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Understanding the Relationship between Focus and Human-Error from a HCD Perspective

Naoki Nishino™!

, Jun lio™!

Abstract - This paper discusses the outline and hypotheses of the three experimental platforms and the results of
preliminary experiments. Human-error is a familiar error that everyone makes. However, such errors sometimes lead
to serious accidents, and in the worst case, can even be life-threatening. We focused on human concentration and work
goals as factors of human-error and created an experimental platform.

Keywords: Human-Error, User Interface, Concentration, Twine
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How do Novice Learners of Human-Centered Design (HCD) Perceive the Meaning of

'Human-Centered' at the Beginning of their Learning Journey?

Hiromu Matsuura*!, Jun Itoh*?, Momoko Nakatani*!

Abstract - In this study, we conducted a survey among novices to investigate whether the Japanese translation of
Human-Centered Design (HCD) is misunderstood as anthropocentrism. We did not find any evidence that HCD evokes
the concept of anthropocentrism, and we found that there are not many categories that appear both before and after
learning. As an approach to HCD learning, it is considered that teaching phrases that do not appear before and after
learning in a focused manner will lead to efficient HCD learning.

Keywords: AR AHLEE, AMHLERER, AMAH.07 94 >, Anthropocentrism, Human Centered Design
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*1 : Tokyo Institute of Technology
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Table 1 What kind of design do you imagine when you hear the word "HCD"?
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Figure 2 What kind of design do you imagine when you hear the word "HCD"?
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Proposal of DX at Home Care Plan Center

Aoi Hashimoto *!, Reina Hashimoto !, Keisuke Watanabe !, and Jun lio *

1

Abstract — These days, the declining birthrate and aging population are severe problems in Japan. Therefore, the long-
term care service is essential. However, people who engage in it are busy. The study focused on care managers because
two members of our team have a care manager in their family. Generally, care managers have to do a lot of tasks in
their daily lives. Their work is not only to make documents but also to communicate with their clients. To solve this
problem, our study implements a system that lightens the burden, making a database that has clients' information. When
they get information, they should contact related persons such as doctors each time. It takes time and effort. The system

can save time from complicated work.
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Learners’ Awareness Questionnaire in Programming Learning #2
- Investigation Results and Analysis -

Jun Tio™!

Abstract - We attempt to test the hypothesis that learning programming is a kind of learning language.
Therefore, we conducted a questionnaire survey to examine how programming learners think about
programming and whether there is a correlation between their willingness to learn programming and their
language level. This paper reports the results of the awareness survey and presents the analyses and

discussions on the results.

Keywords: programming education, language study, learners’ awareness survey
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Facilitation by designers: Their roles as translators & outsiders
Akihiko Sugiura”!

Abstract -As the understanding of design matures and broadens, it has become widely accepted how design is not solely

about shaping an artefact but facilitating interaction between multiple stakeholders; leading us to a state where “people who
do design” does not equal to “being a designer (in the traditional sense)”. Amid such transition, this paper argues how the
design process of traditional designers inherently involves aspects of facilitation, by reflecting on a case study of designing a
website for a local art community. To address designers’ subjective and social facets that characterise their facilitation style,
this paper further presents two perspectives: designers as “translators” and “outsiders”.

Keywords: design facilitation, design process, design expertise, interpretation, outsider
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Utilizing HCD to improve results in DX

Shiori Uehara™!, Jun lio*!, and Osamu Sudoh™!

Abstract - This study focuses on the lack of Human-Centered Design perspective as a factor for the underperformance of
domestic DX initiatives. It examines the reasons behind the low awareness of HCD despite its standardization over 20 years

ago and explores measures to promote HCD adoption through surveys and interviews with HCD experts.

Keywords: Human-Centered Design, HCD, Digital Transformation
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Report on Activities in FY2023 on the Efforts to Turn Tacit Knowledge into Explicit
Knowledge in Corporate HCD Implementation Activities Using the Pattern Language
Method.

A Moriyama®!, Masako Itoh™?, Yasuyo Kondo™?, Naoki Sashida™,
Tetsuya Hayashi*®, Tomoko Fukuyama®

Shinsuke Teramura™>,
7. Rika Waida™®

Abstract - We developed a pattern language for introducing the HCD to organization based on case studies and published
the first version in FY2023. We collected the opinions of HCD practitioners through events, focused on the similarities
between introducing the HCD to organization and organizational learning as a theoretical underpinning, and examined
policies for disseminating this pattern language. We will introduce progress and ingenuity.

Keywords: HCD, human centered design, HCD promotion, pattern language, learning organizations
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Human Centered Design Process - Practice and Obstacles

The Japanese companies survey 2023-2024

Toru Mizumoto ™!

Abstract - This paper clarifies the degree to which HCD processes are implemented in Japanese companies and the

disincentives for applying them, based on the results of a questionnaire survey of internal HCD process implementation

promoters. Then, by comparing the results with those of similar surveys in the past, measures to avoid the disincentive

and further promote the introduction of HCD are discussed.

Keywords: Human Centered Design, Process, Practice
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A Survey on Interaction of Stakeholders involved in a Service Design Project
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Takashi Yukihira™"3, Shinya Hisano"!*, Ryoichi Maeda™!**, and Shinpei Saruwatari*!->

Masayuki Thara®!, Hiroko Tokunaga™!, Hiroki Murakami”

Abstract - In order to develop services that can be operated sustainably, co-creation in which service providers are
involved in design is effective. In case of nursing care service development, various stakeholders such as occupational
or physical therapists may be also involved in the design project. This paper reports the results of a survey on the
interaction of stakeholders involved in a nursing care service design project. In our case study of developing an online
rehabilitation exercise service, we analyzed what each stakeholder contributed and learned through their interactions.

Keywords: co-creation, design project, stakeholder, interaction, nursing care service
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HCD Process for Improving Service Design

to Satisfy both Individual Demands and Efficiency
Hiroko Tokunaga™!, Masayuki Thara™!, Saki Ohga"?, Hiroki Murakami*2, Akihiko Koga*!-?,
Takashi Yukihira*'3, Ryoichi Maeda'*, Shinpei Saruwatari >, Kazuki Takeshita"?,

and Shinya Hisano !

Abstract - When designing services such as nursing care services, where it is important to satisfy the unique demands

of each user, an HCD process that balances individualized care and efficiency is required. Design based on the typical

persona method has limitations in providing value through solving problems unique to real users. This paper introduces

a case study of nursing care service development in which the HCD process was iterated based on individual demands

and discovered issues, starting from preliminary design using the persona method, and analyzes service improvements

from the perspectives of both individual care and efficiency.

Keywords: HCD, individual demand, efficiency, persona, nursing care
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“The Family, Not the Health Care Provider, Decides Whether the End of Life is Good or
Bad”: A Qualitative Study of the Experiences and Support Needs of Health Care Providers
Involved in End-of-Life Care

Shun Saito"! and Taro Sugihara”!

Abstract - The experience of grief often places a psychological burden on family members and requires appropriate
coping. This study focused on physicians and nurses as care providers and used qualitative methods to explore their
experiences and support needs in end-of-life care. As a result, they found that they provide care based on the recognition
that "it is the family, not the medical staff, who decides whether the patient's final days are good or bad. We propose
support methods to make the provision of care by healthcare providers more effective.

Keywords: end-of-life care, healthcare professional, qualitative study, emotional care, collaborative work
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Promoting well-being in an aging society

-Proposing tools for better understanding of the elderly-

Manaka Sato, Haruto Inoue, Yuni Kobayashi and Ryoji Yoshitake

Abstract - We conducted research with the aim of creating a society in which all elderly people and stakeholders can
lead fulfilling lives. The study included an assessment of impressions of the elderly, a survey of the use of
communication devices by the elderly, a survey of good practices in an aging society, and a survey of the daily lives
and values of the elderly. The results revealed that stereotypes about the elderly is one of the major issues, so a tool (a
card game) was developed to promote appropriate understanding about the elderly. The evaluation results confirmed
that the proposed game promotes understanding of the diversity of elderly and a better senior living.

Keywords: senior citizen, well-being, aging, communication equipment, card game
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Study on method for analyzing the needs of residents

using the concept of human-centered design in urban planning practice

Daisuke Ijichi"!, Moeha Muramatsu*!

Abstract - When making a city plan, the needs of residents are an important consideration. In this paper, we report the

results of a group interview using the concept of human-centered design, and then clarify the issues and directions for

solving the needs analysis method.

Keywords: urban planning, analyzing the needs, group interview, human-centered design
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UI Design Guidelines for Learning from Classical Japanese Literature

DhigE HA

- Tsurezuregusa Edition -

Toru Mizumoto ', Yuri Ito

Abstract - When companies create Ul design guidelines, they often refer to ideas originating in the West, but Japan also

has many unique ideas and mindsets that have influenced foreign countries, including “Bushido. Therefore, we will

extract the essence from classical Japanese literature and examine screen proposals to see if they can be utilized in Ul

design guidelines.
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Examination of the Relationship between Web Page Visibility Assessment and Dark Patterns

Hitomi Nojima™!, Yohei Morishita™!

Abstract - The issue of inducing trouble through "difficulty in viewing" due to factors such as the volume of information,
font size, and color usage during online shopping has become prominent. Thus, this study evaluates "visibility and
readability” in accordance with the certification criteria related to visibility and readability operated by our association
(UCDA). Additionally, we categorize and analyze areas related to certification criteria concerning instances and

requirements of dark patterns.

