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ABSTRACT

In this paper we describe our investigations orrtihe of material
hardness in the haptic experience of tangibleaattt

Without seeing the artifacts children had to ramirt experience
on a scale of two antonyms while touching and mgdihese
artifacts. In this experiment it was shown thatldien have no
problem ranking hardness. Two groups could be ifiedt soft

artifacts were found to be cute, speedy and warg, and hard
artifacts boring, sad and old-fashioned. We thihkttpaying
attention to this factor in the design of tangibger interfaces for
children can improve their experience.

Categories and Subject Descriptors

C.0 [Computer Systems Organizatiofft General -hardware /
software interfacedd.5.2 [Information Interfaces and
Presentation (e.g. HCI): User Interfaces Haptic 1/0, Input
devices and strategies (e.g., mouse, touchscrekse);centered
designK.8.0 [Personal Computing: General -games

General Terms
Design, Human Factors.

Keywords
Haptic experience, interaction design, tabletop iggmtangible
user interfaces.

1. INTRODUCTION

We can perceive a product or an artifact by seefraaring,
tasting, smelling and touching it. These sensedlenas to
determine the value and meaning of an artifact.ik/av al. [19]
noticed that in the area of design for pleasurelusive design
and interaction design, a shift can be seen frofocas on the
visual perception of products to tactile perception

Considering this rising role of haptics, the sew$etouch, in
(interaction) design, there is only limited knowgedabout the
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tactile experience evoked by a material or surfsicecture. In
order to create a stronger emotional connectior wiers of
products or artifacts, the characteristics of thosaerial and
surface structures and the sense of touch shoulidbdighted
[19].

The study described in this paper focuses on témgihtifacts
used to interact with digital tabletop applicationsore
specifically gaming applications for children. Dajitabletops can
create a social experience by providing the richnefs natural
interaction around a table with the advantages ahputer
technology. Digital tabletop gaming [3,4,11,13,&n combine
the benefits of computer and traditional games iattype of
gaming that is able to provide new and engaging iggm
experience. One of the main challenges in the desfgthose
gaming applications is the integration of the sportual and
physical domains [11]. Magerkurth et al. [11] presea
conceptual framework in which the relations betweabese
domains are modeled. Their vision emphasizes pitiisi for
future entertainment by expanding traditional cotapwgames
with physical and social aspects. One way of extendigital
games into the physical world is by using tangitsigeraction.
Those tangible interfaces effectively mediate betwéhe virtual
and the social domains.

We examined the relation between the haptic expegi®f such

an artifact and the way it is perceived (and thais be linked to
the social and virtual aspects of digital tableggme play). As
research platform we developed the digital tablejame called
Flourishing Future: a multiplayer game to suppofte t
simultaneous play of four children (Figure 1). @blbration is

required to reach the goal of the game: createthega tree full

of leaves by developing an environmentally frienciy. Players

use tangible objects to interact with the digitadeen embedded
in the table. Flourishing Future is implemented ands on a
digital tabletop that detect the physical artifactssing

ReactiVision [7]. The development and evaluationtted game
itself is beyond the scope of this paper; insteadwil focus on

the tactile design and experience of one of theegartifacts used
to interact with digital tabletops.

First, some research is presented involving targibiser
interfaces, their material and surface properties the way they
are perceived through the sense of touch. Nextexperimental
setup is described, followed by a description of ttesigned
artifacts. We end with discussion and conclusi@tsiens.



Figure 1. The multiplayer game “Flourishing Future” is
developed on a digital tabletop using ReacTIVisiofi7].

2. RELATED WORK

2.1 Tangible Interaction

Different types of interactions can be supported digital

tabletops. Both touch as well as physical objects @mmon
types of input. Interaction via touch screens temfrestricted to
2D, whereas physical objects make the digital wealthible and
graspable for the users [3]. Ullmer and Ishii dibscthe concept
of tangible interaction as “giving physical form tdigital

information” [18, p. 916] and propose a concepfrtahework for
tangible user interfaces. Tangible interaction canple physical
objects to digital information, in which these tiblg artifacts
take up both the role of representation as weltatrol for the
virtual environment [18]. Hornecker and Buur [6]ggested to
widen this view on tangible interaction by addinffedent fields
and viewpoints, including design, art, architectuaad at the
same time integrating the importance of the us@eggnce in
interacting with the tangible artifacts. Here, atke material and
physical properties of tangible user interfacesodiiaterest.

