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ABSTRACT: Learning kanji is one of the greatest challenges that non-kanji-background
Japanese learners face. Kanji have a complicated structure and are fundamentally different
from the characters of the Latin alphabet. Recognising them can thus be difficult for learners
from places whose writing systems do not include kanji. Studies on the fixation and eye
movements observed in kanji recognition by such learners are therefore important to clarify
the kanji-recognition and -learning process. The present study attempts to shed light on this
subject by using an eye-tracker to study such eye movements.

The analysis of the data obtained from the fixation and eye-movement experiments shows
that students exhibit different kanji recognition patterns depending on how long they have
been studying kanji: while students who have been studying kanji for a short time tend to
look repeatedly at different parts of the kanji to grasp its shape and structure, those with more
experience exhibit a pattern more similar to that of native Japanese speakers.

Keywords: kanji, eye movements, non-kanji-background learners, character recognition,
eye tracking

Estudio basico sobre los patrones de reconocimiento de kanji de estudiantes de japonés
de origen no kanji a través del analisis del movimiento ocular

RESUMEN: El aprendizaje de kanji es una de las mayores dificultades con las que se
enfrentan los estudiantes occidentales de este idioma, pues los kanji tienen una estructura
complicada y son fundamentalmente diferentes de las letras del alfabeto latin. Asi, reconocer
un kanji implica una cierta dificultad para los estudiantes procedentes de las zonas donde
no se usan kanji en su sistema de escritura. Por este motivo, son importantes los estudios
sobre la fijacion y los movimientos de la mirada que se observan en la cognicion de kanji de
estos estudiantes para aclarar el proceso de cognicion y aprendizaje de los kanji. El presente

! This study was conducted as a part of the project Andlisi de processos i materials per a la millora de I’ap-
renentatge de kanji (Project members: Makiko Fukuda, Alba Serra Vilella, Tomoko Umemoto)’ [Analysis of pro-
cesses and materials for the improvement of kanji learning] which received support and funding from the Projecte
d’Innovacio i de Millora Docent de la Universitat Autonoma de Barcelona [Universitat Autonoma de Barcelona
Teaching Innovation Project], as well as funding from the Spanish Ministry of Science and Innovation/State Research
Agency through the R&D project ‘El boom cultural japonés y surcoreano en Espaa: aspectos culturales, politicos y
socioeconomicos’ [The Japanese and South Korean cultural boom in Spain: cultural, political and socioeconomic as-
pects] (reference number: PID2021-122897NB-100, funded by MCIN/AEI/10.13039/501100011033 / ERDEF, EU).
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estudio intenta aclararlo por medio de los movimientos de sus miradas usando eye-tracker.
A través del analisis de los datos obtenidos por medio de los experimentos sobre las
fijaciones y los movimientos de mirada, hemos comprobado que los estudiantes muestran
diferentes patrones de mirada de kanji dependiendo del tiempo que llevan estudiando kanji:
mientras que los estudiantes que tienen menos experiencia en estudiar kanji tienden a mirar
repetidamente varias partes del kanji para captar su forma y estructura, los que tienen mas
experiencia muestran un patrén mas parecido al de los nativos del japonés.

Palabras clave: kanji, movimientos oculares, estudiantes occidentales, reconocimiento de
caracteres, rastreo ocular

1. INTRODUCTION

The missionaries who tried to propagate Christianity in Japan in the 15th century are
said to have bemoaned, ‘Kanji are characters created by the devil to prevent the spread of
Christianity.” In fact, learning kanji is considered one of the most difficult aspects of the
Japanese language learning process for learners of Japanese with non-kanji backgrounds?
(e.g. Paxton & Svetenant, 2014; Jankovi¢, 2002; Kurihara, 2019). As a Japanese teacher, I
have witnessed first-hand how hard learning kanji can be for non-kanji-background learn-
ers. Likewise, I have often encountered forms that felt strange in the kanji written by such
students. This suggests that the forms of kanji recognised by native speakers® of Japanese,
who grew up in an environment in which they came into contact with kanji on a daily ba-
sis and began learning kanji at the start of compulsory education, and those recognised by
native speakers of languages with writing systems completely different from kanji are not
the same. Why this is so is a very curious question. Compared to the alphabet, kanji have
not only more complex shapes, but also a fundamentally different structure, which makes
it difficult for beginners — especially those from countries where kanji are not used — to
recognise them (Tollini, 1992). Basic research on how kanji pattern recognition occurs thus
seems necessary for kanji teaching (Suzuki & It5, 1999).

