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‘Kurztassung

Natural User Interfaces (NI, also Nutzerschnittstellen mit moglichst natiirlichef Inter-

aktion, kommen béreits in vielen Gebrauchsgegensiinden und Haushaltsperiten zum
Eingats, Diese bisten dabei nicht nur die Mdglichkeit never Tnteralitionsfunktionalitdren,
sondern gleichzeilig auch nevartige und eindrucksvolie Erfshrungen fir Nutger.  Je-
doch erfordern gerade diese Interaktionsparadigmen ausreichend hobe kognitive und

physische Fahigheiten. Insbesondere Benutzergruppen mit Becintrachtigungen, wic ciner

eingeschriinkten Mobilitit und Stabilitit von Gelenken oder einer begrenzten Kontrolle
der Willkiirmotorik, kénnen diese Nutzungsschnittstellen eine Uberforderung hinsichtlich
der jeweiligen physischen Fihigkeiten erzeugen. Gleichermafien kann dies in Anlehnung
zur Digitalen Kluft (Digital Gap) #u einer Ari Physischen Kluft (Fhysical Gap) fihren und
dadurch neue Hergusforderungen in der Interzktion bedingen. I Rahien dieses Pro-
jekes wurde eine dreitetlige Studié, bestehend aus einer Guessability-Studie mit 20 gesun-
den Teilnehmern, einer Guessability-Studie mit 13 Beeintrichiiglen Teilnehmern und

‘giner Wizard-of-Oz Machbarkeitstudie mit 21 Teilnehmern, durchgefiithrt. Diese Studie

zielte auf die Beobachiung von nutzersperifischen Adaptionsstrategien (Kirpereinsate,
nutzerdefinierten Gesten, et} zur Bewialtigung von gestenbasierten Interakiionsaufgaben
unter physischen Einschrénkungen. Besonderes Avgenmerk galt der Untersuchung des
Linsatzpotenzials vor Ganzkérper-Motion-Gesten file gestindere und leichter zugingliche
Arbeitsplitze sowic einer Evaluation der Machbarkeit des propagierten Konzepts der soge-
nannten “Intaraction Ensembles” (Verbiinde von Interaktionsgeriten) als einen méglichen

Ansatz zur Koinpensation von physischer Beeintrachtigung bei Interaktionsaufgaben.

Unsers Studie zeigr aut, dass unter beiden Testzruppen (gesund und beeintriichtigt)
gine starke Tendenz in Richtung individueller Motion-Gesten anstatt vordefinierter
und einheitlicher Gesten-Sets vorherscht, Vielmehr nutzten die Teilnehmer unter-
schiedbiche Kdrperteile wur Ausfiihurng von Gesien, wobei kein allgemein bevorzugter
Kirperteil gefunden werden konnte. Gleichzeitiy zeipten die Eroebnisse jedoch, dass

- gingoschrinkle Teilnehmer der Studie weitaus unterschiedlichere und individuellere

Gesten-Sets evzeugten als gpesunde Teilnehmer. Darauf begriindet ist dies ein starkes Indiz;
dass physische Einschriinkungen neue Anforderungen hinsichtlich Personalisierung und
nutzerdefinierten Gesten darseellen. Weiterhin konnten hohe Ubersinstimmungswerle
unter den Teilnehmern fiir Gesten von binjren Aufgaben (an/aus, erhhen/vermin-
dern, ete) mit geringer Komplexitit und ohne die Voraussetzung von spezifischem
Wissen iiber die Funkrionswelise eines Systems beobachtet werden. Die Ergebnisse von
durchgefithrien Interviews zeigen die Dringlichkeit der individuellen Anpassbharkeit von
Gesten. Viele Nurzer wiesen hierbei explizit auf ihire Priferenz von selbsterstellten Gesten
gegeniiber vordefinicrter Gesten-Scts hin. Ahnlich zur selbststiindigen Definition von
Gesten, bevorzugt ein Grofitedl der Teilnehmer cbenfalls selbstdefimierte Ensembles. Ins-
gesamt weist dies darauf hin, dass Benutzer die Steusrung von inreraktiven Systemen an
persinliche Bediirfnissc und Priferenzen anpassen méchten. '




Wir konnten weite;hin feststellen, dass ein Grofteil der Teilnehmer unterschiedliche
SWﬂtEgien verwendete, um Motion-Gesten zu definieren. Obwoll viele Unterschiede
swischen den gesunden und den becintrichtigten Teilnehmern beobachter werden kon-
nten, nutzten die meisten Probanden metaphoische, reale Gesten, ein einfaches, di-
rekies Mapping. suwie Alltagshewepunren und Eoasistenz, um Gesten znn defindcren.
Wihrend die gesunden Teilnchmer bereits bekannte Gesten aus vorherigen Erfahrungen
mit gestenbasierten Gerdten divekt auf die Studie fibertrugen, haben die beeintrachtigten
Studienteilnehmer ihve Gesten gréfrenteils spontan definicet. Fiir die Definitdon von En-
sembles wurden ebenfalls verschiedenste Strategien angewandt. Einfachheir, Innovation,
bisherige Erfahmingen und eine begrenzee Anzahl invelvierter Interaktionsgerate (2 — 3}
wurden hierbel als wichtige Fakroren erachtet.

Grundsédizlich waren alle Tellnehiner in der Lage, die ihnen gestellten Anfeaben wibrend
tler Guessability-Smdien zu crledigen. Dics zeige, dass Ganzkbrper-Gesten zuganglich
und vor allem fiir alle Nutzer moglich sind.. Gleichzeitiz haben diese das Potenzial
bestehende physische Barrieren zu reduzieren. Der Grofiteil der Teilnchmer hatte dabe

keine Schwierigkeiten, sich Gesten zu {iberlegen oder diese auszufiihren. Wie erwartet, |

wurden Gesten von gesunden Probanden ohne Linschréinkungen als geringfiigiz einfacher
empfunden. Die Probanden waren auch der Meinung, dass dic von thnen erdachten
Gesten gut zu den jeweiligen Aufeaben passen. Unsere Ergebnisse zeigen, dass die kogni-
tive Beanspruchung beim Erdenken von Gesten von den Probanden als gering erachter
wurde, auch wenn physische Finschrinlungen simaliert wisrden, Die Studienergehnisse
zeigen gleichermalen, dass ein Grofireil der begindgichiigen Probanden bereit sind, {hren
gesamten Korper [iir Motion-Gesten »u verwenden, Demgegeniiber sieht die Mehrzahl
der gesunden Teilnchimer, die diesen Einsatz grofiteiliz ablchnten.

Fin Grofiteil der gesunden Teilnchmer und dic iiberwicgende Mehrheit der beein-
triichtigten ‘leilnehmer sehen Potenzial im Einsatz von Ganzkérper-Gesten fiir ein gesiin-
deren Arbeitsstil im Biro. Dics deutet auf cine generelle Akzeptanz des Lipsatzes des
gesamten Kérper zur Interaktion im Biroumfeld hin, Die Ergebnisse unterstiitzen ebhen-
falls unsere Hypothese, dass Ersembles im Biiroumfeld eine Vielzahl von potenziellen
Vorteilen mit sich bringen, wie ctwa cine gesteigerte Effizienz oder cine optitnicrte Tr-
gonomie durch den Einsatz von personalisierten ambienten interaktiven Systemen unter

- tler Reriicksichtigung von anthropometrischien Nutzerfihizghkeiten und -cinschréinkungen.

Somit kénnte ein bestehender Acbeitsablauf im Biro gleichzeitig Teil eines Gesundheits-
und Rehabilitationstrainings werden. Aufl lange Sicht kéinnten Ensémblies, untersticzt
von adéiquaten Feedback-Technologien und -Techniken, ungesunden physischen Verhal-
tensweisen und der hlonotonie sich wiederholender Prozesse vorbeugen. Ein GroBteil
der Teilnehmer war der Meinuny, dass der Einsatz des gesamten Kirpers fir Motion-
Gesten einen positiven Einfluss auf die Produltivitit und die Konzentration innerhalb
von Blirowngebungen haben konnte.
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e praktischen Orfahrungen des Konzepts der Inferaction Engembles wurde von den
Probanden grundsitzlich als positiv erlebt, Der Grofiteil der Teilnehmer empfand das
selbsistindige Definieren und Ausfithren dieser Fnschbles als leicht, Ensembles mit
geringerer physischer Besanspruchung wurde hierbei gleichzeitiz auch als cinfacher
in der Ausfilhrung empfunden. Relspielsweise wurden fiir die Teilnehmer unbekannte
kollaborative ¥nsembles als einfacher in der Verwendung emplfunden, als individuell
ansewandse Ensembles. Dies kinnte durch die Tetsache bedingt sein, dass die Tellnehmer
hierbei nur die Hilfte der vollstindigen Bewegung ausiiihren mussten. Einige Teilnchmer
dulerten, dass die hinter den Ensembles srehende Technologie perfekt funltionieren
miisste, um eine Akzeptanz hervorsunufen, Gleichzeitig lehnten einige Teilnehmer dieses
Konzept aus verschiedensten Grindes ab, wie z.B. aufgrund der anfallenden kognitiven

Belastung beim Erinncen von komplexen Konfisurationen, Dennoch wiirde cin Grofiteil -

- tler Probanden den Einsatz von Interaction Ensembles ohne weiters Einschrinkung fiir
alltdgliche Biiroaufgaben akzepticren. Weiterhin war sich ein Grofteil der 'leilnehmer
einig, dass Ganzkdper-Motion-Gestenl und Interaction Ensembies cinem gesiinderen
Arbeiten zutriglich wiiren. Zusitzlich kénnre sich die dberweigende Mehrheit der Teil-
nehmer vorstellen, dag Biiro als Trainingsumgebung zu verwenden, insbesendere wur
Durckfithrung von Rehabilitations-Ubungen. Weiterhin war sich éin Grofiteil der Teil-
nchmer einig, dass Ensembles ihre Konzentration und Produkdvitit nicht ader wenif,
dann posity beecinflussen wiirde.

Diie Mehrheit der Probanden der Studie sprach sich fiir individuelle Ensembles aus.
Die von den Teilnehmern der Studie selbsdefinierten Ensembles wurden weitestgehend
personalisiert. Dadurch begnindet konnten keine einheitiiche Ensemble-Konfiguration
crmittelt werden. Dies deuret erneut auf eine generelle Tendenz zur Individualisierung
von Interaktionsmélichkeiten hin. Die Mchrheit der Probanden bewertete die kognitive
Beanspruchung #um Frlernen und Erinnetn von selbstdefinierten Ensembles als gering.
Gleichzeitiz waren sich die Probanden cinig, dass eine addquate [landiungsunterstiiizung
" von Niten {st, um neue Ensembles zu erlernen.

Wir sehen diese Studie als Ausgangspunke zur Identifikation der Machbarlkeit und der

Akzeptanz des Einsatzes von Ganzkorper-Motion-Gesten und [nsembles filr einen gesiin-
deren Arbeitsstil, Die in diesem Bericht diskutierten Ergebnisse zeigen das grofie Potenzial
und die hohe Akzeptan? des [nteraction Ensembles-Ansatzos auf.

Executive Summary

Matural User Interfaces (NUT) such as touch-based aned motion based gestures are cur-
rently found in wide range of commercial devices and products. Such techmologies are
increasingly adopted in various daily-living scenarios and application domains which
allow for more mnovation and engagewent with the physical surroundings, Nonetheless,
the use of NUI often requires high demand of physical and cognitive capabilities. This
demand may challenge various uscr groups with impairments. In this project, we study a
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cancept for dynanic creation and configuraiion of Interaclion Ensembles that are mainly
adapted Lo the wser's physical needs and abilities. The main goal of this project is to
evaluate the possibilities to apply and use Interaction Ensembles in real world seenarios
and Lo examine the scceptance of wang this concept in the office environment. The
project primarily focuses on peaple with physical impairments (especially arm and hand
related impairments) undergoing rehabilitation,

This document provides an overview of the design and performance of a three-fold study
to examine the concept of Ensembles. Firstly, it presents a brief summary of related
wotk in this area. Secondly, the sxperiment design is discussed. Thirdly, the study's
main Tesults are analysed and discussed, Finally, the main canclusions and lessons are
presented. '
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INTRODUCTION

Natural User Iiltcrfaces {NUI} highly utilize the users’ mg.nit'rr.fe and physical abilities. For
instance, touch-based devices requive good coordination and control of arm, hand and
finger movements (sometimes good sensc of touch and grip). lixtensive use of NUI may

challenge various user groups suffering from impairments, especially limited mobility -

anil stability of joints or limited contol of voluntary movements. Such impairments have
a direct negative influence on the ability to execite particular movements required for
the interaction and may also lead to a complete inability to interact. This aften leads
to a number of consequences ranging from applying personal adaptation straregies to

