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Preface

The proceedings contain papers presented at 3tie ahnual NeurolS Retreat held
Junel-3 2021. NeurolS is a field in InformatioBystems (IS) that uses neuroscience
and neurophysiological tools arkthowledge to better understand the develaptme
adtion, and impact of information and communication technologies
(www.neurois.org

The NeurolS Retreat is a leading acadenuoference for presenting research and
development projects at threexus of IS and neurobiology. This annual conference
promotes he development of the NeurolS field with activities primarily delivered by
and for academics, though works often have a professional orientation.

In 2009 the inaugural NeurolS Retreat waslielGmunden, Austria. Since then, the
NeurolS communit has gown steadily, with subsequent annual Retreats in Gmunden
from 20162017. Beginning in 2018, the conference is taking place in Vienns, Au
tria. Due to the Corona crisis, the organizers decidétbd a virtual NeurolS Retreat

in 2021.

The NeurolS Rtreat povides a platform for scholars to discuss their studies and
exchange ideas. A major goal is to provide feedback for scholars to advance their
research papers toward higbality journal publiations. The organizing committee
welcomes not only contgted research, but also work in progress. The Neuroés R
treatis known for its informal and constructive workshop atmosphere. Many NeurolS
presentations have evolved into publications in highly reghestademic journals.

This year is theseventhtime thd we pulish the proceedings in the form of an edited
volume. A total of27 research papensere accepted anpublished in this volume,
and we observdiversity in topics, theories, methods, and tools of the cotitoitvsl in
this book. The202L keynote preentatbn entited 'Decision Neuroscience: How it
started and where we are totlay given byAntoine Becharaprofessor ofneurosci-
ence angsychology at the University of Southern California (USC) in Logéles
USA. Moreover,Moritz GrosseéWentrup professorand head of the Research Guou
Neuroinformatics at the University of Vienna, Austriivesa hottopic talk entitled
"How (not) to interpret Multivariate Decoding Models in Neuroimading

Altogetherwe are happy to see the ongoing progress ilNtheolS field. Also, we
can report that the NeurolS Society, established in 2018 asjgrofitnorganization,
has been developing well. We foresee a prosperous development of NeurolS.

June 202 FredD. Davis
René Riedl
Jan vom Brocke
PierreMajorique Lége
Adriane B. Randolph
Gernot MiillerPutz
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Antoine Becharai Keynote
Decision Neuroscience: Howt Started and Where We Are Today

Decision neuroscience is an emerging area of research whose goal is to integrate re-
search in auroscence and behavioral decistiomaking. Neuroeconomics is a more
specialized field of study thaeeks to bridge neuroscience research on human choice
with economic theory, whereas neuromarketing addresses the neuroscience behind
consumer s &ludndpooductdmmnding, preference, and purchase decisions.
More recent research seeks to inclalde field of information science by examining

the impact of social media and other technology use on the human brain. All these
areas capitalize on knowleglfrom the fields of neuroscience, behavioral economics,
finances, marketing, and information sciemco expl ore t he neural Aroad
physiological processes intervening between knowledge and behavior, and the poten-
tial interruptions that lead ta discannection between what one knows and what one
decides to do. Thus, decisioauroscience is thdomain that captures the interests of
scientists who are attempting to understand the neural basis of judgment and decision
making in health as well as@al behavior.

Moritz Grosse-Wentrup T Hot Topic Talk
How (not) to I nterpret Multivariate Decoding Mod els in Neuroimaging

Multivariate decodig models are replacing traditional univariate statistical tests in
the analysis of neuroimaging data. Their intetgtion, however, is far from trivial. In
this presentation, | outline various pitfalls and discusden which conditions they
can provideinsights into the (causal) question of how neuronal activity gives rise to
cognition and behavior.