2.2 Tactile Properties

When using a tangible interface in a digital tatyletipplication,
the user will have physical contact with the adifaitself, and
will feel and experience the artifact’'s material dasurface
properties. Since we wanted to study the impactaxifact
hardness on the tactile perception (see sectiam Bibre details),
we studied materials first and found out that thare several
relevant ways of describing materials. Both theimegring and
perception dimension [2] will be explained below.

The engineering dimension [2] is based on the gbysf a
material and takes technical attributes, like ptalsimechanical,
thermal and electrical, to characterize the mdteriaterials
science has developed this kind of classificatishich provides
essential material information for enabling safed aechnical
design of products [2].

Another way to characterize materials is based @n they are
perceived by the human sense. Within the percepmtiorension
[2], materials are grouped according to their tactttributes,
which include texture (smooth-rough), hardness t{safd),

temperature (warm-cold), flexibility (flexible-sfif geometry
(small-big, cube-sphere, far away-close).

Concluding from these two material dimensions we say that
we do not want to focus on objective measures ofifess, but
instead on the subjective experience of the uSdrerefore, we
will focus on the perception dimension.

2.3 Tactile Experiences

Vavik et al. [19, p. 1] define tactility as “the pability of being
touched or responsiveness to stimulation of theesari touch”.
Thinking in terms of the perception dimension of tenial
characterization, tactility is an important aspetherefore we
need to investigate how material and surface ptigserare
perceived through the sense of touch.

The sense of touch is attractive and importanthfoman life,

since it gives strong emotional impulses. Accordimg\ckerman

[1], the most important aspect of tactility is #@bility to inform

humans about the feeling of safety and pleasuren Evough the
whole human body is sensitive to tactile impulgbs, hands are
the key locations for the touch senses [16]. Theuises that are
received through the tactile sense can be called téttile

experience. Since this study focuses on evaludtirg tactile

experience, we will highlight the working of thisrogess.
Sonneveld [17] makes a division into the two mapegts of this
tactile experience, namely intelligent and ratiomal dreamy and
emotional.

When a user first touches an artifact, he gets ramediate

response. Sonneveld [17] calls this immediate mspothe

intelligent and rational experience. Physical diedi of the

artifact are the basis for this type of experie(eg. shape, size,
texture, weight, balance, temperature and materigierties) This
process is continued within the so called dreanty emotional

experience stage. The rational information abow gmoduct

creates an affective response to the artifact. @reamy and
emotional experience involves associations with ilaim
experiences and emotions connected to them. Usermeast of

the time unaware of the particular aspects of theitile

experiences, e.g. the hardness of the materialehewthey are
aware of the experience itself. The study describethis paper
will examine this last described matter furtherdwaluating how
the hardness of a tangible user interface influenice children’s
tactile experiences.

2.3.1 Tactile Exploration

To haptically recognize and experience salient dsiens and
properties of artifacts, people use different kimdsexploratory
hand movements. In order to perform the experirdestribed in
this paper and with that make appropriate desighthe test
artifacts, we have to understand how people are @bperceive
material and surface properties through the sefismich.

Lederman and Klatzky [10] researched different esqibry
procedures of the touch sense and eventually divilese into
the following four distinguishing categories.

The lateral motion procedure is used by people to haptically
encode textures. This rubbing movement over théfaet's
surface is fast to perform and can be executed ovitls a small
surface sample. Tharessureprocedure is applied to perceive the
hardness of an artifact through haptics. By expspdiormal
force into an object, this movement can be perfaropgickly and



locally on homogeneous artifact€Contour following is a
procedure that exists of a dynamic movement aldleggie edge
of an artifact, used to determine the artifact'qpsh Since this
movement is slow to perform and at the same timaires a good
memory of the human performing, it is liable to doarate
perceptions by haptics. For the haptic exploratidrsize, the

procedureenclosureis used. This consists of a static molding to

the contours of an artifact. The movement is reddyi quick to
perform, though it only provides the explorer wilbw-level
information.

In their experiments, Lederman and Klatzky [10] dit include
the sense of temperature. They acknowledge thathattime,
they did not take that in to account [16]. Nevelehs, the sense
of temperature is significant in providing infornwat regarding
material qualities. In daily life, we use a variahix of the above
mentioned exploratory procedures to naturally esglphysical
objects through haptics [10].

