International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.10 (2016), pp.245-252
http://dx.doi.org/10.14257/ijmue.2016.11.10.23

Relationships between Flexible Display's Form Factors and its
User Experience Types

Seung Eun Chung' and Han Young Ryoo®*

L2Djvision of Digital Media, Ewha Womans University, 52, Ewhayeodae-gil,
Seodaemun-gu, Seoul 03760 Republic of Korea.
Lilovechse@ewha.ac.kr, 2 hyryoo@ewha.ac.kr
* Corresponding Author

Abstract
0
It is expected that the flexible display will provide various physical for
interface through its bendable, rollable or foldable characteristics withou '%%age
and these forms are considered as the core factors to deliver user ex in the

interface. In this study, we determined the ways of utilizati ot the rs in the
design phase of the user experience by analyzing the effecti e ) th le display’s

form factors to each and every user experience typ asurv analyzed user
experiences are Functionality, Understandabilit gasure, nce Familiarity,
Stimulation, Adaptability, Collectivity, Reality, arfe=Aesthetic; results showed that

indicated that particular user experiepc certam factors are related and

implies that the designer can use for f@rs to express particular user
experiences. ’\
Keywords: Flexible Dlsp%@Facmr@ser Experience Design

each user experience type has a diﬁerent@l effectiv of the form factors. This

1. Introduction

With a new user @wment bei mtroduced such as 10T, Wearable, development of
the new appllcab‘e\; is in progress with the Flexible Display as the
representative.r he Flexi iSplay is bendable and unbreakable and according to
its ermbH@a zati ees, it can be classified as Curved Display, Bendable
Display, R e Displ dable Display, and Stretchable Display [1].

Such flexible di introductions facilitate several changes in design activities.
Traditionally, th ers have had restrictions in terms of their role when designing flat
displays, being@g to design the parts alone while excluding the display device.
However, bendable, foldable or rollable flexible displays have enabled the designers to
create n experiences [2]; however, the designers still have difficulties using them.
New ues or devices provide new opportunities and at the same time, barriers to the

(@.. Especially, lack of relevant knowledge or experience in using them, create
e

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

rience 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 Ml
characteristics appeared around 2000, and suggest different kinds of flexi e%ﬂy’s
forms, such as a desk form that is bent in 90 degrees [6], a cylindrical fo@ can be

seen by many in public [7], a spherical form that can be seefy in,360 , a form
that can be broaden by unrolling like a toilet paper [9], a ed in many
téd fo an umbrella or

a folding fan [11]. A form, in terms of design, is @ ehe
that composes the whole and is composed of factors

concept of a structure

different ways like a piece of paper [10], and a more PN
. can be exclusively

classified by physical characteristics. Thu analyti approach is required by
classifying the values of the form factgr tlty or qb\ (or specific criteria) that
change the physical forms [12].

Design studies regarding the reI form and the user experience
provide a more detailed dISCUSS e ex of attempts to measure the user
experiences by the form factor These d|e focused on the form factors that have
significant effects on the perlenc suggest the appropriate level of form

factors to deliver inten user e s by adjusting the various shapes [13],
flexibility [14], sizes [ cture an ntify of the surfaces [16] of the display.

These discussion t the f le display’s physical forms act as a point of contact
to deliver the us ition, the designers should understand how the user
recognizes Q isplay’s physieal form and relates it to specific user experiences.

Currently, ationshi een the flexible display’s forms and the user experiences
are studied dont carcher’s interpretation or case studies only for certain types
of experiences. Am al and thorough study is essential for general purposes.

3. User Su N@

In thi \%d/ a user survey was conducted to derive the relationship between the
ﬂexible@ ay’s form factors and the user experiences. By setting the flexible display’s
f or values and the expected user experience types established in the previous
t@

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

P Oviindrical Polyhedral Complex
3D structure 3D structure 3D structure 3D structure

o

side
©) 0 (m)
Straight cf'!‘plcx Spherical || Cylindrical | Polyhedral | Complex
sided sided 3D 3D 3D 3D
2.5D 2.5D

e

Plane

O

2D

Radius of Curvature  Radius of Curvature  Radius of Curvature Radius of Curvature
=00, < 10mm, < 1mm, < 1~0.1mm, Stretchable

),

L ( = =] £

A x|
Unbendable Rollable Stretchahle

\V
Usable in a Usable in a ble in a Usable in a

space less space within S| within spg##®more
than 10cm 10cm-45¢m @ 4

Contir Disconti 3 Di:
More than three Two surfaces More than three
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Dual- Multi-
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Dual- Multi-
surfaces surfaces

Single
surface

surfaces surfaces

z Visual and
Tactle Texturg Tactile Texture
shown on a
display shown on a
display

Visual &

Visual Tactile

Tektie Tactile
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Unable to recognize the Able to recognize the object Able to clearly see the object
object behind display behind display behind display
(0%~30% of Transparency) (30%~70% of Transparency) (70%~100% of Transparency)

2}

& m =

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 ty@f»
user experiences were used as independent variables in this study.

