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Abstract

Tangible user interfaces have been developed in the area of Human-Computer Interaction for the last decades,
however, the applied domains recently have been extended into the product design and interactive art. Tangible
User Interfaces are the combination of digital information and physical objects or environments, thus they provide
tangible and intuitive interaction as input and output devices, often combined with Augmented Reality. The research
developed a design guideline for tangible user interfaces based on key properties of tangible user interfaces defined
previously in five representative research: Tangible Interaction, Intuitiveness and Convenience, Expressive
Representation, Context-aware and Spatial Interaction, and Social Interaction. Using the guideline emphasizing user
interaction, this research evaluated installation in a science museum in terms of the applied characteristics of
tangible user interfaces. The selected 15 installations which were evaluated are to educate visitors for science by
emphasizing manipulation and experience of interfaces in those installations. According to the input devices, they
are categorized into four Types. TUI properties in Type 3 installation, which uses body motions for interaction,
shows the highest score, where items for context-aware and spatial interaction were highly rated. The context-aware
and spatial interaction have been recently emphasized as extended properties of tangible user interfaces. The major
type of installation in the science museum is equipped with buttons and joysticks for physical manipulation, thus
multimodal interfaces utilizing visual, aural, tactile senses etc need to be developed to provide more innovative
interaction. Further, more installation need to be reconfigurable for embodied interaction between users and the
interactive space. The proposed design guideline can specify the characteristics of tangible user interfaces, thus this
research can be a basis for the development and application of installation involving more TUI properties in future.

Key words : tangible user interface, interactive installation, design guideline, user experience.
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Table 2. A Design Guideline of Tangible User Interface.

Category

Items

Tangible
Interaction

. Users can grab, feel and move ‘the

important stuff'.

. Users can feel the bounce back, inverse

action.

C.

Users can perceive the rapid feedback during
interaction.

. Users can proceed with small, experimental

steps.

. Users can experience the interaction instantly,

from the start.

Intuitiveness
and
Convenience

. The physical set-up leads users to collaborate

by subtly constraining their behavior.

. There are multiple input points allowing

concurrent accesses of multi-users.

. The physical set-up is reconfigurable.

. Users can manipulate intuitively without

referring to a manual or learning process.

€.

The interaction point is designed naturally

and identifiably.

Expressive
Representati
on

a.

The digital representation is naturally
conform to the corresponding physical form.

. Physical and digital representations are of

similar strength.

c. Users can think or talk with/ through objects

using them.

. It is easy to understand the relations

between action and effects.

. There is a strong expressiveness attracting

Users.

Context-
aware and
Spatial
Interaction

. Users can create a meaningful place through

the interaction.

. The location, height and arrangement of the

installation are relevant in a space.

C.

The system can respond to the users’
movements.

. Users can use their whole body for the

interaction.

. Users can communicate through their body

movements while doing what they do.

Social
Interaction

. Users can converge on the surrounding of

the installation.

b. It can be used either by a single user or by

multi-users together.

. There is a physical focus that draws the
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group together.

d. There are social interaction emerging from
people getting around.

e. Users’ behavior can be observed and learned
by other users.
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Figure 1. Map of the National Science Museum.
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Table 3. Types of TUI Design in the Science Museum.

Type
Type 1
(Screen)
* Cars made by myself, I am an anchorman /
anchorwoman, Cyber Avatar
Type 2
(Physical
manipulation)

* Finding cancer cells, HEMIRE (unmanned
submersible), Responding Speed, Pascal’s
triangle, Eastern & Western styles of
paddling, Structure of the Turtle Ship

Type 3
(Body
motion)

* Gaining physiology energy, Releasing stress,
Experiencing Hakikjin (war tactics)

Type 4

(Other sense)

* Experiencing brainwave, Acoustic room,

Analyzing skin condition
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Table 4. TUI Design Properties of Interactive Installations

Mean (5 Likert’s Scale)
Installation Tangible | Intuitiveness Expressive | Context-aware/ Social Sum
Interaction | /Convenience | representation Spatial Interaction
1. Cars mady by myself 4.60 1.80 4.60 1.40 3.20 78
(Lyze;) 2.1 am an anchorman / woman 320 240 2.80 2.20 1.20 59
3. Cyber Avatar 3.60 3.00 3.20 3.00 2.80 78
4. Finding cancer cells 2.60 3.40 3.00 1.60 2.80 67
5. HEMIRE (unmanned submersible) 4.20 3.40 1.40 1.80 1.00 59
6. Responding Speed 2.40 2.00 1.00 2.60 1.40 47
Type2
(N=6) 7. Pascal’s triangle 3.20 3.20 3.00 1.40 2.00 64
8. s:;zrl?n; Western styles of 2.80 4.00 3.60 3.40 4.80 93
9. Structure of the Turtle Ship 4.40 3.40 4.20 2.60 420 94
10. Gaining physiology energy 1.00 3.40 3.40 4.00 3.00 74
Type3 | 11. Releasing stress 3.60 3.20 4.60 5.00 4.20 103
R Z’;ﬂiﬁ;ﬂdﬂg Haldlgin (war 2.80 2.80 3.60 420 2.40 79
13. Experiencing brainwave 1.20 1.80 3.00 1.60 2.20 54
(Lyge;) 14. Acoustic room 2.60 3.80 2.00 1.40 320 65
15. Analyzing skin condition 2.00 1.40 3.20 1.00 3.20 54
e SR CIBE A AR o)l SN 5
4 e el e £ 40 HFHE AGANEY] AEY
—e QB2 )5 Ee] obd FRa AEEA Q]
; T miRolata AT 5 gon EAE Ve e o
89 43 49 MABELS VPAEY FUE BA
: ke AR=E AFsidiy] Weolgkal 4
Jok. 23PE o8 F3 13 =4 2259 /¥
! 298] Agolls dEAA IS 2 wkd &2