Keywords:, Information volume, Dark patterns, Ease of viewing
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UI Sound Design Method for Products
Sanae H. Wake"!

Abstract - Little attention has been devoted to designing UX from the perspective of "sound.” The impact of
sound on UX is significant, because sound affects not only the direct users of a product but also people around

them, and they cannot turn away from sound. The majority of recent products incorporate Ul-sounds. These

sounds include sounds for operation feedback, sounds for notification messages from devices, and guide
sounds that prompt the next operation. Appropriately designing these sounds, as integral parts of the Ul and
considering their purpose, significantly contributes to usability enhancement and improvement of the UX.

This paper outlines the research conducted and proposals made thus far, and discusses the future of UI from

the perspective of sound.

Keywords: UI-Sound, User Interface, User experience, Sound design, Voice
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A Proposal to reduce the total amount of eye movement for game players

by improving the layout of UI elements in FPS and TPS games
Haruki Kato™!, Hiro Miyazaki*!, Ryo Noro"!, and Tadashi Kobayashi''

Abstract - This paper describes a method to reduce eye movement in FPS and TPS games by optimizing UI element

layout, aiming to decrease player fatigue. Using Fortnite as the target game, eye movement was measured and key Ul

elements contributing to visual strain were identified. By relocating these elements based on usage frequency and player

behavior, a 25% reduction in total eye movement was achieved. Future research will expand to other game genres to
y p g g

develop general guidelines for reducing eye movement in gameplay.

Keywords: game play, User-Interface element, UI element layout, eye movement
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Case study of service improvement of multi-sport school, “MISPO!” using HCD cycle

~ Through HCD practice in new business development at company ~

Masaya Inamo

Abstract -

"MISPO!" is a new business service. In this presentation, we introduce examples of HCD practice to

improve services, such as scenario evaluation and user research through test operation, and hypothesis testing to

clarify the reasons for membership registration.

Keywords: Service, Service Design, HCD, User Experience(UX), Hypothesis Testing
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Safety Performance of a Braking Mechanism to Reduce Discomfort for the Person in a Wheelchair

AT JRsET

Takahiro SAIKI"! and Hiroyuki NAKAMURA™!

Abstract - Focusing on manual assistance wheelchairs, care recipients in this type of wheelchairs feel discomfort when

their caregivers perform the deceleration. This research investigated the brake mechanism to reduce the discomfort felt

by care recipients while decelerating and verify the safety performance.

Keywords: Wheelchair, Deceleration, Brake Mechanism, Care Recipient, Care Giver
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Research on Information Design of Online Supermarket Apps for the Elderly
Yuto INAKAMI™!, and Yasuhiro SONOO, Hiroyuki NAKAMURA™!

Abstract —

The purpose of this research is to understand the buying behavior of the elderly population, and to surface

the issues with the current information design of online supermarkets apps from an elderly users’ perspective. The

results suggest online supermarkets as a solution to declining of physical abilities, and a correlation between age and

search time when navigating screens with large amount of information.

Keywords: Information Design, Online Supermarkets
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Research on a mechanism for transmitting vibrations to visually impaired people of danger

when walking outdoors

Kai MATSUGUMA"!, Hiroyuki NAKAMURA™!

Abstract - This research aimed at improving safety when walking outdoors by transmitting hazards to the visually
impaired through vibrations. In particular, we focused on transmitting by vibration. Vibration patterns that transmit
danger via three vibration motors installed on the wrist are studied, and their effectiveness is verified.

Keywords: visually impaired, information transmission, Vibration, Vibration information, Tactile information
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Figure 1 Vibration motor and mounting image
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Development of a Notification App to Convey Hazardous Water Level Information to Visually

Impaired Individuals

Zhenghao HUANG™, and Hiroyuki NAKAMURA™!

This application utilizes audio notifications and vibrations to let visually impaired individuals receive water level
information quickly. It adopts an approach that deeply understands the needs of visually impaired users, emphasizing
usability and accessibility. Initial tests will check whether visually impaired people can clearly understand water level
information and flood warnings through audio guidance and vibrations.

Keywords: Information Accessibility, Visually Impaired Individuals, Flood
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Creation of a Terms of Use Evaluation Database to Promote Reading and Understanding of
the Terms of Use

Nanako Yagi*!, Hazuki Onozuka™', and Jun Iio™!

Abstract -With the rise of digitalization and web services, users are encountering more terms of service agreements,

which are often long and complex. Many users don't read these agreements, and providers tend to reuse templates rather

than creating clear, user-friendly versions. Given that users must agree to these terms to use services, it raises questions
about the validity of this implied consent. This study proposes creating a database to evaluate and highlight the issues
in these agreements, helping users understand the risks before agreeing. The study involves analyzing existing research,
establishing evaluation criteria, and creating a web site where users can easily access and contribute to the evaluation

of terms of service, focusing on smartphone apps.

Keywords: Terms of Use, Privacy Policy, Consumer contract, User Interface, Database
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Proposal of a Webcam-based Measurement System for Customer Behavior in Restaurants

Yuu Nagahama®!, Kaori Miwa™!, Hiromi Aoki*!, and Jun lio*!

Abstract - The objective of this study is to increase sales in privately owned restaurants. We will experiment with the

acquisition of customer behavior data with the aim of proposing an efficient seating management system that enables

more customers to use the restaurant based on customer data analysis. The system obtains customer data through a

webcam. The data is acquired by using object detection and tracking systems. The result of the data analysis is used to

consider the implementation of effective seating management measures.

Keywords: object tracking, object detection, seating management, webcam
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The Way to Make Efficient Use of Reviews of Diet Goods

Chizuru Soukejima”!, Yumiko Uehara®', Azumi Uchida®', Fuminori Ogawa"!, Jun lio™,

Abstract - In order to find the way to make efficient use of reviews, this study analyzed review dataset provided by
DIETCAFE. The importance of reviews on merchandise is increasing due to the spread of internet which enable us to
get and share the information fur faster than before. Our main goal is to reveal the validity of the 5-point rating as a
measurement of satisfaction and find out the effective use of tag and keyword searches. It will help people to recognize
5-point rating is not so accurate as it might appear and use suitable tags to get what they want to know quickly.

Keywords: reviews, 5-point rating, tag and keyword searches
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Behavioral Change of People in the Corona Disaster

Tatsuhiko Tashiro™,

Reina Hashimoto™, Yoko Otaki™, Jun lio™

Abstract - Using the results of a questionnaire conducted online, analyzed how people's behavior and awareness
changed during the so-called Corona Disaster, which had a profound impact on our lives. As a result, behavioral

changes in people were observed in two institutions of the Corona Disaster. It was also found that there are differences
in the way people think about the Corona Disaster in Japan and abroad.

Keywords: Corona Disaster, life, people
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5 B 55-64 5% 200 7.1
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7 B T5-99 % 200 7.1
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13 W/ 65-T4 7% 200 7.1
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35 | BN Lt 5564 1% 100 2.9
36 | Mot 65 Ll L 100 2.9
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Consideration of Promoting the Use of the Library Based on the Analysis of Hachioji-city

Library’s User Data

Nobuki Kawahara®!, Chihiro Ehara™!, Fuka Saito"!, Yosuke Miyamoto*!, and Jun Iio*!

Abstract - To increase the number of library users in Hachioji City, this study analyzed the data on usage provided by
the nine libraries in Hachioji City, along with other open data. The ultimate goal of the analysis was to understand the
current status of libraries through the mapping of data provided by the city and the analysis of open data and to make

policy recommendations to improve the number of library users in Hachioji City.

Keywords: Library usage, mapping, and increasing the number of library users
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The Impact of High-Reward Items on Working Memory Decision-

Making in Sequential Tasks

Minghung Cheng™!, Juiwen Peng’!

Abstract - The purpose of this study was to investigate the effects of a high-return item on working memory decisions

in a sequential memory task. Working memory is an important component of the cognitive system, responsible for

temporary storage and processing of information. Previous studies have shown that items with high payoft can attract

attention and enhance working memory performance. However, the effects of high-return items in sequence memory

have not been fully understood, especially given the variability of sequence structure. The present study aims to delve

deeper into the effects of high-reward items on attention enhancement and decision preferences in order to understand

their specific effects on serial memory performance and behavioral choices. To achieve this, we will utilize the sequence

task as a measurement tool to observe participants' performance in the sequence memory task. We will assess participant

differences in memory breadth and attentional preferences for high-return items to explore the specific effects of high-

return items on memory performance and decision behavior.

Keywords: incentives, working memory, sequences, decision making

1. Introduction

1.1 Background and Motivation

Working memory, a cognitive system with limited capacity,
temporarily stores information for short periods and facilitates
retrieval and decision-making. It forms the basis for tasks such
as conversation, reading, and calculation, playing a crucial role
in daily life and learning. Psychologist Miller[1]found that the
breadth of human working memory is limited, typically able to
retain only five to nine items at once, with an average of around
seven, known as the "magic number: 7+2".

Working memory involves the storage and retrieval of
information in sequential order. In sequential memory tasks,
working memory performance may be influenced by various
stimuli, including the characteristics, order, similarity,
incentives, and repetitions of items. When faced with high-
reward items, their potential attractiveness may affect working
memory decision-making. However, due to the limited capacity
of working memory, we can only process a limited number of
items simultaneously. Exceeding this limit may result in
information omission or confusion, leading to missed high-
reward items.

