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Abstract

Due to the impact of the COVID-19 pandemic, people are spending more time at home, and the
phenomenon of adopting pets, buying pet products, and sharing pet life has increased dramatically and
become the trend in pet economy. Meanwhile, with the lifestyle change caused by the low birth-rate,
people are paying more attention to pets and their related materials around their lives. Therefore, this
study introduces human machine engineering, TRIZ theory, the experimentation method, field
experiment, and survey techniques. In order to solve the problem of where to place pet baskets,
bringing interactions between people and pets, understanding the comfort condition of placing dogs
and pets, and finding the best position for pet baskets on bicycles, we propose the advantages and
disadvantages of pet baskets in the market, and suggest the future design direction. The experimental
results show that the best position for the pet basket to interact with people is close to the bicycle
handlebar orat the human leg position, which is the most popular choice. In this study, the results of
the experimental analysis and questionnaire are used to simulate the position of the pet basket on the
bicycle in 3D, to improve the current problems of the pet basket and to optimize the efficiency and
procedure of the product design.

Keywords: Human Emotional Interaction; Bicycle, Pet Basket; Product Design; Field

Experiment; TRIZ Theory

1. Introduction

In the context of the new era, low-carbon environmental
protection has become fashionable and low-carbon
concepts are gradually becoming more popular. The
low-carbon concept is integrated into product design,
and the problems in product design are analyzed in five
stages: production, use, storage, transportation, and
recycling. To address these issues, the guiding method
of product design under the low-carbon concept is
derived from the aspects of technology, material,
structure, and recycling, which further demonstrates the
driving effect of the low-carbon concept on the
development of product design (An et al., 2020).

The key point of greenhouse gas reduction is to
change human behavior, especially traffic patterns. Now
countries around the world are emphasizing the Green
Mode as the main axis of transport planning, that is,
pedestrians, bicycles and public transport as the main

transport structure, while reducing the use of private
internal combustion vehicles (cars, motorbikes) (Lin
2009).

According to the Pet Registration Information
System of the Ministry of Agriculture and the household
registration statistics from the Ministry of the Interior, as
of October 2023, the total number of registered adopted
dogs and cats in Taiwan has reached 194,000. This
includes approximately 79,000 dogs and 115,000 cats. In
contrast, during the same period, the number of newborn
registrations across Taiwan was only around 112,000.
This means the number of newborns is even lower than
the number of adopted cats. On average, a baby is born
every 3.9 minutes, but a pet becomes a new family
member every 2.3 minutes, with pet adoptions
significantly outpacing newborns.Furthermore, the
number of pet and newborn registrations has crossed a
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significant threshold. Over the past decade, the number
of newborns has steadily decreased from 210,000 in
2014 to just 181,000 in 2018. That same year, pet
registrations reached 193,000, officially surpassing
newborns for the first time, and the gap has continued to
widen. In 2022, the number of pet adoptions hit a record
high of 241,000, outpacing newborns by 103,000. By
October 2023, pets had already surpassed newborns by
82,000, and it's estimated that by the end of the year, the
number of newborns will still not catch up to the
astonishing speed of pet adoptions.(Pet Registration
Information System , The Ministry of Agriculture 2023;
Administration system of household registration,
Ministry of the Interior 2023). The Ministry of
Agriculture of Taiwan announced the results of a 2023
nationwide telephone survey estimating the number of
domesticated dogs and cats. It is estimated that there are
1,480,637 domesticated dogs in Taiwan, an increase of
19% compared to the previous estimate of 1,235,218
dogs in 2021. Meanwhile, the estimated number of
domesticated cats is 1,311,449, a significant increase of
50% compared to the 870,801 cats in 2021 (Department
of Animal Welfare, The Ministry of Agriculture 2023).

Based on the trend of Taiwan's declining population
and the number of pets, it is estimated that the number of
pet dogs and cats in Taiwan mayhave officially exceeded
the total number of juveniles in Taiwan in 2021. The pet
companionship economy will become a new industry,
and numerous survey data show that pet food, clothing,
housing, transportation, parenting, and fun are among the
growing consumption opportunities for pet products(The
Integrated Communications Department of Vision
Magazine 2021).

Under the influence of the pandemic accelerating
the development of the global pet economy, at the same
time, with the strengthening of social awareness of
environmental protection, Taiwan's bicycle leisure mode
of transport has become very popular in recent years, and
with the improvement of living standards of the public,
pets have become family members. Bicycles sporting pet
baskets also begin to appear in the market, increasing
popularity. The pet basket products in the market are
proving popular with consumers. However, in the low
carbon economy;, if we can develop the best position of
bicycle pet baskets for human interaction, it will be of
substantial help to the development of pet products

industry.This study is currently still in the design phase,
with a greater focus on product design and innovation.
As a result, product and safety testing have not yet been
conducted. However, if the product moves into mass
production in the future, there will be an opportunity to
carry out product and safety testing.

