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Preperation

= Be in the university‘'s subnet
> If not: goto https://www.frankfurt-university.de/de/hochschule/bibliothek/fernzugriff/
> Install VPN (Forticlient)

= Later you will need and use a literature management system

> You can use Zitavi or Zotero: https://www.frankfurt-
university.de/de/hochschule/bibliothek/citavi-zotero/

> Both are free (for you)
= A ChatGPT Account is helpful

> ChatGPT Plus is even more helpful
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Find your Keywords

= Use your keywords from your research question to start searching for literature

= Make a list of other keywords/annotations
> Include each of the key concepts or variables you're interested
> Find synonyms and related terms

= How to find keywords? Identify your research fields, theoretical frameworks,
device categories, and measures (or methods)

> Research field(s): “human-computer interaction” (rarely required),...

> Theoretical frameworks: “social acceptability”, ,accessibility”, ,ergonomics®, ...

> Device categories: “virtual reality”, ,augmented reality”, ,wearables”, ,mobile devices", ...
> Measures/Tasks: “target selection”, Fitts’ law", “EMG",“electromyography?, ...

> Be more specific, if required: “heart rate”, ,privacy”, ,face detection, ...
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Databases

= Some useful databases to search for journals and conferences articles:
> Google Scholar https://scholar.google.de/
> ACM https://dl.acm.org/
> |EEE https://ieeexplore.ieee.org/

> Web of Science https://www.webofscience.com/

> Scopus https://www.scopus.com/

> The university's library https://idp.hebis.de/
> JSTOR (history) https://www.jstor.org/
> Project Muse (humanities and social sciences) https://muse.jhu.edu

> PubMed (life sciences and biomedicine) htips://pubmed.ncbi.nlm.nih.gov/
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Google Scholar
=

® Articles Case law
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Refine your Query

Advanced search

GO gle Scholar yibrar Find articles

with all of the words target selection AND reality

with the exact phrase

* My profile with at least one of the words ~ virtual augmented mixed extended
without the words
¢ My ||brary where my words occur anywhere in the article
® ) in the title of the article
A|8I’t3 Return articles authored by

e.qg., "PJ Hayes" or McCarthy
Metrics Return articles published in
e.qg., J Biol Chem or Nature
Return articles dated between —

a.. 1996
Advanced search 9

X Settings

allintitle: target selection AND reality virtual OR augmented OR mixed OR ext n

Enter your keywords 8 resuls (018 se0)

Pinpointing: Precise head-and eye-based target selection for augmented [PDF] acm.org
reality

M Kyto, B Ens, T Piumsomboon, GA Lee... - Proceedings of the ..., 2018 - dl.acm.org

... target size for robust selection. We demonstrate and discuss example applications for
augmented reality, including compact menus with deep structure, and a proof-of-concept method ...
¢ Save P9 Cite Cited by 175 Related articles All 6 versions
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Google Scholar

("target selection” OR "target acquisition") AND ((virtual OR augmented OR n &%

Highly cited. We

Rbout 17.100 results (0,03 sec)

love that

Pinpoging: Precise head-and eye-based target selection for augmented [PDF] acm.ora
ince 20 eality
Since 2021 M Kytd, B Ens, M@llumsomboon, GA Lee. .. - Proceedings of the ... 2018 - dl.acm.org
Since 2018 ... We demonstrate Wdiscuss example applications for augmented reality, including

compact menus with o™ structure, and a proof-of-concept method for on-line correction of ..

Custom range...
Yy Save 99 Cite Gited by 175 Related articles All 6 versions

Sort by relevance

Sort by date Fully-occluded target selection in virtual reality [PDF] ieee.orc
D Yu, Q Zhou, J Newn, T Dingler... - IEEE transactions on ..., 2020 - ieeexplore.ieee.org
... Based on our findings, we offer a set of distilled recommendaticns for future virtual reality
Any type systems that offer fully-occluded target selection We believe our design approaches and
Review articles Yr Save 99 Cite Cited by 16 Related articles Al 9 versions
include patents Investigating bubble mechanism for ray-casting to improve 3D target .°DF] tsinghua.edu.cn
v include citations acquisition in virtual reality
Y Lu, CYu, Y Shi- 2020 IEEE Conference on Virtual Reality , 2020 - ieeexplore ieee org
Create alert In this section, we will design ray-casting techniques in virtual reality augmented by the

bubble mechanism. Two issues will be addressed. The first issue is the criterion of target ...
Y7 Save P9 Cite Cited by 23 Related articles All 6 versions

NotiBike: Assessing Target Selection Techniques for Cyclist Notifications in [PDF] acm.org
Augmented Reality

T Kosch, A Matviienko, F Miller, J Bersch... - Proceedings of the .., 2022 - dl.acm.org

... augmented reality. \We compare the selection efficiency, task load, and subjective perception

of selections in Augmented Reality ... confirmed notifications in Augmented Reality (AR) using ...

Y¢ Save 99 Cite Cited by 2

Fvaa-fraa taraet acauicitinn in intfaractionn anace arniind the hadv for virtual IPDF1 acm ore
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A DIGITAL s . o :
ACM @L IBRARY inery Frankfurt University of Applied Sciences Browse | About | Signin Register

Journals Ma_azines Proceedings Books  SIGs  Conferences  People Search ACM Dig. 3l Library Q, Advanced Search

Conference  Proceedings  Upcoming Events  Authors  Affiliations  Award Winners

Very important
place in HCI

bme > Conferences > CHI > Proceedings > CHI 18 > Pinpointing: Precise Head- and Eye-Based Target Selection for Augmented Reality
Ensure login! Open it from

RESEARCH-ARTICLE » ? Best paper award ¥ ing f the university network, you

m_» Pinpointing: Precise Head- and Eye-Based Target Selection for can download PDFs.
Augmented Reality

The authors q Authors: Mikko Kytd, . Barrett Ens, Thammathip Piumsomboon, GunA. Lee, Mark Billinghurst Authors Info

& Claims

¢ Feedback

The conference or q CHI "18: Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems « April 2018 « Paper No.: 81 « Pages
journa| 1-14 « https://doi.org/10.1145/3173574.3173655

Online: 19 April 2018 Publication History.

Highly cited 99 107 A 3617 A B W

CHI '18: Proceedings of  ABSTRACT o
the 2018 CHI...
Pinpointing: Precise Head and eye movement can be leveraged to improve the user's interactiorfepertoire for -

wearable displays. Head movements are deliberate and accurfASMEIIERUICAGIE
button will get very

Read this —

the-art pointing technique. Eye gaze can potentially be faster

SCROLL

« Previous  Next — important for you

from low accuracy due to calibration errors and drift of wearatfeeyetra = ors work
ABSTRACT investigates precise, multimodal selection techniques using head motion and eye gaze. A D OW N ! ! !
Supplemental comparison of speed and pointing accuracy reveals the relative merits of each method, including =
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Digital Libraries

the achievable target size for robust selection. We demonstrate and discuss example applications
CHI '18: Proceedings of for augmented reality, including compact menus with deep structure, and a proof-of-concept ©
the 2018 CHI...
Pinpointing: Precise
Head- and Eye-Base...

method for on-line correction of calibration drift.

Pages 1—14
@ Pinpointing: Precise Head- and Eye-Based Target Selection for Aug... @ ~»

«— Previous Next — Spater ans... Teilen

e
= Ll

 ABSTRACT

©
@
()

Supplemental
Material

References

Index Terms

r

DIGITAL
ACM@LIBRARY

Video for people who
don’t want to read the
Ansehen auf 3 Youlube ab Str a Ct

I Supplemental Material

Pointing modes suppl.mov °
ar—
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Google Scholar
|

Exercise: Find and describe a paper that
measuring user experience in video games

1. Go to htips://scholar.google.com ...

2. Enter the related keywords

3. Click on results that seems to be relevant...

4. Find and open a paper (if not possible open the next one)...
5. Find and describe what they measured...

You have 5 minutes...
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Issues in Understanding Scientific Reports in HCI

= What could you find?

= How did you select the paper?

= How did you ensure that you found a good paper?
= Do you understand it?

= What was your problem?

= Why was is difficult to understand?
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Research Paper in HCI

Empirical Papers: Describes material and data used for an empirical user study, the
methodologies applied to answer the research questions and the results obtained.

Case Study Papers: Used to describe the study of a certain person, group, location,
event, or situation.

Methodology Papers: Describe a novel method which may be intended for use in

research or practical settings (or both).

System/Data Papers: Describes material and design process of Eell IR CEE eV,
set. They contain no empirical user study. Primary Research

Literature Reviews/Survey Papers: Provide insights and an overview about the field
and have their own contribution Secondary Research

= | neory/Positon/ wnite/Untology Fapers: DeSCrIDe aeTinitions, pPrinciples, Concepts
or models on which work in the field (empirical, experience, metl  Popular science
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The IMRAD Structure

= IMRAD: Introduction, Methods, Results, and Discussion

= All research articles (and yours) are typically structured in this order

> Introduction — Why was the study undertaken? What was the research question, the
tested hypothesis or the purpose of the research?

v

Methods — When, where, and how was the study done? What materials were used or who
was included in the study groups (patients, etc.)?

v

Results — What answer was found to the research question; what did the study find? Was
the tested hypothesis true?

> Discussion — What might the answer imply and why does it matter? How does it fit in
with what other researchers have found? What are the perspectives for future research?

[1] hitps://en.wikipedia.org/wiki/IMRAD

How to Read a Paper Prof. Dr. Valentin Schwind



https://en.wikipedia.org/wiki/IMRAD

ABSTRACT
Problem
Method
Results

The Paper as an Hourglass

Basic Conclusions

= ABSTRACT " RESULTS
" INTRODUCTION " Descriptve statsic

> Motivation & Problem > Inferential statistics establishing a niche
Statement (No interpretation!) occupying the niche

> Theoretical Background “ DISCUSSION
> Research Question > Brief summary of findings HORK
> Hypothesis > Discussion/Interpretation of Lodical
B findings 9
RELATED WORK

Order
* METHOD > \I?V%I;aktlon to previous/related
> Study Design > Limitation of the study m
> Independent Variables " CONCLUSION —
' summary and findings
e * (CONTREUTION
N Apparatus u evaluation an eeper analysis

| Task (ACKNOWLEDGEMENTS)
> Procedure

h Thematic Scope —}
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Session 9: VR and Other Novel 10 Technology CHIPLAY 2017, October 1518, 2017, Amsterdam, NL

I e ® “Where’s Pinky?”: The Effects of a
Xa I I l ° Reduced Number of Fingers in Virtual Reality
Valentin Schwind¢, Pascal Knierime, Lewis Chuang’, Niels Henze«
“VIS, University of Stuttgart “Max Planck Institute for Biological Cybernetics

Stuttgart, Germany Tuebingen, Germany
{firstname.lastname } @vns.uni-slungan.de {firstname.lastname ) @(ucbingen.mpg.dc

: : iels
: ' wis Chuang, and N
Valentin SChWInd, PaSCal Knlerlml Le ABSTRACT cmq-pl.xuf'hcing'w'ming' in a virtual environment while

The hands of one's avatar are possibly the most visible aspect physically situated in another place. Avatars in VR also pro-

! i ? " T h e Effe Ct S Of a Re d u C e d [ when interacting in virtua reality (VR). As video games in VR vide a natural and inlqili\r interface for the user to interact
Ze 0 1 7 n W h e re S P I n ky . . { proliferate, it is important to understand how the appearance of with the surrounding virtual world. The most important body
Henze. 2017.

. h avatar hands influence the user experience, Designers of video parts for interaction through avatars in VR are one's hands

. I P ro C e e d I n g S O t e | games often stylize hands and reduce the number of fingers of and fingers, Using current game controllers, virtual hands can

. M V H t u a I Re a I Ity . n game characters, Previous work shows that the appearance of be displayed in VR, Today's technologies even allow motion

f F I n e rS I n I r | avatar hands has significant effects on the user's presence—the tracking of hands and fingers without wearing additional mo-

N u m er O | feeling of ‘being’ and acting” in VR, However, little is known tion controllers or markers. Thus, arms, hands, and fingers can

of hand representations by parametrically varying the number For video games, however, it is not only‘ nmpor}am to pro-

vide hands for int, ion but also to how their

O S i u m O n C O m p ute r- H u m a n I nt e ra Ct I O n I n P I ay : ;mu: lﬁ;?‘::;f:\;;}.n:i,l:ng;ri;ﬁﬁ"?:ﬂ;;z‘}';cl:';ﬂ: be rendered in’ VR accunji.ng lo‘l‘h‘cir rv.:nl pu..\‘c..":md Ioc:m:;x;..
An n u a I Sym p | of fingers of abstract and realistically rendered P!;mdx. We

. i inery, New | _ |
(CHI PLAY '17). Association for Computing Machinery S e ol oo St oo vty e st

the case for abstract hands, Qualitative feedback collected
through think-aloud and video revealed potential reasons for hands or overlapping of the black outlines, they reduce the

