηр2 = 0.16. Post hoc comparisons by using the Tukey HSD test indicated that participants who were taught in the read-and-listen condition had significant higher level of learning efficiency than their counterparts in read-only condition, p < 0.01 and those in listen-only condition, p < 0.01 but no significant differences were found between the read-only condition and the listen-only condition.
Vocabulary acquisition and its instructional efficiency. A one-way ANOVA revealed significant differences in terms of vocabulary acquisition across the three instructional groups, F (2, 93) = 3.62, MSe = 290.39, p < 0.05, ηр2 = 0.07. Post hoc comparisons by using the Tukey HSD test showed that subjects in the read-and-listen group significantly outperformed their counterparts in the listen-only group in terms of the number of vocabulary acquired, p < 0.05 but no significant differences were found between the read-and-listen group and the read-only group or between the read-only group and the listen-only group. A one-way ANOVA found significant differences in the effect of French listening teaching formats on the efficiency of vocabulary acquisition, F (2, 93) = 6.02, MSe = 7.95, p < 0.01, ηр2 = 0.12. According to post hoc comparison by using Tukey HSD test, participants in the read-and-listen group had significantly better learning efficiency than their counterparts in the listen-only group in terms of vocabulary learning, p < 0.01 but no significant differences were found between the read-and-listen group and the read-only group or between the read-only group and the listen-only group.
Sentence learning and its instructional efficiency. A one-way ANOVA revealed that there were significant differences in learners’ performance of sentence learning, F (2, 93) = 4.00, MSe = 496.64, p < 0.05, ηр2 = 0.08. Post hoc comparisons by using Tukey HSD test showed that the participants in the read-and-listen group performed significantly better than those in the listen-only group, p < 0.05. However, there were no significant differences between the read-and-listen group and the read-only group as well as between the read-only group and the listen-only group. A one-way ANOVA found that there were significant differences in terms of the efficiency of sentence learning in three listening teaching conditions, F (2, 93) = 6.07, MSe = 8.30, p < 0.01, ηр2 = 0.12. Post hoc comparisons by using Tukey HSD test showed that the learners in the read-and-listen group had significantly higher efficiency than their counterparts in the listen-only group in terms of sentence learning, p < 0.01 but no significant differences were found between the read-and-listen group and the read-only group or between the read-only group and the listen-only group.

11.2.2 Discussion
Experiment 4 was designed and conducted to investigate further the hypothesis that the read-and-listen approach of listening teaching would be more beneficial for lower expertise learners of French as a foreign language. The hypothesis was supported by the findings that the lower expertise learners of French as a foreign language in the read-and-listen group had better performance in the listening comprehension test than the lower expertise learners of French as a foreign language in the read-only and listen-only groups. Moreover, lower expertise students in the read-and-listen teaching group experienced less extraneous cognitive load and had higher passage learning efficiency than students in the read-only and listen-only groups. It is also notable that the lower expertise learners of French as a foreign language in the read-and-listen instructional condition had better performances and had higher instructional efficiency in the vocabulary acquisition and sentence learning tests than the lower expertise learners of French as a foreign language in the listen-only instructional condition. Experiment 4 confirmed the findings of Experiment 3 in that lower proficiency learners need to have access to both auditory input and the corresponding textual information in order to generate the linguistic representation and facilitate their acquisition of listening skills.
The findings of Experiment 3 were consistent with previous research in that sound-form-meaning mapping was crucial for the success of decoding, a prerequisite stage of language comprehension. For novice learners of a foreign language, it is of paramount priority to establish the sound-form-meaning connections so that they could perform decoding and parsing, and apply syntactic rules to extract information at the sentence and discourse levels. In addition, it has been reported that lower expertise learners often had difficulties in coordinating and reorganizing multiple elements of a sentence to construct meaning (Field, 2011; Graham & Santos, 2013). For example, Field (2011) argued that intermediate level learners of a foreign language had difficulty in retaining lexical information in their working memory. Similarly, Rost (2011) claimed that less proficiency learners of a foreign language may not be able to pay sufficient attention to structural forms as they had relatively limited processing capacity. In this sense, the textual information in the read-and-listen approach could actually assist learners to recognize lexical information, figure out the grammatical structures, and infer textual meaning, which ultimately facilitated their listening comprehension. Jones and Plass (2002) found that the low expertise listeners of French as a foreign language who had access to both auditory recording and textual annotations recalled more French words in both the immediate vocabulary test and the delayed vocabulary test than the learners who were presented with auditory recording only. They rationalized that for leaners who had limited prior knowledge, understanding the auditory information depends on establishing the connections between the sound-form-meaning connections. Similar results were reported by Guichon and McLornan (2008) who found that the participants presented with auditory and visual or textual information outperformed the participants presented with auditory information only in French listening comprehension test.