. overcome the impairment (e.g. using the nose touch instead of a figure touch) to the

exclusion of the use of important devices and related applications in daily life (Digital
Divide). Interaction Enscmbles offer various benefits in different areas of daily living
{(herein we Focus on the olfice environment) such as a beller working efficicncy and
optimized werking conditions. Interaction Ensembles imply the full potential of NUIL
technelogics, Instead of concentrating of the physical limitation and sctting up special
accessible workplaces, personalized Interaction Ensembles adapt Lo the interaction re-

 sources and possibilitics by carcfully considering the users' anthropometric profiles. This

enables typical office tasks to become rehabilitation exercises and blur the boundaries
hetween work and physical exercise. Hence, in many cases the need for the estzhlishment
of so-valled dedicated disabled equitable jobs could be eliminated. Tn the long run, uppro-
priate persuasive feedback techniques may afd to aveid bad working hahits, to prevent

repefitive processes through adaptive workilows, o seumlessly integrate rehabilitation

exercises into work processes, and to utilize the sensory capahilities of NUT technologies
for automatic detection of health, diagnostics and telemedicine support [ ). In this
project, we examine two main liypothesis: (1) the diversity of users” anthropometric
abilities leads to inability to achieve a single canonical gesture set for all users; and (27
the Interaction Ensembles approach is an accepted approach for improved and optimized
working conditions for physically impaired users. These hypothesis will be investigated
by an exploratory elicitation study in the context of offlice work {or users with physical
hand and/or arm impairments, with the focus on the following scientific fssues:

1. Accepted resp. non accepted interaction modalities of [.'rl'lj.?"sll:dl mtcraclmn (e. g 2
A movements in pubikic).

2. Mapmuﬂn-s.tr.ﬂegms for handling NU-technigues cosresponding Lo physical im-
pairments.

3. Selection and composition strategies for Bnsembles within a cerlain usage context.

4. Comparison of the results (1) — (3).




Chapter A, ]ntmduc’r.iqr_i

A1 Related Work

Cuwrrently NUT-concepts emphasis the development of Homan-Machine-Triterfaces, NUI
enables interaction on application of natural body movements and gestures 7], Touch-
sensitive screens on mobile devices (Smartphone, Tablet, etc.) are the visible manifesta-
tion in procucts. -

Current research focusses on developing noyel NUR-components to the eonceptualization
of intellipent environments (SmertHome, SmactClice, SmanBuildings, ete.}. Especially

gesturc-based techniques are an often postilated instrument for realizing unobtrusive -

intcraction (,embodied interaction™} [ 4], Thus for instance Smart Watches are used
to recognizes everyday petformed hand-gestires [] or hand- and head-movements to
control an ingelligent desk [7:] in the pdlice. First intelligont office furniturs which used

gesture control’ reached the market. Additionally, there is an ongoing involved of NUI by

the entertainment industry for designing input technologies (e.g. contoller for games
cemsoles like Nintendo Wi, Microsaft Kinect, ote. ).

Puradoxically, NUI targets at an improved use of physical strength and reduction of mental
cffort while learning these interaction techniques by drawing on provious cxpericnce
and trained gestures, but produces at the same time new challenges for people with
mental and physical disabilities because of the variety of reguired body movements and
the involvement of different body parts in space. This [nclude stalic disabilitics as well as
temporary digabilities in the rehab field, Therefore, novel adaptive and normalized NUI
interaction technologies are required [57, 5],

In the area of traditional inpuc-devices a variety of special devices esp. for people with
physical limitations were developed, e.g. oversized trackball-mice or adapiive keyboards
with special mechanics for supporting users with uncentrollalde muscle movements and
gross sensory motor skills (tremor) [+% ). However, several studies report the insuflicient
ncveptance and application of such devices [:0].

Inn order to design futare intelligent environments and interactive eyber-phyiscal spaces
an universal approach (universal design® or ,design-for-all*) is needed, which includes

people with different physical, cognitdve and social coneitions [< 2], Yee [<2] suggests a

a series of parameters, which should be considered by choosing interaction techniques:

physical abilities, controlled motor skifls (e.g. fine motor skills, operating range, strength,
fatigue, and the ability of contemporary movements) cogmitive abilities, setisorial ca-

pacities, personal preferences, enviroamentzl conditions, involved processes, temporal -

aspects, financial terms, portability, and normalizalion. A series af studies focusses on
aspects of physieal disabilities and the design of interaction techniques. Examples include

Thip :ffm-:;f.]_nista‘brighﬂight.mmj
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the project SINA [25], where camera-based techniques are nsed and one project which
uses the EU [CTstrategy [©] for designing easy to use interfaces in changing environments,
Other projects address the design of age-appropriate products, the usage of touch-soreens
in care, ete.

Tn the majority of publications in that area, it is mentioned, that a unified and stringent
method for the universal design of interaction is not yel available. Current research

" activities are mostly focussing either on the user in general or limiting to laboratory

tests with very dedicated baglc conditions [, Anthony et al. [5] are reparting in their
actizal study, thut the usability of fouchsaeen-based interactons for people with wisuwal
impairments is better investigated than for people with motor skills deficits, At the same
-time the use of motion-based gesture control by means of NUI in regard of controlled
rehabilitation beyond clinfcal environments is also an area of active research. Within
the scope of seriots games, Huang et al. [27] use the Microsall Kineel for recognizing
movements of rehahilitation exercises of patients suffering from cerebral movement
disorders. Butler et al, [**] utilize the Nintendo Wii for controlled rehabilitation. That
interaction techmque is increasingly utilized outside the hospital in order to keep up the
patients motivation. First industrial solutions in that area are available?. Schitzlein et
al, [37] on the other hand developed a glove for users with restricted mobility, which
. acts as a movement suppeort according to rehabilitation while gaming. In total all these
selutions rely on a playiul component, but are less focussed on everyday environments.
Currenl research projects such as 5iRIA® investigate in this connection how the integrarion
of such exercises in everyday tasks and movemongs is possible using embedded sensors.

AlL. Interaction Ensembles '

Interaction Ensembles is a novel approach for anthropometric eptimized interacton
- techniques. Main idea is the configuration of interaction modalitdes and devices at
runtime of an application as well ag optimizing the entire interacdve system regarding
(1) the users’ physical disahilitigs — anthropometric profile, (2) the requirements of a
particular application — interaction profile, and (3} the usage context. Precondition

of such a system is the modularization of interaction techniques and realization as

autonomous encapsulated, exchangeable, adaptive, and combinable units [, 2], By
means of the automatic configuration of interaction devices and their interconnection in
a network ( Interaction Ensembles™) the wholé system is optimally adapted to the users
and the context and not the reverse,

Tor the realization of such a concept, we are cuxrently developing the STAGE-framework,
based on a software-platform (Ambient Dynamix [ 2]} for recognizing and processing

contexts on mobile devices {currently Android-based Smartphones of tablets) which was -

likewise developed at aur institute. Mohile devices provide optimal basis for that project,

Ihttp://projekt-sivia.de/
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Chapter A, Tntroduction

because they are mostly available, avoiding complex instrumentalization of different user
environments, and considers privacy aspects and the autonomous control of users. A
maobile STAGE-(levice holds a profile cormesponding to the previous cefined requirements
(1) and (2} ready and configures the devices in-situ in respect of the partioular specific
usage context (3). '

A.1.2. User-defined gestures

Due to the increasing use of gestures to contral devices and the absence of a standardized
zesture-alphabet, so called Guessabilitiy-sludies [ 1] were used az an instrument for
eliciting user-defined gestures for controlling systems. Cafaro et al. [ 4] are describ-
ing these studies a5 a Bottom-Up-mmethodology in which users see a system reaction.
Afrérwards they have the possibility to guess a gesture which mighr cause that system
reaction. Afl gestures are collected and an agreement amonyg a1l test persons for a single
system reaction is determined. In compatison, the top-Down-methodology describes the
definition of gesture sets done by the respective device manufacturer. Nacenta et al. [41]
cvaluated the memarability of such user-defined gestures in comparizon with pre-defined
gesture sets. They found, that user-defined gesture are [aster and better memorized than
pre-defined sets. Nevertheless, the methodology of guessability studies is a subject of
controversial discussion, hecause uzers are often biased by previous experiences with
commen interactive systems and relating these knowledge directly to such studies [29].
Mareover, the age of users [2] as well as culiutsl infleences [27] may lead o dillerent
results, Dhue to these resasons guessahility studies need to planned and performed thor-
oughly Chot et al. 4] were able to show, thal gestures which had a high agreement
among participants while one study will be completely different rated in further studies,
Simultaneously, formal methods exists, which clearly show the statistical significance of
agreements of elicited user-defined gestures [55].

A.2. Qutloak

The remainder of this report is spl-it into 4 chapters. Chapter B gives a peneral overview

-about the carried out study. The study-design including the setup, procedure, the

volunteer recruitment, and the developed system architecture are ‘presented. Next,
the collected data while performing the study is analyzed, diagrammatic presented and

-wrapped into general obsorvations in chapter B.3. On this basis, the findings are discussed

in chapter B.4. Finally;, a summary of this roport is presented in chapter C.
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Chapter B. Main Part
B.1. Methods

In thiz chapter, we discuss all related aspects to the design of a three-fold qualitative and

explorative study conducted as part of this project. The study is designed and conducted

in three phases:

Phase 1 “Guessability Study with healthy participants (Kohorte 1)” aims at investigating
the ugers' interaction behavior with Lypical smart devires in oflice eavironments
feur., telephone, printers, window, light, etc)} in the case of simulated physical
impairments (focused on limited arm and hand physical capabilities].

Phase 2 “Guessability Study with impaired participants (Kohorte 2)” chat stady aims at
investigating the users’ interaction behavior and interaction strategies with typical
smart devices in office environments in the case of physical Impaitmenis related (o
arm and hand. '

Phase 3 “Wizard of Oz with impaired participants (Kohorte 3)" evaluating and ana-
Fyzing the use of 4 number of realistic Inleraction Lnsembles scenarios in office
environment,

B.1.1. Guessability Study — Referents and Office Setup (Phase 1 and Phase 2}

As introduced earlicr, this study is mainly fornsed on office environment g applicelivn
domain. We have analyzed different office related scenarios in order to identify possible
referents (i.e,, rasks) that are of interest to the study, Initially, we have identified 56
referents split into 30 surface and 26 ambient tasks. Surface referents are tasks that take
place on either horizontal or vertical surfaces in the office, for example wiping content
on a smart wall or desk. Anihient referents are tasks that are not bound to a particular
surface such as the room’s light or temperature.

In order to limitate the study to a manageable and realistic tme duration, we have
- decided to constrain the siudy to 27 referents split into 12 sutface atud 15 amlient oflice
referents (shown in Table B.1}. Howevey, the original referent coding was kept including
its mumbering. We have equipped a room with a basic office layout and the needed
smart devices for the experiment. The devices inchuded smart RGB light (a strip with 300
programmable EEDs bascd on the Art-Net protocol), & simulated window blind projected
on a wall (building and integrating a real controllable window blind in the hospital was
not possible), smart telephone (3 norme! office phone equipped with an extra screen),
srriart printer (Jaserjet printer equipped with an extra screen), smart table (normal rable
with top projection), and smart wall (wall projecton). Each device is responsible for
demonstrating {1.&., showing) the referents attached to the device as shown in Table B.1.
The actual placement and positioning of thoese devices in the office is should in Figure B.1
and Figure B.2. The devices can be all individually controlled remotely from a central base
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B.1. Methods

confroiler. The controjler is respanqlble from gencrating the order of the experiment for
each participant. The controller is then used by one researcher to control the experiment
flow as discussed in section B.1.2. The technical setup and implementaton of thesc
devices are discussed in section B.1.1.1.

In addition, one pait of the room, equipped with an extra table, was dedicated for

documentation and observations.

dlorcover, two vidoo cameras were positioned 1o

capture the full movements of the participant body and the interactions to capture the
upper and lower parts of the participant’s body.

Table B.1.: Referents Considered for the Guexadl:llhty Study {Phase 1 and Phase 2}

Et e =i = el e = (LT e ]

S e 1 £ A o Y —— P T S

Referents
phi il Code Description
- Bl Open Window Blind
SmartBlind 5 iose Wiridow Blind
- T1 AcceptCall
Smart Telephone 12 Rcject Call
: "3 Change Contact
T5 Imcrease Volume
Th . Decrease Volume
. 77 P10 Delete an Object
ke D2 Accept Action
B3 Bejeet Action
D4 . Change Background
Do Zoom In
ny Zoom Chat
. Wil Delete an Object
Smart Wall 3 Accept Action
W3 Reject Action
W4 Change Backsround
o e
W Zoom Out
; Pl Turn On
Smart Printer 75 T O -
F5 Delete Job
: L1 Turn On
Smart Eight Iz oI OFF
L3 Change Color
"8 T Tncrease Intensity
L& Decrease Wkensity
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Figure B.1.: Office Seiup Used {or Phase 1 and 2 (Outline)

B.1.1.1. Systemn Architacture

To provide a realistic office setup and cfficiently colleeting data while carrying out the
study;, we've built a distributed system architecture with a single controller node. As
depicted in Figure B3, our architecture involves three main layers, following a slightly
adapted Model-View-Presenter-Pailern [7+] for distributed devices in explorative studies.

Each devices’ graphical user interface was developed as an HTML-page using JavaScript
and jQuery’ as a framework for animations mimicking real system reactions, following
Lthe responsibility as o passive view, Because of the heterogeneity of operaling systems
running on different devices, we targeted to develop using platform-independent and
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B.l. Bethods

Figure B.2.: Office Setup Used for Phase 1 and 2

fast deplovable technologics. All graphical users interfaces including the controller were
provided by the web-server, located in the model-layer, which additionally works as
a mediation layer between view and presenter. Lach device, listed in Table B.1 was
accessing its UT by simply using a Web-Browser like Firefox or Chrome. Once the page

cis opened, the device subscribes itself to the WebSocket-server, nsing the WehSocket

progocel [10] and listening on further commancs.

