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Abstract To develop adequate levels of automaticity in second language (L2) word 
recognition learners need to engage with a large amount of meaningful spoken target 
language input. Unfortunately, there is often not enough in-class time available for 
this. Thus, using technology to facilitate out-of-class development of L2 word recog-
nition holds strong potential. This study explores and compares the use of a mobile 
language learning application (app) by Azerbaijani and Japanese learners of English. 
The app was designed to improve second language (L2) learners’ recognition of the 
spoken form of high-frequency vocabulary by giving learners repeated and self-
paced opportunities to listen to and transcribe target words presented in fluently 
articulated, contextual sentences. First, a quasi-experimental approach was applied 
in both contexts to compare improvements in word recognition among those who 
used the app and those in a control group that did not. Next, learner interaction 
data collected in the app’s database were used to investigate links between learner 
engagement and improvements in word recognition. Further, the most challenging 
words for learners to recognize and transcribe were identified and compared between 
treatment group members from each context. Finally, stimulated recall protocols in 
the learners’ respective first languages (L1) were conducted among a subgroup from 
each context to investigate the origins of their difficulty with aurally recognizing 
their most challenging words. Suggestions are provided for the development of word 
recognition from speech that may be useful both within and beyond the classroom. 
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1 Introduction 

Recognizing words in speech is a fundamental starting point in the second language 
(L2) listening comprehension process. Without first recognizing the phonological 
form of words in speech, a listener is unlikely to be able to access the associated 
meaning. Rapid and accurate recognition of words from speech is a key attribute of 
skilled L2 listeners (Field, 2008a). As well as being a fundamental element of skilled 
listening, the recognition of words in L2 speech can present significant challenges for 
L2 learners (Lange & Matthews, 2020, 2021). These challenges can be understood by 
considering the intrinsic nature of spoken words. Unlike static words on a page which 
can be revisited by the reader’s eye as required, words in speech are available to the 
listener for only a very brief duration. In short, words in speech are temporal. Further, 
words in speech are often blended (i.e., coarticulated) such that boundaries between 
consecutive words in an utterance (intonation unit) are not explicit. This can make the 
phonological form of spoken words variable and dependent on the acoustic context 
within which they occur. The specific challenges associated with L2 word recognition 
from speech highlight the merit of interventions that help learners effectively deal 
with this fundamental aspect of L2 learning. 

Efforts to enhance L2 learners’ spoken word recognition from speech should focus 
on developing automatized phonological knowledge of words. Firstly, to account for 
the temporal nature of speech learners must be able to quickly recognize spoken 
words without drawing excessively from their finite cognitive resources, which 
are required for higher level L2 listening comprehension processes. Automaticity 
in language processing is underpinned by implicit knowledge which develops in 
response to the frequency effects of exposure to input (Ellis, 2002). In other words, a 
learner’s automaticity in word recognition develops in step with the number of oppor-
tunities to successfully recognize words in the spoken target language. Furthermore, 
to account for the blended and variable nature of spoken words, learners must also 
possess adequate levels of phonological knowledge. Simply put, learners need to 
know what words actually sound like when articulated in speech. Importantly, an L2 
learner’s knowledge of words in written form is typically not equivalent to knowledge 
of words in spoken form (Cheng & Matthews, 2018). For instance, it is not unusual 
for a language learner to know a word in the written form but be unable to recognize 
that same word when it is encountered in speech (Carney, 2021; Goh, 2000; Lange & 
Matthews, 2021). As word knowledge is modality specific, it is important to provide 
learners with extensive and meaningful opportunities to engage with spoken target 
language input. 

Unlike most L1 listeners who develop automatic word recognition effortlessly 
throughout their lifetime, L2 listeners need to devote time to actively develop word 
recognition from speech. However, the outlay of time needed to facilitate the autom-
atization of L2 word recognition from speech is a significant problem for language 
learning. Firstly, there is inadequate time within in-class settings to adequately engage 
with this involved task. Additionally, in English as a foreign language (EFL) contexts, 
the extent of a learner’s English language usage and exposure may typically not
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extend beyond in-class learning. For example, even at the tertiary level and after 
years of formal instruction, learners may still not have the phonological knowl-
edge needed to recognize the 3,000 most frequently occurring words of the English 
language (Matthews & Cheng, 2015). In such circumstances, it is especially impor-
tant to assist learners in the development of their L2 word recognition from speech 
as part of targeted out-of-class learning. Mobile-assisted language learning holds 
particularly strong promise in facilitating language learning that extends beyond 
the classroom, especially in the current era, where most language learners almost 
always have powerful smartphones (mini-computers) close at hand. The current study 
explores the potential of mobile-assisted language learning for the development of 
L2 word recognition in out-of-class learning conducted within two different formal 
EFL university contexts in Azerbaijan and Japan. 

2 Literature Review 

2.1 The Importance of Word Knowledge in L2 Listening 
Comprehension 

Recent research has made clear the strong connection between L2 word knowl-
edge and L2 listening comprehension (Cheng et al., 2022; Matthews, et al., 2023; 
Vafaee & Suzuki, 2019; Wallace, 2022). The special importance of word knowl-
edge in language learning can be attributed to the strong form-meaning unity that 
occurs at the lexical level (Hulstijn, 2002). In terms of listening, this means that 
if the phonological form of a word (or string of words) can be recognized, the 
listener has a chance to access the appropriate corresponding meaning. However, 
in relation to L2 listening, the temporal, blended, and variable nature of the form 
of words in speech makes their recognition a considerable challenge. Meeting this 
challenge entails the listener skillfully utilizing both linguistic information derived 
from bottom-up processing (i.e., aural decoding) and contextual information from 
top-down processing (Flowerdew & Miller, 2005). Therefore, difficulty recognizing 
L2 words from speech may generally be attributable to a combination of inade-
quate linguistic knowledge needed for bottom-up processing and inadequate utiliza-
tion of contextual information (e.g., background knowledge, comprehension of the 
preceding aural text, pragmatic knowledge). 

