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ABSTRACT 

Improving product attractiveness and usability has become a new direction of product 

design. In the past, the functional aesthetics pursued in product design was gradually 

replaced by emotional experience. The new usability is transformed into positive 

emotional needs. As an emotion type with research value in positive emotion, 

pleasant emotion has gradually become a new usability issue in emotional design. 

Therefore, the construction of product form pleasant emotion evaluation system helps 

designers to develop products that meet market orientation according to the 

combination of aesthetic experience and pleasant design evaluation system. Under 

the guidance of emotional design theory, through the systematic research of pleasure 

design, combined with aesthetic pleasure criteria and aesthetic principles, this study 

constructs a product pleasure evaluation system. A new research method and 

systematic evaluation scheme are proposed for the future product design research in 

the context of pleasant emotion. 

Keywords: Product design, Aesthetic principles, Emotional design, Fuzzy-DM 

Applied Human Factors and Ergonomics International 

Intelligent Human Systems Integration (IHSI 2022): Integrating People and Intelligent Systems 
https://openaccess.cms-conferences.org/#/publications/book/978-1-7923-8988-7



 

 

INTRODUCTION 

Pleasant emotion is one of human positive emotions. Is a positive emotional state 

(Norman, D. A. 2004), which is the focus of psychologists. Because pleasant emotion 

is closely related to people's life, pleasant emotion is also the key research direction 

of designers in industrial design. With the advent of the era of product design 

experience, the change of form obeying emotion is at the forefront of product design. 

In the process of gradual improvement of material life, consumers' emotional needs 

are also gradually increasing. Products can affect people's emotions and bring people 

happiness, anger, safety, anxiety and other emotions (Marzano, S. 1998). Products 

can arouse consumers' positive or negative emotions (Desmet, P. M. A. 2012), and 

positive emotions have a pleasant effect. Positive emotion can increase the purchase 

rate of products and make products discussed in a positive way (Desmet, P. M. A. 

2010). Pleasure design has become a new human factor, indicating that the pleasure 

perceived by consumers from products will affect the purchase decision (Jordan, P. 

W. 2000). In the product experience, consumers' positive emotions can trigger 

purchase intention (Pham, M. T. 1998) and repurchase intention (Westbrook, R. A. 

and Oliver, R. L.,1991). Many studies also show that today's product design can not 

only focus on function, but also pay more attention to emotional feelings and positive 

emotions obtained in product experience. Consumers also begin to focus on the added 

value of products, hoping that products will bring pleasure, wealth and more value to 

their lives (Lewis, D. and Bridger, D.,2001). Consumers can get positive emotion and 

fun from the shape and appearance of the product (Creusen, M. and Snelders, 

D.,2002). In the initial stage of product design, designers should consider the pleasant 

emotion. This new human factor, based on usability, breaks through and surpasses 

usability, so as to make the product more experiential and attractive. This paper 

proposes a visual cognition oriented product pleasure evaluation design method, and 

uses fuzzy Delphi method to establish the evaluation index of aesthetic principle and 

pleasure degree. Based on the user's visual cognition and emotional needs, the product 

form design evaluation method is established to make the product form design more 

in line with the perceptual cognition. 

RELATED WORKS 

Pleasure Emotion Design Theory 

Emotion belongs to the category of emotional psychological activities. In the initial 

study of positive emotion, Immanuel Kant (Immanuel Kant. 2005) divided pleasant 

emotion into two forms: rational pleasure and perceptual pleasure. Perceptual 

pleasure comes from sensory system (vision, hearing, touch, smell and taste). 

Rational pleasure is a deep emotional reflection. Seligman divides happiness into: 1. 

Body pleasures, for example, obtained through instinctive eating. 2. Higher pleasures. 

Through sensory transmission and psychological reflection, physical pleasure 
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belongs to higher pleasure, which is guided by cognition. 3. Gratifications. Through 

a higher level of psychological cognition (Wen-Chih Chang and Tyan-Yu Wu, 2009). 