Additionally, in recent years, the digitisation of learning tools in educational settings has
made great strides, and various applications have been developed for learning kanji. Which
traditional kanji-learning methods are used (e.g. repeated writing, creating stories to memorise
them) (Heisig, 1977) can vary depending on the abilities and preferences of each learner, but
most of these learning methods are based on looking at ‘static’, already written characters.
However, many non-kanji-background learners (especially beginners) have trouble recognising
character forms because they do not recognise kanji as a set of several components. While
writing order is extremely effective for learning kanji correctly, as it encourages a grasp of
these components and a proper understanding of the origins of a single written character, it
is not realistic to ask teachers to repeat the writing order over and over again. In contrast,
digital learning materials enable learners to grasp the component elements of a kanji through
‘movement’, such as animations of the stroke order. Furthermore, learners can watch them as
many times as they like, enabling them to observe the kanji in greater detail at their own pace.

? Kanji-background speaker refers to speakers from the People’s Republic of China (China), the Republic of
China (Taiwan), Chinese communities in Southeast Asia, and Japan who use Chinese characters in their daily lives.

3 This article uses this term in a very broad sense to mean a person who grew up in a particular language and
is a ‘proficient user of the language’ (Rampton, 1990).
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The kanji learning method will thus presumably shift from the conventional method
of learning by writing to one based on learning by seeing (Hayakawa et al., 2019). Hence,
the question of how learners ‘see’ kanji will be of great importance.

This research attempts to clarify how non-kanji-background learners of Japanese per-
ceive and recognise kanji by studying their eye movements from the viewpoint of character
recognition.

2. DIFFICULTY OF LEARNING KANJI FOR JAPANESE LANGUAGE LEARNERS

2.1. Japanese writing system

The writing system for the Japanese language is extremely complex. It includes two
types of phonetic characters, called hiragana and katakana, as well as the phonetic and
ideographic characters of kanji. Although learning kanji is an inevitable part of learning
Japanese, as noted, it is also regarded as one of the most difficult processes for learners.
The following factors, amongst others, have been cited as reasons why learning kanji is
difficult for non-kanji-background learners of Japanese: (1) their complex structure (Kano,
1988; Kaiho, 1990; Yadamsuren et al., 2006); (2) the huge number of characters (Iori, 2016;
Tori & Hayakawa, 2017; Yadamsurrren et al., 2006); (3) the existence of many similar kanji
(Jankovi¢, 2002; Kano, 2001); and (4) the multiple readings (Kand, 2001; Iori, 2016; Iori
& Hayakawa, 2017; Jankovi¢, 2002; Lu et al., 2004; etc.).

Compared to kana characters and the alphabet, kanji have extremely complicated shapes.
It thus takes time to get used to simply identifying them, particularly for non-kanji-background
learners who are unfamiliar with kanji themselves (Kand, 2017). Such learners have difficulty
correctly grasping the shape of kanji characters (Yamato and Tamaoka, 2017), which makes
character recognition itself a heavy burden (Hayakawa et al., 2019).

Furthermore, kanji characters contain an extremely large amount of information to
process. In addition to information about meaning, reading, and usage, learners must also
acquire information about the character shapes (Kano, 1997, 2001; Yamato, 2019). Process-
ing these multiple pieces of information at the same time imposes a memory burden on the
learner (Kand, 2017), which, in turn, becomes a major barrier to learning kanji (Taniguchi,
2016; Watanabe, 2015). A comparison of kanji learning by children whose native language
is Japanese and by learners learning Japanese as a foreign language is instructive. The
former often know vocabulary in the spoken language and can thus learn kanji by adding
information about their shape and memorising them. In contrast, learners of Japanese as a
foreign language must start by understanding the kanji information system, making the burden
for them quite heavy (Yamato, 2019). For these learners, the difficulty of recognising kanji
shapes in particular has often been highlighted (e.g. Kand, 1988; Tollini, 1992; Shimizu,
1993; Hagiwara, 2017, amongst many others), and various proposals have been made in this
regard (Nakamura, 2019). For instance, in a can-do statements survey of Japanese language
learners, Kand (2014) found that such learners had difficulty accurately recognising the shapes
of kanji characters and memorising and reproducing them (i.e. writing them down). Likewise,
the difficulty that early learners encountering kanji for the first time have in recognising
kanji glyphs has been found to be related to the complexity of their structure rather than
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just the number of strokes (Kano, 1998). Taniguchi (2017) finds that the visual complexity
of kanji shapes has the strongest effect on the reproduction of unknown kanji. She further
reports that even kanji with low visual complexity are difficult to reproduce when they are
non-linear, and that symmetry strongly influences the degree of completion of highly visually
complex kanji, such that asymmetric kanji are harder to reproduce.