2.3.2 Touch and Vision

As described earlier in this paper, physical olsjemvn several
material and surface qualities. Those are connetedifferent
human senses. Interaction between users and niathappens
through seeing, hearing, tasting, smelling andhog:

In a series of studies Patomaki et al. [15] desigmeiltimodal
applications for visually impaired children. Thisidy proved a
correct use of haptic and auditory features to éy Vmportant.
From the physical objects they tested with the aliguimpaired
children it turned out that hard surfaces wereegasi recognize
than soft surfaces (possibly caused by the additi@uditory
feedback that hard surfaces produce when touchh@gn)
Thereby they noticed that these children prefetmething the
hard materials over the soft materials.

Nevertheless, haptics, the sense of touch, is oftenmegarded as
a viable way of perception for sighted users. Kdatet al. [9, p.
357] study whether “the haptic system has its oweoding
processes and pathways, which may or may not bedheith
vision”. Vision and haptics can both be salient farcoding
different material properties.

Textureis well encoded by both vision and haptics. If tegtis
encoded as “spatial distance”, vision is more salif texture is
encoded as “roughness”, haptics is more sali¢tdardness
appears to be more readily encoded by haptics liyaxision.

Both Size (if hand-sized) andhapeappear to be more readily

encoded by vision than by haptics. The material perty
temperaturevas not included in the research of Klatzky e{%|.
but it might be assumed that temperature gets neaglily
encoded by haptics than by vision.

The material property hardness is selected forettperiment in
this paper because it is an aspect that can béy easioded
through haptics [9]. Furthermore, hardness cannoftet be
perceived other than through touch, making it paférly suitable
for tangible interaction. We define the hardnessaofangible
object as: “the distance a finger/hand penetrateariace when
applying normal force” [9, p. 358].

2.3.3 Evaluating Tactile Experiences

The tactile experience evoked by different mateaiatl surface
properties can be evaluated in two ways, one isnegasuring
physiological changes, such as brain waves, blgedspre and

skin conductivity, while the other option is to able participants
themselves. The latter is done e.g. by Kaye andvBr@8] who

created a range of artifacts covered with differiafrics. They
asked their participants to associate freely whesy tsaw and
touched the artifacts and in addition they usedi@stionnaire to
let participants describe how the artifacts felheTresults were
that the authors thought participants were vergigtive in their

explanations about the tactile experiences. Theg abted that
the visual appearance of the artifacts influenckd tactile
experience greatly. Another example of user evaloatis by
Choi et al. [5] who did evaluations by ranking pmreihces
through a questionnaire, focusing on one aspectheftactility,

i.e. material roughness. They decided to use aiboorder to

prevent participants from seeing the material samgh this box
they placed the samples for the participants tchoWe also
decided to use a similar procedure so the visyagamnce would
not interfere with the tactile experience.

3. EXPERIMENT

We assume that if the tactile experiences evoke@rbyrtifact
(physical representation) fit the game concept ifalig
representation), this can enhance the emotionalnesion
between user and product/gaming application [18,1Phe
context of this study was digital tabletop gamimglécations for
children aged 10 to 13 with tangible interactiom this
experiment we want to investigate the tactile atped these
physical artifacts. The aim of the experiment isstody the
following research question:

How do children rank their haptic experiences with
physical artifacts varying in hardness?

The participants are 30 children in the ages ofol03 years old.
Children of both sex are equally represented (If gind 15
boys). The main equipment for conducting this stadythe four
objects of different hardness to be tested, andland box”
(Figure 2). In Section 4 the design of the artgagtill be
explained in more detail. The “blind box” servesexclude the
tangible objects from view, in order to focus pwyreh the haptic
exploration. Although it has been stated in [9]tthaptics is
salient over vision in encoding hardness, it is ad@sired during
the experiment that those two senses interfere wétth other.
Participants are able to touch the objects witln bhainds.