2. Bicycle and Pet Basket

In response to the energy and climate threats posed by
rapid urban growth, the United Nations has proposed 17
Sustainable Development Goals (SDGs) (Xiong and
Yang 2014). Meanwhile, Against the context of a
global low-carbon economy, the government should take
sustainable economic development as the prerequisite,
raise people’s awareness of environmental protection,
accelerate the energy industry structure's adjustment, and
actively promote energy technology innovation (Jia
2014). With an increasingly enhanced sense of
environmental protection in society, more and more
people choose bicycles as their way of commute,
especially when they go outdoors to travel on weekends.

Since 1791, when the first two-wheeled vehicle
appeared, it has undergone many changes. Since it has
evolved for two hundred years, today's bicycle is not
only a traditional industrial artwork, but also a symbol of
high-tech technology. It exhibits popular and varied
shapes, rich mechanisms, high-tech materials, electronic
parts, etc. The future development is unpredictable
(Jones, 1970) . The basic structure of the bicycle is
divided into four major systems: frame system,
transmission system, wheel system and control system
(The Japan Foundation Bicycle Industry Promotion
Association 1977). A bicycle is defined as a vehicle that
is driven by the occupant's own human power and meets
the following requirements: (1) Adequate strength of the
frame structure; (2) With two or more wheels; (3) Seats
for the occupants; (4) With various devices for driving,
steering, braking, etc (Zhang 2001). According to the
relationships between animals and people, there are
about seven types: adaptation, progress, work, needs,
pleasure, tradition and culture, and daily life (Zhou and
Qi 2006).

The Britannica Concise Encyclopedia defines a pet
as an animal that can be kept for companionship or
entertainment rather than use (Encyclopaedia Britannica,



International Journal of Contemporary Humanities

Wang

Inc 2004). In modern society, where human beings
continue to be replaced by machines, the role of animals
in supporting work is becoming increasingly unclear,
and other relationships are gradually changing. Petsshare
the world with us, and unlike other animals, and they
have established a unique interactive relationship ( Lee
2007). Pet baskets allow people to establish an emotional
and interactive relationship with their pets while riding
bicycles.

Bicycle pet baskets in the market are divided into:
(1) Professional leisure pet basket, forcarrying
petswhencycling around Taiwan, entailing a single
function pet cart becoming a linked pet cart when
assembled with a bicycle; (2) Bicycle leisure pet basket,
bicycling with pets when out for leisure; one can simply
take the pet out in a portable way; (3) Fixed pet basket,
directly fixing the basket on the bike; (4) Pet basket
combined with a shopping bag; this product can take the
pet out for leisure, while storing miscellaneous items; (5)
A pet basket that can be used as a pet carrier and a
shopping bag (Ibiyaya 2022). In this study, the pet basket
(6) that can be used as a handheld basket was chosen for
the experiment because the size of the pet basket
combined with the bicycle buckle is suitable for various
types of bicycles (Figure 1).

Figure 1. Pet basket that can be used as a handheld basket

3. Human Machine Engineering

Human Machine Engineering (HME) is a developing
technical science, also known as Human Engineering or
Ergonomics. From the etymological point of view,
Ergonomics is derived from the Greek word “Ergo”,
which means “work, labor” and “nomos”, which means

“rules, effects”, that is, the study of the rules and

conditions of people’s labor and work efficiency (Xu et
al., 2017). The development process of ergonomics: the
first is the stage of humans adapting to machines, the
second is the stage of machines adapting to humans, and
the third is the stage of mutual coordination among
human, machine and environment. The meaning of
interactive interface is making the machine and the user
operable communication through the product interface
and behavior of the interactive design so that the product
and its users can establish an organic relationship, in
order that the purpose of use can be achieved more
effectively (Alvin 1993). This project uses ergonomics,
with the main purpose being mastering the simplicity of
the product, wuser language, memory burden
minimization, consistency, clarity, user familiarity,
arrangement and safety, to design a human-machine
interface that meets the user’s needs.A human-machine
interface must have the following 8 key points (Hu
2015):

(1) Simplicity: The simplicity of the interface makes it
easy to use and understand for users and reduces the
possibility of users making wrong choices. For example:
easy to pick up, install and place the pet basket.

(2) User language: The interface should use the
language that reflects the user’s own language, not the
language of the designer. For example, the pet basket
product interface uses iconic labels.

(3) Memory burden minimization: The human brain
is not a computer, and the design of an interface must
consider the limits of the human brain in processing
information. It is easier for users to browse information
than to remember it. Therefore, in the design, the
information should be presented as simple and clearly as
possible. For example, the pet basket product interface
uses iconic labels to minimize the user's memory burden.
(4) Consistency: The structure of the interface must
be clear and consistent, and the style must be consistent
with the product design style. For example, the product
interface of the pet basket uses icons and other labels.

(5) Clarity: Easy to understand and use in terms of the
visual effect of the pet basket interface.

(6) User familiarity: Users can use the pet basket
interface with the knowledge they already have, and
itshould not go beyond general knowledge.