Listening comprehension problems often stem from a difficulty in recognizing 
words in speech despite those words being known by the L2 listener in the written 
form (Goh, 2000; Masrai,  2020). For example, Carney (2021) conducted interviews 
and analysis of 15 Japanese EFL learners’ difficulties in comprehending English 
speech consisting of high-frequency vocabulary. The most common reasons for 
comprehension breakdown were difficulties with L1 phonological influence, word 
segmentation, and word recognition. Lange and Matthews (2021) also used a mixed  
methods approach among Japanese EFL learners to determine that a significant cause
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of misunderstanding in L2 listening was an inability to recognize the phonological 
form of L2 words. Through the application of L1 interviews, Lange and Matthews 
(2021) showed that phonological representations of high-frequency words stored 
in learners’ mental lexicons were often strongly influenced by L1 intrusion. This 
saw learners struggle to map words from speech onto their corresponding semantic 
representations despite knowing the word’s meaning and written form. Learners 
reported that their mental representations of English words had been altered by their 
Japanese phonological system making even known words difficult to recognize from 
speech. These issues suggest the importance of helping learners more accurately 
recognize the spoken form of words including those that the learners are likely to 
have encountered many times in their previous language learning experiences (i.e., 
high-frequency words). 

In terms of pedagogical recommendations, research makes clear that it is impor-
tant for learners to apply non-linguistic knowledge such as background knowledge 
and strategies to assist their L2 listening comprehension (Yeldham, 2016). However, 
early-stage learners are unlikely to have developed sufficient levels of automaticity 
in L2 language processing necessary to effectively integrate both linguistic and non-
linguistic knowledge sources. When trying to comprehend L2 speech, such learners 
are likely to experience a heavy cognitive burden simply trying to catch words 
here and there from largely unrecognizable sequences of spoken words. Indeed, this 
inevitable circumstance speaks to the importance of applying listening strategies to 
try to accommodate for limitations of automaticity in linguistic processing. However, 
as Graham et al., (2010) assert “… a minimum level of vocabulary recognition is 
required before nonlinguistic knowledge … can be brought into play effectively” and 
that “… without accurate word recognition, applications of such knowledge are little 
more than guesses imposed on the text” (p. 14). A central objective of the current 
study is to investigate approaches to help learners develop better L2 word recognition 
from speech. 

2.2 Approaches to Develop L2 Word Form Recognition 
from Speech 

In its fullest sense, the construct of word recognition entails the capacity to both 
recognize the phonological form of a word and to map this form onto an appropriate 
meaning. In the current research, however, we have focused on the learner’s capacity 
to recognize the phonological form of a word and map it against its corresponding 
written form, so-called word form recognition from speech (WFRS). A clear limita-
tion of this construct is that it does not directly measure knowledge of word meaning. 
However, the practical advantage is that this construct facilitates convenient provi-
sion of automated computer-mediated feedback on learner performance. Further,



SpokenWord FormRecognitionwith aMobile Application: Comparing… 339

as learners often have a more complete knowledge of words in the written form, 
providing learners with systematic opportunities to map the phonological form onto 
the corresponding written form has pedagogical value (Field, 2008b; Hulstijn, 2003). 

Although a number of researchers have suggested the potential of technology in 
improving WFRS (Hulstijn, 2003; Jia  & Hew,  2021a), few have empirically investi-
gated the efficacy of such approaches in language classrooms (Matthews & O’Toole, 
2015; Matthews et al., 2015, 2017). Furthermore, none to our knowledge have done 
so specifically in out-of-class contexts by way of the affordances of mobile devices. 
To our knowledge, the only study that has addressed the computer-mediated develop-
ment of L2 WFRS by way of a quasi-experimental design is Matthews et al. (2015), 
which investigated the effectiveness of a prototype online app used in an in-class 
context among 96 Chinese EFL tertiary level learners. Results indicated that learners 
in a treatment group who used the app across a five-week period had significantly 
greater improvements in L2 WFRS when compared to a control group that did not use 
the app. The app played short sections of simple speech to learners, thereby giving 
them repeated opportunities to transcribe the text and receive subsequent feedback 
on performance. These results provide preliminary empirical support for the general 
recommendations put forward by scholars concerning how to develop L2 WFRS 
(Field, 2008b; Hulstijn, 2003) and demonstrate the capacity of computers to facili-
tate these recommendations in authentic learning contexts. However, many questions 
remain, for example, little is known about the extent of mobile technology’s useful-
ness in the development of L2 WFRS in out-of-class locations. Moreover, related 
research has only been undertaken in a few research contexts (Matthews & O’Toole, 
2015); little is known about how generic suggestions for the development of L2 
WFRS may be differentially effective in different language learning contexts. 