Figure 2. The physical setup of the experiment. Thiangible
objects were placed inside a “blind box”. During tte whole
experiment the artifacts were invisible to the paricipants.



aclive «— inactive
adventurous «<— timid
boyish «— girlish
crazy «— sensible
cute «— brutal
exciting «<— boring
flashy «— tasteful
funny ¢«— serious
happy «— sad
hard «— soft

mature  «— childlike
modermn  «— old-fashioned
natural & artificial
precise «— vague
refined «— coarse

scary «— soothing
simple «— complicated
speedy  «— slow

sporty «— unathletic
warm +— cold

Figure 3. The 20 adjectives and their antonymous [
regarding material hardness. {) denotes the tactile adjectives
we used that differ from research by Choi et al. [b

3.1 Experimental Setup

To evaluate the experience of the participants wheatoring the
tangible objects, we made use of 20 pairs of tetiljectives. For
each of the four objects the children touched tiveye asked to
rate the adjectives as shown in Figure 3.

The basic principle for this list of adjectives tise research
performed by Choi et al. [5]. They evaluated thefame
roughness of general polymer-based products withswmers.
With help of a dictionary, thesaurus and linguistkperts, Choi et
al. came to their selection of 37 pairs of antonymadjectives.
Since this research study is focusing on a diffetarget group,
namely children, and a different context, namelyitdl tabletop
gaming, the list was adjusted to its purpose. Wealedd
adventurous-timid, crazy-sensible, flashy-tastefuhny-serious,
happy-sadandscary-soothing.

The process of the total experiment, which tookualdi®d minutes
per child, is visualized in five consecutive stap&igure 4. After
a formal pre-set questionnaire (1), all four adifawere placed
inside the blind box. The participants had the opputy to get
acquainted with and haptically explore the tangiblgects (2).
Thereupon they were asked to arrange them in adbgrder (3).
Subsequently, the artifacts were placed insidébtheone by one.
The order of hardness was counterbalanced acrosisigents.

For each artifact with different hardness, the sdisie of 20

questions was presented (4). Answers to the qusstiere given
in the form of a likert scale that ranges from 17toin which

children had to choose a value between two antonyms

representing their experience when touching themagilble
artifacts. The experiment concluded with a shortstiest
interview (5). At this point, the children were dreo actually view
the tangible objects.

4. ARTIFACT DESIGN

The experiment described in this paper is usechpstifor the

design of artifacts. To perform the study, four gibgl objects of
different hardnesses were created. The tactilenfessihad to be
the only variable in between the artifacts, allestimaterial and
surface characteristics were completely identical.

The artifacts had the shape of a stamp, which wes af the
playing pieces from the digital tabletop game Highing Future.
The size of the artifacts was hand-sized (60*601¥1).

To make sure all artifacts had an identical texteneery object
had a surface made out of silicone rubber (Smoot-product,

Rebound25). The tactile temperature was the sameafth of the
tangible objects as well as their weight.

Each artifact had a different tactile hardness épkéor the bases
which were equally hard for all four, since we haduse this
material to stabilize them). The resulting tangibféifacts range
from: (I) very soft, (ll) fairly soft, (lll) fairly hard to (IV) very
hard (see Figure 5 from top to bottom respectively)

l. The very soft one was filled with fiberfil (100%
polyester). It was easily possible to completely
penetrate the surface of the artifact till reachisg
opposite side. The hardness bore comparison with
that of a fluffy feather pillow.

1. The fairly soft one was filled with foam. Its
hardness showed similarity to a cuddly toy. It was
fairly easy to penetrate the surface of the attifac
However, it became impossible to completely
squeeze the artifact.

M. The fairly hard one was filled with silicone rubber
Only a relative small distance could be covered
when pressing the artifact, like with a full bikeet

V. The very hard one was filled with ABS plastic. No
matter how hard the force one executed with his
fingers/hands, it was impossible to penetrate the
surface of this artifact.

These four artifacts were used in the experimerscrilged in
Section 3.

pre-test questionnaire

I
All artifacts in blind box Cne artifact in blind box,

l @ arder is counterbalunced |

I
tactile exploration :
of artifacts I
I
I
I
I

¥

determine different
hardness of artifacts

rate 2() adjectives

artifact D &

ost-test interview :
P rate 20 adjectives

]

Figure 4. Visual representation of the different sages of the
experimental setup.

5. RESULTS

The results of the experiment are as follows.

First the participants were allowed to touch anglere all
tangible objects simultaneously.



Figure 5. These pictures show the experimenter’'seiv of

exploring artifacts, one by one, with his hands ithe blind

box. The hardnesses of the artifacts ranged from v soft
(top) to very hard (bottom).