11.3 Chapter Summary
The chapter presented the rationale why this experiment was necessary to the investigation of the expertise reversal effect on the acquisition of foreign language listening skills. It replicated the research design of Experiment 3 but used lower expertise learners of French as a foreign language as research participants. The findings were consistent with those of Experiment 3 in that low expertise learners or learners who had learned a foreign language for a limited number of years need to access both auditory and textual information to complete the sound-form-meaning mapping, ultimately facilitating the development of their foreign language listening skills.

Appendices: Instructional and Test Material for Experiment 4

Appendix A: Phase I: Vocabulaire
	pouvoir
	v.aux 能够

	aider
	v.t. 帮助

	réserver
	v.t. 预留，预订

	chambre
	n.f. 房间，卧室

	semaine
	n.f. 一周，一星期

	personne
	n.f. 人，个人

	nom
	n.m. 名字，姓名

	en effet
	loc.adv 其实，事实上

	donner
	v.t. 给，给与，交给

	passeport
	n.m. 护照

	valise
	n.m. 手提箱

	appeler
	v.t. 呼喊，呼叫

	ascenseur
	n.m. 升降梯， 电梯

	bout
	n.m. 底端， 尽头

	couloir
	n.m. 走廊，通道

	clé
	n.m. 钥匙

	petit déjeuner
	n.m. 早餐，早饭

	servir
	v.t. 为…服务

	partir de
	loc.adv 从…开始

	jusqu'à
	loc.adv 直到，直至

	besoin
	n.m. 需要，要求

	suffire
	v.t. 足以，只需





Appendix B: Phase II: Phrases
	Je peux vous aider?
我可以帮您吗？

	Nous avons réservé une chambre pour une semaine, pour deux personnes
我们订了一个房间，订了一周，两个人住。

	Oui, au nom de …?
好的，订在谁的名下了？

	Oui, en effet, vous avez la chambre 234
好的，其实我们有234房间。

	Vous pouvez me donner un passeport, s'il vous plaît?
请问，您可以给我您的护照吗？

	Vous avez des valises?
您有手提箱吗？

	Oui, elles sont dans la voiture
有的，手提箱在汽车上。

	J'appelle une personne pour vous aider à porter les valises
我叫一个人帮您把手提箱搬下来。

	L'ascenseur est là, juste au bout du couloir
电梯在那，在走廊的尽头。

	Voici les clés
这是钥匙。

	Le petit déjeuner est servi à partir de sept heures et demie jusqu'à dix heures
早餐从上午七点半钟开始供应，一直到上午十点钟。

	Si vous avez besoin de quoi que ce soit, il vous suffit d'appeler le 1.1.1
如果您有任何其他需要，您只需拨打1.1.1. 就可以了。





Appendix C: Phase III: Artcile
À la réception de l'hôtel.	Madame:
	Bonjour, je peux vous aider?

	Monsieur:
	Bonjour! Nous avons réservé une chambre pour une semaine, pour deux personnes

	Madame:
	Oui, au nom de …?

	Monsieur:
	Au nom de Bellecourt

	Madame:
	Oui, en effet, vous avez la chambre 234. Vous pouvez me donner un passeport, s'il vous plaît?

	Monsieur:
	Voilà

	Madame:
	Merci. Vous avez des valises?

	Monsieur:
	Oui, elles sont dans la voiture

	Madame:
	Très bien, j'appelle une personne pour vous aider à porter les valises. L'ascenseur est là, juste au bout du couloir. Voici les clés. Le petit déjeuner est servi à partir de sept heures et demie jusqu'à dix heures. Si vous avez besoin de quoi que ce soit, il vous suffit d'appeler le 1.1.1

	Monsieur:
	Merci beaucoup!

	Madame:
	De rien, à bientôt!





Appendix D: Marking scheme (French/English version) used in Experiment 4
	Section
	Answer
	Mark
	Guidance

	1
	Monsieur: J’ai réservé une chamber au nom de “Martin”.1
Madame: En effet, c’est la chamber 102 avec salle de bain.2
	4
	The listening material can be divided into five sections and have 15 units of essential information, each of which worth two marks. Correct answer will be awarded two marks; partially correct answer one mark; wrong answer no mark. The bold and underlined words or phrases in the left column signify the units of key information. Please write the mark awarded for each unit of essential information in the right-hand margin
Participants can demonstrate their comprehension of the listening material through translating the key information literally or providing a summary. There are many acceptable ways of expressing their comprehension of the main ideas. The marking criterion is whether the answer explicitly contains the main meaning of the major idea. Acceptable alternatives will be agreed at the standardised answer indicated in the left column, but examiners should be ready to accept other versions that accurately render the meaning into Chinese
The standardised answer given in the left hand column is an indicative answer, and not the only possible way of expression the meaning of the listening passage

	2
	Madame: Vouse pensez rester combine de temps?3
Monsieur: Quartre jours.4 Je pense partir lundi prochain.5
	6

	3
	Madame: Ça fait 4 nuits.6 Vous avez une voiture?7
Monsieur: Oui. Elle est devant l’ hôtel.8
	6

	4
	Madame: Ne la laissez pas là.9 Je vous conseille de la mettre au garage derrière l’ hotel10 si vous ne voulez pas avoir une contravention.11 Laissez! On va vous la monter dan votre chamber.12
	8