YO r k N Y U S A 5 0 7 - 5 1 5 . ;Z:fg:r‘:t‘r::‘:\'::lw\;;(mis: ‘::n:f:ll:u“ll: j:‘:;:::r’;‘l:g:‘::‘:v:\:ﬁ number of fingers of their characters. This kind of stylization
v} ) : The Swirls s

recommend considering the human-likeness when a reduction

https://doi.org/10.1145/3116595.3116596 | SRS E

due to the thickness of black outlines. Thus, to avoid too hiiz

ACM Classification Keywords Designers can also reduce the number of fingers in realistic
H.1.2 User/Machine Systems: Human factors; 1.3.7 ways. In 2009, the cover art of the game LefidDead 2 showed
Three-Dimensional Graphics and Realism: Virtyal reality a hand with a severed little finger, ring finger, and thumb, To

appease the Entertainment Software Rating Board (ESRB)
Author Keywords game developer Valve changed the cover in 4 way that the
Virtual reality; presence; lacking fingers; immersion; avatars. index and middle fingers remained [19]. In video games,

designers reduce the number of fingers in o realistic way as
INTRODUCTION for the aliens in Avazar — The Game or Elizabeth's character
With the rise of virtual reality (VR) and head-mounted dis- in BioShock Infinite. Thus, the body structure of game avatars
plays (HMDs), the need for understanding how and why the in VR does not necessarily match the structure of the user's

human brain perceives and accepts the virtual world is becom- body. However, little is known about the effects of 3 reduced
ing more and more important. This is particularly relevant number of fingers on the user experience and perception of
for hers and d igners of j ive VR games and presence in VR,

applications, A key feature of upcoming VR technologies stigate the effect of vq ing an avatar's number of fin.
‘m.d games is rendering the "‘\.ﬂ.“ _body n the virtual world gers we cul;'lduclcd a study in ‘l\]"ly{ \i’e tested five-, four-, three-,
using avatars. Avatars in VR significantly increase the user's and two-fingered hands rendered with a realist ic and an ab.
immersion and the feeling of presence [11}—one of the key stract style. We collected Quantitative and qualitative data. We

not only show that reducing the number of fingers significantly

To inv

Permission 10 make digital or hand copies of il or Part of this work for personal or i & at this s
lassroom use is granted withous fee provided that copies are not made or distribested affect the herceived presence but also show that this effect de.
for profit or commercial advantage and that copies bear this notice and the full citation pends on the realism of the avatar. This has consequences for
o the kn:« page. (l;vyn;hn for componcnts of this work owned ,:» others than ACM VR users and, thus, is relevant for researchers and designers
mmust be hoaored. Abstracting with credit * Pemitted. To copy therwise, or republish, £ : i : 2 icati iscuss

oot on servens of o redistribute o list, equires Peior specific permission and/or » of immersive VR games and applications. We discuss further
fec. Request permissions from Permissions @ acm org, effects and Ppotential factors that influence the user experience
CHI PLAY *17, October 15.1%, 2017, Amstcrdam, Nethertands of being in VR with fewer fingers, We contribute implications

{ © 2017 ACM. ISBN 97%-1.4503.4895. V110....15.00 for game and VR designers,

DOI: https: //doi .orn/l..l“s/illé”s.jl 16596
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Example: Title and Authors

It's a conference paper

Sometimes papers
have catchy titles or

and obviously from 2017

acronyms..

on 9: VR and Other Novel 10 Technology CHI PLAY 2017, October 15-18, 2017, Amsterdam, NL

Obviously it's about “Where’s Pinky?”: The Effects of a
missing fingers in VR Reduced Number of Fingers in Virtual Reality

Valentin Schwind¢, Pascal Knierim?, Lewis Chuang’, Niels Henze*
“VIS, University of Stuttgart "Max Planck Institute for Biological Cybern

Stuttgart, Germany Tuejpingen, Germany
{ firstname.lastname } @ vis.uni-stuttga {firstname.lag

e} @tuebingen.mpg.de

ABSTRACT
The hands of one’s avatar are p#Ssibly the most visible aspect
when interacting in virtual re (VR). As video games in VR

Theafflllatlons

| still have a redirection

on that mail
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Abstract

= Typically, 150 - 250 words

= Briefly introduces the reader to ABSTRACT
> motivation, problem, and relevance I ;L‘L'Tz?and i
> the aims of the study and which methods were used importantZ Ferwhorn?
> results and findings How did the authors

answered the RQ?

> conclusion & contribution

Results
= |deally, each sentence deals about one section in your paper P itac JG
= The abstract always answers these four questions: Findings
What was the main finding and
S Why d|d yOU dO thlsf) what is important to know about that?
. ibuti lusi
> What did you do? What are thg i?::)rlic:':ig:s/eﬁlc:infegzlz?nendations?

What ist the contribution of the paper?

> What did you find?
> What do your findings mean?
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Abstract: Tips for reading

= Reflect the structure of the paper

> Bear in mind that there is a match between abstract and paper

> ldeally, each section of your paper belongs to one sentence in the paper
= Search for what they did and why

> What did they developed?

> How many participants were tested?

> What happened during the study?
" Find the contribution

> What is the key benefit for readers?

> For whom it is interesting?

> How is the contribution articulated? (Which words are used, are there any ‘modulators’, e.g.
‘Perhaps ... suggests ... might ... could ...?)

How to Read a Paper Prof. Dr. Valentin Schwind



The Abstract

ABSTRACT

The hands of one’s avatar are possibly the most visible aspect
when interacting in virtual reality (VR). As video games in VR
proliferate, it is important to understand how the appearance of
avatar hands influence the user experience. Designers of video
games often stylize hands and reduce the number of fingers of
game characters. Previous work shows that the appearance of
avatar hands has significant effects on the user’s presence—the
feeling of ‘being’ and ‘acting’ in VR. However, little is known
about the effects of missing fingers of an avatar in VR. In this
paper, we present a study (N = 24) that investigated the effect
of hand representations by parametrically varying the number
of fingers of abstract and realistically rendered hands. We
show that decreasing the number of fingers of realistic hands
leads to significantly lower levels of presence, which is not
the case for abstract hands. Qualitative feedback collected
through think-aloud and video revealed potential reasons for
the different assessment of realistic and abstract hands with
fewer fingers in VR. We contribute design implications and
recommend considering the human-likeness when a reduction
of the number of fingers of avatar hands is desired.

Session 9: VR and Other Novel 10 Technology

“Where’s Pinky?”:

CHI PLAY 2017, October 15-18, 2017, Amsterdam, NL

The Effects of a

Reduced Number of Fingers in Virtual Reality

Valentin Schwind, Pascal Knierim“, Lewis Chuang’, Niels Henze”

“VIS, University of Stuttgart
Stuttgart, Germany
oL @vis.uni-stuttgart.de

How to Read a Paper

—
ABSTRACT
The hands of one's avatar are possibly the most visible aspect
when interacting in virtual reality (VR). As video games in VR
proliferate, it is important to understand how the appearance of
avatar hands influence the user experience. Designers of video
games often stylize hands and reduce the number of fingers of
game characters. Previous work shows that the appearance of
avatar hands has significant effects on the user's presence—the
feeling of *being’ and “acting” in VR. However, little is known
about the effects of missing fingers of an avatar in VR. In this
paper, we present a study (N = 24) that investigated the effect
of hand rep ions by p ically varying the number
of fingers of abstract and realistically rendered hands. We
show that decreasing the number of fingers of realistic hands
leads to significantly lower levels of presence, which is not
the case for abstract hands. Qualitative feedback collected
through think-aloud and video revealed potential reasons for
the different assessment of realistic and abstract hands with
fewer fingers in VR. We contribute design implications and

ccommend considering the human-likeness when a reduction
of the number of fingers of avatar hands is desired.

ACM Classification Keywords
H.1.2 User/Machine Systems: Human factors; Lj#
Three-Dimensional Graphics and Realism: ual reality

Author Keywords
Virtual reality; presence: lacking Jfgers; immersion; avatars,

INTRODUCTION

With the rise of virtyg#reality (VR) and head-mounted dis-
plays (HMDs), t ced for understanding how and why the
human brain ‘eives and accepts the virtual world is becom-
ing more g more important. This is particularly relevant
for resgefchers and designers of immersive VR games and
apgi€ations. A key feature of up ing VR technolog

*Max Planck Institute for Biological Cybernetics
Tuebingen, Germany
{ firstname.lastname } @tuebingen.mpg.de

concepts of ‘being’ or ‘acting’ in a virtual environment while
physically situated in another place. Avatars in VR also pro-
vide a natural and intuitive interface for the user to interact
with the surrounding virtual world. The most important body
parts for interaction through avatars in VR are one's hands
and fingers. Using current game controllers, virtual hands can
be displayed in VR. Today's technologies even allow motion
tracking of hands and fingers without wearing additional mo-
tion controllers or markers. Thus, arms, hands, and fingers can
be rendered in VR according to their real pose and location,

For video games, however, it is not only important to pro-
vide hands for i ion but also to und d how their
PF influences the experience of the user. Designers of
video games have unlimited freedom to vary the app
of an avatar. Cartoonists, for example, simplify their drawings
due to the thickness of black outlines. Thus, to avoid too big
hands or overlapping of the black outlines, they reduce the
number of fingers of their characters. This kind of stylization
was adopted and preserved by many video games such as in
Earthworm Jim, the Rayman series, The Smurfs, or Simpsons ~
The Game.

Designers can also reduce the number of fingers in realistic
ways. In 2009, the cover art of the game Lefi4Dead 2 showed
a hand with a severed little finger, ring finger, and thumb. To
appease the Entertainment Software Rating Board (ESRB)
game developer Valve changed the cover in a way that the
index and middle fingers remained [19]. In video games,
designers reduce the number of fingers in a realistic way as
for the aliens in Avatar — The Game or Elizabeth’s character
in BioShock Infinite. Thus, the body structure of game avatars
in VR does not necessarily match the structure of the user's
body. However, little is known about the effects of a reduced
number of fingers on the user experience and perception of
presence in VR.

id games is rendering the user’s body in the virtual world
using avatars. Avatars in VR significantly increase the user's
immersion and the feeling of presence [11]—one of the key

Permission to make digital or hard copies of all or part of this work for personal o
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for componcats of this work owned by others than ACM
must be honored. Abstracting with crodit is permitted. To copy otherwise, of republish
10 post o servers of to redistribute 1o lists, requires prior specific permission and/or a
fee. Roquest permissions from permissions @ acm ofg

CHI PLAY 17, October 15-18, 2017, Amsterdam, Nethertands

©2017 ACM. ISBN 978-1-4503-4898-0/17/10..15.00

DOL: https://dod .org/10.1145/3116595.3116596

507

To investigate the effect of varying an avatar's number of fin-
gers we conducted a study in VR. We tested five-, four-, three-,
and two-fingered hands rendered with a realistic and an ab-
stract style. We collected quantitative and qualitative data. We
not only show that reducing the number of fingers significantly
affect the perceived presence but also show that this effect de-
pends on the realism of the avatar. This has consequences for
VR users and, thus, is relevant for researchers and designers
of immersive VR games and applications. We discuss further
effects and p ial factors that influence the user experience
of being in VR with fewer fingers. We contribute implications
for game and VR designers.

Prof. Dr. Valentin Schwind
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The Keywords

“Where’s Pinky?”: The Effects of a
Reduced Number of Fingers in Virtual Reality

Valentin Schwind’, Pascal Knierim*, Lewis Chuang”’, Niels Henze”

“VIS, University of Stuttgart
Stuttgart, Germany
{ firstname.lastname } @ vis.uni-stuttgart.de

ABSTRACT

The hands of one's avatar are possibly the most visible aspect
when interacting in virtual reality (VR). As video games in VR
proliferate, it is important to understand how the appearance of
avatar hands infl the user exy Designers of video
games often stylize hands and reduce the number of fingers of
game characters. Previous work shows that the appearance of
avatar hands has significant effects on the user's presence—the
feeling of *being’ and ‘acting’ in VR. However, little is known
about the effects of missing fingers of an avatar in VR. In this
paper, we present a study (N = 24) that investigated the effect
of hand rep by p ically varying the number
of fingers of abstract and realistically rendered hands. We

ACM Classification Keywords

Author Keywords

H.1.2 User/Machine Systems: Human factors; 1.3.7
Three-Dimensional Graphics and Realism: Virtual reality

show that decreasing the number of fingers of realistic hands
leads to significantly lower levels of presence, which is not
the case for abstract hands. Qualitative feedback collected
lhmugh think-aloud and video revealed potential reasons for

assessment of realistic and abstract hands with
lc\wcr fingers in" Ve ontribute design implications and

recommend considering the hul skeqess when a reduction
.  of the number of fingers of avatar hands is de3
ACM Classification Keywords

H.1.2 User/Machine Systems: Human factors; 1.3.7
Three-Dimensional Graphics and Realism: Virtual reality

Author Keywords

Virtual reality: presence; lacking fingers; immersion; avatars.

Virtual reality; presence; lacking fingers; immersion; avatars.

‘ggmm—
ith the of virtual reality (VR) and head-mounted dis-

How to Read a Paper

plays (HMDs), the need for understanding how and why the
human brain perceives and accepts the virtual world is becom-
ing more and more important. This is particularly relevant
for hers and desigi of i ive VR g.|me\ and
applications. A key feature of up g VR tech
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concepts of ‘being’ or ‘acting’ in a virtual environment while
physically situated in another place. Avatars in VR also pro-
vide a natural and intuitive interface for the user to interact
with the surrounding virtual world. The most important body
parts for interaction through avatars in VR are one's hands
and fingers. Using current game controllers, virtual hands can
be displayed in VR. Today's technologies even allow motion
tracking of hands and fingers without wearing additional mo-
tion controllers or markers. Thus, arms, hands, and fingers can
be rendered in VR according to their real pose and location,

For video games, however, it is not only important to pro-

vide hands for interaction but also to und d how their
Pr infl s the experi of the user. Designers of
video games have unlimited fi to vary the app

of an avatar. Cartoonists, for example, simplify their drawings
due to the thickness of black outlines. Thus, to avoid too big
hands or overlapping of the black outlin
number of fingers of their characters. This
was adopted and preserved by many video games
Earthworm Jim, the Rayman series, The Smurfs, or Simpsons
The Game.