Working memory, crucial for storing and retrieving
information in sequential order, is influenced by various stimuli
like item characteristics, order, similarity, incentives, and
repetitions in sequential memory tasks. High-reward items can
sway working memory decision-making due to their allure, yet
the limited capacity of working memory means only a finite
number of items can be processed simultaneously. Exceeding
this limit risks information omission or confusion, potentially

causing missed high-reward items. While research shows high-

*1 BRI G ILRHORE A e i ZE AT
*1 : National Taipei University of Technology
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reward items significantly impact working memory by directing
attention towards them, their full effect in sequential memory
tasks remains unexplained. Understanding how high-reward
items affect memory performance and decision-making in
sequential tasks under limited memory capacity warrants

further investigation.
1.2 Research Objective

In today's fiercely competitive environment, working
memory decisions are crucial for individual and organizational
success. Working memory capacity is influenced by
environmental changes and stimuli, particularly variations in
high-reward items within sequential tasks, which play a
significant role in memory capacity and decision-making
behavior. Currently, the understanding of how high-reward
items impact working memory decisions is incomplete. This
study aims to investigate how variations in high-reward items
within sequential memory tasks affect working memory
decisions, with specific objectives including:

1. Investigating whether high-reward items enhance
sequential memory capacity and assessing their
impact on memory accuracy.

2. Exploring how the certainty of high-reward items
influences strategy selection and risk preferences in
working memory decisions.

3. Examining the influence of different characteristics of
high-reward items on memory decisions to understand
their degree and patterns of impact.

4. Risk Preference: Individuals' attitudes towards risk
vary, influencing their acceptance of high-reward
items, shaped by personality, experiences, and values.

Through these investigations, we aim to gain a deeper
understanding of the working memory decision-making process

and enhance awareness of the influence of high-reward items.
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2. Literature Review

2.1 High-reward item
High-reward items, enticing due to their potential for high
influence individuals' attention,

returns,  significantly

motivation, and behavior. The following psychological
concepts from cognitive psychology and consumer behavior aid
in understanding this phenomenon[2]:

1. Reward Sensitivity: People's heightened sensitivity to
rewards inclines them towards high-reward items,
primarily regulated by the brain's reward system,
which increases pleasure through dopamine release.

2. Choice Preference: Faced with high-reward items,
individuals tend to choose them, as the allure of high
rewards enhances motivation to pursue these options.

3. Delay Discounting: Individuals prefer immediate
rewards, often undervaluing the future rewards,
especially in high-reward contexts.

4. Risk Preference: Individuals' attitudes towards risk
vary, influencing their acceptance of high-reward
items, shaped by personality, experiences, and values.

Research indicates that participants typically demonstrate
better working memory performance in high-reward tasks
compared to low-reward ones. In conclusion, high-reward items
stimulate individuals' engagement, enhance motivation, and
positively impact cognitive abilities.

2.2 Motivation of High-Reward Item Memory

High-reward items can motivate individuals' behavior and
memory capabilities, enhancing motivation, attention, and
focus, and promoting task engagement. Recent research
suggests that the degree of attentional capture by stimuli and
rewards affects learning about the relationship between them
[3]. During the encoding of high-reward items, individuals
allocate more resources[4], leading to better encoding in
working memory and easier retrieval compared to low-reward
items[5].

High-reward items also enhance individuals' emotional state
and positive emotions, further improving memory and
cognitive performance. Studies indicate that participants
receiving high rewards exert more mental effort on cognitive
control tasks[6]. Additionally, high-reward incentives can
induce attentional capture[7].

Psychological research has found various motivational
factors associated with high-reward items enhancing cognitive
performance, including operant conditioning theory and
reinforcement learning theory. Rewards focus attention on task-
relevant information with high priority, even under high
working memory load. People prioritize learning specific
the

rewards[8]. Understanding the allocation of attention is crucial

information during learning process to maximize

under conditions of complex task demands.
2.3 Working Memory and Decision-Making

Working memory, a core structure in cognitive psychology,
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is a vital component of cognitive control used for temporarily
retaining and manipulating information. Research indicates that
working memory capacity is limited, typically able to handle
only a few items simultaneously[9]. The mainstream classical
capacity theories, such as Miller's "magic number" 7 and
Cowan's 4, underscore this limitation.

Despite research on the relationship between working
memory and other cognitive processes, the exact mechanisms
of capacity limitations remain contentious. In daily life,
working memory assists in understanding contexts, completing
tasks, problem-solving, and planning for the future. Selective
attention is closely linked to working memory, allowing us to
select and maintain task-relevant information while filtering out
interference. Studies suggest that working memory relies on
priority states, where certain memories have qualitative
distinctions from others in specific context. The close
association between selective attention and working memory is
observed in relevant theoretical models.

One commonly used method to measure working memory is
the serial recall task, originating from Murdoch's[10] free recall
task. In this test, participants view a list of items presented as
words, with each word shown only once. After the sequence
ends, participants are asked to recall the items immediately,
without the need to recall them in the order presented. This test
method generates a serial position curve through statistical
analysis, typically showing a U-shaped curve when plotting
recall accuracy against item position, this is known as the
“serial position effect”. ( Referencing Figure 1)

recall accuracy reeall aceuracy

0 5 10 15 20 25
serial positon

Figure 1 Serial position effect

High-reward items have a positive impact on working
memory capacity. They induce motivation, thereby enhancing
attention and engagement, enabling participants to utilize
working memory more effectively for decision-making.
Research indicates that high-reward items can enhance
participants' task focus, prompting them to use working
memory more actively, thus improving task performance [11].
To understand the impact of high rewards on working memory,
many studies use sequential tasks to measure working memory
capacity. Sequential tasks involve remembering and processing
a series of items, measuring working memory capacity,
attention control, and executive functions.

Based on these studies, high-reward items may facilitate
participants' memory and processing abilities in sequential
tasks. The motivational effects of high-reward items lead
participants to be more focused and engaged in tasks, thereby

enhancing working memory efficiency.
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3. research method

3.1 Experimental Design Description

This experiment will recruit 30 participants aged between 20
and 30 who have completed at least 12 years of Chinese
education, have corrected visual acuity of at least 0.8, and are
native Chinese speakers. The experiment will be conducted in
a university classroom using a 17.3-inch screen to display
words against a white background at the center, with a viewing
distance of 60 cm from the participants to the screen. To
minimize lighting disturbances, a ring light studio setup around
the screen will be used, and a camera will record the
participants' response process. The experimental method
involves a "sequence" task using 600 high-frequency Chinese
bi-character words selected only from nouns to prevent
semantic chaining due to part of speech differences, ensuring
the precision of the memory test as per the Ministry of
Education, ROC's "Concise Dictionary of Chinese - Abridged
Edition Editing Material Frequency Statistics Report." Each test
sequence will include 20 "Chinese bi-character words,"
displayed one word per page, with tasks featuring a mix of
words in red and black, and the number of red words varying as
4, 6, or 10, with a control task featuring only black words.
Participants will be informed before the experiment that red
words are worth 5 points and black words 1 point, with
accumulated points exchangeable for gifts corresponding to the
points scored.Experimental Procedure:

Participants must pay attention and remember the words
displayed on the screen. Each word is presented for 2000
milliseconds, immediately followed by a 300-millisecond full
white screen before the next word appears. The stimulus onset
asynchrony (SOA) is 1500 milliseconds. The sequence of the
two-character words in the list is random, and high-reward

words are also randomly distributed throughout the sequence.

N

2000ms | 300ms | 2000ms| 300ms 2000ms | 300ms | 300ms
- BB - -

Figure 2 Sequence Playback Diagram

1. Participants will be presented with a continuous
playback of 20 Chinese bi-character words on the
screen.

2. Immediately after the presentation of the stimuli,
participants will be required to freely recall and write
down the words that appeared in the sequence on the
experimental response sheet.

3. After completing the recall task, participants will be
engaged in a distractor task involving mathematical
calculations using addition and subtraction. This aims to
prevent interference from the previous memory task on
the subsequent experiment. Once the mathematical task

is completed, participants will proceed to the next task.

4. Analyze results

Based on the experimental results shown in Figure 3(Line
chart of average memory accuracy (from left to right: high-
reward quantities of 4, 6, 10). It is evident that tasks containing
different quantities of high-reward items exhibited a noticeable
improvement in overall memory accuracy compared to tasks
without high-reward items. As shown in Table 1, it can be
observed that in sequences containing high-reward items,
participants' average memory accuracy significantly increased
by 26% (the compared sequential positions are the same).
Similarly, as indicated in Table 2, there was also a 6%
improvement in the overall average memory accuracy across all
tasks. These findings further support the positive impact of
high-reward items on working memory performance and
underscore the importance of prioritizing resource allocation in

cognitive tasks to enhance memory efficiency.

Figure 3 Line chart of average memory accuracy

EREHEE AEEHEES
100%

75%

50%

T T S S A SR S SR S S
—t—————

t 1
0 11 12 13 14 15 18 17 18 19 20

1234 56 7 8 81
Figure 4 Line chart of overall average memory accuracy across

tasks.

Table 1 Average correct memory rate statistics for high-reward
item positions in the sequence.

Average
pereentage
increase.

