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Abstract 
Shared bicycle has played an important role in improving urban traffic efficiency and promoting energy 
conservation and emission reduction. The purpose of this study is to evaluate the visual imagery of a variety 
of shared bicycle frames, by using the semantic difference Method (SD method), factor analysis method, 
factor renaming and triangular fuzzy numerical calculation, the author takes the top 12 market share bikes as 
samples; finally, it is concluded that there is something in common on the image evaluation of the bicycle 
frame with different shapes about simple and labor-saving, graceful and practical respects. While there are 
great differences in these images of vigor, modern technology and magnificent quality. It also shows that 
shared bicycles have similarities in modelling imagery, we take the use of shared bicycles in Hangzhou, China 
as an example. According to the urban landscapes, three cycling areas are set out. Bicycles with the good-
quality, soft and elegant images were applied to cycling belt along the river; bicycle with simple and energy-
saving, dynamic and novel ideals to cycling belt in mountain forest area; the ones with strong and modern 
technology to cycling belt in the urban community. At last, the result of the test is consistent with the 
hypothesis conclusion. The aim of this study is to distribute and use the shared bicycles rationally, and take 
full advantage of them, so that the government can optimize the allocation of resources and create a better 
public service system. At the same time, regional management of bicycles helps save human resources and 
maintenance costs. Thanks to the common characteristics of urban geomorphology, this research system can 
be piloted in major cities all around the world, and the concept of environmental sharing will be used in 
more countries and known to more people all over the world. 
Keywords: green travel, shared bicycles, adjective vocabulary, factor analysis, triangular fuzzy theory, 
product service 
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INTRODUCTION 
Nowadays environmental protection is a problem 

that needs to be practiced by all the human races of the 
globe. Currently, due to the appearance of Sharing 
bicycles, the problem of “last kilometer” in the 
transportation of the public has been dealt with 
properly, bringing traffic relief, energy conservation and 
remission reduction. “Green Travel, Healthy Life”-the 
slogan of sharing bicycles which has touched the appeal 
of a low carbon travel by government, is more and more 
praised by each level of government department. Bike-
sharing systems allow people to rent a bicycle at one of 
manyautomatic rental stations scattered around the city, 
use them for a short journey and return them at any 
station in the city (Raviv et al. 2013), Shared bicycle is 
one of the modes of travel experience in all sharing 
economies. Nowadays, China mainland is becoming 
the biggest bike-sharing market around the world (Tang 
et al. 2017). This means that they recognize that bike 
sharing has a significant pro-social potential (Nikitas et 

al. 2016). 2016 China Shared Cycling Market Research 
Report shows the total number of shared cycling users 
in China has reached 18.86 million. At the end of 2018, 
the user scale of the shared cycling will continue to grow 
significantly and will reach to 50 million users. In 2017 
Sharing Bicycles City Development White Paper, 
Mobike has illustrated, sharing bicycles, as Mobike the 
representative of it, has accumulated a mileage of 155M, 
an equivalent of 3300 round trips from and to moon, 
saving a total of 460M liter petrol, reducing carbon 
emission by 540,000 tons, an equivalent of the total 
emission of 170,000 vehicles in one year. The influence 
of the material selection of bicycle frame on the 
environment and society in the consumer’s cognition, 
the product “modelling” characteristic is the most 
effective (Sevener 2003). Good modelling and 
comfortable cycling play an important role in consumer 
behavior. The frame is the most prominent part of the 
study of the shared cycling modelling. According to the 
perception of product appearance, the main decision of 
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product appearance modelling is immediate attraction 
(Baxter 1995). In 1972, McKellar made a five-sensory 
survey of imagery, among them, the highest proportion 
of visual imagery indicates its great influence (Hsu et al. 
2000). To explore the most influential factors of 
stimulating the consumer’s pleasant emotion in 
aesthetic characteristics shows that modelling factors 
can directly and effectively affect consumer’s perception 
of emotion (Schutte and Eklund 2005). Although there 
are some studies related to bike-frame, but it lacks 
overall modelling image research, and can really 
understand consumer preferences. The main purpose 
of this study is: 

(1) Designing questionnaires based on the 
vocabulary of adjectives. Through factor analysis 
and triangular fuzzy number calculation to 
understand what are the consumer’s image 
evaluations of 12 kinds of shared bicycle frames 
modeling characteristics? 

