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Abstract: The factors that affect a consumer when making a purchase decision include product
function, quality, and price. Different products might feature similar functional performance although
they are designed and manufactured by different vendors. The most decisive factor for a consumer
in buying a product is no longer its physical functions. Nowadays, consumers care more about
the aesthetics that a product can deliver. Designers should make any extra effort to improve the
aesthetic design of their products. Therefore, it is critical for a designer to know the aesthetic tastes
of his/her target consumer group in order to create products with the preferred style. Furthermore,
the idea of design differentiation needs to be incorporated so that a product can present different
aesthetic perceptions to consumers of different tastes. The objective of this study is to investigate
consumers’ preference models from their preferred product forms. The aesthetic principles of
Symmetry, Minimalism, and Cohesion are applied to the case study of the design of various vase
forms. A quantitative approach of evaluating vase forms by the aesthetic principles is proposed.
A conjoint analysis of the vase features and attributes was carried out in order to determine their
correlation with consumer preferences. Consumers are classified into 6 groups of different aesthetic
conceptions by cluster analysis. The consumers’ preference model can be determined by indices
including Pearson’s R and Kendall’s tau. This approach provides designers with an effective way of
determining the right direction for new form designs and renovation.

Keywords: product form; aesthetic measure; consumer preference; preference model; conjoint analysis

1. Introduction

The study by Maslow [1] indicated a hierarchy of needs for humans. After people reached the
essential physiological, safety, and social needs, they will pursue self-demands and the ambit of
self-actualization of the higher hierarchical level. When applying this hierarchy theory to products,
consumers will not choose a product simply based on its functional presentation if various products
can deliver the essential functions. Instead, they will pursue a higher level such as to present unique
tastes or aesthetic styles.

Under the globalized competitions in the 21st century, most of the products that are available
on the market present stable developments from a technical perspective. Companies need to keep
enhancing the value that is added to their products. Consumers are no longer satisfied with product
functions only. Instead, they are pursuing psychological satisfaction [2,3]. As a result, the trend in the
last couple of years has indicated the emphasis of product designs on the aesthetic perception that
a product can deliver. In addition to providing essential physiological needs, a product needs to satisfy
a diversified range of psychological needs since consumers are pursuing individual autonomy of
personalized culture. In other words, a successful product needs to comply with consumer preferences,
while the true value of a product is not justified only by its proper functions or attractive appearance [4].
In addition to satisfying consumers’ physiological and psychological needs, a product needs to also

Appl. Sci. 2018, 8, 1199; doi:10.3390/app8071199 www.mdpi.com/journal/applsci

http://www.mdpi.com/journal/applsci
http://www.mdpi.com
https://orcid.org/0000-0002-2613-4571
http://dx.doi.org/10.3390/app8071199
http://www.mdpi.com/journal/applsci
http://www.mdpi.com/2076-3417/8/7/1199?type=check_update&version=3


Appl. Sci. 2018, 8, 1199 2 of 24

highlight a consumer’s individual characteristics. To keep its competitive edge on the market, a product
at its mature stage is required to highlight its difference from other products [5]. It has become a modern
design trend to create the difference between product designs [6,7].

During the process of socialization, consumers acquire the sense of uniqueness and difference
and obtain a profundity of awareness of self-assimilation and dissimilation via the personalized
items they choose. Therefore, it is critical for companies to satisfy consumers’ individual needs by
creating differences for products at the mature stage. It is also important to respond accordingly to the
preference of “demassified” people [8]. By bringing this consumer trend into the product design aspect,
a company can respond rapidly to customers’ psychological needs. Moreover, product developments,
positioning, and designs can be conducted within a very short time and with a maximum efficiency.
This will be the key for enterprises to raise the competitiveness of a company [2].

As to how to investigate the preference relationships between products and consumers, earlier
studies were mostly conducted using the method of Kansei vocabularies as a way of delimiting
peoples’ perception of products, and then to analyze people’s preference for products. However, it has
been verified that through the intervention of the Kansei vocabularies, there is possibly a problem
of perception difference [9–11]. Hsiao and Lo [12] indicated that an adequate design can enhance
a product’s difference from the other similar products. A product’s value that is perceived by customers
can also be enhanced by proper shape designs. The value perceived by customers is significantly
correlated with the customers’ intention of repurchase. The equations and principles of product-shape
aesthetics that are derived by Lo and Ko [13] and Lo and Hsiao [14] are used for the product shape
evaluation in this study. The equations are used to determine the aesthetic measures for balance,
equilibrium, and symmetry of product shapes.

Valencia-Romero and Lugo [15] proposed a methodology to quantify Gestalt principles by
part-worth utilities for the evaluation of product aesthetics. They also realized the quantification
of symmetry, parallelism, and continuity as continuous design variables for 3D product
representations [16]. Tovares et al. [17] proposed a new approach of modelling consumer preference
models by an experiential conjoint analysis which captures preference for a product through
experience-based preference judgments. Backhaus et al. [18] proposed a virtual reality based conjoint
analysis for early customer integration in product development so that the efficiency of the product
development process can be enhanced. Orsborn et al. [19] proposed the quantification of aesthetic
preference for estimation by utility functions. Chen et al. [20] proposed a new approach of identifying
key attributes and analytical techniques of consumer choice modelling to forecast the impact of
engineering decisions. Kelly et al. [21] proposed an approach of incorporating user shape preference
in engineering design optimization. Lugo et al. [22,23] proposed an approach of modeling product
form preference by Gestalt principles, semantic space, and Kansei engineering approaches. They also
determined the relationship between subjects’ aesthetic preference for automobile wheel rims and
quantified Gestalt principles. Lo et al. [24] proposed the application of aesthetic theory and genetic
algorithms to product form optimization.

This approach can carry out an investigation of product shapes in a more objective way which is
independent of personal judgment. Even if different people have inconsistent impressions toward
a product, this approach can still provide identical criteria for investigation based on the objective
calculation of the evaluation model.

This study is based on a hypothesis that a particular rule exists in the form principles of the
product form that is preferred by a consumer. Due to the differing consumer preferences, consumers
can be classified into different groups depending on their aesthetic tastes. Based on this hypothesis,
different types of vase forms are investigated in this study with an attempt to build a rational and
objective model for the evaluation of form aesthetics. The elements of the aesthetics of a vase form are
analyzed. Furthermore, the correlation between vase form constructions and consumer preferences is
investigated by a conjoint analysis.
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2. Theoretical Background

The theories which are employed in this research include three types:

1. The evaluation model of aesthetic measure for analyzing the vase forms.
2. Conjoint analysis for analyzing the relationship between the form constructions and

consumer preferences.
3. Cluster analysis for classifying subjects with different aesthetic tastes into different groups.

Three research methods are described separately as follows:

2.1. Aesthetic Measure

There are eight aesthetic principles in Lo’s theory, and we chose three of them that are
more applicable for vases. These three principles include Symmetry, Minimalism and Cohesion.
The meanings and measurement of them are explained below:

2.1.1. Symmetry

Symmetry is primarily used for testing of any duplication of elements along the axes, i.e., whether
unit elements on one side of the centerline are exactly duplicated to the other side. Symmetry could be
differentiated into three kinds, including vertical, horizontal, and diagonal symmetries, as shown in
Figure 1. Thus, when analyzing the symmetry of an object, it needs to be cut into four portions: upper
left, upper right, lower left and lower right. The symmetry of the object can be defined as Equation (1).

SYM = 1−

|SYMFV |+ |SYMFH |+ |SYMFR|+
|SYMRV |+ |SYMRD|+ |SYMRR|+
|SYMTH |+ |SYMTD|+ |SYMTR|

9
, 0 ≤ SYM ≤ 1 (1)
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Figure 1. Symmetry of an object in (a) vertical, (b) horizontal, and (c) diagonal directions.

Among which |SYM| is the overall symmetry, |SYMFV | is the horizontal symmetry of front-view
direction; |SYMFH | is the vertical symmetry of front-view direction; |SYMFR| is the diagonal symmetry
of front-view direction. |SYMRV | is the vertical symmetry of right-view direction; |SYMRD| is the
horizontal symmetry of right-view direction; |SYMRR| is the diagonal symmetry of right-view.
|SYMTH | is the horizontal symmetry of top-view; |SYMTD| is the vertical symmetry of top-view;
|SYMTR| is the diagonal symmetry of top-view. When the obtained SYM value approaches 1, the form
has a higher level of symmetry.