Panel Discussin

Success Factors in Publishing NeurolS Research in Top IS Journals:
Experiences of MIS Quarterly Editors and Reviewers

Moderator Fred D. Davis
Paneists: Ofir Turel, Tony Vance, Adriane B. Randolph, Eric Walden
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Where NeuolS Helpsto Understand HumanProcessing of Text: A
Taxonomy for ResearchQuestions Based on Textual Data

Florian Popp, Bernhard Lutz, and Dirk Neumann

University of Freiburg, Freiburg, Germafigrianmaximilianpopp@gmail.com
{bernhard.lutz,dirk.neuman@is.unifreiburg.de

Abstract. Several research questions from information systems (IS) are based

on textual @ta, such as product reviews and fake némvthis paper, we inves-

tigate in which areas NeurolS is best suited tdebeinderstand human pro-

cessim of text ad subsequent humdehavior or decision makingo evaluate

this question, we propose a taxonotoydistinguishtheseresearch questions
deending on how users6 corresponding response is f
publications about textual tiin the B basket journalsom 201G 2020.Then

we distinguishtext-basedresearch questions along twandinsions, namely, if a

user 6 s r duwempedbyseabjectisity and if additional information is re-

quired to maken objective assessment. Wiad that NeirolS research on tex-

tual data is still in its infancy. ExistindeurolS studies focus on textshere
usersoO r espons e sernaaddor axditibnalaeata, whiclois ot hi gh
part of the text.

Keywords: Textud data - Taxonomy- Informaion procesig - Decisionmaking -
NeurolS

Introduction

Social media and o#ln forms of computemediated conmunication provide users
with large amountf textual data [1]. Text provides an unstructured and -high
dimensional surce of information as Englis texts careasily comprise vocabularies
with tens of thousands of words [Z}o far, IS research has anagzhow users re-
spond to texts of many typesuch as fake news, online reviews, financial reports,
spam emails, and ogputer-mediated communicatioWvhile thefactors of a helpful
product review are well understood (e.gi, 98, little is known of why uses fall for
deception in the form of fake ws. Deciding if a news article is real or fake may be
subjective and depéds on prior beliefs and attittles [6 8]. Making an objective ve-
racity assessment of a news article may atjuire additional informatiofrom ex-
ternal sources, which is not part thfe actual text [9]. Whether or not users invest
cognitive effort into acritical assessment also dedsron theirmindset. Users in a
utilitarian mindset are used to spending mitige effort in reading the téxas part of
their daily (working) routineswhereas users in a hedonic mindset (e.g., when being
active on social med) are less likely to carefly reflect on their actions [6]. As a



consequence, their behavior may bevei by unconscious processes,ichhcan be
studied by employing tools andetbries from NeurolS [1Q 3].
One possible reason for the limited underdiag of specific IS phenomenased
ontxt ual data is that wuserso6 rsebpgvtpyses may exhib
that making ambjective assessment requires additionalrimiation, which is not part
of the text. In this study, we propose a taxwow that distinguishes resedrguestions
based on textual dat a accorddvennby albwor whet her a u:
high degree fosubjectivity and the need for additionaférmation in order to make an
objective judgement. We specifically buitdr taxonomy for the researcguestions
instead of the type of text themselves. The underlying reasathgtithe same type
of text canbe subject to different research questidfa. instance, a news article can
be categorized as positive or negatigeas real or fake. However,ategorizingthe
article as positive or negative is less affected by palitiggnions and unconscious
processes than categorizing an article as realake. The proposed taxonomy was
developed based on all articles about-telated research questionsm the I1Sbas-
ket journals published between 2010 and 2020. We catego@oddoé these studies
alongthed mensi ons fidegree offorsuddcicttiiovndly 0i mfnar mateie
In addition, we distinguish all studies acdimg to (1) whether they cadcted user
specific data to account for individual beliefs and attituded,(@h studies that can be
attributed to the field of NeurolS. Taken togethee address the following research
question:

fiFor which research questisitbased on textual data shouletsearches employ
methods from Neurol$?

Literature Review

For our literatire review about research on tiexl data, we consider all articles pub-
lished in the IS basket journals between 2010 and 2020. We first read tha title
issues to determine wther an drcle is about textual datar not Subsequently, we
read the abstract of the remaining stud@salidate our initial assessment. Thereby,
we encountered 47 studies about text. We excluded nine of these stddizg Hs
they did not specifially analyz2 human behavior as a direct resgp®e to reading the
text. Regarding the publication dates, wadfthat the number of studies about textual
data and human responses has increased over the last few years. Whilef1880
papers were published 2010 2015, the majority of 28 were pubtisd in the years
2016 2020. Finally, we scan the remaining 38prs in regard to their collected data.
We distinguish between (1) studies without uspecific data (e.g., polititattitude,
disposition to trat), (2) stidies with usespecific data, an@3) studies with NeurolS
measurements.

