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Abstract—Japanese vocabulary proficiency is directly related to Japanese
language proficiency, and the learning and evaluation of Japanese vocabulary is
vital in Japanese learning. To evaluate the learners’ Japanese vocabulary profi-
ciency, in this study, we propose an effective method for evaluating Japanese
vocabulary and implement it into a system. To prove the evaluation ability of
the proposed method and implemented system, we conducted an experiment in-
volving 80 students from the Japanese Group of the department of applied for-
eign languages of a senior high school to investigate the effectiveness of the
method and system. The results of this study confirmed that (1) the reliability
and validity of the proposed Japanese vocabulary evaluation method and system
are favorable; and (2) the correlation coefficient between the experimental re-
sults and the students’ academic performance is higher than 0.80. Theoretically,
the multidimensional Japanese vocabulary quotient model proposed herein can
be the basis for Japanese vocabulary detection. Practically, the low-cost and
rapid Japanese vocabulary evaluation system developed is applicable to educa-
tional evaluation, whereas the technical evaluation method and system for Japa-
nese vocabulary can improve the efficiency and effectiveness in evaluating the
Japanese vocabulary of learners.

Keywords—Language learning, Japanese vocabulary quotient, technical evalu-
ation system
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1 Introduction

Vocabulary is the foundation in developing foreign language skills. If a foreign
language learner does not acquire sufficient vocabulary, then he or she will encounter
difficulty in understanding sentences and texts. Vocabulary serves as a mediating role
in the development of reading, listening, writing, and speaking in language acquisi-
tion. Many researchers are interested in factors that affect vocabulary acquisition, and
some studies have identified phonological awareness and vocabulary
knowledge/memory as important factors affecting children’s reading ability [1, 2,
3,4]. Some researchers have further identified phonological awareness as a factor that
affects children’s reading ability [5]. Furthermore, some studies indicated that phono-
logical awareness affects children’s writing ability [6, 7]. There is no doubt that vo-
cabulary is an important ability and foundation for foreign language learners.

Most studies suggest that extensive and adequate vocabulary knowledge is a pre-
requisite for reading fluency [6, 8, 9, 10, 11, 12, 13]. People with adequate vocabulary
knowledge are better readers [14, 15]. Conrad [16] investigated the conversion be-
tween vocabulary and reading and reported that more spelling practice improves read-
ing ability, more reading improves spelling accuracy, and that spelling has a greater
effect on reading than reading has on spelling.

The specific relationship between vocabulary count and reading has been specified
in many studies. Hu and Nation [17] argued that non-native English speakers should
understand 98% of the vocabulary in a text, namely text coverage, to achieve better
reading. Carver [18] indicates that native English speakers requires 98% text coverage
to achieve better reading. According to Nation [11], identifying 8,000 to 9,000 words
is required to achieve a 98% text coverage, and identifying 6,000 to 7,000 words is
the basis for understanding oral English. Other researchers believe that identifying
8,000 words is necessary to achieve a 98% text coverage [19]. When reading young
adult novels, one needs to know at least 5,000 words to achieve 97%—98% text cover-
age; otherwise, the enjoyment in reading novels will be diminished [20].

To evaluate the learners’ vocabulary proficiency, researchers have used several vo-
cabulary tests to measure an individual’s vocabulary, such as the vocabulary size test
[21], vocabulary levels test [8, 22], and Eurocentre vocabulary test [23]. Some re-
searchers used true—false questions [23, 24], whereas others adopted multiple-choice
questions [21, 22]. Laufer and Ravenhorst-Kalovski [19] used the vocabulary levels
test [8, 22] to determine the vocabulary of participants. Ho and Huong [25] proposed
a vocabulary quotient (VQ) and employed it to estimate English vocabulary. To eval-
uate the learners’ Japanese vocabulary proficiency, in this study, we used similar
methods to propose the VQ of Japanese vocabulary, developed a system, conducted
experimental tests, and obtained data for analysis.

The rest of this paper is organized as follows: Section 2 presents related studies
about information technology assisted in language learning. Section 3 illustrates the
proposed technical evaluation method and system for Japanese vocabulary. Section 4
explains the research method and offers the experimental results. The conclusions are
then given in Section 5.
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2 Information Technology Assisted in Language Learning

Innovative information technologies have been used in many studies for language
learning [26, 27, 28, 29]. In language learning, the most used technologies were cor-
pus, online videos, websites, social networking, intelligent tutoring system, etc.