(2) By means of using adjective vocabulary, factor 
analysis and triangular fuzzy calculation, the 
result of integration and generalization can be 
provided for consumers willing to use shared 
bicycles for an environmental protection travel. 
For designers, they can provide more complete 
design references, and design the most suitable 
products to meet the needs of consumers. 

(3) The image evaluation parameters can be used to 
allocate reasonably many brands and models of 
shared bicycles in city, making full of their 
respective advantages, so that the government 
can optimize the allocation of resources, and 
improve public service system. At the same time, 
the management of bicycles can be more 
reasonable and regional, saving human resources 
and maintenance costs. 

LITERATURE REVIEW 
Factor analysis is based on the relationship between 

the analysis index and its influencing factors, a method 
of determining the influence direction and influence 
degree of each factor on the analysis index from quantity 
(Brown et al. 1990). By using this method, researchers 
can simplify a group of variables that reflect the nature, 
state and characteristics of things, and can be used to 
reflect the intrinsic nature of things and determine the 
essential characteristics of things. Among the research 
of frame modeling, the shape contour of bicycle is 
transformed into data by factor analysis method, and the 

model intention characteristic value is obtained by 
linear analysis mode (Wang and Zhang 2002). 

Fuzzy theory is a scientific method for studying and 
processing information and data, proposed by Zadeh. It 
mainly includes the fuzzy set theory, the fuzzy logic, the 
fuzzy inference and the fuzzy control and so on aspect 
contents. This process is calculated by rigorous 
mathematical method to deal with imprecise and fuzzy 
data and solve the decision problem under fuzzy 
environment (Zadeh 1956). Essentially, fuzzy logic 
must be used to describe the quality of things. It makes 
up the shortcoming of using binary logic to describe 
things in set theory, expands the relationship between 
elements and sets in the traditional set theory, and uses 
membership function to express the relation between 
elements and sets (Li 2008).Fuzzy set theory is the 
quantification of fuzzy concepts, mainly dealing with 
the fuzziness of psychological feeling of some subjects, 
extends the membership of an element in a set to 
generalize the number of arbitrary values in (0,1) (Chen 
2001). 

RESEARCH METHODS 

Step 1  
The design intention adjective vocabulary for 

bicycle frame will be organized 140 vocabularies as the 
first stage experimental sample. The questionnaire was 
selected by 10 cyclists who extracted the first 40 
adjectives as a follow-up study. This study selected the 
top 12 shares of the market share cycle brand as a 
research sample. They are Hello Bike (HB), Mo Bike 
(MB), Bai Bike (BA), Xiao Ming (XM), Qi Bei (QB), 
Qi Qi (QQ), Quick To (QT), OFO, Blue Go Go (BG), 
100Bike (OB), Yongan Xing (YA), U-Bike (UB). 

Step 2  
One hundred thirty-nine samples were obtained by 

using Likert scale method (65 male, 74 female), 
analyzing the factor by using SPSS. Second factor 
analysis of 40 adjectives with discriminant after the first 
test, the principal component analysis results show that 
the factor load quantity (factor loading) absolute factor 
is greater than 0.6, and the number of adjective is total 
24. Second factor analysis of the first 20 of the adjective 
vocabulary, the adjective vocabulary related 
characteristics are renamed, and obtain 6 groups of 
adjectives. 