In calculating symmetrical aesthetic-perception equations, it is necessary to proceed with
nondimensionalization in the calculation of equations to prevent a large difference in the numbers
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of object shape sizes, which results in error in the process of calculating numbers. The factors of
symmetry which have to be checked in each portion include: the centroid coordinates, the size of the
overall frame, the centroid angle and the centroid distance.

The yz plane is the plane of front view to be investigated. Equations (2)–(4) are used to evaluate
these three types of symmetry.

|SYMFV | =

∣∣Y′UR −Y′UL
∣∣+ |Y′LR −Y′LL|+

∣∣Z′UR − Z′UL
∣∣+ |Z′LR − Z′LL|+∣∣B′UR − B′LL

∣∣+ |B′LR − B′LL|+
∣∣H′UR − H′UL

∣∣+ |H′LR − H′LL|+∣∣Θ′FUR −Θ′FUL
∣∣+ |Θ′FLR −Θ′FLL|+

∣∣R′FUR − R′FUL
∣∣+ |R′FLR − R′FLL|

12
(2)

|SYMFH | =

∣∣Y′UL −Y′LL
∣∣+ ∣∣Y′UR −Y′LR

∣∣+ ∣∣Z′UL − Z′LL
∣∣+ ∣∣Z′UR − Z′LR

∣∣+
|B′LL − B′LL|+

∣∣B′UR − B′LR
∣∣+ ∣∣H′UL − H′LL

∣∣+ ∣∣H′UR − H′LR
∣∣+∣∣Θ′FUL −Θ′FLL

∣∣+ ∣∣Θ′FUR −Θ′FLR
∣∣+ ∣∣R′FUL − R′FLL

∣∣+ ∣∣R′FUR − R′FLR
∣∣

12
(3)

|SYMFR| =

∣∣Y′UL −Y′LR
∣∣+ ∣∣Y′UR −Y′LL

∣∣+ ∣∣Z′UL − Z′LR
∣∣+ ∣∣Z′UR − Z′LL

∣∣+
|B′LL − B′LR|+

∣∣B′UR − B′LL
∣∣+ ∣∣H′UL − H′LR

∣∣+ ∣∣H′UR − H′LL
∣∣+∣∣Θ′FUL −Θ′FLR

∣∣+ ∣∣Θ′FUR −Θ′FLL
∣∣+ ∣∣R′FUL − R′FLR

∣∣+ ∣∣R′FUR − R′FLL
∣∣

12
(4)

The xz plane is the plane of the right side view to be investigated. Three types of symmetry can
be evaluated by Equations (5)–(7).

|SYMRV | =

∣∣X′UL − X′UR
∣∣+ |X′LL − X′LR|+

∣∣Z′UL − Z′UR
∣∣+ |Z′LL − Z′LR|+∣∣D′UL − D′UR

∣∣+ |D′LL − D′LR|+
∣∣H′UL − H′UR

∣∣+ |H′LL − H′LR|+∣∣Θ′RUL −Θ′RUR
∣∣+ |Θ′RLL −Θ′RLR|+

∣∣R′RUL − R′RUR
∣∣+ |R′RLL − R′RLR|

12
(5)

|SYMRD| =

∣∣X′UL − X′LL
∣∣+ ∣∣X′UR − X′LR

∣∣+ ∣∣Z′UL − Z′LL
∣∣+ ∣∣Z′UR − Z′LR

∣∣+∣∣D′UL − D′LL
∣∣+ ∣∣D′UR − D′LR

∣∣+ ∣∣H′UL − H′LL
∣∣+ ∣∣H′UR − H′LR

∣∣+∣∣Θ′RUL −Θ′RLL
∣∣+ ∣∣Θ′RUR −Θ′RLR

∣∣+ ∣∣R′RUL − R′RLL
∣∣+ ∣∣R′RUR − R′RLR

∣∣
12

(6)

|SYMRR| =

∣∣X′UL − X′LR
∣∣+ ∣∣X′LL − X′UR

∣∣+ ∣∣Z′UL − Z′LR
∣∣+ ∣∣Z′LL − Z′UR

∣∣+∣∣D′UL − D′LR
∣∣+ ∣∣D′LL − D′UR

∣∣+ ∣∣H′UL − H′LR
∣∣+ ∣∣H′LL − H′UR

∣∣+∣∣Θ′RUL −Θ′RLR
∣∣+ ∣∣Θ′RLL −Θ′RUR

∣∣+ ∣∣R′RUL − R′RLR
∣∣+ ∣∣R′RLL − R′RUR

∣∣
12

(7)

The xy plane is the plane of the top view to be investigated. Three types of symmetry can be
evaluated by Equations (8)–(10).

|SYMTH | =

∣∣Y′LL −Y′UL
∣∣+ ∣∣Y′LR −Y′UR

∣∣+ ∣∣X′LL − X′UL
∣∣+ ∣∣X′LR − X′UR

∣∣+
|B′LL − B′LL|+

∣∣B′LR − B′UR
∣∣+ ∣∣D′LL − D′UL

∣∣+ ∣∣D′LR − D′UR
∣∣+∣∣Θ′TLL −Θ′TUL

∣∣+ ∣∣Θ′TLR −Θ′TUR
∣∣+ ∣∣R′TLL − R′TUL

∣∣+ ∣∣R′TLR − R′TUR
∣∣

12
(8)

|SYMTD| =

∣∣Y′UR −Y′UL
∣∣+ |Y′LR −Y′LL|+

∣∣X′UR − X′UL
∣∣+ |X′LR − X′LL|+∣∣B′UR − B′LL

∣∣+ |B′LR − B′LL|+
∣∣D′UR − D′UL

∣∣+ |D′LR − D′LL|+∣∣Θ′TUR −Θ′TUL
∣∣+ |Θ′TLR −Θ′TLL|+

∣∣R′TUR − R′TUL
∣∣+ |R′TLR − R′TLL|

12
(9)
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|SYMTR| =

∣∣Y′UL −Y′LR
∣∣+ ∣∣Y′UR −Y′LL

∣∣+ ∣∣X′UL − X′LR
∣∣+ ∣∣X′UR − X′LL

∣∣+
|B′LL − B′LR|+

∣∣B′UR − B′LL
∣∣+ ∣∣D′UL − D′LR

∣∣+ ∣∣D′UR − D′LL
∣∣+∣∣Θ′TUL −Θ′TLR

∣∣+ ∣∣Θ′TUR −Θ′TLL
∣∣+ ∣∣R′TUL − R′TLR

∣∣+ ∣∣R′TUR − R′TLL
∣∣

12
(10)

Among which X′j, Y′j , Z′j, H′j , B′j, Θ′Fj, Θ′Rj, Θ′Tj, R′Fj, R′Rj, R′Tj are defined respectively as follows:

X′j =
nj

∑
i

∣∣xij − xc
∣∣ j = UL, UR, LL, LR

Y′j =
nj

∑
i

∣∣yij − yc
∣∣ j = UL, UR, LL, LR

Z′j =
nj

∑
i

∣∣zij − zc
∣∣ j = UL, UR, LL, LR

H′j =
nj

∑
i

hij j = UL, UR, LL, LR

B′j =
nj

∑
i

bij j = UL, UR, LL, LR

D′j =
nj

∑
i

dij j = UL, UR, LL, LR

Θ′Fj =

nj

∑
i

∣∣∣∣∣ zij − zc

yij − yc

∣∣∣∣∣ j = UL, UR, LL, LR

Θ′Rj =

nj

∑
i

∣∣∣∣∣ xij − xc

zij − zc

∣∣∣∣∣ j = UL, UR, LL, LR

Θ′Tj =

nj

∑
i

∣∣∣∣∣ yij − yc

xij − xc

∣∣∣∣∣ j = UL, UR, LL, LR

R′Fj =

nj

∑
i

√(
yij − yc

)2
+
(
zij − zc

)2 j = UL, UR, LL, LR

R′Rj =

nj

∑
i

√(
xij − xc

)2
+
(
zij − zc

)2 j = UL, UR, LL, LR

R′Tj =

nj

∑
i

√(
xij − xc

)2
+
(
yij − yc

)2 j = UL, UR, LL, LR

While UL- represents upper left; UR- represents upper right; LL- represents lower left; LR-
represents lower right.