The quantity and positions of high- Average accuracy rate for Average memory accuracy rate
reward items within the tasks. items without high rewards. for items with high rewards.

(Qusatity 4) Sequence positions 330% 68%

(Quantity 6} Sequence
18901

posttiors % 60% 26%

(Quantity 10} Sequence positior
7,10, 12, 14, 15,17, 19

33% 52%

Table 2 Average correct memory rate statistics for high-reward
item positions in the sequence.

Average
percentage
increase.

Average correct rate without  Average memory accuracy rate for
high-reward items items with high rewards.

Task categories.
The number of high reward ifems is: 44%

The number of high-reward items is: 6 3% 43% 6%

The number of high-reward items is: 10 42%

5. Conclusion

This study aimed to investigate the influence of high-reward

items on working memory decisions in sequential memory
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tasks. The results indicate that sequences containing high-
reward items significantly enhance participants’ memory
accuracy, with a more pronounced effect observed in sequences
with a higher number of high-reward items. The average
memory accuracy for positions with high-reward items in the
sequence showed a significant increase of 26%, while an overall
average memory accuracy improvement of 6% was observed
across all tasks. These findings further support the positive
impact of high-reward items on working memory performance,
emphasizing the importance of resource allocation for
enhancing memory efficiency. The results of this experiment
underscore the significance of high-reward items in sequential
memory tasks and provide empirical evidence supporting the
prioritization of memory resource allocation for improved

working memory performance in cognitive tasks.
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The effect of the phonetic correlation of words

on working memory

Yifan Lee"!, Juiwen Peng’!

Abstract - When people are faced with diverse information and complex content, they often organize it into groups and

rearrange it to simplify the information they need to remember. For example, grouping words with similar sentence

patterns or the same rhyme scheme into the same group. This method of linking words that have the same pronunciation

together to be memorized improves the efficiency of encoding and storing information, and is often used in graphic

design, presentation layout, and commercial advertisements.

In order to understand the effects of phonology on working memory and to identify the phonological variables that may

affect memory, this study examines three types of phonological associations that are commonly seen in daily life,

namely, initial, final and initial-final same shape, and observes how phonologically identical words and phrases affect

working memory when they are arranged in a single layout.

Keywords: working memory, phonetic correlation, phonological encoding

1. Introduction

1.1 Study background

Advertisements, posters, web pages, books, newspapers,
magazines, and other materials that can be seen
everywhere in our daily life are all created to convey
information to people. Whether actively or passively,
individuals are immersed in numerous and diverse pieces
of information every day. However, most of this quickly
assimilated information is also rapidly forgotten. These
fleeting memories that enter the mind and are swiftly
erased are what we call short-term memory, also known as
working memory.

British psychologists Alan Baddeley and Graham Hitch
proposed an expanded and revised version of the working
memory model focusing on short-term memory.
Structurally, working memory is composed of three
modules: the central executive, the phonological loop, and
the visuospatial sketchpad. Functionally, working memory
not only stores information but also manipulates it and
possesses selection and execution capabilities. The
theoretical analysis of memory does not rely solely on the
eyes and the brain to run two organs but includes the
participation of the phonological system, as well as the
ability to simultaneously save and transform the visual and
spatial mental images. The external information received
by the eyes, through analysis and transformation time and
time again ultimately converges to the brain center. The
brain comprehensively integrates the information to
produce an overall understanding of things. [1]

When memorizing a variety of information and content,

*1 : Taiwan, National Taipei University of Technology, Department of
Industrial Design / 2% B EILRHTAE THEREAK

people often use abbreviations, mnemonics, and rhymes.
For example, in a series of new advertisements launched
by UberEats, words with similar endings such as

281§ (toti tido, headlines) / S (yéu tido. doughnuts),
# & (huai dan, baddy) / #E(jidan. eggs),

#8A (jido téu. couach) / F7BH(sudn téu. garlic), etc.,
are combined with humorous short dramas to leave a deep
impression on people. (Referring to Figure 1)In the movie
"Train to Busan", the title plays on the word’s 2k (shi su,
stall) and BEXE(shi s, zombie), both of which have the
same pronunciation but have different Chinese glyphs,
quickly evoking the image of a runaway train and zombies
for the audience. (Referring to Figure 2) The common
purpose of these methods is to assist people in memorizing,
and the shared approach is to link sounds with the things
people want to remember. Thus, it is evident that using

sound to aid memory is an effective practice.

Figure 1 commercial: Uber Eats

Figure 2 movie poster: Train to Busan
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Figure 3 poster: Chicago ducky derby

1.2 Study purpose

In previous studies, various variables such as the proportion
of text colors, changes in text size, comparisons of different text
colors, and chunking size of word groups have been used to
investigate whether working memory can be -effectively
enhanced by altering different variables. Therefore, this study
adopts a new variable: the association between memory and
phonology, to explore whether the inclusion of phonological
correlation words in a group of information to be memorized
affects people's performance in working memory. Based on the
core of the aforementioned research, this study will sequentially
examine three directions:

(1) Does phonological correlation affect working memory?
How does it affect?

(2) Are the effects on working memory uniform across
different phonological correlations?

(3) How does changing the position of phonological

correlation words affect the total number of memories?

2. Literature Review

To understand the influence of phonological correlation on
working memory and explore various factors that may affect
memory, this chapter will draw on past relevant literature to
substantiate the research topic. Through the collection of
theoretical concepts related to working memory from previous
works, summarizing the operation of the phonological system,
and delineating the relationship between memory and
phonology. Exploring and clarifying all the data that are still
doubtful and uncertain one by one, we will put forward the core
of the research and the methodology of this study.

2.1 Visual and Phonology Integration

It is widely experienced in daily life that even in quiet
environments, individuals can hear the inner voice speaking to
them, or printed texts automatically convert into spoken
language within the mind while reading. This phenomenon is
referred to as internal monologue, it is known as self-talk or
inner speech. It provides a verbal narrative of one's thoughts and
is often most effective when people are planning, problem
solving, self-reflection, reading lecture and memorize, and it
also helps us facilitates smoother more smoothly during the
reading process. [2]

Previously, it was believed that reading stored visual words
based on the shapes of individual letters or words. However,

this is nearly impossible as there are numerous words with
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similar shapes, leading to many memory errors if readers rely
solely on visual word forms for memorization. Research by
reading development experts Linnea C. Ehri [3-5] suggests that
when graphemes in spelling are associated with phonemes in
word pronunciation, written words are stored in memory. When
encountering an unfamiliar word, we decode it by converting
graphemes into phonemes, ensuring that spelling is combined
with pronunciation in memory. Repeated spelling and
pronunciation of words help retain new vocabulary in memory
and associate pronunciation with meaning, forming a lexical
unit.

The phonological loop model proposed by Baddeley,
Kopelman, and Wilson [6] involves two main systems for
immediately retaining vocal information: the phonological
short-term store (STS) and the articulatory rehearsal process.
The STS located in the inferior parietal lobule part of the brain,
is responsible for input and provides the main storage capacity
area. The articulatory rehearsal process is related to vocal
production, whose main function is to recover traces of
phonological memory, prevent its decay and reduction, and
transfer visually presented information to the STS. In addition
to retaining information immediately, the role of phonological
short-term memory also includes acquiring new phonological
details. When encountering unfamiliar sound sequences, such
as new words in one's native language or vocabulary in a
foreign language, this system also involves aspects of language
comprehension. [7] [8]

The information transmission process of phonetic data is
depicted in the phonological loop model in Figure 4: (A)
Phonological analysis (B) Phonological STS (C) Phonological
output buffer (D) Visual analysis and STS (E) Orthographic to
phonological recoding. The input process for auditory
information involves acoustic and phonological analysis (A),
gains direct access to a phonological store (B), and then
transmits through rehearsal to an output buffer (C) for recall or
recycling through rehearsal. The input process for visual
information involves visual analysis (D), followed by gaining
access to the phonological store through rehearsal (E), and
finally through rehearsal to the output buffer (C). [9]

Auditory input Visual input

A Phonological
analysis

D
Visual analysis and STS

Phonological STS

Inferior parietal lobe

Orthographic to
phonological recoding

Rehearsal
process

C
Phonological output buffer

Broca’s
area-premotor cortex

Spoken output

Figure 4 model of the phonological loop
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2.2 Duration of Phonological Memory

The most crucial characteristic of short-term memory is its
limited duration of information retention. Without rehearsal,
most information held in short-term memory lasts only a short
time, typically between 5 to 20 seconds, with a maximum
duration of no more than 1 minute. Hence, short-term memory
is sometimes referred to as "telephone number memory", akin
to dialing a phone number immediately after looking it up, only
to promptly forget it thereafter. Research by psychology
professor Russell Revlin [10] suggests that the duration of
short-term memory is limited, lasting only about 18 seconds
without continuous rehearsal, indicating rapid decay over time
as an essential condition of short-term memory models.

The concept of decline in short-term memory usually
coincides with the idea of rapid covert rehearsal. To maintain
information in short-term memory over the long term, it is
necessary to rehearse this information. Rehearsal involves
mentally repeating information, thereby keeping it active in
short-term memory, it can be done aloud or silently through
inner speech. With each repetition allows the information to re-
enter short-term memory, extending its storage time by an
additional 10-20 seconds, which represents the average
retention time of short-term memory. [6] [11]

Echoic memory refers to the specific sensory memory
storage of auditory information. The acoustic sensory memory
that people perceive is in the form of echo memory, and the
auditory information is divided into the received phonology and
the internal monologue. Echoic memory has a slightly longer
storage time than visual image memory, it can retain auditory
information for 3-4 seconds. This echo creates a resonance in
the brain that is repeated for a short period after the auditory
stimulus is presented.