(7)  Arrangement: The organized interface icons allow
users to easily use the pet basket.
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(8) Safety: The user is free to make choices, and all
choices are reversible. There information
intervention system to indicate when a dangerous choice
is made on the bicycle pet basket. Through the product
user interface of the bicycle pet basket, 8 key points are
analyzed: ease of use, user language, memory burden
minimization, consistency, clarity, user familiarity,
arrangement, and safety (Wang and Weng 2021).

This study aims to provide suggestions for bicycle
pet baskets to solve the problems of pet basket
placement, bringing human-pet interaction,
understanding pet dog placement for comfort conditions,
and finding the best position of pet dog basket placement
on the bicycle.

is an

4. TRIZ Theory

On one hand the 40 inventive principles can be
universally applicable in various fields due to their
degree of abstraction to describe the problem. On the
other hand, their interpretation can be ambiguous
because different subjective interpretations can be given.
In literature, most of the authors proposes to classify the
principles in order to increase their clarity and
applicability (Davide and Christian, 2015). TRIZ Theory
summarizes these common laws into 40 innovative
principles, based on which people can seek specific
solutions to actual technical contradictions by
considering actual engineering conditions(Wang and
Jiang 2020). Mann classified the traditional inventive
principles on the basis of three areas of intervention:
space, time, interface (Mann 2002). Guide brainstorming
extends the directions of intervention considering the
resources use, time, space, structure change and
conditions or parameters change (Davide and Christian
2015). The TRIZ theoretical approach includes a number
of problem-solving approaches, including: contradiction
matrix, 40 principles, 76 standard solutions, ideal final
result, rules of evolution, substance - field analysis
modeling, anticipatory failure determination (AFD),
scientific effects, 9-windows method (Deng and Huang
2011). Therefore, this thesis takes the 40 innovative
principles as the theoretical basis, selects product design
college students to conduct creative thinking and design
ideas so as to seek specific product design plans.

5. Kansei Engineering

Figure 2 shows the flow chart of Kansei engineering
(Jindo and Hirasago 1997; Nagamachi 2002). ; in
addition, it shows a left-to-right, or positive, workflow.
After selecting some features of Pet Basket design,
designers can input them into the figure and then analyze
them. Thereafter, designers will find new design
elements, which will in turn produce the sketch drawing
of space images. Finally, Kansei concepts are used to
reversely evaluate the new elements in the sketch
drawing. Kansei engineering is mainly aimed at
designing the image and style of living space in
compliance with customers’ physical and psychological
requirements. As a result, the following points should be
emphasized (Nagamachi 1989; Liu and Chen 2003):

(1) To capture customers’ feelings towards the image
and style of pet basket design by evaluating customers’
physiology and psychology.

(2) To identify the features of pet basket design
through Kansei engineering.

(3) To formulate a set of Kansei engineering fully
compatible with pet basket design.

(4) To modify pet basket design by following the
prevailing trend and customers’ preference.

(5) To establish pet basket Eastern and Western images
of Pet Basket design with the aid of Kansei engineering.

Regular Kansei Design elements of pet basket
direction
Kansei engineering(KES)
Reverse Kansei-based evaluation Sketch drawing
direction T
Regular Kansei | Design elements of space
i S_— -
direction I
Reverse Kansei engineering(KES)
direction Kansei-based evaluation Sketch drawing

Figure 2. The flowchart of Kansei engineering

6. Experimentation Methods and Process

After the literature analysis of the relationship between
bicycle and pet basket, the next chapter discusses the
experimentswith the emotions and relationship between
rider and pet basket, including the experimental method
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and experimental procedure chosen in this study. The
following is the detailed experimental method and

process of this study (Figure 3).

A Study of Human Emotional Interaction on Bicvcle Pet Basket Product

Extract and classify 4 basic
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Figure 3. Experimental methods and procedures
6.1 Experimentation Method

The general experimental method is divided into two
kinds: laboratory experimental method and field
experimental method. Detailed experimental methods are
described as follows:

6.1.1. Laboratory Experiment

This method has better internal validity than other
research methods by manipulating the interference
caused by exogenous variables. It has higher external
validity and generalization power than field experimental
methods (Earl 2001). A total of 116 questionnaires
were conducted in this survey. The survey location was
the parking lot, which served as the experimental
environment for this study. It was temporarily closed and
controlled. A total of 100 valid questionnaires were
collected, with 49 male and 51 female respondents.

6.1.2. Field Experiment

This method is more effective than the laboratory
experiment in reducing the interference of the researcher
and the disconnection between the experimental situation
and daily life. The field experiment method is more
suitable for this study because it is not easy to examine
the interaction behavior of bicycle riders and pets in the

laboratory, and the experimenter aims to control or
change the study system in order to explain the effect of
independent variables on response measures(Earl 2001).
In the test, the dog breed was a small poodle, as the pet
basket used in this study measured 28 cm in height, 44
cm in length, and 25 cm in width. Additionally, since
small dogs weigh between 4 to 10 kilograms and have a
height of 25 to 39 cm, only small dogs could be
accommodated.