A corpus is a dataset used by learners to learn language speaking, dialogues, writ-
ing documents, etc. Corpus is regarded as an effective technology in language learn-
ing due to its rich dictionary resources [30]. Language learning by searching a corpus
is a very common way of learning, because learners can find common language ex-
amples and formal language expressions in the corpus. Therefore, for learners who are
learning vocabulary expression and literary writing, it is especially suitable to use
corpus for learning. Li [31] explored whether direct corpus can improve learners'
writing collocation ability. This study used experiments conducted between two
groups of Chinese graduate students. The experimental results show that students who
use the direct corpus have a significant improvement in their writing collocation abil-
ity. Ackerley [32] compared the learning performance of students with and without
the corpus. The study found that those who used the corpus proved appropriate word-
ing for a wider genre. In addition, the study also found that students who did not use
the corpus produced fewer alternate phrases.

There are many video content related to language learning on the Internet. Learners
can browse this language learning-related video content on the Internet to learn the
language by themselves. Yeh [33] investigated the perceived benefits of learners us-
ing a variety of multimedia-assisted learning for video production. The survey results
show that most learners believe that multimedia-assisted learning can make it easier
for them to understand different cultural literacy, and also easier to understand the
meaning of different languages and symbols in different cultures. Arndt and Woore
[34] compare the second language vocabulary obtained by users interacting with two
different online media (written blog posts and video blogs). They also explored
whether there are differences in which aspects of vocabulary knowledge (i.e.,
spelling, semantics, and grammatical functions) are best learned from these media.
The results show that by reading blog posts and watching video blogs, the incidence
of accidental vocabulary learning is almost equal. The research results also confirmed
that the use of video interactions promoted pragmatics to recall more of the target
word's grammatical functions, as well as more awareness and recall of their meanings.

Website refers to various multimedia pages on the Internet. These multimedia pag-
es can provide various languages learning related teaching materials and learning
skills [35]. Language learners can browse these multimedia pages with personal com-
puters, tablets, smart phones and other information devices to obtain these language
learning-related resources. Lim [36] studied the benefits of using portals to assist
students in their interpretation work. The results of the research show that the use of
portals for interpretation can not only provide more varied vocabulary combinations,
but also complete interpretation tasks quickly and correctly. Ngo [37] investigated
whether the use of Web-based technology can be used to improve the oral perfor-
mance of EFL learners. The survey results show that using Web 2.0 technology as a
learning management system helps to create a ubiquitous learning environment, ena-
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bling L2 learners to participate in the language learning process without being re-
stricted by time and space. In addition, Web-Based Language Learning has also been
found to reduce the learning anxiety of L2 learners and at the same time make them
more proactive language learners.

Language learning through social networking sites is currently one of the most
popular learning methods. Social networking sites can help learners create personal
learning information [38]. Language learners can build language identities on social
networking sites in order to establish a connection with the target language and cul-
ture [39, 40], or communicate with other learners on social networking sites [38].
Mompean and Fouz-Gonzélez [41] tested the results of the research on the effect of
pronunciation teaching with Twitter. In this study, the researchers used Twitter to
send multiple tweets containing difficult-to-pronounce words to students every day,
so that students could learn pronunciation. Research results show that using Twitter
for pronunciation teaching is indeed helpful for students' pronunciation learning. Sun
et al. [42] believe that most English as a foreign language student lack sufficient op-
portunities to practice English skills, and social networking sites and mobile learning
(especially mobile-assisted language learning) can provide these learners with a new
way to practice speaking English in a meaningful way. opportunity. They studied the
application of mobile social networking sites in a first-year EFL classroom in China
to determine its impact on students' oral skills. They were divided into two classes.
One class used mobile social networking sites to learn oral skills, and one class did
not use mobile social networking sites to learn oral skills. The results of the experi-
ment show that students who use mobile social networking sites for learning have
significantly improved their English fluency. The research results also found that the
application of mobile social networking sites for learning can enable learners to speak
in English in low-stress and situations.