2.3 The Current Study 

The current research can be positioned within Benson’s (2011) model of language 
learning beyond the classroom (i.e., location, formality, pedagogy, and locus of 
control) in the following way. In terms of the location, the use of the application 
was undertaken out-of-class. The portability and omnipresence of mobile devices 
is a key advantage in this regard. Learners can engage in learning at almost any 
time and anywhere. The learning associated with the app in both Azerbaijan and 
Japan was formal in the sense that it was linked with tertiary level courses, albeit 
undertaken in locations beyond the formal classroom itself. In terms of the dimension 
of pedagogy, the app was used by the learners in a self-instruction mode. As Benson 
(2011) describes, “in self-instruction specially designed … [affordances] … take on 
the role of the classroom instructor and there is a strong intention to learn on the 
part of the learner” (p. 11). In relation to locus of control, as the use of the app was 
initiated as part of formal learning in both Azerbaijan and Japan, its use can best be 
described as other-directed. However, as the app was used in out-of-class settings 
and learners needed to make decisions about their use of the app (e.g., when, where
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and for how long), this can also be described as self-regulated learning (Lai et al., 
2022). 

This study seeks to help fill the ongoing gap in the literature by exploring the 
efficacy of a free mobile-assisted language learning app designed to improve the L2 
WFRS of early-stage L2 learners. A key feature of the current research is the out-
of-class implementation of the mobile app across two EFL contexts—Azerbaijan 
and Japan. This will not only enable us to critically interrogate the overall potential 
usefulness of the app but will also cast light on how learners interact with the app 
in different language learning environments. A key objective of the current study is 
to not only investigate the use of a mobile app to enhance word recognition from 
speech but to also use data from the app to draw insight about how to enhance in-class 
learning. 

The following research questions will be addressed: 

1. Is out-of-class usage of the app associated with significant improvements in 
WFRS and if so, does the magnitude of improvement vary between L1 groups? 

2. What relationship is evident between the number of times learners listen to the 
app and improvements in WFRS? 

3. From the 1,000 target words presented in the app, which are most challenging for 
learners to recognize and transcribe, and what could be learned about the origin 
of learner difficulty with these words through stimulated recall protocols? 

3 Method  

3.1 Participants 

3.1.1 Azerbaijani Participants 

The Azerbaijani treatment group (n = 16) and control group (n = 16) consisted of 
first-year students (17 to 18 years old) enrolled in a year-long English foundation 
program in which L1 instruction is minimal. Years and consistency of English educa-
tion varied from one individual to another before entering university. Both groups 
were involved in this study via their respective course in listening and speaking. 
Foundation program students receive approximately 22 hours of English instruc-
tion per week before moving on to general education courses conducted in English 
from their second year (out of five). According to mean scores on a locally developed, 
university-led English proficiency exam taken prior to the study, all participants were 
within the Common European Framework of Reference for Languages (CEFR) A1 
level (basic user, beginner).
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3.1.2 Japanese Participants. 

The Japanese treatment group (n = 17) consisted of second-year students (19 to 
20 years old) enrolled in an English writing course conducted mainly in English. The 
control group (n = 16) also consisted of second-year students in a general English 
course. All Japanese participants had approximately three to six hours of English 
courses per week during this study. Most of these English courses were conducted 
predominantly in the learners’ L1 by Japanese instructors. Prior to entering university, 
learners generally had received six years of English education. Scores from the Test 
of English for International Communication (TOEIC) for the treatment group (M 
= 572.3, SD = 137.7, n = 15) and the control group (M = 537.7, SD = 101.9, n 
= 13) indicated that their level of English proficiency was CEFR A2 (basic user, 
elementary) (Educational Testing Service, 2019). 

3.1.3 Stimulated Recall Protocol Treatment Subgroup 

From each of the L1 treatment groups, seven participants (14 in total) were selected 
to participate in stimulated recall protocols. The Japanese and Azerbaijani subgroup 
members were matched based on their pretest scores which varied by less than 
10 points between the paired learners. Pairing subgroup members from Japan and 
Azerbaijan was intended to enable comparison between learners of similar levels of 
English proficiency in the two contexts. 

3.2 The Mobile App 

The C-levels Vocab app was designed by the first and second author to develop L2 
WFRS by providing learners with multiple opportunities to listen to and transcribe 
high-frequency words. To be clear, the app is a free resource from which the designers 
of the app gain no financial benefit. The app presents the first 1,000 words from the 
Corpus of Contemporary American English (COCA) in blocks of 100 words (i.e., 
10 c-levels). The words are presented in descending frequency of occurrence, thus 
generally progressing from relatively easy to relatively difficult. Figure 1 presents 
selected screenshots of the app’s user interface. In Fig. 1A, an example of a contextual 
sentence is shown. At this stage the full spoken sentence is played and is heard through 
the learner’s device, as in “I like him because he’s good.” All sentences were spoken 
by a North American English speaker.

After listening, the learner types the target word into the corresponding text box; 
there are four attempts to listen and do so. If not transcribed on the first attempt, 
the word is presented to the learner again after other words of the c-level have been 
engaged with. It is only when a word is transcribed correctly on the first attempt (of 
four) that the app’s logic categorizes it as known and it is withdrawn from the cycling 
target word list of that c-level. Instant feedback makes clear to the learner that they
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Fig. 1 Selected Screenshots of the App’s User Interface

have correctly recognized and transcribed the word (Fig. 1B). It is only when all 
of the words of one c-level are known that the next c-level is made available to the 
learner. 