	5
	Monsieur: Merci, pouvez-vous me réveiller demain matin à 7 h?13
Madame: Vous désirez le petit déjeuner dans la chamber?14
Monsieur: Oui, volontiers. Merci!15
Madame: Bonsoir
	6




Marking scheme—Chinese version评分细则.	部分
	答案
	分数
	评分指导

	1
	男：我以马丁的名字订了一个房间。1
女：的确，是102房间，配有洗手间。2
	4
	听力材料根据意群可以分为5部分，共15个关键信息点，每个信息点2分。正确答案值两分，部分正确答案值一分，错误答案零分。左侧栏目中黑体下划线的短语词语句子代表重要信息。请在答案右侧相应空白处标处分数。
学生可以通过翻译或者概括总结的方式表示他们对听力材料的理解。可能会有不同的表达方式，评分的主要依据就是答案中是否清楚表达主要信息点。判定合格的答案应该以左侧栏目中列出的参考答案为依据。评分教师应该根据用汉语表达对听力材料的理解程度的准确性给予适当分数。
左侧栏目中所列的是参考答案，并不是表示对听力材料理解的唯一方式。

	2
	女：您想住多长时间呢？3
男：四天。4我计划下周一离开。5
	6

	3
	女：那是四个晚上。6您有汽车吗？7
男：有，停在宾馆前。8
	6

	4
	女：别停在那里了。9我劝你把它停在后面的停车场，10如果你不希望得到罚款单的话。11您先回房间吧，我让其他人把它送到您的房间。12
	8

	5
	男：谢谢。您可以明天早上7点钟叫醒我吗？13
女：您愿意在房间内用早餐吗？14
男：是的，当然愿意。谢谢您！15
女：祝您晚安！
	6
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Part IIIGeneral Discussion and Conclusion
Part III includes only Chapter 12, which discusses the finding of the four empirical studies from the perspective of cognitive load theory, particularly from the perspectives of the transient information effect, the imagination effect, the redundancy effect, and the expertise reversal effect.
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12.1 Summary of Empirical Investigation
This study investigated the expertise reversal effect in four experiments on teaching foreign language listening skills to learners of different expertise levels. Experiment 1 was designed to investigate the initial four hypotheses that were conceptualized based on the expertise reversal effect, the transient information effect, and the redundancy effect by comparing higher and lower expertise learners’ listening comprehension performance, levels of cognitive load experienced, and learning efficiency under three instructional formats. The findings of Experiment 1 confirmed that there was an interaction between the levels of learners’ expertise and the effectiveness of instructional formats. A simple effect was reported as higher expertise foreign language learners in the read-only group had better listening comprehension performance than the higher expertise foreign language learners in the read-and-listen and listen-only instructional formats. However, no significant differences were observed for lower expertise learners in the three instructional conditions.
As a follow-up study, Experiment 2 was designed to study the expertise reversal effect in teaching English as a Foreign Language listening skills in three instructional formats to lower expertise learners only by using materials with lower element interactivity. However, the hypotheses could not be confirmed as the lower expertise learners in the read-only group had significantly better performance and experienced lower levels of cognitive load than the lower expertise foreign language learners in the read-and-listen and listen-only instructional formats. It was suggested that the participants were actually not of a sufficiently low level of expertise – the years of English learning experience allowed these learners to mentally articulate the text at their own rate while reading, an activity that could not be replicated while listening. Learners with sufficiently low levels of knowledge of the foreign language may have difficulty in converting written text into sounds resulting in a superiority of a read-and-listen format.
Experiment 3 aimed to investigate the expertise reversal effect by recruiting middle school students as participants with lower foreign language listening expertise. The participating high school students had indeed lower English language expertise levels as they had only a few years’ English learning experience. The results of Experiment 3 showed that these lower expertise learners in the read-and-listen group had significantly better listening comprehension performance and experienced a lower level of cognitive load than learners in the other groups.
Given that the participants in Experiment 3 were adolescents and their cognitive processes might be different from adults, Experiment 4 was designed to investigate the effect of different instructional approaches in teaching French listening skills to novice, adult learners of French as a foreign language who had only 1 year French learning experience. The results of Experiment 4 confirmed the findings of Experiment 3: the read-and-listen approach was more beneficial in teaching foreign language listening skills to lower expertise learners.
The results of Experiments 3 and 4 confirmed Hypothesis 1 that lower expertise foreign language learners of English/French as a foreign language provided with read-and-listen instructions will outperform lower expertise learners of English/French as a foreign language provided with listen-only or read-only instructions and Hypothesis 2 that lower expertise learners of English/French as a foreign language in the read-and-listen group would experience a lower level of cognitive load than lower expertise learners of English/French as a foreign language in the read-only and listen-only groups. Experiment 2 did not confirm Hypotheses 1 and 2 as it was found that the “lower expertise” learners of English as a foreign language in the read-only instructional condition performed significantly better and experienced lower levels of cognitive load than only the read-and-listen approach but not the listen-only approach. Even though the “lower expertise” learners’ levels of proficiency were not high, their years’ of experience of language learning could compensate for the lower proficiency. Hypothesis 3, which suggested that for higher expertise learners of English/French as a foreign language, learners in the read-only group will outperform those in the listen-only and read-and-listen groups on the listening performance test. This hypothesis was not completely confirmed by Experiment 1 as the higher expertise learners of English as a foreign language in the read-only group performed better in the listening comprehension test than the higher expertise learners in the listen-only teaching condition but did not perform significantly better than those in the read-and-listen group. Experiment 1 did not support Hypothesis 4 that higher expertise learners of English/French as a foreign language in the read-only group will experience a lower level of cognitive load than those in the listen-only and read-and-listen groups. Experiment 1 confirmed that there is an interaction between levels of learner expertise and the effectiveness of instructional approaches of listening skills of English as a foreign language.
It can be concluded from these results that higher expertise foreign language learners can acquire listening skills more effectively from a read-only rather than a listen-only or read-and-listen instructional approach. This conclusion is consistent with Moussa-Inaty et al. (2012). On the other hand, lower expertise foreign language learners could benefit more when acquiring language listening skills by being presented read-and-listen teaching procedures. These results can be explained by a combination of four cognitive load effects: the transient information effect, the imagination effect, the redundancy effect, and the expertise reversal effect.

