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In my experience as a teacher of pronunciation to learners of English as a Second Language (ESL), I have observed that students often perform better during controlled practice (e.g. repetition exercises) compared to semi-controlled and free practice (e.g. role play). During my Module 3 research into semi-controlled linking exercises, I discovered that these differing levels of performance may be due to differing levels of cognitive load present in the exercises. Sweller's (1988) Cognitive Load Theory posits that learning is impeded when working memory is exceeded. Therefore, pronunciation performance in semi-controlled and free practice may be impeded by the additional load of grammatical and lexical cognitive processes. 
Semi-controlled and free practice is important because there is evidence that benefits obtained during these exercises are more likely to transfer to spontaneous speech than those obtained during controlled practice (Saito, 2012). Therefore, I will undertake a literature review to identify ways in which cognitive load can be minimised while maintaining the benefits of semi-controlled and free practice. This will help me and other foreign language teachers to teach pronunciation more effectively, which will in turn help our students to achieve their personal and professional goals.

[bookmark: _Toc216288334]Planned programme of study
Sweller's (1988, 2010) Cognitive Load Theory defined three main types of cognitive load: intrinsic, extraneous and germane. Intrinsic cognitive load is the inherent difficulty of a subject (Sweller et al., 1998, de Jong, 2010; Sweller, 2010). For example, learning to speak a foreign language may take several years and is therefore inherently more difficult than learning to drive a car, which can usually be achieved in a matter of months. However, intrinsic cognitive load is moderated by previous knowledge, and a person may learn a language more quickly if they have previous knowledge of the subject (Sweller et al., 1998).
Extraneous cognitive load is information unrelated to the subject and often takes the form of instructions (Sweller et al., 1998, de Jong, 2010; Sweller, 2010). For example, the ‘butterfly’ technique (Burri & Baker, 2016), where students tap their shoulder and arm when they produce strong and weak syllables during a phrase repetition task, is likely to be more cognitively demanding than simply repeating the phrases without taps.
Finally, germane cognitive load is the amount of working memory devoted to the learning process and should be maximised to facilitate learning (de Jong, 2010; Sweller, 2010; Sweller et al., 2019). Germane cognitive load is reduced by extraneous cognitive load and motivation (de Jong, 2010; Sweller, 2010; Sweller et al., 2019). For example, a highly motivated individual will benefit more from a pronunciation exercise than an unmotivated individual, but both individuals’ germane cognitive load will be reduced by an exercise with complex instructions.
However, there is disagreement over what should be considered germane cognitive load and how it can be maximised (de Jong, 2010). For example, semi-controlled and free exercises increase germane load by increasing the motivation that comes with more realistic scenarios. However, they also increase extraneous cognitive load because they do not control grammar and vocabulary. Consequently, more research is needed to understand how working memory interacts with different types of exercise and how cognitive load can be minimised while maintaining other benefits. Therefore, the aims of this literature review are as follows:
· To understand how foreign language pronunciation is affected by working memory limitations.
· To develop practical strategies to reduce extraneous cognitive load during foreign language pronunciation practice.
· To develop practical strategies to maximise the germane cognitive load associated with semi-controlled and free pronunciation exercises.
In view of this, I intend to answer the following research question: How can extraneous cognitive load be minimised during semi-controlled and free foreign language pronunciation practice?
To achieve this, I will pursue the following objectives:
· Select an appropriate methodology to conduct a literature review.
· Critically evaluate the existing literature on Cognitive Load Theory in the context of foreign language pronunciation.
· Make practical recommendations for foreign language pronunciation students and teachers based on the results of the literature review.
· Critically evaluate the impact of implementing these recommendations in practice.
Through this review, I also hope to achieve the following individual learning outcomes:
· Learn to conduct a transparent and reproducible literature review
· Learn to perform a literature review using a specific methodology.
· Learn to search for literature using inclusion and exclusion criteria.
The individual tasks of the literature review will be carried out according to the timelines detailed in Figure 1.
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[bookmark: _Ref214714943][bookmark: _Ref214714931]Figure 1. Project timeline.
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A semi-systematic methodology was selected to perform the literature review after consulting Cooper's (1988) Taxonomy of Literature Reviews. Cooper (1988) classifies literature reviews according to the following criteria: focus, goal, perspective, coverage, organization, and audience:
· The focus of my literature review was research outcomes – I intended to use the results of previous studies to inform my professional practice. 
· The goal was integration and generalisation – I intended to make recommendations which could be implemented in practice by all teachers and students of foreign languages. 