Similarly the controlley, located in the presenter-luyer, registers itself to the WebSoeket-
server. Additionally, the WebSocket-server generates a unique ID, based on previous
persisted dalasels located in a locel database at the model-layer, which is used as =
reference for further processing. Moreover, the controller consists of four main building
blocks, which are described in the fellowing:

Sequence Control Unit is responsible for generating and observing the sequence of refer-
ents and devices wirthin one experiment round. Tirst of all, the order of deviees are
determined, followed by the reterents associared to each device. Tt is important to
mention, that complementary referents are congecurively ordered,

Bodypart Picker In order to provide an casy possibility to capture used body parts of a
user-defined gesture, the controlling experimenter has the possibility to insert these
information by using a visual Bodypart Picker '
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Chipter B. Main Part

System Reaction Trigger The System Reaction Trigger is responsible to command each
device to execute the needed system reaction. Moreover, cach device state can be
modificd and therefore any system reaction can be triggered again at the desire of
the participant. .

Round Evaluation Unit Beside of capturing execution- and thinking-times, the Round
Evaluation Lnit is responsible for persisting given answers of questions asked after
the execution of a gesture. -

Pressnter

. Figure B.3.: System-Architeclure Phase 1 & 2

B.1.2. Guessability Study — Sludy Procedure (Phase 1 and Phase 2)

.

Plase 1 and 2 were independently conducted in Litbeck and Bad Bramstedt. Howewver,
they followed. the same order of stady, which splits into five different steps:

* Welcome and introduction

= Pre-questionnaire

= Experimental rounds — level 1 (no imposed restrictions)
» Experimental rounds — level 2 (imposed resirictions)

» Semi-Structured interview '
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{zee section B.3.1).

B.1. Methods

B.1.2.1. Vaelunteer recruitment

The preparation for condecting phase 1 was initdated by starting the hiring process for

healthy volunteers, The hiring process was based on a puhlic call for volunteering, which
was distributed amongst different mailing lists related to the University of Litbeck and
through local social netwarks at the city of Liibeck, Germany. The call for participation

‘can be found in Appendix . The targeted number of participants in this phase was set to

16 participants. Hence, it was plammed to hire 20 participants with a possible drop rate of
25%. |

The participants acquisition for Phase 2 was conducted by our project partner at the
Bad Bramstedt hospital®, Another three participants were recruited by the Bheuma-Liga
Sehleswig-Holstein eV, — Ortsgruppe Ratzeburg®. The target number of participants
was set similar to Phase 1.

In total we were ahle to recruit 20 participants for Phase 1 and 13 for Phase 2. A more
detailed description of the group of partivipants will be presented later in this document

B.1.2.2, Weicnme and introduction

On the day of the experiment, participants were received and welcomed at the study
focation and introduced to the study general procedure. The introduction mainly high-
lighted thar (1) rhe affice is smart and is able to senze all user actions, (2) the office has 6
smart deviees that the participant will interact with, (2) the participant should use motion
gestures to conttol the referents associated with the devices, and (4} no touch-epabled
device is available, '

The participants were also provided with a information sheet about the study (found
in Appendix T) and were then asked to sign a consent form to conduct and {ilm the
experiments (found in Appenclix ITF).

B.1.2.3. Pre-questionnaire

We aimed by the questiumléjre to collect some information about the participant’s back-
ground, We were mainly interested to acquire general informativn about the participant’s
age, gender, profession, physical status (dominant hand and physical limitations/im-

© painments), experience with multitouch gestures (how often he/she uses multitouch

*pr med. Andreas Christoph Arlt, Kliniom Bad Bramstedt, Amelicher Dircktor der Rehahilitationskini,
Leftender Acet dest Kk fie Netrologisclee Bobalsilitation, Faeharer fir Neurologie, Fachavee iy Physikalische
und Rehabititative Medizin, d

*hitpuz/ frlsh. de/ urtsgruppen/ortsgruppe-ratzeburg/
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Chapter B.' Main Part

gestiures), expetience with motion gestures (how often he/she tses motion gestures), and
experience with office tasks (how often he/she works/used to work in an office). The
participants were asked to rate how often the three experience questions on scale from
(0: MNever to 7: very often). 'The full questioner can he found in Appendix 1V,

B.1.2.4. Expetimental rounds — level 1 {na imposed restrictions)

In this parr of the study, the participant was asked to define motion gestures for 27

- referents in 27 individual rounds, Al this stage no physical restrictions were imposed.

For each round the following procedure was adopted: (1} the office was prepared by
setting all devices and artifacts to initial status, (2) the referent was introduced (the
order of referents and devices were randomised), (3) the referent was cxccuted (Le,
demonstrated) in order to reduce the participants’ subsequent cognilive load and give
them the possibility to built up a mental mode! of how the system works, (4) the
participant was asked to think about an appropriate gesture for the referent (Think-
alowd protocol was recommended), (5) the participant was asked to perform the gesture
{starting the execution by verbally saying START and finishing the gesture by saying
STOP), and finally (6) the participant was then asked to evaluate the selected gesture.
The evaluation for each round was based on rating three questions {1; very good, 5; very
bhad): “Was it easy to think about the gestura?”, “Was it easy to execute the gesture?” and
“Does the gesture fits the task”’

- For each of the parformed munds, the experimenters recorded the body parts used, the

thinking time and the execution time.

lior reasons of documentation the whole study progress was recorded on video, “I'wao
video cameras were positioned to caprare the full movements of the participant body and
the interactions with the 6 objects. The videos were later manually annotated by two
individual researchers using ANVIL [ 2] — a software for analyzing annotating videos,
based on previously defined formalized criteria, We've analyzed the videos regarding the
following criteria:

Thinking time dura_ltiun

Exscution time duration

Gestare type
= Gesture meaning

= Gesture description

Temporality {discrete vs, eontinuous)

Relation to other gestures (sinilarity vs, complementary)

12
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All information, gathered by annotating the videos, were ransferred into a relational
database for further investigation. Based on these data, large part of the following findings
~wera gencrated. Additional findings were generiled by conducted semi-struclured
interviews. A more detailed discussion about the lnterviews c¢an be found hereinalten

B.1.2.5. Experimental rounds -— level 2 (with imposed restrictions)

Similar to the first experiments| rounds, the participant was asked to define motion
gcstum-: for 27 referents in 27 individual rounds. Nonetheless, we have restricied the use
of arms and hands in at this stage of the study. Participants were asked and continuously
reminded that it is no possible to uge their hands and arms for this part of the study
Apart of the imposed restrictions, the rest of this stage is ideniical to the previous rounds.

B.1.2.6. Semi-Structured |nterview

In the final part of our Guessability study a semi-structured interview [7% p. 62fF]
was catried out. Each participant was asked to answer questions from three different
categories, namely strategy, acceptance, and healthy working, in relation to the previously

study phase. In order to deepen the discussion, a number of further questions for each
category was asked to probe cach partcipants opinion. The interview was led by one

experimenter and documented by a second interviewer. Additonally, the interview
wits also filmed for record keeping and insuring that all parts of the inlerview can be
- documented, '

Firstly, we aimed to identify the participant's strategy to define the gestures selected
for referents. Hence, the primary question fur patt of the interview was “fHow did vou
choose/select your gestures, did you have a pacticular strategy?”. This question was
split into six subquestions: “Did you lnok for complexity/simpliciey?”, “Did you look for
innovaton and novelty?”, “Did you look for quick and simple mapping?”, “Were you
influenced by your previous experience with touch interfaces?", “Do you like 1o customise
gestures :mlu*sclf" Why?, and “Would you rather prefer fixed gestures? Why?".

Secondly, we aimed to ufeut;fy the acceprance of using full-body motion gestures in aﬂ" ice.
The primary question for part of the interview was “How acceptable is the idea of using
full-body moton gestures in offices?™. This question was splil inlu two subgueslions:
“Would you use your full body as an interaction medium with your smart office? Why?”
and “Do you think it is useful for ali office tasks? Why?"

13
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Thirdly, we aimed to Identify the potential of using full-body motion gestures for a
healrhier office. The primary quesdon for part of rhe interview was “Do you see the
putential for using whole body gestures for a healthier office and wuork sivle?”, This
guestion was split into owo subguestions: “Can you imagine using the office as a training
environment? Why?” and “Do you think that this may affect your concentration and
productiviey?. Why?",

B,13. Feasibility Study "Wizard of Q2" — Referents and Office Setup (Phase 3)

We have aimed in the third part of our study to expose the participants to a number
of realistic pnssible Ensembles in oflice related tasks, 1Ienee, we have analyzed typical
office tasks and related gestures in order to identify a variety of possible real ensemble
configurations, mainly with the aid of Phase 1 and 2. Different from Phase 1 and 2, this
phasé of the study was based on the “Wizard of Oz" approach [17, p 204], which is
aimed to provide the participants at a realistic expericnee with Enscmbles. To stimulate
this experience, we have equipped the room with a fake smart desk (rop projection on a
table equipped with various dummy visible interaction sensors). This desk was presented
to the participants as a fully functional prototype of an interactive smart desk to gain
a maximum realistic interaction experience without technical limitations or obstacles.
A dedicated researcher was responsible {or simulating any valid interaction with the
desk using a remote controller to guarantee reasonsble reaction and responsiveness to
participants’ interactions with the degle In fact, some participants intentionally tried
to trick and fool the system to evaluate iis responsiveness and accuracy. Due to the
constrained timing of our impaired participants at the hospital, we have constrained this
part of the study to two typical gestures (namely, zoom and rotation) and a maximum
time of 40 minutes. Each gesture requires the involvement of two body parts and was
used in 16 different ensemble configurations with the lollowing sequence:

= & different Ensembles (device/modality configurations) for enlarging a picture
uging the pinch 1o 2oom gesture in single-user and collaborative setdings. In terms
of collaboration the bodyparts resp. techniques were split between the participant
and one experimenter, The split interaction was executed simultaneously. The first
round for each sertings was aliocated asg an introductory training round.

= 2 self-created /customized Ensembles for zoom gesture in single-user and collab-
orative settings. Each participant was asked to chose and perform an lnteraction
Ensetnble consisting of two body parts and assoeiated interaction technigues from
a given set. In collaboration, the participants decided which bodypart they want to
use and which the experiinenter should use.

« § different Ensembles for rotation a picture using the rotation gestire in single-
aser and collaborative setlings. In terms of collaboration the split interaction
was executed sequentially. The first round for each settings was allocated as an
introductory training round.

14
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= 2 sell-created/customized Ensembles for rotation gesture in single-user and coflabo-
rative sethngs.

B.1.3.1. System Architecture

Because of the modular design of the system architecture used in phase 1 and 2 (see
Subsection B.1.1.1), we easily were able to adapt the previously used setup to the
teasibility study. Beside a new graphical user interface to display the system reaction,
major changes were done within the controller. In order to enable the controlling
experimenter to emulate the system reaction based on the users movements, the devices’
UT was alsn integrated into the conrollers Ul (see Figure B.4), The communication stack
works as described previously:

Event Processing Unit “The Event Processing Unit recognizes the touch-events at the con-
troller and passes them through to the tabletop device, where they are processed
and converted into an appropriate system reaction. Due to the Fact, that current
browsers are not reliably able to recognize touch events in a performant way, we
used Hammerjs?,

Round Evaluation Unit The Round Evaluation Unit wotks as described in Subsection B.1.1.1.

Task Change Trigger [n order to change the task without touching the displaying devices,
the Task Change Trigger is able remote control the displayved task at the tabletop
device. e

B.1.4. Ensemble Configurations

The different ensemble ¢onfigurations are carefully selected based on [owr ensemble

- design and assessment factors, namcly collaborativenass, hybridity, ensemble size, and
body heterogeneity. Table B.2 contains the different ensemble configurations used in this-

phase of the sty

B.14.1. Collaborativeness

Collaborativeness manifests mainly the social setup, in terms of the number of users
involved in the interaction. Collaborative spaces have opencd great chances for new
coltaborarion habits and patrerns for users in offices, museums, éxhibirion hatls, erc. While
various researchers study these spaces in terms of the tasks in hand (e.g., collaborative
document editing and collaborative games), we [ocus here on the interaction itself

{referred to herein as Collaborative Interactions). Collaborative interaction opens up

an interesting seope for NUI, because iL breaks the conventdonal interactivity norms.

Muttpe// hammerjs grithub.ias
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Figure B.4.: System-Architecture Phase 3

Collaborative interaction -allows to cxtend the interacton capabilities by employing
extended list of body parts (based on the number of collaborators) to using more than
two hands, more than 10 fingers, etc. Hence, new interaction possibilities and patterns
can be created to enhance the interaction space.

To our best knowledge, most published research sbout interacting collaboratively fucus on

isolated cooperative gestures, Large number of research projects are coined around table-

twps [24], collaborative user art-performances [20] (multiple users interact to establish a

music or entertainment effect), ad-hoc network connections as in SyneTap [55] and Stitch-

ing [:7] (establish connection between multiple devices through synchronized action),
- and socialization (e.g., systems for creating stories for children as in StoryTable 31 }).

Nonetheless, very little research is done on collaborative interactions in their true sense

{i.e., nmltiple uscrs performing a joined interaction collaboratively}. Perhaps some of the'

earliest examples on this form of interaction are covered in Morris et al. [30.