(
xij, yij, zij

)
are the coordinates of object i on position j of a quarter circle;

(xc, yc, zc) are the coordinates of the center of overall shape; bij is the width of object i on position j; hij
is then the height of object i on position j; dij is then the depth of object i on position j; nj is the overall
quantity of objects in the quadrant. The values of angles in the four quadrants of quarter circles are
Θ′Fj in the front view, Θ′Rj in the right view, and Θ′Tj in the top view. The distances (in mm) from the
each object center to the overall object center in each quadrant are R′Fj in the front view, R′Rj in the right
view, and R′Tj in the top view figure.
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2.1.2. Minimalism

The value of minimalism (MinM) is used for the inspection of simple messages of object forms.
If an object complies with the principle of minimalism, all essential factors are visually more simplified.
When the minimalism is equal to 1, this means the constructed elements are completely identical.
As a result, the assembly of each element will have the feeling of wholeness and feeling of order.
A concrete example for this is demonstrated by the comparison between Figure 2a,b. The difference
between these two vases is whether they have a handle or not. This causes a difference of element
class and quantity, and therefore MinM is different. Equation (11) is a quantitative method that is used
for the evaluation of minimalism.

MinM =
2

ns + n
, 0 ≤ MinM ≤ 1 (11)

2
  ,   0 1

s

MinM MinM
n n

  


 (1) 

 
                            (a)         (b) 

Figure 2. Vertical symmetry of an object; (a) Higher minimalism; (b) Lower minimalism. Figure 2. Vertical symmetry of an object; (a) Higher minimalism; (b) Lower minimalism.

Among which MinM is the minimalism of the overall shape and ns is the quantity of element
classes; n is the quantity of elements. In this context, an element is the basic unit that constitute the
structure of an object.

2.1.3. Cohesion

When the size proportion, form direction and outline of form of each element and object are
similar, this will result in the feeling of cohesion.

From the view of product form design, similar proportions of length, width, and height facilitate
the value of cohesion (CM). To analyze the cohesion of products, the information that has to be known
includes two portions: the proportions of the object frame from three views and the proportional
relationship between object and elements. Equation (12) depicts a quantitative method which could be
used for the evaluation of cohesion.

CM =

∣∣∣CM f (hb)

∣∣∣+ ∣∣∣CM f (hd)

∣∣∣+ ∣∣∣CM f (db)

∣∣∣+∣∣∣CMwo(hb)

∣∣∣+ ∣∣∣CMwo(hd)

∣∣∣+ ∣∣∣CMwo(db)

∣∣∣
6

, 0 ≤ CM ≤ 1 (12)

The values of CMf are the overall framework relative proportions of object form, which are
respectively defined as follows:

CM f (hb) =

{
c f (hb) , i f c f (hb) ≤ 1

1
c f (hb)

, i f c f (hb) > 1 (13)

c f (hb) = h f rame/b f rame (14)
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CM f (hd) =

c f (hd) i f c f (hd) ≤ 1
1

c f (hd)
i f c f (hd) > 1

(15)

c f (hd) = h f rame/d f rame (16)

CM f (db) =

c f (db) i f c f (db) ≤ 1
1

c f (db)
i f c f (db) > 1

(17)

c f (db) = d f rame/b f rame (18)

Among which hframe is the height of overall form framework; bframe is the width of overall form
framework; dframe is the depth of overall form framework; CM f (hb) means the relative proportion
of height to width of overall form framework; CM f (hd) means the relative proportion of height to
depth of overall form framework; CM f (db) means the relative proportion of width to depth of overall
form framework.

CMwo are the relative proportions of the framework of each element to the framework overall
form, which are respectively defined as follows:

CMwo(hb) =

n
∑
i

ti(hb)

n
(19)

ti(hb) =

ci(hb), i f ci(hb) ≤ 1
1

ci(hb)
, i f ci(hb) > 1

(20)

ci(hb) =
hi/bi

h f rame/b f rame
(21)

CMwo(hd) =

n
∑
i

ti(hd)

n
(22)

ti(hd) =

ci(hd), i f ci(hd) ≤ 1
1

ci(hd)
, i f ci(hd) > 1

(23)

ci(hd) =
hi/di

h f rame/d f rame
(24)

CMwo(db) =

n
∑
i

ti(db)

n
(25)

ti(db) =

ci(db), i f ci(db) ≤ 1
1

ci(db)
, i f ci(db) > 1

(26)

ci(db) =
di/bi

d f rame/b f rame
(27)

CMwo(hb) is the relative proportion of height to width of each of the elements and the overall
form framework; CMwo(hd) is the relative proportion of height to depth of each of the elements and the
overall form framework; CMwo(db) is the relative proportion of width to depth of each of the elements
and the overall form framework; h f rame is the height of the overall form framework; b f rame is the width
of the overall form framework; d f rame is the depth of the overall form framework; hi is the height of the
element form; bi is the width of the element form; di is the depth of the element form; n is the element
quantity in the overall form.
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2.2. Conjoint Analysis

Conjoint analysis was developed by Luce and Tukey in 1964. It was then introduced by Green
and Rao in 1971 into the marketing field, and became one of the important methods in the marketing
studies to measure consumer preferences. The basic assumption to operate the conjoint analysis is:
consumers undertake the determination of perception preferences based on a plurality of attributes and
their levels, which compose the product. In other words, consumer preferences for a certain product
can be decomposed as the part-worth utilities which form the attribute and levels of the product.

The way to conduct the conjoint analysis is to use the decompositional approach to estimate the
subject’s preference structure under the condition that the overall assessment results of subjects for
a set of samples are already known [25]. In other words, the estimated independent variables and
dependent variables can be obtained via consumers’ assessed values of a set of dependent variables.
In addition, it is expected to minimize the difference between the original assessed values and the
predicted values of the dependent variables. Therefore, the conjoint analysis is extremely effective
when it is applied to the investigation of multi-attribute decision-making problems. It is only required
to understand overall assessed values of the subjects on a set of samples aggregation and will be able
to decompose the part-worth utilities of each attribute level. Then the relative importance weight of
each attribute level can be calculated.

When applying the conjoint analysis, the strategic purposes listed below can be developed after
the part-worth utilities of each attribute level has been determined:

1. Understand the relative importance of each attribute level during consumers’ decision-making process.
2. Find products’ best attribute combination for a group or an individual.
3. Market segmentation can be conducted based on the difference of attribute levels that are emphasized.
4. Discover the attribute combinations of products which do not exist on the market but are preferred

by consumers.
5. Under the assumption that other conditions remain unchanged, the market share of products

which are composed of different attribute levels can be estimated based on the judgment of
consumer preferences.

Based on the relationship between levels of different attributes, the preference model can also be
divided into the vector model, ideal-point model, and part-worth utility model as shown in Figure 3.
To determine whether the constructed preference models have the prediction capability, typically
Pearson’s R and Kendall’s tau are used as the indices, whereby both indicate that the prediction is
more precise if these two values are closer to 1 [26].

Appl. Sci. 2018, 8, x  9 of 25 

3. Market segmentation can be conducted based on the difference of attribute levels that are 

emphasized. 

4. Discover the attribute combinations of products which do not exist on the market but are 

preferred by consumers. 

5. Under the assumption that other conditions remain unchanged, the market share of products 

which are composed of different attribute levels can be estimated based on the judgment of 

consumer preferences. 

Based on the relationship between levels of different attributes, the preference model can also 

be divided into the vector model, ideal-point model, and part-worth utility model as shown in Figure 

3. To determine whether the constructed preference models have the prediction capability, typically 

Pearson’s R and Kendall’s tau are used as the indices, whereby both indicate that the prediction is 

more precise if these two values are closer to 1 [26]. 

 

Figure 3. Types of preferences model. 

In this research, it is assumed that consumers’ judgment of the forms is constructed by various 

types of aesthetic principles, and therefore the required attributes in the conjoint analysis are namely 

various types of aesthetic principle. The levels are namely aesthetic measures which are values 

between 0-1. The combinations of attributes and levels will form different independent variables. In 

addition, the dependent variables are namely the subject’s preferences. For the selection of the 

preference models, since the trend of subjects’ view of the aesthetic principles and their values are 

not known previously, each aesthetic principle value will be viewed as a class variable. Therefore, 

the conjoint analysis will be conducted by the selection of part-worth utility models. 

To determine whether the subjects possess the contemplated preference models for the preferred 

forms, the two indices of Pearson’s R and Kendall’s tau can be utilized as the assessment basis. If 

these two values are provided with a certain degree of levels, it not only indicates that the preference 

models are accurate in terms of the predictions, but also confirms that the subjects indeed have a 

certain degree of tendency for their preferences. 