6.2 Experimental Procedure

The experimental procedure of this study is divided into
seven steps: literature study, selection of relevant
variables, control of experimental environment, selection
of suitable experimental methods, assignment of subjects,
guestionnaire survey, and analysis of results.

6.2.1. Literature Review

Collect relevant information about the bicycle and the
pet basket and find where the pet basket is placed on the
bicycle.

6.2.2. Selection of relevant variables

This study selected a regular leisure bicycle, rather than
a professional one, as the primary mode of transportation
for the experiment. This choice was made based on the
design of the experiment, as leisure bicycles more
closely resemble everyday use scenarios, helping to
simulate a real riding experience. During the experiment,
special attention was given to controlling the speed of
the bicycle, keeping it under 10 kilometers per hour to
ensure safety and control the experiment’s results.
Additionally, the experiment was conducted in a parking
lot, providing ample space for the experiment while
minimizing external environmental factors, thus ensuring
the accuracy of the experimental data. The dog used in
the study was a miniature poodle, chosen based on the
size limitations of the pet basket used in the experiment.
The basket measured 28 cm in height, 44 cm in length,
and 25 c¢cm in width, suitable for small dogs weighing
between 4 and 10 kilograms and standing 25 to 39 cm
tall. The miniature poodle not only met these size
requirements but also was selected for its gentle
temperament and manageable size, making it easy to
handle and observe during the experiment. The interior
of the pet basket was 23 cm wide and 30 cm high,
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designed to be securely attached to the bicycle while
providing sufficient space for the small dog to move
comfortably, ensuring its safety and comfort throughout
the experiment (Figure 4).

Figure 4. Miniature poodle and and pet basket

6.2.3. Control of experimental environment

In this study, we chose the parking lot as the
experimental environment as this environment is more
spacious for the interaction between the experimental
bicycle and the pet basket, for the safety of people and
pets, unlike the main road; another advantage is that the
experimental environment can be controlled in the whole
parking lot, so that the bicycle can be ridden back and
forth more conveniently (Figure 5).

Figure 5. Experimental environments
6.2.4. Selection of suitable experimental methods

This study employed the field experiment method,
primarily because it allows for the observation of
participants' reactions and behaviors in a real-life setting
involving pets, products, and users while cycling, thus
obtaining more representative data. Compared to

laboratory environments, field experiments better
simulate actual conditions, which is particularly
beneficial in product design and user experience research,
as they effectively evaluate the performance of design
solutions in real-world use. Additionally, field
experiments help reduce participant behavior biases
caused by artificial environments. The temporary closure
and control of the parking lot further enhance the
accuracy of the research results.For gesture recognition,
Leap Motion is used to extract and calculate information
such as hand position and speed for each frame. To
prevent interference from ceramic deformation and
unintentional hand movements causing different gestures,
the user's operable range is restricted.

6.2.5. Assignment of subjects

This study tested a total of 100 participants and
conducted a field experiment in a parking lot. To ensure
the representativeness and reliability of the experimental
results, participants were selected based on their
experience with pet ownership, bicycle usage, and
previous product usage. The sample covered a range of
ages, genders, and backgrounds to ensure diversity.
During the experiment, the performance of each
participant was meticulously recorded, and tools such as
guestionnaires and data collection were used to track the
process, ensuring the comprehensiveness and accuracy
of the data (Figure 6).

Figure 6. Interaction test between pets, pet baskets, and

respondents
6.2.6. Questionnaire survey

The questionnaire survey in this study targeted four
groups: the general public, university students, industry
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designers, and pet trainers. A total of 100 valid
questionnaires were collected from the general public,
focusing primarily on design vocabulary and emotional
interaction. There were 82 university students, with the
survey emphasizing basic form and conceptual sketches.
Ten industry designers were invited as experts to
evaluate the design outcomes and the overall
performance. Lastly, five pet trainers were invited to
conduct a questionnaire survey on the psychological
health and emotional connection of pets, particularly
regarding the pet basket and cycling test subjects.

(1) General public

A total of 116 questionnaires were conducted in this
survey, with the survey site being a parking lot, which
served as the experimental environment for this study.
The area was temporarily closed and controlled, and 100
valid questionnaires were collected. Among the
respondents, 49 were male (49%) and 51 were female
(51%). In terms of educational background, 36
respondents (36%) had a high school or vocational
school education or below, while 64 respondents (64%)
had a college education or higher. Regarding
"employment status,” 52 respondents (52%) were
students, making up more than half of the total
respondents. Additionally, 21 respondents (21%) were
freelancers, 12 respondents (12%) were military or
government employees, 10 respondents (10%) were
researchers, farmers, or business people, and 5
respondents (5%) were in the service industry. The
survey content included interactive experiments, design

vocabulary, and emotional interaction.

(2) University student

This study invited 82 university students majoring in
product design to participate in a questionnaire survey.
The respondents had three years of experience in the
field. They evaluated five adjectives and four
fundamental elements related to pet baskets, and their
preference ratings were collected and analyzed. At the
same time, the students used the 40 inventive principles
of TRIZ theory to create sketch designs based on their
ideas.