12.2 Transient Information Effect
The first question to consider is why listening skills of more knowledgeable learners should be advanced more by reading rather than listening (Experiments 1 and 2). The transient information effect provides an answer. Spoken text is transient – what is heard now disappears to be replaced by subsequent text. Learning to listen requires listeners to hold large amounts of information in working memory, resulting in excessive cognitive load.
12.2.1 Teaching Listening by Reading—Permanency Counters Transiency
The results of Experiment 1 showed that the higher expertise learners of English as a foreign language in the read-only group had significantly better performance in the listening comprehension test than the higher expertise learners in the listen-only and read-and-listen groups. In addition, the read-only instructional condition demonstrated significantly higher instructional efficiency than the listen-only teaching approach. The major reason might be that these expert learners had both the sufficient linguistic knowledge in terms of phonetics, phonology, syntax, and pragmatics, as well as sufficient contextual knowledge. At the perception stage, the word boundaries in the printed instructional materials were visible and clear, which saved learners the hassle of segmenting and decoding. After they read the printed input, the expert learners of English as a foreign language could draw on their linguistic knowledge to co-activate the orthographic and phonological units before completing the word identification. Consequently, with the help of the printed information, they did not need instructional guidance to facilitate the sound-form and meaning-referent processing. The listening problems that the less skilled listeners of a foreign language experienced might be due to the problems of decoding, and the co-textual information could compensate the parts that learners had not fully understood, which explained the superiority of the read-and-listen instructional approach in teaching foreign language skills in Experiments 3 and 4 (Field, 2008; Goh, 2000).
Moreover, unlike the transient auditory information, the physically permanent information in the read-only approach offered more learner control. In other words, learners in the read-only situation could pause when it was necessary and read the challenging points back and forth until they understood. On the parsing level, the printed information in the read-only approach could help expert learners to process syntactic information more effectively as learners could do selective reading and skip reading without the restriction of transiency as learners in the listen-only and read-and-listen approaches experienced. In a similar vein, Andringa et al. (2012) argued that knowledge (e.g., language knowledge and domain knowledge) was the best predictor of success in listening comprehension and more text processing in the read-only instructional situation would result in more knowledge building, contributing to better listening comprehension performance. More recently, Wolf et al. (2019) found that reading comprehension could explain about 34% of variances in listening comprehension and listening comprehension could explain about 40% of variances in reading comprehension.