2.3. Cluster Analysis 

Cluster Analysis is a way to categorize the observed samples or the variables of the data into 

each cluster. That is, objects which have not been categorized are gathered in the same group 

according to their degrees of similarity. This approach means that those which are in the same cluster 

possess a high degree of homogeneity, and samples in different clusters possess a high degree of 

heterogeneity. A large portion of the applications of cluster analysis belong to the category of 

exploratory research, which can be utilized for data simplification or for generating the segmentation 

of research targets. 

There are two major types of segmentation by the cluster analysis: hierarchical and non-

hierarchical approaches. There is also the two-step approach, which combines these two types of 

methods. The hierarchical approach connects the individuals according to a specific distance that has 

been measured or the similarity of individuals, but the segmentation count is not known beforehand. 

In addition, the non-hierarchical approach determines the segmentation count of the samples 

beforehand based on the results of previous studies or the researchers’ subjective cognition. 

Figure 3. Types of preferences model.

In this research, it is assumed that consumers’ judgment of the forms is constructed by various
types of aesthetic principles, and therefore the required attributes in the conjoint analysis are namely
various types of aesthetic principle. The levels are namely aesthetic measures which are values between
0–1. The combinations of attributes and levels will form different independent variables. In addition,
the dependent variables are namely the subject’s preferences. For the selection of the preference
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models, since the trend of subjects’ view of the aesthetic principles and their values are not known
previously, each aesthetic principle value will be viewed as a class variable. Therefore, the conjoint
analysis will be conducted by the selection of part-worth utility models.

To determine whether the subjects possess the contemplated preference models for the preferred
forms, the two indices of Pearson’s R and Kendall’s tau can be utilized as the assessment basis. If these
two values are provided with a certain degree of levels, it not only indicates that the preference models
are accurate in terms of the predictions, but also confirms that the subjects indeed have a certain degree
of tendency for their preferences.

2.3. Cluster Analysis

Cluster Analysis is a way to categorize the observed samples or the variables of the data into each
cluster. That is, objects which have not been categorized are gathered in the same group according
to their degrees of similarity. This approach means that those which are in the same cluster possess
a high degree of homogeneity, and samples in different clusters possess a high degree of heterogeneity.
A large portion of the applications of cluster analysis belong to the category of exploratory research,
which can be utilized for data simplification or for generating the segmentation of research targets.

There are two major types of segmentation by the cluster analysis: hierarchical and non-hierarchical
approaches. There is also the two-step approach, which combines these two types of methods.
The hierarchical approach connects the individuals according to a specific distance that has been
measured or the similarity of individuals, but the segmentation count is not known beforehand.
In addition, the non-hierarchical approach determines the segmentation count of the samples
beforehand based on the results of previous studies or the researchers’ subjective cognition.

There are many different ways for the cluster analysis to measure the similarity of research
samples, including the methods of nearest neighbor, furthest neighbor, average linkage, centroid
clustering, median clustering, and Ward’s method. In addition, the measurements between clusters can
also be divided into distance measures and association measures. The approach of distance measures is
to present the similarity of research samples quantitatively, while the input of the association measures
is qualitative data.

In this research, the part-worth utilities sequence for each subject on different aesthetic principles,
which was obtained by conjoint analysis, will be viewed as the quantitative distance data input
to conduct the cluster analysis. Since the count of aesthetic tastes groups will be divided into is
still unknown, hierarchical cluster analysis has been adopted. In addition, the measurement of
within-groups linkage, which is less impacted by extreme values, has been adopted in this research.

3. Design Execution and Result

The complete process planning of this research includes three major stages, which are shown
in Figure 4.
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3.1. Stage 1-Collection of Research Samples

The selection of product sample has to get rid of the functional factors which might influence consumers
when evaluating products. Such a way for selecting the sample will make the results of this research even
more persuasive. Thus, the product sample will be selected that meets the requirements below:

1. The product functions have already been well-developed. In addition, the functions will not
differ much when the samples are different.

2. For consumers to make a real decision of buying that product, they choose and buy it based on
their form preference.

According to the requirements, “Vases” were selected as the product sample in this research for
the investigation of preference models. 21 vases were collected via the Internet, books, etc. All these
21 vases were constructed by SolidWorks or Rhino for the 3D models and rendered by KeyshotVR
under the same conditions. After that, all the 3D files were hyperlinked in PowerPoint to create the
questionnaire attachment for subjects’ preference evaluation, as shown in Figure 5.
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Figure 5. Questionnaire attachment of product samples.

Except for the product samples, we also looked for and numbered the subject samples in advance
in order to conduct the follow-up stages. For a pre-specified range of age and occupation, we focused
on students in junior colleges and graduate schools. In addition, they were classified by two class
variables-their genders, and whether they had any design background-to establish the diversity of
subjects. A total number of 107 subjects was collected, and the subject composition is shown in Table 1.

Table 1. Structure of subject samples.

Gender Breakdown Design Background Non-Design Background Total

Male 25 26 51
Female 29 27 56

Total 54 53 107

3.2. Stage 2-Acquisition of Aesthetic Values

After the collection of product samples, we need to use the evaluation model of aesthetic measure
to analyze the vase forms. The physical parameters of vase samples for the calculation of each aesthetic
principle can be obtained by the functions of “Mass Properties” and “Measure Tool” in SolidWorks.
These parameters can be substituted into the equations of aesthetic principles in the evaluation model
of aesthetic measures, and the objective measures of Symmetry, Minimalism, and Cohesion can be
obtained. The physical parameters required by each aesthetic principle are described in Section 2 and
the measures of aesthetic principles can be obtained accordingly.

The perception of human beings is usually not capable of precisely determining the aesthetic
presentation of forms as compared to the measures calculated by the aesthetic equations. As long
as the differences between aesthetic measures are not large, the perceptions are generally similar to
people. Therefore, the numbers of the fractional part of the aesthetic values that are too far behind
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the decimal point are meaningless. Additionally, it is not an easy task to create precise forms that
completely comply with the exactly aesthetic values during the design stage. Thus, the aesthetic values
can be directly rounded off to one decimal place.

The aesthetic measures of 21 vase samples in the principles of Symmetry, Minimalism, and
Cohesion are shown in Table 2.

Table 2. Presentations of 21 vases in the aesthetic principles.

Vase Number Vase Form Symmetry Minimalism Cohesion

1
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people. Therefore, the numbers of the fractional part of the aesthetic values that are too far behind 

the decimal point are meaningless. Additionally, it is not an easy task to create precise forms that 

completely comply with the exactly aesthetic values during the design stage. Thus, the aesthetic 

values can be directly rounded off to one decimal place. 

The aesthetic measures of 21 vase samples in the principles of Symmetry, Minimalism, and 

Cohesion are shown in Table 2. 

Table 2. Presentations of 21 vases in the aesthetic principles. 

Vase Number Vase Form Symmetry Minimalism Cohesion 

1 
 

0.8 0.3 0.8 

2 
 

0.4 0.3 0.6 

3 
 

0.8 0.3 0.6 

4 
 

0.5 0.1 0.4 

5 
 

0.9 0.5 0.8 

6 
 

0.9 0.3 0.7 

7 
 

0.8 1.0 0.8 

8 
 

0.3 0.2 0.6 

9 
 

1.0 0.2 0.6 

10 
 

0.5 0.3 0.7 0.5 0.3 0.7
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11 
 

0.8 0.3 0.9 

12 
 

1.0 1.0 0.9 

13 
 

0.7 0.3 0.5 

14 
 

0.8 0.3 0.6 

15 
 

0.9 0.3 0.5 

16 
 

0.7 0.3 0.5 

17 
 

0.5 0.1 0.7 

18 
 

0.4 0.5 0.6 

19 
 

0.5 0.2 0.6 

20 
 

0.3 0.1 0.9 

21 
 

0.5 0.5 0.6 

The values contained under the principle of Symmetry are one of the seven values 0.3, 0.4, 0.5, 

0.7, 0.8, 0.9, and 1.0; the values for Minimalism can be any of the five values 0.1, 0.2, 0.3, 0.5, and 1.0; 

the values for Cohesion can be any of the six values 0.4, 0.5, 0.6, 0.7, 0.8, and 0.9. The missing data, 

which includes 0.6 for Symmetry and 0.4 for Minimalism, will be estimated and obtained by Linear 

Interpolation when the preference model is established. 