Table 1 shows the regudf our literature review. We identified dio studies from
NeurolS, from which three ([6, 23, 24]) are published itSNuarterly (MISQ) and
one (R5]) in theEuropean Journal of InformatioryS8ems (EJIS). Moravec et al. [6]
analyzed the influence of I8 esi gn modi fi cationspron usersod cog
cessing fake news. In their experiment, subjects were shown sewdira mews



articles with and whout warring messages, while their cognéiwactivity was meas-
ured with electroencephalography (EEG). Tdugthors found that adding warning
messagesncreases cognitive activity, but this has no impact on the final veracity
asessment. Bera et al. [23]aed eye treking to explain cognitive procdeg of users

in reading conceptual modeling scripts to perf@moblem solving tasks. Their results
suggesthat high task performance can be explained and detected by atiesdoin

eye tracking metrics. Mesegy et al. P4] studied how individuals evalteaand filter
posts in online forums, while seeking the solatto a problem. For this purpose, the
authos employed functional magnetic resonance imaging (fMRI) to measure the
neual correlates that are invodd in evalating both solution content andrtextual
cues. Their results indicate that both content and corx t u a | cues i mpact wusers
filtering decisions. Finally, Brinton Anderson et al. [25] used text mining and eye
tracking to study how users pmgive seclity messages and found that habttan to
security warnings significantly reduces the effecsuwéh warnings.

Table 1. Studies about textlidata in 1S basket journals from 2010 to 2020.

Journal No userspecific cita User-specific data  NeurolS Total
JMIS [26i1 38] [8] 14
MISQ [39i 44] [7] [6, 23, 24] 10
JAIS [451 49] [50] 6
ISR [5, 51i 53] 4
JIT [54, 55] 2
JSIS [56] 1
EJIS [25] 1

I1SJ 0
Total 31 3 4 38

We identified three studies which collectegauspecific data, but withouem-
ploying tools and theories from NeurolS. For instance, Hong et al. [50] used a combi-
nation of surveys antéxt mining in order to explain and predagviations in restau-
rant revews based on cultural differences. Theirdfilgs suggest that users from
collectivist culture tend to agree with prior ratings. Kim and Dennis [8] collected
user sd puode and stedeed whethet fake news can bégatéd by adding
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user and exgrt ratings to the presentation of a newgkatTheir results suggestah

expert amtings have a stronger impact in steering users to a correct veracity assess-
ment. However, this @y holds when the rating indicates low eddility, whereas
ratings of ligh reliability have no effect. In anotheusdy on fake news, Kim et al.7]
studiedthe effects of alternating the presentation format. Their results suggest that
presenting the soce before the headline (instead of showtng headline before the
sour@) makes users less likely to perceive fakegas real. In addition, theuthors

find that source reputation ratings have a stronger effect on the perceived believabil-
ity. However this only holds when the rating is low (i.exdicating fake content).

All other studies did not collect usspecifc data as part of their reseen design.
Instead, they rely on statistical methods from text mining to empirically analyze how
users respud to textual data. These studies coveremsamerbehavior[30, 33, 39,

40, 48, 49, 51, 53, 55, 56], financial deoisimaking [29, 31, 32, 35, 363, 46, 47
54], perception of online reviews [5, P88, 42, 45], deception detection [37, 38], and
others[41, 52].

Taxonomy for ResearchQuestions Baed on Text

We now present guaxonomy to distinguish research questibesed on textual data

dependig on whethe usersdé response is influenced by sub
need for additional informatioim order to make a correct assessmeletreb y ,de- 0
greedsubjectivityo refers t o ntthhmgobandses-t i ons: How ¢
swer the (resarch) queson? Would people with different prior experience or belief
answer differently® N e ferdaddito n a | informationo tothe t he ot her he
questiors : Woul d a probandds ans wfeheyhbddeadde me better or

tional informaton or addiional knowledge? Is all relevant information that is needed

for the proband to complete the taskanswer the (research) question giverthie

text? Or isadditional information, knowledge, or background requiréépropose

this taxonomy in aler to addess our research question. Based on the following clus-

ter analysis, we identify areas in whicledNols seems best suited in order to under-

stand human proasing of text and their subsequdrghavioror decision maing?