Tiger makes an in-depth study on human pleasure based on the research results of 

psychologist Mihaly Csikszentmihalyi, summarizes the framework of pleasure 

acquisition, and puts forward four types of pleasure (physical pleasure, social 

pleasure, psychological pleasure and ideology) (Lionel Tiger. 2010). On the basis of 

Tiger's theoretical framework, Jordan extended pleasure to product design and 

pointed out that pleasure is a relational emotion between consumers and products. 

Pleasure products are the combination of emotional, happy and practical interests 

conveyed by products to consumers (P. W. 1998). Norman believes that pleasure is a 

positive emotional state under the synergistic action of beauty, happiness and fun. 

Based on the demand hierarchy theory proposed by psychologist Maslow AH. 

(Maslow AH. 1970), he uses the neurobiological emotional framework to put forward 

three-level theories for product emotional design: instinct level, behavior level and 

reflection level, and puts forward the importance of emotion in design decision-

making. Desmet P.M.A. (Desmet, P. M. A. 2010) integrated Jordan's pleasure method 

and Norman's three-level emotional framework to explore the attraction of emotional 

products at three levels According to consumers' emotional reactions to products, a 

product emotional design method and nine product emotional sources are proposed, 

and the pleasure is evaluated. Based on the aesthetic experience of product design, 

Paul Hekkert (Hekkert P. 2006) puts forward four principles of pleasure design, 

which further explains that consumers' pleasure of products is the joint action of 

demand, aesthetics and experience, and is also in step with Norman's three-level 

theory. Tyan-Yu Wu (Tyan-Yu, Wu et al. 2017) used the unity in aesthetics as the 

starting point to study, and came to the conclusion that the consistency of products 

can affect consumers' emotion, and the high consistency of product form can arouse 

greater pleasure. 

In this study, consumers' pleasure from product appearance is taken as the research 

direction. After integrating the pleasure design theory in the field of product design, 

it is found that there are many overlapping parts between the theories. Combined with 

the common characteristics of the above theories, this study considers that Norman's 

emotional theory is more in line with the needs of the research theory, and studies the 

visual aesthetic pleasure as the main way to stimulate the sense of pleasure. 

Ways to Produce Pleasure 

Pleasure design is a branch of emotional design. Pleasant emotion is one of the main 

positive emotions of human beings. The general mode of emotion is divided into four 

progressive parts: stimulation, experience, awakening and behavior (Zhaolan Meng. 

2005). The arousal to the end of emotion is not a single processing program of the 

brain, but a coherent processing program of the brain and psychology triggered by 

stimuli. The more important the stimulus is to the function of the human system, the 

higher the relative emotional value. Based on the theory of emotional psychology, it 

can be concluded that human pleasure is roughly generated by two ways: 1. The 
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senses are stimulated by external things, which leads to more direct positive emotions, 

forms a rapid cognitive chain, and enables the brain to quickly generate pleasant 

emotions. 2. Through human memory or self-recognition experience, self-recognition 

and processing of things touched can stimulate the cerebral cortex to produce positive 

emotions. Release chemicals that make yourself happy, creating a sense of pleasure. 

Therefore, we can conclude that in the field of product design, the way to produce 

pleasure is to bring physical direct pleasure after the senses receive the product shape 

stimulation and experience stimulation. Then, it carries out cognition through nerve 

transmission to the brain to produce positive psychological and cognitive pleasure. 

Aesthetic Pleasure 

Aesthetics initially refers to sensory perception and perceptual knowledge, and later 

gradually developed into the satisfaction of sensory pleasure (Goldman, A. 2001). 

The premise of aesthetic pleasure is that aesthetics plays a role. The appearance of 

product modeling is designed to meet our senses. When consumers see a product, 

aesthetics will affect consumers' first feeling of the product, and will evaluate the 

product according to their own aesthetic experience (Hagtvedt, Henrik and V. M. 