Sentences and accompanying feedback were designed to provide as much contex-
tual assistance to the learner as possible. The contextual sentences were piloted with 
native English language speakers to ensure the target words could be guessed without 
the benefit of the spoken sentence. This made sure the sentence itself afforded suffi-
cient contextual support. Further, based on learner performance, incorrect letters 
were indicated in red and the correct target word was provided after four incorrect 
attempts (Fig. 1C). Learners were also provided with an overview of their progress 
through each c-level; this was shown as a percentage of words currently known for 
each c-level displayed on the screen. A range of data, such as the number of listens 
to each target word, was stored in the app’s database for each learner. 

3.3 Word Form Recognition from Speech (WFRS) Test 

Before and after the intervention, the same 100-word pretest and posttest was admin-
istered to all participants from each context. Ten target words were randomly selected 
from each of the 10 c-levels of the app and these words were presented in both the 
pre- and posttest, albeit in a different order. As with the cloze format of the app, the 
test items consisted of a contextual sentence with the target word missing. Half of 
the target words were presented using contextual sentences which were identical to 
those used in the app and half had contextual sentences which were different from
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the app. This was done to confirm that learning effects from target words presented in 
the same contextual sentences were negligible. During administration, the test audio 
was played once to the respective treatment group and learners used their smart-
phones to enter the missing target words into an online cloze template. Words were 
automatically scored as either correct or incorrect. 

3.4 Stimulated Recall Protocol 

A structured stimulated recall protocol (Gass & Mackey, 2017) was applied in each 
context with the 14 subgroup members (seven from each context). Prior to the 
protocol, the 20 target words which had been listened to most by each subgroup 
member while using the app (i.e., the most challenging words) were identified 
from stored app data. Each subgroup member’s list of words and the corresponding 
cloze phrases were printed onto a reference paper for use during the stimulated 
recall protocol. The target word’s audio (the same as that of the app) was played 
and the subgroup member was asked to transcribe the missing target word. After-
ward, the participant was asked to articulate the missing target word, provide its L1 
meaning, and translate the contextual sentence with the target word into their L1. 
The researchers evaluated the subgroup members on each task binomially (correct as 
1 or incorrect as 0). Finally, the participant was asked to explain why the target word 
had been especially difficult to recognize while using the app. This was done with 
the aim to identify and categorize the primary source of difficulty in transcribing 
each of the 20 target words. All of the subgroup member interviews were conducted 
in the participants’ respective L1. The interviews lasted for approximately one hour 
and were audio recorded with the informed consent of each subgroup member. 

Sources of WFRS error for each word were categorized based on previous research 
in the field (Lange & Matthews, 2020, 2021). The error categories are listed as 
follows: 

1. Semantically unknown: The listener could not provide a L1 definition for the 
target word even after seeing its orthographic form. 

2. Semantically known but phonologically unfamiliar: The meaning of the target 
word is known in the L1 but insufficient knowledge of its phonological form was 
primarily responsible for difficulty transcribing the target word. 

3. Semantically known but phonologically unfamiliar due to the influence of 
connected speech: The meaning of the target word is known but attributes of 
connected speech, such as coarticulation, were primarily responsible for difficulty 
transcribing the target word. 

4. Semantically known but spelled incorrectly: The meaning of the target word is 
known but spelling the target word incorrectly was primarily responsible for multiple 
failed transcription attempts while using the app. 

5. Other reasons.
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3.5 Procedure 

Data for this study was collected independently by researchers in Azerbaijan and 
Japan. First, all of the participants in each context took the pretest via mobile devices. 
Next, the treatment group members downloaded the app and began to use it for 
WFRS development outside of class as homework over a period of approximately 
six weeks with the loose goal of completing one to two c-levels each week. After 
an initial practice session in class, the participants were asked to use the app outside 
of class at their own pace. This inevitably resulted in individual variation in how 
quickly participants completed the app tasks. All of the treatment group members 
completed the 1,000 words assessed with the app before taking the posttest. No 
control group participants used the app and they took the posttest during the same 
week as the treatment group. Finally, the subgroup members individually undertook 
the stimulated recall protocol with the respective researchers in each of the two 
contexts. 

3.6 Data Analysis 

Quantitative analyses included comparison of mean WFRS difference scores between 
groups (research question 1). Mean difference scores were determined by subtracting 
pretest scores from posttest scores. To test our hypothesis that those who used the 
mobile app (treatment groups) achieved greater mean WFRS difference scores than 
those that did not (control groups), independent samples t-tests were performed. 
Pearson correlation was also used to examine links between learner engagement 
with the app (e.g., the total number of times the participants listened to the words) 
and mean difference scores (research question 2). 

The quantitative data collected through stimulated recall protocol were assess-
ments of participants’ ability to articulate the target word, provide an L1 definition 
for it, and translate the contextual sentence. Percentages of correct answers for each 
task were calculated to identify the most challenging target words and investigate 
factors which may explain suboptimal WFRS (research question 3). The qualitative 
data collected during stimulated recall protocols were audio recorded. Participant 
L1 responses to the question of why the target word had been difficult to transcribe 
were analyzed for explanatory themes. The themes were identified via a thorough 
examination of the responses from participants based on aspects of thematic analysis 
(Braun & Clarke, 2006). Researchers noted recurring explanations of comprehension 
difficulty such as the latter part of the target word being difficult to hear and influence 
from the L1 affecting comprehension. The majority of these responses were aligned 
with the error categories presented to participants during the protocol. These are 
explored in more detail in the discussion section.
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4 Results 

Research Question One —Is out-of-class usage of the app associated with 
significant improvements in WFRS and if so, does the 
magnitude of improvement vary between L1 groups? 

