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Abstract: The purpose of this study is to develop a system which supports Japanese 

learners’ speaking practice utilizing Text-to-Speech (TTS) technology and to investigate 

how they practice with the system on the basis of learning log data. The characteristics of 

the system are (i) they can choose words, chunks, sentences, or passage which they prefer 

to practice at any time; and (ii) the system utilizes a common TTS engine which enables 

learners to access through Internet. The system stored all the log data on participants’ 

behaviors; every click of words, chunks, sentences, and passages with time stamps. First, 

this paper demonstrates how the system visualizes each learner’s learning behavior.  The 

seven-week experimental study shows that there are three types of group observed in the 

analysis regardless of their proficiency levels. In addition, some participants change their 

learning behavior depending on the materials.  

 
Introduction 

 

Recently, there has been growing interest in pedagogical application of information technologies. In 

educational settings, various types of technology have been integrated to support students in the classroom. These 

include applications that enable the computer to mediate communication via voice, to transmit audio or video 

through audio and video conferencing, or to facilitate user participation and interaction via text chat, voice chat, 

audio blogs, or voiced bulletin boards (Levy, 2009). And, there are also many useful online technologies and 

resources can be used. 

TTS is a type of speech synthesis, in which written text are synthetically transformed into speech. We often 

hear TTS sound as announcement at the station or as directions in a car navigation system. TTS has a potential 

impact on language learning. To improve students’ pronunciation, TTS applications found on the Internet can be 

incorporated into lessons to help students listen to any written text to check its pronunciation and intonation 

(González, 2007). From the viewpoint of instructors, Azuma (2010) offered some methods that make use of 

TTS for English learning, such as making material for grammar practice or editing videos for classrooms. It 

might seem that the quality of TTS speech is not sufficient for language learning, compared with that of native 

speakers. However, some studies validate the usefulness of TTS in English as a foreign language (EFL) settings.  

In spite of the situation in which TTS has become common and popular in the field of foreign language 

teaching, its application for “Personalized Learning Setting” has not been well studied so far in order to support 

their speaking practice as an e-Learning system. This study is concerned with such an application of a newly 

constructed TTS-based Speaking Practice System for Japanese EFL learners and demonstrates the effectiveness 

of the system. The study further investigates how Japanese EFL learners practice speaking with the system on 

the basis of the learning log data. 

 

Previous Studies 
 

Handley (2009) compared four kinds of TTS in French that are available for Computer-Assisted Language 

Learning (CALL), and showed that they are almost ready to be used for classroom. According to the study of 

Japanese EFL learners (Hirai & Oki, 2011), TTS has a more potent effect on lower proficiency group than upper 

group, and suggests for a possibility to help all learners to practice pronunciation individually. Handley and 



Hamel (2005) also gave positive results of the possibilities of TTS use and discussed the pedagogical roles of 

TTS. It provides a recommendation to employ TTS technologies for EFL learners’ listening and speaking 

practice. However, very few studies investigated how they improve their speaking skills with the technologies, 

although previous studies generally agree that TTS is useful and practical for speaking and listening. It is 

frequently pointed out that each learner has a different learning style in their learning behaviors (Kastner & 

Stangl, 2013). 

Then, there is another important advance of information technology which may help us to solve the above 

problem. It is the advent data which appears in students’ learning process. When we work with computers, all 

the data of every single click, or movement of the mouth are recorded as log data. These big learning log data 

have been expected to provide new and direct evidence about the learning processes that we had never predicted 

or expected. This paradigm has recently been called Learning Analytics (LA). LA is the measurement, collection, 

analysis, and reporting of data about learners and their contexts, for purposes of understanding and optimizing 

learning and the environments in which it takes place (Ferguson, 2012). It will help us to better understand how 

students learn and identify the settings in which they learn to improve educational outcomes and to gain insights 

into and explain educational phenomena (Romero & Ventura, 2013). And the visualization techniques are often 

used in this field and useful for showing results in a way that is easier to interpret. From a standing point of the 

system development, giving leaners the real-time feedback might be an effective way to improve their 

pronunciation. They could change their learning behavior immediately and pay attention on the pronunciation of 

words. And the visualization of learning data can be the evidence of how learners work on and can be collected 

for further development. However, research in LA has only just begun. There are limited resources that can be 

used effectively. 

The previous study (Suro & Ono, 2016) developed a system which using TTS and asked learners to use it in 

speaking practice. Their speeches were recorded as the pre- and post- tests for valuation. We prepared two types 

of material with different difficulty levels for the experiment to see how learners change their learning behaviors. 

As the result, we found that learners’ accuracy improvement was observed in the easy material. And some 

participants changed their learning patterns when the materials become more difficult.  