Human auditory sensory memory strengthens with age,
reaching its peak around the age of 18 and gradually declining
as physical functions diminish around the age of 60. Although
there is limited research on infants, experimental results suggest
that infants can store auditory information in sensory memory,
with retention times ranging from 0.7 to 1.4 seconds. The
retention time increases as children grow older, with 2-3-year-
olds retaining information for 1-2 seconds, 4-year-olds slightly
longer, and 6-year-olds retaining information for 3-5 seconds.
Children aged 6-10 retain memory traces for approximately 1.4-
8 seconds. Around the age of 18, individuals reach a peak
retention time of approximately 10 seconds, which then
declines again in old age. [12]

Baddeley's model of working memory is one of the most
important theoretical bases for the formation of short-term
memory as it is recognized by modern cognition. The operation
of working memory consists of four modules: the central
executive, the visuospatial sketchpad, the phonological loop,
and the episodic buffer. The visuospatial sketchpad is
responsible for the processing of visual information in iconic

memory, while the phonological loop handles auditory
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information in two different ways. The first is phonological
storage, which retains information for 3-4 seconds before decay,
longer than iconic memory (lasting less than 1000 milliseconds).
The second is the rehearsal process, which uses inner speech to

maintain memory traces.(Referring to Figure 5)[1] [13]

" . Central executive
Visual input

I

Visuospatial sketchpad

I I I

+—> +“—>

Auditory input

~

Episodic buffer Phonological loop

Visual semantics Episodic LTM Language

long-term or crystallized knowledge

Figure 5 model of the phonological loop

2.3 The impact of phonological similarity on memory

Conrad [14] conducted experiments where participants were
shown screens containing sequences of 6-20 words in a
randomized order that appeared only once, such as GRCFND,
and were asked to recall these strings. It was found that the most
common errors participants made while memorizing the strings
were typically phonetic transitions in nature, such as mistaking
GRCFND for GRCSND, substituting the phonetically similar S
for F, while rarely mistaking F for visually similar letters like E.
Since almost all the errors in this experiment were primarily
phonetic, it can be reasonably inferred that participants utilized
the phonological loop during memory recall, resulting in
numerous phonetic confusions, known as the phonological
similarity effect. The results supported the notion that
individuals tend to encode visually presented information into
phonological forms for memory retention, suggesting a
preference for phonetic processing even when the information
is initially presented visually. [7]

Acheson, Postle, and MacDonald[15] examined the
of

pronunciation, and lexical semantics by manipulating

interaction different  factors:  phonological,
them. The results suggested an interaction between lexical
semantics and phonological factors in working memory,
with the magnitude of the phonological similarity effect
depending on whether the recalled words were abstract or
concrete. This indirect interaction highlights the necessity
to consider other levels of language representation, such
as functional and positional order, in addition to phonetic
or acoustic representations, for a comprehensive
description of working memory. It remains to be
determined how different language representations
interact over time and whether language representations

primarily affect retrieval during recall or also play a
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significant role in phonetic encoding and memory

retention processes.

3. Methodology

Three types of phonological correlation: initial-character
glyph, final-character glyph, and initial-final-character glyph,
together with randomly selected two-character nouns, were
arranged in a layout for the participants to memorize and recall.
An experiment was conducted to explore, measure, and
evaluate how the phonological correlation of Chinese words in
a layout affects the performance of working memory. After the
experiment, a semi-structured interview was conducted to

understand the subjects' subjective feelings about the layout.
3.1 Research Design

An experimental method was used to conduct a memory
experiment for Chinese two-character words. Subjects have to
look at and memorize experimental pages containing different
phonological correlation words, then use paper and pen to write
their answers and respond by the free recall method. The
amount of information that the subjects can recall over time is
recorded to measure the status of short-term memory and
forgetting.

3.2 Materials

The experimental variable is phonological correlation.
Phonological correlation means that two words have partially
the same pronunciation, which is subdivided into the initial-
character glyph, final-character glyph and initial-final-character
glyph.For instance,

The initial-character glyph means that the first word in the
two words has the same pronunciation and shape, i.e., 7K

(shui di, water drop) , 7K& (shui mo, ink) ,and 7KFF (shui
dao. rice) ;

The final-character glyph means that the last word in the two
words has the same pronunciation and shape, that is, & ‘K

(yanhuo, fireworks) , #&:k (denghud. lights) ,and &k
(nt hud. anger) ;

The initial-final-character glyphlf means that whatever word
in the two words has the same pronunciation and shape, that is,
#5E (yue ding, agreement) , fJ% (yughui, date) ,and [&
#J (yin yug, faint).

3.3 Experimental variable

Each memory experiment test has 30 words, and the
experimental words were categorized into two types:
phonological correlation words and randomly selected non-
phonological correlation words. The two types of words are
arranged with equal and alternating intervals. (Referring to
Figure 6) Considering the influence of word familiarity on the
subjects, all sample words are referenced from the Ministry of
Education {Revised Mandarin Chinese Dictionary) and

{Concised Mandarin Chinese Dictionary - Statistical Report
on the Frequency of Words) , selecting high-frequency words

from the lists were used as the samples.
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BE HH AZE RE 2 RE wW#E  dm Wl TR BB
FH X BF HBE @Y R BHd AR MRE AR
HE BYW HE Bk #BE B O8  @R TR Rl
BmE  xx EE  FE KM T H& AE  #E "0
BE AT HE EE X T oAb HE O U kE
KE mE MR @ HB TR &M TR WE AR

Figure 6: experiment test page

3.4 Subjects

The experiment recruited 30 participants, with 15 males and
15 females. According to previous research, working memory
is shown to peak around the age of 18 and begins to decline
around the age of 35[16] Therefore, participants' ages will be
selected between 20 and 30 years old to maintain stability in the
experiment. All participants must be native Chinese speakers
and have received at least 12 years of education in Chinese.
3.5 Experiment Procedures

There are five stages in the experimental procedure of this
study, and there are four experimental steps as follows:

(1) Visual Acuity Test: Before commencing the experiment,
assistance will be provided to participants to test their visual
acuity to ensure it is at 0.9(or above) after correction.

(2) Experiment Instructions: The Researcher explained the
instructions and cautions to the subjects, which will be
presented on an electronic screen.

(3) Subject’s Visual Range Positioning: The subject was
asked to adjust the position of the table and chair to ensure a
distance of 235cm between themselves and the screen.

(4) Steps of the Experiment Execution:

The experiment comprises four tests, each containing
four steps: memory, retroactive inhibition, recall, and proactive
inhibition. The detailed execution methods for each step are as
follows:

a. Memory Step: Each test of the experimental layout
contains 30 Chinese two-character words displayed for 90
seconds. The subject is required to memorize the words
presented on the screen.

b. Retroactive Inhibition Step: 10 basic additive and
subtractive math problems were conducted to interfere with
memory rehearsal, thereby preventing memory items from
entering long-term memory.

c. Recall Step: After the stimulus presentation, the
participant wrote down the vocabulary that appeared on the
screen in the free recall method.

d. Proactive Inhibition Step: To avoid the phenomenon of
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proactive inhibition, a 60-second rest period was provided to
interfere with the subjects' memory.

(5) Interview: Following the completion of all experiment
tests, a brief interview was conducted with the subjects to
inquire about their thoughts and methods regarding the memory

process.

4. Results and Conclusions

The experimental results of the present study revealed the
following points:

A. Each question contained 30 Chinese two-character words.
The overall pass rate, rate for the non-phonetic-correlation test
was 39%, the pass rate for the phonetic-correlation-initial test
was 45%, the pass rate for the phonetic-correlation-final
question was 40%, and the pass rate for the phonetic-
correlation-initial-final test was 35%. It can be observed that the
pass rate of the phonological correlation tests has effectively
increased by 1-5%, and the initial-character test has the best
effect on overall short-term memory improvement.

B. The experimental layout of the three phonological
correlation questions was made up of half of the non-
phonological correlation words and half of the phonological
correlation words arranged in a staggered manner. The
proportions of non-phonological correlation words in the
correct answers were 37%, 35%, and 41% respectively, while
the proportions of phonological correlation words were 63%,
65%, and 59%. According to data, it can be known that the
response rate of phonological correlation words accounts for
about 60%, the percentage is significantly higher than that of
non-phonetic words.

C. In the interviews, 82% of the subjects said that when they
viewed the tests, they would first browse and observe all the
words appearing in the whole page, try to find out the rules, and
then group the words to memorize them. 70% of the subjects
mentioned that they would give priority to phonological
correlation words when memorizing the experimental layout.
Thus, it is clear that the presence of phonological correlation
words greatly affects the memory decision of the participants.

By comparing the pages without phonological correlation
and those with phonological correlation, and analyzing the pass
rates, it can be concluded that phonological correlation words
can indeed make people’s short-term memory deeper and attract
more attention, however how much overall short-term memory
can be effectively enhanced still requires further exploration
and research.