12.2.2 The Effectiveness of Teaching Listening by Reading—Years of Language Learning Experience Count
However, in Experiment 2, “less proficiency learners” of English as a foreign language in the read-only approach had significantly better listening comprehension performance than those learners of same proficiency level in the listen-only and read-and-listen approaches, implying the transient information effect. This finding rejected the hypothesis that lower expertise learners in the read-and-listen approach would have significantly better listening comprehension performance than lower expertise learners in the read-only and listen-only approaches. The results indicated that language learning experience is an essential part of the level of expertise, and it could be another compounding factor affecting the transient information effect in the field of foreign language listening teaching. Even though the research participants in Experiment 2 were considered as lower expertise learners, they had learned English for 7 years on average, which could make them experienced learners of English as a foreign language. It means that their years’ of English learning experience could help them acquire phonological and semantic knowledge, either explicitly or implicitly. At the parsing stage, the learners in the read-only approach could automatically match sound-form and meaning-referent pairings, which means they might not need the support of the accompanying auditory input.
Presenting the printed material only instead of the concurrent auditory and visual information could lower the element interactivity. Learners with several years of foreign language learning experience might have developed sufficient phonological and semantic knowledge of the foreign language enabling them to activate the phonological representation of the printed word. In addition, contrary to the transient information associated with the listen-only approach, the printed text in the read-only approach can provide learners with permanent access to the material, helping them identify the boundaries of words and sentences and complete the sound-word-meaning mapping. As the auditory information cannot be neglected and higher expertise/more experienced foreign language learners have enough language knowledge, teaching foreign language listening skills using a read-only approach should reduce the number of elements that learners must retain and process in their working memory. As a result, learners of English as a foreign language in the read-only approach could devote their working memory resource to the bottom-up deciphering process. Unlike the learners in the read-and-listen and listen-only groups who had to engage in the online processing of the auditory information, learners in the read-only approach had more learner control as they had the intransient instructional material—printed passage.
As for learners in the listen-only group, they had to temporarily retain problematic auditory signals in working memory with the aim of decoding them after having more incoming auditory inputs segmented and decoded. The holding information while listening could severely overload the lower expertise learners’ working memory, which could in turn make the learning less effective.
As the learners in the read-and-listen group in Experiment 2 had years of English learning experience, they had sufficient knowledge of phonological rules and semantic rules. Consequently, after reading the printed information, the learners in the read-and-listen instructional group might have the ability to automatically activate the phonological representations. In this case, the auditory instructional information was redundant to the visual input as duplicated auditory information was difficult to be ignored in the read-and-listen teaching condition. The learners in the read-and-listen group had to process both the auditory and visual information. Crosschecking the two modes of information occasionally, if not consistently, would exacerbate the negative influence of transient information, leaving less cognitive resources for interpreting the continuous auditory flow. In comparison, without the entwinement of the auditory and visual information, the element interactivity of the instructional material that the read-only group used would be lower than the read-and-listen group. Furthermore, because the learners in the read-only approach did not experience the agony of transiency of auditory information, they could process the information more comprehensively and integrate with the existing schemas more readily. In a similar vein, Field (2008) argued that “when bottom-up processing is accurate and automatic, it frees working memory capacity and thus allows the listener to build complex meaning representations” (p. 3).

12.2.3 Teaching Listening by Listening—Transiency Results in Incompetency
It is notable that the higher expertise learners of English as a foreign language provided with listen-only teaching format had significantly lower listening comprehension performance than the higher expertise learners in the read-only condition; the lower expertise learners of English as a foreign language in the listen-only teaching format in Experiment 3 and the lower expertise learners of French as a foreign language in the listen-only condition in Experiment 4 had significantly lower scores in listening comprehension tests, vocabulary acquisition tests, and sentence learning tests, experienced significantly higher levels of cognitive load, and showed lower instructional efficiencies than the lower expertise learners in the read-and-listen teaching conditions in Experiments 3 and 4 respectively.
The possible explanation of the consistently inferior learning performance of the lower expertise learners in the listen-only conditions is that they appeared to have experienced more lower-level perception problems (Goh, 2000). This happens as lower expertise learners might not have sufficient linguistic knowledge in terms of phonetics, phonology, morphology, syntax, pragmatics, and contextual knowledge. As their sound-script and word-referent processes were generally not automatized, they would have difficulty in the phonological decoding and lexical selection, which were occurring prior to the generation of the lexical-prosodic representation and grammatical parsing. As the processing of auditory input was incomplete on the phonological and lexical levels, it is impossible that the listening comprehension proceeded to the grammatical decoding and discourse processing. This is in line with Perfetti (1999) who claimed that students in the listen-only approach had difficulties both in decoding and encoding. In addition to that, these learners also encountered a larger amount of extraneous cognitive load as the transient auditory inputs impeded the listening learning of the students in the listen-only approach. Renandya and Farrell (2011) pointed out that speech rate gave learners the added apprehension in their listening learning. As the lower expertise learners’ linguistic knowledge was not adequately developed, their phonological decoding and lexical selection were not automatic and immediate. Consequently, not only did they incompletely process the auditory information, but also they had difficulty in retaining the phonological representations in the working memory. In other words, under the pressure of rapid information flow, the lower expertise learners could not retain and rehearse the rudimentarily processed information in the phonological loop, resulting in lost information and ultimately comprehension failure. When dealing with long and complex auditory information, transiency could overload the working memory because of the high element interactivity (Sweller et al., 2011).
According to the information store principle and the borrowing and reorganising principle, the bulk of the information stored in long-term memory forms the basis for effective schema construction. However, due to lack of sufficiently developed schemas of phonological and semantic knowledge, lower expertise learners would encounter an overwhelming amount of difficulties both in retrieving relevant schemas from the long-term memory and in borrowing essential information from the instructional material as well as reorganising the input into intake to the existed schemas. As listening comprehension is an online activity, lower expertise learners were facing the immediate pressure of decoding the transient auditory information. As a result, lower expertise learners would have no choice but to draw on the randomness as genesis principle to generate the phonological representation and lexical selection. The effectiveness of the random decision can be evaluated and confirmed after more auditory inputs have been decoded. Ironically, due to the lack of schemas of phonological-semantic knowledge and the transiency of auditory information, lower expertise learners may still depend on the randomness as genesis principle to test the appropriateness and effectiveness of the previously made random decision, which usually leads to nowhere or at least results in a shallow learning (Jiang & Sweller, 2021).