(3) Industry designer

This study invited 10 industry designers to conduct
expert evaluations on the shape, color, texture,
functionality, and 3D product design and simulation of
pet baskets .

(4) Pettrainers

This study invited five pet trainers to conduct an
investigation and analysis of pet mental health and
emotional connections among subjects involved in pet
baskets and cycling. The trainers, who observed pet
emotions, all possess expertise in areas such as
improving separation anxiety, developing puppy
personalities, adjusting behaviors related to tension, fear,
and being unsocial, correcting impulsive behaviors,
addressing aggressive behaviors, training for senior dog
care, modifying barking behaviors, health care training,
and providing guidance in the pet industry (Table 1).

Table 1 Respondents’ basic information

Identity Option General Public University Student Industry Designer Pet Trainers
Number Proportion  Number Proportion  Number Proportion  Number Proportion
of People of People of People of People

Gender Male 49 49% 39 47.56% 6 60% 0 0%
Female 51 51% 43 52.44% 4 40% 5 100%
Age Under 29 58 59% 82 100% 0 0% 3 60%
ool‘éer S0years 42% 0 0% 10 100% 2 40%
An Below high
Education \S/ZT;Z'O‘;;I 36 36% 0 0% 0 0% 0 0%
level school
College or
Jbove 64 64% 82 100% 10 100% 5 100%
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In terms Students 52 52% 82 100% 0 0% 0 0%
of current  Military,
H H o) o) o) [¢)
employm public service, 12 12% 0 0% 0 0% 0 0%
or a teacher
ent
Freelance
« 21 21% 0 0% 0 0% 0 0%
worl
Scholars,
farmers, 7 7% 0 0% 0 0% 0 0%
businessmen
Service sector 5 5% 0 0% 0 0% 0 0%
Industry
designer 3 3% 0 0% 10 100% 0 0%
Pet trainers 0 0% 0 0% 0 0% 5 100%
Total 100 100% 82 100% 10 100% 5 100%

6.2.7. Research results

This study uses a Likert scale for data analysis,
relevant data were input, output results were analyzed,
and the statistical method was used to rate the scale in
the unit of mean value, with a total of 1~5 points, 1
representing very dissatisfied, 2 representing dissatisfied,
3 representing fair, 4 representing satisfied, and 5
representing very satisfied.

7. Results and Discussion

This study focuses on the application of emotional
engineering in the design of bicycle pet baskets. It will
explore the emotional interactions of users when using
bicycle pet baskets and, from the perspective of

emotional engineering, aim to enhance product design to
better meet users' emotional needs.

7.1 Questionnaire and Analysis

The vocabulary design of this paper will employ a
survey format based on newspapers and magazines,
gathering a total of 115 adjectives (Table 2). The study
will use vivid and engaging language to describe the
significance and findings of the research, allowing
product users to understand and experience the
preferences and impacts brought by the product.
Subsequent steps will include a questionnaire survey on
the adjectives and a comprehensive fuzzy evaluation.

Table 2 Adjectives contained in the questionnaire

115 Adjectives contained in the questionnaire

1. Local 2. Decorative 3. International 4. Elegant 5. Wild

6. Calm 7. Plain 8. User-friendly 9. Realistic 10. Futuristic
11. Convenient 12. Refined 13. Versatile 14. Easy to understand 15. Casual

16. Conservative 17. Bold 18. Pure 19. Eco-friendly 20. Popular
21. Thin or Slim 22. Likeable 23. Retro 24. Virtual 25. Young
26. Approachable 27. Natural 28. Friendly 29. Free 30. Dreamlike
31. Flexible 32. Soft 33. Thin 34. Innovative 35. Playful

36. Reserved 37. Bright 38. Smooth 39. Characteristic 40. lightweight
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41. Rounded 42. Beautiful 43. Comfortable 44. Cheap 45. Emotional
46. Safe 47. Concrete 48. Warm 49. Modern 50. Classic
51. Personalized 52. Dynamic 53. Ordinary 54. Romantic 55. Fancy
56. Trendy 57. Charming 58. Extraordinary 59. Urban 60. Fashionable
61. Luxurious 62. Relaxed 63. Unrestrained 64. Cute 65. Textured
66. Humane 67. Lively 68. Sturdy 69. Traditional 70. Harmonious
71. Cool 72. Rocking 73. Fast 74. Exciting 75. Monotonous
76. Gentle 77. Labor-saving 78. Mechanical 79. Popularized 80. Changing
81. Waterproof 82. Adjustable 83. Sharp 84. Elegant 85. Dull
86. Affordable 87. Simple 88. Popular 89. Creative 90. Harmonized
91. Personalized 92. Straight 93. Curved 94. Streamlined 95. Symmetrical
96. Avant-garde 97. Ancient 98. Geometric 99. Professional 100. Gorgeous

101. Conservative 102. Atrtificial 103. Innovative 104. Minimalist 105. Intense

106. Unique 107. Luxurious 108. Approachable 109. Expensive 110. Technological

111. Abstract 112. Static 113. Rational 114. Clearly 115. Variable

7.1.1 Selecting the target product

The article chose the design and image of pet baskets as
the subject of the survey project, with responses
provided by designers.