Figure 1 presents the prosed taxoomy along these two dimensions. All studies

including user specificdata from surveys are highlited with a square, while all

NeurolS studie are highlighed with a circle. For the purpose of this study, we distin-

guish all studies from our liteature basé on our own reading. Overall, the NeurolS

studies were located in the upper part of Figure ichvbontains those research ques-

tions, whereusers have aigher need for additional information. The upper right

correr of Figure 1 contains all sties analgyi ng r esearch questions, wh e
responses are driven by a high degree of subjectivity avitigh need for additional

information to mée an objectiveassessment. Prominent examples are studies that

analyze wly users fall for fake news [67, 7]. Thedecision if a news article is real of

fake depends on wuser sd iemadking andobjective gsol i t i c al att
sessment generallgquires usertd research additional information.
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Fig.1. Taxonomy to étinguish research questiormsed on tdual data depending on the
characteristics of usersd responses.

The studies in the bottom riglarea of Figure 1 consider research questiovigere

usersd responses involve hi gdfordddiipnabe o f subjec
information. One examplds to explain why social media posts receive more likes

(e.g., [40]). The decision of whetherlike a social media posir notis subjectve as

it depends on personal tastes, while all relevant information basedich users

decide to likea post is gnerally included in the text. The upper left corner of Figure 1
contains all studies analyzings ear ch questi ons, ediveesby e usersod res
low degree of subjectivity, but with a high need for additionformation. We classi-

fied dl studiesabout fraud or deception detection as such [32, 34, 37, 38, 47]. Decid-

ing if a message originatésom a deceiver is generally not driven pgrsonalatti-

tudes. However, the decision is often made based on incampitetmation. Ulti-

mately, thestudies inthe bottom left area of Figure 1 consider research questions,

where user soO rlescpdbysulgestiviy withoutrameed fatditibnad

information. For instance, this applies to the question of haily dleals impact a

restaurari s o meputatiore [51}. The review text generally stands for itself, while

the factors of a positive oregative review (length, number of argumemigh reada-

bility) are usually not influenced by subjectivity.

Conclusionand Future Research

Understanthg how hunans respond to textual data provides novel challenges for IS
research and practice. We proposddxanomy to distinguish different forms tfxts

after reviewing recent studies from the IS literature accordingeotesearch design.

In thistaxonomy, ve distinguish research questions based on textual data with respect
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to the characteristics of usss 6 r esponses. Sp e diménsoosal | vy,

namely how much a wuser 6s rnetenead $oeaddi-s
tional information inorder to make an objective assessment. We find that NeurolS is
used for research questions, whersers arrive at conclusions based on irpleta

we
driven by

information. All corresponding studies [6,1235 ] f oc us edniticerpro-user s b6

cessing. It appea that thé is the area, where NeurolS is best equipped to help under-
stand human processing of text andphekplain humarbehaviorand decision mak-
ing. Howeve, the vast majority of existing studies in the IS literature iclened texts
wher e usnsessabdexplainga without usepecific data.

IS research on textual data should hence select thdiy dasign depending on the

characteristicsfo ugersp®dnses. I f usersd concl usi

and the text contains all reVant infomation, there is no need for experiments and

ons

C 0N s

exhik

employing measurements from neuroscience. Converselyi f usersd responses

driven by a highedegreeof subjectivity and if additional information is required for
an djective assessment, users m@&y on urconscious and/or heuristic processes.
For example, affective processes may not be fully reflettedugh seHreports,
which requires IS resmrchersto employ neurophysiological measurements such as
ECG or startleeflex modulation [13].

We plan to extendhis study as follows. First, we need to evaluate our taxonomy
by gathering feedback from extatrdomain experts. Presenting our work &t heu-
rolS retreat would be one important step in this direction. Afterré can perform a
sequence foevaluatim-improvement iterations until we reach an acceptable state.
Second, we aim to extend our literag review to all studies in the existing liera-
ture to provide a full overview of IS studies on textual data.dl e are planning to
elabora¢ more onhe specific tools from NeurolS, in particular, how specific meas-

urements can be appliedtostwdgs er s responses to different

type
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Abstract. Paceived trustworthiness and risk are crucial impact factors for a
websités success. While they have he&equenty applied to diverse -e
commerce contexts, an investigation of these constructs for the special case of
online pharmacies is still scarce. an attempt to measure these constructs in a
neural experiment, this paper offers a-pnady with the an to gain frst in-
sights and selé@ppropriate stimuli for thepcomingstudy. Thereforefive op-
erating onlire phamecies are tested in an online seyvwith 121 participants
which rated scales of perceived trustworthiness, perceived risk, attitudelsowar
the webge, and use intentiofor each of the included pharmacies. Results
show that online pharmacies with hig#putation are rated higher in tireclud-

ed constructs. Consequently, reputation, perceivedarsk trustworthiness are
crucial impact fators on ditude and use intentio Thus, two promising online
pharmacies could be selected for the folopvstudy.