Patrick, 2008). Aesthetics restricts the form of products and affects the decision-

making process of consumers from sensory cognition to the whole aesthetic 

judgment. Thomas Aquinas mentioned that people re recognize the impression of 

things obtained by internal feeling and external feeling, and feel pleasure through the 

beauty of things themselves (Boas. George and Russell. Bertrand, 1947). This shows 

that in the process of human cognition of things, beauty society brings more pleasant 

emotions, and a relationship link is formed between aesthetics and cognition. 

Aesthetics is not only a key factor affecting product design, but also a prerequisite for 

aesthetic pleasure at the level of emotional cognition. 

Aesthetics has always been a theory constantly discussed in the design field, and 

aesthetics plays a vital role in design. As a perceptual science, aesthetics comes from 

human emotional cognition from the perspective of epistemology, which belongs to 

psychological cognition. Human beings have the concept of beauty from the 

generation of beauty. Therefore, the source of beauty and human cognition cannot be 

discussed separately. How to trigger beauty in the process of human sensory cognition 

has also become one of the entry points of aesthetics. In the study of aesthetics in the 

field of science, Allesch defined aesthetics as sensory experience science. Norman 

has also been committed to how to transform the aesthetic feeling at the sensory level 

into the pleasure at the reflective level (Norman, D. A. 2004). Leder put forward the 

aesthetic judgment model in the theory of psychology. In this model, the aesthetic 

experience is divided into five stages and two types of output (aesthetic emotion and 

aesthetic judgment), and the aesthetic cognition and ordinary cognition are made 

separately. Emphasize the importance of cognitive judgment to art cognition (Leder 

H et al. 2011). In the field of neuroscience and psychological cognition, aesthetic 

cognition has been recognized as having multimodal function (Schifferstein, Hendrik. 

2008). These studies show that aesthetic cognition is an important process of human 
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psychological activities. With consumers' attention to product beauty and the 

development of cognitive psychology, aesthetic cognition has become a 

comprehensive research approach integrating emotional cognition, value judgment, 

decision-making and implementation. 

Psychological research shows that pleasant emotion is a psychological reaction 

caused by aesthetics. Consumers' aesthetic demand for products affects instinctive 

emotional experience. Aesthetic form plays a role in awakening human aesthetic 

cognition (Ingarden, R. 1961). Aesthetic form, also known as aesthetic principle, is a 

relatively common aesthetic theory (Seeley, W. P. 2013), such as consistency, 

balance, order, diversity and typicality, which provides basic principles for human 

aesthetic cognition. Aesthetic principle is the reference principle for designers to 

design products. It plays an important role in product design. Aesthetic principles can 

make in-process products better interact with consumers and drive the generation of 

positive emotions. It can be seen that aesthetic principles are closely related to 

pleasure design. On the one hand, the aesthetic principle determines the aesthetic 

degree of product modeling, on the other hand, it stimulates consumers to produce 

emotional changes through product modeling. Therefore, aesthetic principles can be 

used to evaluate the pleasure of product modeling in design. 

ESTABLISHMENT of PLEASURE DESIGN 

EVALUATION SYSTEM BASED ON FDM 

Fuzzy Delphi Method 

When setting evaluation indexes in pleasure design, it is necessary to screen the 

indexes. Because the evaluation indexes are complex and can not accurately evaluate 

the design system, it is necessary to use Delphi method to determine the evaluation 

indexes. The traditional Delphi method solicits expert opinions anonymously, and 

needs to be investigated for many times to achieve the unity of expert opinions. There 

is a certain fuzziness, which will lead to the deviation of evaluation results. Therefore, 

on this basis, Fuzzy Delphi method (FDM) (Murray, T. J. et al. 1985) is used to solve 

the problem. Fuzzy Delphi method is a method to deal with complex evaluation 

indexes and evaluate the construction of optimal indexes. FDM applies fuzzy theory 

to Delphi method, which can effectively reduce the number of investigations and 

improve the accuracy (Ishikawa, Akira, et al. 1993). This study quantitatively 

screened the product pleasure emotion indicators through FDM method, and finally 

determined the aesthetic principles and pleasure design evaluation system. 

