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Abstract 

It is expected that the flexible display will provide various physical forms of the 

interface through its bendable, rollable or foldable characteristics without any damage 

and these forms are considered as the core factors to deliver user experiences in the 

interface. In this study, we determined the ways of utilization of the form factors in the 

design phase of the user experience by analyzing the effectiveness of the flexible display’s 

form factors to each and every user experience type through a survey. The analyzed user 

experiences are Functionality, Understandability, Pleasure, Convenience, Familiarity, 

Stimulation, Adaptability, Collectivity, Reality, and Aesthetic; the results showed that 

each user experience type has a different level of effectiveness of the form factors. This 

indicated that particular user experiences and certain form factors are related and 

implies that the designer can use certain form factors to express particular user 

experiences. 
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1. Introduction 

With a new user environment being introduced such as IOT, Wearable, development of 

the new applicable display devices is in progress with the Flexible Display as the 

representative result. The Flexible Display is bendable and unbreakable and according to 

its flexibility realization degrees, it can be classified as Curved Display, Bendable 

Display, Rollable Display, Foldable Display, and Stretchable Display [1]. 

Such flexible displays‟ introductions facilitate several changes in design activities. 

Traditionally, the designers have had restrictions in terms of their role when designing flat 

displays, being able to design the parts alone while excluding the display device. 

However, bendable, foldable or rollable flexible displays have enabled the designers to 

create new user experiences [2]; however, the designers still have difficulties using them. 

New techniques or devices provide new opportunities and at the same time, barriers to the 

designers. Especially, lack of relevant knowledge or experience in using them, create 

obstacles for designers [3]. Therefore, it is an important phase to understand and 

experience flexible displays in various aspects. Particularly, considering bendable flexible 

display‟s characteristics, understanding the changes of the user experiences by its physical 

form is imperative, since it is needed to provide objective understanding of which form 

factors can be used when designing the flexible display interface to extract a certain 

experience that meets the users‟ expectation. 

In this study, by examining the effectiveness of the user‟s expected experience types 

[4] using the suggested flexible display‟s form factors in the preceding research [1], form 

factors and their form factor values that can be used in the user experience designs are 

derived. 
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2. Flexible Display’s Form Factors and User Experience 

The flat display provides the output results on a screen with graphic changes; whereas 

in contrast, flexible displays allow the user to directly input the data with multi-touch or 

both hands gestures and their characteristics can be defined by the interfaces that make 

physical form‟s deformation according to the output results [5]. These characteristics have 

led to discussion of the purpose of the form expression and deformation of the interface 

that carries flexible displays. 

Rasmussen et al. [3] reported the interface‟s form changes to show different user 

experiences and also discussed that the changes are for functional and hedonic 

experiences through 44 case studies. Their studies are only sketchy assessments and 

limited to the workshops or exhibition cases, but they have highlighted the necessity of 

the conceptualization of the relationship between the interface‟s form types and the user 

experiences. 

The studies about the interface that take into account the flexible display‟s technical 

characteristics appeared around 2000, and suggest different kinds of flexible display‟s 

forms, such as a desk form that is bent in 90 degrees [6], a cylindrical form that can be 

seen by many in public [7], a spherical form that can be seen in 360 degrees [8], a form 

that can be broaden by unrolling like a toilet paper [9], a form that can be folded in many 

different ways like a piece of paper [10], and a more complicated form like an umbrella or 

a folding fan [11]. A form, in terms of design, is a comprehensive concept of a structure 

that composes the whole and is composed of form factors that can be exclusively 

classified by physical characteristics. Thus, an analytical approach is required by 

classifying the values of the form factor‟s quantity or quality (or specific criteria) that 

change the physical forms [12].  

Design studies regarding the relationship between the form and the user experience 

provide a more detailed discussion on the examples of attempts to measure the user 

experiences by the form factor values. These studies focused on the form factors that have 

significant effects on the user experiences and suggest the appropriate level of form 

factors to deliver intended user experiences by adjusting the various shapes [13], 

flexibility [14], sizes [15], structure and quantify of the surfaces [16] of the display. 

These discussions show that the flexible display‟s physical forms act as a point of contact 

to deliver the user experiences; in addition, the designers should understand how the user 

recognizes the display‟s physical form and relates it to specific user experiences. 

Currently, the relationship between the flexible display‟s forms and the user experiences 

are studied based on the researcher‟s interpretation or case studies only for certain types 

of experiences. A methodical and thorough study is essential for general purposes. 