3.2. Stage 3-Construction of the Preference Models  

After the acquisition of aesthetic values of vase forms, the subjects’ preferences for them need to 

be known as well to construct the preference models. The investigation survey of preferences has 

been conducted in the way of questionnaire, and is assisted by the 3D vase model attachment. Before 

the questionnaire was started, the operator especially emphasized that the subjects should exclude 

extra factors such as the functions of vases, matching with flowers, etc. They should carry out the 

preference considerations just based on the form of vases. 

Firstly, subjects were asked to roughly pick their favorite vases from all of the samples, and it 

was especially defined what the so-called “favorite” means: that they are attracted to such a vase at 

the first view, and want to own it. After that, they were asked to pick the vases from those remaining 

which are aversive, where “aversive” means those vases the subjects do not want to own. Finally, 

subjects were asked to identify those vases which were not selected during the two steps of “favorite” 

0.8 0.3 0.9
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The values contained under the principle of Symmetry are one of the seven values 0.3, 0.4, 0.5, 

0.7, 0.8, 0.9, and 1.0; the values for Minimalism can be any of the five values 0.1, 0.2, 0.3, 0.5, and 1.0; 

the values for Cohesion can be any of the six values 0.4, 0.5, 0.6, 0.7, 0.8, and 0.9. The missing data, 

which includes 0.6 for Symmetry and 0.4 for Minimalism, will be estimated and obtained by Linear 

Interpolation when the preference model is established. 

3.2. Stage 3-Construction of the Preference Models  

After the acquisition of aesthetic values of vase forms, the subjects’ preferences for them need to 

be known as well to construct the preference models. The investigation survey of preferences has 

been conducted in the way of questionnaire, and is assisted by the 3D vase model attachment. Before 

the questionnaire was started, the operator especially emphasized that the subjects should exclude 

extra factors such as the functions of vases, matching with flowers, etc. They should carry out the 

preference considerations just based on the form of vases. 

Firstly, subjects were asked to roughly pick their favorite vases from all of the samples, and it 

was especially defined what the so-called “favorite” means: that they are attracted to such a vase at 

the first view, and want to own it. After that, they were asked to pick the vases from those remaining 

which are aversive, where “aversive” means those vases the subjects do not want to own. Finally, 

subjects were asked to identify those vases which were not selected during the two steps of “favorite” 
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The values contained under the principle of Symmetry are one of the seven values 0.3, 0.4, 0.5, 

0.7, 0.8, 0.9, and 1.0; the values for Minimalism can be any of the five values 0.1, 0.2, 0.3, 0.5, and 1.0; 

the values for Cohesion can be any of the six values 0.4, 0.5, 0.6, 0.7, 0.8, and 0.9. The missing data, 

which includes 0.6 for Symmetry and 0.4 for Minimalism, will be estimated and obtained by Linear 

Interpolation when the preference model is established. 

3.2. Stage 3-Construction of the Preference Models  

After the acquisition of aesthetic values of vase forms, the subjects’ preferences for them need to 

be known as well to construct the preference models. The investigation survey of preferences has 

been conducted in the way of questionnaire, and is assisted by the 3D vase model attachment. Before 

the questionnaire was started, the operator especially emphasized that the subjects should exclude 

extra factors such as the functions of vases, matching with flowers, etc. They should carry out the 

preference considerations just based on the form of vases. 

Firstly, subjects were asked to roughly pick their favorite vases from all of the samples, and it 

was especially defined what the so-called “favorite” means: that they are attracted to such a vase at 

the first view, and want to own it. After that, they were asked to pick the vases from those remaining 

which are aversive, where “aversive” means those vases the subjects do not want to own. Finally, 

subjects were asked to identify those vases which were not selected during the two steps of “favorite” 
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The values contained under the principle of Symmetry are one of the seven values 0.3, 0.4, 0.5, 

0.7, 0.8, 0.9, and 1.0; the values for Minimalism can be any of the five values 0.1, 0.2, 0.3, 0.5, and 1.0; 

the values for Cohesion can be any of the six values 0.4, 0.5, 0.6, 0.7, 0.8, and 0.9. The missing data, 

which includes 0.6 for Symmetry and 0.4 for Minimalism, will be estimated and obtained by Linear 

Interpolation when the preference model is established. 

3.2. Stage 3-Construction of the Preference Models  

After the acquisition of aesthetic values of vase forms, the subjects’ preferences for them need to 

be known as well to construct the preference models. The investigation survey of preferences has 

been conducted in the way of questionnaire, and is assisted by the 3D vase model attachment. Before 

the questionnaire was started, the operator especially emphasized that the subjects should exclude 

extra factors such as the functions of vases, matching with flowers, etc. They should carry out the 

preference considerations just based on the form of vases. 

Firstly, subjects were asked to roughly pick their favorite vases from all of the samples, and it 

was especially defined what the so-called “favorite” means: that they are attracted to such a vase at 

the first view, and want to own it. After that, they were asked to pick the vases from those remaining 

which are aversive, where “aversive” means those vases the subjects do not want to own. Finally, 

subjects were asked to identify those vases which were not selected during the two steps of “favorite” 
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12 
 

1.0 1.0 0.9 

13 
 

0.7 0.3 0.5 

14 
 

0.8 0.3 0.6 

15 
 

0.9 0.3 0.5 

16 
 

0.7 0.3 0.5 

17 
 

0.5 0.1 0.7 

18 
 

0.4 0.5 0.6 

19 
 

0.5 0.2 0.6 

20 
 

0.3 0.1 0.9 

21 
 

0.5 0.5 0.6 

The values contained under the principle of Symmetry are one of the seven values 0.3, 0.4, 0.5, 

0.7, 0.8, 0.9, and 1.0; the values for Minimalism can be any of the five values 0.1, 0.2, 0.3, 0.5, and 1.0; 

the values for Cohesion can be any of the six values 0.4, 0.5, 0.6, 0.7, 0.8, and 0.9. The missing data, 

which includes 0.6 for Symmetry and 0.4 for Minimalism, will be estimated and obtained by Linear 

Interpolation when the preference model is established. 

3.2. Stage 3-Construction of the Preference Models  

After the acquisition of aesthetic values of vase forms, the subjects’ preferences for them need to 

be known as well to construct the preference models. The investigation survey of preferences has 

been conducted in the way of questionnaire, and is assisted by the 3D vase model attachment. Before 

the questionnaire was started, the operator especially emphasized that the subjects should exclude 

extra factors such as the functions of vases, matching with flowers, etc. They should carry out the 

preference considerations just based on the form of vases. 

Firstly, subjects were asked to roughly pick their favorite vases from all of the samples, and it 

was especially defined what the so-called “favorite” means: that they are attracted to such a vase at 

the first view, and want to own it. After that, they were asked to pick the vases from those remaining 

which are aversive, where “aversive” means those vases the subjects do not want to own. Finally, 

subjects were asked to identify those vases which were not selected during the two steps of “favorite” 
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The values contained under the principle of Symmetry are one of the seven values 0.3, 0.4, 0.5, 

0.7, 0.8, 0.9, and 1.0; the values for Minimalism can be any of the five values 0.1, 0.2, 0.3, 0.5, and 1.0; 

the values for Cohesion can be any of the six values 0.4, 0.5, 0.6, 0.7, 0.8, and 0.9. The missing data, 

which includes 0.6 for Symmetry and 0.4 for Minimalism, will be estimated and obtained by Linear 

Interpolation when the preference model is established. 

3.2. Stage 3-Construction of the Preference Models  

After the acquisition of aesthetic values of vase forms, the subjects’ preferences for them need to 

be known as well to construct the preference models. The investigation survey of preferences has 

been conducted in the way of questionnaire, and is assisted by the 3D vase model attachment. Before 

the questionnaire was started, the operator especially emphasized that the subjects should exclude 

extra factors such as the functions of vases, matching with flowers, etc. They should carry out the 

preference considerations just based on the form of vases. 

Firstly, subjects were asked to roughly pick their favorite vases from all of the samples, and it 

was especially defined what the so-called “favorite” means: that they are attracted to such a vase at 

the first view, and want to own it. After that, they were asked to pick the vases from those remaining 

which are aversive, where “aversive” means those vases the subjects do not want to own. Finally, 

subjects were asked to identify those vases which were not selected during the two steps of “favorite” 

0.7 0.3 0.5
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Table 2. Cont.