In their paper, they have presented a number of collaborative gesture scenarios including:
enlarge photos (multiple users drag the edges of a photo to increase its size), neaten
photos (neatening photos into crderly piles by placing the edges of bath hands on the
stirface of the table; and sweeping them toward each other), photo passing {pass a phato
ovet a latve distance by throwing and pulling, one user performs the throwing and
ancther one the recelving part of the gesture), stroke crasure (collaborative rubbing
to erase content), and exiting/closing Chold hands, and then one member of the chain
touches the table’s surface with a single finger).
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g
fa .
: £
- 2y 8
Code Task Techniques Badyparts Heterogencity -
Z0 Intre: Zoom picture  Touch 1 (Ifinger}] T 1 1
Z1 Zoom picturc ‘Touwch / Motion 1 (Tinger) 2 R A
&2 £oom picture Touch / Maotion 2 (Finger / Foot) 1 2 2
£3 Zoom picture Free choice -— 1l — —
Z4 Zoom picrure Touch 1 [Tinger) 2 g
Z5 Zoom picture Touch / Motion 1 (Finger) 2 2 2
Zh. Zoom picture Motion 2 {Arm / Foot) zZ 2 2
Z7 Zoom picture Free choice . = 2 — —
RO Intro: Rotate picture  Touch 1 (Finger}' I 1 1
Rl Folate picture Touch / Motion 1 {Finger) I M &
R2 Rotarc picturc Maotion 2 (Taot / Head) 3 [
R3 Rotate piclure Free choice — 1 — —
R4  Rotate picturc Motion 1 (Finger) 2 2 1
R5 Rotate picture Touch / Motion 1 (Finger) 2 2 2
R& Ratate picture hotion 2 (Foot / Head) pr AN |
R7 Rotate picture Free choicg — 2 — —

Table B.2.: List of modalities used as Ensemble-Configurations for the Wizard of Oz Study
(Phasc 3)

According to Morris et al. [%22], collaborative gestures are very useful for increasing
participation, awareness of important events, reach large surfaces, access control, and
entertainment.

B.1.4.2. Hybridity — Hybrid Interactions

MNew studies and same commercial products have shown the importance of interweaving
different rypes of gestures especially for handheld devices. Chen et al. [23] have proposed
to interweave touch and in-air gestures as a unificd interaction medality for enbhanced

"and greater expressiveness. While touch gestures may be overloaded i time, space

and configuration, in-air gestures suffer from segmentation accuracy. Hence, they have
proposed the synthesis of the two input modalities into one to achieve interaction richness
and robustness. They have proposed a number of examples such as eirele-in-air and tap
an icpn b brigger a context mend, finger high jump betwecn two taps to sclect a region
of tlext, and tap and cycle the finger in air to condnuously zoom a map. Similarly, the
Motion+Touch project [19 ] combined touch and motion sensing capabilitdes for tonch-

enthanced motion gestures and moton-enhanced Louch on mobile devices. Recently, some
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Chapter B. Main Part

commercial handheld devices (e.g., Galaxy 85°) pariially support in-air technologies
such as hovering, which indicates for many researchers that interweaving touch and
motion modalities may be adopted more widely in the near future [ 23], The code space
project [14] conbines touch and in-air modalities for gesturing to support developer
meetings. This combination allows users to interact remotely with a display by an in-air
pointing and object on-screen touching gesture. Other examples include: manipuladng
with armn, pointing and manipulating with arm and phone touch, annotating temporarily
with arm pointing and phone touch, and object transfer with poiitting and tonch gesnires:
The Hand-On Math projece [44] explored concurrent touch and pen on one device,

Liang et al. [1+] imvestigated user-defined gestures for surface snd motlon gesturers for

manipulating 3D objects at distance through mobile deviees. They argued that combining
various input capabilities, supported by maobile devices, enables 4 more expressive and
rich set of gestural language for enhancing interaction with mobile devices. One of the
oldest HCI explorative project for interweaving interaction modalities is Put-that-there [7]
that combined arm tracking with speech recognition in a smart room scenario.

We strongly believe that interweaving interaclion modalities will also emerge in various
[nteraction paradigms such as tabletops, tangible interactions, and ambient interactions.
Hence, Fnsembles may greatly supporl complex scenarios where multiple interaction
maodalities are interviewed together, New novel gestures may consist of touch and motion
components, for instance a pinch-tu-soum gesture may consist of one in-air motion
component for the right arm and touch component for the left arm.

B.1.4.3. Ensemble Size

Ensemble size indicates the number of interaction technigues actively involved to compose
a given Ensemble. The increasc of the [nsemble size indicates Increasing complexity of
that Ensemble. In collaborative scenarios, the size is often proportional to the number of
ugers involved In the interaction.

B.1.4.4. Body Heterogeneity

This factor indicates the heterogeneity degree of used body parts in an Ensemble. With
the tendency to move towards full body in motion, more body parts will be involved in
the interacton. Similarly, Ensembles are expectad to involve various body parts. Users
interacting within onc Pnsemble may have similar interaction tasks but use different
modality and different body parts as part of the tnteraction. The inereasing heterogeneity
of body parts adds to the complexity of the Easemble building and cxecution.

5]1I;I:p:f,-"'www,s:-1rn Wl ng,ur::fﬂ::.-"c;l.;m L:.:.'.Lu_-r,fnmbﬂeudevicefsmarrphnuefsmmtphnne,fS -
GUOCFZWADRT
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B.1.4.5. Office Setup

The office setup and the distribution of devices used are fllustrated in Figure B.5 and
Figure B.6. For this part of the study, we have equipped the room with a simulated smart
desk/table (normal table with top projection). Various dummy interaction sensors were
 placed on the table for assuring participants about the smariness and capabilities of the
table. The table was split into three main areas: (1} interaction area where the interaction
with actual referent takes place, (2) modality cards where different interaction modalites
can be selecied o confligure the Lible inleraclion capabilities and (3} activation arca
where the modality cards should be placed to activate the actusl table sensing capabilities.
The interaction area and its reaction to the participant actions were controlled remetely
by one of the experimenters without any notice from the participant. In addition, one
part of the raom, cquipped with an extra table, was dedicated for documentation and
observations. Moreover, one video camera was positioned to capture all experimental
-sessions for record keeping purposes and for later analysis,

B.1.5. Wizard of Oz Study — Study Procedure (Phase 3)

= Welcome and introduction

= Pre-guestionnaire

= Experimental rounds — Zoom gesture

= Experimental rounds — Rotation gesture

Semi-Structured inferview

B.1.5.1. Volunteer recraitment

The participants ar:quisitién for Phase 3 was conducted by our project partner ar the Bad
Bramstedt hospital®, Our target number of participants was set similar to 20 participants
with a tolerated drop rate of 25%.

In total we were able to recruit 21 for Pﬂase 3. A more detailed description of the group
of participants will be presented later in this document (section B.3.2).

S0y med. Jochen Steinmetz Leitender Obezarzt der Klindk fiir Meurolosisehe Rehalilivation Facharze fil
Menrciogie, Physikalische T herapie, Soxalmedixn, Bebabiilationswes2.
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Figure B.5.: Office Setup Used for Phase 3 (Oudine)
B.1.5.2. Welcomes and intraduction

On the day of the cxperiment, participants were received and welcomed at the study
locatinn and inteoduced to the study general procedure. The introduction mainly high-
lighted that (1) the office is smart and is able to sense all user actions, (2) study will he
mainly about the office's smart desk, (3) the participant should use touch and mation
gestures to perform two tasks, namely zooming and retation a picture, and (4] the table
sensing capabilities should be activated before performing the interaction (by placng the
right modality card on the activation area). The participants were also provided with an
information sheet about the study (found in Appendix II) and were then asked to sign a
consent form to conduct and film the experiments (found in Appendix 111).
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Figure B.6.: Office S{.:tup Used for Phase 3

B.1.5.3. ‘Pre-tyuestionnaire

Similar-to the previous two phases, we aimed by using the same guestionnaire {(Ap-
pendix IV) to collect some information about the participant’s background.

B.1.5.4. Experimental rocunds — Picture Zoom

In this part of the study, the participant was asked to perform a pinch to zoom gesmure
for enlarging a picture. The participant was presented with different variations (Z0 -Z7)
of this gesture as shown in Table B.2 by varying the used modalities for interactions.
These experimental rounds were split into single and collaborative settings. Figure B.7
illustrates the different rounds condiicted in this phase of the él_'ud}:

Introduction round using touch

2 different device f:c:ﬁﬁguraﬁl:ms (single user)

Free choice

2 different device configurations {collaborative)

= Free chinice

21




Chapter B. Main Part

Figure B.7.: Demonstration Rounds (Phase 3)

“The first session was planned around single-user setdngs, The participant was frst

presented with an introductory training round (Z0), In this round, the participant was
asked to perform the pinch to zoom gesture with two fingers on the table (touch). Next,
we have increased the modaliny hybridity by asking the participant to perform the 2oom
gesture with one finger in the air and one finger wouch {Z1). Next, we have increased
heterogencity of the used body parts by asking the participant to perform the gesture with
one finger (towch) and one foot (£2). After the aforementioned rounds, the participant
was asked to create/suggest a combination of her/his choice.

The second session was planned arcund collaborative setlings, Firstly, the participant was
asked to perform the pinch to zoom gesture with two fingers on the table (touch) joinlly
in collaboration with anciher uzer (ie., an experimentery (£4). Mext, we have increased
the modality hybeidity by asling the participant to perform the zoom gesture with one
finger in the air and one finger touch (Z5). Next, we have increased heterogeneity
of the used body parts by asking the participant to perform the gesture with one arm
{motion) and one foot {Z6). After the aforementioned rounds, the participant was asked
b create/suggest a collaborative combination of her/his choice {Z7).
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For each of those rounds, we have asked the participant to rate the ensemble on [hree
aspects: elfort {Was it easy to exeecniion the proposed gesture?), physical load {Was the
task physically casy to perform?) and familiarity (Was the task common or known to

yourl.

‘Right after a participant experienced an ensemble, we asked to answer two Likert scale
questions. In order to identify the physical and cosmitive complexity to execute such
ensemble, we asked to answer the question “Was it easy to execution rhe proposed
gesture?” from scale (1% — very easy to “5% — very difficult), To assist the Ensemble
familiarity, we asked to answer the question “Was the task common or known to you?”
from scale (1% — well-known to “5" — widely unknown). A third guestions was added

in case, that the participant was asked to self defining an Ensemble, The participants

" were asked to answer the guestion (“How easy was it to guess these configuration?) on
a Likert scale from "1 — very easy to 5" — very difficult in order o find how cognitve
demanding a customized Enzemble is.

B.1.5.5. Experimental rounds — Picture Rotation

In this part of the study, the participant was asked to perform a rotation gesture for
rotating a picture. The participant was presented with different variations (RO —R7) of
this gesture as shown in ‘lable B.2 by varying the used modalities for interactions, These
cxperimental rounds were split into single and collaborative settings,

The first session was planned arotnd single-user settings. The partcipant was first
presented with an introductory training round (RO). In this round, the participant was
asked to perform the rotation gesture with two fingers on the table (touch). Next, we
have increased the modality hybridicy by asking the participant to rotate the picture with
one finger in the air and one finger touch (R1). Next, we have increased beterogeneity of

. the used body parts by asking the participant to perform the gesture with foot {touch) and
head (R2). After the atorementioned rounds, the participant was asked to create/suggest
a combination of her/his choice.

The second session was planned around collaborative sottings. Firstly, the pardcipant was
asked to perform the gesture with two fingers on the tahle (touch) jointly in collaboration
with another user (i.e,, an experimenter} {R4). Nex(, we have increased the modality
hybridity by asking the participant to perform the gesture with one finger in the air and
one finger touch (R5), Next, we have increased heterogencity of the used body patts
by asking the participant to perform the gesture with one [oot and the head (R6). After
the aforementioned rounds, the participant was asked to create/suggest a collaborative
combination of her/his choice (R7).
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#.1.5.6. Semi-Structured Ir_lteru'sew

In the final part of this phase of the study a semi-structured interview was carried out.
Each participant was asked to answer questions for three diffcrent categories, namely
strategy; acceplance, and healthy working, in relation to the previousiy study phase. ln
arder o deepen the discussion, a number of further questions for cach category was
asked to probe each participants opinion. The interview was led by one experimenter and
a second experimenter documented the interviews. Additionally, the interview was also

[ilmed lor record keeping and insuring thal all paris of the inlerviews can be dacumenied, -

Firstly, we aimed to identify the participant’s strategy ro creare Tnsembles. The primary
questions for part of the interview was “How Ensembles should be ideally creared ™
and “Which Ensembles do you prefer the most?”. These questions were split into 5
subquestions: “Should Fnsemhles he complex/simple?”, “Should Ensembles be innovate
and novel?”, “Shoukd Ensembles be influenced by the users previous/known expericnces
{e.g., touch interfaces)?”, “Should you he able to customizable your own el of Ensembles?
Whyt", and “How would yon customize the ensemble (using the sume ensemble, hody
parts, devices)?".

Secondly, we aimed to identify the acceptability of wsing Ensembles in office enviromments,
The primary question for part of the interview was “I low acceptable is the idea of using
interaction Ensembles in offices?”. This question was splir into two subquestions: “Would
you use your full body as an interaction medium with your smart affice? Why?” and “Do
you think it is useful for all office tasks? Why?".