Step 3  
To help consumers better choose, semantic variables 

are often used as an evaluation method to determine the 
importance of the user’s needs and the ordering of the 
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product selection. The design scale questionnaire is 
carried out using the level seven semantic variables, 3 
angle fuzzy scale. Linguistic variables is Very low, 
Triangular fuzzy number is (0,0,1), Low is (0,1,3), 
Medium low is (1,3,5), Medium is (3,5,7), Medium 
high is (5,7,9), High is (7,9,10).The participants were 
18-35 years old and had extensive experience in product 
use, with a total of 129 questionnaires (69 for men and 
60 for women). Consumers can score according to their 
subjective image. For the entire semantic scale, if the 
semantic variable corresponds to a triangular fuzzy 
value, A triangular fuzzy number can be used to 
describe the relationship between the potential 
characteristics of a shared bicycle frame and the 
membership degree of semantic wording. The 
particularity of the triangular fuzzy number lies in its 
membership function, the probability distribution is to 
form a triangle (Dubois and Prade 1978). Suppose t̃ to 
be a triangular fuzzy number in the Membership 
function 𝜇𝜇𝜇𝜇(𝑥𝑥), which is represented as t̃=(t1, t2, t3), 
and when t1, t2 and t3 are real and t1≤t2≤t3. 

In order to obtain detailed analysis data, the fuzzy 
numbers in the membership function can be converted 
to crisp values by defuzzification. The maximum set 
and the minimum set were the most commonly used. 
In this paper, we use the method of calculating the 
weights of the two trigonometric functions and deduce 
the triangular fuzzy function to the absolute utility 
values. The absolute value formula UT of the triangular 
fuzzy number t̃𝑖𝑖: 

 

𝑈𝑈𝑈𝑈(�̃�𝑡𝑖𝑖) = 

� �̃�𝑡𝑖𝑖3 − 𝑋𝑋𝑚𝑚𝑖𝑖𝑚𝑚
(𝑋𝑋𝑚𝑚𝑚𝑚𝑚𝑚  − 𝑋𝑋𝑚𝑚𝑖𝑖𝑚𝑚) + (�̃�𝑡𝑖𝑖3— �̃�𝑡𝑖𝑖2) + 1— 𝑋𝑋𝑚𝑚𝑚𝑚𝑚𝑚— �̃�𝑡𝑖𝑖1

(𝑋𝑋𝑚𝑚𝑚𝑚𝑚𝑚—𝑋𝑋𝑚𝑚𝑖𝑖𝑚𝑚) + (�̃�𝑡𝑖𝑖2— �̃�𝑡𝑖𝑖1)�

2
, 

𝜇𝜇 = 1,2，. . . , 𝑛𝑛 

(1) 

 

Step 4 Experiment hypothesis 
Hypothesis 1 Along the river scenery cycling belt 

According to consumer psychology, the consumer’s 
decision to buy depends on the stimulation of the 
product (Weinberg and Gottwald 1982). Therefore, the 
positive perception and image is directly proportional to 
the desire to obtain the product. The experimental stage 
is through field investigation and studying to 
understand that the tourists, accounts mainly for 86%. 
Through observation and interview, it is known that 
users in Riverside Scenic Area, are mostly white-collar 
staffs, retired seniors and travelers, whose attitude 
towards life is the pursuit of quality and ease of a slow-
pace life. They enjoy scenery along river and cycling 
with leisure and a comfortable state of life. Therefore, 

we will apply shared bicycles with images of gorgeous 
quality, tender elegance in this area. 

Hypothesis 2 Cycling Belt along Mountain forest area 
The images of scenic area possess the function of 

communication, publicity and marketing, which can 
assist tourists to consider, choose and decide the tourist 
destination they desire (Birgit 2001). The overall 
environment of the scenic area for example: weather, 
scenery, destination landscape design, quality and type 
of lodging, restaurant, public facilities are the important 
factors that constitute tourist image (Milman 1995). 
Among leisure facilities and chances in scenic area, 
cycling is part of a formal leisure, and government shall 
provide routes for cycling, and the supporting 
equipment to ensure use of shared bicycles (Bromley 
1994). Through in-depth study of Hangzhou Mountain 
forest area and user’s observations and interviews, we 
learned that among the majority cyclists of mountain 
forest scenic area, there are students, cycling brigade, 
and visitors from outside, whose focuses being 
entertainment, fitness experience and the pursuit of 
stimulation. They enjoy a dynamic state of life, climbing 
up high looking to distant direction. In light of the 
particularity of cycling in the mountain, the 
experimental conception creates a simple and labor-
saving and dynamic sharing experience. Therefore, 
shared bicycles with images of simplicity, least-efforts, 
vigor and novelty will be applied in this area. 