12.3 Imagination Effect
12.3.1 Imagination for Higher Expertise Learner—the Sound of Words
The hypothesis that higher expertise learners who were instructed in the read-only approach could had significantly better listening comprehension performance than those higher expertise learners in the read-and-listen and listen-only approaches was supported by the findings of Experiments 1 and 2. It could be a possible piece of evidence of the imagination effect which happens when imagining instructional information (e.g., a procedure or a concept) leads to more effective learning than studying the same information (Sweller et al., 2011). The imagination effect was specifically beneficial for more knowledgeable learners (Cooper et al., 2001; Ginns et al., 2003). Even though the learners in the read-only group in this study were not instructed explicitly to imagine the sounds of the vocabulary, sentences, and the conversation between the protagonists, it was assumed that the higher expertise learners might be engaged in mentally reading the transcripts of the listening material. After reading the printed material, higher expertise learners will automatically activate the orthographic units and the phonological units of the visual inputs. As these expert learners had already built well-developed schemas of phonological and lexical knowledge, they could retrieve the phonological knowledge from the long-term memory and processed the units in the working memory relatively effortlessly and unconsciously.

12.3.2 Imagination for Lower Expertise Learners—the Silence of Words
In contrast, as lower expertise learners had not developed well-structured schemas of linguistic knowledge, their co-activation of the orthographic units and the phonological units was incomplete. This is because they did not have the schematic knowledge of the orthographic and phonological units in their long-term memory. Both the higher expertise learners and the lower expertise learners would use the borrowing and reorganising principle in processing the printed information. As for higher expertise learners, the imagination process complies with the narrow limits of change principle as they had well-established prior knowledge that was necessary for the imagination. However, the imagination process for the lower expertise learners violated the narrow limits of change principle as their prior knowledge store was insufficient to carry out the imagination task. Alternatively, the novices could be engaged in activities in accordance to the randomness as genesis principle. The element interactivity of the printed material could be very high for lower expertise learners as they not only had to establish the sound-form and meaning-referent connections at the perception level but also needed to perform the grammatical decoding at the parsing level. Random generate and test activities for a lower knowledge base could result in an exponentially large number of possible outcomes than random generate and test activities for a higher knowledge base (Sweller et al., 2011). This could explain why the higher expertise learners gained significantly more benefits from the read-only approach of listening teaching than the lower expertise learners.


12.4 Redundancy Effect—When More is Less
Why is reading superior to simultaneous reading and listening for more advanced learners as found in Experiments 1 and 2? The redundancy effect explains this result. If learners can readily transform written into spoken text, actually providing the spoken text is unnecessary. It is redundant and having to process redundant information imposes an extraneous cognitive load, explaining the advantage of reading over simultaneously reading and listening. The redundancy effect happens when instructional information which includes unnecessary and non-essential information results in less learning than the same instructional information minus the redundant material (Sweller et al., 2011). It should be noted that the redundancy effect has already been observed in the field of language teaching. For example, Diao and Sweller (2007) claimed that presenting written and spoken information concurrently was ineffective in teaching English reading skills to first-year undergraduates who had developed relatively higher proficiency. By comparing the effectiveness of English listening teaching in three instructional situations, the results of the Experiments 1 and 2 lend additional support to the redundant effect in the field of foreign language listening skills teaching.
It was assumed that higher expertise learners of English as a foreign language had already built well-structured schemas of English phonology, semantics, syntax, etc. At the perception stage, their activation of the orthographic and phonological units was automatic when they read the textual input. In other words, in the read-and-listen instructional situation, the higher expertise learners could utilize only the textual information to build the sound-script and meaning-referent connections, and generate the pronunciation of the words they read in a way like inner speech without the necessity of consulting the auditory information. In this case, the textual information and the auditory information could be understood separately without the need for mental integration. Therefore, the accompanying auditory information which benefited the lower expertise learners was unnecessary and redundant to these higher expertise learners. At the parse stage, they could take advantage of the textual information to extract the morphological and syntactic information to generate the text representation. When they were presented with the auditory information concurrently with the textual information, they would have to process the auditory information along with the textual information simultaneously as the auditory information was impossible to be ignored. Processing the unnecessary auditory information in the read-and-listen instructional condition would definitely consume the limited working memory resource, which in turn imposed greater extraneous cognitive loads to higher expertise learners. Consequently, less working memory resources were left for essential information processing and less essential information could be transferred to long-term memory, hindering the knowledge construction process.
In the view of information store principle, higher expertise learners of English as a foreign language had stored schemas of language knowledge in their long-term memory which could be used as the laying stone of their learning. As the well-structured schemas were enough for higher expertise learners to perform essential information processing and enable effective learning, the novel information that they had to process in their working memory met the requirement of the narrow limits of change principle. In other words, the element interactivity of the instructional information was limited. From the perspective of the borrowing and reorganising principle, the higher expertise learners could first borrow the phonological and morphological information of new vocabularies as well as the syntactic information from the textual information to establish the perplexing sound-script and meaning-referent connections and to interpret the uncertain grammatical structures. However, as the concurrent auditory information was impossible to be ignored and thus would be registered in the auditory channel, the auditory information will forcefully lend information and coerce higher expertise learners to coordinate the two modes and integrate the two sources of information. Due to the transient nature of auditory information presentation, learners had to retain information in their working memory and integrate the previously held information with the incoming novel information to enable effective information processing. The retaining and integrating processes would take up the memory resources, leaving insufficient memory resources for information processing in the visual channel. In addition, even if the higher expertise learners could not interpret the pronunciation and meaning of the new vocabularies, they could draw on the randomness as genesis principle to make speculations. When the higher expertise learners were requested to listen to materials of similar topic in the testing phase, they could rely on the environmental organising and linking principle to evaluate the accuracy of their speculations on the sound-script and meaning-referent connections of the new information.