Measures of internal consistency for both the pretest (Cronbach’s α = 0.96) and the 
posttest (Cronbach’s α = 0.94) were very good. The distribution of mean difference 
scores was sufficiently normal for these analyses (i.e., skewness & kurtosis each < 
2). 

For the Azerbaijani group, the assumption of homogeneity of variance was satis-
fied with Levene’s test, F(30) = 0.002, p = 0.966. Independent samples t-test results 
showed a significant effect, t(30) = 3.17, p = 0.004 with Azerbaijani treatment group 
members achieving significantly greater WFRS difference scores (M = 24.56, SD 
= 9.70) than those in the Azerbaijani control group (M = 13.63, SD = 9.82) (Table 
1). A Cohen’s d of 1.12 suggested a large effect size (Plonsky & Oswald, 2014). 

For the Japanese group, Levene’s test results, F(31)= 0.273, p= 0.605, again veri-
fied the assumption of homogeneity of variance. Independent samples t-test results 
showed a significant effect, t(31) = 3.17, p = 0.002. As with the treatment group 
members from Azerbaijan, Japanese treatment group members achieved significantly 
greater WFRS difference scores (M = 9.47, SD = 7.25) than those in the Japanese 
control group (M = 1.31, SD = 6.20). As before, a large effect size was indicated 
(Cohen’s d = 1.12). 

The mean WFRS difference scores for the Azerbaijani treatment group (M = 
24.56) were greater than those of the Japanese treatment group (M = 9.47). An inde-
pendent samples t-test result showed that this difference reached a level of statistical 
significance (t(31) = 1.731, p = 0.000), with a large effect size (Cohen’s d = 1.8). Of 
note is that the mean pretest score for the Azerbaijani treatment group (M = 56.13, 
SD = 17.90) was lower than that of the Japanese treatment group (M = 77.17, SD 
= 10.25). An independent samples t-test demonstrated that the difference in mean

Table 1 A comparison of test scores for treatment and control group members 

n Mean pretest score SD Mean posttest 
score 

SD MD SD 

Azerbaijani 
treatment group 

16 56.12 17.90 80.69 11.98 24.56 9.70 

Azerbaijani 
control group 

16 53.75 19.47 67.38 14.01 13.63 9.82 

Japanese 
treatment group 

17 77.18 10.25 86.65 7.11 9.47 7.25 

Japanese control 
group 

16 72.88 7.72 74.19 10.82 1.31 6.20 

Note MD = mean difference between the pre- and posttest scores 
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Table 2 Descriptive statistics and correlations for total number of listens, difference score, and 
pretest score 

Variable M SD 1 2 3 

1. Total number of listens 1915.97 626.17 -

2. Difference score 16.79 11.36 0.66** -

3. Pretest score 66.97 17.80 −0.87** −0.85** -

Note N = 33, ** p < 0.001 

pretest scores between the treatment groups was statistically significant (t(31) = 
–4.179, p = 0.000). 
Research Question Two —What relationship is evident between the number 

of times learners listen to the app and improvements 
in WFRS? 

Stored data from the app provided a raw score of the number of times learners 
listened to each target sentence. As a learner’s existing word recognition capabilities 
are likely to influence the patterns of interaction with computer-mediated language 
learning interventions (Matthews et al., 2017), another variable of interest in this anal-
ysis was pretest score. Table 2 shows the Pearson correlation matrix of all treatment 
group learners (n = 33). 

A significant positive correlation was observed between total number of times 
listened and difference score (Table 2). The magnitude of this relationship was large 
(e.g., r > 0.6). The general trend evident is that more repeated listening to the app 
was strongly associated with greater WFRS improvement. There was a strong, nega-
tive correlation between pretest scores and number of times listened (r = -0.872, 
p < 0.001) and pretest scores and difference scores (r = -0.851, p < 0.001). The 
trend evident here is that learners with a lower pretest score listened more and were 
associated with greater difference scores than those with a higher pretest score. 

Table 3 presents a breakdown of the number of times learners from each language 
group listened to the app across the duration of the intervention. Figure 2 visualizes 
the relationship between engagement with the app and WFRS difference scores. 

Table 3 Descriptive statistics on mean number of times listened by L1 Group 

n Min Max Mean number of times listened SD 

Azerbaijani treatment group 16 1,257 3,799 2,209 668.69 

Japanese treatment group 17 399 2,160 1,640 445.31
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Fig. 2 Scatter Plot of WFRS Difference Score by Total Number of Listens 

Research Question Three —From the 1,000 target words presented in the app, 
which are most challenging for learners to recognize 
and transcribe, and what could be learned about the 
origin of learner difficulty with these words through 
stimulated recall protocols? 

Back-end data were used to rank each participant’s target words according to the 
number of times listened when using the app. From this list, the 20 target words 
which were listened to most frequently were selected as a unit of analysis and are 
referred to here as the 20 most challenging target words. The mean number of times 
these words were listened to for the Azerbaijani cohort (n = 16) was 10.15 and 8.24 
for the Japanese cohort (n = 17). Next, instances of the same target words in the 20 
most challenging target words for each cohort were tallied. The target words which 
were shared five or more times within each cohort are listed in Table 4. For example, 
the first target word in the Azerbaijani cohort, unidentified, is the 274th most frequent 
word in the spoken section of the COCA and is shared on 10 of the 16 learners’ lists 
of their 20 most challenging target words (indicated in the Shared column). Also, 
unidentified, attorney, and correspondent are followed by an asterisk indicating these 
three words were shared five or more times in both cohorts.