In an experiment on the relationship between learners’ perception of the ‘complexity’
of kanji and their reproducibility, Kand (1988) finds that non-kanji-background learners have
difficulty distinguishing between long and short lines, as well as fome (stop) and harai (sweep).

2.2. Previous research on kanji character recognition and kanji recognition patterns

As noted above, of the three elements of a kanji, namely, form, sound, and meaning,
the form is thought to be particularly difficult for beginner non-kanji-background learners
of Japanese to learn (Shimizu, 1993).

Kaiser (1997) classifies approaches to study books for non-kanji-background learners
into seven categories. All focus on the part that helps learners memorise the character shape,
underscoring the importance placed on that aspect (Kand, 2001). Offering examples of kanji
exercises devised by Tollini (1992) to help students recognise the shapes and understand
the structures of 5 types and 20 sorts of kanji, Kano (2001, p. 50) argues, ‘The fact that
all these exercises are required suggests that kanji shape recognition can be quite a burden
for non-kanji-background learners.

Kaiho and Haththotuwa Gamage (2001) find that it is difficult for learners with a
non-kanji background to grasp the shape of kanji due to the difficulty in learning the distinc-
tive features (i.e. perceiving multiple shapes as different, such as KX (‘big’), X (‘dog’), and
X (‘fat’)) and discriminative features (i.e. recognising them as belonging to a single group,
such as K) of kanji. They emphasise two ways to help learners overcome this problem: (1)
familiarising them with the shapes of kanji; and (2) identifying the basic elemental units of
kanji shapes that are effective for early learners and using them as the basis for perceptual
learning. In any case, the kanji’s form is considered important. Nonetheless, they state that
while radicals can function as basic element units for native Japanese speakers who are
familiar with kanji and learners with extensive learning experience, they are not necessarily
effective for beginners.

Kanji shape recognition is thus extremely important, especially for early-stage learners
of Japanese with non-kanji backgrounds, and various studies have been conducted on this
topic. Examining which constituent elements students in the second half of a beginner course
find difficult to recognise when seeking to recognise kanji character shapes, Maehara and
Fijishiro (2007) identify some kanji shapes that are difficult for learners to learn. Ikeda (2010)
examines how novice Japanese learners with non-kanji backgrounds perceive kanji shapes
by having them group kanji with similar shapes. She reports that such learners classify not
only the radicals, but also the constituent elements other than the radicals. Hayakawa et al.
(2019) break down kanji into smaller units with the aim of reducing the memory burden for
students learning kanji that differ in shape and structure for each character.

Japanese learners’ ability to recognise kanji shape patterns has been emphasised in the
fields of cognitive psychology and Japanese language education (Suzuki and Ito, 1999), and
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various studies have been conducted focusing on the memory representation of kanji (Itd and
Wada, 1997, 1999a, 1999b, 2004; Suzuki and I1td, 1999; Fukuda et al., 1993; Fukuda et al.,
1995; Matsubara et al., 1994). Fukuda et al. (1993), Matsubara et al. (1994), and Fukuda et
al. (1995) used eye movements to study kanji recognition patterns, with highly suggestive
results. Non-kanji-background subjects with little or no learning experience tend to focus their
line of sight on a graphically eye-catching point, and their eye movements are slower than
those of native Japanese speakers. This is because native Japanese speakers already have a
schema for kanji; they can thus perceive the kanji’s overall shape from the start (Fukuda at
al., 1995). Therefore, depending on how the learner recognises kanji (i.e. does he/she focus
on a part or recognise the whole?), a teaching method based on the perspective of a native
Japanese speaker may not be suitable and another teaching method based on the learner’s
viewpoint may be more appropriate.