This study is expected to obtain a more detailed relationship
between phonetic and short-term memory through a series of
To

phonological correlation methods can effectively improve

advanced tests. investigate whether other types of
working memory; to summarize which type of phonological
correlation can improve working memory to the maximum

extent or the minimum extent; to find out whether increasing or
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decreasing in the number of phonological correlation words has
different effects on working memory. And attempt to
hypothesize how people use memory strategies to remember the
most information in a limited amount of time. (Referring to
Table 1)

Number o words. ghonstic- "‘:n Tercentage of comect
(307335950 test Subfect) orction 2SR answersin
Experimentz1 Test PessRate
o Toml Dacemaz o camect ,’”m“fl e ghonatic
alat com=l2 coerlation
oz o &0 @0 -
nanphonstic- i o
ikl 020%
Carect 0 0 20 o o 100%
Tronz )t 1 54
I!!IR;?ZIZ:[ZI — 44
Carct 1] 18 4“3 58 El = "
oz 3 26
fim :f‘;f s sa0%

inifiztfinatcheracter 3435%
gsn il 3435%

Table 1: experimental statistics
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Users' Cognitive Understanding of Icons

Hsin-Lan Liu™, Jui-Wen Peng?

Abstract - This study aims to comprehend how users interpret icons and determine the operation method of equipment

based on their cognitive assessments. Icons from existing food heating appliances in Taiwan were selected for this study,

including single or multi-functional equipment such as microwaves, ovens, air fryers, and induction cookers. Through
thorough experiments and interviews, we sought to clarify the users' cognition, judgment, and anticipated behaviors

regarding these icons.

Keywords: Icon, Cognitive Understanding, Icon-Function Understanding

1. Introduction

Icons that can be seen everywhere play an important role in
conveying information in various application fields. Icons have
been proven to lower the threshold for reading comprehension
effectively and are welcomed by users . It is a common
application where icons can be seen on roads, home appliances,

public places, etc.

o

Figure 1 Common Icons in Life

As the use of icons becomes increasingly prevalent,
especially in rapidly evolving domains such as mobile devices
and household products, the design of icons for these contexts
tends to prioritize flexibility over strict regulations, unlike in
areas like signage, medical prescriptions, and public spaces.
this

misunderstandings between the actual functions of icons and

However, freedom in design often leads to
users' cognitive interpretations.

While many researchers have attempted to provide
guidelines for icon design, the focus has largely been on visual
aesthetics, with little attention to material selection for
composing icons [2I. The icons we commonly encounter in daily
life still largely depend on the ideas of manufacturers or
designers for their composition.

Hence, this study aims to gain insight into how users perceive
and interpret icons, further clarifying the cognitive processes
involved in understanding icons and anticipating their intended

meanings.

*1: BT EALRHRORE
BT IR
*1 : National Taipei University of Technology
*2 : National Taipei University of Technology
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2. Lierture Review

2.1 Definition of Icons

Icons are simple and intuitive, allowing users to quickly
recognize them and execute actions. In addition to enhancing
communication, icons also satisfy users' visual preferences [11.

However, what is now commonly taken for granted by most
users as "icons" used in graphical user interfaces (GUI), only
emerged with the introduction of the Xerox Star by the Xerox
Palo Alto Research Center in 1981, marking a significant
increase in the number of icons.

The definition of icons has been subject to various
interpretations. The famous icon designer Susan Kare once said,
"The best icons are more like traffic signs than graphic
illustrations." Meaning that icons should be easy to understand
and devoid of irrelevant details.

In past research, Horton ) believed that icons are small
images with meanings in graphical user interfaces, stating that
on computer screens, "everything except text labels or window
borders is an icon."

Marcus ™ points out that the difference between icons and
symbols is concreteness, with icons being familiar, easy-to-
understand symbols, usually concrete representations of objects
or people. Symbols are usually abstract and require specific
guidance to learn.

Abdullah and Hiibner ¥ argued that while ordinary photos
and images can convey various meanings, icons are designed to
convey only one clear and unambiguous meaning.

McDougall & Isherwood ! described icons as widespread
representations, signs, or symbols used to facilitate interaction
between humans and machines and their environments.

The icons mentioned in this study adhere to Abdullah and
Hiibner's ] definition, emphasizing that "icons can only convey
one clear and unambiguous meaning.”

2.2 The Cognitive Process of Icon Comprehension

Users undergo four stages in comprehending icons: (1)
Perceiving and visually searching for the features of icons; (2)
Retrieving visual features from long-term memory to working
memory; (3) Stimulating semantic knowledge related to the

icons; (4) Comparing icons with corresponding visual features
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in memory in various ways. If the intended meaning conveyed
by the icon significantly deviates from the visual features of
icons in the users' cognition, or if there is a lack of relevant
semantic knowledge in their memory, it will lead to difficulties
in icon comprehension. (o1

This process signifies that the interpretation of icons depends
on users' pre-existing knowledge, allowing them to infer the
objects, concepts, or functions represented by the icons. Hence,
this study will utilize common household appliances as the
source of experiment samples, reducing the likelihood of
participants being unable to identify icons due to unfamiliarity

with their functions or concepts.
2.3 Methods for Measuring User Comprehension of Icons

In previous studies, a variety of research methods have been
employed to measure users' comprehension of icons.

In questionnaire tests, participants are asked to rate specific
functional attributes, allowing researchers to discern which icon
among several similar ones best aligns with said attributes. In
open-ended tests, participants are asked to articulate the
meaning of icons in their own words upon viewing them. In this
test method, the participants’ answers are not restricted,
allowing their full expression. Matching tasks necessitate
participants to determine the correctness of pairings between
functions and icons. Through cross-referencing accuracy and
response times, researchers can pinpoint which icon best
represents a given function, or if none are suitable. [ 8191 [10]

As this study aims to comprehend users' interpretations of
icons, along with the cognitive processes involved in
understanding them and anticipating the meanings represented
by the graphics within the icons, it will adopt open-ended tests

to gather each participant's initial thoughts upon encountering
the icons.

3. Methods

To gain further insight into how users interpret icons, this
study will utilize experiments and interviews to clarify users'
cognition, judgments, and anticipated behaviors regarding
icons.

3.1 Materials

Due to the influence of past life experiences on the
comprehension and judgment of icons 7], among the common
icons in daily life, mobile devices and household appliances are
the most closely associated with our everyday applications.
However, mobile devices have complex and rapidly changing
functions. To avoid difficulties in understanding icons due to
unfamiliarity with their functions, this study selects icons of
commonly used household appliances and focuses on relatively
simple-functioning food heaters available in Taiwan. These
include microwave ovens, ovens, air fryers, induction cookers,
and other single or multi-functional devices. A total of 83 icons

were chosen from 13 machines (Figure 2).

HCD

133

OE»mO®
1 2 3 4 5 6 7
OO # &« DO M
8 9 10 | 11 | 12 | 13 | 14
g (] O o« o= e N
15 (16 | 17 | 18 | 19 | 20 | 21
Vo8 1 o0&
22 | 23 | 24 | 25 | 26 | 27 | 28
2800 -0O®
29 | 30 | 31 | 32 | 33 | 34 | 35
+ & W . g
36 37 38 39 40 41 42
& o L @ % ¥ O
43 44 | 45 46 47 | 48 49
U I~ RPN TR I 00
50 | 51 | 52 | 53 | 54 | 55 | 56
& @ @ = 2| e
57 | 58 | 59 | 60 | 61 | 62 | 63
oIl § @ = @ S #
64 65 | 66 67 68 | 69 70
2 & R 0 0 &
71 | 72 | 713 | 714 | 75 | 76 | 77
§ ¥ AV @ Q
78 79 80 81 8 83

Figure 2 Icon Examples

3.2 Experiment Process

The experiment will consist of two parts, an open-ended test
and a semi-structured interview, aimed at gaining deeper
insights into participants' cognitive understanding of icons.

In the icon cognitive comprehension task, 83 icons were
presented in black and white printing on A4 paper (Figure 3).
Participants will be asked to write, in their own words, the
corresponding functions of each icon in the blank space directly
below the icon.

Before beginning the test, participants will be informed: "All
icons in the test are related to kitchen household appliances. If
you believe there are multiple answers, please select your
primary answer and write it down. Additional answers or
descriptions can be noted in parentheses. For example: Timer
(Notifies when countdown is complete); Power switch
(Activation). If you cannot understand the icon at all, please

mark it with '?"." There will be no time limit for answering.
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Figure 3 Answer Sheet Example

In the second part of the interview, considering that
structured interviews lack flexibility and may not deeply
explore participants' cognition, judgment, and expected
behavior of icons, while completely open-ended interviews
may lack focus on the research questions, this study adopts a
"semi-structured interview" approach for data collection.

All participants will be asked the following questions:

(1) How does not knowing what type of household

appliance the icon represents affect your responses?
Why?

(2) Would grouping the icons together in the same category

aid in their interpretation? Why or why not?

Additional questions will be tailored based on each

participant's response conditions.

4. Results

This section will focus on organizing and analyzing the
experiment and interview results, further clarifying the
cognitive processes users undergo when interpreting icons and
the anticipated meanings represented by the icons.

The study categorizes the 83 chosen icons into three main
types:

(1) Basic Icons: Icons representing basic functions present
in all heating appliances, such as power, pause/start,
timer, and temperature.

(2) Functional Icons: Icons representing specific functions
within various appliances, such as defrost, top/bottom
heat, sterilize, and schedule.