Hypothesis 3 Cycling Belt within City communities 
After observation and survey into using conditions 

of shared bicycles in urban communities of Hangzhou 
City, it indicates that people who ride bicycles within 
communities are basically residents or migrant workers 
of the community. Their life is of a regularly pattern, 
that is going off home at 9:00 in the morning and 
coming back from work at 5:00 in the afternoon. Shared 
bicycles serve as a basic means of transportation for 
them and is used quite frequently in urban 
communities. Users of such care more about products 
quality, durability and the sharing experience of the 
metropolitan. Therefore, shared bicycles with molding 
images that are solid and practical and built by modern 
technology are applied in this area. 

RESULTS AND DISCUSSIONS 
Through factor analysis, the top 20 adjectives whose 

absolute value of load exceeds 0.6, are as the following: 
safe 0.738, scientific 0.728, modern 0.785, high-quality 
0.775, comfortable 0.773, least-effort 0.809, mellow 
0.757, curved 0.722, mechanical 0.705, solid 0.710, 
simple 0.665, straight-line 0.730, stiff, 0.724, vigorous 
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0.768, novel 0.769, rhythm 0.836, easy 0.836, elegant 
0.667, practical 0.845, gorgeous 0.748. Through factor 
analysis, and Bartiett spherical testing, it is learned that 
KMO value is 0.877, indicating analyzing data is 
appropriate. Bartiett spherical test value is 1595.800 
(free dimension 210), a very significant one, 
representing there are common factors among the 
related matrices of the parent group. There are 6 factors 
with the initial eigenvalue greater than 1 in the total 
variance, and the cumulative degree of variance is 
74.099%. Through the second factor analysis of the 6 
components, the factors in each section are very clear 
and can be as a lexicon group. The six groups were 
Simplicity & labor-saving, Novel & Vigorous, Tender & 
Elegant, Modern & Technology, Solid & Pragmatic, 
Quality & Luxurious. 

Through image evaluation of a variety of shared 
bicycle frames in 129 samples, the trigonometric fuzzy 
numerical operation of the addition of the average 
shown as Table 1. 

Mean value of shared bicycles frame molding 
imagery evaluation, calculated by order, to obtain 
absolute validity value of 12 shared bicycles imagery 
evaluation (See Table 2). 

Table 2 shows QB (Qibei) is top rated on each 
evaluation, other than in graceful and elegant. And the 

Top three rated are modern technology, tender and 
elegant, firm and practical; and the top three in 
evaluation of concise and labor-saving, tender and 
elegant, gorgeous and high-quality are BA (Bai Bike), 
BG (Blue Go Go) and YA (Yong An Xing). 

Table 3 Data shows bicycle frames Group 1are with 
modelling that are generally in line with standards and 
are highly-practical. There are certain variations on bike 
tube; frames of HB and XM are quite thick and strong. 

In Group 2, the shapes of frames are generally 
simple, mellow, and a little curved, with some certain 
variations in radian of tubes, presenting a strong sense 
of effort-saving. Group 3 frames shapes on the general 
possess a linear elegance, and a sense of high-quality; 
YA, UB Frames have a great degree of curvature. 
Generally, shapes of the frames in Group 4 are gentle, 
with strong and solid frames. Frames shapes in Group 
5, are generally simple and neat, with thin lines. The 
bike tubes have a straight-line extension, dynamic 
vitality, full of modern scientific and technology sense. 