Designers can also reduce the number of fingers in realistic
ways. In 2009, the cover art of the game Left4Dead 2 showed
a hand with a severed little finger, ring finger, and thumb. To
appease the Entertainment Software Rating Board (ESRB)
game developer Valve changed the cover in a way that the
index and middle fingers remained [19]. In video games,
designers reduce the number of fingers in a realistic way as
for the aliens in Avatar — The Game or Elizabeth’s character
in BioShock Infinite. Thus, the body structure of game avatars
in VR does not necessarily match the structure of the user’s
body. However, little is known about the effects of a reduced
number of fingers on the user experience and perception of
presence in VR.

and games is rendering the user’s body i m the virtual world
using avarars. Avatars in VR significantly increase the user's
immersion and the feeling of presence [11]—one of the key
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Toi igate the effect of varying an avatar's number of fin-
gers we conducted a study in VR. We tested five-, four-, three-,
and two-fingered hands rendered with a realistic and an ab-
stract style. We collected quantitative and qualitative data. We
not only show that reducing the number of fingers significantly
affect the perceived presence but also show that this effect de-
pends on the realism of the avatar. This has consequences for
VR users and, thus, is relevant for researchers and designers
of immersive VR games and applications. We discuss funhcr
effects and p ial factors that influence the user

of being in VR with fewer fingers. We contribute lmpllcalmns
for game and VR designers.
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Dissecting the Abstract

" RELEVANCE: The hands of one’s avatar are possibly the most visible aspect when interacting in virtual
reality (VR). As video games in VR proliferate, it is important to understand how the appearance of avatar
hands influence the user experience. Designers of video games often stylize hands and reduce the number
of fingers of game characters.

" PREVIOUS WORK: Previous work shows that the appearance of avatar hands has significant effects on the
user’s presence—the feeling of ‘being’ and ‘acting’ in VR.

" THE PROBLEM: However, little is known about the effects of missing fingers of an avatar in VR

" THE STUDY: In this paper, we present a study (N = 24) that investigated the effect of hand representations
by parametrically varying the number of fingers of abstract and realistically rendered hands.

" RESULTS + FINDINGS: We show that decreasing the number of fingers of realistic hands leads to
significantly lower levels of presence, which is not the case for abstract hands. Qualitative feedback
collected through think-aloud and video revealed potential reasons for the different assessment of realistic
and abstract hands with fewer fingers in VR.

" INTEPRETATION, CONCLUSION, CONTRIBUTION: We contribute design implications and recommend
considering the human-likeness when a reduction of the number of fingers of avatar hands is desired.

How to Read a Paper Prof. Dr. Valentin Schwind



Introduction

INTRODUCTION

With the rise of virtual reality (VR) and head-mounted dis-
plays (HMDs), the need for understanding how and why the
human brain perceives and accepts the virtual world is becom-
ing more and more important._This is particularly relevant
for researchers an cbﬂ rff f < VR games and
applications. A kly g QHIQR technologies
and games is rendering the user’s body in the virtual world
using avarars. Avatars in VR significantly increase the user’s
immersion and the feeling of presence [11]—one of the key
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concepts of ‘being” or ‘acting” in a virtual environment while
physically situated in another place. Avatars in VR also pro-
vide a natural and intuitive interface for the user to interact
with the surrounding virtual world. The most important body
parts for l'lII'ELEj] i ne’s hands
and fingersl Usi Eﬁﬁa i, hands can
be displayed in VR. Today's technologies even allow motion
tracking of hands and fingers without wearing additional mo-
tion controllers or markers. Thus, arms, hands, and fingers can
be rendered in VR according to their real pose and location.

For video games, however, it is not only important to pro-

vide hands for interaction but also to understand how their
appearance influences the experience of the user. Designers of
4 .

video o unlimi m

T HE BrObIER. &
due to the thickness ack outlines. Thus, to avoid too big
mmber of nzer P BTN > ieon
number of ﬁng% kind of stylization
was adopted and preserved by many video games such as in

Earthworm Jim, the Rayman series, The Smurfs, or Simpsons —
The Game.

Designers can also reduce the number of fingers in realistic
ways. In 2009, the cover art of the game Lefi4Dead 2 showed
a hand with a severed little finger, ring finger, and thumb. To
appease the Entertainment Software Rating Board (ESRB)

game develeger Valvg changed the cover jn gyvay that the
index and Ba@k cﬁ@lu rl}'dl ddeo games,
designers reduce the nurter of fingers in a realistic way as
for the aliens in Apgres .‘& 'iu ¢ g Elizabeth’s character
in BioShock wmr{_lpfna ‘t m re of game avatars
in VR does not necessarily match the structure of the user’s
body. However, little is known about the effects of a reduced
number of fingers on the user experience and perception of
presence in VR.

To investigate the effect of varying an avatar’s number of fin-
gers we conducted a study in VR. We tested five-, four-, three-,

and two-fin hands rendered with a realistic and an ab-
stract sty]e.[’%‘lg.«m ive data. We
not only shy tretfucing significantly
affect the eived ce but also sh is effect de-
pends WMMaa l:la cim%ces for
VR u . thus, is relevant for researchers and designers
of immersive VR &2k ‘We discuss further
effects and pmenﬁilﬂjjﬂi‘fggme user experience
of being in VR with fewer fingers. We contribute implications

for game and VR designers.
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Related Work

RELATED WORK

In the following. we provide an overview of the previous work

thallsmla‘edloﬂlepﬂueyuunoflhevuumlselfandhandsm
udes which

has eption
as well ienced
by some amputees in l.hur remaveg s. Both phenomena.
established in the real ications for how one’s

body avatar ought to be represented :n VR. Finally, we discuss
how the appearance of virtual avatars affects the illusion of
body ownership and the feeling of presence in VR.

The rubber hand illusion experiment by Botvinick and Co-
hen [4] demonstrated that humans can incorporate prosthetic
limbs into their body repr ion when congruent visual

ion” [20]. Vi thy et al. [25] and Lugrin et
al. [14] found that higher degrees of presence were caused by

less istic VB game gharacters. In both works, uthors
assu gﬁ;ﬁ Qﬂ/ Valley
phen imper-
fections of vj @umm-hke charag rs cause uncomforlable
sensations. endar related
differences when using differe vmua.l hand.s in VR [21].
Their results i m e hands and men
perceive lowes l npn-human avatar
hands. The authors suggest avoldmg gendedT swapping in VR
by using non-realistic budies or — il necessary — by using
androgyny avatars.

of the rubber hand illusion [4, 23, 10] and illu-

and tactile feedback is provided. Further research of the rub-
ber hand illusion (originally not situated in VR) showed how

sion of body ownership [12, 1, 24] are related, but different
from the kind of body changes investigated in this paper. They

our body registers the i space using self-location [7],

1f- 'y [3], and body hip [13]. VR allows to fur-
ther explore the rubber hand illusion from a first person view
and for animated false limbs as well as full bodies [23]. The
acceEFnce of structural changes of hands in VR was investi-

ate e .#. bber
w.Topic. Category:#1:..:
that partici cx n nced rela'l:iy h1gh leyels of body
ownership fis ed to using
five-finge: onsequently = aulhors recommend

investigating hﬂn ] wn
Our work differs ¢ r.j: )g existing body parts

in the rubber hand illusion. The removal of limbs is partic-
ularly related to work that investigates phantom pain and its
treatment in VR. However, it has not yet been investigated
how fewer limbs affect acceptance in VR. Murray et al. [16]
showed that VR can be used to treat the phantom pain of am-
putees. Not situated in VR, but also related to our work is
the research by Giummarra et al. [9] which compared sensa-
tions of amputees and non-amputees. Their findings indicate
that both phantom pain and an illusory embodiment, do not
necessarily require amputation.

Previous work also shows that the appearance of an avatar
affects the VR experience. Lin and Jorg [12] found that more
human-like hand models increased the illusion of body own-
ership. Using a first-person computer-game Christou and
Michael [5] found that visual characteristics of the avatar influ-

EIIE ﬂgl.lEl
—Topic Category #2.
mﬂuences e user’s behavior as Theif resylts indicate
that the ly m tic virtual
hands, h 1 reases for
virtual human hands. Peck et al. [17] showed that the manipu-
lation of skin tones caused changes in interpersonal attitudes
and decreased participants’ implicit racial bias. Not only skin
color but also the virtual body size lead to biases in estimating
the own weight, which was shown by Piryankova et al. [18].

Research in presence is vital, especially as games and virtual
environments strive towards becoming more and more immer-
sive. Presence is defined as the “sense of being in another
environment” [2] or as “the outcome or a direct function of
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highlight the i ofvnsualandhapnccueslhrregls-

pmcmemVRlscuanﬂyunlmuwn or this reason, and
especially in context of games, which reduce the number of
fingers (e.g. for stylized hands), we decided to explore the
effects on presence (¢f [25, 14, 21]) using avatar hands in VR.
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Method

Stimuli

‘We compared five-fingered hands with hands where we suc-
cessively removed little finger, ring finger, and the middle
finger of each hand (see Figure 1). We used a pinch gesture to
trigger events in our apparatus and kept both thumbs as well
as index fingers. Previous work found that men and women
show different levels of presence while using male and female
hands. Assuggesled[Zl],wellsedalmmanandmymus

model istil mesh b

Figure 1. Screenshots of the avatar hand models of the four realistic (1st row) and four abstract (2nd row) hands with five, four, three, and two fingers.

Apparatus

Our system consisted of an HTC Vive HMD and a Leap Mo-
tion sensor mounted onto the front of the display using a 3D
printed frame. We used a PC with Windows 10, an Intel
i7-6700, 16GB RAM and a N\ idia GTX‘)SO gmphic% card.
Our Uijt! T; \g 0!

Orion ¥¢ ou n ﬁw on
HMDs. The target rame rate of the appllcauon was 60 frames
per second. T ensure that gh trame rale aj e tracking
qualil) was gy;g amr: track-
ing system p! n?lgumuon of
bones. The surrounding scene was lhe same for all condition
and designed with a neutral white style and a standard sun-
and skylight. Real-time global illumination, anti-aliasing, and
ambient occlusion were enabled for rendering.

Tasks

Three immersive tasks were used to ensure that the virtual

hands are in the field of view of each user. Furthermore, they

ennhlednvusauleandnnmersweVRexpmence Weused
ided by the soft i

et al [21]I pmg k. participants operated with
a virtual ke '% text display.
The draw task and painting

in the surmundmg vu'tua.l space using the pinch gesture. The
Py d task is a physi where p p were
ndwsedtoslxplcallcastsnxblocksonamblctobmldnmml]

3D artist
fingers and the influence of their virtual bones on the hand
skin using Autodesk 3ds Max. The abstract hand models are
based on the white abstract hands used by Argelaguet et al. [1].
They consist of rigid oval shapes for the fingers and arms as
well as a circle-shaped palm.

the palm of the hand. A p
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pyramid. Black fading was used for transitions between all
tasks as well as between the tasks and the final questionnaire.

Measures

‘We used questionnaires in VR to facilitate a continuously user
experience (cf- mhegraxed queshonnmres in gaming environ-
ments = 3

al. [21]
using the virtual hands whuse eﬂ'ect we actunlly measumd
‘We decided to use the p ire (PQ) by Witmer
and Singer [26]. The quesnonnaue has been used in a large

lhttps ://github.com/valentin-schwind/sel fpresence

number of studies, mcludes items that address related fac-

tors such as n: uestions can
be meanin; by previous
work [21, 22], we tlonally asked for likability, human-

likeness, attractiveness, and eeri n 7-point Likert scales.
Participants’ orded through
think-aloud

Procedure

After signing the consent form, every participant was asked to
take a seat in the middle of our VR laboratory. We explained
the experimental procedure and introduced the functionality
of the HMD as well as the hand tracking sensor. Furthermore,
all participants were instructed to “'think aloud”, which means
to verbally articulate all their concerns and thoughts especially
considering their virtual embodiments. We pointed out that

particip: ould pause or gbort the experiment atpiny time.
~Experimental
Latin squ. f La) nized by

software. Every task could either 3[ hnl\hed by pressing a

button or showy ompleting all
tasks a panel \p fmm of the
participant’s view. Since all questions could not be displayed
at once, panels containing four questions were presented. The
participant navigated through these panels of the questionnaire
by pressing two buttons labeled “back™ and “next”. After

leaving the VR we handed out a questionnaire where we asked
for feedback, general concerns, suggestions. Finally, we also
asked for both the hand they prefer and definitely not prefer.

li

Figure 2. Images of the participants situated and observed in our VR
laboratory.

<= \\hat the participants saw

= \\hat the experimenter saw
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Method: Study Description

»+How the authors answered the research question”

" Typical Sections:
> What the authors do?
> What did they compare?

> How did the authors to answe
the research question?

> Where can | find it,
if | want to repeat the study?

> What did the participants do?

> What did the authors measure?

> What was the experimental procedure?
> Who were the participants?

> What did the participants see?

> What did the experimenters see?
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METHOD

Fingers are an integral part of daily interaction and are often
removed, for example, for stylization reasons in today’s video
games. However, previous work did not investigate the effects
of removing limbs of VR avatars, however, shows that the
degree of realism of the own body has an impact on how
users perceive presence. Therefore, we decided to test the
effect of fewer fingers with realistic as well as abstract avatar
hands in a user study in VR. We used a within-subject study
design with the two independent variables REALISM (abstract
and realistic) and FINGERS PER HAND (fwo, .Lhree four ﬁve)
resulting in clght diti Data was coll

Figure 1. Screenshots of the avatar hand models of the four realistic (1st row) and four abstract (2nd row) hands with five, folll'. three, and two fingers.