This paper carries out a longitudinal study with greater variety of proficiency levels, visualizes their learning 

patterns individually, categorizes learning patters, and investigates their learning behavior patterns. 

 

The Study 
 

   Although TTS is effective in language learning, there is no study about the details of how learners work on 

TTS and the differences between learners in various materials. Based on the findings of the pilot study, this study 

addresses the following research questions: (1) Are there any patterns in the learning behaviors; (2) Do learners 

change their learning behaviors depending on various materials with different difficulties; and (3) Is there any 

relationship between learners’ proficiency levels and learning behaviors? 

   A total of eighty-three first-year students of various majors at a national university in Japan participated in 

this study. Participants are divided into upper group (n = 43) and lower group (n = 40) according to the result of 

placement test of the course. Seven English materials were taken from Chieru Super-Eigo Academic Express2 in 

this study. The material information is given below.  

 

 
Table 1. Material Information 

 

   Before the speaking practice, the participants were instructed to read the passage silently. Then they 

practiced speaking loudly while listening to the model they would like the system to speak; words, chunks, 

 

 

No Title 
Flesch-Kincaid Reading Ease 

score 
1 Security instruction before flight take off 58.6 
2 Weather forecast 79.7 
3 Educational software release announcement 47.2 
4 Annual general meeting 71.8 
5 Economy news 84.7 
6 Flight cancellation announcement 67.2 

7 
Cultural contrasts between US & India 

companies 
40.5 

 



sentences, or passages. After the ten minutes speaking practice, they record their speeches for evaluation and 

they were instructed to check the words which were difficult to speak (Difficult-to-Pronounce Words: DPW) and 

the words which they do not know (Unknown words: UW). The experiment lasted for 7 weeks (one material per 

one week).  

 

 
Figure 1. System Outline 

 

Figure 1 is the outline of this system. It is based on the Web-Speech API and can be used by using Google 

Chrome OS through the internet. Figure 2 shows the interface of this system. The participants click the button to 

choose the mode of Full Text, Sentence, Chunk, or Word. Depending on their own learning style, they can get 

the sounds by clicking once on the text they want to listen to. The data such as the mode, the length of text and 

the time are to be collected in the database for the analysis. We conducted cluster analysis to divide participants 

into some types of group. The criteria for analysis are (i) frequency of each mode; i.e., words, chunks, sentences, 

or passages; and (ii) frequency of “jump behavior” (including forward jumping indexed as “jump” and 

backward jumping indexed as “return”), which means that the participant does not proceed linearly, but jump to 

the places they would like to listen to. Since this linear/nonlinear behavior seems to be affected by the learners’ 

leaning styles, we included the frequency of them as another important variable. The variables to be analyzed 

for our cluster analysis is (a)frequency of jump in Sentence mode, (b) frequency of return in Sentence mode, (c) 

frequency of jump in Chunk mode, and (d) frequency of return in Chunk mode. 

 

 
Figure 2. The Interface 

 

 

 

 

 



Visualization 

 

In this study, we attempt to study Japanese EFL learners’ behavior through visualization. Then, we would 

like to collect log data at the time of clicking, the place of clicking, and frequency of clicks. We would like to 

analyze their speaking practice behavior patterns using the statistical method of clustering on the basis of 

learners’ log data.  

Figure 3 below is an example of the visualized learning behavior patterns. In this graph, colored marks are 

used to indicate each mode in which the learner listened. The horizontal axis refers to time-line and the vertical 

axis refers to the location of words. The vertical line above each mark means the length of text that learner 

listened during the practice time. If they listened in a linear way, two plots are connected by the line. It shows 

that this learner began practicing in Full Text mode and checked the pronunciation of each word in turn for 

approximately 10 minutes. The learner then clicked on Full Text once more and perhaps confirmed the 

pronunciation of some difficult-to-pronounce words (DPW) at the end. This learner began practicing in Full 

Text mode, and then changed to Word mode. 

 

 
Figure 3. Learning Behavior Visualization (1)       Figure 4. Learning Behavior Visualization (2) 

 

Figure 4 is another example of learning behavior patterns. It shows that this learner began practicing in 

Chunk mode, represented in orange, and may have confirmed all the chunks in turn in a linear fashion. Next, this 

learner began to confirm the pronunciation of the words randomly, as represented in green. He then began 

practicing in Sentence mode twice, as shown in red. However, Figure 4.3 shows that the learner behaved 

differently from the former learner as he commenced his practice in Sentence mode. This learner jumped once in 

the first Sentence mode and checked the pronunciation of one word when he found a UW or DPW in the first 

round. Then, in the second round, he listened to the sentences in a linear path. Finally, he clicked Full Text, 

checked the full passage, and finished the practice.  