· The perspective was mixed – I expected the majority of the literature that I reviewed to be quantitative research because qualitative research lacks generalisability (Lim, 2024), which was the goal of the review. Quantitative research controls variables which can lead to bias (Thompson & Panacek, 2006), therefore my perspective was neutral. However, there is evidence that negative emotions can also increase cognitive load (Choi et al., 2014; Chen et al., 2022), and complex data such as emotions is better collected using qualitative techniques (Lim, 2024). Consequently, it was possible that I would have to analyse some qualitative data in pursuit of my goal, which is more susceptible to bias (Lim, 2024). Therefore, my perspective was also bias.
· The coverage was central/pivotal – I intended to review literature which I considered to be most relevant to the research because an exhaustive review was not feasible given the time available.
· The organisation was conceptual – I intended to arrange the literature around key ideas and themes that would form the basis of my recommendations following the review.
· The audience was general scholars – the review would be read by academics both with and without knowledge of voice pedagogy.
A systematic review was the preferred methodology because it aims to minimise bias with the intention of producing credible generalisable results (Munn et al., 2018), which was the goal of the review. In contrast, narrative reviews are more likely to be bias, which undermines their generalisability (Randolph, 2009). However, a systematic review demands exhaustive coverage (Randolph, 2009), which was not possible given the time and resources available. Therefore, a semi-systematic review was used, incorporating elements of a systematic review to improve rigour, but written in a narrative style.
In view of this, I used the following inclusion criteria when searching for literature to ensure that it was credible and relevant:
· Must be a peer reviewed journal article.
· Must be written in English, the only language I can understand at an academic level.
· Must be published after 1988, the year in which Sweller's (1988) Cognitive Load Theory was first published.
I used the following search terms and Boolean filters to search for literature on the University of Wales Trinity Saint David library database: Any field contains “cognitive load” AND Any field contains “pronunciation” OR Any field contains “working memory” AND Any field contains “pronunciation”. This returned 171 results. I then read the titles and abstracts and saved the articles most relevant to my research question. I then used citation chaining to find other relevant articles and categorised them according to themes (e.g. presentation of information, focus of attention, emotions, embodiment etc). These articles formed the basis of my literature review.
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A computer’s Random-Access Memory (RAM) briefly stores information while it is being processed by the Central Processing Unit (CPU), and the Hard Disk Drive (HDD) stores information over longer periods. My computer’s RAM is remembering these words as I type them but they will disappear forever when I turn off my computer unless I click ‘save’. The problem with RAM is that it has a limited capacity. So, if I try to write this text with a hundred active tabs open on my web browser, the RAM might overload and my word processor could crash deleting any unsaved work. 
Sweller's (1988) Cognitive Load Theory was the first to suggest that the human brain functions in much the same way – working memory, also known as short-term memory, briefly stores small amounts of information as it is being processed by the brain, whereas long-term memory stores large amounts of information for longer periods. Processing too many tasks simultaneously overwhelms working memory and prevents information from transferring to long-term memory, a process otherwise known as learning (Sweller, 1988). This has significant implications for instructional design as it is the unstated goal of every teacher and student to learn as efficiently as possible.
All learning material consists of one or more element which is required to be internalised in order to perform a skill (Sweller et al., 1998; Sweller, 2010). Material consisting of a single element (e.g. individual words) can be learnt serially and is therefore less cognitively demanding (Sweller et al., 1998). In contrast, material consisting of multiple elements (e.g. complete phrases) must be learnt simultaneously because the elements interact with each other (Sweller et al., 1998) – the sounds depend on the words, which depend on the grammatical structure and desired meaning. Consequently, material with multiple elements places greater demands on working memory – this is known as intrinsic cognitive load (Sweller et al., 1998; Sweller, 2010).
This explains why ESL students’ pronunciation often deteriorates during semi-controlled and free practice – because they must commit significant working memory to vocabulary and grammar, leaving little working memory to process pronunciation (Kormos, 1999; Skehan, 2009).
Fortunately, teachers and students can reduce element interactivity by removing those elements considered not relevant to the task. In the case of pronunciation practice, this means removing the grammar and vocabulary since these are not relevant and are therefore considered extraneous cognitive load (Sweller et al., 1998; Sweller, 2010). In practice, these elements cannot be removed but they can be controlled by using pre-prepared words and phrases.
The problem with controlled exercises is that they decontextualise the language, making it less likely to generalise to spontaneous speech (Saito, 2012). This appears to contradict Cognitive Load Theory which states that learning is facilitated when extraneous cognitive load is minimised (Sweller, 1988; Sweller et al., 1998). To reconcile this, researchers have proposed a third type of cognitive load must be present for learning to take place – germane cognitive load, which is the working memory dedicated to learning processes such as interpreting, categorising and conceptualising etc (Sweller, 2010; Sweller et al., 2019). However, there is considerable debate about what should be considered germane due to its similarity to intrinsic and extraneous cognitive load (de Jong, 2010). Nevertheless, there appears to be a relationship between the passive load experienced (intrinsic and extraneous loads) and the active effort made to understand the material (germane load) (Klepsch & Seufert, 2021). Consequently, meaning-orientated, semi-controlled and free exercises are more likely to stimulate learning processes and generalise to spontaneous speech (Gordon, 2021; Mora & Mora-Plaza, 2023; Ruan & Saito, 2023).