They were asked to put them in a logic order, ®wkether they
were able to distinguish the differences in hardnés a first try,

29 of the 30 participants completed this task sssfcdly. The last
subject recovered his choice well at the secoretmgt (the very
soft and fairly soft artifacts were reversed).

Subsequently, the tactile experience was evaluatéth a

questionnaire. For each of the four tangible olsjethe

participants had to rate 20 pairs of adjectivessfasvn in Figure
3). For each of the evaluated 20 pairs, the F{tesiti-sample
comparison, ANOVA) is performed to test whetherr¢hés a
statistically significant difference between thepenses evoked
by the artifacts of different hardnesses. It turoed that with a
95.0% confidence level 5 out of these 20 adjectiwese not
influenced by the hardness of the artifact. Thelofaihg

adjectives turned out to be independent of thefaatt’

hardnesses and are therefore left out of the seetultome (p >
0.05): adventurous-timid (p=0.44), natural-artificial (p=07),

refined-coarse (p=0.91), simple-complicated (p=0,48porty-

unathletic (p=0.13).

All the remaining 15 pairs of adjectives show arnwam or

downward trend (depending on the chosen antonyma)y tve

range of hardness. In order to see whether theee aay

differences in shapes of those curves, a princguathponents
analysis is performed. The purpose of this analigste obtain a
small number of linear combinations of the 15 Malda which

account for most of the variability in the data.this case, one
component has been extracted, since only one coenpdrad an
eigenvalue greater than or equal to 1.0, which @atsofor 95.5%
of the variability in the original data.

Since there is only evidence for one componenuénfting the
variability in the data, the course of the curves dll of the 15
pairs may be considered the same. This holds whetale the
decreasing curves into account, because the cucees be

mirrored when the antonyms are switched. All 15rpare

included in the graph. The mean curve of thosectilgs is

shown in Figure 6. The x-axis plots different hasses of the
artifacts and the y-axis represents the experieot#se different
tactile adjectives (on a scale from 7= veagljective to 1= very

‘antonym adjectivé). The softer the artifact the moractive,

girlish, crazy, cute, exciting, flashy, funny, hgppoft, childlike,

modern, vague, soothing, speeatyd warmit is experienced by
the participants. Logically, their antonym adjeetvare evoked
more in case the artifact becomes hardeactive, boyish,
sensible, brutal, boring, tasteful, serious, sadrdh mature, old-
fashioned, precise, scary, sloandcold), see also Figure 7.

Even though all 15 tactile adjectives show the saemd, there is
a difference in the ranges that these adjectivesrc&ome evoke
more extreme experiences than others do. In Figuhe order of
tactile adjectives is visualized from those expwrés which are
influenced but the least evoked by the design fagtmdness, to
the ones that are the most influenced by it. THectiges with a
higher F-ratio (and thus a smaller p-value), shawerifferences
over the four hardnesses, they have a larger loligioin.

6. DISCUSSION

The study presented in this paper, raised some tgpdior
discussion, including the design of the artifatiie experimental
setup and the experimental results.
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very soft fairly soft fairly hard very hard

Figure 6. The average course of tactile experiencesoked by
the tangible objects of different hardness (on a ate from 7=
very ‘adjective; 6= ‘adjective; 5= fairly ‘adjective; 4= neutral,
3= fairly ‘ antonym adjective 2= ‘antonym adjectiveto 1= very
‘antonym adjectivg.

6.1 Artifact Design

As can be seen from the results of the experimbartdesign of
the two softest tangible artifacts is a point fascdssion. The
participants ranked the artifacts’ hardnesses motai linear
fashion. The differences in hardness between the seft and
fairly soft artifacts were ranked smaller than tbther three
artifact comparisons. This tells us that the astifabeled as “very
soft” should have been designed a little bit soffave wanted to

achieve this linear relationship. However, this sloaot
significantly influence the outcome of this study.
active inactive
girlish boyish
crazy sensible
cute brutal
exciting boring
flashy Tactile hardness 1asteful
funn \ of tangible artifact serious
happy e ; sad
soft hard
childlike mature
modern old-fashioned
vague precise
soothing scary
speedy slow
warm cold

Figure 7. Some adjectives are evoked more when haglly
exploring the softer artifacts, while their antonyns are evoked
more in case the artifact becomes harder.