The statistics from Table 3 shows: 1. The HB, MB, 
and XM in the evaluation value of modelling imagery 
are very similar, and they score highly in practical and 
modern science and technology. 2. BA, QQ, QT share 
some similarities in statistics, they have high scores in 
concise and efforts-saving, energetic and novel, gentle 

Table 1. Mean value of image evaluation of 12 shared bicycle frame 

Code S&L N&V T&E M&T S&P Q&L 
HB (3.7,5.4,7.2) (3.3,5.2,7.0) (2.8,4.6,6.4) (4.1,5.9,7.6) (5.4,7.2,8.8) (3.2,4.9,6.6) 
MB (4.7,6.6,8.2) (4.6,6.5,8.2) (3.3,5.2,7.0) (4.6,6.5,8.2) (4.6,6.4,8.1) (4.0,5.9,7.6) 
BA (5.1,7.0,8.5) (5.2,6.6,8.5) (4.2,6.1,7.8) (4.8,6.7,8.4) (4.3,6.3,8.0) (4.2,6.1,7.8) 
XM (4.0,5.9,7.7) (4.3,6.2,7.8) (3.3,5.2,7.0) (4.2,6.1,7.3) (5.1,7.0,8.6) (3.5,5.4,7.2) 
QB (4.9,6.8,8.2) (5.6,7.4,8.5) (3.5,5.4,7.1) (5.9,7.7,9.0) (4.7,6.6,8.1) (4.4,6.2,7.9) 
QQ (5.0,6.9,8.4) (4.7,6.6,8.2) (4.5,6.4,8.0) (4.3,6.2,7.8) (4.0,5.9,7.7) (4.1,6.0,7.6) 
QT (4.9,6.8,8.4) (3.7,5.6,7.4) (3.8,5.7,7.4) (5.2,7.0,8.7) (4.1,6.0,7.7) (3.3,5.1,7.0) 

OFO (4.2,6.0,7.7) (4.2,6.1,7.8) (4.3,6.2,7.8) (3.8,5.7,7.5) (4.1,6.0,7.7) (5.1,7.0,8.5) 
BG (4.3,6.1,7.9) (3.9,5.8,7.6) (4.7,6.6,8.1) (3.6,5.5,7.3) (3.9,5.8,7.6) (3.6,5.5,7.3) 
OB (3.4,5.1,6.9) (3.2,4.9,6.7) (4.6,6.5,8.0) (3.0,4.6,6.5) (3.4,5.3,7.1) (3.0,4.7,6.5) 
YA (4.1,5.9,7.7) (4.4,6.2,7.8) (4.4,6.2,7.8) (4.5,6.4,8.1) (4.9,6.8,8.4) (5.6,7.4,8.7) 
UB (4.0,5.8,7.5) (4.1,5.9,7.6) (3.9,5.7,7.4) (3.8,5.4,7.5) (3.9,5.8,7.6) (4.5,6.4,8.0) 

 

Table 2. Modelling imagery evaluation valid value table of 12 types of shared bicycle frame 
Code S&L N&V T&E M&T S&P Q&L 
HB 0.4224 0.4064 0.3857 0.4845 0.6446* 0.3716 
MB 0.5867 0.5863 0.4060 0.5591 0.5827 0.5016 
BA 0.6120 0.6217 0.5947 05848 0.5132 0.5282 
XM 0.4901 0.5416 0.4690 0.4948 0.6158 0.4378 
QB 0.5453 0.7098 0.4946 0.7122 0.5535 0.5444 
QQ 0.5969 0.5984 0.6358 0.5183 0.4624 0.5124 
QT 0.5845 0.4624 0.5375 0.5717 0.4736 0.4031 

OFO 0.5217 0.5299 0.6070 0.4593 0.4736 0.6451 
BG 0.5217 0.4790 0.6661 0.4338 0.4484 0.4511 
OB 0.4447 0.3679 0.6565 0.3267 0.3802 0.3481 
YA 0.4927 0.5446 0.6105 0.5463 0.5482 0.7004 
UB 0.4753 0.5044 0.5404 0.4356 0.4484 0.5661 
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and elegant. 3. OFO, YA, UB are similar in statistics, 
and they have high scores in high-quality and gorgeous. 
4. BG and OB both have high scores in gentle and 
elegant, of which BG ranked first. 5. QB ranked first in 
the respects of modern science and technology, vitality 
and novelty. 