Naturally, this presents a challenge for teachers seeking to design effective pronunciation exercises since elements which are considered extraneous may in fact be germane and removing them may hinder rather than help the learning process. This appears to be the case with controlled exercises which involve simple listen and repeat exercises.

[bookmark: _Toc216288338]Instructional effects
The goal-free effect has consistently been observed in experiments where participants presented with goal-free problems (e.g. stress different syllables to find which sounds best) report lower cognitive load and learn faster than students presented with goal-state problems (e.g. which syllable is stressed?) (Sweller et al., 1998, 2019). This aligns with the frequently heard mantra that language learners should take risks and embrace mistakes as part of the learning process. It is also a core principle of the popular accent training methodology ‘Knight-Thompson Speechwork’, which encourages experimentation and exploration of speech sounds as a means to developing lasting pronunciation skills (Knight, 2012). 
While this suggests that experimentation may facilitate learning, too much experimentation could make the task meaningless and inhibit learning (Ruan & Saito, 2023). This might be avoided by encouraging experimentation only in meaningful situations, such as during corrective feedback. Elicitation is a form of corrective feedback where a teacher encourages a student to self-repair after an incorrect utterance (Lyster & Ranta, 1997). This could be proceeded by a prompt from the teacher to experiment with different sounds or intonation, depending on the nature of the mistake. In this way, meaning is negotiated through experimentation, minimising extraneous cognitive load but maintaining germane load.
The worked example effect is another thoroughly tested effect where cognitive load is reduced when participants are given the solution to a problem to study (Sweller et al., 1998, 2019). The completion problem effect is similar to the worked example effect but it presents a partial solution, forcing the learner to engage and solve the problem as a result (Sweller et al., 1998, 2019). Worked examples and completion problems reduce the cognitive load associated with goal-state problems by directing the learners’ attention to solutions which can be generalised to other problems, thereby facilitating learning (Sweller et al., 1998, 2019). The benefit of completion problems was observed by Lee & Kalyuga (2011) who noticed a greater ability to remember the pronunciation of Chinese characters in a group of 39 participants who were trained with partial pinyin compared to another group of 43 participants who were trained with full pinyin. 
Worked examples and completion problems are already common in ESL pronunciation textbooks such as the English pronunciation in use series (Hancock, 2007; Hewings, 2007; Marks, 2007). However, these tend to be controlled exercises, which lack germane load (Saito, 2012). The question is how to integrate these exercises into semi-controlled and free practice. 
Perhaps, like goal-free problems, the answer is corrective feedback. Recasts are a form of corrective feedback where a teacher corrects a student’s utterance by modelling the correct pronunciation (Lyster & Ranta, 1997) – essentially the teacher provides a worked example to a pronunciation problem. In this way, worked examples can be integrated into germane pronunciation practice. The benefit of recasts was observed by Zhang & Liao (2023) who noticed an improved ability to produce English vowel sounds in a group of 30 participants who were trained with recasts compared to another group of 30 participants who were trained without. According to the researchers, this is because recasts allow students to practice both their perception and production at the same time.
Completion problems could also be integrated into semi-controlled and free practice simply by reversing roles – the teacher makes mistakes which the student has to correct using recasts. This would allow the student to practise their production in a germane context while benefitting from the completion problem effect. The benefits of worked examples and completion problems may decrease or even reverse as expertise increases, so it is important that teachers grade exercises according to the students’ expertise (Sweller et al., 1998, 2019).

[bookmark: _Toc216288339]Presentation of information
The redundancy effect occurs when two sources of information are presented where only one is necessary and the learner must commit additional working memory to discover that they are identical (Sweller et al., 1998, 2019). So, a student presented with a pronunciation exercise in written and audio formats simultaneously is likely to experience greater cognitive load and slower learning compared to another student presented with the task in only one format. This has significant implications for ESL teachers who often present materials in multiple formats in the belief that it actually facilitates learning. The question is which format should be used?
Transient information (e.g. sound) is known to increase extraneous cognitive load by forcing learners to retain information in their working memory (Sweller et al., 1998, 2019). Consequently, it’s recommended that pronunciation task instructions are provided in writing so that students can focus on the task but refer back to the instructions if necessary.
However, it may be necessary for teachers to provide multiple sources of information where one source is insufficient. For example, a significant challenge for ESL students is that English spelling does not accurately reflect English pronunciation. Consequently, it may be necessary for a teacher to provide additional information in order for the student to understand the pronunciation of a word and the way in which it is presented may impact cognitive load.