Thirdly, we afmed to identify the potential of using full-body molon gestures for a

healthier office. The primaiy question in this part of the interview was “Do you see the

potential for using whole body gestures for a healthier office and work siyle?”. This
_question was split into two subguestinns: “Can you imagine wsing the office as a training
environment? Why?" and “Do you thinl that this may allect your concentration and
productivity? Why?”,

Fourthly, we aimed at identifying the new possibilities that the Ensembles may provide.
The primary question in this part of the interview was ‘Do Ensembles open new possibili-
ties?”. The gquestion was supported by two subquestions: “Do you think of other tasks
were Ensembles can be useful?” and “Do Ensembles support your daily life activities?
Why?"

Finally, we aimed to identify possible challenges related to the learning and remembering
of interaction Ensembles. The primary question in this part was “What do you think about
the learning and remembering of interaction Ensembles?”. This question was split into
five supporting subquestions: “Do vou think Ensembles are hard to learn? Why?”, “Do
you think Fnsembles ave hard to be remembered? Why?", What are the easiest part of
experienced Ensembles during the stucly?”, “What are the hardest part?”, and "Do you
have any other thoughts to share?”.
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B.2. Study Execution and Implementation

Acquiring participants for the study started in September 2014. For the first acqﬁisﬁ:iﬁn

' phase 20 healthy participants were selected aller an open public call for participation

which was open for one week, This number of participants fulfilled our participation
turgel {or this phase of the study. The second acquisition phase was conducted in
November 2014 by our project collaboration pariner in the Bad Bramstedt hospitat in
Germany. Initially 15 participants were requirced but only 10 participants were able to
artend to our experiment. Hence, we have later acquired two more participants through

- the Rheuma-Liga Schleswig-Holstein 2.V, — Ortsgruppe Ratzeburg. Hence, 20% dropout
rate was recorded for this part of the experiment. For the third phase of the study, 20

participants where acquired in April 2015 by aur project eollaboration partner in the Bad

Bramstede. This number of participants Mulliiled our participation target for this phase of .

the study

Due to the unexpected absence of our collaboration pavtnér and unexpected temporary '

shortage of space at the hospital, the third phase of the study was delayed for three
memths (starting in April instead of January 2015). This kas impacted the overall dme

‘needed for the project.

Morcover, we have initially planned to usc the same participants in phase two and thres
of rhe experiment, but due to the aforementioned delay, we had to readjust our plan and
o eonduel the chird phase of the study with new participants. This did not change or
impact the results of our study plan. Nonetheless, this has imposed additional effort for
acquiring and scheduling new participants which was not anticipated before.

 During the experiment we have collected data from multiple rescurces including video
recordings {ca. 70 hours), autormatic data logging (ca. 1700 logs), hand-written interview

scripts (52 scripts), and hand-written questioners (52 filled forms), The processing of the
data from these resources required more Hme than originally anticipaled due to the long
time required to code the videos, The delay coused in the exccution phases of the stdy
also impacted the processing speed of the videos as the student assistants ailocated to
this task had to take various university examinations. This delayed the processing of raw
data by one month,
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- B3 Restilts
B.3.1. Gﬁessal:ﬁlity S;cudy — Phase 1 and Phase 2

According to the study plan, our Guessability study [<3] was split into two phases,
namely “Phase 1" for healthy participants and “Phase 2" for participants with physical
impairments, In phase 1, we have acquired 20 volunteers to take part in the study. The
participants were employed by as open call lor participation, which was send to students
and employees afflicted with the University of Litbeck, Germany. The participants came
from diffcrent professional backgrounds including students, project management, system
adminisiration, and research assistance. The zge of our participants ranged from 21
to 50 years old, with an average age of 27 years old with 55% male and 45% (emale
participants as shown in Figure B.8(a).

In phase 2, we have acquired 12 volunteets to take part in the study, which were directly

avquired by the project collaboration partner in the Bad Bramstedt hospital in Germany.

The participants came from different professional backgreunds including fournalism,
administration, marketing, and pensionsrs. The age of participants ranged from 21

"t 71 vears old, with an average age of 51 years old with 42% male and 58% female
participants as shown in Figure B.8(h).

atale " fenle

() Pﬁrticipa.nl:s {Phasc1} - {h) Participants {Fhaze2)

Figure B.8.: Participants’ gender

We have used the pre-questionnaire to identify a number of general observation about
cur participants. The majority of the participants in phase 1 {65%) are more familiar with
touch interfaces compared to participants in phase 2 (24%} as illustrated in Figures B.%(a)
and B.9(b). Nonetheless, most of the participants in both phases had no experience with
motion interfaces as shown in Figore B.9{c) and Figure B.9{d}.

‘The majority of participants in both phases are familiar with office work as illustrared in

Figure B.10, merely 20% and 17% of the participants reported no experience with office ;

work for pliase 1 and phase 2 respectively
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Somctimes
Dofnsinnalt'r
(b Familinrity with touch (Phase?)
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- Cocaaionally
) 3 v Mewer
(c) Pamiliadiny with motion (Phasel) _ {el) Bamiliarity wilh motion (Phased}

Figure B.9.: Familiarity with touch and motion gestures

B.3.1.1: (eneral observations

In total, we have collected 1070 gesiures in phase 1 (healthy group) split into 536 and 534
gestures for the two impaosed restrictions levels {with/without hands & arms) respectively.
In the second study phase (impaired participants), we have eollected 637 gestures split
mto 320 and 317 gestures for the two mmposed redtrictions levels (with/without hands &
arms) respectively, '

[ total, only very marginal number of e:-:pelimt;;ntui rounds were skipped by participants
during the study with 1707 successfully executed referents out of 1728 referents. Skipping
a referent occurred when the participant was not able te propose a gesture for a particular
referant.
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{a) Parlicipants (Phase1) (1o} Participants (FhascZ}

Figure B.10.: Familiarity with working in offices (current and previous)

B.3.1.2. Thinking time

We have investigated the thinking time required for each proposed gesture. We aimed to
analyze differences between the two parbicipant groups (Le. healthy and impaired) and
the two-imposed restrictions levels (with and without hands & arms}. The thinking time
was measured by calculating the lime afler demonstrating the task untl the start of the
SCsture cxecution,

" The average thinking time for defining a gesture is 13.21 second. The average thinking

times for the healthry and impaired participants were 14.02 and 11.82 second respectively.

=y Uhmenlly

‘The thinking time between the two groups differed significantly (Mann-Whimey U = -

297295, P = (0.002 two-tailed). These results suggest that the healthy group took longer
thinking time than the impaired group.

Comparing the two imposed resirictions levels suggests a significant difference in the

seores for thinking time {Mann-Whitney U = 301948, P = 0.000 two-tailed) with hands
14,41 second and without hands 11.99 second. The results suggest that the thinking time
wag shorter for the imposed restriction. A Spearman’s rani-order corvelation was run to
determine the relationship between the thinking time for the two imposed restriction
levols. The test revealed a weak positive correlation between the thinking times anc
the imposed restrictions levels, which was statistically significant (0.33, p = 0.000)
when identical gestures were defined for the two levels. Similarly, a weak positive and
statistically significant (rs = (0.327, p = 0.000) correlation was idenrified when different
gestures were defined. The similarity between the two correlations indicates that the
order of exccuting referents did not impact the thinking time,
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B.3.1.3. Gesture Types

We were inferested Lo identify any preferences to use particular type of gestures between

participants. Henee, we have labeled the participants’ suggested gestures in lerms of the

following categories according to the gesture meaning:

= Metaphoric: Gestures in this category convey imagery of the abstract meaning,
hence helping people to visualize difficnlt concepts that are enfirely imagina-
tive [24], e.g. finger pinches and hand waving.

» Real metaphoric: Gestures in this carégory are visual representation of real world
phyvsical or abstract meanings or ideas, e.g. the “Phone-to-ear” gesture by moving
the hand to the car to for accepting a phone call. :

= Conynunicative (also called Performatived: This calegory conlains gesturcs that
. correspond o human non-verhal expressidn that indicate meanings, e.g. "Nod yes”
o1 *Nod no” gestuzes to a4 accept or reject a certain action.

Sonic: Gestures in this category are coupled or assoclated with generating sound,
e.g. "Clap” and “Snap” gesoures, '

*» Teonic: Gestures in this category are visual representalions of referential mean-
ing [], e.g. rapid up and down hand movements may indicates the action of
*Cutring” or “Chopping” gestures. Those yestures are often performed In conjunc-
tion with words to refer to concrete things and actions [-2].

Emblemic {also called Symbolic): Gestures in this category are considered highly
conventional end Texicalized’ [+]1. Examples of such gestures include *Thumb up”
gesture meaning “well done™ or the “X" gesture meaning “rejection or refusal®.

Arbitrary: Gestures that were hatd to interprel or classify into a catcgory due to
vague meaning. :

Running the Pearson y*-test revealed statistical significant association between the partici-
pant’s health and the sclected gesture categories (X (6) = 29,05, p = 0.000). NoneLhcless,
the effect size (or strength of association) according to Cramer’s V is 0.13 that indicates a
weak effcer. Figure B 11(a) fllustraces that both metaphoric and real mecaphoric gestures
were the most used types of gestures in our smady, Metaphoric gestures were proposed
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the most with 54.32% and 52.34% for the impaired and healthy participants respectively.
Although marginal, the figure shows that impaired relied on more real metaphoric ges-
tures {26.22%) than healthy partcipants (20.75%). Communicative gestures were used
- more by the healthy (12.43%) than by impajred participants (5.97%).

“When comparing the two complexity levels in our study, the Pearson Chi-Square test
revealed statistical significant association between using or not using hands for gestures
X (6) = 171.65, p = 0.000. Nonetheless, the effect size (or strength of association)
according to Cramer’s V is 0.317 which indicates a medium effect.

Figure B.11(b) illustrates that the use of metaphoric gestures were used the most with

" 39% for the condition using hands and 47% for the condition without hands, The
real metaphoric gestures came second (23%) almost equally-for hoth comditions, The
use of communicative metaphors increased o 18.68% for the condition without hands.
Emblemic gestures were dropped approximately to 3.76% for the imposed restriction not
to use hands or arms,

B.214. Gesture Sex

In order oo identify whether onr participants agreed on a particular gesivre set and
the extend of agreement, we have analyzed the proposed gesture set for all referents
in the study. In total 94 unigue gestures were defined by our participants, Applying
Likelihood-Ratio y*-test revealed statistical significant association between the health
condition of the participant and selected gesture category (X (23 = 275.80, p = 0.000).
With an éifect size of 0.378, Cramer's V indicates medium effect. Figure B.12 illusirates
the top 10 most occurred gestures during the study. A detailed view of the generated
gestures is shown in Appendix V.

Tor each referent, we have plotted and analyzed the top selected gestures for the {a)
healthy participants, (h) impaired participants, an over all comparison between the two
srotips, #and an over all ehart for the (wo complexity condidons. The corresponding chayts
for each referent can be found in Appendix V1. A summary of the most selected gestures

for each referent for each of our test groups is flustrated in Table B.3. Marked (ie.,

colored) gestures in the table present gestures selected by the majority of participants.
The values below the sesture nume indicates coluin by column the pereentage portion
of that gesture in regard of level and phase.
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'fable B.3 clearly shows that out of 102 dilferent cases (27 Referent x 4 Condilions) only
19 referents scored a strong of very strong agreement of a gesture for that referent, which
preseits merely 17.50%,. This percentage clearly indicates that our cxperiment did not
reveal a single gesture set with a majority agreement amongst participants. In face, this
SUppOorts our argumcent that a single enificd gesture sct canpot be defined due to the
diversity of users (needs, capabilities, experiences and preferences).

Moreaver, the suggested gestures revealed a low similarity score Between the gestures
created for the two imposed restriction conditions. In total, 8.22% of the gesiures were
similar by healthy participants (88 similur out of 1070 sugeested gestures) and 7.37%
of the gestures were similar by impaired participants (47 similar oul of 637 suggested