 

3. User Survey 

In this study, a user survey was conducted to derive the relationship between the 

flexible display‟s form factors and the user experiences. By setting the flexible display‟s 

form factor values and the expected user experience types established in the previous 

studies as the variables, the effectiveness of the form factor values to the user experience 

types were examined. 

 

3.1. Flexible Display’s Form Factors 

According to the results of the previous studies [1], flexible display‟s form factors can 

be classified as Shape, Flexibility, Size, Multi-surface, Texture, and Transparency, and 

their form factor values are established accordingly, as shown in Table1. These form 

factor values are used as independent variables in this study.  
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Table 1. Flexible Display’s Form Factors and Form Factor Values 

Form Factor Values (with description/classification & examples) 

Shape 

 

Flexibility 

 

Size 

 

Multi-Surface 

 

Texture 
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Transparency 

 

 

3.2. Flexible Display’s User’s Expected Experience 

According to the previous studies that researched the expected user experiences from 

the interface that used flexible displays [4], altogether 10 types are derived: functionality, 

understandability, pleasure, convenience, familiarity, stimulation, adaptability, 

collectivity, reality, and aesthetic. Their definitions are shown in Table2. The 10 types of 

user experiences were used as independent variables in this study.  

Table 2. 10 Types of User’s Expected Experiences from Flexible Display 

Type Definition 

Functionality 

An experience where information and functions provided in the 

flexible display interface are appropriate to its physical characteristics 

and where it can be easily carried along and safely used due to its 

unbreakableness 

Understanda

bility 

An experience where the user can easily learn the new usage of the 

flexible display interface and understands the usage conditions 

correctly to  ensure its use 

Pleasure 
An experience where the user can play the flexible display interface 

with interest and derive mental and physical pleasure 

Convenience 

An experience where the user can easily use the flexible display 

interface and its conditions are automatically customized and wearable 

when applicable so that the user can use is more easily 

Familiarity 
An experience where the user can naturally operate the flexible display 

interface by recognition of the past experiences or by instincts 

Stimulation 

An experience where the flexible display interface reacts to the tactile 

action immediately and shows the user how to react naturally and 

derive pleasure 

Adaptability 

An experience where the flexible display interface changes 

appropriately to a certain condition or environment and allows the user 

to solve the physical problem and maintain financial feasibility 

Collectivity 
An experience where more than two users work together and share the 

information effectively using the flexible display interface 

Reality 

An experience by the user of psychological and perceptual reality in 

harmony with the real environment when using the flexible display 

interface 

Aesthetic 
An experience where the user can be emotionally satisfied due to the 

aesthetic excellence of the flexible display interface 
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3.3. User Survey Process and Results 

A survey to measure the user experiences by the flexible display‟s form factor values 

was conducted. The five-point Likert scale of „Strongly Agree‟, „Agree‟, „Undecided‟, 

„Disagree‟ and „Strongly Disagree‟ was used to measure the expected user experience 

type according to each form factor value. To help better understanding of each form factor 

value, some images of the examples and the explanation of its classification criteria were 

presented. Each page was composed of each form factor value and the influence from the 

question order was eliminated by randomizing the form factors. This study was completed 

by a survey system on a website, and the respondents were altogether 251 with 49.8% of 

male and 50.2% of female. Of the participants, 37.8% were in 20‟s, 40.2% were in 30‟s, 

and 21.9% were in 40‟s and above.  

The survey results were used to determine differences in the user experiences 

according to the flexible display‟s form factor values by using the ANOVA (one-way 

analysis of variance). When there was a significant difference, the significant 

effectiveness of each form factor value to the user experience was analyzed by using the 

Univariate GLM (Univariate general linear model).The results by the user experience 

types were as follows.  