Table 5 presents the selection percentages for each of the five error categories for 
the Azerbaijani and Japanese subgroup members. These categories were selected by 
the participant and researcher during the stimulated recall protocol for each member’s 
most challenging target words.

Commonalities within the subgroups as per their most challenging words were 
investigated by identifying the target words which repeat most often within each 
cohort member’s list of most challenging words. The scope of investigation was
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Table 4 Target words which were shared 5 or more times in lists of learners’ 20 most challenging 
words 

Japanese Cohort (n = 17) Azerbaijani Cohort (n = 16) 
Frequency 
Ranking 

Shared Target word Frequency ranking Shared Target word 

475 9 attorney* 274 10 unidentified* 

310 9 certainly 512 7 committee 

264 9 senator 114 6 any 

410 7 governor 256 6 court 

855 7 career 425 6 sort 

822 7 Iraqi 475 6 attorney* 

261 6 democrat 594 6 correspondent* 

274 5 unidentified* 263 5 political 

594 5 correspondent* 81 5 him 

73 5 our 236 5 whether 

68 5 their 23 5 ()n’t 

357 5 administration 433 5 threat 

513 5 heart 705 5 able 

829 5 soldier 

Note. Frequency Ranking refers to the frequency ranking for the target word in the spoken section 
of the COCA. Shared refers to the number of times the target word is shared in the lists of the 20 
most difficult target words for each participant. Words followed by an asterisk (*) appear in both 
L1 cohorts’ lists. ()n’t represents the contracted form of not

Table 5 Percentage of transcription error category selections 

Transcription error category Azerbaijani subgroup (n = 7) Japanese subgroup (n = 7) 
(1) Semantically Unknown 14% 26% 

(2) Semantically known but 
phonologically unfamiliar 

29% 31% 

(3) Semantically known but 
phonologically unfamiliar due to 
the influence of connected speech 

13% 19% 

(4) Semantically known but 
spelled incorrectly 

8% 21% 

(5) Other (Could not explain why 
the item was difficult) 

36% 4%

reduced from 20 target words to 10 target words, thus allowing a focus on only 
the most challenging items. The target words which repeated three or more times 
within the subgroups’ 10 most challenging target words are listed in Table 5. To  
elucidate why these particular words were the most challenging, the frequency with 
which error categories 1 to 5 were selected are indicated in the far-right column of
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the table. For example, in Table 6 the first target word attorney is the 475th most 
frequently occurring word in the spoken section of the COCA. It appears on five of 
the seven subgroup members’ lists of their 10 most challenging target words and was 
categorized as error category 1 by three learners and as category 2 by two learners. 
Table 7 presents data for the Japanese subgroup members in the same format. 

Table 6 Difficult target words shared among the Azerbaijani subgroup 

Freq Shared Target word Target sentence Categories 

1 2 3 4 5 

475 5 attorney* If you have broken the law, you 
need to get an () 

3 2 0 0 0 

274 5 unidentified* We do not know all of their 
names, so some () people have 
been killed 

1 1 1 2 0 

512 5 committee Maybe I can help. I am on the 
() that runs this event 

2 1 0 1 1 

594 3 correspondent* The foreign () will send news 
back to America 

0 1 0 1 1 

397 3 candidate He is the democratic () for 
President 

2 1 0 0 0 

Note. n = 7, Freq. = frequency ranking for the target word. Shared = times shared in lists of 10 
most difficult target words. (*) shows words that appeared in both L1 cohorts’ lists. Categories are 
defined as: (1) Semantically unknown, (2) Semantically known but phonologically unfamiliar, (3) 
Semantically known but phonologically unfamiliar due to the influence of connected speech, (4) 
Semantically known but spelled incorrectly, (5) Other 

Table 7 Difficult target words shared among the Japanese subgroup 

Freq Shared Target word Target sentence Categories 

1 2 3 4 5 

310 6 certainly If there is an answer I () don’t 
know it 

1 4 1 0 0 

822 4 Iraqi The war started over American 
interest in () oil. They wanted 
more control of the oil from that 
foreign country 

4 0 0 0 0 

248 3 police Stop now or I’ll call the ()! 0 3 0 0 0 

425 3 sort You can’t do that () of thing here 2 0 0 1 0 

594 3 correspondent* The foreign () will send news 
back to America 

3 0 0 0 0 

507 3 commercial It made a lot of money so the 
movie did well in a () sense 

1 0 0 2 0 

Note n = 7, Freq. = frequency ranking for the target word. Shared = times shared in lists of 10 
most difficult target words. (*) shows words that appeared in both L1 cohorts’ lists. (See note in 
Table 5 for details of the Categories)
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5 Discussion 

The findings from research question one show that the treatment groups in both L1 
cohorts made significant improvements in WFRS. The Azerbaijani treatment group 
gained an average of approximately 10.93 words more than the Azerbaijani control 
group with a large effect size (i.e., d = 1.12). The Japanese treatment group gained 
an average of 8.16 words more than the Japanese control group (d = 1.12). This 
provides evidence that WFRS was enhanced through use of the app for both L1 
groups, however, the Azerbaijani learners’ gains were larger. This difference may 
be attributable in part to the initially lower proficiency levels of the Azerbaijani 
learners since instruction in aural word recognition tends to produce better results 
for lower proficiency learners (Jia & Hew, 2021b). Another contributing factor may 
be the Azerbaijani group’s greater use of the app with a mean difference of 569 more 
listening times than the Japanese cohort. Moreover, their gains may have been larger 
from having up to 19 more hours of English instruction per week than their Japanese 
counterparts. 