The split-attention effect is when two sources of information are provided separately and the learner must commit additional working memory to integrate them (Sweller et al., 1998, 2019). For example, providing English text on one page and the phonemic transcription of key words on another page is likely to increase extraneous cognitive load and inhibit learning. To avoid this, separate sources of information should be integrated where possible, for example, by placing the relevant transcription directly beside the key words.
Where the information cannot be integrated, providing it in audio format may minimise cognitive load since auditory and visual working memory are believed to operate somewhat independently and one may extend the limits of the – this is known as the modality effect (Sweller et al., 1998, 2019). The modality effect is supported by Mayer’s Cognitive Theory of Multimedia Learning (1997, 2024), which states that learning is facilitated by presenting both auditory and visual information.
For example, Wisniewska & Mora (2020) observed a greater improvement in the pronunciation of a group of 19 participants who watched an English language series with captions compared to a group of 20 participants who watched the same series without captions. However, it should be noted that the participants were all native speakers of Spanish and Catalan, which, like English, use the Latin alphabet. Orthography can help or hinder the pronunciation of foreign languages depending on a number of variables including systematicity, familiarity, congruence and perceptibility (Hayes-Harb & Barrios, 2021). So, while the familiarity of the Latin alphabet may be a benefit to Spanish and Catalan speakers, the weak link between English spelling and pronunciation, and the incongruence between some grapheme-phoneme contrasts is likely to be a hindrance. Consequently, it is unknown if captions would be more or less beneficial to speakers of other languages based on this study.
Mohsen & Mahdi (2021) performed a similar experiment using Arabic learners of English and observed a greater improvement in the pronunciation of a group of 19 participants who watched videos with captions compared to a group of 18 participants who watched videos without captions. However, all of the participants in the experiment were males, which limits the generalisability of the results because there are physiological and phonetic differences between men and women which may affect the way they learn (Simpson, 2009; Heidari et al., 2016). Van der Slik et al. (2015) demonstrated how these differences manifest in foreign language acquisition when they analysed data from over 25,000 learners of Dutch as a second language and observed a significant gender gap – females were generally better at speaking but males were generally better at reading. The researchers argue for a nature-based explanation while not ruling out nurture completely. That is to say, there may be genetic differences which interact with environmental factors to produce the differences in male and female foreign language proficiency. 
Both male and female native Cantonese speakers participated in an experiment performed by Lee & Kalyuga (2011) which tested the benefit of pinyin in learning the pronunciation of classical Chinese characters. The results showed that a group of 43 participants who trained with full pinyin performed better than a group of 38 participants who trained with no pinyin. This study adds further support to the modality effect in pronunciation training. Interestingly, a third group of 39 participants who trained with partial pinyin performed better than both the full pinyin and no pinyin groups. This hints at the previously mentioned worked example and completion goal effects, where presenting the solution to a problem reduces extraneous cognitive load, while the need to complete the solution to a problem increases germane load (Sweller et al., 1998, 2019). However, the benefit of pinyin was moderated by the prior knowledge of the participants, with no benefit observed among less proficient participants. This demonstrates another well-known instructional effect – the expertise reversal effect, which is when learning is inhibited by material which is too easy or too hard (sweller 1998, 2019). 
Chung (2008) obtained similar results in a study which compared the effect of visual and audio-visual modes of presentation in Mandarin instruction on two groups of native English-speaking males. A group of 30 low proficiency participants demonstrated better pronunciation recall when presented with visual only information. However, a group of 22 high proficiency participants demonstrated better pronunciation recall when presented with audio-visual information. The researchers suggest that the preference of low proficiency students for visual only information can be explained by the transient information effect, which is when transient information (i.e. audio) must be maintained in working memory while it is being processed, thereby increasing cognitive load (Sweller et al., 1998, 2019). When Chinese characters are presented alongside pinyin, phonetic information is stored visually, which frees up working memory and facilitates learning. However, for high proficiency students, this phonetic information has already been committed to long-term memory and so presenting the information auditorily expands the limits of working memory and facilitates learning compared to visual only presentation.
While the participants and languages used in these studies may limit their generalisability (Chung, 2008; Lee & Kalyuga, 2011; Wisniewska & Mora, 2020; Mohsen & Mahdi, 2021), the results indicate that integrating audio and visual information may benefit at least some students. Furthermore, the results obtained in studies by Lee & Kalyuga (2011) and Chung (2008) highlight the importance of grading learning materials according to the students’ proficiency. In light of these results, it is recommended that pronunciation information considered essential to the task is integrated visually in a text via phonemic transcription for low proficiency learners. This will avoid the extraneous cognitive load associated with redundant or transient information and split attention, thereby facilitating learning. However, for high proficiency learners, the same information should be provided auditorily as this will expand the limits of working memory which can be committed to learning. This change should happen gradually to take advantage of the worked example and completion problem effects as well. For example, a teacher could provide a sentence with the complete phonemic transcription below for a student to read aloud. As the student improves, the teacher provides only partial transcriptions. Finally, the teacher removes all transcriptions and provides audio examples instead. Ultimately, providing the sentence in writing may be considered redundant for highly proficient students and can be removed completely.