Apparatus

Our system consisted of an HTC Vive HMD and a Leap Mo-
tion sensor mounted onto the front of the display using a 3D
printed frame. We used a PC with Windows 10, an Intel
i7-6700, 16GB RAM., and a Nvidia GTX980 graphics card.
Our Unity3D application used hand tracking provided by the
Orion SDK of Leap Motion optimized for hand tracking on
[HMDs. The target frame rate of the application was 60 frames
per second. To ensure that the frame rate and the tracking
quality was the same for all hands, we used the same track-
ing system provided by Leap and the same configuration of
bones. The surrounding scene was the same for all condition
and designed with a neutral white style and a standard sun-
and skylight. Real-time global illuminati ti-aliasing, and
ambient occlusion were enabled for rendering.

asks

through quest in VR and g
think-aloud method and video observations.

through the

We compared five-fingered hands with hands where we suc-
cessively removed little finger, ring finger. and the middle
finger of each hand (see Figure 1). We used a pinch gesture to
trigger events in our apparatus and kept both thumbs as well
as index fingers. Previous work found that men and women
show different levels of presence while using male and female
hands. As suggested [21], we used a human androgynous
hand model consisting of a mesh blending between male and
female hand models provided by the Leap Motion SDK. To

ree i ive tasks were used to ensure that the virtual
hands are in the field of view of each user. Furthermore, they
enabled a versatile and immersive VR experience. We used
he tasks purposed and provided by the software by Schwind
etal. [21]'. In the ryping task, participants operated with
a virtual keyboard to enter “I love VR” into a text display.
The draw task enabled users to perform free hand painting
in the surrounding virtual space using the pinch gesture. The
pyramid task is a physical simulation where participants were
advised to staple at least six blocks on a table to build a small
pyramid. Black fading was used for transitions between all
tasks as well as between the tasks and the final questionnaire.

remove an effect of the finger on the ani d skin
at adjacent parts of the palm, we removed the stumps of the
fingers. Thus, the hands look more natural and not as being cut
off or torn, which was achieved by smooth transitions towards
the palm of the hand. A professional 3D artist removed the
fingers and the influence of their virtual bones on the hand
skin using Autodesk 3ds Max. The abstract hand models are
based on the white abstract hands used by Argelaguet et al. [1].
They consist of rigid oval shapes for the fingers and arms as
well as a circle-shaped palm.

‘We used questionnaires in VR to facilitate a continuously user
experience (cf. integrated questionnaires in gaming environ-
ments by Frommel et al. [8]) as suggested by Schwind et
al. [21]. Thus, every participant filled in the questionnaire
using the virtual hands whose effect we actually measured.
‘We decided to use the presence questionnaire (PQ) by Witmer
and Singer [26]. The questionnaire has been used in a large

'https://github. com/valentin-schwind/sel fpresence

number of studies, mcludes items that address relaled fac-
tors such as 1 or . and all can

1y din VR. As d by previous
work [21, 22], we addmonally asked for likability, human-
likeness, attractiveness, and eeriness on 7-point Likert scales.
Participants’ feedback and their actions were recorded through
think-aloud protocols and video cameras.

Procedure

After signing the consent form, every participant was asked to
take a seat in the mlddle of our VR Iaboralory We expl:uned
the experimental pi d introduced the

of the HMD as well as the hand tracking sensor. Furthermore,
all participants were instructed to “think aloud”, which means
to verbally articulate all their concerns and thoughts especially
considering their virtual embodiments. We pointed out that
participants could pause or abort the experiment at any time.
The order of the eight virtual hands was given by a balanced
Latin square design. The order of tasks was randomized by
software. Every task could either be finished by pressing a
button or showing a thumbs-up gesture. After completing all
tasks a panel with the questionnaire appeared in front of the
participant’s view. Smce all quesllons could not be displayed
at once, panels ing four were d. The

participant navigated through these panels of the questionnaire
by pressing two buttons labeled “back™ and “next”. After
leaving the VR we handed out a questionnaire where we asked
for feedback, general concerns, suggestions. Finally, we also
asked for both the hand they prefer and definitely not prefer.

Figure 2. Images of the participants situated and observed in our VR
laboratory.

Participants

We recruited 24 participants (11 males, 13 females) from our
campus via mailing lists and social networks. All participants
had light skin tones matching the visual appearance of the re-
alistic virtual hand. None of the volunteers was excluded from
participation in the study. The average age of the participants
was 21.8 years (S = 6.41). Only four participanis mentioned
having previous VR experience, 20 of our participanis siated
that they had no VR experience at all.
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Method: Stimuli

»+How the authors answered the research question”

" Typical Sections:
> What the authors do?
> What did they compare?

> How did the authors to ansWwer
the research question?

> Where can | find it,
if | want to repeat the study?

> What did the participants do?

METHOD

Fingers are an integral part of daily interaction and are often
removed, for example, for stylization reasons in today’s video
games. However, previous work did not investigate the effects
of removing limbs of VR avatars, however, shows that the
degree of realism of the own body has an impact on how
users perceive presence. Therefore, we decided to test the
effect of fewer fingers with realistic as well as abstract avatar
hands in a user study in VR. We used a within-subject study
design with the two independent variables REALISM (abstract

i

Figure 1. Screenshots of the avatar hand models of the four realistic (1st row) and four abstract (2nd row) hands with five, four, three, and two fingers.

Apparatus

Our system consisted of an HTC Vive HMD and a Leap Mo-
tion sensor mounted onto the front of the display using a 3D
printed frame. We used a PC with Windows 10, an Intel
17-6700, 16GB RAM, and a Nvidia GTX980 graphics card.
Our Unity3D application used hand tracking provided by the
Orion SDK of Leap Motion optimized for hand tracking on
HMDs. The target frame rate of the application was 60 frames
per second. To ensure that the frame rate and the tracking
quality was the same for all hands, we used the same track-
ing system provided by Leap and the same configuration of
bones. The surrounding scene was the same for all condition
and designed with a neutral white style and a standard sun-
and skylight. Real-time global illuminati ti-aliasing, and
ambient occlusion were enabled for rendering.

. ? and realmm)andF[N(_;gRs PER HAND (1wo, .Lhreefourﬁve) Tasks
> What did the authors measure? ol oo, D o ) T s e s e i

think-aloud method and video observations.

Stimuli

v

What was the experimental procedure?
Who were the participants?

What did the participants see?

What did the experimenters see?

cessively removed little finger, ring finger. and the middle
finger of each hand (see Figure 1). We used a pinch gesture to
trigger events in our apparatus and kept both thumbs as well
as index fingers. Previous work found that men and women
show different levels of presence while using male and female
hands. As suggested [21], we used a human androgynous
hand model consisting of a mesh blending between male and
female hand models provided by the Leap Motion SDK. To
remove an effect of the finger movement on the animated skin
at adjacent parts of the palm, we removed the stumps of the
fingers. Thus, the hands look more natural and not as being cut
off or torn, which was achieved by smooth transitions towards
the palm of the hand. A professional 3D artist removed the
fingers and the influence of their virtual bones on the hand
skin using Autodesk 3ds Max. The abstract hand models are

v

v

v

based on the white abstract hands used by Argelaguet et al. [1].

They consist of rigid oval shapes for the fingers and arms as
well as a circle-shaped palm.
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We compared five-fingered hands with hands where we suc-

hands are in the field of view of each user. Furthermore, they
enabled a versatile and immersive VR experience. We used
he tasks purposed and provided by the software by Schwind
et al. [21]'. In the ryping task, participants operated with
a virtual keyboard to enter “I love VR™ into a text display.
e draw task enabled users to perform free hand painting
in the surrounding virtual space using the pinch gesture. The
yyramid task is a physical simulation where participants were
advised to staple at least six blocks on a table to build a small
pyramid. Black fading was used for transitions between all
asks as well as between the tasks and the final questionnaire.

Measures

/e used quesﬁonnaims in VR to facilitate a continuously user
i i ires in gaming environ-
mems by memel et al. [8]) as wggesled by Schwind et
al. [21]. Thus, every participant filled in the questionnaire
using the virtual hands whose effect we actually measured.
/e decided to use the presence questionnaire (PQ) by Witmer
and Singer [26]. The questionnaire has been used in a large

'https://github.com/valentin-schwind/sel fpresence

number of studies, mcludes items that address related fac-
tors such as 1 or . and all can
lly din VR. As d by previous
work [21, 22], we addmonally asked for likability, human-
likeness, attractiveness, and eeriness on 7-point Likert scales.
Participants’ feedback and their actions were recorded through
think-aloud protocols and video cameras.

Procedure

After signing the consent form, every participant was asked to
take a seat in the mlddle of our VR laboralory We explmned
the experimental pi duced the

of the HMD as well as the hand (mkmg sensor. Furthermore,
all participants were instructed to “think aloud”, which means
to verbally articulate all their concerns and thoughts especially
considering their virtual embodiments. We pointed out that
participants could pause or abort the experiment at any time.
The order of the eight virtual hands was given by a balanced
Latin square design. The order of tasks was randomized by
software. Every task could either be finished by pressing a
button or showing a thumbs-up gesture. After completing all
tasks a panel with the questionnaire appeared in front of the
participant’s view. Smce all quemons could not be displayed
at once, panels ing four were d. The
participant navigated through these panels of the questionnaire
by pressing two buttons labeled “back™ and “next”. After

leaving the VR we handed out a questionnaire where we asked
for feedback, general concerns, suggestions. Finally, we also
asked for both the hand they prefer and definitely not prefer.

Figure 2. Images of the participants situated and observed in our VR
laboratory.

Participants

We recruited 24 participants (11 males, 13 females) from our
campus via mailing lists and social networks. All participants
had light skin tones matching the visual appearance of the re-
alistic virtual hand. None of the volunteers was excluded from
participation in the study. The average age of the participants
was 21.8 years (S = 6.41). Only four participanis mentioned
having previous VR experience, 20 of our participanis siated
that they had no VR experience at all.
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How to Read a Paper

—
METHOD

Fingers are an integral part of daily interaction and are ofte
removed, for example, for stylization reasons in today’s vide
games. However, previous work did not investigate the effect]
of removing limbs of VR avatars, however, shows that th
degree of realism of the own body has an impact on ho
users perceive presence. Therefore, we decided to test th|
effect of fewer fingers with realistic as well as abstract avata
hands in a user study in VR. We used a within-subject stud|
design with the two independent variables REALISM (abstrad
and realistic) and FINGERS PER HAND (1wo, .Lhree four ﬁv

Apparatus

Our system consisted of an HTC Vive HMD and a Leap Mo-
tion sensor mounted onto the front of the display using a 3D
printed frame. We used a PC with Windows 10, an Intel
17-6700, 16GB RAM, and a Nvidia GTX980 graphics card.
Our Unity3D application used hand tracking provided by the
Orion SDK of Leap Motion optimized for hand tracking on
HMDs. The target frame rate of the application was 60 frames
per second. To ensure that the frame rate and the tracking
quality was the same for all hands, we used the same track-
ing system provided by Leap and the same configuration of
bones. The surrounding scene was the same for all condition
and designed with a neutral white style and a standard sun-
and skylight. Real-time global illuminati ti-aliasing, and
ambient occlusion were enabled for rendering.

Tasks

resulting in clght diti Data was coll
through quest in VR and g
think-aloud method and video observations.

through the

Stimuli

We compared five-fingered hands with hands where we suc-
cessively removed little finger, ring finger. and the middle
finger of each hand (see Figure 1). We used a pinch gesture to
trigger events in our apparatus and kept both thumbs as well
as index fingers. Previous work found that men and women
show different levels of presence while using male and female
hands. As suggested [21], we used a human androgynous
hand model consisting of a mesh blending between male and
female hand models provided by the Leap Motion SDK. To
remove an effect of the finger movement on the animated skin
at adjacent parts of the palm, we removed the stumps of the
fingers. Thus, the hands look more natural and not as being cut
off or torn, which was achieved by smooth transitions towards
the palm of the hand. A professional 3D artist removed the
fingers and the influence of their virtual bones on the hand
skin using Autodesk 3ds Max. The abstract hand models are
based on the white abstract hands used by Argelaguet et al. [1].
They consist of rigid oval shapes for the fingers and arms as
well as a circle-shaped palm.

Three i tasks were used to ensure that the virtual
hands are in the field of view of each user. Furthermore, they
enabled a versatile and immersive VR experience. We used
the tasks purposed and provided by the software by Schwind
etal. [21]'. In the ryping task, participants operated with
a virtual keyboard to enter “I love VR” into a text display.
The draw task enabled users to perform free hand painting
in the surrounding virtual space using the pinch gesture. The
pyramid task is a physical simulation where participants were
advised to staple at least six blocks on a table to build a small
pyramid. Black fading was used for transitions between all
tasks as well as between the tasks and the final questionnaire.

