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ABSTRACT
Owing to the improvement in accuracy of eye tracking devices,
eye gaze movements occurring while conducting tasks are now
a part of physical activities that can be monitored just like other
life-logging data. Analyzing eye gaze movement data to predict
reading comprehension has been widely explored and researchers
have proven the potential of utilizing computers to estimate the
skills and expertise level of users in various categories, including
language skills. However, though many researchers have worked
specifically on written texts to improve the reading skills of users,
little research has been conducted to analyze eye gaze movements
in correlation to watching movies, a medium which is known to be
a popular and successful method of studying English as it includes
reading, listening, and even speaking, the later of which is attributed
to language shadowing. In this research, we focus on movies with
subtitles due to the fact that they are very useful in order to grasp
what is occurring on screen, and therefore, overall understanding
of the content. We realized that the viewers’ eye gaze movements
are distinct depending on their English level. After retrieving the
viewers’ eye gaze movement data, we implemented a machine
learning algorithm to detect their English levels and created a smart
subtitle system called SubMe. The goal of this research is to estimate
English levels through tracking eye movement. This was conducted
by allowing the users to view a movie with subtitles. Our aim is
create a system that can give the user certain feedback that can
help improve their English studying methods.
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Figure 1: Watching a movie with subtitles is a popular way
to learn English. In this paper, we introduce a system called
SubMe, an Interactive subtitle system that detects English
level through tracking eye movement and, depending on
their english levels, it helps users to comprehend the con-
tent better by using interactive help.
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1 INTRODUCTION
Many people studying English in the classroom, or through some
other means, will frequently find themselves reciting language drills
in an attempt to memorize newly acquired vocabulary. While this
traditional method may be effective in some cases, hearing vocabu-
lary used naturally in some form of conversation or narration with
a visual aid can assist in its understanding and practical knowledge
of that vocabulary’s usage. Therefore, using movies or television
series as a tool for studying language can be very beneficial.

Due to its relative ease of access and entertainment value, this has
become a very popular and successful method of studying language,
as it is not just limited to English [1, 2]. (Figure 1) Watching movies
or series in a target language with subtitles in that language has
become an ever expanding trend. In fact, it has been demonstrated
that many language learners prefer to have subtitles in the original
language as it is beneficial to their understanding, but also because
of its originality [3]. The original content in its original form is
something that many loyal fans are interested in watching. An
example of this would be Japanese anime [4]. These fans develop the
motivation to learn Japanese by the desire to understand the original
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content. As this can lead to a style of active learning in which
the viewer can gain quite an impressive amount of vocabulary
while also enjoying some of their favorite content, there is a prime
opportunity for development and advancement of this trend.

Although watching media in its original form may serve as a
type of motivation, most people who try this method of watching
movies or series with subtitles may find it takes too much time to
learn new words. When they come across difficult vocabulary, or
a new word which they would like to confirm, they must pause
the video, check the definition, and then unpause. Typically, this
becomes so troublesome that potential new words are skipped in
favor of simply continuing themovie or series at the expense of total
comprehension. In this way, what could have become an efficient
learning experience is compromised. On the other hand, if people
do actively pause the movie, they may not enjoy it as much, and as
such, this may also dissuade them from continuing this beneficial
practice, regardless of their motivation. Another possibility is that
people prefer watching something on a TV rather than on a laptop
or a smartphone. In this situation, it may not be as easy or simple
to pause what the viewer is watching as it would be on some other
device. If there was a way to passively watch a movie or series
with feedback automatically given to the viewer afterwards, the
problems above could be solved.