This overall positive result for both groups provides preliminary evidence that 
the affordances of the app may be beneficial in enhancing WFRS among learners 
of diverse language backgrounds and proficiency levels. Due to the various possible 
contributing factors, however, more empirical research is required to determine the 
sole contribution of the app on WFRS development. In terms of a comparison with 
the one previous study that we are aware of that was specifically directed towards 
computer-mediated development of L2 WFRS, results from the current research 
appear to be positive. The Matthews et al. (2015) in-class study noted an improvement 
in WFRS between treatment and control group members, but the magnitude of this 
improvement (approximately 1.5 words difference between control and treatment 
group) was less than that noted in the current study and had a smaller effect size 
(i.e., d = 0.47). Although more research is needed before more assertive conclusions 
can be made, this comparison is at least suggestive of the feasibility of developing 
WFRS capacities in out-of-class contexts via the use of mobile apps. 

Research question two explored the relationship between the number of times 
learners listened to the app and WFRS difference scores. There was a strong signif-
icant correlation between the number of times learners listened and their difference 
scores (r = 0.66). Pretest scores had a strong inverse relationship with both number 
of listens and WFRS score gains, which shows that learners with lower proficiency 
listened more and improved more than higher proficiency learners. This result is 
not entirely unexpected based on previous research. For example, Matthews et al. 
(2017) demonstrated that learners of different proficiency levels experienced signif-
icantly different WFRS gains after computer-mediated intervention, with mid-level 
proficiency learners achieving greater difference scores than both lower and higher 
proficiency learners. In sum, these findings reinforce the importance of computer-
mediated approaches that are adaptive. A future area for improvement with the C-
levels app (and others like it) would be the addition of an algorithm that modulated 
the difficulty of the target words depending on the learner’s preceding performance
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with the task. For example, if the learner was recognizing all words correctly, the app 
could increase the difficulty (decrease the frequency) of the target words (e.g., skip 
a c-level). Also, the Azerbaijani treatment group listened to the app on average 569 
times more than the Japanese treatment group. This increased level of engagement 
may have been influenced by several factors, including proficiency and affective 
factors. For example, the Azerbaijani groups’ generally lower proficiency may have 
meant the app content was more immediately relevant to their learning needs and 
this may have motivated higher levels of engagement. 

Suggestions for developing WFRS based on our findings are provided next. 
Because participants who used the app more frequently made greater improvements, 
it is recommend that learners focus on developing WFRS through frequent listening 
and cloze transcription practice. In addition to practice via the app (or similar affor-
dances), explicit instruction focusing on patterns of phonological modification in 
connected speech, word stress patterns, and utilization of contextual meaning to 
support WFRS development is also recommended. As the analysis of participants’ 
most challenging target words demonstrated, individual learners have unique diffi-
culties with WFRS due to a variety of factors. Screening for difficult words via a tool 
such as the C-Levels Vocab app allows researchers and learners to focus on addressing 
the unique challenges presented by each word for each learner. Developing WFRS 
for words that are especially difficult may require explicit instruction tailored to the 
individual learner and their L1 group rather than simply more generalized practice. 

The first part of research question three investigated the most challenging target 
words for learners to recognize and transcribe when using the app. In both groups, 
there were at least 13 target words which five or more learners found particu-
larly difficult. Many of these were high-frequency words, which is consistent with 
previous research demonstrating difficulty with WFRS for known words (Carney, 
2021; Lange & Matthews, 2021). For the Japanese participants, seven of the 14 words 
in Table 3 (certainly, senator, democrat, unidentified, our, their, administration) had 
frequency rankings which were higher than the 400th ranked word in the spoken 
section of the COCA. Among the Azerbaijani participants’ lists as well, seven of the 
13 words in Table 3 (unidentified, any, court, sort, attorney, political, him, whether, 
()n’t) rank higher in frequency than the 400th ranked word. To illustrate, their (ranked 
68th in frequency) was shared on the lists of five Japanese learners’ most challenging 
words and was a noted challenge for Azerbaijani learners also. It is likely that this 
difficulty is at least partially attributable to Japanese and Azerbaijani not having a 
voiced dental fricative /ð/. The finding that very high-frequency words can cause 
difficulty for language learners is of strong interest. Teachers and researchers should 
be aware that the phonological form of some high-frequency words may not be well 
known by some learners and that these problematic high-frequency words may vary 
depending on the learner’s L1. It is important for teachers to identify these prob-
lematic high-frequency words and offer them explicit attention in an effort to raise 
learners’ awareness of the potential challenges of recognizing their phonological 
forms. For example, providing learners with repeated opportunities to hear authentic 
samples of connected speech containing these problematic words and then again
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while listening and reading an accurate corresponding written transcript is an impor-
tant first step. The provision of metalinguistic explanations of how the phonological 
form of these challenging high-frequency words may vary when articulated in fluent 
speech (e.g., variable acoustic contexts) is also warranted. 

