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A study on machine learning for personalized prediction of human perception toward visual stimuli

(BRI S 2 NH ORI 2 (851335 % 72 8 OB E B3 2 HF5E)

This thesis summarizes studies on the construction of machine learning models specific to personalized
prediction of human perception toward visual stimuli.

Machine learning has attracted significant attention in assisting humans due to its high potential and
continues to respond to expectations in various fields. Specifically, after the development of deep
learning technologies such as convolutional neural networks and recurrent neural networks, machine
learning models can solve more complex tasks by learning a large amount of data. Recent studies on
machine learning have progressed to the foundation models such as contrastive language-image pre-
training and generative pre-trained transformer, and researchers have focused on the way to construct
models that can effectively learn big data and conduct several tasks in a single model. Namely, they aim
to develop the generalized model. Although this direction may be one advancement of machine learn-
ing, another important direction is the development of machine learning models that can be tuned for
each person from the perspective of human assistance. For instance, user satisfaction in video-sharing
services can be improved by personalizing the multimedia content recommender system. Therefore,
the personalization of machine learning can be an effective direction of advancement.

The person-specific information is needed as a clue for training machine learning models to suit each
person. One of the person-specific information is the biological information obtained from humans.
Here, to introduce such information into the machine learning models, human perception should be
mediated as in the actual human information processing. However, it is difficult to directly implement
them to existing models in various tasks such as content recommendation and information retrieval
since machine learning just recognizes the patterns in the inputs and outputs and may ignore human
perception. Hence, studies on predicting human perception have been conducted to indirectly person-
alize machine learning. Concretely, previous studies have predicted emotion and attention as human
perception from brain activity and gaze data as the data representing biological information (hereafter,
biological data). In these studies, although machine learning models have been used as prediction
models, these models do not necessarily consider the properties specific to biological data since their
architectures are designed not specifically for biological data. In contrast to the general data in the
fields of computer vision and natural language processing, biological data are difficult to handle due to
their unique properties such as individual differences. Therefore, there are great demands for rethink-
ing the machine learning models suitable for biological data.

This thesis focuses on three perspectives related to the inherent properties of biological data. The first
perspective is the data volume obtained from each person. Biological data varies widely among indi-

viduals, and data obtained from various persons are difficult to handle in a uniform manner. Hence,



the machine learning models need to be trained from the limited amount of data for reflecting on indi-
vidual differences. The next perspective is the relationship between stimuli and their human response.
Humans constantly receive a variety of stimuli and perceive them in their daily lives, and biological
data reflect on such stimuli. To effectively predict human perception, not only biological data but also
the contents of stimuli should be considered. Finally, the third perspective is mutual complementation
through the collaborative use of several types of biological data. Advancements in sensor technologies
enable the easy and simultaneous acquisition of various types of biological data. Each type of biolog-
ical data represents a different aspect of the human response, and the human perception can be more
precisely predicted by collaboratively using them than one of them alone.

The purpose of this thesis is to construct machine learning models that can predict personalized human
perception by incorporating the above perspectives. This thesis targets the human perception toward
visual stimuli since several studies show that visual information is the most important to humans. Con-
cretely, this thesis mainly tackles three themes to construct the machine learning models incorporating
the above perspectives, respectively. First, to address the problem of the data volume, I focus on the
similarities of biological data between persons. In the case of predicting human attention toward vi-
sual stimuli such as images, I propose a new method for detecting the individuals with biological data
patterns similar to those of the target person. Moreover, I construct the machine learning model using
the data obtained from similar persons for predicting the perception of the target person. Secondly,
for analyzing the relationship between visual stimuli and biological data, I focus on the construction
of the uniform representation of visual contents and gaze data including the region watched by the
person. Finally, I newly propose the feature integration methods for treating several types of biological
information since biological data are pre-processed for calculating features suitable for each type of
data before inputting machine learning models, generally. Then, when calculating the features of gaze
data, I adopt the representation based on the second perspective for considering both visual contents
and biological data. In this way, I newly proposed machine learning models suitable for biological
data and indicate the effectiveness of focusing on the above inherent perspective.

This thesis consists of six chapters. Chapter 1 describes the research background and the proposition of
this thesis. Chapter 2 describes the related works and their problems to be solved in this thesis. Chapter
3 presents methods for few-shot personalized saliency prediction, which is the task predicting regions
in images gazed at by individuals. Chapters 4 and 5 focus on human emotions as perceptions. Chapter
4 presents the methods for classifying images into emotional categories using gaze data. Chapter 5
presents the methods for multi-modal human emotion recognition based on various types of biological
information. Finally, Chapter 6 concludes this thesis and clarifies the future directions.

In summary, this thesis presents several machine learning methods for personalized prediction of hu-
man perception toward visual stimuli. For constructing the machine learning models specific to person-
alized prediction of human perception, the proposed methods incorporate the similarities of biological
data between persons and mutual complementation between different types of biological information.
Furthermore, I confirm the effectiveness of the proposed methods through empirical experimentation

on datasets derived from personally acquired raw data and openly available datasets.