Keywords: online pharmacy perceved trustworthiness perceived risk atti-
tude- use intention

Introduction

Online pharmacies provideugk and cavenient solutions foboththe elderlyand
younger peoplebecause they offer a convenient solution tocpase medicines
through home delivg [1]. Especially ¢der people benefitrom this, as theyeed to
rely lesson third partiesUnsurprisngly, the online pharmacy market is expected to
grow, with themain drivers of growttbeingthe increasing proportioof the elderly
population, the gwth in chronic diseasd®], the generalincreasd availability of
high-speel internet, and the imprawj healthcee infrastructure worldwid¢3]. Next
to North America Europehasthe largest online pharmacy market ssawith partic-
ularly the German meket experiencingtremendousgrowth due to the increasing
awareness of cheapver the countefOTC) prodictswhich can bepurchased online
[2]. This is due to the relaxation of legal regulations for the sale of OTC psp8ut
also the increased switclfi prescription medicines to T statug4].

However, his development does not only come with oppottesi As ilegal
online pharmacies continue to be found worldwide despite increased regulatory con-
trols, theonline purchaseof medicines posesnaincreasedrisk compared to other
online shopping contextonsequently, the risk of purchasing from onlitanna-
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cies B twofold: on the one hand, it may be an illegal online pharmacy selling counter-
feit medicines and, on thether hand, laypeople may purchased use a medicine
that is unsuitable or even harmful to their health due to a lack of advice andisgper
[3]. Therefore, the consideration of perceived risk and trustline pharmacies of
special interest as aisuse carharmthe consumerghysical health

The constructs operceived risk and trust have been investigated in several e
commerce comixts and hee shownto generallyimpact a website acceptancibsi 8].
Furthermore, por NeurolS research has alsovered perceivedrust andrustworti-
ness and has shown to relésstinct neuralactivationsassociated with high per-
ceived trustworthinessin ecomnerce context$7, 9]. However, in the area of health
services and medicingstudies considering websiteesin and its impact on per-
ceived sk and trust are still scagc Sinceperceived riskmight differ severely be-
tween an online shop selfjrclothes ad an online pharmadyL0], this paper tackles
this research gap by investigating the rated perceivedmiskrustworthiness for five
different operating online pharmias. Thus, the goal of this woik-progress is to
introduce the constructs perceied risk and trustworthiness in the context of online
pharmacies and to provide a first data basis thaged to select stimuli for a follow
up FaceReader and neuroimagiexperiment. T@mbed this goal in a research con-
text, this working papefirst preents the state of research on perceived trustworthi-
ness and risk for purchasing medication primarily anind presentthe context of
NeurdS researchWithin this stug, hypotheses were derived and tested for the non
neuronal part of the rearch. Fiveselected pharmacies were the subject of the empir-
ical online surveyThe results of the study are thenadissed and the study design
for the follow-up experiment is peented.

Background: Perceived Trustworthiness and Risk

Perceived Trustvorthiness and Rsk in Online Pharmacies

Trust is anmportant component in the interaction between patients anthbai
providers such as pharmac[@4]. Patients trust that ¢ly will receive the right advice
in pharmacies and that their conditionMaé cured witithe recommended medicines.
In turn, pharmacistsust that they will receive all the information tnfully to be able
to recommend medicinds patients in the begiossible way. With trust being a do-
mainspecific construct in terms afpeationalisation10], even within the healthcare
domain, severalifferentdefinitions oftrustcan be foundSome stidies efineit as a
standalone constret, while others define it in terms of sebnstructs like credibility
and benevolence. The disagmeent among reaechers on the definition leads to a
variation in the understanding and language use of the constriiteirature[12]. In
this working papr, trust is defined as the willingness to expose oneself to exploitation
by another agent due tbe prospect of @ential benefit{13, 14] with the agent
being the presented online pharmacy. This is based ampthmidic expectation that
the other agnt(s) will protect the rights of all involveld5]. In other words, it is
based orthe expectatiothat the comminhents made by another personooganisa-
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tion will be fulfilled [16], especially in relationships wteethe tusting party has no
control overthe other party but still needs to depend on thEsn 17 19]. This expec-
tation is built onthe oter party's diférent characteristicayhich result inits' per-

ceived trustworthiness.