Measures

We used quesﬁonnaims in VR to facilitate a continuously user
i i ires in gaming environ-
mems by memel et al. [8]) as wggesled by Schwind et
al. [21]. Thus, every participant filled in the questionnaire
using the virtual hands whose effect we actually measured.
‘We decided to use the presence questionnaire (PQ) by Witmer
and Singer [26]. The questionnaire has been used in a large

'https://github. com/valentin-schwind/sel fpresence

| 3 i

and four abstract (2nd row) hands with five, four, three, and two fingers. Participants
We recruited 24 participants (11 males, 13 females) from our
campus via mailing lists and social networks. All participants
had light skin tones matching the visual appearance of the re-
alistic virtual hand. None of the volunteers was excluded from
participation in the study. The average age of the participants
was 21.8 years (S = 6.41). Only four participanis mentioned
having previous VR experience, 20 of our participanis siated
that they had no VR experience at all.

number of studies, mcludes items that address related fac-
tors such as 1 or . and all can

lly din VR. As d by previous
work [21, 22], we addmonally asked for likability, human-
likeness, attractiveness, and eeriness on 7-point Likert scales.
Participants’ feedback and their actions were recorded through
think-aloud protocols and video cameras.

Procedure

After signing the consent form, every participant was asked to
take a seat in the mlddle of our VR laboralory We explmned
the experimental pi duced the

of the HMD as well as the hand (mkmg sensor. Furthermore,
all participants were instructed to “think aloud”, which means
to verbally articulate all their concerns and thoughts especially
considering their virtual embodiments. We pointed out that
participants could pause or abort the experiment at any time.
The order of the eight virtual hands was given by a balanced
Latin square design. The order of tasks was randomized by
software. Every task could either be finished by pressing a
button or showing a thumbs-up gesture. After completing all
tasks a panel with the questionnaire appeared in front of the
participant’s view. Smce all quemons could not be displayed
at once, panels ing four were d. The
participant navigated through these panels of the questionnaire
by pressing two buttons labeled “back™ and “next”. After

leaving the VR we handed out a questionnaire where we asked
for feedback, general concerns, suggestions. Finally, we also
asked for both the hand they prefer and definitely not prefer.

Figure 2. Images of the participants situated and observed in our VR
laboratory.
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How to Read a Paper

METHOD

Fingers are an integral part of daily interaction and are often
removed, for example, for stylization reasons in today’s video
games. However, previous work did not investigate the effects
of removing limbs of VR avatars, however, shows that the
degree of realism of the own body has an impact on how
users perceive presence. Therefore, we decided to test the
effect of fewer fingers with realistic as well as abstract avatar
hands in a user study in VR. We used a within-subject study
design with the two independent variables REALISM (abstract
and realistic) and FINGERS PER HAND (fwo, .Lhree four ﬁve)
resulting in clght diti Data was coll

Apparatus

Our system consisted of an HTC Vive HMD and a Leap Mo-
tion sensor mounted onto the front of the display using a 3D
printed frame. We used a PC with Windows 10, an Intel
i7-6700, 16GB RAM, and a Nvidia GTX980 graphics card.
Our Unity3D application used hand tracking provided by the
Orion SDK of Leap Motion optimized for hand tracking on
HMDs. The target frame rate of the application was 60 frames
per second. To ensure that the frame rate and the tracking
quality was the same for all hands, we used the same track-
ing system provided by Leap and the same configuration of
bones. The surrounding scene was the same for all condition
and designed with a neutral white style and a standard sun-
and skylight. Real-time global illuminati ti-aliasing, and
ambient occlusion were enabled for rendering.

Tasks

through quest ires in VR and qualitati through the
think-aloud method and video observations.

remove an effect of the ﬁnger

at adjacent parts of the palm, we 1ig
fingers. Thus, the hands look more nati
off or torn, which was achieved by smoo
the palm of the hand. A professional 3D a
fingers and the influence of their virtual bones
skin using Autodesk 3ds Max. The abstract hand n1&
based on the white abstract hands used by Argelaguet et
They consist of rigid oval shapes for the fingers and a
well as a circle-shaped palm.

Three i ive tasks were used to ensure that the virtual
hands are in the field of view of each user. Furthermore, they
enabled a versatile and immersive VR experience. We used
the tasks purposed and provided by the software by Schwind
etal. [21]'. In the ryping task, participants operated with
a virtual keyboard to enter “I love VR” into a text display.
The draw task enabled users to perform free hand painting
in the surrounding virtual space using the pinch gesture. The
pyramid task is a physical simulation where participants were
advised to staple at least six blocks on a table to build a small
pyramid. Black fading was used for transitions between all
tasks as well as between the tasks and the final questionnaire.

Measures
‘We used questionnaires in VR to facilitate a continuously user
experience (cf. integrated questionnaires in gaming environ-
ments by Frommel et al. [8]) as suggested by Schwind et
al. [21]. Thus, every participant filled in the questionnaire
using the virtual hands whose effect we actually measured.
‘We decided to use the presence questionnaire (PQ) by Witmer

'https://github. com/valentin-schwind/sel fpresence

Figure 1. Screenshots of the avatar hand models of the four realistic (1st row) and four abstract (2nd row) hands with five, four, three, and two ﬂngers

number of studies, mcludes items that address relaled fac-
tors such as 1 or . and all can

lly din VR. As d by previous
work [21, 22], we addmonally asked for likability, human-
likeness, attractiveness, and eeriness on 7-point Likert scales.
Participants’ feedback and their actions were recorded through
think-aloud protocols and video cameras.

Procedure

After signing the consent form, every participant was asked to
take a seat in the mlddle of our VR laboralory We explmned
the experimental pi and duced the

of the HMD as well as the hand tracking sensor. Furthermore,
all participants were instructed to “think aloud”, which means
to verbally articulate all their concerns and thoughts especially
considering their virtual embodiments. We pointed out that
participants could pause or abort the experiment at any time.
The order of the eight virtual hands was given by a balanced
Latin square design. The order of tasks was randomized by
software. Every task could either be finished by pressing a
button or showing a thumbs-up gesture. After completing all
tasks a panel with the questionnaire appeared in front of the
participant’s view. Smce all quemons could not be displayed
at once, panels ing four were d. The
participant navigated through these panels of the questionnaire
by pressing two buttons labeled “back™ and “next”. After
leaving the VR we handed out a questionnaire where we asked
for feedback, general concerns, suggestions. Finally, we also
asked for both the hand they prefer and definitely not prefer.

Figure 2. Images of the participants situated and observed in our VR
laboratory.

Participants

We recruited 24 participants (11 males, 13 females) from our
campus via mailing lists and social networks. All participants
had light skin tones matching the visual appearance of the re-
alistic virtual hand. None of the volunteers was excluded from
participation in the study. The average age of the participants
was 21.8 years (S = 6.41). Only four participanis mentioned
having previous VR experience, 20 of our participanis siated
that they had no VR experience at all.
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How to Read a Paper

METHOD
Fingers are an integral part of daily interaction and are often
removed, for example, for stylization reasons in today’s video
games. However, previous work did not investigate the effects
of removing limbs of VR avatars, however, shows that the
degree of realism of the own body has an impact on how
users perceive presence. Therefore, we decided to test the
effect of fewer fingers with realistic as well as abstract avatar
hands in a user study in VR. We used a within-subject study
d:slgn with the two independent variables REALISM (abstra

printed frame. We used a PC with Windows 10, an Intel
17-6700, 16GB RAM, and a Nvidia GTX980 graphics card.
Our Unity3D application used hand tracking provided by the
Orion SDK of Leap Motion optimized for hand tracking on
HMDs. The target frame rate of the application was 60 frames
per second. To ensure that the frame rate and the tracking
quality was the same for all hands, we used the same track-
ing system provided by Leap and the same configuration of
bones. The surrounding scene was the same for all condition
and designed with a neutral white style and a standard sun-
and skylight. Real-time global illuminati ti-aliasing, and

ambient occlusion were enabled for rendering.

Three i ive tasks were used to ensure that the virtual
hands are in the field of view of each user. Furthermore, they

gl eight conditi Data was coll Tesks
through q gaires m VR and qualitatively through
think-aloud method dn8 gg observations.

Stimuli

We compared five-fingered hands with hands wher¢
cessively removed little finger, ring finger, and the midd
finger of each hand (see Figure 1). We used a pinch gesture
trigger events in our apparatus and kept both thumbs as wd
as index fingers. Previous work found that men and womg
show different levels of presence while using male and fema
hands. As suggested [21], we used a human androgynos
hand model consisting of a mesh blending between male a
female hand models provided by the Leap Motion SDK. 18
remove an effect of the finger movement on the animated skin
at adjacent parts of the palm, we removed the stumps of the
fingers. Thus, the hands look more natural and not as being cut
off or torn, which was achieved by smooth transitions towards
the palm of the hand. A professional 3D artist removed the
fingers and the influence of their virtual bones on the hand
skin using Autodesk 3ds Max. The abstract hand models are

based on the white abstract hands used by Argelaguet et al. [1].

They consist of rigid oval shapes for the fingers and arms as
well as a circle-shaped palm.

enabled a versatile and immersive VR experience. We used
the tasks purposed and provided by the software by Schwind
etal. [21]'. In the ryping task, participants operated with
a virtual keyboard to enter “I love VR” into a text display.
The draw task enabled users to perform free hand painting
in the surrounding virtual space using the pinch gesture. The
pyramid task is a physical simulation where participants were
advised to staple at least six blocks on a table to build a small
pyramid. Black fading was used for transitions between all
tasks as well as between the tasks and the final questionnaire.

Measures
We used quesﬁonnaims in VR to facilitate a continuously user

in gaming environ-
mems by memel et al. [8]) as wggesled by Schwind et
al. [21]. Thus, every participant filled in the questionnaire
using the virtual hands whose effect we actually measured.
‘We decided to use the presence questionnaire (PQ) by Witmer
and Singer [26]. The questionnaire has been used in a large

'https://github. com/valentin-schwind/sel fpresence

work [21, 22], we addmonally asked for likability, human-
likeness, attractiveness, and eeriness on 7-point Likert scales.
Participants’ feedback and their actions were recorded through
think-aloud protocols and video cameras.

Procedure

After signing the consent form, every participant was asked to
take a seat in the mlddle of our VR laboralory We explmned
the experimental pi and duced the

of the HMD as well as the hand tracking sensor. Furthermore,
all participants were instructed to “think aloud”, which means
to verbally articulate all their concerns and thoughts especially
considering their virtual embodiments. We pointed out that
participants could pause or abort the experiment at any time.
The order of the eight virtual hands was given by a balanced
Latin square design. The order of tasks was randomized by
software. Every task could either be finished by pressing a
button or showing a thumbs-up gesture. After completing all
tasks a panel with the questionnaire appeared in front of the
participant’s view. Smce all quemons could not be displayed
at once, panels ing four were d. The

participant navigated through these panels of the questionnaire
by pressing two buttons labeled “back™ and “next”. After
leaving the VR we handed out a questionnaire where we asked
for feedback, general concerns, suggestions. Finally, we also
asked for both the hand they prefer and definitely not prefer.

Figure 2. Images of the participants situated and observed in our VR
laboratory.

participation in the study. The average age of the participants
was 21.8 years (SD = 6.41). Only four participants mentioned
having previous VR experience, 20 of our participants stated
that they had no VR experience at all.

Prof. Dr. Valentin Schwind




Method: Measures / Dependent Variables

»+How the authors answered the research question”

" Typical Sections:
> What the authors do?
> What did they compare?

> How did the authors to answer
the research question?

> Where can | find it,
if | want to repeat the study?

> What did the participants do?
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Apparatus

Our system consisted of an HTC Vive HMD and a Leap Mo-
tion sensor mounted onto the front of the display using a 3D
printed frame. We used a PC with Windows 10, an Intel
17-6700, 16GB RAM, and a Nvidia GTX980 graphics Mt
Our Unity3D application used hand trackipng
Orion SDK of Leap Motion optig
HMDs The target frg Of the apphcalmn was 60 frames
®¢hsure that the frame rate and the tracking
Wity was the same for all hands, we used the same track-
ing system provided by Leap and the same configuration of
bones. The surrounding scene was the same for all condition
and designed with a neutral white style and a standard sun-
and skylight. Real-time global illuminati ti-aliasing, and
ambient occlusion were enabled for rendering.

METHOD
Fingers are an integral part of daily interaction and are often
removed, for example, for stylization reasons in today’s video
games. However, previous work did not investigate the effects
of removing limbs of VR avatars, however, show
degree of realism of the own body ba pact on huw
users perceive presence.

and lrackmg on

tcsign with the two independent variables REALISM (abstract
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hands are in the field of view of each user. Furthermore, they
enabled a versatile and immersive VR experience. We used
the tasks purposed and provided by the software by Schwind
etal. [21]'. In the ryping task, participants operated with
a virtual keyboard to enter “I love VR” into a text display.
The draw task enabled users to perform free hand painting
in the surrounding virtual space using the pinch gesture. The
pyramid task is a physical simulation where participants were
advised to staple at least six blocks on a table to build a small
pyramid. Black fading was used for transitions between all
tasks as well as between the tasks and the final questionnaire.

think-aloud method and video observations.

Stimuli

We compared five-fingered hands with hands where we suc-

gssively removed little finger. ring finger, and the middle
Mygf each hand (see Figure 1). We used a pinch gesture to

trigger Cgls in our apparatus and kept both thumbs as well
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> What did the participants see?
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hand model consisting of a m.
female hand models provided by tff
remove an effect of the finger

‘We used questionnaires in VR to facilitate a continuously user
experience (cf. integrated questionnaires in gaming environ-
ments by Frommel et al. [8]) as suggested by Schwind et
al. [21]. Thus, every participant filled in the questionnaire
using the virtual hands whose effect we actually measured.
‘We decided to use the presence questionnaire (PQ) by Witmer
and Singer [26]. The questionnaire has been used in a large

fingers. Thus, the hands look more natural and not as 0%
off or tomn, which was achieved by smooth transitions to#3
the palm of the hand. A professional 3D artist removed tl
fingers and the influence of their virtual bones on the ha
skin using Autodesk 3ds Max. The abstract hand models af
based on the white abstract hands used by Argelaguet et al. [
They consist of rigid oval shapes for the fingers and arms
well as a circle-shaped palm.

