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In this dissertation, a method to improve listening skills and speech processing speed in 

a second language (L2) is proposed, which stems from brain mechanism models such as the “free-

energy principle” (Friston, 2010) and some second language acquisition insights. The effectiveness 

of this method is investigated using both behavioral data and brain imaging data.  

After Hymes (1972) developed the concept of communicative competence, focus in the L2 

acquisition literature shifted to language acquisition for meaningful communication, listening is 

considered one of the essential components of spoken language processing for communication (e.g., 

Rost, 2012). However, improving listening skills is not easy for L2 learners.  

A major cause of L2 learners’ problems in listening is an inability to adapt to the speech 

rate (Rost, 2012; Graham, 2006). Therefore, enhancing speech processing speed is crucial to L2 

listening and, consequently, comprehension. Although considerable research has shown that 

listeners adapt to a fast rate of speech in their native or first language (L1) within a short period 

(e.g., Dupoux & Green, 1997), adaptability is difficult for L2 learners because speech may become 

less intelligible when presented at a rapid rate. As asserted by Krashen (1985), comprehensible 

input is important for L2 acquisition.  

By evoking speech comprehension from the perspective of brain activity, Friston’s free-

energy principle explains that “the brain models the world as a dynamic system” (Friston, 2009, 

p1093) and the brain performs hierarchical inference by perception to optimize the internal model 

using empirical Bayes (Friston, 2009). For example, the brain infers meaning based on speech 

input and prior knowledge to generate an internal model of speech representation. To acquire 

correct speech representations or internal models, predictive or inference errors should be 

minimized or readily detected. In addition, learners need to easily map sound to meaning, which 

means they retrieve meaning from speech without many predicting errors, to accumulate correct 
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speech representations or to correctly map speech representations to meaningful concepts.  

In this research, I hypothesize that a training method using fast-rate listening combined 

with pre-listening transcript reading reduces learners’ inference errors in mapping sound to 

meaning without decreasing intelligibility and, as a result, improves L2 listening and speech 

processing speed.  

Chapter 1 presents the aims and focus of this study, its rationale, a brief background, as 

well as a detailed outline of the entire dissertation. Three experiments are conducted for this 

dissertation using the same method of training. The effectiveness of the proposed training method 

is demonstrated by the behavioral data in the first experiment. The second experiment explains 

one of the factors that prevents learner success using this listening training. In the third 

experiment, brain imaging is used to investigate the effectiveness of this training on the underlying 

neural mechanisms.  

Chapter 2 provides a review of previous relevant studies, including models of the speech 

perception process, difficulties in L2 listening, positive effects of pre-listening transcript reading, 

working memory models and measures, and neuroimaging studies of speech perception. Then, 

unresolved issues of previous studies and the purpose of the three dissertation studies are 

introduced.  

Chapter 3 presents the behavioral study. Previous research asserts that reading a 

transcript of the same speech before listening to it enables L2 learners to avoid interference caused 

by unfamiliar words, instead allowing them to focus on matching speech sounds to meanings (e.g., 

Vandergrift, 2007). To avoid reduced speech intelligibility in L2 due to a fast presentation rate, I 

propose combining a fast-rate of speech with pre-listening transcript reading to enhance L2 

listeners’ processing speed. To test this proposal, the effect of training using fast-rate listening 

combined with pre-listening transcript reading to improve both L2 listening proficiency and speech 

processing speed, is compared to the effects of three other training methods: fast-rate speech only, 

normal speech only, and normal speech combined with pre-listening transcript reading. Different 

versions of the Test of English for International Communication (TOEIC®), a Standard English 

proficiency test, are used as the pre- and post-training measures to assess L2 improvement. 

Ninety-nine EFL learners (including the control group) are participants in this study. 

Results from this behavioral study reveal that listening to fast speech or normal speech 

is insufficient to improve both L2 listening proficiency and speech processing speed. However, 

combining fast-rate listening with reading a transcript is clearly effective in improving both 

listening proficiency and in enhancing speech processing speed, indicating L2 learners can process 

the fast-rate speech without perceiving it as less intelligible if they read with a pre-listening 

transcript. In addition, results show this training is more effective for intermediate learners who 

have not been able to map sound to meaning as well as high proficiency learners. 

In Chapter 4, working memory (WM) capacity is investigated as a potential obstacle to 



 
 
improvement in L2 listening ability. Listening ability and WM capacity could be reciprocally 

related as listening to speech places high demands on the cognitive processing system.  

Most previous research has observed an association between WM capacity and L2 

listening proficiency (e.g., Linck, 2014). However, as applied to L2 learners, there are some 

problems with these previous studies. There are trade-offs between WM storage and processing 

functions due to cognitive resource limitations (Just & Carpenter, 1992). Nevertheless, it is not 

appropriate to include an L2 processing measure because this is likely affected by L2 proficiency, 

which is, in turn, influenced by the learner’s prior L2 experience. In other words, assuming WM 

capacity is an aspect of language aptitude, it is expected to be innate, not acquired. Hence, I 

hypothesize phonological short-term memory measured by a WM battery such as L1 digit span, 

which includes only storage, may better predict future L2 learning potential whereas WM 

measured by L2 listening span, which includes both storage and processing function, reflects L2 

listening proficiency. In addition, I hypothesize WM, as measured by L2 listening span, that 

includes L2 processing, will change before and after the L2 listening training, as an effect of the 

L2 input during training, whereas phonological short-term memory, as measured by L1 digit span, 

will not be changed as L2 processing is not included. Accordingly, in this chapter, four types of WM 

scores (L1 digit span, as a measure of phonological short-term memory; L2 digit span; L2 listening 

span; and L1 backward digit span) are compared to determine which is most closely related to a 

positive learning effect during intensive L2 listening training, and whether these scores change as 

L2 listening proficiency improves through this training. Forty-two EFL learners (with an 

additional 40 for the control group) are participants in this study.  