Researchers have explored eye gaze movement and its corre-
lation to comprehension. One example of this was to determine
English level. In a related experiment regarding reading, researchers
could accurately estimate someone’s English level just by measur-
ing their eye gaze movement [5]. With regards to videos, computer
technology can also use our eye gaze movements to record our
progress in the same way [6]. However, since, the visuals on screen
are always in motion, and the subtitles change at a certain speed,
the dynamics are different. The participants in the original reading
experiment were able to take their time reading and they had the
freedom to return to parts of the texts they were not sure about. As
stated above, those using videos to study English may encounter
problems. Therefore, other solutions or algorithms are necessary in
order to create a system which could be beneficial in the same way
or more as the reading system. If this method can be harnessed,
customized options that target the individual’s needs can therefore
be developed and create a possibility for deeper understanding even
with moving screens and subtitles. For our research, we want to
take advantage of these modern movie trends as well as the poten-
tial of eye gaze movement technology to make a system related to
language learning that would not be a hassle for the viewer. There-
fore, we seek to create an effective and entertaining system that
can estimate English levels through tracking eye gaze movements
using a movie with English subtitles. In addition, we aim to give the
viewer certain feedback that will be reflective of how well they are
able to follow the movie and subtitles, and in turn, how well they
are able to comprehend the content. This feedback includes infor-
mation on how they can improve their English studying through
different optional methods recommended by our application. Some
of these methods are slowing down the speed of the movie, high-
lighting difficult words, or giving the user a list of words that they
possibly did not understand. The system can learn over time about
the viewer and estimate which words will be difficult or that the
user will not understand.

2 RELATEDWORK
2.1 Estimation of English Skills by Analyzing

Eye Movement
Researchers have explored the correlation between reading and eye
movements.Fixations and saccades are the elements which com-
pose eye gaze movement in regards to reading. Fixations are the
points at which people reading pause in order to absorb information.
Saccades are the lengths in between these fixations [7]. Buscher im-
plemented an algorithm which computes the fixations and saccades
from the collected eye gaze movement data [8]. Related research
has already proved the usefulness of utilizing eye gaze movements
for monitoring physical activities such as distinguishing reading
from not reading [9, 10].

Analyzing these features enables us to retrieve characteristics of
the users’ eye gaze movements that can potentially be utilized to
estimate English skill [11, 12]. Researchers et al has widely explored
methods to recognize reading activities and one of their findings
was that the average number of fixations and the standard deviation
of the number of fixations differs depending on the reader’s skill.
Using this factor, they proposed a method to detect the English
skill level of a user and infer which words are difficult for them
to understand and also applied their method for estimating their
TOEIC (Test of English for International Communication) levels
[13–16]. In 2013, Copeland et al. took advantage ofmachine learning
methods to estimate the reading comprehension by tracking eye
gaze movements [17].

2.2 Smart Subtitle
Even though subtitles are helpful to learn a language, they can be
optimized for skill acquisition. Conventionally, when users find an
unknown word, they stop a movie, look it up in a dictionary, go
back, and then rewind the movie or series as needed. This is time
consuming and sometimes prevents them from purely enjoying
the content. Attempts to tackle this problem have been made in a
variety of ways including through research and even commercial
products [18, 19]. Kovacs presented Smart Subtitles, a system of in-
teractive subtitles tailored towards vocabulary acquisition [20, 21].
It provides features such as exposing vocabulary definitions upon
hovering over an unknown word and dialog-based video naviga-
tion. Ma proposed InteractiveSubtitles, a video language learning
method specifically focusing on UI design by comparing multiple
ways of showing subtitles with a method of using pop-ups to show
the meanings of keywords [22]. Kurzhals payed attention to the
positions of subtitles and claimed that traditionally displayed text
centered at the bottom of the screen can cause eye strain because of
the large distances between the text and the relevant image content.
They proposed a new approach called speaker-following subtitles,
which results in a better distribution of focus and shorted saccades
for a less exhausting viewing experience [23].

As the researchers above demonstrated, analyzing eye gazemove-
ment can be used to estimate English level. We aim to create a
proof-of-concept prototype to estimate a viewer’s English level by
tracking their eye gaze movement using a movie with subtitles. In
addition, we will provide certain feedback so as to provide them
with certain methods of improving their study habits.
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Figure 2: The eye tracking devise captures X and Y coordi-
nates with timestamps. From there, we sent the data to an-
other laptop that renders movies.