Vase Number Vase Form Symmetry Minimalism Cohesion
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11 
 

0.8 0.3 0.9 

12 
 

1.0 1.0 0.9 

13 
 

0.7 0.3 0.5 

14 
 

0.8 0.3 0.6 

15 
 

0.9 0.3 0.5 

16 
 

0.7 0.3 0.5 

17 
 

0.5 0.1 0.7 

18 
 

0.4 0.5 0.6 

19 
 

0.5 0.2 0.6 

20 
 

0.3 0.1 0.9 

21 
 

0.5 0.5 0.6 

The values contained under the principle of Symmetry are one of the seven values 0.3, 0.4, 0.5, 

0.7, 0.8, 0.9, and 1.0; the values for Minimalism can be any of the five values 0.1, 0.2, 0.3, 0.5, and 1.0; 

the values for Cohesion can be any of the six values 0.4, 0.5, 0.6, 0.7, 0.8, and 0.9. The missing data, 

which includes 0.6 for Symmetry and 0.4 for Minimalism, will be estimated and obtained by Linear 

Interpolation when the preference model is established. 

3.2. Stage 3-Construction of the Preference Models  

After the acquisition of aesthetic values of vase forms, the subjects’ preferences for them need to 

be known as well to construct the preference models. The investigation survey of preferences has 

been conducted in the way of questionnaire, and is assisted by the 3D vase model attachment. Before 

the questionnaire was started, the operator especially emphasized that the subjects should exclude 

extra factors such as the functions of vases, matching with flowers, etc. They should carry out the 

preference considerations just based on the form of vases. 

Firstly, subjects were asked to roughly pick their favorite vases from all of the samples, and it 

was especially defined what the so-called “favorite” means: that they are attracted to such a vase at 

the first view, and want to own it. After that, they were asked to pick the vases from those remaining 

which are aversive, where “aversive” means those vases the subjects do not want to own. Finally, 

subjects were asked to identify those vases which were not selected during the two steps of “favorite” 

0.5 0.1 0.7
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11 
 

0.8 0.3 0.9 

12 
 

1.0 1.0 0.9 

13 
 

0.7 0.3 0.5 

14 
 

0.8 0.3 0.6 

15 
 

0.9 0.3 0.5 

16 
 

0.7 0.3 0.5 

17 
 

0.5 0.1 0.7 

18 
 

0.4 0.5 0.6 

19 
 

0.5 0.2 0.6 

20 
 

0.3 0.1 0.9 

21 
 

0.5 0.5 0.6 

The values contained under the principle of Symmetry are one of the seven values 0.3, 0.4, 0.5, 

0.7, 0.8, 0.9, and 1.0; the values for Minimalism can be any of the five values 0.1, 0.2, 0.3, 0.5, and 1.0; 

the values for Cohesion can be any of the six values 0.4, 0.5, 0.6, 0.7, 0.8, and 0.9. The missing data, 

which includes 0.6 for Symmetry and 0.4 for Minimalism, will be estimated and obtained by Linear 

Interpolation when the preference model is established. 

3.2. Stage 3-Construction of the Preference Models  

After the acquisition of aesthetic values of vase forms, the subjects’ preferences for them need to 

be known as well to construct the preference models. The investigation survey of preferences has 

been conducted in the way of questionnaire, and is assisted by the 3D vase model attachment. Before 

the questionnaire was started, the operator especially emphasized that the subjects should exclude 

extra factors such as the functions of vases, matching with flowers, etc. They should carry out the 

preference considerations just based on the form of vases. 

Firstly, subjects were asked to roughly pick their favorite vases from all of the samples, and it 

was especially defined what the so-called “favorite” means: that they are attracted to such a vase at 

the first view, and want to own it. After that, they were asked to pick the vases from those remaining 

which are aversive, where “aversive” means those vases the subjects do not want to own. Finally, 

subjects were asked to identify those vases which were not selected during the two steps of “favorite” 

0.4 0.5 0.6
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0.8 0.3 0.9 
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1.0 1.0 0.9 

13 
 

0.7 0.3 0.5 

14 
 

0.8 0.3 0.6 

15 
 

0.9 0.3 0.5 
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0.7 0.3 0.5 
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19 
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The values contained under the principle of Symmetry are one of the seven values 0.3, 0.4, 0.5, 

0.7, 0.8, 0.9, and 1.0; the values for Minimalism can be any of the five values 0.1, 0.2, 0.3, 0.5, and 1.0; 

the values for Cohesion can be any of the six values 0.4, 0.5, 0.6, 0.7, 0.8, and 0.9. The missing data, 

which includes 0.6 for Symmetry and 0.4 for Minimalism, will be estimated and obtained by Linear 

Interpolation when the preference model is established. 

3.2. Stage 3-Construction of the Preference Models  

After the acquisition of aesthetic values of vase forms, the subjects’ preferences for them need to 

be known as well to construct the preference models. The investigation survey of preferences has 

been conducted in the way of questionnaire, and is assisted by the 3D vase model attachment. Before 

the questionnaire was started, the operator especially emphasized that the subjects should exclude 

extra factors such as the functions of vases, matching with flowers, etc. They should carry out the 

preference considerations just based on the form of vases. 

Firstly, subjects were asked to roughly pick their favorite vases from all of the samples, and it 

was especially defined what the so-called “favorite” means: that they are attracted to such a vase at 

the first view, and want to own it. After that, they were asked to pick the vases from those remaining 

which are aversive, where “aversive” means those vases the subjects do not want to own. Finally, 

subjects were asked to identify those vases which were not selected during the two steps of “favorite” 
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The values contained under the principle of Symmetry are one of the seven values 0.3, 0.4, 0.5, 

0.7, 0.8, 0.9, and 1.0; the values for Minimalism can be any of the five values 0.1, 0.2, 0.3, 0.5, and 1.0; 

the values for Cohesion can be any of the six values 0.4, 0.5, 0.6, 0.7, 0.8, and 0.9. The missing data, 

which includes 0.6 for Symmetry and 0.4 for Minimalism, will be estimated and obtained by Linear 

Interpolation when the preference model is established. 

3.2. Stage 3-Construction of the Preference Models  

After the acquisition of aesthetic values of vase forms, the subjects’ preferences for them need to 

be known as well to construct the preference models. The investigation survey of preferences has 

been conducted in the way of questionnaire, and is assisted by the 3D vase model attachment. Before 

the questionnaire was started, the operator especially emphasized that the subjects should exclude 

extra factors such as the functions of vases, matching with flowers, etc. They should carry out the 

preference considerations just based on the form of vases. 

Firstly, subjects were asked to roughly pick their favorite vases from all of the samples, and it 

was especially defined what the so-called “favorite” means: that they are attracted to such a vase at 

the first view, and want to own it. After that, they were asked to pick the vases from those remaining 

which are aversive, where “aversive” means those vases the subjects do not want to own. Finally, 

subjects were asked to identify those vases which were not selected during the two steps of “favorite” 

0.3 0.1 0.9

21

Appl. Sci. 2018, 8, x  13 of 25 

11 
 

0.8 0.3 0.9 

12 
 

1.0 1.0 0.9 

13 
 

0.7 0.3 0.5 

14 
 

0.8 0.3 0.6 

15 
 

0.9 0.3 0.5 

16 
 

0.7 0.3 0.5 

17 
 

0.5 0.1 0.7 

18 
 

0.4 0.5 0.6 

19 
 

0.5 0.2 0.6 

20 
 

0.3 0.1 0.9 

21 
 

0.5 0.5 0.6 

The values contained under the principle of Symmetry are one of the seven values 0.3, 0.4, 0.5, 

0.7, 0.8, 0.9, and 1.0; the values for Minimalism can be any of the five values 0.1, 0.2, 0.3, 0.5, and 1.0; 

the values for Cohesion can be any of the six values 0.4, 0.5, 0.6, 0.7, 0.8, and 0.9. The missing data, 

which includes 0.6 for Symmetry and 0.4 for Minimalism, will be estimated and obtained by Linear 

Interpolation when the preference model is established. 

3.2. Stage 3-Construction of the Preference Models  

After the acquisition of aesthetic values of vase forms, the subjects’ preferences for them need to 

be known as well to construct the preference models. The investigation survey of preferences has 

been conducted in the way of questionnaire, and is assisted by the 3D vase model attachment. Before 

the questionnaire was started, the operator especially emphasized that the subjects should exclude 

extra factors such as the functions of vases, matching with flowers, etc. They should carry out the 

preference considerations just based on the form of vases. 