How to Read a Paper

number of studies, mcludes items that address relaled fac-
tors such as 1 or , and all can
1y d by previous

din VR. As

work [21, 22], we addmonally asked for likability, human-
likeness, attractiveness, and eeriness on 7-point Likert scales.
Participants’ feedback and their actions were recorded through
think-aloud protocols and video cameras.

Procedure

After signing the consent form, every participant was asked to
take a seat in the mlddle of our VR Iaboralory We expl:uned
the experimental pi d introduced the

of the HMD as well as the hand tracking sensor. Furthermore,
all participants were instructed to “think aloud”, which means
to verbally articulate all their concerns and thoughts especially
considering their virtual embodiments. We pointed out that
participants could pause or abort the experiment at any time.
The order of the eight virtual hands was given by a balanced
Latin square design. The order of tasks was randomized by
software. Every task could either be finished by pressing a
button or showing a thumbs-up gesture. After completing all
tasks a panel with the questionnaire appeared in front of the
participant’s view. Smce all quesllons could not be displayed
at once, panels ing four were d. The
participant navigated through these panels of the questionnaire
by pressing two buttons labeled “back™ and “next”. After

leaving the VR we handed out a questionnaire where we asked
for feedback, general concerns, suggestions. Finally, we also
asked for both the hand they prefer and definitely not prefer.

Figure 2. Images of the participants situated and observed in our VR
laboratory.

Participants

We recruited 24 participants (11 males, 13 females) from our
campus via mailing lists and social networks. All participants
had light skin tones matching the visual appearance of the re-
alistic virtual hand. None of the volunteers was excluded from
participation in the study. The average age of the participants
was 21.8 years (S = 6.41). Only four participanis mentioned
having previous VR experience, 20 of our participanis siated
that they had no VR experience at all.
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METHOD

Fingers are an integral part of daily interaction and are often
removed, for example, for stylization reasons in today’s video
games. However, previous work did not investigate the effects
of removing limbs of VR avatars, however, shows that the
degree of realism of the own body has an impact on how
users perceive presence. Therefore, we decided to test the
effect of fewer fingers with realistic as well as abstract avatar
hands in a user study in VR. We used a within-subject study
design with the two independent variables REALISM (abstract
and realistic) and FINGERS PER HAND (fwo, .Lhree four ﬁve)
resulting in clght diti Data was coll

through quest ires in VR and qualitati through the

think-aloud method and video uhservatiani

printed frame. We used a PC with Windows 10, an Intel
17-6700, 16GB RAM, and a Nvidia GTX980 graphics card.
Our Unity3D application used hand tracking provided by the
Orion SDK of Leap Motion optimized for hand tracking on
HMDs. The target frame rate of the application was 60 frames
per second. To ensure that the frame rate and the tracking
quality was the same for all hands, we used the same track-
ing system provided by Leap and the same configuration of
bones. The surrounding scene was the same for all condition
and designed with a neutral white style and a standard sun-
and skylight. Real-time global illuminati ti-aliasing, and
ambient occlusion were enabled for rendering.

Tasks
Three immersiv. that the virtual
& eld of view of each user. Furthermore, they

enabled a versatile and immersive VR experience. We used

We compared five-fingered hands with hands where we suc-
cessively removed little finger, ring finger. and the middle
finger of each hand (see Figure 1). We used a pinch gesture to
trigger events in our apparatus and kept both thumbs as well
as index fingers. Previous work found that men and women
show different levels of presence while using male and female
hands. As suggested [21], we used a human androgynous
hand model consisting of a mesh blending between male and
female hand models provided by the Leap Motion SDK. To
remove an effect of the finger movement on the animated skin
at adjacent parts of the palm, we removed the stumps of the
fingers. Thus, the hands look more natural and not as being cut
off or torn, which was achieved by smooth transitions towards
the palm of the hand. A professional 3D artist removed the
fingers and the influence of their virtual bones on the hand
skin using Autodesk 3ds Max. The abstract hand models are
based on the white abstract hands used by Argelaguet et al. [1].
They consist of rigid oval shapes for the fingers and arms as
well as a circle-shaped palm.

the tasks purposed and provided by the software by Schwind
etal. [21]'. In the ryping task, participants operated with
a virtual keyboard to enter “I love VR” into a text display.
The draw task enabled users to perform free hand painting
in the surrounding virtual space using the pinch gesture. The
pyramid task is a physical simulation where participants were
advised to staple at least six blocks on a table to build a small
pyramid. Black fading was used for transitions between all
tasks as well as between the tasks and the final questionnaire.

Measures
‘We used questionnaires in VR to facilitate a continuously user
i (cfi in gaming environ-
mems by Frommel et al. [8]) as wggesled by Schwind et
al. [21]. Thus, every participant filled in the questionnaire
using the virtual hands whose effect we actually measured.
‘We decided to use the presence questionnaire (PQ) by Witmer
and Singer [26]. The questionnaire has been used in a large

'https://github. com/valentin-schwind/sel fpresence

work [21, 22], we addmonally asked for likability, human-
likeness, attractiveness, and eeriness on 7-point Likert scales.
Participants’ feedback and their actions were recorded through

Procedure

After signing the consent form, every participant was asked to
take a seat in the mlddle of our VR laboralory We explmned
the experimental pi and duced the

of the HMD as well as the hand tracking sensor. Furthermore,
all participants were instructed to “think aloud”, which means
to verbally articulate all their concerns and thoughts especially
considering their virtual embodiments. We pointed out that
participants could pause or abort the experiment at any time.
The order of the eight virtual hands was given by a balanced
Latin square design. The order of tasks was randomized by
software. Every task could either be finished by pressing a
button or showing a thumbs-up gesture. After completing all
tasks a panel with the questionnaire appeared in front of the
participant’s view. Smce all quemons could not be displayed
at once, panels ing four were d. The
participant navigated through these panels of the questionnaire
by pressing two buttons labeled “back™ and “next”. After
leaving the VR we handed out a questionnaire where we asked
for feedback, general concerns, suggestions. Finally, we also
asked for both the hand they prefer and definitely not prefer.

Figure 2. Images of the participants situated and observed in our VR
laboratory.

participation in the study. The average age of the participants
was 21.8 years (SD = 6.41). Only four participants mentioned
having previous VR experience, 20 of our participants stated
that they had no VR experience at all.
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How to Read a Paper

METHOD
Fingers are an integral part of daily interaction and are often
removed, for example, for stylization reasons in today’s video
games. However, previous work did not investigate the effects
of removing limbs of VR avatars, however, shows that the
degree of realism of the own body has an impact on how
users perceive presence. Therefore, we decided to test the
effect of fewer fingers with realistic as well as abstract avatar
hands in a user study in VR. We used a within-subject study
design wilh the two independent variables REALISM (absi

[ quanmauvely
Qual itati through the

through questis
think-aloud me

We compared five-fingered hands with hands where we suc-
cessively removed little finger, ring finger. and the middle
finger of each hand (see Figure 1). We used a pinch gesture to
trigger events in our apparatus and kept both thumbs as well
as index fingers. Previous work found that men and women
show different levels of presence while using male and female
hands. As suggested [21], we used a human androgynous
hand model consisting of a mesh blending between male and
female hand models provided by the Leap Motion SDK. To

Apparatus

Our system consisted of an HTC Vive HMD and a Leap Mo-
tion sensor mounted onto the front of the display using a 3D
printed frame. We used a PC with Windows 10, an Intel
i7-6700, 16GB RAM, and a Nvidia GTX980 graphics card.
Our Unity3D application used hand tracking provided by the
Orion SDK of Leap Motion optimized for hand tracking on
HMDs. The target frame rate of the application was 60 frames
per second. To ensure that the frame rate and the tracking
quality was the same for all hands, we used the same
ing system provided by Leap and the same cg dration of
bones. The surrounding scene w; #ific for all condition
and designed with a ng e style and a standard sun-
and skyhghl Rs ¢ global illumination, anti-aliasing, and
#Clusion were enabled for rendering.

Tasks

Three immersive tasks were used to ensure that the virtual
hands are in the field of view of each user. Furthermore, they
enabled a versatile and immersive VR experience. We used
the tasks purposed and provided by the software by Schwind
etal. [21]'. In the ryping task, participants operated with
a virtual keyboard to enter “I love VR” into a text display.
The draw task enabled users to perform free hand painting
in the surrounding virtual space using the pinch gesture. The
pyramid task is a physical simulation where participants were
advised to staple at least six blocks on a table to build a small
pyramid. Black fading was used for transitions between all
tasks as well as between the tasks and the final questionnaire.

remove an effect of the finger on the ani d skin
at adjacent parts of the palm, we removed the stumps of the
fingers. Thus, the hands look more natural and not as being cut
off or torn, which was achieved by smooth transitions towards
the palm of the hand. A professional 3D artist removed the
fingers and the influence of their virtual bones on the hand
skin using Autodesk 3ds Max. The abstract hand models are
based on the white abstract hands used by Argelaguet et al. [1].
They consist of rigid oval shapes for the fingers and arms as
well as a circle-shaped palm.

‘We used questionnaires in VR to facilitate a continuously user
experience (cf. integrated questionnaires in gaming environ-
ments by Frommel et al. [8]) as suggested by Schwind et
al. [21]. Thus, every participant filled in the questionnaire
using the virtual hands whose effect we actually measured.
‘We decided to use the presence questionnaire (PQ) by Witmer
and Singer [26]. The questionnaire has been used in a large

'https://github. com/valentin-schwind/sel fpresence

Figure 1. Screenshots of the avatar hand models of the four realistic (1st row) and four abstract (2nd row) hands with five, four, three, and two ﬂngers

number of studies, mcludes items that address relaled fac-
tors such as 1 or , and all can

1y din VR. As d by plevl
work [21, 22], we addmonally asked for likabi a
likeness, attractiveness, and eennew on
Participants’ feedback and the Ofis were recordr:d through
think-aloud protocg &Video cameras.

Afler signing the consent form, every participant was asked to
take a seat in the mlddle of our VR laboralory We explmned
the experimental pi duced the

of the HMD as well as the hand (mckmg sensor. Furthermore,
all participants were instructed to “think aloud”, which means
to verbally articulate all their concerns and thoughts especially
considering their virtual embodiments. We pointed out that
participants could pause or abort the experiment at any time.
The order of the eight virtual hands was given by a balanced
Latin square design. The order of tasks was randomized by
software. Every task could either be finished by pressing a
button or showing a thumbs-up gesture. After completing all
tasks a panel with the questionnaire appeared in front of the
participant’s view. Smce all quemons could not be displayed
at once, panels ing four were d. The

participant navigated through these panels of the questionnaire
by pressing two buttons labeled “back™ and “next”. After
leaving the VR we handed out a questionnaire where we asked
for feedback, general concerns, suggestions. Finally, we also
asked for both the hand they prefer and definitely not prefer.

Figure 2. Images of the participants situated and observed in our VR
laboratory.

Participants
We recruited 24 participants (11 males, 13 females) from our
campus via mailing lists and social networks. All participants
had light skin tones matching the visual appearance of the re-
alistic virtual hand. None of the volunteers was excluded from
participation in the study. The average age of the participants
was 21.8 years (S = 6.41). Only four participanis mentioned
having previous VR experience, 20 of our participanis siated
that they had no VR experience at all.
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Apparatus

Our system consisted of an HTC Vive HMD and a Leap Mo-
tion sensor mounted onto the front of the display using a 3D
printed frame. We used a PC with Windows 10, an Intel
17-6700, 16GB RAM, and a Nvidia GTX980 graphics card.
Our Unity3D application used hand tracking provided by the
Orion SDK of Leap Motion optimized for hand tracking on
HMDs. The target frame rate of the application was 60 frames
per second. To ensure that the frame rate and the tracking
quality was the same for all hands, we used the same track-
ing system provided by Leap and the same configuration of
bones. The surrounding scene was the same for all condition
and designed with a neutral white style and a standard sun-
and skylight. Real-time global illuminati ti-aliasing, and
ambient occlusion were enabled for rendering.
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think-aloud method and video observations.

Stimuli

We compared five-fingered hands with hands where we suc-
cessively removed little finger, ring finger. and the middle
finger of each hand (see Figure 1). We used a pinch gesture to
trigger events in our apparatus and kept both thumbs as well
as index fingers. Previous work found that men and women
show different levels of presence while using male and female
hands. As suggested [21], we used a human androgynous
hand model consisting of a mesh blending between male and
female hand models provided by the Leap Motion SDK. To
remove an effect of the finger movement on the animated skin
at adjacent parts of the palm, we removed the stumps of the
fingers. Thus, the hands look more natural and not as being cut
off or torn, which was achieved by smooth transitions towards
the palm of the hand. A professional 3D artist removed the
fingers and the influence of their virtual bones on the hand
skin using Autodesk 3ds Max. The abstract hand models are
based on the white abstract hands used by Argelaguet et al. [1].
They consist of rigid oval shapes for the fingers and arms as
well as a circle-shaped palm.
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Who were the participants?
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hands are in the field of view of each user. Furthermore, they
enabled a versatile and immersive VR experience. We used
the tasks purposed and provided by the software by Schwind
etal. [21]'. In the ryping task, participants operated with
a virtual keyboard to enter “I love VR” into a text display.
The draw task enabled users to perform free hand painting
in the surrounding virtual space using the pinch gesture. The
pyramid task is a physical simulation where participants were
advised to staple at least six blocks on a table to build a small
pyramid. Black fading was used for transitions between all
tasks as well as between the tasks and the final questionnaire.