It is also interesting to note that scores for the Azerbaijani subgroup members on 
the target word articulation and transcription tasks were over 10 average percentage 
points greater than those of the Japanese learners. Although speculative, this slight 
advantage for the Azerbaijani learners may be attributable to a stronger similarity 
between the orthographic systems of Azerbaijani and English, when compared to 
that of Japanese and English. As an example, consider the words Azerbaijan (i.e., 
Az∂rbaycan) and Japan (i.e., 日本) written in Azerbaijani and Japanese respectively. 

The second part of research question three addressed why learners in both contexts 
had experienced difficulty in WFRS for certain target words. Five error categories 
were used to clarify the primary reasons for transcription difficulty. The largest error 
category in the Japanese subgroup was (2) Semantically known but phonologically 
unfamiliar which, as confirmed via the stimulated recall protocols, represents a perva-
sive limitation on WFRS. Learners often recounted incongruences between their 
mental representation of a word’s phonological form and the phonological form they 
perceived from the audio recording. Data suggested that these differences stem from 
extensive prior exposure to Japanese-accented English that seemed to have created 
Japanese-accented phonological forms of English words in the mental lexicon. For 
example, one subgroup member explained their inability to recognize hand (/hænd/) 
in the spoken utterance “It’s more work than I thought. Could you give me a () 
with this?” was due to an inaccurate phonological representation of the target word. 
Japanese requires mora to have a vowel in the syllable-final position so hand was 
modified to / hAndo/ in the learner’s lexicon to conform to Japanese phonotactics. 
Another learner had difficulty recognizing schooI in the spoken utterance “Our child 
said she didn’t want to go to () today.” The learner explained that “The end of the 
word is hard to hear” due to the consonant in the syllable-final position and further 
stated that “[they] have a habit of hearing in katakana” (i.e., the Japanese phonetic 
syllabary). By this, we assume the learner was describing the process of mapping 
English words onto Japanese-accented representations in the mental lexicon. Thus, 
when hand is recognized it is associated with /hAndo/ and if school is recognized, 
it is mapped to /sukuuru/ in the mind of the listener. In another example, the learner 
explained that her difficulty perceiving police in “Stop now or I’ll call the ()!” was 
due to influence from Japanese. She repeatedly entered please for police despite 
having semantic knowledge of the target word. Every subgroup member described 
at least one similar difficulty related to influence from Japanese-accented English and 
previous studies have also documented this trend (Lange & Matthews, 2020, 2021). 
Influence from Japanese-accented English input can be more generally understood as 
L1 phonotactic constraints whereby the listener tries to apply phonological conven-
tions of the L1 (e.g., placing vowels in the syllable-final position) erroneously to 
the L2 (Cutler, 2012). The largest error category for the Azerbaijani subgroup was 
(5) Other which mainly reflected the learners’ difficulty in explaining why WFRS 
had been difficult. Speculatively, this may be attributable to learners in this context
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having limited experience with critical analysis of their own English language perfor-
mance. This also underscores the general difficulty in self-assessing and describing 
limitations in one’s implicit L2 linguistic knowledge, especially among learners with 
relatively low proficiency levels. This speaks to the particular importance of teachers 
working closely with lower proficiency learners to help them identify and resolve 
the specific challenges they have in recognizing the phonological form of words. 

Although informative, this study had several limitations. First, WFRS develop-
ment for the Azerbaijani learners was likely to be disproportionately affected by 
the 20 or more hours of English instruction they received each week during the 
study compared to the Japanese learners’ three to six hours. Another limitation was 
the inclusion of culturally-bound words within the COCA (e.g., senator, attorney, 
Iraqi) which may have affected WFRS improvement differently in the two contexts. 
The use of knowledge-based vocabulary lists specific to L1 language groups (when 
they become available) to guide the order and selection of the content of similar 
interventions is advised for future studies (see, Schmitt et al., 2022). An additional 
limitation was that due to feasibility constraints only one rater in each context scored 
the stimulated recall protocol assessments and analyzed the qualitative data from the 
learners’ L1 responses. Scores from multiple raters are recommended to accurately 
assess inter-rater reliability. 

6 Conclusion 

Recognizing words from speech is a fundamental skill in L2 learning and is particu-
larly important for listening development. Unlike information processed through the 
orthographic modality, WFRS must be executed fluently to keep up with the tran-
sient nature of spoken input. Regular engagement with out-of-class mobile-assisted 
language learning like that at the center of this study is likely to help develop this 
capacity across different language learning contexts. Although all learners regardless 
of L1 shared some of the same challenging words in the current study, an important 
takeaway was that there was sizable variation in the specific words that learners found 
challenging. Another key finding was that the degree of difficulty encountered with 
any given word did not necessarily correspond to the frequency of occurrence of 
that word (i.e., as indicated by the COCA). Therefore, an individualized approach to 
WFRS development is suggested in which each learner’s problem words are identi-
fied and the underlying factors responsible for suboptimal WFRS are addressed. The 
approach applied in the current study has enabled us to cover new ground, but there is 
more work to be done. Moving forward, we call for more mixed-methods research that 
triangulates out-of-class language learning app usage data with one-on-one interview 
data, both within and across learning contexts. Such research will inform us on how 
to strategically apply technological affordances to facilitate effective out-of-class 
learning.
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