3 IMPLEMENTATION
3.1 Exploratory Findings
The idea of this research arose during the process of recording view-
ers’ eye gazemovements while theywere watching the introduction
of Star Wars: Episode IV - A New Hope. In this sequence, sentences
scroll up from the bottom of the screen towards the top. Many
non-native level speakers have difficulty reading these sentences
since they continue scrolling up and there may not be enough time
to read or absorb everything they are reading. We recorded eye
movements of a native level English speaker, a participant with
a fairly fluent grasp of English, and an English learner. Figure 3
shows the visualization of fixations and saccades of their eye gaze
locations on the screen at certain points. As can be seen, the English
learner tended to look up. Reasons for this could include that they
did not have enough time to read everything, it took more time
for them to understand the information being shown, or they had
to read it multiple times. The native speaker, on the other hand,
tended to focus at the bottom of a screen most of the time. By com-
paring these tendencies, we found it clear that we could distinguish
English level simply by analyzing the number of vertical saccades.
This illustrates the concept of using eye gaze movement and that by
making it interactive, we could assist in helping them understand
viewers’ English levels more efficiently.

3.2 System Configuration
To detect the user’s eye movement, we adopted the Tobii Eye
Tracker 4C, which we attached to the bottom of an external desk-
top monitor with the spec of Core i7 CPU and 64GB RAM. The
device captures X and Y coordinates with timestamps. From there,
we sent the data to another laptop that renders movies. (Figure 2)
The Tobii Eye Tracker is capable of capturing coordinates at 90 Hz,
however, due to the rendering frame rate, we recorded at 60Hz, a
level which is equal or greater to those used in related work. The
eye tracker was calibrated once before starting the experiment for
each participant. We used OpenFrameWorks to render images [24].

Figure 3: Visualization of fixations and saccades of users eye
gaze movements while watching the introduction of Star
Wars. Users with low level of English users tend to have
more vertical saccades than the ones with better level.

3.3 Analysis of Eye Movements
After these findings, we asked 15 people to watch a movie with
subtitles. Users were asked to touch any key on the keyboard when
they did not understand a part of the subtitles after the subtitles
had finished or had shifted to the next one. This was because we
needed to capture their whole eye gaze movements for that line of
subtitles. After carefully explaining about the procedure and giving
them a few trials, the users started the experiments. As the movie
contents were rather long, we also told them that they could stop
the experiments at anytime if they became bored or too tired. For
the movie, we picked episodes of the TV series "24" and "Friends",
as these two are some the most popular series used for helping
people learn English.

Figure 4 shows a part of the movie with the visualization of the
fixations to saccades. For written text, the time of fixations can help
us to find a word that users cannot understand, but in movies or
series, as the screen and lines of subtitles keepmoving, we found out
that people do not stop at each word that they do not understand.
No matter what their English level may be, they do not stop. There
are a number of factors as to why English learners would not direct
their visual attention at a word they do not know. One reason is
of course that the scene continues and they just want to watch
the video. Another is that if they stop, they may not understand
the overall meaning and so stopping would be more detrimental to
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Figure 4: Visualization of fixations and saccades of users eye
gazemovements while watching an American series 24. The
way users look at subtitles differs depending on their Eng-
lish levels. The lower their English level is, the longer they
spend on subtitles

their study. One more possibility is that the audio may have lead
them to understand the word or phrase they were having trouble
with, regardless of the subtitles. Therefore, only using fixation data
would not be sufficient.

The bar graphs in figure 5 show the number of "total fixations"
and "total fixation on subtitles" per line of subtitles. The first bar
indicates how much in total the system detected users fixations,
whereas the second bar indicates how long the users spent looking
at the line of subtitles. The graph on the top represents subtitles that
a user understood while watching the video, and the graph at the

bottom is for subtitles that the same user could not understand. As
you can see, the user tended to spend more time looking at subtitles
when they could not understand them. As mentioned above, we
can not use a number of fixations per word while watching a video
to detect a user’s English level, but we can take advantage of the
number of fixations on subtitles in relation to the number of total
fixations.

4 RANDOM FOREST
4.1 Parameters
Using the results of this experiment, we used RANDOMFOREST[26]
in regards to the parameters that we explained above as input pa-
rameters: "total fixations" and "total fixation on subtitles". We also
took into account some additional factors.