[bookmark: _Toc216288340]Form-focused instruction 
Current theories suggest that we have limited attention capacity which must be allocated to conceptualising, formulating, articulating and monitoring an utterance, and that these processes must compete for attention during free practice due to the lack of automaticity (Kormos, 1999; Skehan, 2009). This inevitably results in trade-offs and pronunciation may suffer as those processes deemed more important for meaning (i.e. vocabulary and grammar) are prioritised (Kormos, 1999; Skehan, 2009). Kormos (2000) demonstrated this when a greater number of lexical and grammatical self-corrections were observed compared to phonological self-corrections in a group of 30 native Hungarian speakers during an English speaking exercise. Similarly, Mora-Plaza et al. (2024) observed an inverse correlation between task complexity and pronunciation accuracy in a group of 82 Spanish-Catalan bilinguals who were asked to perform an English speaking exercise – as the difficulty increased their pronunciation got worse. In a pronunciation task, grammar and vocabulary are considered extraneous cognitive load and are likely to inhibit pronunciation learning. This begs the question: how can attention be allocated to pronunciation during semi-controlled and free practice?
Form-focused instruction (FFI) is a pedagogical technique which attempts to draw learners’ attention to lexical, grammatical or phonological form during meaning-based communicative exercises (Spada, 2011). Saito (2012) analysed 15 studies which compared FFI to controlled practice and found that, while all participants improved their pronunciation during controlled speech, only those in studies which employed FFI improved their pronunciation in spontaneous speech. However, it is not clear if these studies featured implicit or explicit FFI. Explicit FFI is when overt instruction or corrective feedback is provided, and it has proven to be more effective than implicit FFI, which is when exposure is achieved through repetition or highlighting words in a text (Spada, 2011).
For example, Saito & Lyster (2012) employed FFI in a study which tested native Japanese speakers’ ability to pronounce the English phoneme /r/. They integrated FFI into 12 English argumentative skills lessons by highlighting the target words in the texts during various meaning-based tasks. The researchers observed an improvement in both controlled and spontaneous speech in a group of 29 participants who were provided with FFI plus corrective feedback in the form of recasts. Saito & Lyster (2012) clearly consider recasts to be explicit when they say “Arguably, recasts of this kind are so explicit that their corrective function is likely to be quite obvious.” In contrast, there was no improvement in a group of 25 participants who received FFI only. The researchers conclude that for FFI to be beneficial it must be combined with explicit instruction in the form of corrective feedback.
However, Ellis (2016) argues that recasts can be both implicit and explicit and suggests that FFI should be considered a continuum with salient features more likely to benefit from implicit FFI and non-salient features more likely to benefit from explicit FFI. For example, the English phoneme /r/ is unlikely to be considered salient to native Japanese speakers because English orthography is not only unfamiliar to Japanese speakers but is also incongruent in its use of 2 graphemes <l> and <r> for a single Japanese phoneme (Hayes-Harb & Barrios, 2021), since /l/ and /r/ are considered allophones in Japanese. This explains why only the group which received corrective feedback in Saito & Lyster (2012) improved their pronunciation of the English phoneme /r/.
In contrast, systematic English grapheme-phoneme correspondences such as <th> /θ/ /ð/ may be sufficiently salient that implicit FFI is enough to focus learners’ attention on their phonological form. However, Simon et al. (2010) demonstrated that this is not always the case when they observed no benefit of training a group of 20 native English speakers to identify French words using orthography, despite it being both familiar and systematic. This aligns with anecdotal evidence that ESL students frequently mispronounce the English phonemes /θ/ and /ð/, despite the orthography being both systematic and familiar to users of the Latin alphabet. The researchers suggest that the benefit of orthography in phonological training may be moderated by the transparency of the learner’s native language since speakers of languages with transparent orthography (e.g. Turkish and Spanish) have been known to outperform speakers of languages with opaque orthographies (e.g. English and Irish) in a similar study (Erdener & Burnham, 2005). The results of these studies indicate that FFI should be designed with the student’s native language in mind in order to effectively allocate cognitive resources to pronunciation and minimise extraneous cognitive load during practice.
Foster & Skehan (1996) and Skehan (2009) suggest that FFI in advance of a task can also reduce cognitive load during practice. They argue that pre-task planning can assist conceptualisation, thereby freeing up working memory which can be allocated to formulation and articulation during the task. Ellis (2009) analysed 21 studies which employed pre-task planning and discovered a consistent improvement in fluency. However, improvements in complexity and accuracy were less consistent, which the researcher puts down to individual differences and variations in task design. This highlights the importance of tailoring FFI to the student’s specific circumstances for it to be effective.