7.1.2 Selection of adjective vocabulary

In this study, the preferred vocabulary for customer pet
baskets is challenging to describe concretely. The
method of Semantic Differential (SD) was used to
identify customer-related vocabulary for pet basket
design from a list of 115 design terms. The following 20
design terms were selected to explore user emotional

interaction when choosing bicycle pet basket designs:
lightweight, adjustable, convenient, modern, innovative,
comfortable, unique, clearly, lively, geometric, refined,
local, user-friendly, safe, playful, emotional, adjustable,
friendly, fashionable, and eco-friendly. These terms were
used to evaluate the product's emotional appeal and
adaptability. Out of numerous adjectives, 20 suitable
terms for describing product design were selected
through a questionnaire survey to reduce the number of
adjectives. After 100 respondents chose their preferred
adjectives in the questionnaire, the frequency of each
adjective selected was tallied, as shown in Table 3.

Table 3 How many times an adjective is selected

No. Adjective Average No. Adjective Average
1 Lightweight 4.1 11 Refined 3.61
2 Convenient 3.8 12 Local 4.98
3 Adjustable 3.72 13 User-friendly 3.69
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4 Modern 3.18 14 Safe 3.99
5 Innovative 3.23 15 Playful 4,78
6 Comfortable 4.66 16 Emotional 3.57
7 Unique 3.68 17 Adjustable 3.22
8 Clearly 3.81 18 Friendly 3.24
9 Lively 3.42 19 Fashionable 3.35
10 Geometric 4.58 20 Eco-friendly 4.83

Based on the above survey, it has been determined
that the five most popular adjectives, in order, are local,
eco-friendly, playful, comfortable, and geometric. These

adjectives are considered the most suitable to describe
pet baskets and will be further discussed in this article,
as shown in Table 4.

Table 4 The five most preferred adjectives

1. Local 2. Eco-friendly 3. Playful

4, Comfortable 5. Geometric

7.1.3 The classification of formal elements in pet basket
design
The basic elements of a pet basket include four items: (a)

lid, (b) box body, (c) handle, (d) strap. Then, collect
catalogs related to the above product (Hot Pets: 2024
Dog Products Yearbook, 2023). Extract and classify the
basic forms as shown in Table 5.

Table 5 The basic elements of a pet baskets

Design element

Form group

A. Lid 1. 2.
S,

§ & <«

B. box body 5. 6.

2

¥

7.

C. Handle 10

-,

¥

3.
11

14.

(¢

D. Strap

S,

v
&
g8 |/

16.

/-' 12.
'15.

7/

10
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7.1.4 Survey Results

The study invited 82 product design undergraduates to
complete a questionnaire. After the 82 respondents

evaluated five adjectives and four basic elements related
to pet carriers, their preference scores were collected and
analyzed, as shown in Table 6 below.

Table 6 The preferred form of the pet baskets

Design element Form available Style Average

A. Lid 3 4.36
' -

8 4.89

9 471
¢

f\ 14 4.22
a (D14)

From the above, it can be seen that the design styles
of pet baskets include A3, B8, C8 and D14. At the same
time, the five most popular adjectives describing pet
basket designs are local, eco-friendly, playful,
comfortable, and geometric. This study will use the 40
innovation laws of TRIZ theory to create sketches and
3D models.

7.2 Research Findings

The results of this study were completed by field
experiments and questionnaires, and the following are
the results of the experiments and questionnaires:

(1) Place the pet basket in the front (No. 1),
middle (No. 2) and rear (No. 3) of the bicycle to
investigate the most comfortable position for people and
pets (Figure 7). The “most comfortable and safe position
for pets” in the experiment shows that the front (No. 1):
the average value is 3.92 ; the pet basket is in the sight of

the rider, but the pet basket is hooked onto the bicycle

7 v
CANLE

Figure 7. The position of the pet basket on the bicycle
body.

stem, and the pet basket and the pet sway with the
bicycle stem when turning. The middle (No. 2): average
value is 4.26 ; the pet basket is still hooked onto the
bicycle stem, and the pet basket and the pet sway with
the bicycle stem when turning, pets are safer because
they are close to the rider's body and within the rider's
line of sight. The rear (No. 3): The average value is 3.57
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because the basket is placed behind and the pet does not
sway much, but the interaction between the human and
the pet must be relatively low, at the same time, pets are
not safe when they are out of the sight of the rider.

The “most comfortable position for the rider”
shows that the front (No. 1): average 4.15, because the
pet basket is hooked onto the bicycle stem, so the handle
part takes the weight of the pet basket and the pet. The
middle (No. 2): average 4.47, when placed in the middle;
the pet basket and the human leg produce friction. The
rear (No. 3): The average value is 4.3. The reason for
better comfort is that it is placed at the back, reducing
the problems encountered in the front and middle
positions. However, the interaction between people and
pets is worse.

