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Abstract

Memory is a crucial element at the core of the ability to accumulate and utilize
human experiences and knowledge. In particular, efficiently memorizing and applying
information during the learning process has a significant impact on personal growth
and social success. In learning activities that require memorization, such as vocabulary
learning, it is important not only to remember information in the short term but also
to establish it in long-term memory. To achieve this, repetitive learning is essential.
Repetition has been shown in many studies to be effective for strengthening memory
and maintaining knowledge, and techniques like ”spaced repetition,” which involves
reviewing information at intervals, are known to be effective in improving vocabulary
retention. However, repetitive learning, while seemingly simple, presents challenges for
many learners. One of the difficulties is maintaining motivation to continue learning.
When monotonous tasks continue over long periods, learning is often interrupted by
boredom or fatigue. Additionally, there is the need for a well-organized learning plan,
such as deciding when to review which words, and effectively executing this plan is another
challenge for many learners.

To verify the effectiveness of the proposed method, we implemented a system in which
the blur applied to a string of characters gradually diminishes as the user’ s gaze focuses
on it, and conducted experiments using feature information of a fictitious memory target.
In the experiment, subjects performed memory tasks under two conditions: one with a
gaze-linked blur applied and one without any blur. A subsequent test on the memorized
content revealed that scores under the gaze-linked blur condition were significantly higher
than those in the no-blur condition. Furthermore, for words answered correctly, it was
confirmed that subjects maintained their gaze on those areas for longer periods, indicating
a correlation between gaze fixation duration and memory consolidation. These results
suggest that dynamic visual effects synchronized with the user’ s gaze effectively guide

attention and contribute to more efficient memory encoding.



Nevertheless, a question arose as to whether the application of a blur merely made
the target information visually prominent, yielding effects similar to other emphasis
techniques. Therefore, a comparison condition using yellow highlighters was set up, and
the experiment was repeated. The results confirmed that the gaze-linked blur condition
produced significantly higher test scores even compared to the highlighting condition.
This indicates that it is not simply the visual salience of important parts that is effective,
but rather the dynamic modulation of fluency in synchrony with the user’ s gaze that
contributes to improved memory efficiency.

Next, we extended the proposed method to be applicable in actual learning scenarios.
In previous experiments, bulleted characteristic information was presented as imaginary
memory targets. However, in real learning environments, learners must select important
sections from existing memory targets, such as textbooks or notes taken during classes. To
address this, we designed a system that allows users to apply a gaze-linked blurring effect
to specific sections by tracing over them with a mouse or touch operation on pre-prepared
text or images. In a real-use experiment, we compared test performance after learning
under two conditions: one using gaze-linked blurring and the other using highlighting on
the same text. The results showed that even when participants spent the same amount of
time viewing the text, test scores were significantly higher under the gaze-linked blurring
condition than under the highlighting condition. Additionally, the experimental results
indicated that the effect of gaze-linked blurring was more pronounced for texts related
to biological themes than for narrative-based themes. Furthermore, the accuracy rate for
marked sections was higher when using gaze-linked blurring than when using highlighting.
These findings suggest that gaze-linked blur depth control is an effective method for
naturally guiding learners’ attention to the information they consider important.

Regarding the system’s usability, a questionnaire survey conducted with experiment
participants revealed minimal discomfort or dissatisfaction with operability, indicating
that the system is easy to use in actual learning environments. As a result, gaze-linked
blurring as a learning support method has been suggested to be a practical tool for
educational settings and self-study, offering a more effective approach than conventional
monotonous review methods by actively guiding learners’ attention and promoting
memory retention.

From these experiments and analyses, it was suggested that gaze-linked blur depth
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control is useful for improving word memorization and that the proposed system can be

easily implemented in real learning environments.
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