Measures

We used quesﬁonnaims in VR to facilitate a continuously user
i i ires in gaming environ-
mems by memel et al. [8]) as wggesled by Schwind et
al. [21]. Thus, every participant filled in the questionnaire
using the virtual hands whose effect we actually measured.
‘We decided to use the presence questionnaire (PQ) by Witmer
and Singer [26]. The questionnaire has been used in a large
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number of studies, mcludes items that address related fac-
tors such as 1 or . and all can

lly din VR. As d by previous
work [21, 22], we addmonally asked for likability, human-
likeness, attractiveness, and eeriness on 7-point Likert scales.
Participants’ feedback and their actions were recorded through
think-aloud protocols and video cameras.

Procedure

After signing the consent form, every participant was asked to
take a seat in the mlddle of our VR laboralory We explmned
the experimental pi duced the

of the HMD as well as the hand (mkmg sensor. Furthermore,
all participants were instructed to “think aloud”, which means
to verbally articulate all their concerns and thoughts especially
considering their virtual embodiments. We pointed out that
participants could pause or abort the experiment at any time.
The order of the eight virtual hands was given by a balanced
Latin square design. The order of tasks was randomized by
software. Every task could either be finished by pressing a
button or showing a thumbs-up gesture. After completing all
tasks a panel with the questionnaire appeared in front of the
participant’s view. Smce all quemons could not be displayed
at once, panels ing four were d. The
participant navigated through these panels of the questionnaire
by pressing two buttons labeled “back™ and “next”. After
leaving the VR we handed out a questionnaire where we asked
for feedback, general concerns, suggestions. Finally, we also
asked for both the hand they prefer and definitely not prefer.

Figure 2. Images of the participants situated and observed in our VR
laboratory.

Participants

We recruited 24 participants (11 males, 13 females) from our
campus via mailing lists and social networks. All participants
had light skin tones matching the visual appearance of the re-
alistic virtual hand. None of the volunteers was excluded from
participation in the study. The average age of the participants
was 21.8 years (S = 6.41). Only four participanis mentioned
having previous VR experience, 20 of our participanis siated
that they had no VR experience at all.
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METHOD

Fingers are an integral part of daily interaction and are often
removed, for example, for stylization reasons in today’s video
games. However, previous work did not investigate the effects
of removing limbs of VR avatars, however, shows that the
degree of realism of the own body has an impact on how
users perceive presence. Therefore, we decided to test the
effect of fewer fingers with realistic as well as abstract avatar
hands in a user study in VR. We used a within-subject study
design with the two independent variables REALISM (abstract
and realistic) and FINGERS PER HAND (fwo, .Lhree four ﬁve)

i

Figure 1. Screenshots of the avatar hand models of the four realistic (1st row) and four abstract (2nd row) hands with five, four, three, and two fingers.

Apparatus

Our system consisted of an HTC Vive HMD and a Leap Mo-
tion sensor mounted onto the front of the display using a 3D
printed frame. We used a PC with Windows 10, an Intel
17-6700, 16GB RAM, and a Nvidia GTX980 graphics card.
Our Unity3D application used hand tracking provided by the
Orion SDK of Leap Motion optimized for hand tracking on
HMDs. The target frame rate of the application was 60 frames
per second. To ensure that the frame rate and the tracking
quality was the same for all hands, we used the same track-
ing system provided by Leap and the same configuration of
bones. The surrounding scene was the same for all condition
and designed with a neutral white style and a standard sun-
and skylight. Real-time global illuminati ti-aliasing, and
ambient occlusion were enabled for rendering.

Tasks

resulting in clght diti Data was coll
through quest in VR and g
think-aloud method and video observations.

through the

Stimuli

We compared five-fingered hands with hands where we suc-
cessively removed little finger, ring finger. and the middle
finger of each hand (see Figure 1). We used a pinch gesture to
trigger events in our apparatus and kept both thumbs as well
as index fingers. Previous work found that men and women
show different levels of presence while using male and female
hands. As suggested [21], we used a human androgynous
hand model consisting of a mesh blending between male and
female hand models provided by the Leap Motion SDK. To
remove an effect of the finger movement on the animated skin
at adjacent parts of the palm, we removed the stumps of the
fingers. Thus, the hands look more natural and not as being cut

e palm of the hand. A professional 1L remove
fingers and the influence of their virtual bones on the hand
skin using Autodesk 3ds Max. The abstract hand models are
based on the white abstract hands used by Argelaguet et al. [1].
They consist of rigid oval shapes for the fingers and arms as
well as a circle-shaped palm.

Th tasks were used to ensure that the virtual
hands are in the field of view of each user. Furthermore, they
enabled a versatile and immersive VR experience. We used
the tasks purposed and provided by the software by Schwind
etal. [21]'. In the ryping task, participants operated with
a virtual keyboard to enter “I love VR” into a text display.
The draw task enabled users to perform free hand painting
in the surrounding virtual space using the pinch gesture. The
pyramid task is a physical simulation where participants were
advised to staple at least six blocks on a table to build a small
pyramid. Black fading was used for transitions between all
tasks as well as between the tasks and the final questionnaire.

Measures

We used questionnaires in VR to facilitate a continuously user
(cfi ires in gaming environ-

mems by Frommel et al. [8]) as wggesled by Schw1 d et

using the virtual hands whose effect we actually measured.
‘We decided to use the presence questionnaire (PQ) by Witmer
and Singer [26]. The questionnaire has been used in a large

'https://github. com/valentin-schwind/sel fpresence

number of studies, mcludes items that address related fac-
tors such as 1 or . and all can

lly din VR. As d by previous
work [21, 22], we addmonally asked for likability, human-
likeness, attractiveness, and eeriness on 7-point Likert scales.
Participants’ feedback and their actions were recorded through
think-aloud protocols and video cameras.

Procedure

After signing the consent form, every participant was asked to
take a seat in the mlddle of our VR laboralory We explmned
the experimental pi duced the

of the HMD as well as the hand (mkmg sensor. Furthermore,
all participants were instructed to “think aloud”, which means
to verbally articulate all their concerns and thoughts especially
considering their virtual embodiments. We pointed out that
participants could pause or abort the experiment at any time.
The order of the eight virtual hands was given by a balanced
Latin square design. The order of tasks was randomized by
software. Every task could either be finished by pressing a
button or showing a thumbs-up gesture. After completing all
tasks a panel with the questionnaire appeared in front of the
participant’s view. Smce all quemons could not be displayed
at once, panels ing four were d. The

participant navigated through these panels of the questionnaire
by pressing two buttons labeled “back™ and “next”. After
leaving the VR we handed out a questionnaire where we asked
for feedback, geneml concerns, :uggesuons Flnally we also

Figure 2. Images of the participants situated and observed in our VR
laboratory.

Participants

We recruited 24 participants (11 males, 13 females) from our
campus via mailing lists and social networks. All participants
had light skin tones matching the visual appearance of the re-
alistic virtual hand. None of the volunteers was excluded from
participation in the study. The average age of the participants
was 21.8 years (S = 6.41). Only four participanis mentioned
having previous VR experience, 20 of our participanis siated
that they had no VR experience at all.
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Study Design

= What is the hypothesis and how do the authors want to answer it?

> “[...] previous work did not investigate the effects of removing limbs of VR avatars, however,
shows that the degree of realism of the own body has an impact on how users perceive presence.
Therefore, we decided to test the effect of fewer fingers with realistic as well as abstract avatar
hands in a user study in VR.”

* What is the study design? What are the 1Vs?

> We used a within-subject study design with the two independent variables REALISM
(abstract and realistic) and FINGERS PER HAND (two, three, four, five) resulting in eight
conditions.

= Which data was collected? And how?

> “Data was collected quantitatively through questionnaires in VR and qualitatively through the
think-aloud method and video observations.”

How to Read a Paper Prof. Dr. Valentin Schwind



Method

= Apparatus

> There must be a picture = if not, search for the source code

> What did they build ?

> How did participants use it?

> Often contain condensed: ,, To prevent motion sickness, we used an HMD with 90 FPS*
= Tasks

> What did the participants do?

> Why/How did they do the tasks? And why?
" Procedure

> Describes what happened to every participant

> e.g., How were stimuli ordered in the procedure (,,The order of the conditions was randomized for each
participant.”)?
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Quantitative Results

We analyzed the effects of the within-subject factors REALISM
and FINGERS PER HAND on our five dependent variables with
analyses of variance (ANOVA) using linear mixed-effects
models. All effects were taken g random at the partigipant
level. Since we had non-pa
transformations® by Wobbrodk_ega
levels are at @@ = .05. The resuls of presence,
eeriness, and human-likeness are depicted in Figure 3. All
means (M) and standard deviations (SD) are listed in Table 1.

Presence
A two-way ANOVA showed significant effects of REALISM,
F(1,168.00) = 13.990, p < .001, and FINGERS PER HAND,
F(3,168.01) = 8.890, p < .001, on perceived presence. We
also found a significant interaction effect between both factors,
F(3,168.01) = 5.890, p < 001. Pairwise post-hoc compar-
isons using Tukey's method for p-value adjustment within the
levels of the main factors revealed no significant differences of
the presence scores between the levels of FINGERS PER HAND
using the abstract hands (all with p > 05). However, the
analysis of the realistic hands showed significant differences
between the levels of FINGERS PER HAND (all with p < .03),
expect between the two- and three-fingered (p = .866) as well

uantitati

fingers. per hand

ber of fingers per

the rwe and five-fingered hand (p < .001) and the three- and
five-fingered hand (p = .021).

Previous work found an effect of gender using male and female
hands [21]. Therefnre, we conducted a three-factorial ANOVA
i ing the i s GENDER as b bject factor
on presence to assess the perception of the used hands. We
found no effect of GENDER and no interaction effects of GEN-
DER on REALISM, FINGERS PER HAND, or both (all wuh
p > .05). An it analysls was o

if icil with previous i in VR have poten-
tially influenced the results. We found no effects of PRIOR
VR EXPERIENCE as ber bject factor and no i

effects (all with p > .05). The analysis of the quantitative re-
sults did not change substantially when persons with previous
experience in VR were excluded from the analysis. Therefore,
the data of all participants were considered in the analysis.

Likeability
For likeability, we fuund a vlgmﬁcant effecl of REAL-

WM. F(1.168.00) = EHAN{

ive : +‘
b:tw::n the abstract hands l'all wnh p > .05), but between the

15. Pairwise ct
two- and five-fingered, three- and
five-fingered realistic hands (all wi
factor comparisons showed signifij
two- and five-fingered hand (p =

Human-Likeness

The of hi likenes
fects of REALISM, F(1, lﬁzm) =
on FINGERS PER HAND, F(3,168.11
and an interaction effect of REALIS
HAND, F(3,168.11) = 4.992, p = .002.
isons showed no significant differences bel
hands (all with p > .05), but between all re
p < .001) except for the fwo- and three-fing

as the three- and four-fingered hand (p
corrected pairwise cross-factor comparis
FINGERS PER HAND revealed significan)
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Table 1. ‘standard likeability, eeriness,
ot prefer
Eeriness Qualitative Results

For eeriness we found significant effects of REALISM,
F(1.168.00) = 11.020,p < .001], FINGERS PER HAND,
F(3,168.14) = 17.088, p < .001, and an interaction effect of
REALISM x FINGER PER HAND [F(3, 168.14) = 4.923 p <
001). Pairwise comparisons showed significant differences
between the abstract hands with fwo- and five-fingered hands,
three- and five-fingered hands, as well as between four- and
five-fingered hands (all with p < .03). We found significant dif-
ferences between all realistic hands (with p < .001) except for
the fwo- and three-fingered, two- and four-fingered, as well as
the three- and four-fingered hand. Pairwise eross-factor com-
parisons showed significant differences between the rwo- and
five-fingered lland (p = 004) and the four- and five-fingered
hand (p = .007).

Attraciiveness

We found significant effects of REALISM, F(1,168.0) =
29.535,p < 001, and FINGER PER HAND. F(3,168.1) =
19.2063.p < 001, on the perceived There

‘We collected qualitative feedback using the think-aloud
‘method and video to gain further insights into the perception
of our participants. Based on the records, protocols of verbal
utterances and observed actions were transcribed. The tran-
scribed protocols were annotated and scrutinized through axial
coding in two iterations: In the first iteration, two researchers
went through all comments to identify further individual fac-
1ors and effeers, which had not been quantified through our
questionnaires. One of the authors scrutinized and annotated
effects, the other one factors. Both went through the results of
the other and refined or complement their results. Discrepan-
cies between the two sets of annotations were resolved through
discussion. There was a total of five factors and two effects
‘which were finally identified.

Additional Factors

In the qualitative analysis, we identified association, habitu-
ation, aesthetics, xznsiliviry 10 display/iracking errors, and
task ified factors which influence

wss no slgmﬁcam interaction effect between both factors,
3,168.1 9.206, p = .09. Pairwise comparisons showed
ifigant dl Elmcﬂ be(waen the abstract hands with rwo-
snd five-fingered hands, as well

§
Stat er:dhands(bam with p <.05).
iflerences were ngm canl between all realistic hands (with

P <.05) except for the nwo- and three-fingered, fwo- and four-
fingered. three- and four-fingered hand. Due o the missing

the individual expmmce of the participants in VR. FINGERS
PER HAND and REALISM were previously quantified and are
mnot listed as individual factors in the sections below (P# =
participant ID; A/R# = abstract/realistic hand and number of
fingers per hand).