The “location of the best human-pet interaction”
shows that human-pet interaction is highest when the pet
basket is placed in the middle (No. 2), with an average
value of 4.83. However, problems such as friction

between the pet basket and human leg must be solved.

(2) Pet mental health and emotional connections. A
guestionnaire survey on pet mental health and emotional
bonds was conducted among participants with pet
baskets and those riding bicycles. Trainers observing the
pets' emotions evaluated the pets’ heads, ears, eye
contact, vocalizations, facial expressions, body posture,
and tail positions from the front (No. 1), middle (No. 2),
and rear (No. 3) positions. The data showed that the
middle position had the highest score at 4.31, followed
by the front with 4.25, and lastly the rear with 3.28.

(3)The psychological health and emotional
connections of cycling participants. The mental health
and emotional connection of cyclists were investigated
by placing a pet basket in the front (No. 1), middle (No.
2), and rear (No. 3) positions. The results showed that
the average comfort levels for the front, middle, and rear
positions were 4.69 (middle), 4.37 (front), and 2.98
(rear), respectively (Table 7).

Table 7 Which is the most suitable position for the bicycle pet basket (unit/average)

Options
Question The front (No. 1) The middle (No. 2) The rear (No. 3)
Most comfortable position and safer  for pets 3.92 4.26 3.57
Most comfortable position for the rider 4.15 3.47 4.3
Location of the best human-pet interaction 3.9 4.83 1.52
Pet mental health and emotional connections 425 431 3.28
The psychological health and emotional connections of 4.37 4.69 208

cycling participants

(4) The design of the pet basket needs to be
improved: the pet basket opening, the material of the pet
basket and the structure of the fixed pet basket, etc.

The experiments show that the average value of
4.56 is the highest for the “structure of fixed pet baskets”
because most of the pet baskets are hooked onto the
bicycle stem, so that the pet baskets sway with the
bicycle stem.The next stage of the solution will be to
improve this option. The average value of “the opening
of the pet basket” is 4.37, which indicates that the test
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subjects are worried about their pets jumping out. The
average value of “pet basket material”is 3.18, and the
respondents suggested using materials such as fabric,
mesh, recycled plastic and aluminum alloy. The average
value of “air circulation in the pet basket when the
bicycle moves forward” is 4.21, the pet basket can
maintain ventilation. The average value of “function
integration of carrying basket and pet bag. ” is 4.29. The
pet basket can be combined with pet bag, which is
convenient for riders to use (Table 8).
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Table 8 The design of the pet basket needs to be improved

Options

The opening of  Pet

Structure Air circulation in Function integration

the pet basket ~ basket of fixed the pet basket the of carrying
Question material ~ pet baskets when the bicycle  basket and pet bag
moves forward
The design of the pet basket
4.37 3.18 4.56 421 4.29

needs to be improved

7.3 Solution

A total of 82 university students majoring in product
design, with 2-3 years of experience in this field, were
selected for this study using the 40 innovation laws of
TRIZ theory. The 40 innovative laws of TRIZ theory
include:Segmentation, Extracting, Retrieving, Removing,
Local Quality, Asymmetry, Consolidation, Universality,
Nesting, Counterweight, Prior Counteraction, Prior
Action, Cushion in Advance, Equipotentiality, Do It in
Reverse, Spheroidality, Dynamicity, Partial or Excessive
Action, Transition Into a New Dimension, Mechanical
Vibration, Periodic Action, Continuity of Useful Action,
Rushing Through, Convert Harm Into Benefit, Feedback,
Mediator, Self-service, Copying, Dispose, Replacement
of Mechanical System, Pneumatic or Hydraulic
Constructions, Flexible Membranes or Thin Films,
Porous Material, Changing the Color, Homogeneity,
Rejecting and Regenerating Parts, Transformation of
Properties, Phase Transition, Thermal Expansion,
Accelerated  Oxidation, Inert Environment and
Composite Materials, etc. Execute a brainstorming
method to decide on a sketch (Davide and Christian,
2015; Deng and Huang, 2011) in Figure 8.

According to TRIZ theory’s 40 inventive principles,
five adjectives—Iocal, eco-friendly, playful, comfortable,
and geometric—were considered to identify innovative
solutions for improving the design of bicycle pet baskets.
For example, the principle of Reverse suggests creating a
3D-printed frame for the pet basket made from recycled
wood shavings and resin. This frame can be reversed and
placed either at the front (No. 1) or in the middle (No. 2)
of the bike. The principle of Consolidation involves
combining the bicycle, pet basket, and other functional
designs into one integrated system. Universality is

achieved by integrating the features of a pet carrier and a
pet bag into the basket. The principle of **Rejecting and
Regenerating Parts** is reflected in the use of recycled
paper for product packaging, while the bike integration
mechanism is made from 3D-printed recycled wood
shavings and resin. Additionally, breathable, cushioned,
and portable components of the basket are made from
recycled fabrics. Feedback, through the pet basket cover
freely adjusted open, closed and half-open, to increase
the interaction between the pet and the owner, in
response to the pet jumping out of the basket and other
situations, and also to have a safety role in the protection.
Porous material is used in the pet basket, and the mesh is
used to allow the pet to be ventilated; the air can
circulate in the pet basket when the bicycle moves
forward. The research results are based on the analysis
of three key points: first, improving the structure
supporting the pet basket at the front of the bicycle;
second, adjusting the basket's size to avoid friction with
the rider's feet; and third, enhancing the design of the
bicycle frame attachment and pet basket, allowing the
basket to be detached from the frame for the owner to
carry and for use on public transportation such as trains,
subways, and cars. Below are the background and 3D
computer simulations and designs.