While FFI in advance may help to reduce cognitive load, there is evidence that immediate contingent FFI, such as recasts, is more likely to transfer to spontaneous speech (Lyster & Saito, 2010). For example, in Révész (2012) a group of 36 native Hungarian speakers who were trained with recasts performed better in an English speaking task compared to another group of 36 who were trained without. Interestingly, all participants demonstrated fewer gains in English writing and grammar tests. The researcher suggests that the results can be explained by transfer-appropriate processing, which is the theory that we remember things more easily if the cognitive processes employed during learning are the same as those used during performance. Consequently, FFI in a communicative context via corrective feedback is more likely to lead to procedural knowledge, which is task-specific knowledge that allows the unconscious performance of an action, while pre-task planning is more likely to lead to declarative knowledge, which is generalisable but must be consciously combined during the performance of a task (Révész, 2012).
However, there is another type of immediate contingent FFI which may be even more effective than recasts. Lyster & Saito's (2010) meta-analysis of 15 classroom studies found a greater effect size for prompts, which include eliciting the correct pronunciation, requesting clarification, providing clues and repeating the mistake. The researchers suggest that the observed benefit of prompts over recasts may be due to the greater demand they place on the student to correct the utterance since only negative evidence is provided, whereas recasts provide positive evidence by modelling the correct pronunciation. In reality, however, the degree to which a student benefits from recasts or prompts is likely to depend on a variety of individual and environmental factors, and instead of viewing them as competing techniques, they should be seen a complementary and context dependant (Goo & Mackey, 2013). For example, prompts can remind students of correct forms provided earlier via recasts, while recasts can be used where prompts fail. 
This is the essence of scaffolding, which is when students are assisted where necessary by teachers to successfully complete a speaking task (Goh, 2017). Assistance may take the form of prompts, recasts or explicit instruction and is gradually reduced as the student becomes more proficient. Razaghi et al. (2019) observed a greater improvement in the pronunciation of a group of 60 native Persian speakers who received scaffolding during an English speaking course compared to another group of 60 participants who completed the same course without scaffolding. The researchers discuss the results in the context of cognitive load and suggest that scaffolding can reduce cognitive load by directing students’ attention to generalisable solutions, much in the same way as worked examples and completion problems.

[bookmark: _Toc216288341]Emotions
Care should also be taken to minimise negative emotions, such as anxiety, when designing tasks since these interfere with our ability to focus attention and impede learning (Darling-Hammond et al., 2024; Mora et al., 2024). Chen et al. (2022) demonstrated the link between emotion and working memory when they observed a positive correlation between anxiety and extraneous cognitive load in a group of 30 Taiwanese students who were asked to perform an English speaking task using speech recognition software. The results expand on existing evidence that the presentation of information can affect working memory (Chung, 2008; Lee & Kalyuga, 2011; Wisniewska & Mora, 2020; Mohsen & Mahdi, 2021) by suggesting that task design can provoke an emotional response which may contribute to cognitive load. 
In contrast, Peng et al. (2020) performed a similar study and observed a positive correlation between anxiety, performance and germane load in a group of 28 participants when presented with audio-visual information in a Mandarin pronunciation task. These contradictory results suggest a complex relationship between emotion, cognitive load and foreign language pronunciation. However, the contradictory results may be due to the methods used to measure anxiety.
Firstly, both studies collected anxiety data through self-report questionnaires, which does not always correspond to physiological measures of anxiety, such as heartbeat (Gallego et al., 2022), suggesting that differences in the results may be explained by different perceptions of anxiety. In the Chen et al. (2022) study, the participants are described as “56 students from four classes of fifth graders (10- or 11-year-olds) in an elementary school in middle Taiwan”. Meanwhile, Peng et al. (2020) mentions “A total of 134 first-year international PhD students from UCAS participated in the experiment” and “Data of 24 students were eliminated: 8 have good prior knowledge of Mandarin, 11 are not Indo-European speaking, 3 is [sic] over 35 years old and 2 quitted due to personal affairs”. This suggests that the participants in Peng et al. (2020) were all Indo-European adults, which are arguably quite culturally different to Taiwanese children and may have different concepts of anxiety.
Secondly, the questionnaire used in Chen et al. (2022) was based on the Foreign Language Classroom Anxiety Scale while the questionnaire in Peng et al. (2020) was based on the Academic Emotions Questionnaire, both of which are designed to measure trait anxiety, which is a general predisposition towards anxiety, whereas instructional design is more likely to impact state anxiety, which is a temporary feeling of anxiety in response to a specific situation (Endler & Kocovski, 2001).