Table 2. 10 Types of User’s Expected Experiences, from Fle 'b@;lay

An experience where informatlo Inétions prowided in the

flexible display interface are app ate to it W characteristics

and where it can be easily carrled ohg and s&y sed due to its

unbreakableness

An experience where th&@can easi Exn the new usage of the

flexible display interf und @ the usage conditions

correctly to ensuredts

An experiencé,wheérg the use can

with interestang derive m nd physical pleasure

An experi ce wher can easily use the flexible display

interfa @1 its con are automatically customized and wearable

vhemapplicable sothat the user can use is more easily

AlheXperien ré the user can naturally operate the flexible display

(Nnterface by recGgnition of the past experiences or by instincts

! An expriénce where the flexible display interface reacts to the tactile

act edlately and shows the user how to react naturally and

leasure

\xperlence 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

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

information effectively using the flexible display interface

An experience by the user of psychological and perceptual reality in

harmony with the real environment when using the flexible display

interface

An experience where the user can be emotionally satisfied due to the
aesthetic excellence of the flexible display interface

) Iay 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 signific
effectiveness of each form factor value to the user experience was analyzed b he
Univariate GLM (Univariate general linear model).The results by the ugér rience

types were as follows. .

Table 3 showed the values of B that have significant éﬁ}n the ifigant value of
.05 for the form factors and the values that were positi h thev10 types of the
experiences. The experience types were mclud@ e Ta n; E1 denoted
Functionality[17], E2 Understandability, E3 Ple E4 Co ce E5 Familiarity,
E6 Stimulation, E7 Adaptability, E8 Collectiwity, E9 Re and E10 Aesthetic. The
form factors were included in the Table rowss; denote@e@h&: Planar 2D, Sh-2=
Curve-sided 2.5D, Sh-3= Straight-sia’e& D, Shsd= Complex-sided 2.5D, Sh-5=
Spherical 3D, Sh-6= Cylindrical 3 3D, Sh-8= Complex 3D), FL

Flexibility(FI-1= Unbendable, FI; ndabl Rollable, FI-4= Foldable, FI-5=
Stretchable), Sl Size(Si-1= Mi 2= Sm S|- = Medium, Si-4= Large), MU Multi-
Surface(Mu-1= Single surm%vtu 2= ous Dual-surfaces, Mu-3= Continuous
Multi-surfaces, Mu-4= Discon |nuo -surfaces Mu-5=Discontinuous Multi-
surfaces), TE Texture None T Vlsual Texture, Te-3= Tactile Texture, Te-4=
Visual & Tactile Te and T ransparency(Tr -1= Opaque, Tr-2= Translucent, Tr-
3= Transparent)

Table 3{Fonm*Factorg fhat Have Positive Relationship with the UX Types

1176 B=212 | =325 B=.156 | p=.137
"P=.005 P=.001 | P=.000 P=.013 | P=.029
N =143
P=.022
B=.143
P=.022
=231, =182 B=.191
P=.000 P=.004 P=.002
=161 p=.128, | p=.138 B=.159
P=.011 P=.041 | P=.027 P=.011
B=.136, B=.209,
P=.029 P=.001
=137,
P=.029
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B=.157 B=.195
P=.012 P=.002
B=.157 | =189 p=.152
P=.012 | P=.009 P=.015
p=201 p=.408
P=.001 P=.000
B=.180
P=.003
p=.328
P=.000
B=179, =349 =201
P=.005 P=.000 P=.001
B=.139
P=.027 )
=205 =268, | p=234 p=.209, | p=.158 B%g;,’
P=.001 P=.000 | P=.000 P=.001 | P=.012 w
p=125, B=.186,
P=.045 P=.003 (.
L 4
Vi
N
P~ \i\/ I
p=.185 Q p=.163, 6 p=.123
P=.002 I~ P=.007% P=.050
O
Ca®» N300
p=.144 B=-219,@ ﬁ=.1($ B=.127]p=.123
P=.022 | P=.000% P=. 000 P=.042 | P=.050
1 9
B=126, \Q\\
P=.041 &
B=.1sg9 B=.189,{p=. B=278,| p=.146 | B=219 [p=.190 | p=.194
3\ .020 | P=.0 =.003 P=.000 | P=.020 | P=.000 | P=.002 | P=.002
4. Concl
Welcom e peri of a new paradigm changing change from a flat interface to
an mterface in var| ical forms, this study was intended to understand the physical
forms as the poi ontact to deliver the meaning of the user experience and the
relationship b the form factors and the user experiences of the flexible display in
the aspecto the User experience designs.

nt effectiveness of the form factor values to each user experience type was
on the online user survey. This indicates indicated that the designer can could
i certain form factor to convey a particular user experience. Also, the derived
%)nship in this study between the form factors and the user experiences can be
pravided 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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