Since the above study used subjects with no learning experience at all or learners at
a certain level (intermediate) as subjects, no differences were found based on the subjects’
levels. Furthermore, many of the recent studies on kanji conducted from the perspective of
eye movements focus on the reading of sentences, rather than the recognition of individual
characters, to explore learners’ sentence comprehension (Yanagisawa et al., 2009; Li &
Yoshinari, 2013; Matsumi et al., 2017, amongst others). In contrast, the present study focuses
on kanji recognition patterns in terms of learners’ kanji learning experience.

2.3. Hierarchical structure in character recognition: sensation, perception and recognition

In terms of character recognition, the kanji learning process is assumed to be more or
less as follows. When a person sees kanji for the first time, even if he or she knows that
they are a kind of character, they simply look like figures without meaning. According to
Fukuda’s (1978, 1987) hierarchical structure model of character recognition (see Figure 1),
this is the simplest level of ‘sensation’ in the process of character-information processing
insofar as the existence of figures is recognised. When a person can grasp the kanji’s
constituent components, he or she is at the ‘perception’ level. At this level, whether the
person has to grasp only a single component of the kanji or all of them, he or she has not
yet grasped the kanji as a character. The highest level of ‘perception’ is achieved when
all the constituent components of the kanji are grasped and the positional relationships are
correctly established, that is, when the ‘shape’ is correctly perceived. A person reaches
the next stage, ‘cognition’, when he or she is able to relate reading and meaning to the
presented kanji, in addition to its shape. A learner who has achieved this level will be
able to ‘recognise’ kanji as characters by comparing them with kanji as concepts stored
in his or her memory.

It is interesting to check learners’ progress against this hierarchical structure when
teaching kanji and evaluating learners’ learning outcomes. If we could follow and collate eye
movements indicating how learners see kanji, it would be persuasive in terms of teaching
and interesting for kanji learners.
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Figure 1. Hierarchical model of central and peripheral vision (Fukuda, 1987, p. 20)*
3. METHOD

3.1. Purpose, hypothesis and aim of the experiment

The purpose of this study is to shed light on the kanji recognition patterns of learners
of Japanese as a foreign language by analysing their eye movements. As noted, kanji are
one of the most difficult things for Japanese learners to learn, as not only is their structure
more complicated than that of an alphabet, it is also fundamentally different.

Therefore, research on eye movements, specifically, on fixation and jumps in the line
of sight during learners’ kanji recognition, seems useful to clarify an important part of the
information-processing and learning processes involved in kanji character recognition.

In the present study, it was hypothesised that Japanese learners show different fixation
patterns in kanji recognition depending on the length of their kanji-learning experience,
that is, their level in the aforementioned hierarchical structure. To verify this hypothesis, an
experiment was conducted on non-kanji-background Japanese language learners of different
levels. A sample was assembled consisting of three or four university students of Japanese
from each course (first to fourth year). The experiment was also conducted with one advanced
learner and two native Japanese speakers to compare the results.

3.2. Experiment method

An eye-tracker manufactured by Tobii (7obii-T60)° was used for the experiment. Specif-
ically, twenty students who had been learning Japanese for different lengths of time — from

4 A: A region in which the meaning and content of the pattern are recognized by checking them against already
acquired concepts; B: A region in which a feature of the pattern is perceived; C: A region in which an action to recon-
struct the sampled features is seen; D: The so-called ‘feature sampling’ region, in which a portion of an element of the
pattern is perceived; E: A region in which the existence of a pattern can be perceived in the luminance; F: A region in
which the observed pattern has collapsed completely, resulting in the sensation of luminance (Fukuda, 1987, p. 20).

3 In collaboration with TRANSMEDIA CATALONIA at the Universitat Autonoma de Barcelona.
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students just starting to learn kanji to students with some accumulated knowledge of kanji
— were selected as subjects.®

The kanji characters used in the experiment were selected in consideration of the
number of strokes and the shapes of the kanji characters, their complexity, their structure,
and whether or not the students had already learnt them, based on Fukuda et al. (1993),
Matsubara et al. (1994), and Hayakawa et al. (2019).

First, subjects were asked to read an explanation of the experiment and respond to
a short questionnaire on their kanji-learning experience (how long had they been learning
kanji; how many kanji did they know; did they find learning kanji difficult; did they use
any kanji-learning apps).