Despite the contradictory results from foreign language pronunciation, there is a general consensus among researchers that negative emotions increase cognitive load and should be avoided in educational contexts (Choi et al., 2014). Teachers can manage negative emotions by grading exercises to the student’s proficiency and creating a welcoming and supportive environment. However, some triggers may be specific to the student and a thorough assessment may be required before teaching to identify these and provide additional support where necessary.
Nevertheless, there are some professions where negative emotions are unavoidable, such as public speaking. In these cases, minimising these emotions may be counterintuitive and other techniques should be employed to minimise cognitive load instead. For example, a public speaker could imagine themselves performing a speech since there is evidence that imagining a motor task can reduce cognitive load during the performance of the task (Sweller et al., 2019).

[bookmark: _Toc216288342]Embodiment
Another technique that could be used to reduce cognitive load where negative emotions are unavoidable is gesture. There is significant evidence that body movement can facilitate learning (Kosmas & Zaphiris, 2018). For example, a group of 20 participants demonstrated a greater ability to remember foreign language words trained with gestures compared to words trained without in a study by Macedonia & Knösche (2011). Paas & Sweller (2012) suggest that this is because gesture is considered biologically primary knowledge, which is knowledge that we have evolved to acquire effortlessly, such as our native language. In contrast, foreign languages are considered biologically secondary knowledge, that is, knowledge which is culturally useful but is cognitively demanding to learn (Paas & Sweller, 2012). Since there appears to be no working memory limits when acquiring biologically primary knowledge, it is believed that the motor system may extend the limits of working memory and facilitate learning in the same way that the auditory system can expand the limits of the visual system (Paas & Sweller, 2012; Sweller et al., 2019).
However, while there is significant evidence supporting the use of gesture in learning (Kosmas & Zaphiris, 2018), results of studies from foreign language pronunciation are less conclusive. For example, Baills et al. (2022) observed a greater improvement in a group of 26 participants who were given French intonation training with gestures compared to a control group of 49 participants. However, Zheng et al. (2018) trained a group of 25 participants to produce Mandarin tones with similar gestures and observed no difference in their performance compared to a control group of 12 participants.
These apparently contradictory results may be due to differing levels of intrinsic cognitive load experienced by the participants of the two studies as a result of their previous language experience. Participants in Baills et al. (2022) were “Catalan–Spanish bilinguals” who were “doing undergraduate degrees in Translation and Interpreting or Applied Language” and “were all enrolled in an intermediate-level French course” and “also reported that they had studied English as a foreign language to one extent or another”. This suggests that they were already experienced linguists with previous knowledge of French, which likely reduced the intrinsic cognitive load and freed up working memory which could be committed to the pronunciation task.
In contrast, participants in Zheng et al. (2018) were “monolingual native English speakers” with “minimal foreign language experience and no knowledge of Mandarin”. Consequently, the pronunciation task was likely to impose a much greater intrinsic cognitive load on the participants and leave little working memory to commit to germane processes, which may explain the negative results.
Although the current research is generally favourable towards the use of embodied techniques in foreign language pronunciation training (Li et al., 2021, Baills et al., 2022; Li et al., 2023), it is clear that other factors need to be taken into account in order to minimise cognitive load and facilitate learning. For example, Xi et al. (2020) showed that the gesture must accurately reflect the phonological feature that it is supposed to represent in order to be effective. Consequently, care should be taken when incorporating embodied techniques into pronunciation training.

[bookmark: _Toc216288343]Conclusion
This study explored techniques to minimise cognitive load during foreign language pronunciation practice. Although the investigation was unable to find any empirical studies which specifically investigated this topic, it did find sufficient information relating to the presentation of information, focus of instruction, emotions and embodiment to make the following recommendations:
· Task instructions should be integrated and provided in writing for low proficiency learners but may be split between audio-visual formats for high proficiency learners (Sweller et al., 1998; Chung, 2008; Lee & Kalyuga, 2011; Sweller et al., 2019; Wisniewska & Mora, 2020; Mohsen & Mahdi, 2021).
· Scaffolding through the use of pre-task planning, explicit instruction, recasts and prompts should be used to help students allocate working memory to phonological form and minimise cognitive load during semi-controlled and free practise (Ellis, 2009; Lyster & Saito, 2010; Révész, 2012; Saito, 2012; Saito & Lyster, 2012; Goo & Mackey, 2013; Razaghi et al., 2019).
· Negative emotions, such as anxiety, can increase cognitive load and should be avoided where possible (Choi et al., 2014; Chen et al., 2022; Darling-Hammond et al., 2024; Mora et al., 2024).
· Gesture can reduce cognitive load in more proficient students but must accurately reflect the phonological form of the target feature (Xi et al., 2020; Li et al., 2021; Baills et al., 2022; Li et al., 2023).