Firstly, subjects were asked to roughly pick their favorite vases from all of the samples, and it 

was especially defined what the so-called “favorite” means: that they are attracted to such a vase at 

the first view, and want to own it. After that, they were asked to pick the vases from those remaining 

which are aversive, where “aversive” means those vases the subjects do not want to own. Finally, 

subjects were asked to identify those vases which were not selected during the two steps of “favorite” 

0.5 0.5 0.6

The values contained under the principle of Symmetry are one of the seven values 0.3, 0.4, 0.5,
0.7, 0.8, 0.9, and 1.0; the values for Minimalism can be any of the five values 0.1, 0.2, 0.3, 0.5, and 1.0;
the values for Cohesion can be any of the six values 0.4, 0.5, 0.6, 0.7, 0.8, and 0.9. The missing data,
which includes 0.6 for Symmetry and 0.4 for Minimalism, will be estimated and obtained by Linear
Interpolation when the preference model is established.

3.3. Stage 3-Construction of the Preference Models

After the acquisition of aesthetic values of vase forms, the subjects’ preferences for them need to
be known as well to construct the preference models. The investigation survey of preferences has been
conducted in the way of questionnaire, and is assisted by the 3D vase model attachment. Before the
questionnaire was started, the operator especially emphasized that the subjects should exclude extra
factors such as the functions of vases, matching with flowers, etc. They should carry out the preference
considerations just based on the form of vases.

Firstly, subjects were asked to roughly pick their favorite vases from all of the samples, and it
was especially defined what the so-called “favorite” means: that they are attracted to such a vase at
the first view, and want to own it. After that, they were asked to pick the vases from those remaining
which are aversive, where “aversive” means those vases the subjects do not want to own. Finally,
subjects were asked to identify those vases which were not selected during the two steps of “favorite”
and “aversive”, i.e., the subjects feel these vases are “common” vases based on their feeling. That is,
the subjects do not especially like nor dislike these vases, but if there were no better vases, the subjects
would still select to own them. The reason for the structure of the selection process is that subjects
have a more definite feeling toward extreme values, which are the group of “favorite” and “aversive”.
Such a selection method is to ensure the accuracy of the preference classifications.

After the rough selections, subjects were then further asked to rank a definite sequence for each
segmentation group, which is from relatively like to relatively dislike. This way the ranking of each
subject for the preference of all vases can be determined. The reason for firstly carrying out rough
preference classifications is to expect a prior compression of the assessment amount for subjects,
which makes the final result even more precise. A schematic of this process is shown in Figure 6.
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Figure 6. Structure of preferences questionnaire.

The preferences of 107 subjects were recorded. The subjects’ ranking of these 21 vase samples are
respectively recorded as P21~P1, which start from the most liked to the most disliked.

Therefore, the relationships between preferences and forms can be understood by means of
conjoint analysis. The aesthetic values of Symmetry, Minimalism, and Cohesion of vases and subjects’
preference ranking were input into the SPSS syntax of conjoint analysis.

The first row of DATA LIST is the definition of data meaning, and it includes the numbers of
1~107, which represent the indices of subjects in the first row. The numbers in the rest of the columns
represent the corresponding vase sequences from P21 to P1, which were ranked by each subject; the
portions of BEGIN DATA to END DATA are namely the data input, which is the questionnaire result;
row 111 is the data of product samples, which contains the aesthetic values of vase forms. This data
was saved in advance as a SPSS file format. The data of DISCRETE in row 112 represents the selection
of preference models. Since subjects’ preference trends in aesthetic principles is still unknown, there is
no presumption in this research; thus, each attribute and level will be viewed as a class variable for
the implementation; the output storage syntax is in row 118, and the part-worth utilities of result can
be obtained.

Each subject’s part-worth utilities for each aesthetic principle value are known from the results.
When the part-worth utility is larger, the degree of influence of theses aesthetic values on subjects’
preference ranking (the ranking for a larger P) is higher. That is, the subjects place more emphasis on
these aesthetic values.

The two values of Pearson’s R and Kendall’s tau can also be obtained from the conjoint analysis.
These values can function as the indices of the effectiveness of prediction. Better prediction also
indicates that an apparent preferences trend exists for each subject toward various types of attributes
and levels. Both of these two indexes are better when they are closer to 1. It is known that most of the
subject’s Pearson’s R and Kendall’s tau values are above 0.8, which are both quite good. This result
proves that every person does have the certain preference models for the forms.

Furthermore, the part-worth utilities of 107 subjects toward the aesthetic values, which were
obtained by the conjoint analysis, are segmented by the hierarchical cluster analysis according to the
sequence similarity, which means those who have similar aesthetic tastes. The cluster method that was
utilized is Within-groups linkage, and the method of measurement is Euclidean distance. The output
tree diagram is shown in Figure 7. To ensure that the construction of preference models can make
the prediction results even more precise, the subjects are divided into the same group only if their
homogeneity reaches the criteria in the cluster analysis. The criteria are shown as dashed lines of
Figure 7. In addition, the obtained clusters are marked in color blocks, forming 6 groups with number
A, B, C, D, E, and F. The other subjects, who are not included in these 6 groups, may possibly have more
unique aesthetic tastes, and are not considered in the following analysis of group preference models.
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Based on the cluster results, arithmetic averages of subjects’ part-worth utilities of each aesthetic
value in each group were calculated to obtain the representative part-worth utilities of each group,
and they were rounded off to the second decimal place. The aesthetic values are, respectively, 0.3, 0.4,
0.5, 0.7, 0.8, 0.9, and 1.0 for Symmetry, 0.1, 0.2, 0.3, 0.5, and 1.0 for Minimalism, and 0.4, 0.5, 0.6, 0.7, 0.8,
and 0.9 for Cohesion. At the same time, the missing data: the part-worth utilities of Symmetry 0.6 and
Minimalism 0.4 for each group was estimated by the Linear Interpolation, as recorded in Table 3.
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Table 3. Average part-worth utilities of each aesthetic value for each group.
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To obtain a better understanding preference trend for each aesthetic value of each group,
the part-worth utilities of each aesthetic value for the six aesthetic groups were drawn as line graphs
in Figures 8–10, based on the data in Table 3.
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4. Discussion

The results of the conjoint analysis of the participants’ preferences indicated 6 groups of different
preferences for vase forms. The figure of preference models can by analyzed by the improved Kano
model. The overall utility value can be obtained by summing up the part-worth utility values in order
to determine the ranking of each group’s preference of vase forms.

4.1. Group A

No apparent trend exists for Group A’s preference of vase symmetry. Its figure of preference model
contains 6 line segments, which are respectively the one-dimensional quality between 0.3~0.4, reverse
quality between 0.4~0.5, reverse must-be quality between 0.5~0.7, one-dimensional quality between
0.7~0.8, reverse quality between 0.8~0.9, and one-dimensional quality between 0.9~1.0. The correlation
between the part-worth utility values and the values of Symmetry resonates to a larger extent. It is
known from the curve that the part-worth utility value is much larger when the value of Symmetry 0.4.

The correction for the Minimalism preference is positively proportional. That means the
part-worth value increases with a higher value of Minimalism. It behaves toward one-dimensional
quality but drops a bit when approaching the extreme Minimalism of 1.

The curve of the Cohesion preference model includes 4 line segments, which are respectively the
inverse must-be quality between 0.4~0.6, one-dimensional quality between 0.6~0.7, reverse attractive
quality between 0.7~0.8, and positive attractive quality between 0.8~0.9. In general, the part-worth
utility values are positive for high Cohesion (above 0.7) and negative for low cohesion (below 0.6).
It is known that the participants prefer vase forms of higher level of cohesion. However, the highest
part-worth utility value occurs at the cohesion value of 0.7.

4.2. Group B

Group B’s preference for Symmetry has a peak at 0.7 and it increases in the range of 0~0.7 and
decreases beyond 0.7. The part-worth utility value increases in both segments, but has two peaks at
0.8 and 0.4, respectively. Therefore, the figure of preference models is composed of 4 line segments
which are the positive must-be quality between 0.3~0.4, reverse must-be quality between 0.4~0.7,
one-dimensional quality between 0.7~0.8, and reverse attractive quality between 0.8~1.0. It is known
that Group B presents a trend of preference for higher values of Symmetry (above 0.8), since the
part-worth utility values are positive.