Intelligent Tutoring System (ITS) is a language learning system that can provide
personalized guidance [43]. ITS can automatically record learners' various learning
activities, such as the number of logins, learning time, test results, and judge learners'
learning effectiveness based on these records. In addition, ITS can also provide mate-
rials and teaching methods suitable for learners based on learners' learning effective-
ness, so as to enhance learners' learning effectiveness. Troussas et al. [44] proposes an
intelligent tutoring system for learning English and French concepts. The system
incorporates a novel model that uses machine learning for error diagnosis. The model
uses two algorithmic techniques, especially approximate string matching and string
meaning similarity, to diagnose spelling errors, errors in the use of tense, errors in the
use of auxiliary verbs, and confusion caused by simultaneous language tuition error.
The model used for error diagnosis is used by the fuzzy logic model, which takes the
results of the first or knowledge dependency relationship between different domain
concepts of the learning materials as input, and dynamically determines the learning
content suitable for delivery to the learning content. Baker et al. [45] studied the pro-
spects, usability and feasibility of Intelligent Tutoring System to improve the vocabu-
lary and language skills of second-grade Latinx English learners in scientific and
social studies. The research results show that compared with the words taught, the
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students who use ITS have a significant improvement in their vocabulary knowledge.
The results also show that most students like to use ITS and learn new words.

3 Technical evaluation method and system for Japanese
vocabulary

In this study, the key performance indicator concept in management science was
applied to Japanese as a foreign language (JFL) and the Japanese vocabulary quotient
(JVQ) was proposed to provide learners and instructors with a set of objective quanti-
tative indicators, benefitting both theoretical and practical teaching and learning (Ho
& Huong, 2011).

The JVQ is a set of four quotients obtained from four standardized Japanese vo-
cabulary tests.

Definition 1: The JVQ is expressed as JVQ (p, m, L, t, z) = {JVQi| 1< i < d},
where p is the participant; m is the native language of p, which was set as Chinese in
this study; L is the set of target Japanese vocabulary, e.g., 800 Level 5 Japanese vo-
cabulary exists; t is the date on which the test was performed; z is the number of ques-
tions in each test, which is a positive integer; JVQIi is the number of correct answers
in test model i1 divided by z; d is the type of test, which was set as 4 in this study.

In this study, a uniform distribution random function was used to select Japanese
vocabulary materials in L for each test. The definition above is applicable to any hu-
man natural language, both L1L1 and L1L2. The test models for different languages
vary. The JVQ for each individual is a time-varying function, where a larger z indi-
cates higher accuracy.

Four test models (d = 4) were proposed in this study, which are described as Table
1:

Table 1. Japanese vocabulary test models

Test model Description
Given Cp (Jt) with V(Jt).
Examinee is asked to key-in the target Japanese vocabulary Jt.

Test model 1

Given Jt and 4 choices Cp (Jt), Cq, Cr and Cs in random sequence. Cp (Jt) is the best
Test model 3 |choice, and Cq, Cr and Cs are wrong choices.

Examinee is asked to choose the best choice.

Given V(Jt) and 4 choices Cp (Jt), Cq, Cr and Cs in random sequence. Cp (Jt) is the best
Test model 3 |choice which matches the given V(Jt), and Cq, Cr and Cs are wrong choices.

Examinee is asked to choose the best choice.

Given Cp (Jt) and 4 choices V(Jt), Vq, Vr and Vs in random sequence. V(Jt) is the best
Test model 4  |choice which matches the given Cp (Jt), and Vq, Vr and Vs are wrong choices.
Examinee is asked to choose the best choice.

In Table 1, V () and V represent the pronunciation of a Japanese word, Jt the target
Japanese word, and Cp () and C the Chinese interpretation of a Japanese word.

According to Table 1, for JFL learners, the JVQ comprises four quotients, which
are expressed as follows:
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JVQ(p, m, L, t, z) =< JVQ1,]VQ2,]JVQ3,]VQ4 >, where 0 <JVQi < 1. ()

Definition 2: Estimated Japanese vocabulary according to JVQ, |L| denotes the
number of Japanese vocabulary in L. The four estimated Japanese vocabularies can be
calculated using the following equation:

EJVQi = |L| * JVQi,1< i < 4. )

To calculate the four estimated Japanese vocabularies for an individual, the first
step is to use the software developed in this study for testing and obtain the data in
Equation (1); subsequently, Equation (2) is to be used to calculate the four estimated
values.

Based on the four tests presented in Table 1, we adopted Adobe’s Director 11.5 to
develop a soft-question system for the JVQ. The screens of the four tests (writing,
reading, basic listening, advanced listening) are shown in Fig. 1 to Fig.4.
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Fig. 2. JVQ screens of reading test
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Fig. 4. JVQ screens of advanced listening test

4 Research Method and Experimental Results

To calculate the four estimated Japanese vocabularies for an individual, the first
step is to use the software developed in this study for testing and obtain the data in
Equation (1); subsequently, Equation (2) is to be used to calculate the four estimated
values.