gestures).
\ Healthy Impaired
Healthy Impaired : : ;
Code Referent With Hands With Hands Without Wlﬂl{l'lll
- Hands Hands
e z  Scroll up Seroll up Seroll up
¥l apeilind - (3633.33) (%450) (41.67)
: , Sceroll-down Seroll-down Seroli-down
B2 Close Blinds (%41.67) [9%50] (9%41.67)
Pross .
D1 “Tabletop Daw-X% Pick-n-throw  Flick-left 'Siﬁi&é&ﬂ
Delete Objéct  (9620) Wipe (%20} (%apﬂ}
{%616.67) o
D2 Tabletop Thumb-up Press MNod-yes
Accept Action {3430) (GhE0) (653.85)
- Tabletop Draw-X Flick-right O T
. Beject Action (423.81) (%018.18)  ad cen iR
: Tabletop " Wi Swipe-right”’ Flick-left Swipe-right
D4 Change (401 é.p:';} Wipe Sweipa-right Wipe
Background : (9025) (%21.05) {%16.67)
D6 Tabletop Streich Bend-fwd Bend-fwd
Zoom-in (%45.45) (W7 62} {%%23.08)]
D7 Tabletop Finch ~ Bend-bwd Bend-hwd
Zoom-out (a50) ©(%p42.86) (9436.36)
11 Twm Light Press, Nod-yes . ;;E:;
Cm (Y41.67} (H020) (925)
L2 Turn Light ['ress Press Nl;xr?;u  Press -
i, ¥ . 4
Off (%25) ; { ,:%41:.5?} (%36.32) [%25-}
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' i Healthy Impaired
Healthy Impaired : :
Code Referent With Hands . With Hands Without Without
Hands Hands
13 Change Light IMick-left ) I'ress Rick-deft Botate-clock
N Color (%630) ' (#25) {0207 (%%41.677 .
_ Knop-rot-clk '
1S Increase Light Scroll-up Scroll-up & Scroll-up
Tniensiy [(Had5) Slrerch (Hh36.36)
{1625) :
; : Pinch
L6 Decrease Light  Scroll-down Scroll-down: Scroll-down
Itensity (2040 (B036.30) (1425)
e Turn Printer Press Nod-yes
On - (Ypd4.44) (%025}
po. Turn Printer Point Press
Otf (%38.1) (25} N
: Draw-X - Knock
B Dielete Printer Flick-away Pregs Med-no
Tob Swipe-left (B654.55) Swipe-right
: (%15) _ (%16.67)
T1 Accept Phone FPhone2Ear Phone2tar Swipe-lefr
' Call (Y040} {%654.55) (%625}
.T2 Reject Phone Flick-left Phone-down § Sziﬂ:dﬂ:zy
Call _ (930) (%27.27) . (%18.18)
Flickleft . Shipeaar  oaohed
Change Press el Flicl-left
T3 Scroll-doewn Swipe-right P
Contact (%20) (9%33.33) %18.75) Swipe-right
' {%16.67}
i Increase Scroll-up Press Scroll-up Scroll-up
Volame: {9040} . (%A45.45) (%36.84) {425}
6 Decreage Seroll-down Press Scroll-down  Scroll-down
Volume (%) (94941.67]) (U636.84) (%25}
wi DE?; Erraw-X Wipe Kick Swipe-lell
Object {2425) {9%425) (%15) {U425)
W ﬂ?;lrlﬁ Thumb-up Biraw-yes MNod-ves
il
_ Action [9442.11) (28,57} {9445 45)
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: . Healthy Tmpaired
Healthy Impaired
Code Referent With Hands  ‘With Hands Without Without
oy _ Hunds Hands

s Wall Thumb-down Diraw-X
Reject Action {%430) (3627.27)
Wi CEE;E Flick-left Swipe-right Swipe-right ' Swipe-right
: a i
e (%0300 _ {4n25) ([3621.05) (9:33.33)
: Slide -bwd
' WE Wall Step-close Step-close
_ Fonm-in (%026.32) Stretch
(%a18.18)
W7 wall Pinch Step-away Sie?.ﬁvay
; Aoom-out (Y4167} (%31.58) (%26.57)

‘lable B.3.: Most Selected User-generated Gestures for Referents (Green: Very strong
agreement score, Blue: Strong agreament score)

According to [>7], we've calculated the agreement rate AR(r) for each referent r men-

tioned within Table B.1 of each restriction level and phase, The agreement rate describes

the agreement among ail participants regarding the selected gesture for a referent, It is
" caleulared as follows: : :

Bl (P} 1
s 2 -
" P PZ;L PI} IB-1

With AR [0...1] where [P] describes the .amount ef all collected gestures for one
referent r as well as |P;| the amoun! of cach mentioned gesture contained within P.
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AR (r) Interval  Interpretation

= 1060 Towr agreement

SRR e G0 sl agreeTnent
SO0 — 500 figh apreement

= 500 very high agreement

Table B.4.: Interpretation of agreement rates, taken from 301

As illustrated in Figure B.13, we've calculated the agreement rates for all phases and
impairment levels, As a result, healthy participanis agreed very highly on five and highly

. un one gesture {see Figure B.13{a)) while being allowed to use their hands, With imposed

restrictions, they likewise agreed on five gestures very highly and high on three {see
Figure B.13{b)). In contrast, the impaired participants did not come to a very high

agreement. However, they highly agreed on three gestures each for being allowed o nse

hands (see Figure B.13(c)) and imposed restrictions (sec Figure B.130d0)).

The resulting agreement rates were interpreted as displayed in Table B.4.

B.215 Useof Body Parts

We have aimed to identify some key differences in using the body snd ils parts for
interactions during our siudy. The experimenters recarded this information by directly
observing the execution of gestures and by noting invalved body parts while performing
the gesmure. The participants were then asked to explicitly confirm the used body parts
for the gesture.
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Kruskal Wallis test identified statistically significant differences among healthy and
impaired participants (H (1} = 47.49, p = 0,000). Impaired participauts employed mare
body parts during the execulion of gestures {mean = 4.01) than healthy participants
{mean = 3.34). Moreover, the test showed statistically significant differences for the level

- of imposcd rostrictions (11 {1} = 247,35, p = 0.000). The average number of used (is,,

involved) body parts are 4.02 and 2.98 [or “with hands” and “wilthout hands” respectively,
mainly because we have gplit the arm into three parts (arm, forearm and hand).

Fizurc B.14 illustrates the used body parts for exccuting the geslures defined by the
participants. As expected, Figure B.14(b) shows that most healthy participants relied
primarily on upper extremities, especially hands, forearms and arms for executing the
gestures. Head and shoulders are well used as well, Likewise, impaired participants relied
also on the upper extremiiifes for exﬂmmg the gestures, especially shoulders, hands, and
forearmas.

Figure B.14 (b} Mustrates the used body parts when consideting imposed reerIcl;ic-rns.
Clearly, our participants utilized mostly the movemnent of head and lower extremitics,
especially thighs, foots and calfs.

Dlbservation's GB:
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EB.3.1.6. Gesture evaluation by usars -

Alier every executed referent, we have asked the participanls lo answer three Lilert
scale [75] guestions. Firstly, we wanted o identify the cognitive load by asking the
patticipants to answer the question “Was il easy to create the gesture?” (rom scale {717

— very easy to "5" — very difficult). The Figure B.15{a)} shows that the vast majority of

participants found gestures easy to define regardless their health condition snd imposed

restrictions. Kruskal Wallis test identified no statistically significant differences among

healthy and impaired participants. Nonetheless, the tesl revealed statislically signilicant
differences (H (1) = 13.3, p = 0.000) amongst the imposed restriclions where gestures
perceived slightly easier for “with hands” than “without hands”, The mean ranks for the

wo levels were 1.63 and 1.80 respectively. The detailed scores can be seen in Figure B.15.
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Flg.'lTIE B.15.: Cognitive lnad nccded for defining the gesture (Question: W1s it pasy to
create this pesture?)
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We aimed also to identify the exectition load by asking the participants to answer the
fuestion "Was it easy tn execution the proposed gesture?” [rom scale ("1" — very easy
top 57 wes ety dificull). The Fieure B.16(a) shows that the vast majority of participancs
found gestutes easy to execute regardless their health eondition and imposed restrictions.
Kruskal Wallis. test identified statistically significant differences among healthy and

impaired partcipants (11 (1) = 17.12, p = D.000). The mean runks for the iwo groups -

were 1.26 and 1.4 respectively. Additionally, the test revezled statistically significant
differenees {11 (1) = 21.05, p = 0.000) amongst the imposed resirictions wheare geseures
perecived slightly easier for “with hands” than “withour hands”. The mean ranks for the
twia levels were 1,26 and 1,37 respectively,
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Figure B.16.: Execution load needed for defining the gesture (Question: Was it easy to
execution the proposced gostuze?)

Wt have asked the participants to rank the quality of their defined gesture for the given
referent by asking the participants Lo answer the question “How good daes the gesture il
the refercnt?” from scale (%1 = excellent to *5” — poor). The Figure B.17 shows that
the vast majority of participants found their defined gestures fit the referents regardiess
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their health condition and imposed restrictions. Kruskal Wallis test identified statistically
significant differences among healthy and impaired participants (H (1) = 334, p =
0.000). The mean ranks for the two groups were 1.95 and 1.69 respectively. Additionally,

the rest revealed sraristically significanr ditferences (H (1) = 35.78, p = 0.000) amongst

the imposed restrictions where gestures perceived slightly better fit to the referents for

“with hands” than “without hands”, The mean ranks for the two levels were 1.73 and
1.98 respectively
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does the gesture fit the referent?)
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B.3.1.7. Semi-Structured |nterview

In addition to the Guessability study, a semi-structured interview |70, p. 62fF.] was cavried
out. Each participant was asked to answer questions from three different categories,
namely strategy, acceptance, and healthy working, in relation to the previously study
phase, In order to deepen the discussion, a number of further questions for each categoly
wis asked to probe each participants opinion. In the following the key results for each
category will be presented. '

B.3.1.B. Strategy

Firstly, the participants werc aékcd, if they used a.certain stategy while bringing the

gestures. As shown in Figure B.18, 26% of the healthy and 38% of the impaired partici-

pants applied everyday movements to the given tasks. Moreover, 19% healthy and 15%
impaired participants attended for consistency among the gestures. Known touch-hased
gestires [from touch-based devices like smartphones, tablets, tabletop erg.) were adapted
by 20% of the healthy and 8% of the impaired participants, This finding might correlate

" to the influence of previous experience with touch interfaces (80% healthy, 46% impaired,
see Figure B.22).
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Tigure B.18.: 1Q 1 How did you choose/select your gestures? Did you have a particular
strategy? (Phase 1and 2)
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* Neurly each participant of both groups looked for simple gestures, quick ant mapping of
gestures (see Figure B.19 and Figure B.21). Novelty and innovation were considered of
no impottanee as shown in Figure B.20. According to the participants opinion, 45% of
the healthy and 54% of the impaired prefer fo use customized gestures for controlling a
system. Moreover, 30% healthy and 38% impaired participants prefer a hybrid (cusromise
a given gesture ser} to their own needs (see Figure B.23),

T ey Mo

Figure B.19.: 101.1 Did vou look for simplicity? (Phase 1 and Z)

100% '
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g
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4% |
2% 154
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Figure B.20.: 1Q.1.2 Did you look for innovation and novelty? {Phase 1 and 2)
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EL [ealily
It Impaired

Mo

Figure B.21.: 10 1.3 Did you look for quick and simple mapping? (Phase 1 and 2} .

I8 Healihy |
BE fropaien

e

g Partzally

Figure B.22.: 10} 1.4 Were vou influenced by your previous experience with totich inter-
faces? {(Phase 1 and 2)
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Tigure B.23.: IQ 1.5 Do you like to customize gesrurﬁs yourself or do you prefer fived
sets? (Phase 1 and 2)

L)

B.3.1.9. Acceptance

Secondly, the acceptance of using the full-body motion-gestures for controlling devices
within the office was discussed. According ra Figure B.24, 69% of the impaired are
willing Lo cngage their whole body for interaction, whereas in conrast 65% of the healthy
parlicipants wouldn't. This illustrates a high contrast between the two groups. Figure B.25
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shows that 40% of the healthy and 23% of the impaired participants unconditionally
accept the usage of full-body metion-gestures in the office, Moreover, the healthy (45%)
andd impadred (62%0) pmticipants indicate that motion gestures can be used for limited
nnmber of office activiries. Only a small minority refuses the use of motion gestures in
offices, '
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an ;
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a
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Figure B.24.: 102.1 Would you use your full body as an interaction medivm with your
smart office? (Phase 1 and 2)
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-Figure B.25.: 1Q 2 How acceptable is the idea of nsing full body motion gesttires in office?

(Fhase 1 and 23
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BE.3.1.10. Healthy Working

Thirdly, the use of full body motion-based gestures for supparting healthier working
conditions was subjéct of the interview. 85% impaired and 60% healthy participants
saw potential in using whole body gestures for a healthier office and work style. On rhis
lrasis, 85% impaired could imagine to use the office as a trainings center using full body
maotion gestures, coniraseing to 75% healthy participanrs, who couldn’, as illustrated in
Figurc B.27. it '

N Hewlthy
KE Lingraiped
| on% —
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Yrs I

Figrire B.26.: 1Q 2 Do you see the potential for using whale body gestures for a healthier
office and work style? {Phase 1 and 2)
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When asked the possible influences of utilizing tull body gestures in office environ-
ments, the majority of healthy (80%) and impaired (69%) participants indicated that the
productivity and concentration may be posilively influenced as shown in Figure B.28.
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Figure B.28.: 1} 3.2 Da you think that this may influence your concentration and produc-
tivity? (Phase 1 and 2}

B.3.2. Feasihility Study — Fhase 3

The 3rd phase of the study was carried ouf as a Teasibility study ]]E.‘-‘..Eﬂ_ﬂ['l the Wizard

©of Oz approach. In this part of the study, we have acquired 21 impaired participants

un¢lergoing rehabilitation process at the Bad Bramstedt hospital in Germany. Participants
came from different pfnfcssinnal backgrounds like handeraft, gastronomy, hairdresser
and retail industry. The age of our participants ranged from 27 ta B0 years with an
average of 49.8 with 86% male and 14% female participants, as shown in Figure B.29.

" Male

Figure B.29.: Partivipants (Phase3)

_As illustrated in Figure B.30(1) 51% were familiur with touch interfaces. Furthermore, all
of them had no or very less experience with motion based interfaces (see Figore B.30{bj}.

The minotity of 34% among the patticipants were (requenty working In an office or
experienced office waork, as shown in Figure B.31.
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Fivure B.30.: Familiarily with Touch and Motion Gesmres i
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Figure B.31.: Familiarity with working in offices (corrent and previous) Phase 3

‘B.3.2.1. Ensembles evaluation

According to our experimenl design, discussed in section B.1.3, the participants were
asked to experience various Ensembles and asked to answer two Likerl scale questions. A
third question was added in case, that the participania were asked to define an Ensemble
themselves. Figures B.32(a) and B.32(b) show, that most of the participants found
' gestures easy to execute. It is also visible, that single exccuted tasks (21 — 23, R1 —.
R3) are found harder to execute than collaborative gesiures (45 — 27, RS — R7). This i
is clearly resulted from the reduced [‘:Ih}T‘ill:EI}. cffort required by the participants, as thc |
collaborative Ensembles split load between two persons. i
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Figure B.32.: Execution load needed for performing the gesture {Question: Was it easy
to cxecudon the proposcd gosture?)