(3) Exclusive Modes: Specialized functions for heating
specific types of food, such as fried chicken mode and

toast mode.

4.1 The Results of User Icon Comprehension

Based on the findings from the first segment of the
experiments, it was observed that most participants were able
to deduce the meaning of the graphics within the icons even
without knowledge of the medium. However, the actual
function represented by the icon still required the participants
to know the medium. For instance, in Figure 4, participants
could discern that the graphic within the icon was a snowflake

and inferred that the icon represented functions such as ice-
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making or freezing. Yet, during interviews, they all indicated
that if they knew the appliance was a microwave, they would
no longer perceive the function represented by the icon as

freezing, but rather as defrosting.

£:2

Figure 4 The Icon Representing Defrosting in a Microwave
Oven

However, it was also observed in the test results that for
certain icons in the exclusive modes category, participants
could directly identify the heating method of the appliance
during comprehension (Figure 5). This indicates that such icons
hold representational significance on heating appliances.

O B =

a.”Toast” b.”Deep Fry” c.”Roast”

Figure 5 Icons Representing Heating Methods That Can Be
Directly Identified

Among the 83 icons tested in the first segment of the
experiment, there were a total of 22 icons whose actual function
differed from the cognitive understanding of all participants.
Table 1
participants' responses for comparison.

summarizes the correct answers alongside the

Table 1 Icons With Functions Differing From Participants’

Perceptions
No. Icon Function Participant No. Icon Function Participant
Anwser Anwser
Defrost/
7 Schedule Timer 47 Defrost Make ice/
Freeze
Defrost/ Repeat last step/
11 Defrost Make ice/ 50 0 Rotating Grill Reset/
Freeze Refresh
" Beverage | Onecun/ | o | §§§ BUItN |y
Mode Make coffee |AUTO Recipes
+30
13 Frozen Rice | A bowl Of. ricel 54 | Confirm/Start| Temperature +30
Mode Cook rice
Defrost/
14 M Manual Mode| Mode selection 55 & Defrost Make ice/
‘s Freeze
Make a hole in
Cheese Toast 54 Crispy Food | Heat up roast
17 toast/ 57 .‘ - " N
@ Mode Toast the bread Reheating chicken
Baguette Descend/
19 @D Mode Bread 58 Pause/Cancel Decrease/
Start?
Deep Fry 519 "
20 g Mode Pan-fry 62 U Heating Heat up soup
21 l I I Keep Warm Steam cook with 73 Sweet Potato Heat up?
water @
Mode Microwave . Pause/
2 @ Selection mode? % D Options Stop
Shower head/
34 Steam Mode Sprinkle/ 82 ‘ J/?' Clock Set time?
Sterilize

From Table 1, we can see that there were 3 misinterpretations
in the basic icons category, 13 in the functional icons category,
and 6 in the exclusive modes category.
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The basic icons category had the fewest misinterpretations.
This is because most basic icons typically consist of abstract
symbols that do not carry inherent meanings but have become
conventionalized through prolonged usage, as exemplified in
Figure 6. However, icons numbered 54, 58, and 82 utilized
symbols different from those commonly encountered, making
them less intuitively recognizable.

@ »

Figure 6 Icons From the Basic Icons Category

The functional icons category had the highest number of
misinterpretations. These icons typically combine abstract
symbols or representational graphics to express functionality
based on their derived meanings. Thus, discrepancies in
perception between icon designers and users can lead to
instances of misinterpretation. Among these, icons numbered
11, 47, recognized by participants as
comprehensible once they knew that the icons were from a
heating appliance, but icons numbered 7, 14, 20, 21, 24, 34, 50,
53, 62, and 76 were deemed challenging to interpret even after

and 55 were

knowing the medium, often necessitating textual labels or user
manuals for comprehension.

Icons in the exclusive modes category typically feature
representational food graphics. The misinterpreted icons
include numbers 12, 13, 17, 19, 57, and 73. Participants could
identify the graphics within icons 12 and 13 but required
knowledge of the medium to infer their functions. However, for
icons 17, 19, 57, and 73, participants could only vaguely
identify the food category, unable to accurately determine their
functions.

4.2 Clues to User Comprehension of Icons

Through interviews, participants further described their
processes of understanding icons, allowing this study to clarify
in more detail the reasons for the variations in interpretations
among participants.

It was found that users have established impressions of certain
icons. For example, the presence of wavy graphics within an
icon (Figure 7-a) is invariably associated with the concept of
"heating”. Alternatively, users deduced different interpretations
through comparisons. For instance, when examining clock and
alarm clock icons separately (Figure 7-bl, b2), both signify
"timer/heating time setting". However, if both appear
simultaneously on the same device, the clock icon signifies
"timer", while the alarm clock icon transforms into "schedule”.
Beyond these cognitions derived from experience or comparison,
participants shared that their understanding of icons is
influenced by the arrangement of objects within them. For
instance, icons composed of light bulbs and directional rays
(Figure 7-cl, c¢2) prompt differing interpretations based on the
direction of illumination. Since light bulbs are typically
positioned to shine downward for illumination, such icons are
interpreted as "activating illumination." Conversely, light bulbs
emitting upward rays, due to their departure from conventional

usage, are interpreted as "warning indicators”.
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w ® o

Figure 7 Similar Yet Differently Interpreted Icons

5. Conclusions

Based on the experiments and interview results, it was found
that participants' understanding of icons is influenced not only
by the messages conveyed by the graphics within the icons but
also by factors such as the type of medium, personal
of the

comparisons between icons within the same group, and the

experiences, pre-established impressions icons,
orientation of graphics within the icons.

If these factors are taken into account during the design of
icons by designers or manufacturers, it can significantly reduce
the probability of user cognitive errors and the burden of

understanding on the part of users.
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Exploring the Impact of Different Positions of Chinese Character Components
on Viewer’s Cognitive Understanding

Chi-Chin Chen *!, Jui-wen Peng™

Abstract-This study aims to understand how the placement of Chinese character construction elements in different

positions affects interviewees' judgments about the meanings of icons. The study analyzes the water element from

Chinese character components, reinterprets it, places it in different directions, and constructs icons as experimental

illustrations to clarify how the position of components influences the cognitive understanding of interviewees.

Keywords: Icons, Oracle bone script, Semantic cognition"

1. Background

Recently, many experts and scholars have been exploring
different aspects of icon composition. Numerous experiments
have been conducted to construct icons in various ways.
Collaud and others designed innovative icons by focusing on
three aspects: aesthetics, complexity, and concreteness of icon
design[1]. Internationally, different icons have been designed
for various themes. For example, the United Nations
Humanitarian Icon developed 500 new icons, and the Taiwan
Design Research Institute created public icons. Nowadays,
icons are diverse, but when describing the same event, each icon

represents it differently, as shown in Figure 1.

F—
-
s
T g

b

Figure 1 shows the ship icons created by the United Nations and the

Taiwan Design Research Institute

Regarding the depiction of the ship in Figure 1, the United
Nations uses a front view to represent the ship, while the Taiwan
Design Research Institute uses a side view. The common feature
is that the sea is represented by two wavy lines.

Many studies have confirmed that pictograms are effective
for communication. Dowse and Ehlers state that pictograms can
convey information to international audiences [2]. Susan Kare
believes that a good icon should be more like a signpost rather
than an illustration: easy to understand and not cluttered with
irrelevant details. Before the advent of language, our ancestors
primarily used pictograms as communication tools, making them
an indispensable element of language. The construction of
pictograms is similar to that of oracle bone script, which, after

evolution, remains the only surviving pictographic script in the

*1:
*2
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world and is still in use today. This indicates a certain
foundational structure in its organization and construction.
Given the historical significance of oracle bone script, this study
mainly explores its construction direction and imagery analysis,
integrating the characteristic features of "oracle bone script" for

future icon construction methods and cognitive understanding.
2. Literature Review

2.1 Icon

In daily life, we often use icons as a tool for communication.
In the medical field, medical icons can improve efficiency; on
the roads, traffic icons help reduce risks. Peirce's triadic sign
theory analyzes the composition of icons, dividing them into
icons ~ indexes and symbols. Among these, icon signs directly
present facts, index express facts through causal relationships,
and symbols require learning to be understood. Therefore, the
presentation of icons sometimes relies on metaphors or
metonyms, and how to appropriately use these is a critical aspect
of icon design.

In icon research, the study of icon taxonomy is also a focal
point, offering a deeper theoretical explanation of icon
characteristics. By explaining the icons through symbolic and
graphic characters, it describes the existing icons and how each
icon represents its target. These findings can be applied to future
icon design, highlighting why some icons are more popular than
others [3]. Thus, analyzing the existing methods of icon
construction is quite important.

2.2 Pictograms

Pictograms can represent real appearances of objects or be
composed of symbolic elements, such as arrows in everyday
life that indicate direction or location. Bocker suggests that
pictograms have both 'iconic' and 'symbolic' properties [4].
Therefore, pictograms are meaningful when narrating events.
Pictograms have appeared repeatedly throughout human
development, from the earliest sites like the Amra and Tassili in
Egypt to the most complete surviving pictographic script, oracle
bone script. Pictograms are the precursors to civilization and the

foundation for the development of oracle bone script.
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2211 Pictographic Script Structure
Name Mean Example
Simple Simple Pictograms A H
Pictograms concrete object is depicted,
having an independent W
form, sound, and meaning.
Composite A simple pictogram, %
Pictograms combined with one or more
elements that do not have il
independent forms, sounds,
or meanings.
Variant A simple pictogram is b
Pictograms altered by reversing,
inverting, or modifying “
strokes, thus changing its
sound and meaning.
Abbreviated | A simple pictogram is H
Pictograms simplified by reducing
strokes, thus changing its *
sound and meaning.