Although these recommendations are generally supported by the literature, it is clear that the efficacy of these techniques depends significantly on individual and linguistic factors such as native language, target language, proficiency and emotional disposition (Erdener & Burnham, 2005; Chung, 2008; Ellis, 2009; Simpson, 2009; Simon et al., 2010; Lee & Kalyuga, 2011; van der Slik et al., 2015; Heidari et al., 2016; Xi et al., 2020; Hayes-Harb & Barrios, 2021; Darling-Hammond et al., 2024; Mora et al., 2024; Mora-Plaza et al., 2024). Consequently, one of the limitations of this review is the small number of languages and participants used in the studies, something which should be addressed in future research.



[bookmark: _Toc216288344]Critical reflection
Reflective practice involves thinking about previous work experience with the intention of identifying areas for improvement (Miller et al., 2020). Various reflective models have been developed to facilitate reflective practice (Kolb, 1984; Gibbs, 1988). However, when asked to perform critical reflection, some students appear to write superficial “zombie” reflections aimed at satisfying specific learning outcomes rather than a true analysis of their experience (Linsenmeyer & Long, 2023). This resonates with my experience in Module 1 where I was expected to critically reflect on my experience using a specific model. I found this quite challenging because, although I regularly engage in critical reflection, the stages of the reflective models felt unnatural and did not correspond to my personal experience of reflection.
For example, I felt the stages of reflective observation and abstract conceptualisation in Kolb's Experiential Learning Cycle (1984) to be inextricably linked and difficult to separate when using it to write my Module 1 essay. Consequently, at times I felt like I was modelling an answer rather than answering with a model.
Gibbs's reflective cycle (1988) has faced similar criticism that the overly simplistic and descriptive nature of the model encourages superficial use (Timmins et al., 2013). Meanwhile, Schön's reflection-in-action (1983) has been accused of promoting self-protective individualism at the expense of ethics (Tan, 2020). Therefore, I decided to search for a new model to perform the present critical reflection.
John Boyd’s OODA loop (Figure 2) feeds back Observation, Orientation, Decision and Action stages into a dynamic model that can be applied to any situation (Ryder & Downs, 2022). Central to the model is the orientation stage which takes into account a range of variables including experience, genetics and culture when considering how to act upon observations. By orientating the practitioner within the wider socio-cultural context, this model incorporates ethics and avoids the self-protective individualism associated with more simplistic models (Timmins et al., 2013; Tan, 2020; Ryder & Downs, 2022).
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[bookmark: _Ref214815483]Figure 2. John Boyd’s OODA loop (Ryder & Downs, 2022).
For example, I believe my observation that Kolb’s Experiential Learning Cycle (1984) is challenging was influenced by my orientation as a member of a complex society. Naturally, I found the oversimplified model failed to capture the nuances of my reflections. So, I decided to search for a new model. At this point I observed doubts about the appropriateness using a different model but these were ameliorated by advice from my tutor that any reflective model can be used. So, I took action – I searched for a new model and found John Boyd’s OODA loop (Ryder & Downs, 2022) which immediately resonated with me. However, it was not until I completed this paragraph that I observed that it can successfully be applied in practice, which orientated me towards its use in other situations in the future. For the remainder of this section I will use John Boyd’s OODA loop (Ryder & Downs, 2022) to critically reflect on my experience performing the literature review.
The biggest challenge I faced when performing the literature review was finding appropriate literature to review. After performing an initial search, it became clear that few studies had explored cognitive load in the context of foreign language pronunciation training. Consequently, I deliberately chose broad search terms and inclusion criteria in an attempt to capture as much relevant literature as possible. This returned a large collection of articles which had to be reviewed and categorised. Inevitably, some relevant literature did not make it into the report due to time and word count limitations. Perhaps if I had discussed this with my tutor first, I would have avoided this issue.
I believe this observation stems from my orientation as an inexperienced researcher – I have performed reviews before but never with strict search terms and inclusion criteria. Consequently, it was not until I actually started writing that I realised I was being overly ambitious. My decision to continue writing the review instead of changing the search criteria or seeking help was undoubtedly influenced by several converging factors which contributed to my orientation. Firstly, the limited time available to me made me reluctant to go back and start again. Secondly, I am quite independent and usually try to resolve problems on my own before seeking help. Finally, it is possible that some negative past experiences in education prevented me from admitting to a mistake.
However, I realise now that cognitive load can be reduced and learning facilitated through collaborative work (Sweller et al., 2019). Consequently, by discussing it with my tutor, I might have offloaded some of the cognitive load associated with following a review methodology for the first time. This would have allowed me to learn more quickly and work more efficiently. In view of this I will try to be more proactive in the future and discuss any new concepts or tasks with my tutor earlier in the process.
Overall, I think I have achieved the learning outcomes set out in my portfolio. Although the literature search could be improved, I successfully employed inclusion and exclusion criteria and documented the methodology used in my portfolio. Consequently, the review is both transparent and reproducible. 
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