6.2 Experimental Setup

All 30 participants were children aged 10 to 13pteparation of
this experiment, some pilot tests took place whigne run with
adult participants. Informal observations gaveithpression that
children are much capable of answering questiogarding the
tactile experience of object hardness. Answers Hey ¢hildren
were given faster, almost immediate, and with muubre
certainty. Adults tended to think much longer andi¢ated that
they tried to rationalize their answers. As isesdaty Sonneveld

hard (F=207.83)
mature (F=54.74)
funny (F=50.60
cute (F=32.22}
crazy (F=25.78)
exciting (F'=20.81)
scury (F=20.62)
boyish (F=11.40)
happy (F=4.60)
speedy (F=8.29)
preeise (F=7.18)
active (F=6.71)
warm (F=3.87)
flashy (F=3.87)

modern (F=2.79}

Influence of hardness experience on adfectives (F-ratio)

Figure 8. The relation between the tactile pairs ofjdectives
(represented by one adjective) and the participants
experiences of the artifact’'s hardness. The tactiladjectives
with higher F-ratio show a stronger response to aifacts’
hardnesses than the ones with lower F-ratio.

[17], a part of the user’s evaluation of tactilgpesience can be
described as the dreamy and emotional experienage.stlt
involves associations with similar experiences ardotions
connected to them. The noticed difference in ev&oa
capabilities by children and parents can possiklgdused by the
fact that adults have more foreknowledge and maretilé
experiences from the past that are taken into adcthey want to
make well-considered choices. Children, on the rothand,
seemed very open-minded.

Another notable fact during the experiment weredifferences in
identifying hardness through touch compared toowisiDuring
the experiment the artifacts were placed inside hitied box.
Thus, while the participants explored the tangiladifacts
haptically these were excluded from vision. Neally children
were capable of identifying the series of hardn@&sout of 30
participants); they could put the objects in orfilem soft to hard,
based on what they felt. After completing the studl four
artifacts were shown to the participants. Whendhi&dren were
asked informally to identify hardness based on wthaly saw,
they made many misjudgements. It seemed as if swavicues
could be perceived, which is in agreement with [9].

6.3 Experimental Results

The results of the experiment showed that five feé tactile
adjective pairs were not influenced by artifactsirdnesses.
(adventurous-timid, natural-artificial, refined-cose, simple-
complicated, sporty-unathlejicThis conclusion could be a point
of discussion. A question that might rise is whettie children
do understand the meaning of all the adjectivesl.ui$ecould be
that the 10 to 13 year olds were unknown to somih@fwords,
and therefore unable to connect it to the artifabtsydnesses.
Attention was paid to the understandability of therds during
the study and explained whenever needed, but weneser be



totally sure that the children really understood @i these
adjectives.

6.4 Coming Full Circle

The results of this experiment are hard to traaskaick to our
original game Flourishing Future. This is mainlycaese we
wanted to focus on general knowledge of the haptjweriences
and hardness. This knowledge could then informdesign of
physical artifacts.

We decided to use as a starting point an existaliglated list of
adjectives [5]. For future work this could be rejgela with
adjectives targeted to specific designs.

7. CONCLUSIONS

The focus of this study was to investigate the mfiematerial
hardness in children’s haptic experiences of tdagiftifacts.

The experiment showed that the experiences of 1®bthe 20
selected tactile adjectives were influenced by hesd. For those
15 pairs of antonym adjectives, significant diffezes were found
in the experience between the artifacts varyingardness.

No evidence was found that multiple factors infloedh the
variability in the data. Therefore the course @& tlurves for all of
the 15 pairs of adjectives might be consideredstme.

The softer the artifact, the moractive, girlish, crazy, cute,
exciting, flashy, funny, happy, soft, childlike, dam, vague,
soothing, speedgnd warm it is experienced by the participants.
Their anonym adjectives get stronger evoked if Hréfact
becomes harder in@active, boyish, sensible, brutal, boring,
tasteful, serious, sad, hard, mature, old-fashigrpdcise, scary,
slow,andcold).

Furthermore, it turned out that the hardness effesbme
adjectives stronger than others. It would be irstiing to
implement the outcomes of this study in tangiblerusterfaces,
such as digital tabletop games, in order to fintlaat the effect
of hardness is on the experience when engaging witteal
application.
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