The experiment was conducted individually. Subjects were seated 60 cm away from
the computer screen and instructed to look freely at the kanji displayed on the screen for
4 seconds.” Subsequently, three similar kanji were displayed on the screen and the subjects
were asked to respond which kanji they had seen before. This task was added to ensure that
the subjects would observe each kanji displayed on the screen carefully.

The recommended distance when using an eye-movement measuring device is 60 cm.
Each kanji was displayed on the screen in 400-point UD Digi Kyokashotai, a commonly
used font in Japanese language textbooks.

Amongst the eye movements measured by the eye-tracker, special attention was given
to fixation. Fixation is ‘the most common eye movement, and [it] can be used to make
inferences about cognitive processes and attention’(Tobi pro, 2022). The most commonly
used measures are time to first fixation, fixation points, fixation duration, fixation count, and
path between fixations. The range of fixation points is a valid analytical measure. These
fixation-related measures reveal what the subject initially focused on and how much attention
he or she paid to a particular image.

Within the results of eye-movement measurements taken by an eye-tracker, the circles
are fixation points. The numbers inside the circles indicate the order of the eye movements.
Fixation duration is represented by the diameter of each circle, with a larger circle size
indicating a longer fixation time. The present study focused on the range of movement of
the fixation points and the fixation time, amongst other valid measures.

4. RESULTS

4.1. Kanji with simple structures

H (‘sun/day’), #' (‘middle’) and K (‘big’), all of which had already been learnt by
all subjects and have less than ten strokes, were chosen as the kanji with simple structures.
Although there was a slight difference depending on the student’s level, a set of rela-
tively long fixation times was confirmed for all subjects with regard to these kanji, and their

¢ The experiments were carried out once the subjects’ written consent had been obtained. The procedure for
this project was approved by the Ethical Committee of Universitat Autonoma de Barcelona.

7 1In an initial pilot experiment, subjects were given five seconds to observe each kanji, but it seemed somewhat
long. In a subsequent test, they were given three seconds, but that seemed quite short. Consequently, it was ultimate-
ly decided to display each kanji for four seconds.
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line of sight was concentrated in a certain area. This suggests that none of the subjects had
to move his or her line of sight much to grasp each kanji, both because they had already
learnt them and because of their simple structure (Figure 2).

However, subjects with less experience learning kanji moved their line of sight more
often than subjects with more experience learning kanji, even within the same area. In
contrast, subjects with more learning experience tended to fixate within a certain area for
a longer period of time without moving their eyes much, showing a pattern very similar to
that of native Japanese speakers.

First-pear shsdent Secand year student Thind-year sbudent
Fourth-year student Audvarded learner Matlve lapanese speaber

Figure 2. Movement of line of sight when grasping the kanji H (top: from beginners to
semi-beginners, bottom: advanced learners and native speaker of Japanese)

4.2. Kanji with a slightly complicated structure

4.2.1. Kanji composed of upper and lower parts and left and right parts

As for kanji with a slightly complicated structure (i.e. with ten to twenty strokes),
kanji composed of upper and lower parts (% (‘snow’), & (‘thought’), #% (‘heat’)), kanji
composed of left and right parts (¥} (‘outside’), 4k (‘sister’), F (‘floor’), ¥ (‘cold’)), and
kanji composed of a surrounding part and a surrounded part ([¥| (‘diagram’), J§ (‘disease’),
1 (‘take along’), [#] (‘between’)) were chosen.

The students’ line of sight was generally observed to be concentrated on a specific part
from amongst those making up the kanji. For example, for kanji composed of upper and
lower parts, the line of sight tended to concentrate on the upper part rather than the lower
part, and the fixation time tended to be longer on the upper part. This is most likely because
the upper part of the kanji has a more complicated structure, such as 27 or #4. In the case
of unlearnt kanji, the line of sight also moved to the bottom of simpler structures, although
from second-year students onwards, such movements were less common. This suggests that
with previously learnt characters, students focus their line of sight on the complex structure
and try to figure out which kanji it is.
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Regarding &, subjects with less learning experience moved their line of sight to both
the upper and lower parts of the kanji, although they focused more on the lower part (:[»).
This tendency was more common amongst first-year students.