Table 1. Summary of Pictographic Script Construction Methods

2.3 Oracle bone script
2311

Oracle bone script has continued uninterrupted from its

Oracle bone script

inception and is the ancestor of Chinese characters. The meaning
of oracle bone script can be inferred from its character shapes.
Ancient people, through observing events, states of things, and
capturing momentary images, structured these observations into
depictions. In the process of depiction, specific events, scenarios,
or states were integrated, and metaphors might be used to present
the events, thereby creating oracle bone script [5]. Therefore, it
is understood that in constructing oracle bone script, there was
the capability to describe the real appearance and position of
things based on the intended meaning.

2.3.1.2

Oracle bone script has evolved into the main script used for

The Chinese characters

communication in Chinese, the Chinese characters. It is mainly
constructed based on the meaning of a corresponding word in
Chinese, so the form of a Chinese character always carries
analyzable meanings [6]. As mentioned in the famous book
'Shuowen Jiezi', Chinese characters have meanings that can be
discerned and explained, so the meaning of a character can be
derived from its construction. Understanding Chinese characters
involves (1) interpreting the meaning of the character and (2)
analyzing its form, where the interpreted meaning and analyzed
form must be consistent [6]. When recognizing Chinese
characters, identification usually relies on components rather
than the whole character. The characteristics of the components
affect the processing of Chinese characters [7]. Thus, a Chinese
character can convey at least the meaning of a word or even a

sentence, stemming from the subjective intent of the original
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creator of the character, which shares similarities with icons. The
clements that make up Chinese characters are components plus
components or components plus affixes, and the analysis of the
structure of Chinese characters depends on the intended meaning,

which can be dissected through the functions of the components.

Chinese Character
Mean
Structural Elements
Radicals )
Associated sounds or
Components | (Components) i
- meanings
Graphic Elements
Affixes Pictographic or

indicative functions

Table 2. Organization of Chinese Character Elements

(organized by this study)
3. Methods

This study, through a semi-structured interview, analyzes
the results of the interviews, focusing on the placement of
characters and the interviewees' cognitive understanding.

3.1 Research Steps
1. The research collects the oracle bone script of the

"

radical "water" from the "Multi-function Chinese
Character Database."

2. Semi-structured interview
First, the meaning of the character is explained to the

interviewee, who then observes the oracle bone script.

Chinese characters Number

in
Kk Al N

The shape of flowing water

Oracle bone script

Table 3. Topics observed by the participants

Interviewees responses:

® The meaning of each line in the oracle bone script
of the character.

[ The form of water depicted in the image.

® The perspective of interpretation.

[ The perspective of interpretation.

3. Analysis of the interview results.

Based on the analysis, a classification table is proposed.
4. Research Analysis

From the interviews, it was found that most interviewees
recognize the components forming the oracle bone script of the
radical "-k" The single line primarily represents the main water

flow, which in this study is subsequently referred to as "water
stream" while the dots represent water droplets or splashes,

referred to as "water drops" in further discussions.

l )

water stream

water drop
Figure 2 Illustration of water channel and water droplets
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During the interviews, regarding the different presentations
of the oracle bone script " -k " the interviewees' cognitive
understanding included the combination of water stream and
water drop representing water splashing from the stream (see
Table 4. A1,A3), with the number of drop affecting the flow rate.
Two water streams (see Table 4. A2) prompted three types of
cognitive interpretations:

1. as anoun, the boundary of the water flow

2.

3. asaverb, referring solely to the act of water flowing.

as a noun, a sectional water flow, and

Thus, it can be concluded that the component form
influences the interviewees' cognition, and the position of

components relative to each other affects their overall

interpretation.
Chinese characters Number Oracle bone script

i

Al
i
K A2 U
W\
A3 "u:

Table 4. Organization of the oracle bone script "-k"

In cases where other non-water components are included in
the water flow, interviewees interpret the two streams as
boundaries of the water flow, as seen in the oracle bone script for
"A", viewed from a top-down perspective(see Table 5. B1, B2,
B3). When the water flow is on one side of another non-water
component, the interviewees infer the viewing angle based on
the form of the non-water component, as in the oracle bone script
for ";a. "Most interviewees consider " B "as a frontal view,
with the water flow viewed from the front or side(see Table 5.
C1). Thus, it can be understood that the position of components

influences the interviewees interpretation of the viewing angle.

Chinese characters Number Oracle bone script
B
o B2 (W
N
N ’ )
vEl c1 (H
N\

Table 5. Organization of the oracle bone script "i%" and "/a"

Most interviewees believe that the same components, when
arranged in different directions and manners, convey different
meanings. Taking the oracle bone script character "7/&" as an
example, when the water component is to the left of " & ",
interviewees think that the actual position of the water flow is on

the left side (see Table 6. D1), and that the water is unrelated to
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" & " When the water component is positioned above and to
the right of " € " (see Table 6. D2), it is thought to represent
water flowing downstream, and is related to" € "

Using the oracle bone script character "#" for illustration,
with Table 6. E1, most interviewees think that the movement is
stepping upwards to the left against the current. For Table 6. E2,
interviewees noted that the foot is soaked in water and moving
leftward against the current. In this case, the orientation of the
component is considered, and interviewees incorporate the
position of the component into their cognition, further discussing

its influence on relationships."

Chinese characters Number Oracle bone script
!
b (3
A o
D2 e")'
-
El 2
i 3
E2
¥

" ';_E’_"and n ;'”'/_H

Table 6. Organization of Oracle Bone Scripts
5. Conclusions

Therefore, the conclusions drawn from the interviews in

this experiment are as follows:

1. The form of the component affects the
interpretation of its meaning.

2. The position of the component affects the
interpretation of its meaning.

3. The position of the component affects the viewer's
perspective of cognition.

4. The position of the component affects the

relationships between components.
Based on these four points, a new method for subsequent icon

design is proposed.
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Implementation of Human Centered Design penetration in

enterprises through Open recruitment event
- Practice of UCDA Award -
Yohei Morishita®™, Hitomi Nojima"!
The UCDA Award is an event where ‘legible, readable, and understandable design’ are publicly invited, and experts
and users evaluate them from an HCD perspective to decide on the award. This paper is introduce the practice of the

awards, examine the effectiveness of this process as a method of penetration HCD to companies.
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An Attempt to Share Practical Knowledge of Problem Solving

in UX Design Co-Creation Activities -Through the use of pattern language-

Wataru Motomura*!

, Ayana Hayashida™!

. *
, and Shinsuke Teramura!

Abstract - This paper describes an attempt to share individual practical knowledge about problem solving and its effects
in UX design collaboration. RICOH Design Center has been working on creating UX value in collaboration with various
business divisions, but the practical experience of problem solving has not been sufficiently shared between these diverse
projects. Therefore, we utilized a pattern language as a problem-solving tool.

Keywords: UX Design, Practical Knowledge, Pattern Language, Co-Creation, Problem Solving
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Practice of Information Design Education at a Local Women's Junior College(2)
Akira Kondo™!

Abstract - This presentation will discuss a case study of a pre-graduation seminar on the design process of Internet

information dissemination, using the Human-Centered Design method, at a local women's junior college, where most

of the graduates are employed as clerical and sales staft at local companies.

Keywords: Information design, College education, Local area
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The Investigation of the Effect of Environment Indicators on Work Hours

Masashi Murakami"!

Abstract - This paper describes a service design method implemented at “Work Lab Hakodate” operated under an
industry-government collaboration. We installed environmental sensors in the office to acquire environmental

indicators and display as signage to create a mechanism to increase employee productivity. We report the results of a

correlation study between survey environmental data and actual work hours over a measured period.

Keywords: Service Design, loT Sensor, Environment, Work hour, Productivity
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2023-02 -0.10 0.12 -0.09 -0.09 0.39
2023-03 -0.26 0.19 -0.27 -0.27 0.49
2023-04 0.03 -0.28 -0.09 -0.14 -0.35
2023-05 0.64 0.26 0.67 0.68 0.71
2023-06 0.09 -0.39 -0.22 -0.36 0.37
2023-07 -0.36 0.38 -0.30 -0.29 0.01
2023-08 0.04 -0.41 -0.12 -0.28 -0.03
2023-09 0.09 -0.27 0.00 -0.07 -0.39
2023-10 0.10 -0.10 0.04 0.05 -0.03
2023-11 0.08 -0.16 0.02 -0.01 0.08
2023-12 -0.24 0.27 -0.22 -0.19 0.07
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Abstract - The Approach to vision design required by companies in today’s complex and uncertain social environment
was examined through the co-creation of two companies.
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Introduction and Evaluation of a Design-to-code Tool "Locofy.ai"

in Front-end Web Development

Tomoki Yamada™, Naoto Suzuki?, and Natsumi Kawamoto

Abstract - We introduced a design-to-code tool "Locofy.ai", for automatic code generation from design, in the
development of a commercial web application. By this, we aimed to speed up design and development iterations and
increase the product value. In this paper, we will report on the findings, challenges, and prospects.
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