12.5 Expertise Reversal Effect
The findings of the four experiments indicated that there was an interaction between the levels of learners’ expertise and effectiveness of instructional approaches in teaching language listening skills. The findings of Experiment 1 indicated that higher expertise EFL learners in the read-only group had significantly better listening comprehension performance than those higher expertise EFL learners in the listen-only and read-and-listen instructional conditions. On the other hand, the findings of Experiment 3 and Experiment 4 showed that the lower expertise learners gained significantly more benefits from the read-and-listen approach than the lower expertise learners in the read-only and listen-only approaches. The findings were clear evidence of expertise reversal effect in the field of foreign language listening teaching: the instructional format with more support (the read-and-listen approach in this study) that provided significantly more benefits for lower expertise learners turned out to be disadvantageous for higher expertise learners, while the instructional format with less support which was significantly more beneficial for higher expertise learners was counter-productive for lower expertise learners.
Novices, because of their limited prior knowledge base, may be unable to process either the transient auditory information or even the permanent textual information effectively. In that case, the read-and-listen approach could provide more benefits to them as they could borrow either the morphological or phonological knowledge from the complementary modality of information presentation. By contrast, in the read-only and listen-only approaches where the additional support was absent, the lower expertise learners had to draw on the randomness as genesis principle rather than the borrowing and reorganising principle to process the linguistic inputs. Furthermore, as lower expertise learners’ bottom-up processing was not automatic and accurate, the read-only and listen-only approaches in which the complementary and additional supports were absent would limit their ability to construct a coherent and detailed message. Therefore, the lower expertise learners in the read-only and listen-only situations had experienced higher levels of cognitive load than their counterparts in the read-and-listen situation where they could reduce their cognitive load by borrowing essential information from the external channel.
On the other hand, more knowledgeable learners could automatically generate the auditory representation of a major proportion of the textual information they read because they had much of required knowledge stored in long-term memory. Consequently, there is no need to present the auditory and textual information concurrently. As these more knowledgeable learners’ bottom-up processing was automatic and accurate, the read-only teaching approach could free their working memory capacity, which could allow the learners to build complex meaning representations. For the higher expertise learners, the auditory information in the read-and-listen condition was identical and equivalent to the textual information. Presenting the same auditory information would require them to process the nonessential information, consuming unnecessarily additional working memory resources, and resulting in excessive extraneous cognitive load.

12.6 Theoretical and Pedagogical Implications
In terms of theoretical implications, the research contributed to the understanding of the expertise reversal effect in teaching foreign language listening skills to expert and novice learners in three instructional formats. It was found that there was an interaction between the levels of learners’ expertise and the effectiveness of read-only, listen-only, and read-and-listen instructional approaches in teaching foreign language skills. The read-only approach benefited more experienced foreign language learners more than the listen-only and read-and-listen approaches while the read-and-listen teaching format was more effective for more novice foreign language learners than the read-only and listen-only approaches (Kalyuga et al., 2003; Sweller et al., 2011). This research extended our understanding of the expertise reversal effect to such less well-structured domain as teaching foreign language listening skills.
The major educational implication of these findings is counterintuitive: beyond a certain point, foreign language listening skill is best advanced by reading rather than listening. While I feel cognitive load theory provides a good theoretical explanation of this effect, it is a peculiar finding. Until the current results and the previous results of Moussa-Inaty et al. (2012), I had assumed that the best way of acquiring listening skills is to listen. That assumption appears to be valid for lower expertise learners. In the read-and-listen condition their performance was worse than in the listen only condition as they need to read and listen simultaneously to map the sounds onto a phonological model of the language. However, that assumption appears to be invalid for learners of all expertise levels as more expert learners provided with the listen-only instructions were significantly disadvantaged. They had better listening comprehension from reading than from listening. In addition, the research offers applied linguists and language teaching professionals a cognitive load perspective on developing effective teaching methods in facilitating language acquisition. It manifests the importance of taking the features of human cognitive architecture into consideration in teaching foreign language: instructional formats which exceed human working memory capacity would result in less learning and more cognitive load, such as the read-and-listen approach for higher expertise learners and the read-only or listen-only approaches for lower expertise learners in this study.