Determining of Evaluation Index for Pleasant Design 

Aesthetic principle is the key factor affecting product pleasure, and it is most 

appropriate to take it as an evaluation index. After sorting out the existing aesthetic 
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principles, it is found that there are many problems, such as large number, unclear 

field, high repeatability and weak pertinence. This study combs the literature related 

to aesthetics. Combined with the modern product aesthetics research theory, the 

aesthetic principles in the product field (Pham, B. L. 1999) are summarized as follows 

Table 1: 

 

Table 1: Analysis on the Factors of Aesthetic Principles 

Aesthetic principles Composition and analysis 

Unity 
Product elements are arranged tightly, similar elements are 

used, form is unified, and visual integrity. 

Rhythm 
The repeated use of product form line and curve elements, and 

the repetition of similar forms. 

Balance The degree of axial symmetry and stability of product form. 

Simplicity 

Product form composition, feature quantity, constituent 

element quantity, size range, quantity of different line 

composition, and quantity of line direction. 

Proportion 
Proportion of product constituent elements, proportion of 

overall shape and line size. 

Order 
The design of product components is reasonable, the layout is 

stable, organized and regular. 

Comfortable 
The product element composition conforms to ergonomics, the 

design is appropriate and the visual feeling is comfortable. 

Alternation The lines are directional and form a morphological contrast. 

Harmonize The layout of design elements is reasonable and balanced. 

Take the above nine product aesthetic principles as the evaluation indexes of pleasure 

design, and further screen the indexes according to the Fuzzy Delphi method. 

Establishing Expert Evaluation Triangular Fuzzy Number 

According to the indicators determined in 3.2, an expert questionnaire survey was 

conducted, and the scores were divided into 10 grades. The higher the score, the more 

important the indicator is. The capsule coffee machine was selected as the model of 

the test product, and a total of 96 samples were collected (Individual samples are 

shown in the Figure 1. The expert cognitive triangular fuzzy number (TFN) was 
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established according to the survey scale. The DM evaluation of evaluation scale 

index n is divided into two parts: conservative cognition and optimistic cognition, 

which are expressed by  𝐶n and 𝑂𝑛 respectively. 

 

Figure 1. Excerpts from sample sets 

 

As shown in Figure 2, let the conservative cognitive triangular fuzzy number of index 

𝑛 be formula 𝐶𝑛 = (𝐶𝑀𝑖𝑛
𝑛 , 𝐶𝑀𝑖𝑑

𝑛 , 𝐶𝑀𝑎𝑥
𝑛 ), and the optimistic cognitive triangular fuzzy 

number be formula 𝑂𝑛 = (𝑂𝑀𝑖𝑛
𝑛 , 𝑂𝑀𝑖𝑑

𝑛 , 𝑂𝑀𝑎𝑥
𝑛 ) ,  where 𝐶𝑀𝑖𝑛

𝑛  and 𝑂𝑀𝑖𝑛
𝑛  are the 

minimum values of conservative cognition and optimistic cognition, and 𝐶𝑀𝑎𝑥
𝑛  and 

𝑂𝑀𝑎𝑥
𝑛  are the maximum values of conservative cognition and optimism. Formulas 

𝐶𝑀𝑖𝑑
𝑛  and 𝑂𝑀𝑖𝑑

𝑛  are geometric averages of cognitive values. The overlapping area 

between TFN is gray, represented by 𝑍𝑛. Formula 𝑍𝑛 is used to calculate the expert 

consensus. If there is no overlapping area between two TFNs, it proves that there is 

no ambiguity in the expert opinion. 