In erder to determine the level of familiarity of using Ensembles for cnhtmlling a systern,

we asked the participants to answer the question “Was the task comimon or known o you?”
with Likert scale from (“1* — well-known to "5° — widely unknown). Figures B.33(a)
and B.33(L) depict the results that single executed Fnsembles (21, 72, 23, R1, R2, R3)
wete mostly unknown to participants, independent of the task. However, collaborative
executed Ensembles are perceived more familiar to the participants, but this. mainly
results due to a learning efféct.
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-Figure R.33.: Gesture familiarity (Question: Was the task commaon or lenown to you?)

All participant kad the opportunity to define an Ensemble themselves at 23,27, 3, R

Therefore, we've asked each participant an additional question (“How easy wis it to suess
these eonfiguration?”) in order to find how cognitive demanding a customized Ensemble

is. The answer should be in a Likert scale {rom “1° — very easy Lo “5% — very difficull,
A illustrated in Figure B.34, the vast majority of the participants saw no difficulties to

self~define/configure the Ensembles configurations,
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Figure B.34: Cognitive load of defining an Ensemble (Question: How edsy was it to
dedine this conliguration?)
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B.3. Results

1n terms of the used body parts, Appeadix VIII (Tigure 1.29) ilhastrates that the armand
head were the most and the least used respectively. Moreover, the figure demonstrates
that the participants dynamically engaged other body parts actively according to the task
in hand,

Figurc B.25 provides a close look at the participants’ proposed Ensembles, The figure
reveals that no dominant Ensemble was proposed by participants. Instead, various
combinations and configurations were proposed. Ensembles proposed by participants the
mast in the individual user settings did not necessarily apply in the collaboration settings
for the same referent. For example, touch and avm Ensembles were selected in 25% cases
in the single mode {or the zoom referent {Figure B.35(a)) and sclected only 10% in the
eollaborativn settings (Figure B.35(b)). Instead fool and arm Ensembles were selecred by
24%.

B.3729 Semhstructured interview

Similar to the previously study phases 1 and 2, we conducted a semi-structured interview
in addition to the experience phaze. Each participant was asked to answer guestions from
five different categories, namely strategy, acceptance, healthy working, opportunides,
and acecessing. In contrast to phase 1 and 2, the participants were able to expericnce the
eoncept of Epsembles and were asked to give an assessment from their point of view. In
the following the key results for each category will be presented.

B.3.2.3, Strategy

First of all, the participants were asked, if a certain sirategy should be applied to ideally
create Ensembles. 33% mentioned, that the impairments of users should be considered,
whereas 43% answered, that no particulur strategy is needed, as shown in Figure B.36.
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Figufe B.35.: Chosen Enscmbles

When asked explicitly about the most preferred Ensembles, arm n-air {.2 79%) and finger
in-air (27%) were the most preferred, followed by touch (249%). The invplwment of head

was preferred by 14% {sec Figure B.37).

The vast majority of participants require Ensembles to be simple (30%), novel (81%) and
hased un previous knowledge of tonch interfaces (B6%4) as illustrated in Figures B.38, B.39

and B.40 respectively,
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Figure B.37.: 1Q1 P2 Which Ensemble-glements are the most prefereed to you? (Phase 3)

Regarding customization, Figure B.41 illustrates that the bulk of the participants (67%)

were in favor of customized Ensembles.
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Figure B.38.: [Q1.1 Ensembles should he complex/simple? (Phase 3)

Figurc B.39.: I31.2 Should En:ie_mbles e innovate and novel? (Phase 3)

Figure B.40.: 101.3 Should Ensembles be influenced by the user’s previous/known expe-
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Figute B.41.: IQ1.4 Do you think you should be able to customizable your own set of :

Ensembles? (Phase 37

According to the pardecipants, the amount should not excesd 2 (46%) or 3 (31%) devices
involved within an Ensemble (Tigure B.42).

B.3.2.4. Acceptance

Alter experiencing the concept of Fnsembles, 90% of the participants would aceept these

- form of interaction without restriction of any kind in their daily office worl, as llustraced

in Figure B.43.
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Figure B.43.: 13 2 How acceptable is the ides of using full body motion gestures in office?
(Phase 3)

More than half (572) would use their full body as an interaction medium with their
smart affice as shown in Figure B.44. This result is close to the responses in the phase 2
of the study (see Observation G16).

[Ha

Figure B.44.: 1Q2.1 Would you use vour fill body as an interaction mediuvm with your
smart office? {Phase 3)
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- their concentration and productivity in a positive way, 48% of the participants believe,

= Cbzervation: F1E;

Following the previous gquestion related to novelty, we have asked the participants
whether they actually did targeted their Insembles to be novel and innovative, 57% of
the participants did look for novelty and innovation in using Ensembles as iltustrated in
Fismare B.45.

Figure B.45.: 102.2 Did you look for innovation and novelty? (Phase 3}

B.3.2.5. Healthy Working

When asked about the potential of using whole body for a healthier office and work
style, 76% of the participants agreed that indeed whole body gestures and interaction
can enabled a healthier office and work style as illustrated in Figure B.46. Moreover,
90% could imagine to use their office as a rraining center, especially for practicing
rehabilitation exercises as shown in Figure B.47, Whereas 42% of the participants thinle,
that uging their full body as an interaction medivm within office work would influence

that these properties will remain unchanged {see Figure B.48). v

o (Ihzeivati
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Figure B.46.: 10 3 Do you see the potential for using whole body gestures for a healthier
olfice and wark style? (Phase 3}
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Figure B.48.: 122.2 Do you think that this may infleence your coneentration and produe-

tivity? (Phase 3)

62




B.3. Results

B.3.2.6. Accessing

During the experiment, we have aimed to eliminste any cognitive factors that may
influence the participants experience such as leaming and memorizadon by sclectng
simple refereats and demonstrating the Ensembles by one of the investigators. In this
part of the interview;, we have aimed ar revealing any issues relaved to learning and
memorizing Ensembles, When asked about learning new Enscmbles, 71% pointed out
that adequate instructions for using Fnsembles of interaction techniques correctly are

- required (see Figure B.49). Under the prerequisite, that adequate guidance is provided,

67% of the participants have no reservations about learning theses interacrions (see
Figure B.50).

2T

Instruckicn needed  Ciher

Figure B.49.: IQ 5 What do you think about learning and memorizing Ensembles? (Phase
a4y ¢
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Mo

Regarding the memorization of Ensembles, 57% of our participants think that memaorizing
Ensembles can not be hard, in contrary to 42% who believe that memorizing can be an

issue as shown in Figure B.51.
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B.4. Dscussion

B.4. Discussion
B.4.1. The Myth of Gesture Sats

T ithe recent years, several elicitation studics for commen user-defined gesture sets have
been conducted as in [, 035, (], This rype of studies demonstrates the potential of an
active user involvement in adjusting and customizing gestures for interactive systems
and applications. While these studies presented intercating and novel user-defined
gesture sets, we argue that many of the resulted gesture sets may be highly influenced
by the stedy design itsell (getup, referents and participants). For this reason, hizh
attention to fluminating perceived affordances bias {e.g.. animarions and color-coding)
in elicitation studies should be consderad. In fact, we argue that user-defined gestures
are very personal and mainly reflect the user's personal preferences, physical abilitics and
limitations, previous expertise, and expectations. Henee, standard user-defined gestures
sets are very hard goals to achieve. Instead, the presence of user’s individual differences is
the normal fact to acknowledge, The results of our study support our argument as various
observations (G3 and G4) clearly llustrate that no general agreement about a unified

- gesture set was found. Instead, defined user-defined gestures were highly personalized

and customized.

The resulis (Observalion G4) reveal that impaired participants had far more diverse and
customized gesture sets than the healthy participants; Nevertheless, we could only report
10 gestures (18.5%]) in the healthy participsnls group with very high agreement rates.
When a Ligh agreement rate was reported for a certain referent, it is most likely that the
complementary referent is associated with a high agreement rate as well (GF). Moreaver,
high agreement raies werce most reached for binary tasks (on/olf; increase/decrease, ete.)
that are of low complexity and did not require some specific knowledge of how a system

works or might work, This is a clear mdication that physical impairments (aithough '

closely similar in the impaired test group) force far more diversity in the suggesred
gestures. Hence, not a single very high agreement was observed for any of the gestures
in the experimental rounds with impaired participants.

Our interview results show the importance of gesture customization to users. Observation
G15 shows that uscrs prefer to use custom and hybrid gestures far more than fixed pesture

‘sel, One participant (21 vears old office administrator with limited range of movements

in both fingers and arms) said that “aithogh it s move effory, | prefer to personalize and

" ereate gestures myself They can be easier and learning s shorter™ Oni the other hand,

another partieipant (68 years old retired) expected a level of customization based on
active feedback but led by a specialist, she said that “T wounld Lry (he pestures and then

. provide feedback to the experts whe should custonrize the gestures for me.” 'The variety

and diversity of gesturcs resulted from the study and the absence of dominant preferred
body part set (observation G8} directly indicate the imvolvement of personal needs and
preferences in controlling an interactive system. Similar to defining gestures, the bulk of
the participants were in favor of customized Ensembles as well (E7).
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Finally, we argue that results of an elicitation study can only provide a snapshot of the -
current needs and found gesture sets might be valid ondy on short notice. Moreover, the |

physical needs, Hmitations and preferences can only be met with a d}fnd‘mn adaptive
and rustomizable gesture sets.

B8.4.2. Strategies for Defining Gestures and Ensembles

Different strategics were reported by the parteipants for defining gestures. While varia-
tions have been idendficd amongse healthy and impaired participants, most participaits
attended to simplicity, direct mapping, everyday movement, and consistency to defing
gestures (G12), Tt is conceivahle, that a gesture feels more natural and easy to the users if
they dre easily able to built up a mental madal as well as memorize the chosen gesture for
certain {asks and lransfer those knowledge Lo other similar tasks. Therelore, the msjority
of participaets did highly rely on metaphoric and real pestures (G2), which toisht be
related to everyday movements and formerly leatned gestures to reduce the cognitive
lpad. In contrary to our expectations, observation G14 illustrites that innovation and nov-

-elty was not considered as a strategic factor for defining gestures by our participants. In

our feasibility study, different strategies were identified for creating Ensembles including
simplicity, novelty and previous known experiences (F4). Moreover, participants believe
that the nember of devices in Ensembles should be limited 10 2 or 3 devices {F5).

Amongst the differences berweon the two participant groups, healthy participants relied
on knawn gestures, while impaired participants relied on spontaneous thinking {ohserva-
tions G12 and G13). One possible explanation is that impaired participants have learned
to compensate their imitatdons with spontaneaus reacting for finding workarounds for
evervday tasks they otherwise are not able to fulfill,

B.4.3. Bodily Eﬁperienaﬁ and Behaviors

The study reveals a number of observations regarding the differences and similaridies

in the bodily experience and behavior between healthy and impaired participants. As
antdcipated, when participants were free in choosing their body parts, they mostly relicd
primarily on upper extremities {G7). 'lhis is related to findings from section B.4.2,
because most common mental woedels of interaction for office tasks and gesture control

" rely on interaction with that body parts. A direct transfer to gestures involving that

hody parts seems to be the least mentally demanding, Healthy participants strictly
preferred wsing such body parts, because they might not see any need for involving
other extremities, which probably feal less natural and direct than rehearsed interaction
patterns and everyday movements with srms and hands. Despite their impairments,
impaired participants preferred mostly Ensembles that employed the upper extremities
(F5). Nonetheless lower extremities were more engaged when physical regirictions were
imposed (G7).
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Ttt conlrast to the healthy participants, impaived participants explicitly indicated that

they are willing to be engaged in full body motion gestures (G106, F10, G&). Engaging
the full body can compensate some of the physical limitations imposed by the impair-

" ment. These impairments often impact various parts of the participant’s daily interacrion |

. with technology. One participant (54 vears old physiotherapist with limited range of
movements in the right hand due to job accident) mentioned thar “after working for an
hour with the mouse, my right hand becomes cold and starts to ache. So browsing ond
editing our Christmas photo galiery i3 a real challenge.” Another participant (24 yeurs old
office administrator suffering from temporary disabilities in both arms and the right leg)
said that “after the accident, it was not possible to do a lot of things inchiding simple
telephone calls. I would have preferred at that time o he given the chance to interact
with vther body parts.” Some participants thar indicated the joy of applying physical
metaphors that are in real life not possible due o the impairments. For instance, during
the interaction with the window blinds, & participant {51 years old jowrnalist sulfering
froem limited mobility in the left wrist and fingers due to metal implants) proposed the
pull up/down gestures and immediately said that “f know which gesture I will use because
! eannot normally do it in praetice, The plysical rope is often very thin so I can only grasp
it with the right hand but not in the left.” Only few participants have alzo indicated that
they actually use accessibility interaction devices and that those devices are not ideal
solutions to their problems. For example a 42 years old office administrator facing limited
range of movements in the right arm said that “the smaller the mouse 1s the worse 1t s
I have a relatively larpe compute mouse at tome but @ 15 still afmost at the edge of me
Iimits.” In fact, during the test rounds, impaired participants engaged on more body parts
to execute the gestures than healthy participants (GG}. Thiz definitely contributes to a
more diverse gesture set and a much more heterngenous behavior than the healthy group,

~Furthermore, a diverse cogagement of the body and its mavements can be scen as no
dominant preferred body part {i.e., body part set) was identified amﬂﬂgﬂl {GH), which
alsu relates to the discussion in section B.4.1.