(1) Associations: We found that having fewer fingers were
with very different prior mental concepts mainly

effect, pairwise showed
1o sigificant differences (all with p > .05).

Final Assessments
After having left the VR, a final questionnaire on a sheet of
paper were handed out to the participants in which they were
asked, which virtual hand they most prefer and not prefer:
13 participants (529%) prefer the abstract hand with five fin-
gers. 7 participants (28%) the realistic hand with five fingers,
2 participants (8%) the abstract hand with two fingers and
2 participants (8%) the absiract hand with threc fingers. 16 par-
ticipants (64%) would definitely not use the realistic hand with
two fingers again, 3 participants (12%) the realistic hand with
four fingers. 2 participants (8%) the realistic hand with four
fingers, and 1 participant (4%) in each case the realistic hand
th five ﬁngers the abstract hand with three, and the abstract

Currently, we have no idea whats going on here:

based on the individual experience. Realistic hands with fewer
fingers were associated with “claws” (PS, R2). hands of a
“T-Rex” (P6, R3) “aliens” (P12, R3), “mutations” (P12, R2),
or with the shape of “pistols” (P12, R2). The abstract hands
reminded participants on characters from movic or scrics such
as Wall-E (P7, A3), I, Robot (P7. A2), The Simpsons (P23,
Ad), or on “crabs™ (P14, AS), “skeletons™ (P1, A2), and “robot”
(P13, A3) hand. Associations were influenced by familiarity
and previous knowledge: “Absiract hands are much better
than realistic hands because it can be that such robots have
fewer fingers.” (P22, R2). Associations were also connected
with the own emotional state and personal feelings: I feel
crippled. I feel sad. When I could see my body, T would be
e crippled sad robot™ (P4, A2). Hands with fewer fingers,
oiut e ] el 1 cnnsldemd as

http://statistics-help-for-students.com/
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(2) Habi For most of the the study was
the fisst VR experience. Entering VR and the impression of
being in another body was first exciting and overwhelming for
them: “Oh my god, this is 50 cool”. (P4, Ad). The enthusiasm
10 be in another body outweighed a potentially strange feeling
at the beginning: “Only four fingers? Oh no! But I am so
impressed. I could just look at my hands all day. That's
s0 cool” (P12, A4). We further observed that participants
accustomed to all virtual hands as well as to a reduced number
of fingers: “You get used to dealing with every hand very
quickly” (P22. R4)

(3) Aestheti i were i by several aes-
thetic preferences, e.g. design aspects, in particular, while
using abstract hands: “Nicely designed” (P16, Ad). We
assume that design preferences are potentially connected to
personal experiences and familiarity: “To see the fingers in
such a design is somehow unfamiliar. You should have put a
little more effort into it (P7, A3) We also found that aesthetic
aspects depend on the perceived style of the virtual environ-

‘ment: “Everything looks so sterile. You get used to it, however,
the robot [abstract] hand fit very well into it.” (P4, AS). Aes-
thetic aspects were also mentioned when using realistic hands:

“The place where the finger is missing looks disgusting.” (P14,

RA)".

(4) Sensitivity to display/tracking errors: Hands of all
participants were tracked in the same way. However, some
pmnmpam rupunded more sensitively to potential errors
ustno certain hands. Then,
unpleasant
f unless yull

turn the hand around quld'.ly" (P12, Ad). Not only tracl
errors, but the overall loss of control of one’s own body cvnkni
negative feelings: I feel to have no control over my middle
finger anymore. This is weird” (P12, R3). Some participants
had problems with hand tracking that only allowed inputs
‘when visible in the field of view of the HM

typing task. Completing a task satisfactor
1o positive feedback related to the used hand
fingers are even better to type or paint’.” (P4,
plete a task suecessfully may be influenced by
(see beforehand) that participants consider ha
fingers as uscful tools: “With thosc, I can type
T'm not distracted by the other fingers.” (P15, A2)

«changes which are considered in the following sec({illabout
individual effects.

Additonal Em

hand interaction as ma
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(1) Emotional Reactions: We obscrved strong verbal and
physical emotional reactions when participants were con-
fronted with realistic virtual hands and less than five fingers.
They felt “disgusting”, “strange”, “creepy”. “unfamiliar”, or
ble”. Partly the participants were incensed. “What
llm hell is that?” (P6, R3). This was not the casc with fewer
fingers on the abstract hands: "It doesn't disturb me that I only
have three fingers because the hand is not realistic anyway.”
(P3, A3). However, we recognized satisfaction of participants
getting back virtual hands with five fingers after having a hand
with & reduced number of fingers. “I have my pinky again!”
(P7, AS). Some participants did not initially noticed that there
was a missing finger in the four-fingered hand condition. They
were scared when they finally realized that they are having a
four-fingered hand.
(2) Hand interaction: We obscrved that participants changed
their way of hand interaction when using a reduced number
of fingers. Participants only used the fingers they saw. “It is
so crazy. Ldon’t move it [the little finger] automatically.” (P4,
R4). Some participants recognized by themselves changes
of their hand interaction which potentially lead o a reverse
effect on their feelings and behavior: “It is a totally strange
feeling to grab something. You don’t expect to be able to hold
things™ (P12, Rd). They also reflect their behavioral changes
affter getting a five-fingered hand: “Now, I move all the fingers
instead of just a few, and that is more natural and immersive.”
(P12, AS). Participants also tried to use haptic feedback of
their real fingers to confirm that they are stll there: “Yes, [
have five fingers. T see four, however, I can still feel my little
finger” (P2, R4).

effects, which have

concepts in our questi
as initial and prominy
hand interaction are d
acting and solving prd|

Important: How the data was
analyzed?
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The Results

= Objective findings of the research (not the interpretation!)
= Main results are always plotted
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Figure 3. Average presence scores, perceived likeability, eeriness, and human-likeness of abstract and realistic virtual hands with number of fingers per
hand. All error bars show standard error of the mean (SE).
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effects on likeability, eeriness, human-likeness, and attractive-
ness. Except for the perceived human-likeness, all measures
show that the reduction of fingers lead to stronger effects
while participants interacted with realistic hands. Ratings of
human-likeness were constantly low for all hands, except for
the five-fingered human hand, which indicates that the partici-
pants had a clear concept of how human avatar hands should
look like.

Through the qualitative analysis of think-aloud protocols and
videos, we identified factors and effects that were not cap-
tured by the quantitative measures. We derived associations,
ituati hetic aspects, itivity to display/tracking
errors, and the individual performance (e.g. while completing
the tasks) as additional factors that infl peri
‘while using avatar hands with fewer fingers. We also found
dditional effects i i ional ions and changes
of hand interaction. In the second iteration of the qualita-
tive analysis, we discussed five potential underlying cogni-
tive mechanisms: visually induced phantom pains, familiarity
based on prior experiences, the Uncanny Valley, a visually
induced identity dysphoria, and the mismatch of visual and
haptic feedback.

In context of previous research, our paper presents the first
investigation of a VR experience with a reduced number of
fingers. We examined the effect on presence, thus, our work

i toa better ing of the p ion of user’s

ames and applications.

. " L
in

General Discussion #:=i

related to findings of investigations about the rubber hand

Concl

DISCUSSION AND CONCLUSION

In this paper, we investigate how reducing the number of
fingers affects the perception of virtual hands in VR. We de-
creased the number of fingers from little to the middle finger
and tested the hands at two different levels of realism (abstract
and realistic).

We collected g ive data using g

in VR. Our quantitative results indicate that the number of
fingers significantly affects presence and shows interaction
effects with the level of realism. The reduction of fingers
does not significantly influence presence using abstract hands.
However, when using realistic hands, the fecling of presence
significantly decrcased with the number of fingers. The di-
verging effect of reducing fingers for abstract and realistic
hands is by significant i ion effects for all
questionnaire except for i F

illusion, however, adding limbs conceptually differs from re-
The illusion we created is the opposite of
usmmg rubber hand illusion and lead to mainly
negative feedback in VR. This is supported by findings of
Hoyet et al. [10] who observed relatively high levels of the
illusion of body ownership after adding a sixth finger. We
assume that self-perception in VR using structural changes
that do not match the structure of the user’s body depends on
‘whether limbs are added or removed.

Our observations indicate that the reduction of fingers induced
phantom pains. The phantom pain of non-amputees could
include pain due to the fear of amputation or “real” phan-
tom pains as observed with people with missing limbs, which
are also treated in VR [16]. Interestingly our participants re-
sponded emotionally, which indicated that they were highly
immersed with their appearance in VR and not with the outer
world anymore. Nevertheless, the feeling of presence was neg-
atively influenced by reducing realistic fingers. Some shock
moments, however, indicate that the participants still had an
immersive VR experience. Source code and assets of our
project are available on github®.

Limitations and Future Work

To keep the length of our study reasonable, we only used two
different hand styles (realistic and abstract). Cartoon or comic
styles, which often make use of four finger hands for stylized
characters, should be considered in further studies to examine

through reducing the number of fingers, we found significant

3https://github. con/valentin-schwind/lessfingers
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e.g. also a hypothetical effect of the Uncanny Valley of the
own avatar. We symmetrically reduced the number of fingers
on both hands. Thus, we could not analyze potential effects

of hand or finger F we
little fingers, ring fingers, and middle fingers. Future studies

could additionally take thumb and index finger into account. -

Further research could also investigate the effects of other
combinations of removed fingers. For example, it is possible,

that the lose of the lislg finger gs @asier to handle thany the loss
~ipitations +

‘With emotional reactions and effects on the hands interaction,

we idengiad two factors in our quglitgtiye analysig that could
be quan| b e, Fi Qr ved five
potential ce Vi i%ae thalinMue) 1 eption

in VR with a reduced amount of fingers. To develop a robust
and reliable model of virtual self-perception, which also illus-
trates interrelations and influences the themes, more empirical
research is needed. We, therefore. suggest quantifying data
of the derived themes to predict potential dependencies and
correlations. In line with Schwind et al. [21], we assume that
deviations from the own self (e.g. by using altered body scans)
should be considered by future research.

VR Game Design Implications

For designers of immersive VR games and applications, we
recommend considering the level of realism of an avatar when
a reduction of fingers is desired. Using an abstract hand style,
our VR users felt high levels of presence even with only two
fingers left. This was not the case for realistic avatar hands.

The Ipvel of presenfedecreased gc@ording to thg nupgber of
ers of s et a it 1€sSfnderS 1 abstract

way, they profit not only from higher acceptance as opposed to

real avatars, but 1§0] ave to spend on im-
plementing highl! ¥ efjtations. Emotional
reactions of our participants ne , that a reduction of fin-

gers of realigtic handg shoyld only be considered for shocking
and horro| e- . ituation ef-
fects whicl d kl‘mgd to or even
accept hands with a reduced number of abstract and realistic
fingers. However, our particip sponded itively to
any structural changes of the avatar hands. Therefore, we rec-
ommend that the number of fingers should be kept consistent
during the VR experience or gameplay.

CHI PLAY 2017, October 15-18, 2017, Amsterdam, NL

= The findings

The reason for
those findings

= The implications

lllustrate the
limitations

= Future Research

= Oftenr provides
clear design
guidelines
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Discussion

= A presentation of background information as well as recapitulation of the research
aims of the study.

= A brief summary of the results, whereas the focus lies on discussing and not
recapitulating the results.

= Explanation of the results for normal humans
= A comparison of results with previously published studies

= Conclusions or hypotheses drawn from the results, with summary of evidence for
each conclusion

= Proposed follow-up research questions and outlook on further work
= Weaknesses? Non-significant results? Unexpected data?
= |f you are a non-scientist, where to find the interesting stuff?
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How | do read research papers...

Demonstration
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Future Work

* What are the recommendations now?
> Logical extension of the study: What comes next?
> Replication of the study: Different setting?
> Correction of limitations: Sample, apparatus, variable control, method
= |t is a great motiviation for you, when someone recommends to do your study
> Happens sometimes
> That is a great template
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Google Scholar

® Articles Case law

Exercise: Find and describe
a paper that is related to your research question

1. Go to htips://scholar.google.com ...

2. Enter the related keywords

3. Click on a result that seems to be relevant...

4. Try to open the paper (if not possible open the next one)...
5. Find and describe the technique...

You have 5 minutes...
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Questions

= What is the paper about?

= What did the authors do?

= Why did they do it?

= What are the independent variables?
= What are the dependent variables?

= What did they find out?

= What did you learn?

How to Read a Paper Prof. Dr. Valentin Schwind



Using ChatGPT to summariz a paper...

Demonstration

Plugins: Al PDF
Summarize the paper, the findings, and method. Write one paragraph. Be concise. Do not hallucinate. Do not invent facts.

How to Read a Paper Prof. Dr. Valentin Schwind



Using ChatGPT to summariz multiple papers...

Demonstration

Plugins: ScholarAl, Consensus Research, MixerBox Scholar

“What is the effect of latency on games? | want to conduct a study with artificial latency to simulate the effect. List and summarize in
one paragraph about 3 related research papers that motivate the research around that topic. List and summarize in 3 papers that are
related to that research question. List and summarize 3 research papers that use a similar method. Use all plugins. Ignore duplicates.
Only use papers that have a DOI. Only summarize the main findings and method of the papers.”
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Task Next Time

= Each person in your group searches and reads at least 3 papers

> Person 1: papers that motivate your research (can be from other disciplines!)
> Person 2: papers closely related to your research question

> Person 3: papers in your field using a similar method as you

—eaantiiil o

No duplicates!

Research Motivation

Closely Related

Similar Method
How to Read a Paper Prof. Dr. Valentin Schwind
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