 

Applied Human Factors and Ergonomics International 

Intelligent Human Systems Integration (IHSI 2022): Integrating People and Intelligent Systems 
https://openaccess.cms-conferences.org/#/publications/book/978-1-7923-8988-7



 

 

Figure 2. Two triangular fuzzy numbers. 

 

According to FDM calculation rules: 

𝑍𝑛 = 𝐶𝑀𝑎𝑥
𝑛 − 𝑂𝑀𝑖𝑛

𝑛  (1) 

𝑀𝑛 = 𝑂𝑀𝑖𝑑
𝑛 − 𝐶𝑀𝑖𝑑

𝑛  (2) 

If 𝑍𝑛 ≤ 𝑀𝑛, it means that the opinions of the experts are unanimous. If 𝑍𝑛 ≥ 𝑀𝑛, 

repeat the investigation until the result tends to converge. 

Let formula 𝐺𝑛 be the consensus degree of experts, then: 

𝐺𝑛 = arg max 𝜇𝑍(𝑥)  (3) 

Where 𝜇𝑍(𝑥) represents the membership function of triangular fuzzy function 𝑍𝑛. 𝐺𝑛 

is the recognition value that maximizes 𝑍𝑛. the greater the value, the higher the expert 

consensus and the higher the importance of the index. The geometric mean of 𝐺𝑛 is 

the index threshold. 

The statistical results obtained after FDM are shown in Table 2: 

Table 1: FDM calculation results 

Evaluation 

index 

(Aesthetic 

principles) 

𝑶𝒎𝒂𝒙
𝒏  𝑪𝒎𝒂𝒙

𝒏  Gray - Zone Consensus 

𝑂𝑀𝑖𝑛
𝑛   𝑂𝑀𝑖𝑑

𝑛    𝑂𝑀𝑎𝑥
𝑛    𝐶𝑀𝑖𝑛

𝑛      𝐶𝑀𝑖𝑑
𝑛      𝐶𝑀𝑎𝑥

𝑛  𝑍𝑛 𝑀𝑛 𝐺𝑛 

Unity 7    8.65   10 3    6.27   8 1 2.38 7.46 

Rhythm 8    8.70   10 4    6.45   8 2 2.25 7.56 

Balance 4    5.56    8 1    2.66   6 2 2.91 4.11 

Simplicity 6    8.00   10 2    5.62   8 2 2.38 6.81 

Proportion 4    6.07    9 1    3.28   6 1 2.79 4.67 

Order 5    7.53   10 3    5.16   8 2 2.37 6.34 

Comfortable 7    8.25   10 3    5.81   9 1 2.44 7.03 

Alternation 4    5.67    7 1    2.74   8 1 2.93 4.21 

Harmonize 6    7.98   10 4    5.95   8 2 2.03 6.97 

Suppose the threshold value is T, and the threshold value T = 5.97 can be calculated 

according to the analysis results of Table 2. If 𝐺𝑛T, the index meets the evaluation 

requirements. If 𝐺𝑛＜T, the index does not meet the screening requirements and 
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should be eliminated. Through the analysis of the results, it is finally determined that: 

unity, rhythm, simplicity, order, comfortable and harmonize are the evaluation 

indicators for pleasant design.  

CONCLUSIONS 

The generation of pleasant emotion is closely related to the aesthetic principles of 

product form. Using the aesthetic principles as the evaluation system can well reflect 

the degree of product pleasure. Due to the large number of aesthetic principles and 

lack of pertinence, it is necessary to screen them by experts. Delphi method can 

scientifically screen the evaluation indicators. Because there is a certain fuzziness 

between the scores of experts, it is necessary to de fuzziness them. Fuzzy Delphi 

method can determine the rationality of evaluation index more effectively than 

traditional Delphi method, and shows a certain effectiveness. After fuzzy operation, 

the accuracy of evaluation indexes is improved, which ensures the scientificity and 

objectivity of various indexes, and provides a reliable evaluation system for the 

pleasant evaluation of product design. 
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