(1) Total Saccades
Saccades are eye gaze movement shifts from one fixation
to another. In the experiment, we found out that users tend
to look at people’s faces in the movie. When several people
appear in one scene, their eye gaze movements go back and
forth between each person’s face and the subtitles. We could
potentially take advantage of saccade parameters assuming
the lower the saccades are, the more time they spend time
on only reading the subtitles.

(2) Subtitle Length
Even if every word in a line subtitle is relatively easy, there
are cases in which users would not understand because the
sentence is too long. Unlike reading written texts, subtitles
change at a certain speed, and users can not go back after
the screen has transitioned. Therefore, this should also be
considered as one of the input parameters.

(3) Window Size
A window size is a time in milliseconds while a line of sub-
titles is displayed. This corresponds to the speaking speed
of an actor/actress. When a window size is small, but the
length of the line of subtitles is long, users most likely find
it difficult to understand or catch.

(4) Subtitle Level
It goes without saying that, the more difficult the word is, the
harder it becomes to understand it. The formula for calcu-
lating the difficulty of words is explained in the application
section below.

Teacher Data is a binary numberwhich represents understood/not-
understood. Table 1 shows the list of the whole parameters.

4.2 Learning Process
We first split the dataset into 80% samples for training data and 20%
samples for test data. We then conducted under-sampling to fill the
gap of unbalanced data. (The number of understood was more than
that of not_understood). For tuning hyperparameters, we used the
Randomized Search Algorithm to investigate the best performances
under this condition. Figure 2 shows the classification report of
the model. We put emphasis on "finding" not_understand rather
than "missing" not_understand. Therefore, we focused more on the
recall rate than the precision rate or accuracy rate. After creating
a model, we extracted some feature importance for the algorithm
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Figure 5: The number of total fixations and total fixations on subtitles. The graph on the top represents subtitles that a user
understood while watching the video, and the graph at the bottom is for subtitles that the same user could not understand.
The user tended to spend more time looking at subtitles when they could not understand them.

Table 1: Classification Report. The recall rate was focused
more because we put emphasis on finding not understand
rather than missing not understand.

Precision Recall F1-Score
Weighted Avg 0.82 0.79 0.80

and found out the algorithm clarifies data focusing more on the
ratio of the fixations The algorithm seems to classify data focusing
on the ratio of the fixations. The model created was able to classify
data with the accuracy rate of 80.0%. This model can be improved
by obtaining more data, changing the weights and parameters, or
by using a different machine learning algorithm.

5 APPLICATION
We have an algorithm to briefly detect a user’s English level. We
created a system called SubMe, an Interactive subtitle system that
detects English level and, depending on their english levels, it helps
users to comprehend the content better by using interactive help.

5.1 Word Suggestion
As a proof of concept prototype, we used a pop-up style user in-
terface. The pop-up words become optimized based on the English
level of the user. After detecting their English level, wemade person-
alized word lists for their next video. The users were to watch this
in following experiments. We extracted words used in the subtitles
beforehand and sorted them into difficulty levels.

The word suggestion was conducted in the following way.

(1) Pre-Processing for Each Word
We first calculated a difficulty level for each word. In order to
do so, we used the frequency of the words provided by The
Corpus of Contemporary American English (COCA) [25].
We assumed that the the less frequently seen words are, the
more difficult they are. The frequency rates are mapped in
a linear conversion to score points. Table 2 is a part of the
score list for words used in the episode of "Friends"we used.

(2) Calculating User English Level
After our Random Forest outputs subtitles that a user possi-
bly did not understand, the system splits the words for each
line of subtitles and then takes an average score for all the
subtitles possibly not understood by the user.

(3) Extracting New Words

5



AH2019, March 11–12, 2019, Reims, France Katsuya Fujii and Jun Rekimoto

Figure 6: The list of input parameters to put for Random Forest Machine Learning Algorithm

Table 2: The list of Words with the frequency of the words
provided by The Corpus of Contemporary American Eng-
lish (COCA) and converted scores

Word Frequency Score
mastodon 99 2314
clang 156 1547
stomp 240 1200
erect 401 778
nausea 1949 541
paranoid 2173 79

The higher the value of 2), the more words a user knows.
Thus, we used the value as a threshold to filter new words
from the list of words. We show these words with dictionary
definitions while watching a movie. In this way users can
theoretically learn new words through a dynamic method.