Table 3 showed the values of β that have significant effects in the significant value of 

.05 for the form factors and the values that were positively related with the 10 types of the 

experiences. The experience types were included in the Table column; E1 denoted 

Functionality[17], E2 Understandability, E3 Pleasure, E4 Convenience, E5 Familiarity, 

E6 Stimulation, E7 Adaptability, E8 Collectivity, E9 Reality, and E10 Aesthetic. The 

form factors were included in the Table rows; SH denoted Shape(Sh-1= Planar 2D, Sh-2= 

Curve-sided 2.5D, Sh-3= Straight-sided 2.5D, Sh-4= Complex-sided 2.5D, Sh-5= 

Spherical 3D, Sh-6= Cylindrical 3D, Sh-7= Polyhedral 3D, Sh-8= Complex 3D), FL 

Flexibility(Fl-1= Unbendable,  Fl-2= Bendable, Fl-3= Rollable, Fl-4= Foldable, Fl-5= 

Stretchable), SI Size(Si-1= Micro, Si-2= Small, Si-3= Medium, Si-4= Large), MU Multi-

Surface(Mu-1= Single surface, Mu-2= Continuous Dual-surfaces, Mu-3= Continuous 

Multi-surfaces, Mu-4= Discontinuous Dual-surfaces, Mu-5= Discontinuous Multi-

surfaces), TE Texture(Te-1= None, Te-2= Visual Texture, Te-3= Tactile Texture, Te-4= 

Visual & Tactile Texture), and TR Transparency(Tr-1= Opaque, Tr-2= Translucent, Tr-

3= Transparent).  

Table 3. Form Factors that Have Positive Relationship with the UX Types 

 
E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 

SH 

Sh-1  
β=.176 

P=.005 
 

β=.212 

P=.001 

β=.325 

P=.000 
 

β=.156 

P=.013 

β=.137 

P=.029 
  

Sh-2    
β=.143 

P=.022 
      

Sh-3    
β=.143 

P=.022 
      

Sh-4           

Sh-5   
β=.231, 

P=.000 
    

β=.182 

P=.004 
 

β =.191 

P=.002 

Sh-6 
β=.161 

P=.011 
 

β=.128, 

P=.041 

β=.138 

P=.027 
   

β=.159 

P=.011 
  

Sh-7           

Sh-8   
β=.136, 

P=.029 
  

β=.209, 

P=.001 
    

FL 
Fl-1           

Fl-2   
β=.137, 

P=.029 
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Fl-3 
β=.157 

P=.012 
  

β=.195 

P=.002 
      

Fl-4    
β=.157 

P=.012 

β=.189 

P=.009 
  

β=.152 

P=.015 
  

Fl-5           

SI 

Si-1 
β=.201 

P=.001 
  

β=.408 

P=.000 
      

Si-2    
β=.180 

P=.003 
      

Si-3        
β=.328 

P=.000 
  

Si-4      
β =.179, 

P=.005 
 

β=.349 

P=.000 
 

β=.201 

P=.001 

MU 

Mu-1     
β=.139 

P=.027 
     

Mu-2 
β=.205 

P=.001 
 

β=.268, 

P=.000 

β=.234 

P=.000 
 

β=.209, 

P=.001 

β=.158 

P=.012 
  

β=.255 

P=.000 

Mu-3   
β=125, 

P=.045 
  

β=.186, 

P=.003 
    

Mu-4           

Mu-5           

TE 

Te-1           

Te-2   
β=.185 

P=.002 
  

β=.163, 

P=.007 
   

β=.123 

P=.050 

Te-3      
β=.142, 

P=.019 
    

Te-4  
β=.144 

P=.022 

β=.219, 

P=.000 
 

β=.155 

P=.01 

β=.213, 

P=.000 
  

β =.127 

P=.042 

β=.123 

P=.050 

TR 

Tr-1           

Tr-2   
β=.126, 

P=.041 
       

Tr-3 
β=.189 

P=.003 

β=.147 

P=.020 

β=.189, 

P=.003 

β=.186 

P=.003 
 

β=.278, 

P=.000 

β=.146 

P=.020 

β=.219 

P=.000 

β =.190 

P=.002 

β=.194 

P=.002 

 

4. Conclusion 

Welcoming the period era of a new paradigm changing change from a flat interface to 

an interface in various physical forms, this study was intended to understand the physical 

forms as the point of contact to deliver the meaning of the user experience and the 

relationship between the form factors and the user experiences of the flexible display in 

the aspect of the user experience designs. 

The significant effectiveness of the form factor values to each user experience type was 

all different on the online user survey. This indicates indicated that the designer can could 

utilize a certain form factor to convey a particular user experience. Also, the derived 

relationship in this study between the form factors and the user experiences can be 

provided as the an empirical index of form factors to understand the form factors and their 

values to be used by the designer to carry create a certain experience that meets the user is 

expecting expectation. 

This study is aimed intended to empirically understand that the flexible display form 

factors affect the users‟ perception of the experiences in the view of according to the user 

experience designs, and has proposed an overall and objective study frame. 
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