v = '
733\ 7W\\ 7\

Fir year budend St vl -yrar shudent Thdrd e shudent

7\\\  7WWN\ 7\

gt hewear e didwariad learesr Matrer |apare e ipwaler

Figure 3. Movement of line of sight when grasping the kanji 3. (top: from beginners to
semi-beginners, bottom: advanced learners and native speaker of Japanese)

Similarly, the line of sight was observed to be concentrated on the intersection of mul-
tiple lines for the kanji composed of right and left parts. Although the kanji F¥ is strictly
composed of left, upper-right, and lower-right parts, the line of sight tended to focus on
the radical or upper right (Lt), which showed a pattern similar to that of native speakers as
their experience with learning kanji increased. The distribution of fixation points was very
natural, considering that of the three components, [1and Hhad already been learnt, while
[ had not been.

Firut-ywar studsnt Speedd v B $udent Thitd-year Audent
Fosrth-yaar shudent Advancwd larnar Nt lapsnsss yprsionr

Figure 4. Movement of line of sight when grasping the kanji [& (top: from beginners to
semi-beginners, bottom: advanced learners and native speaker)
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4.2.2. Kanji with radicals such as kamae (wrap) or tare (top-left)

A similar tendency was confirmed for kanji with radicals such as [ 1, "], 1_and J . The
line of sight was also found to be concentrated on the part that characterised each kanji,
which is consistent with Fukuda et al. (1995).

Additionally, different eye-movement patterns were observed for these types of kanji
depending on the length of the subjects’ kanji-learning experience. The fixation points of
learners with little experience learning kanji were scattered; they did not concentrate on a
given area. Furthermore, they confirmed the kanji’s shape by looking at each component in
order to identify which kanji it was. This tendency was especially clear amongst second- and
third-year students. In contrast, the line of sight of learners with more experience learning
kanji was concentrated in a certain area; they likely grasped and recognised the shape of
the kanji as a whole without the need to confirm each of its components. This pattern is
very similar to that of native Japanese speakers and those of advanced learners of Japanese.

Fiat-year stusdent S grad-prar stuslent Third-pear studen
Forth-pear shudent Advanced learnar Hateyve laparsse npeaker

Figure 5. Movement of line of sight when grasping the kanji (top: from beginners to
semi-beginners, bottom: advanced learners and native speaker)

4.3. Kanji with many strokes

As for kanji characters with complex structures (i.e. more than twenty strokes) such
as #ff (‘separate’) or fi# (‘scale’), learners with less experience learning kanji tried to grasp
their shape by looking at the components of each character one by one and trying to figure
out which character it was.

For instance, relatively novice learners who had not yet learnt the kanji#f tried to grasp
its shape by looking at all of its constituent elements in order to determine which kanji it was.

Learners with less experience learning kanji moved their line of sight to examine the
individual components in more detail, as if they were tracing the memory of a kanji they
had seen before, since they had already learnt it. With unlearnt kanji, the learners looked at
the complexities that characterised the kanji in detail, although their lines of sight moved
somewhat less frequently than those of the learners who had already learnt it. Presumably,
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they were somewhat unsure where to look when faced with complex kanji that they had
never seen before.

In contrast, learners with more learning experience focused their line of sight on the
more complex structural parts of the kanji (the parts that characterised it). Since the fixa-
tion time was longer than that of less experienced kanji learners, it can be concluded that
they grasped the character shape of the kanji as a whole without the need to check each of
its constituent elements in detail. This recognition pattern is very similar to that of native
Japanese speakers and advanced learners (Figure 6).

Regarding fi# (‘scale’), an untaught kanji for all the subjects except the native speakers,
the subjects moved their line of sight relatively more frequently than they did with other
kanji, again, except for the native speakers. Due to the large number of strokes and the fact
that some of the components, such as £ (‘fish’), 2K (‘rice’), and # (‘evening’), were already
known to the subjects, their eye movements suggested that they were trying to identify each
component in detail and grasp the character’s shape.

First-year student Seg o pead studem Third-year studem
* + +'
% ‘ i 5
Faurth-pear sbudent Advanced learner Natwwe lapamese speaker

Figure 6. Movement of the line of sight when grasping the kanji B (top: from beginners
to semi-beginners, bottom: advanced learners and native speaker)

5. CONCLUSIONS

Through a detailed analysis of the data obtained through the experiment on subjects’
fixation and the movement of their line of sight, it was possible to verify the hypothesis
that non-kanji-background learners of the Japanese language show different fixation patterns
for kanji recognition depending on the length of their kanji-learning experience. Specifically,
beginners who have just started learning kanji did not focus their line of sight on a certain
area. However, by looking at various parts of the kanji displayed on the screen, they repeat-
edly gazed and moved their eyes to grasp the kanji’s shape and structure.