The above two figures are two typical examples of learning behavior. However, we observed many learning 

patterns from the results of visualization. By better understanding each learner’s learning behavior, we should 

provide some new definitions of learners and analyze the relationship between their practice using the system and 

their learning behaviors. 

 

Findings 

RQ1: Are there any patterns in the learning behaviors? 

 

As to RQ1, since clustering is a common way to categorize learners from bid data in the field of Learning 

Analytics (Romero & Ventura, 2013), we conducted Cluster Analysis (Ward’s Method) to classify learners with 

regard to four variables: that is, the frequency of the four modes (Word, Chunk, Sentence and Full Text). 

Observing the dendrogram provided by cluster analysis carefully, three types of group were produced. The first 

one is “Sentence-Centered Group”. In this group, they mainly practice in Full Text mode and Sentence mode. 

Participants of this group start practice with sentences or full texts, relatively long texts. The second one is 

“Chunk/Word-Focused Group”. Learners in this group tend to confirm the more detail pronunciation in Chunk 

mode and Word mode than the first group. The third one is “Balanced Group”, who evenly performed with all 

modes during the practice time. “Jump” or “Reverse” was found in each group, which does not clearly 

characterize the group. This result is given in Figure 5 below. 



 

RQ2: Do learners change their learning behaviors depending on various materials with different 

difficulties? 

 

Figure 5 shows the portions of each group in each lesson. Our assumption was that more Sentence members 

in easy materials like No.2, 4, 5, and 6 and vice versa due to the readability effect. 

 

 
Figure 5. Behavior change for each lesson (*: Flesch-Kincaid Reading Ease score>65)  

 

The number of Sentence-Centered Group decreased with the materials of higher readability (more difficult 

materials). Participants need to check, click and confirm pronunciation of difficult words more carefully with the 

use of Chunk mode and Word mode for such difficult materials. However, there is one thing that is strange to our 

expectation. No.5 is an easy material according to readability figures. Our expectation is that more Sentence 

Centered learners would be included in No.5. Thus, we checked the DPWs and UWs learners chose after the 

experiment. As the Table 2 shows below, the pronunciations of “figures” were ranked in the top five DRWs. 

Learners had difficulty practicing to speak figures. This suggests that the pronunciation of figures is one factor 

which affected their learning behaviors in spite of less difficult materials. 

 

 
Table 2. Summary of Words in No. 5 

 

RQ3: Is there any relationship between learners’ proficiency levels and learning behaviors? 

 

In order to answer RQ3, we compared the difference between the two different proficiency groups using the data 

between No.6 (easy materials) and No.7 (difficult material). The number of participants who belong to each 

group is shown in the Table 3. For both groups shown in Figure 6, the number of those who belong in the 

Sentenced-Centered, were decreased when material became more difficult. This means that the behavior patterns 

are similar regardless of proficiency. Moreover, it was shown that learners are in general change their behavior 

toward more balanced, a desirable direction, to be more accurate and fluent in speaking. 
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Sentence Centered Balanced Chunk/Word Focused

Ranking Difficult to Pronounce 
Words (DPW) Count Unknown Words 

(UW) Count 

1 10,357 63 surge 54 
2 1,463 54 Nasdaq 52 
3 11,700 53 Dow 45 
4 4,678 52 Bucked 39 
5 11,080 52 Mutual 32 

 



 
Figure 6. Participants in Lesson6 and Lesson7 

 

 

 
Table 3. The Comparison of the Two Different Proficiency Groups 

 

 

Conclusions 

 

   In the present study, we examined the relationship between how they practice speaking and their learning 

behavior. Based on the learning log data, this study showed learners’ learning behavior using visualization and 

investigated the types of their behaviors during the speaking practice. However, all learners differed with regard to 

the details of their learning patterns as evidenced from the results of visualization. The results were considered to 

be similar to the findings of the pilot study in that learners had different approaches to their use of TTS. Some 

learners changed their learning behavior when materials become more difficult. There was no proficiency 

difference in determining the types of learning behavior. Learners in Sentence Centered group sometimes ignore 

or skip to read difficult words carefully. It is natural to state that a rather balanced approach should be promoted 

to read difficult materials with higher fluency and accuracy.  

The finding of this study will be directly related to the future challenge in interactive function in e-Learning. 

Recommending students to practice in the form of real-time feedback with the available modes might be the 

desirable way in improving speaking skill. We only tried to make visualization of their learning behaviors in 

discovering how they actually changing in this study, but they are limited. We must explore the appropriate 

evaluation approach to give us detailed analysis from a long-term perspective in the future.    
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