Group B’s preference for Minimalism is similar to Group A, which indicates a positively
proportional correlation. However, the extent of the increasing trend drops dramatically when
approaching the extreme Minimalism value of 1.

There is no apparent pattern for Group B’s Cohesion. The figure of preference model comprises
5 line segments, which are the positive attractive quality between 0.4~0.5, reverse quality between
0.5~0.6, one-dimensional quality between 0.6~0.7, reverse quality between 0.7~0.8, and positive
must-be quality between 0.8~0.9. It is known that the part-worth utility value for the Cohesion value
of 0.5 is much larger than other ranges.

4.3. Group C

The pattern of Group C’s preference for the three aesthetic principles is obvious. For the principle
of Symmetry, the preference model presents a reverse quality, despite minor changes in the slopes in
the segments of 0.3~0.4 and 0.7~0.8, which present a positive attractive quality and reverse attractive
quality, respectively. However, this does not affect Group C’s general reverse quality pattern for
Symmetry. They prefer a lower level of Symmetry between (0.3, 0.4) and the part-worth utility value
decreases with larger values of Symmetry.

Group C’s preference model for Minimalism includes two line segments that have
a one-dimensional quality between 0.1~0.2 and a reverse quality between 0.2~1.0. It is known that
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they prefer a Minimalism value of 0.2 and the difference form the part-worth utility values of the other
values of Minimalism is apparent.

Group C’s preference model of Cohesion includes two line segments, which are the reverse
must-be quality between 0.4~0.5 and one-dimensional quality between 0.5~0.9. The Cohesion value of
0.5 forms a trough, with enhanced preference with both increasing and decreasing values of cohesion.
Group C’s preference is enhanced, apparently, with increasing values of cohesion. The overall utility
values of these 21 vase forms are summed up from the part-worth utility values in order to determine
the ranking of Group C’s preference.

4.4. Group D

There is no apparent pattern of Group D’s preference for Symmetry. The figure of preference
models contains 6 line segments, which are, respectively, reverse attractive quality between 0.3~0.4,
attractive quality between 0.4~0.5, reverse attractive quality between 0.5~0.7, attractive quality between
0.7~0.8, reverse attractive quality between 0.8~0.9, and attractive quality between 0.9~1.0. The turning
point of the curve is at the Symmetry value of 0.7, with a symmetrical pattern of the part-worth utility
values on both sides. It is known that Group D presents an apparent preference trend at the extreme
values of Symmetry at (0.3, 1.0).

Group D’s preference model of Minimalism contains two line segments which are respectively the
reverse quality between 0.1~0.2 and between 0.2~1.0. It is known that the preference for Minimalism is
apparent at extreme values with positive part-worth utility values except for 0.2.

Group D’s preference model of Cohesion contains three line segments despite of the fact that the
overall part-worth utility values are positive. These line segments include the reverse attractive quality
between 0.4~0.6, attractive quality between 0.6~0.8, and a reverse attractive quality between 0.8~0.9.
Despite of some changes in the slope, the difference is minor in the range of 0.4~0.7. The part-worth
utility values are generally the same. However, an apparent enhancement of their preference occurs at
0.8, while the preference decreases beyond 0.9.

4.5. Group E

Group E presents one-dimensional quality toward the overall Symmetry. Their preference is
enhanced with a higher degree of Symmetry. However, the part-worth utility values slightly decreases
between 0.4~0.5 and 0.8~0.9, which indicates a reverse must-be quality and reverse attractive quality.
However, the trend for higher preference at a higher degree of Symmetry still holds.

The figure of preference models for Minimalism can be divided into two segments, which include
the positive attractive quality between 0.1~0.2 and the reverse quality between 0.2~1.0. This indicates
that Group E’s preference shows a similar trend as Group C’s. The peak occurs at 0.2, as well, and
their preference decreases with both increasing and decreasing values of Minimalism.

Group E’s preference model for Cohesion comprises five line segments which are, respectively,
the attractive quality between 0.4~0.5, reverse quality between 0.5~0.6, one-dimensional quality
between 0.6~0.7, reverse quality between 0.7~0.8, and must-be quality between 0.8~0.9. The trend is
similar to that of Group B, while no apparent pattern exists. However, as compared to other values of
Cohesion, a clear preference still exists between 0.4~0.5.

4.6. Group F

No apparent trend exists for Group F’s preference model for Symmetry. Variations in the slope
of the trend line are apparent. There are six line segments, which include the one-dimensional
quality between 0.3~0.4, reverse quality between 0.4~0.5, reverse must-be quality between 0.5~0.7,
one-dimensional quality between 0.7~0.8, reverse quality between 0.8~0.9, and one-dimensional quality
between 0.9~1.0. It is known that the part-worth utility values are higher at 0.4 and 0.8, while the
part-worth utility values are negative in other ranges.



Appl. Sci. 2018, 8, 1199 21 of 24

Group F’s preference for Minimalism has a peak at 0.2 and the part-worth utility value decreases
when the value of Minimalism is larger or smaller than 0.2. The trend indicates positive attractive
quality between 0.1~0.2 and reverse quality between 0.2~1.0. Although Group F’s degree of preference
at 0.1 is smaller than that at 0.2, the part-worth utility value is still positive. This indicates that Group
F prefers vase forms of lower degree of Minimalism.

Group F’s preference for Cohesion comprises four line segments, which are, respectively,
the reverse must-be quality between 0.4~0.6, one-dimensional quality between 0.6~0.7, reverse
attractive quality between 0.7~0.8, and positive attractive quality between 0.8~0.9. This trend indicates
a trough at the Cohesion value of 0.6, with enhanced degree of preference for both increasing or
decreasing values of cohesion. The part-worth utility value indicates a higher degree of preference
at higher values of Cohesion. However, the increase is not proportional, and the peak occurs at the
Cohesion value of 0.7.

The overall utility values of these six groups toward 21 vase forms are shown in Figure 11 in the
form of a bar chart, which reveals the difference in the preferences of these six groups.
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5. Conclusions

The investigation in this study is based on a hypothesis that a particular rule exists in the
form principles of the product form that is preferred by a consumer. Due to the difference in
consumer preferences, consumers can be classified into various groups of different aesthetic tastes.
The implementation of designs can be conducted based on each group’s preference differences in
aesthetic principles. Product styles which are thus created can better comply with the preference model
of the target group. This approach embodies the design differentiation of product styling. Moreover,
during the very beginning of the design phase, the concept of reverse engineering can be applied to
a preliminary design that has not entered the phase of mass production in order to determine whether
a shape design meets the preference of the target group. This approach provides designers with a basis
of improving shape designs.

The hypothesis of this study is verified by the investigation of vase forms that are selected in
the case study. A rational and objective model of evaluating the elements of vase forms by aesthetic
measures is applied to the investigation. The results can be combined with consumer preferences by
the conjoint analysis for further investigations. The correlation between vase form constructions and
consumer preferences is investigated by a conjoint analysis.

Based on the results, the applicable aesthetic principles of vases include Symmetry, Minimalism,
and Cohesion. Moreover, the resulting values of the two indices Pearson’s R and Kendall’s tau in the
conjoint analysis indicated that the subjects exhibited certain preference models when choosing the
preferred form of vases. Subsequent to this finding, the concept of market segmentation was utilized
by the cluster analysis to divide the subjects into 6 groups with different aesthetic perceptions based on
the differences in the part-worth utilities perceived by the subjects on the 3 types of aesthetic principles.
Each group’s figure of form preference models was built in order to determine the aesthetic preferences
of the subjects. Based on the preference models, the design of vase forms can be further improved
by focusing on the aesthetic measures that are preferred by the target group in order to meet their
aesthetic tastes.

The conventional thinking of one-dimensional quality in some existing aesthetic studies can be
overcome with the proposed approach. Various aesthetic principles and measures can be viewed as
the criteria of assessing vase forms by integrating them into the investigation of consumer preferences.
Each subject’s preference model on the form construction of vases can be determined by the conjoint
analysis. The figure of preference models can be built based on the part-worth utilities of each aesthetic
measure perceived by each subject. The segmentation of subjects is directly conducted according to
their aesthetic tastes and preference perceptions. The concept of reverse engineering is also introduced
into this approach for the earlier prediction of the preference measures of each group on the vase forms
according to the figure of each group’s preference models. The design of vase forms is guided into
the right direction based on the preference models that are determined by this approach. More new
vase forms that are preferred by the target group can be created by adjusting the influencing physical
parameters from the aspect of each aesthetic principle.
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