12.7 Limitations of the Research and Suggestions for Future Studies
The major limitation is that while it is known that with increasing expertise, listening skills are best acquired by reading rather than listening, a measure which can indicate when the switch in preferred instructional procedure should occur is still missing. In both Experiments 1 and 2, it was assumed that the less knowledgeable participants would demonstrate an advantage for the read-and-listen condition. In fact,   as the findings of Experiments 3 and 4 indicated, far less expert learners should be recruited to obtain the predicted expertise reversal effect. At present, there lacks a general metric to indicate the point at which changes in levels of expertise require changes in instructional procedures. Until such a metric becomes available, skilled teachers with knowledge of their students’ abilities provide the only available and reliable guide.
Another limitation is that the current study only examined the expertise reversal effect in teaching foreign language skills to groups of learners with distinct proficiency differences, i.e. more expert and more novice learners. The significance of the expertise reversal effect also lies in that instructional approaches should tailor to an individual learner’s development of expertise in a specific domain. Therefore, in future research, longitudinal studies should be conducted to investigate how different instructional approaches affect learning at different levels of expertise in a domain.
Furthermore, even though research has reported that readers may rehearse the pronunciation of words explicitly or implicitly and higher expertise learners in the read-only condition may rehearse the textual information to facilitate the acquisition of listening skills, no empirical evidence has been obtained concerning learners’ mental activities during their listening learning in the read-only condition. Future research could include some qualitative methods of data collection, such as reflective diaries, learning journals, or semi-structured interviews, as well as adopt techniques such as uttering irrelevant sounds to deliberately block rehearsal, to explicitly investigate the effect of mental rehearsal on learning listening skills in a read-only approach from the perspective of imagination effect.
The current study adopted the subjective rating of cognitive load questionnaire to measure the mental resources that the participants invested in the learning activities. However, the questionnaires did not address the specific difficulties in their learning from the perspective of foreign language learning. For example, a participant rated the instructional approach as the one that did not help his or her listening comprehension. Little was known whether the perceived ineffectiveness was related to phonology (e.g., decoding), morphology (e.g., sound-form pairing), or syntax (e.g., a garden path sentence). In addition to the subjective rating of cognitive load questionnaire, future research could include some qualitative methods of data collection, such as think-aloud protocols, reflective diaries, learning journals, or semi-structured interviews, to offer a broader angle of the measurement of cognitive load.
The results of Experiments 3 and 4 found that the lower expertise foreign language learners provided with read-and-listen instructions outperformed lower expertise foreign language learners in read-only and listen-only situations in both the listening comprehension test and the language acquisition tests (the vocabulary acquisition and sentence learning tests). In Experiments 1 and 2, only listening comprehension tests were given to the participants. Future research should investigate whether higher expertise foreign language learners in a read-only condition could perform significantly better in language acquisition tests than higher expertise foreign language learners in read-only and listen-only situations.

12.8 Conclusion
Listening to a foreign language involves complex cognitive processes. However, the importance of listening was underrated by researchers and instructors. It is a common practice for foreign language instructors to teach listening by listening. Some researchers reported that the read-and-listen approach benefit learners’ acquisition of listening skills (e.g., Guichon & McLornan, 2008; King, 2002; Markham, 1999) and others found counterintuitive results demonstrating that listening could be improved more effectively by reading rather than by listening (e.g., Jiang et al., 2018; Moussa-Inaty et al., 2012). It is assumed in this study that the inconsistent findings of the effectiveness of listening teaching approaches in previous research could be attributed to the expertise reversal effect. The experiments reported in this thesis were designed to investigate the question whether there is an interaction between the effectiveness of different approaches to teaching foreign language listening skills and the levels of listeners’ expertise—the expertise reversal effect. Four experiments were conducted to study teaching foreign language listening skills to foreign language learners with higher and lower expertise in three instructional conditions: read-only, listen-only, and read-and-listen.
An expertise reversal effect was found in teaching foreign language listening skills: lower expertise foreign language learners could acquire listening skills more effectively and efficiently in the read-and-listen instructional format than the read-only and listen-only teaching formats, while higher expertise foreign language learners could gain more benefits in learning foreign language listening skills from the read-only teaching approach than the read-and-listen and listen-only approaches. The findings had been interpreted from the perspective of cognitive load theory, particularly, the redundancy effect, the transient information effect, the imagination effect, and the expertise reversal effect. This research extended the research in expertise reversal effect by providing evidence in not well-structured field of language learning. This research also indicated the importance of adapting instructional formats of teaching foreign language listening skills to learners’ levels of expertise.
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