These eye movements suggest that learners with little kanji-learning experience have
not yet reached the level of recognising kanji as characters at first glance, and instead
seek to identify which kanji they are seeing by looking at various parts. For learners who
have just started learning kanji, most of the kanji displayed in the experiment had not yet
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been learnt. Some of these beginners’ eye movements thus suggested that they were unsure
where to look, especially with kanjis involving many strokes. Learners at the elementary to
elementary-intermediate level had already learnt most of the kanji used in the experiment.
Some of their eye movements looked at each of the kanji’s components in detail, as if they
were recalling a kanji from memory.

In contrast, the line of sight of learners with more experience learning kanji stayed
within the limited area of the displayed kanji and was not dispersed over a wide area like
that of the beginner learners. This indicates that the learners can perceive the shape of the
entire character in a relatively short period of time without moving their line of sight over
a wide area and recognise it by comparing it with characters they have already learnt. This
fixation point movement pattern in kanji recognition is similar to that of native speakers
of Japanese, which suggests that the more experience one has in learning kanji, the more
proficient one becomes in kanji recognition, i.e. the more similar one’s kanji-recognition
pattern becomes to that of a native speaker.

Under Fukuda’s (1978) aforementioned hierarchical structure model of character recog-
nition, the way novice or beginner learners see kanji is characterised by their perception of
them as figures rather than characters. At the beginner-intermediate level, both a tendency to
perceive them as figures composing a character and an effective fixation point distribution
were observed. At the intermediate level and beyond, kanji are seen in a way more similar to
typical character recognition, and feature extraction of kanji characters occurs within a narrow
area. Furthermore, the more learning experience a person has, the more the way he or she sees
kanji reflects the features of typical character recognition. When it comes to native speakers,
it reflects the features of character recognition of a person who is familiar with this character.

These results point to the effectiveness of analysing kanji learning patterns and con-
tribute to the expectations for digital technology applications.

Many attempts have been made to break down kanji characters into sub-components to
ease the burden for learners, yet the more the components are subdivided, the greater this
burden will be. One possible solution might thus be for learners to learn a minimum number
of components involving a small number of strokes so that they can gradually get used to
recognising a kanji as ‘a whole’ by practicing combining them. Learners’ ability to write
Kanji correctly may remain somewhat limited even with the help of digital applications.
However, these days, when there are more opportunities to read kanji than to write them,
it may be important for them to first develop the ability to recognise which kanji is which
simply by looking at it.

Digital learning materials such as kanji learning applications may be useful in this
regard. Applications that can combine kanji in a way that makes users aware of the spatial
arrangement of each of a kanji’s components are thought to be effective for acquiring the
character shapes (Hayakawa et al., 2019). In recent years, kanji have been seen far more
often than they have been written. Nonetheless, whether one is ‘writing’ kanji on comput-
ers, smartphones or other devices, the ability to quickly identify the right one will become
increasingly important.

Digital learning materials can also encourage self-study by learners. As the classroom
time available to study kanji is limited, kanji learning is often left to self-study once learn-
ers have been introduced to the basics. Applications such as stroke-order animations and
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finger tracing in which the user receives higher scores the more accurately he or she writes
a kanji are useful for learning the finer details of kanji. Although writing order is extremely
effective for learning kanji correctly, as it encourages an awareness of the kanji’s component
elements and proper understanding of the origins of a single written character, a learning
method that enables recognition of entire kanji at a glance will also be effective. Introducing
such methods, including digital technology, from an early stage of learning can reduce the
time and quantitative burden of kanji learning.

Although this study is basic research and further data analysis is needed, the character-
istics of the kanji recognition patterns identified in it may offer clues as to how to develop
such a method. Thus, experimental research on how kanji learners look and move their line
of sight during kanji recognition, such as this project, will shed light on the information
processing involved in kanji character recognition and the related learning processes. As
teaching materials become increasingly digitised and learning kanji by ‘seeing’ becomes
more mainstream, this will offer significant insight into how to effectively teach kanji.
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