5.2 User Interface
As a proof of concept prototype, we developed two types of user
interface. (Figure 7) At first, we adopted a pop-up style user in-
terface, however, some of the users found it hard to absorb the
information because of the increase in eye gaze movements shift.
They need to watch the scene and subtitles, and adding the pop-ups
was seemingly too much information got them to deal with at one
time. Given this feedback, we implemented a dual line style user
interface with a combination of movie pausing. We showed the
definition of the words on top of the subtitle to decrease the addi-
tional eye gaze movements shift, and the movie pauses for a certain
number of seconds so that the users have enough time to process
the information. At any moment, the users can tap the keyboard if
they do not want to pause the movie.

Figure 7: User Interface ofApplication. a) a pop-up style user
interface b) a dual line style user interface with the combi-
nation of movie pausing. We adopted b) because some users
found a) hard to catch up with the information because of
the increase of eye movements shift.

6 APPLICATION EXPERIMENT
6.1 Procedure
To evaluate the effectiveness of SubMe, we instructed our five par-
ticipants to watch the first seven minutes of two more different
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episodes of "Friends". In random order, one episode was viewed
with our system, and the other was viewed with traditional subti-
tles Beforehand, we explained the guidelines of our experiment to
these five participants. The participants consist of 3 male students,
1 male and 1 female adults, and their mother tongue is Japanese.
Their TOEIC scores were 830, 830, 830, 850, 850 respectively. A
small test, based on the words shown in the subtitles would be
conducted afterwards. Participant were told that they should take
their time and try to learn as many words as they could. They were
then instructed on how to rewind and pause the video so as they
may repeat any difficult parts as much as necessary.

As a condition for the small test, we ask the participants to
inform us as to whether they had already known the words that
they came across in the test before they had watched the movie.
This self-reporting mechanism is commonly used in vocabulary-
learning evaluations for foreign-language learning [27]. After it
was completed, the participants were given a survey based on how
effective they consider this activity to be. Particularly, we wanted to
know at what level of difficulty they found studying with this tool
was, if the video was understandable, if it was entertaining, and a
key factor in whether this method can be successful or not. The
questionnaire was rated on a 5-point Likert scale. The following
list is actual questions.

(1) Q1: Did you find using this tool efficient to learn English?
(2) Q2: Was it easier to comprehend the contents of the movie

using this tool?
(3) Q3: Could you enjoy watching the movie more when using

this tool?
(4) Q4: Was the level of the word suggestion appropriate for

your English level?
In addition to these questions, we also inquired as to if they had

any additional comments or not.

6.2 RESULTS
Figure 8 shows the results of the experiment. The participants
could define the words significantly more when using our system.
(t=3.7,p=0.02) The system also helped them learn new words more.
(t=8.5, p=0.001).When SubMewas not used, the participants showed
either of two types of behavior when looking up words: they wrote
down all unknown words and looked them all up after the movie
was finished, or they paused the movie and looked them up one
by one. In both ways, they seemed to be looking up words out of
context of the movie and picked up irrelevant definitions for some
words. For example, in the movie, senior was used as in the 4th
grade of college, but in the test some defined it as equivalent to
older. Whereas with SubMe, the users could learn the word with
the context , thus it resulted in better test scores.

Table 3 shows the results of the surveys. All the participants
thought it helpful and they also indicated that they could enjoy
the movie without being bothered to check the words in a dictio-
nary. One participant, however, mentioned the level of the word
suggestions was not appropriate. The improvement of English level
estimationmight solve this problem, but we also need to take into ac-
count other factors. During the experiment, this participant seemed
not understand the contents of the movie because of a lack of vocab-
ulary, expressions, or grammar. Only assisting with words might

Figure 8: In the experiment we conducted, SubMe not only
encouraged users to learn new vocabulary, it also helped
them enjoy the movie itself. The users spent less time to re-
member words when using SubMe.

