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I. INTRODUCTION

Documents traditionally are an important means for learning.
The various school subjects are aligned with contents, which are
captured in traditional textbooks. Although reading a textbook
plays an essential role to obtain new knowledge, students
often avert their eyes from reading a textbook because it
is static and boring. To solve this problem, I am currently
working towards creating an anticipating textbook, which
can make the materials for learning and instruction adaptive
and dynamic on a mobile tablet computer. Figure [T] shows
the concept sketch of the anticipating textbook. The system
recognizes a student’s cognitive states (e.g. attention, interest,
comprehension) using several sensors, and changes the content
or layout of the textbook dynamically to improve his/her
motivation and understanding.

While most of physical activities including walking and
sleeping can be recognized by body-mounted motion sensors,
recognizing cognitive state is a challenging task. I utilize eye
tracking devices for the system becasue the strong relationship
between cognitive states and eye movements is well explored in
the field of activity recognition and psychology [1]. This paper
presents my work in progress to recognize cognitive states
while reading a textbook by using two sensing modalities.

II. ATTENTION EXTRACTION WITH EYE TRACKING
GLASSES

The first step to develop the anticipating textbook is to
visualize students’ attentions while reading. On the assumption
that the more attention students pay the more time they spend
time to read, we have proposed a method to extract attention
by using an eye tracking glasses [2].

A. Attention Extracting Method

The method consists of three steps: mapping eye gaze on
a document, fixation-saccade detection, and heatmap visual-
ization. Mobile eye tracking glasses are utilized to record
students’ reading behaviors. Because the outputs of the device
are coordinates of eye gaze on a scene camera from the device,
we detect the position of the document in a frame of the camera
by using SIFT features, and calculate a homograph to map
the gaze point to the document. The raw gaze data on the
document is classified into fixations (gaze posing in certain
position for 200-400 ms) and saccades (jumps of the gaze
between two fixations taking 10-20 ms). The system apply the
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Fig. 1. A concept sketch of an anticipating textbook.

fixation-saccade detection algorithm proposed by Buscher et
al. [3]. We divide a textbook beforehand based on the roll and
calcualte periods of time a student needs to reads each content
to obtain knowledge. Thus, for each area a sum of fixation
durations is calculated, which is divided by the size of area to
be normalized.

B. Experiment

As an initial experiment, we asked 8 participants (around
12 years old) to wear eye-tracking glasses, to read a physics
textbook on a display, and to solve respective exercises. The
document presented in the experiment is "Basic Phenomena
in Acoustics" in Physics, and it consists of three parts: the
introduction, itemized definitions, and applications. Only an
explanation of the content was displayed at first. After they
understood the content, they could make exercises appear by
pressing a button. They could also go buck to read the content to
find hints for solving tasks. After the recording, we categorized
8 participants to 3 comprehension levels (novice, intermediate,
and expert) according to the score of the exercises.

Figure [2] represents mean attention heatmaps for each
comprehension level. It has become obvious that students
with high level comprehension do not pay attention to the
applications part while both reading and solving tasks compared
to other levels. They understand that the applications part is
useful for understanding the content, yet there is not much
information that can be used as hints for solving tasks. As
shown in Figure [3| they preferred to read definitions part
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Fig. 2. Attention heatmaps exported by 3 comprehension levels while reading
the textbook and solving the exercises.
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Fig. 3. Percentages of attentions participants paied to introduction, definition,
and application part on the textbook.

because there are direct hints (principles, formulas, etc.).
Intermediates and novices spend much time to paying attention
to the application part while both reading and solving.

III. TRACKING READING ACTIVITY WITH COMMERCIAL
EOG GLASSES

While high spec eye tracking devices are suitable to record
human behaviors in controlled experiments, it is still difficult
to use them in a real classroom scenario (e.g., the devices
are expensive; battery lives are short). Therefore we have also
proposed a reading tracking method with commercial device,
JINS MEME [4], [3]. It equips EOG sensors to measure eye
movements and motion sensors to measure head movements. I
have started from detecting reading activities and estimating
the number of words a user read becasue the reading duration
and the speed should be related to a user’s cognitive states
including interest and attention.

A. Word counting Method

The word counting method consists of three processes:
obtaining a user’s eye movements, detecting forward/backward-
saccades, and estimating the number of words he/she read. One
reference electrode attached to the forehead and two active
electrodes on the nose pad are equipped on JINS MEME. We
calcualte EOG vertical component as an average of two active
electrodes and EOG horizontal component as the difference
between them. Figure [] shows an overview of the EOG
horizontal component in a one-minute recording that includes
reading activity. Negative values represent eye movement right
to left, and positive values represent left to right. Saccades
towards forward and backward (line breaks) on the reading
direction appear as peaks. We detect them and estimated the
number of words a user read by support vector regression.
Four features are calculated for the regression: the total number
of forward-saccades, the mean EOG signal value of forward-
saccades, the total number of backward-saccades, and the mean
EOG signal value of backward-saccades.
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Fig. 4. Overview of JINS MEME hardware and horizontal EOG sensor signals
while reading. Regular patterns of eye movement appear because of line breaks.

B. Experiment

To evaluate the word-counting algorithm, we asked 5
participants to read English essays on an iPad with wearing
JINS MEME. Every participant read 38 paragraphs (minimum:
27 words; maximum: 120 words; average: 60 words in one
paragraph). Training and testing were done by leave-one-
subject-out as a user-independent approach and 10-fold cross
validation as a user-dependent approach.

An average estimation error of five subjects during the
readings for each paragraph was 18% on user-independent
approach, and decreased to 16% on user-independent approach.

IV. FUTURE WORK

In the future, I plan to develop some prototypes of anticipat-
ing textbook and find what kind of dynamic changing improves
students’ learning abitilies. Future work also includes using
other sensing modalities (e.g., face temperature, heart rate).
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