Results show L1 digit span scores best predict study participants’ L2 learning potential, 

whereas L2 listening span scores explain participants’ L2 listening proficiency. Furthermore, 

although participants’ L1 digit scores do not change after L2 listening training, their L2 listening 

span scores improve as L2 listening proficiency improves by L2 listening input. These findings 

show that different WM scores may correspond to different abilities (e.g., language aptitude, L2 

proficiency), depending on the aspect and degree of relevant processing. Accordingly, phonological 

short-term memory, which does not include processing function, measured by the L1 digit span, 

best predicts participants’ potential for future L2 learning success. Consequently, results indicate 

that L2 listening training is affected by learners’ phonological short-term memory capacity. 

In Chapter 5, I investigate the training effect of pre-listening transcript reading combined 

with fast-rate listening from the aspect of brain mechanisms, using brain imaging data. The 

training effectiveness is assumed because learners minimize inference errors to map sound to 

meaning in text they previously read, while listening to speech. In L2 listening, making sound-to-

meaning connections is important to add meaningful neural representations, especially for 

learners who comprehend better when they read than when they listen. Hence, I hypothesize brain 

activity involved in mapping sound to meaning will contribute to successful learning. Accordingly, 



 
 
brain activity associated with mapping sound to meaning is used to determine if it can predict the 

future effects of intensive L2 listening training. To recruit the brain areas involved in mapping 

sound to meaning, brain activity from two different L2 listening conditions is compared: fast-rate 

listening after transcript reading (TR), and fast-rate listening with no transcript reading (NTR).  

Participants are 19 healthy, right-handed Japanese learners of English and 20 learners 

for the control group. The stimuli are 40 fast-rate (faster than 340 words per minute) short English 

(L2) passages, which are easily read but difficult to listen to because of the rapid speech 

presentation rate. Participants read the transcripts of half of the stimuli and then listen to the 

passages (half are read before and the other half are not read) while undergoing functional 

magnetic resonance imaging (fMRI). After the fMRI scans, participants participate in intensive L2 

listening training using transcript reading and fast-rate listening. Change in TOEIC® performance 

is then used to analyze the correlation between L2 change with training and brain activity.  

Results show significant changes in brain activity in the TR condition in the left angular 

gyrus (AG) and middle temporal gyrus (MTG), which suggest the association of these brain areas 

with the integration of sound and previously read information. The L2 training-induced TOEIC 

score positively correlates with AG/MTG activity (which is associated with the integration of sound 

and meaning). Participants with more activity in the left AG/MTG tend to be more successful in 

this training. Thus, these results indicate that AG/MTG activity predicts the effects of learning in 

intensive L2 listening training and suggest that learners with greater activation of the AG/MTG 

can map sound to meaning while listening, which contributes to the positive learning effects of this 

training.  

General conclusions and contributions from all three experiments are discussed in 

Chapter 6. In this dissertation, the importance of mapping speech sounds to meaning to improve 

L2 listening is supported by both behavioral and brain imaging data; this process is facilitated by 

pre-listening transcript reading. In addition, fast-rate listening combined with pre-listening 

transcript reading enhances speech processing speed without decreasing speech intelligibility in 

L2. Furthermore, study results suggest that individual differences in learning can be predicted by 

differences in working memory capacity and brain activity. These findings may have pedagogical 

implications to improve L2 listening to support better communication.  

There are three main study implications. First, comprehensible auditory input is 

possible, even when speech is fast and regardless of the learner’s L2 proficiency level, when it is 

combined with pre-listening transcript reading. In contrast, repeated listening practice to speech 

that is deemed unintelligible by the L2 learner, without the benefit of pre-reading, does not make 

speech more comprehensible. Second, learners who try to map sound to meaning are more 

successful than those who cannot map sound to meaning while listening in their L2. Third, the 

brain activity involved with mapping sounds to meaning and phonological short-term memory 

capacity may predict future success in L2 listening. In conclusion, pre-listening transcript reading 



 
 
assists the brain in adding correct speech representations to internal conceptual meanings while 

minimizing sound-to-meaning inference errors.  

Study limitations and directions for future research are also summarized in Chapter 6. 

First, whereas the present study examines the effect of short-term listening training, the 

longitudinal effect of a variety of training methods for L2 listening should be investigated. Second, 

the relationship between L2 learning and WM can be analyzed using Structural Equation Model 

with more WM measures, including executive function tasks. Third, the change of functional 

connectivity of the brain while listening to L2 before and after the training is of interest. Although 

many issues about effective training for L2 listening are yet to be clarified, empirical results 

derived from both behavioral and brain imaging studies in this dissertation offer significant insight 

into L2 listening acquisition. 

 

 

 

 