4.1  Participants

The participants of this study were 80 second-year high school students (N = 80)
from the Japanese Group of the department of applied foreign languages of Hsinchu
Kuang-Fu senior high school in Taiwan, with an average age of 17.45 years (SD =
0.34), all of whom had studied Japanese for one year.
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4.2 Materials

Level 4 Japanese vocabulary comprising 1,500 Japanese words, which was appro-
priate for the participants, was selected. Each word had the correct and appropriate
Chinese translation, pronunciation, tone, and Chinese characters. All questions were
presented using computer software. Each test comprised 100 questions that were se-
lected randomly and never repeated. The question theory was based on item response
theory, and the questions varied for each participant. To avoid the slow input speed of
the computer keyboard causing Test 1 to be affected by the key-in speed, only Tests
2, 3, and 4, which comprised single-choice questions, were performed in the experi-
ment.

4.3  Experimental design

The experiment performed was a single-group, single-shot test. Dependent varia-
bles included Japanese first-grade results for the second semester and three JVQ test
scores. Descriptive statistics and correlation analysis were used to test the hypothesis.

4.4  Procedure

First, the participants entered a computer classroom to learn how to use the test
software; therein, they registered for an account and were provided with a set of
headphones. Subsequently, the participants were asked to familiarize themselves with
the software tools until they can use them easily and correctly. The formal test was
followed by three types of questions, each comprising 100 questions. The participants
provided their answers by clicking on a mouse. The entire experiment lasted approx-
imately 30 min.

4.5 Tools and data collection

Japanese vocabulary test (Level 4) software, account number, score server, head-
phones, and two multimedia computer classrooms with 100 sets were used in the
experiment. All test scores were collected automatically by the software. Eleven par-
ticipants who were unable to complete the test because they left at their own volition
or because of computer crashes were eliminated; hence, only 69 valid samples re-
mained.

4.6  Data analysis

Table 2 shows the descriptive statistics and reveals that the variances of the four
scores were similar. Table 3 shows the correlation analysis between the last semester
grades and each of JVQ2, JVQ3, and JVQA4.
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Table 2. Descriptive statistics

Statistics Last semester Japanese grades JVQ2 JVQ3 JVQ4
Mean 74.68 63.14 63.96 63.04
Standard error 2.20 2.20 2.09 2.35
Median 76 60 64 65
Mode 93 53 64 73
Standard deviation 18.25 18.31 17.33 19.55
Variation 333.01 335.27 300.40 382.25
Kurtosis -0.58 -0.81 -0.87 -0.60
Skewness -0.61 -0.01 -0.03 -0.39
Minimum 30 23 26 12
Maximum 98 97 96 93
Number 69 69 69 69
IKth largest value (1) 98 97 96 93
IKth smallest value (1) 30 23 26 12
Reliability (95.0%) 4.38 4.40 4.16 4.70

Table 3. Correlation analysis (last semester Japanese grades)
JvVQ2 JVQ3 JVQ4

Last semester Japanese grades 0.8486 0.8499 0.8483

5 Conclusion

EFL students often encounter the problem of insufficient vocabulary. Some studies
believe that Japanese vocabulary is one of the most critical parts while teaching and
learning Japanese. EFL teachers and students need an effective way to manage vo-
cabulary. In order to manage vocabulary, low-cost feasible evaluation methods, objec-
tive quantification, vocabulary estimation methods and evaluation systems are need-
ed.

This study applies the concept of KPI (Key Performance Indicator) from manage-
ment science to the learning and teaching of EFL vocabulary, and proposes a Japanese
vocabulary quotient (JVQ) with four models as KPI.

Besides a set of VQ for the Japanese vocabulary test, a multimedia Japanese vo-
cabulary evaluation system was also developed in this study. The experimental results
of three tests performed showed a correlation coefficient of 0.85 with the teachers’
normal objective evaluation results. This indicated that the reliability, validity, and
discrimination of the method and system in this study were similar to the teacher’s
normal objective evaluation results. Based on the JVQ data, the number of Japanese
vocabulary in the entire class was estimated to be approximately 0.63 x 1500 = 945.
In addition, the number of Japanese vocabulary per participant can be estimated.
Hence, this quotient and system can be used for both theoretical and practical evalua-
tions.

The JVQ with four test models proposed in this study cannot cover oral ability, be-
cause the accuracy of Japanese vocabulary speech recognition technology is far below
the minimum requirement. However, if the Japanese vocabulary speech recognition
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technology is mature in the future, the oral ability of the vocabulary should be added
to the JVQ.
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