Table 3: Questionnaire. Q1: Did you find using this tool effi-
cient to learn English? Q2: Was it easier to comprehend the
contents of the movie using this tool ? Q3: Could you enjoy
watching the movie more when using this tool? Q4:Was the
level of the word suggestions appropriate for your English
level? (5: Strongly Agree - 1: Strongly Disagree)

User1 User2 User3 User4 User5
Q1 5 4 4 4 4
Q2 5 4 5 5 4
Q3 5 4 3 3 3
Q4 4 1 4 4 3

not be enough for users with a certain English level. Further re-
search should be explored in order to discover what kind of aid is
appropriate for users with their various English levels taken into
consideration.

The followings are the summary of the additional comments.
• It was a bit frustrating that the movie paused when showing
the words that I already knew

• User Interface can be improved. Speed Control might be
ideal.

• First, I was worried that pausing a movie could be annoying,
but considering that it is an English learning tool, I think
this behavior is helpful and can allow us to enjoy the movie
more by assisting with unknown words.
We would like to take into account these opinions and im-
prove the system better for the further exploration.

7 DISCUSSION AND FUTUREWORK
7.1 UI/UX Design
This time, we adopted a dual line style user interface, but we also
came up with several other aids for English learning. One of these
was speed-control. Sugai and others conducted research to clarify
the effect of speaking rate and pause duration on listening com-
prehension [31]. They found that a pause (450ms) inserted in a
passage provides listeners with additional information processing
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time and enhances the comprehensibility of the aural input. As
a movie contains audio and visual sources, we need to explore a
feasible way to utilize this technique for movies. This time, we
designed it so that if the system detects that a user is not able to
understand a piece of content, it can slow down the video. This is
less invasive and may be able to give them time to make a guess as
to what unknown words may mean. Also it would be helpful for
improving their listening skills.

7.2 Words vs Expressions
In this research, we suggested unknown words based on the fre-
quency rate of the Corpus vocabulary list. The suggestion accuracy
can be explored since the difficulty of a word might differ depend-
ing on its context and also there are several existing indexes which
define a word’s difficulty level [29, 30]. Additionally, it goes with-
out saying that English has a large variety of expressions. Even
combinations of simple words can shift the meaning of a phrase to
something completely different. Variations of English dialects, such
as British versus American, as well as the use of proper nouns and
pop-culture references can also greatly influence the results. With
written text, many times, there are anecdotes which explain content
which may not be so standard or common knowledge. As such, the
misunderstanding of pop-culture references for unknown words or
phrases should not be indicative of a person’s lack of English skills.
We need to implement a more sophisticated tool that covers words
and expressions by taking into account context.

7.3 Scalability
This time we used the desktop-attachable eye tracker, which de-
tects near-infrared spectrum light, and also benefits from active
illumination in that spectrum. The same company also produces
a wearable version of it, but there are those who claim that it is
not affordable. Also, with the improvement of internet speed, many
service companies have begun offering online streaming movie plat-
forms available for smartphones or tablets. Given this background,
researchers have been exploring a method to detect eye movement
using a webcam [28]. If we can find a way to detect eye movement
by using a smartphone’s built-in camera, we can collect more data
sustainably and provide a more personalized interactive system for
English learning.

8 CONCLUSION
This experiment confirmedmany assumptionswe had alreadymade,
while also proving that this popular trend of using movies to study
English can in fact be harnessed as an efficient language learn-
ing tool. Implementing SubMe, an Interactive subtitle system that
detects English levels through tracking eye gaze movement, we
found that this tool can help users to comprehend content better
by utilizing interactive help. With this, we hope to have further
opened up this field of study, which began with monitoring the
eye gaze movements of readers, to a much broader range. Due to
the advent of life-logging, the accuracy of data collection, and the
inevitable lowering of costs, customized English study applications
tailored to the user’s specific needs will be the future of education.
In the world of machine learning, where the prospect of language
barriers seems to all but be disappearing, there needs to be tool that

can help maintain the motivation of those who wish to actually
study and become proficient in other languages. Using machine
learning and our current trends, SubMe can assist in promoting
this. In the experiment we conducted, SubMe not only encouraged
users to learn new vocabulary, it also helped them enjoy the movie
itself. As for now, we are focused on English, but there is definitely
the possibility that it could be used for multiple other languages,
including, for instance, Japanese.
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