Experimental Verification 
The 12 shared bicycles with different imagery were 

applied in three major Hang Zhou cities’ cycling belt to 
compile Likert five-point scale questionnaire. To study 
the image evaluations of consumers in three major 
cycling belts for each shared bicycle. A total of 104 
questionnaires were collected and 100 questionnaires 
were effective, 55 from male and 45 from female. 

Through the triangular Fuzzy utility value UT (t~ i) 
calculation statistics, evaluation effectiveness value of 12 
shared bicycles in three cycling belts of was obtained. 

Evaluation statistics in Table 4 shows: 

(1) Based on experimental hypothesis, shared 
bicycles with imagery of high-quality and 
gorgeous, graceful and elegant are applied in 
cycling belt along the river scenic area. OFO, YA, 
UB, BG, OB, those in line with this imagery all 
possess high scores in evaluation utility values, 
indicating consentience with experiment 
hypothesis. 

(2) Based on experimental hypothesis, shared 
bicycles with imagery of simple and labor-saving, 
dynamic and novel, are applied in cycling zone 
of mountain forest area. BA, QQ and QT, these 
three bikes evaluated in this interval possess high 
utility value and are completely consistent with 
experimental hypothesis. 

(3) The experimental hypothesis indicates that 
shared bicycles with imagery of solid, practical 
and modern technology be applied in cycling 

Table 3. 5 groups of Shared bicycle modelling images, with a similar comprehensive visual evaluation 

  

  

  

 
 

 
 

 

Table 4. Evaluation effectiveness value of modelling imagery of 12 types of shared bicycle in three cycling belts 
Product Code 

Along the river scenery cycling 
belt 

Mountain Forest Scenic Cycling 
belt City Community Cycling Belt 

HB 0.4346 0.4585 0.7122 
MB 0.5127 0.4739 0.6927 
BA 0.5324 0.7041 0.5314 
XM 0.4693 0.5179 0.6766 
QB 0.5168 0.6488 0.5441 
QQ 0.5723 0.6795 0.4796 
QT 0.5289 0.6678 0.5028 

OFO 0.6378 0.5066 0.4988 
BG 0.6952 0.4988 0.4679 
OB 0.6639 0.4589 0.3923 
YA 0.7143 0.5122 0.5482 
UB 0.6553 0.4987 0.4484 
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zone of city communities. Shared bicycle, like 
HB, MB, XM, QB, evaluated in this section are 
with a high utility value, a complete match with 
experiment hypothesis. 

CONCLUSIONS 
The research result shows there is high degrees of 

similarities in overall imageries of some bicycles frames, 
it is likely to be replaceable when in selection and 
application. According to results above, common 
imageries of shared bicycles are taken advantage of 
when launching shared bicycles into market. Taking 
distribution of shared bikes in Hangzhou city for 
example, three major cycling zones are divided 
according to city landscapes. They are cycling zone 
along river, mountain scenic area, and city 

communities, each with shared bikes of the imagery of 
the following: high-quality and gorgeous, gentle and 
elegant; simple and least-effort, vigorous and novel; 
pragmatic and solid, modern and scientific. Through 
imagery data, various kinds of shared bicycles in cities 
will be distributed and put into use properly, giving full 
play to strengthens of each of them, so that the 
government can optimize the allocation of resources 
and create a better public service system. Whilst, 
regional management of bicycles helps save human 
resources and maintenance costs Thanks to the 
common characteristics of urban geomorphology, this 
research system can be piloted in major cities all around 
the world, and the concept of environmental sharing 
will be used in more countries and known to more 
people all over the world. 
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