This study invited 10 industry designers to evaluate
the expert satisfaction with pet basket designs. First,
regarding the initial question, designers provided
feedback by incorporating the 40 inventive principles
from TRIZ theory. After implementing sketch designs,
they conducted a 3D product simulation preference
evaluation. The scores were notably high in various
aspects: shape design (4.36), color arrangement (4.85),
texture application (4.75), usability (4.96), and product
structure (4.11). Through expert evaluations, a deeper
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understanding of how design elements influence the
overall effect of pet baskets was achieved. The designers
conducted a detailed data analysis on the product's
practicality, aesthetics, and user experience, offering
improvement suggestions.

In the second question, designers believed that this
product strongly embodies local vocabulary (4.97)
related to the regional cardboard packaging culture and
imagery. Additionally, using three types of recyclable
materials—recycled  paper, fabricc and  wood
shavings—combined to create pet baskets and bags
aligns with the eco-friendly trend (4.92). Furthermore,
the exterior can be customized by users to incorporate

the pet’s name, nickname, or labels, achieving a playful
vocabulary effect (4.31). Moreover, breathable,
cushioned, and carrying bags are made from recycled
fabric, providing a comfortable experience for both pets
and users (4.01).

The basic elements of the pet basket and bag
include four top covers, the box body, handles, and
straps, all designed with geometric design vocabulary
(4.74). The data evaluation not only helped this study
identify the strengths and weaknesses of the design but
also provided valuable references for future design
iterations (Table 9).

Table 9 The evaluation of 20 industry design experts

Question 1 (Options) Shape design Color arrangement Te>_<tur_e Usability Product
application structure
Overall design outcome
satisfaction evaluation 4.36 4.85 4.75 4.96 411
Question 2 (Options) Local Eco-friendly Playful Comfortable Geometric
The satisfaction evaluation of the
design outfzomes of the product's 497 4.92 431 401 474
design vocabulary.
recycled paper, recycled wood shavings, and recycled
fabric. Recycled paper is used for the product's inner and
outer packaging. The mechanism combining with the
- bicycle is made from 3D-printed recycled wood shavings
/’,ff“"?? ) é; 2 and tree resin. Additionally, breathable, cushioning, and
= g carrying bags are made from recycled fabric. The
A ‘ N o combination of these three types of recycled materials
54 A results in the creation of pet baskets and pet bags.

/ / w8 5 e O Y N
= 2
/«‘(r ®
<O
J

Figure 8. Concept design based on TRIZ’s 40 invention

principle.

The design of this study has been redesigned and
updated. It now uses three types of recycled materials:
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Besides their unique shapes, functions, colors, materials,
and cultural characteristics, they also reflect local
cardboard packaging culture and imagery. The exterior
of the box can be customized by users to include the
pet’s name, nickname, or other markings. This product
clearly distinguishes itself from those currently available
on the market and effectively meets the United Nations
SDGs (Sustainable Development Goals) targets.
Specifically, it aligns with Goal 8: Promote sustained,
inclusive, and sustainable economic growth, full and
productive employment, and decent work for all, and
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Goal 12: Ensure sustainable consumption and production
patterns (Figure 9).

Figure 9. The final product of this research includes 3D

design and simulation images.

8. Conclusions

In people's enjoyment of leisure activities, the interaction
between family and pets is highly valued. Therefore, this
study analyzes the emotional interaction between cyclists
and pet baskets by examining existing pet baskets and
incorporating human-computer interfaces, TRIZ theory's
40 inventive principles, Kansei Engineering, and
experimental methods. It explores simplicity, user
language, minimization of cognitive load, consistency,
clarity, user familiarity, arrangement, and safety to
determine the most comfortable positions for pets, the
most comfortable positions for cyclists, and the optimal
interaction points between humans and pets. Additionally,
it aims to improve the structure of pet baskets supported
at the front of bicycles; to adjust the appropriate size of
pet baskets to prevent them from rubbing against the
cyclist's feet; and to enhance the design of the fixed

position on the bicycle frame and the pet basket to allow
it to detach from the frame for easy carrying by the
owner. The ultimate goal is to identify the optimal
positioning of the bicycle and pet basket, and to
transform the emotional and interactive experiences of
the cyclist when engaging with that positioning. This
study hopes to provide reference data for outdoor
enthusiasts who love interacting with their pets, and
assist pet basket designers or manufacturers in
improving products that lack functionality or fail to meet
consumer needs.

Disclosure statement: No potential conflict of

interest was reported by the author(s).
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