Intuitiveness ~ Expressive  Context-aware

Tangible Social
Interaction and Representation andSpatial  Interaction
Convenience Interaction
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Table 5. TUI Design Properties in Each Type of Interactive Installations
Design Properties Mean G B) Total Cronbach
Typel Type2 Type3 Type4 Mean Alpha
Tangible Interaction - a 5.00(0.00) 4.50(0.83) 1.33(0.57) 2.33(1.15) 3.53(1.64)
Tangible Interaction - b 3.33(0.57) 3.00(1.67) 2.66(1.52) 1.66(1.15) 2.73(1.38)
Tangible Interaction - ¢ 3.66(1.52) 3.50(1.64) 2.66(1.52) 3.66(1.52) 3.40(1.45) 0.749
Tangible Interaction - d 3.33(2.08) 2.33(1.03) 3.33(2.86) 1.00(0.00) 2.46(1.55)
Tangible Interaction - e 3.66(1.52) 3.00(1.26) 2.33(1.52) 1.00(0.00) 2.60(1.45)
Intuitiveness / Convenience - a 4.00(1.00) 4.33(1.21) 4.00(1.00) 2.33(1.52) 3.80(1.32)
Intuitiveness / Convenience - b 2.33(2.30) 1.50(1.22) 2.33(2.30) 2.33(2.30) 2.00(1.73)
Intuitiveness / Convenience - ¢ 1.00(0.00) 1.00(0.00) 1.00(0.00) 1.00(0.00) 1.00(0.00) 0.635
Intuitiveness / Convenience - d 1.66(1.15) 4.50(1.22) 3.66(1.52) 2.66(1.52) 3.40(1.63)
Intuitiveness / Convenience - ¢ 3.00(2.00) 4.83(0.40) 4.66(0.57) 3.33(1.52) 4.13(1.30)
Expressive Representation - a 3.33(1.15) 3.16(1.72) 4.33(0.57) 3.00(1.73) 3.40(1.40)
Expressive Representation - b 5.00(0.00) 2.50(1.37) 5.00(0.00) 3.00(1.73) 3.60(1.59)
Expressive Representation - ¢ 3.00(1.00) 1.16(0.40) 1.66(1.15) 1.00(0.00) 1.60(0.98) 0.815
Expressive Representation - d 3.33(1.52) 3.66(1.63) 4.00(1.00) 4.00(1.00) 3.73(1.27)
Expressive Representation - e 3.00(1.73) 2.60(2.19) 3.75(1.50) 2.66(0.57) 3.20(1.47)
Context-aware Spatial - a 3.33(2.08) 3.16(0.57) 4.33(1.15) 1.00(0.00) 3.00(1.81)
Context-aware Spatial - b 3.66(0.57) 3.83(0.98) 4.33(1.15) 2.33(1.15) 3.60(1.12)
Context-aware Spatial - ¢ 2.00(1.73) 1.00(0.00) 5.00(0.00) 1.00(0.00) 2.00(1.73) 0.835
Context-aware Spatial - d 1.00(0.00) 2.16(1.60) 5.00(0.00) 1.33(0.57) 2.33(1.75)
Context-aware Spatial - e 1.00(0.00) 1.00(0.00) 3.33(2.08) 1.00(0.00) 1.46(1.24)
Social Interaction - a 1.33(0.57) 3.50(1.51) 3.00(2.00) 4.00(0.00) 3.06(1.53)
Social Interaction - b 3.66(2.30) 1.66(1.63) 2.00(1.73) 1.66(1.15) 2.13(1.72)
Social Interaction - ¢ 3.66(2.30) 3.33(1.86) 4.06(0.57) 3.00(1.73) 3.60(1.68) 0.705
Social Interaction - d 2.00(1.73) 2.16(1.83) 2.33(2.30) 1.66(1.15) 2.06(1.62)
Social Interaction - e 1.33(0.57) 2.83(2.04) 4.00(1.00) 4.00(0.00) 3.00(1.64)
A7 ETh WA A5G ASHQ46HT A th ARAA L FUHE B2 oA AHEY
5432603 A7t Bkt 7171 2249 AR A, xol, WiAIZF A-s3.603)7F 7 w2 A
E Ade AEAEoR ol IUE= IAl °H & UEhloH AREAPL A1 55 o83 A9E
ZQlol HAF4.137), ‘=2 ARV AHAES] T ARAES st AvUt 146502 T BHA
PEL Frekn 2PIEINE B4/ wRT, WAt ASE Fase) gdelAe o o
BEE AL ALl AFssl UAAEY ol 37 AEE 3% ARIES BAS nE BYY 2
(003l 7P w2 s UEhlg A4 AL SRR 36H0E TP w%al BoE
FEAHLS ARBAES BAES FAYSEA oF  AFE Abelol tistel 22 ALSA G Arge] do
58 AZsAY ke £ Aok (1.60)E ALsta  db 206802 7P Wkt o)) B At 7t
EunA ARt 39 olge] A5E Uehl Qs AR gue) Brk Al Felrt g e
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