B.4.4. Customization and Acceptance

Generally, all impaired and healthy participant$ were successfully engaged in the guess-
ability study, which can strongly indicate that whole body gestures are accessible and
possible for all users and that they have the potential to reduce physical barriers. The
results show that the cognidve load for self-defining gestures was mastly rated casy or
very easy by the participants, even when physical restrictions were applied (9, G10].
Given the nature of the guessability study, #ll participants had the opportunity to see
the systems’ reacrion before creating a gesture. Hence, they first were able to built up a
mental model of how the system worls and only then sclect a matching gesture, which
supports the whole thinking process.
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Additionally, mast participants of both grotips believe that their defined gestures well fit
the tested referents (G11}), This may be caused by the reduced cognitive demand due to
a partially existing mental model, The reported scores decrsase a bit when restrictions
were imposed. A concefvable assertion might be the increased physical demand as well
as the need for rethinking the preceding gesture selection. The majority of impaired
participants explicitly indicated that they are willing 0 engage heir [ul]l body in molion
gestures (F10), which indicates a positive attitude towards the acceptance of Ensembles.

Although the office scenarios included in the study were explicitly introduced Lo the
participants as home office scenurios, many participants have indicated in the Interviews
that the acceptability of full-body gestures depends greatly on the sacial setup. Various
partivipants stressed that these forms of inleractions can only be accepied in private.
When asked about the acceptance of using full-body gestures in offices, one participant
{51 years old journalist suffering from limited mobility in the leff wiist and fingers due 1o

- metal implants) said “it depends whether T work in the same office with cillages, 1 find it

very good if it is net in public. In public it could be very annoyving and very bizorre.” Anothey
participant {42 years old office administrator facing limited range of movements in the
right avm) said that T weuld never use full body movements in @ public office, but in private
it's o™ '

In two cases during the study, participants have faced interaciion problems due to wrong
mental models that mainly relaic to WIMP interacdon style. A participant (21 years
old office administralor with limited range of movements of fingers and arms due to an
injury) said during the think-aloud protocol that T reafly fmagine o virtual mouse with
buttons and I use this mouse virtually as [ would with a pc”. In Lhe imposed restrictions
rounds of the study, he struggled to engage other body parts instead by saying that “vou
almast cannot do anyvthing in an office without hands, I think t need to think a bt more!”

Another participant (58 years old fireman) argued thar, “this system is not acceptable, I

would use mouse and keyboard.” Moreoves, some participants have indicated a strong
relation between interaction physical space (where the interaction tukes place) and the
body parts. Hor example, one participant (34 years old office assistant with limited thump
movements in both hands) said during the interaction with the talle that “with the legs it
is stupid, because the interactions happen on the table”

-5.4.5. Fullbody Gestures for a Healthier Office

Part of our investigalion was aimed to investigare the acceptance to utilize and engage
the full body for interaction purposes as patt of a healthier working style in offices. Our
hypothesis is that Ensembles in office environments offer a number of potential advan-
tages, namely better efficiency and opdmized ergonomics by atrending to personalized
ambicnt inceractive systems and anthropometzic user abilities and limitations. Typical
office proeesses may also be part of health and rehabilitation taining, In the long Lerm,
Ensemhles supported by adequate feedback technologies and technigees aid 1o avoid bad
pliysical behaviors and repetitive processes,
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The conducted interviews reveal (hat using full l:ic:dy motion gestutes and Interaction

Insembles in offices is generally accepted (G17, 1Y), Likewise, the majority of partic-

ipants acknowledge the potential of using whole body gestures for & healthier office
and work style (G18, F11). Additionally, the vast majoity of impaired participants
could imagine the office as a trainings environment wsing full body molion gestures and
Inreraction Ensembles, especially for practicing rehabilitation exercises (G1%, F12). This
is also supported by strongly indicating that such scansions may pesitively influenee the
productivity and concentration in office ervironments {G20, F13}.

B 4.6 Acceptance of Ensembles

In general, the Tnteraction Ensernbles concept and experience were positively perceived
by participsnts. The majority of participants perceived most Ensembles easy to execute
(F1} and (sell) define (F3). One participant (52 years ald electrician) mentioned that “in
mirirmize the memorizing load, T would dse the edsiest Epsemble.” Although hol common for
the participants, collabarative Enscmbles are pereeived casier to execate than individually

_execuled Ensembles (F2), which may be caused by the lact, that the participants only

had tn execute half of the whole movement. Some participants expressed that the
Ensemble shouid work perfectly to be sccepted. For instance one participant (32 years
old draftsman) mentiomed that “Tt @5 qeceptable for office work, but it has f0 wark perfectly
to stay productive.”. On the other hand, few participants did not acrept the concept due
to various reasons, One participant {44 years old hairdresser suffering from a complete
dizabilicy in left arm) said that “f dow’t think I need this ... I would not remember such

- configurations”.

Clearly, we have identified that self-define Ensembles were mostly personalized, with no
preferred or dominant Ensemble configurations (F4). This clearly matches arguments
and observations discussed in section B.4.1. '

Fegarding the c;:-gnitive demand of self-created Ensemble, the majority of participants

think that Ensembles arc easy to learn (F14) and remember {F15}. Nonetheless, they

agree that adequate guidance is needed for learning new Ensembles (F14). Participant
(45 years old nurse) mentioned that "It is not necessary difficuls, but training is needed.”
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el S.Un"l]T.IEIr'}f

Natural User Interfaces have found their way widely in commmodity and household devices,
not only to facilitate new interaction functionalities but alse to provide new engaging
expetiences to the user, Such interaction paradigms highly utilize the wsers’ cognitive and
physical abilities, For various user groups suffering form impairments, especially limited
mability and stability of joines or Hmited control of vohmtary movemenis, these interfaces
can contribute to overcame some of their physical limirations. Likewise, they may cause a
physieal ability gap and increase the interaction challenges. In this praject, we conducted

a three-fold study consisting (rom a guessability study with 20 healthy participants, a

guessability study with 13 impaired participants and a2 Wizard of Oz feasibility study
wilh 21 impaired participants. The study was aimed Lo observe personal adaptation
strategies (body engagement, custom gestures, ete.) to overcome physical impairments

swhen intcracting with gesture based interactive tasks, cxamine the potentizl for using

full- body motion gestures for healthier and move accessible work places, and to evaluale
feasibility of interaction Ensembles as an approach Lo overcome physical impairments for
interackivity purposes. :

Our study reveals that there is a strong tendeney towards customized and hybrid motion
gestures instead of common vmified gesture sels far bath healthy and impaired groups. In
fact, participants relied on different body parts to execute the gestures with no dominant
preferred body part (i.e., body part sct) being identified. Nonetheless, the results reveal
that impaired participants had far more diverse and customized gesture sets than the
healthy participants. This is a strong indication that physical limitations pose more
Tequirements towards personalization and custom gestures. dMorcover, high agreement
rates were most reached for binary tasks (on/off, increase/decrease etc.) that are of low
complexity an¢l did not require some specific knowledge of how a system works or might
work. The interview results show the importance of gesture customization, as most users
explicilly indicated that they are in favor of using custom and hybrid gestures far more

than [ixed geslure set, Similar to defimng gestures, the bulk of the participants were -

in favor of customized Ensembles as well which directly indiestes the involvement of
personal needs and preferences in controlling an interactive system.
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We have identified that most participants attended to different strategics to define mation -

gestures, While variations have been identified amongst healthy and impaired parrici-
pants, most participants attended to metaphoric, Teal gesturcs, simplicity, direct mapping,
everyday movement, and consistency to define gestures. Amaongst the differences be-
tween the two participant groups, healthy participants relicd on known gestures (previous
experiences with legacy devices such as multitouch gestures) and impaired participants
relied on spontaneous thinking. In contrary to our expectations, nnovation and novelty
were not considered important strafegies to define gestures. Vatious strategies were
identified todefine Fnsembles, namely simplicity, known experiences, and limited number
of inleraction devices (2 — 3 devices). Additionally, preferred Enscmbles employ the
upper extremities,

Generally, all participants were successfully engaged in the guessability study, which can
strongly indcale that whole bhody gestures are aceessible and possible for all wscrs and that
they have the potential to reduce physical barriers. The majority of the participants had
no difficulties o create and execute the gesturcs. As expected, gesturss were porecived
slightly easier for healthy participants and when no restrictions imposed. Additionally, the
vast majority of participants managed to successfully execute the rasks and believed that
their custom gestures well fit to the tasks. The results show that the cognitive load for
self-defining gestures was mostly rated easy of very easy by the participants, even when
physical restrictions applied. The study results reveul clearly that majoricy of impaired
participants are willing mo engage their full body in motion gestures, in contrast to healthy
participants who with a majority refused to this engagement.

The majority of healthy participants and vast majority of impaired partcipants acknowl-
edge the potential of using whole body gestures for a healthier office and work style. This
indicates a general acceptance to utilize and engage the full body for mteracton purposes
as part of a healthier warking style in offices. The results support our hypothesis that
Ensembles in office environments offer s number of potential advantages, namely better
elliciency und vptimized ergonomics by attending to personalized ambient interactive
systems and anthropometric user abilities and limitations. Typical office process may
also be part of health snd rehshilitation training. In the long term, Ensembles supported
by adequate feedback technnlogies and techniques aid to avoid bad physical behaviors
and repetitive processes. The majority of participants believed that applying full body
maotion gestures may positively inflluence the productivity and concentration in office
Cuvironments, '

In general, the Interaction Ensembles concept and experience were positively perceived
by participants. The majority of participants perceived most Ensembles easy to execute
and (self-} define. Ensembles with less physical demancds were perceived easier to
execute, For example, although not common for the participants, collaborative Fnsembles
are pereeived easier to execute than individually executed Ensembles, which may be
crused by the fact that the participants only had to execule half of the whole movement.
Some participants expressed that the ensemble should work perfectly to be accepted.
On the pther hand, few participants did not accept the concept due to various reasons
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(possible cognitive load to remember eomplex configurations), Monctheless, the bulk of -

the participants accepted the use of ensemble-enabled interactions without restriction of
any kind in their daily office work. Morcover, the majority of parlicipsnts agreed that
whole body motion gestures and interaction Fnsembles can enable a healthier office and
work stvle, Addittonally, the vast majority of participants could imagine o use their office
as a training center, especially for practicing rehabilitation exercises and the majority
helieved that Ensernbles may either positively or not influgnce thedr concentration and
productivity

The bull of the participants were explicily in [avor of customized Ensembles. During the
study, self-defined Ensembles were maostly personalized and no preferred or dominant en-
semble configuration, which indicales again the general tendency towards customization.
Regarding the cognitive demand of self-created ensemble, the majoricy of participants
think that Ensembles are easy to learn and remember Nonetheless, they agree that
adequate guidance is needed for learning new Ensembles.

We consider this novel study as a starting point for identifying the feasibility and accep-

, tance of using {full-body motion gestures and Ensembies for a healthier work space and
work style. The results discussed in this report clearly demonstrate a great potential and

high accepeabilicy of the interaction ensemble approach.

C.2. Practical relevance of the results

We believe that the results of this study show the potentdal of using whole body gestures
for a healthier office and worl style and Blurs the barriers becween work and rehubilitation
exercises. The results clearly demonstrate the possibility and importance of changing
typical office process to be part of health and rehabilitation training. This requires not
only the users’ readiness bi actively bodily engaged, but also employers’ readiness Lo
adapt and integrate new madels of office work habits in workpiaces.

The results of this study also demonstrate the impact of anthropometric bias in [ull-
body motion gesture elicitation studies. While most elicitadon studies are focused on
healthy participants, our study reveals the importance of involving physically impaired
participants, While different elicitation studies’ bias factors, such as legacy Dias, can
be cantrolled, the physical anthropometric bias can be hardly controlled and is more
prominent within, user participants challenged with physical impairments. This was
alsa reflected on the participants’ willingness to engage with full-body motion gestures.

“We believe that full-body motion elicitation studies may benefit [fam the following

recommendations; bias counter acting techniques must be considered and applied very
carefully as they introduce their own bias that may contradict with the uvsers’ personal
strategies; while elicitation studies ate vonsidered to follow a bottom-up approach, there
is a nced for a now hiybrid approach that blurs the gap to the Top-down approach and
satisfies the users' needs for personalized and hybrid gesture sets; eficitation stisdies
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should attend mote to sittatedness and should bvalve new groups of participants such as -
impaired users; and fAnally, the scope of the study results should not only be focused on.

grslure ageeelment rates but also oa other measures, some of which have been covered in
this paper such as users’ engagement, user's strategy, gesture types, body coverage, ease
of exceution and task appropriateness,

C:3. Knﬂwledge. Transfer

This study demonstrates the importance of developing new methods for user-defined
gesture sels that cosely consider the anthropometric variations especially related Lo
physical impairmenis. This requires 2 close collaboration hetween interactive syslem
designers and rehabilitation specialists in oder to define new Top-Nown models and to
assist the aceessibility of existing available user-defined interuction models and modalitics.
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