When considering online phargias, t can beseen that the interactiobetween
patients and pharmacists has changed compared to offline pharmacies. While in of-
fline phamacies, trusts usually developed through the salespésserpertise and
the shop atmosphefél, 20] these aspésareabsentm online pharmacies. Coss
quently, in online environments, theebsite's reputatiomnd visual design might
ultimately impat the online phanacy's perceived trustworthiness atidys, the trust
in it [11, 21] Consequently, waypothesiséhat thee will be a positive correlation
between the online pharmasyated reputation and the perceived trustworthiness:

H 1. There is a podiive correlation between reputation and perceived
trustworthiness.

A metaanalysis of studies on the use of heal#gbgiteswhichinclude all websites
with information on diseases and medicines, thus also online pharmacies, found back-
grounds that are ingotant for buildng trust[12]. Usability, beliefs, design elements,
brand name and ownership, persuasand sociainfluences[22i 26] have emerged
asmaja antecedents. All of the named constructs further add up to the attitude con-
sumers build towards website in gen@al and an online pharmacy in particul g7,
28]. While they also have shown impact the perceivktrustvorthiness of the web-
site signifcantly, it is furtherhypothesisedhat the usés attitude towards an online
pharmacy will have @ositive correlion with the perceived trustworthiness and that
both attitude and perceived trustworthiness havesitipe impacton use intentions
[28]:
H 2. There is a positive correlation between perceived trustworthiness
and attitude towards the website.
H 3.There is a podiive correlation between perceived trustworthiness and
use intention.
H 4.There is a positive correlationbetween attitude towards the website
and use intention.

A closer look at the concept of trust and trustworthiness reveals an impomant co
ponent: uncerfaty. This is made clear by the fact that the trusting party has no con-
trol over the other partyandthus the mutual relationship isharacerisedby uncer-
tainty. Uncertainty about the occurrence of consequences is a dimension of perceived
risk [29], which therefore poses an important cousgesition to trus30]. While
being introduced as a concept Bguer[31] in the context of online phaacies the
perceived risk might be distinguished between prodeleted risk (the medicine to
bepurchased) ancktailer risk (the online pharmacfgl, 32] With risk being a coun-
ter-position to perceived trustwihines, we hypothesisehe contradictig correlation
of the first three hypotheses for perceived risk:

H 5. There is a negative correlation letween reputation and perceived
risk.
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H 6.There is a negative correlation between perceived risk and attitude
towards the websie.

H 7. There is a negative correlaibn between perceived risk and use inten-
tion.

Perceived Trustworthiness and Risk in NeurolS Rsearch

Based on twaecent literature reviews about the statehsf art in NeurolS re-
search[33, 34], related workfor the congructs of perceived trustworthiag and risk
is identified. Because our followup study focuses on decision making on online
pharmacies, the followig results are limited to brain regions in the prefrontal cortex
(PFC).The main results are sunarised inTablel.

Results
Authors Context Method (in areas of thérontal cortey
. Trust in . . .
Dimoka online shoboin MR 9 Trust associated witlower activa-
[35] PPing tions in the (right) OFC.
offers
9 Trustworthy ofers activated right
dIPFC in mag, but not in female
Riedl Trust in participants.
et al. Online shopping fMRI 1 Untrustworthy offers activated the
[36] offers left dIPFC in exclusivly in wom-
en, and théeft vmPFC exclusively,
in men.
Riedl . 1 MPFCactivatel more for tustwor-
Trust in hu- . :
et al. fMRI thiness evaluation of huma com-
mans vs. avatary
[37] pared to avatars.
vanc Risk in infor- 1 A_ctlvatlons in approx. fror_1ta|
. . (right) & motor cortex regions as-
eetal. | mation security EEG . o -
[38] behavior sociated with risk perceptioni (
P300)
Wang Risk in social 1 Frontal cotex (F3, FZ, F4) acti-
etal. cues in ecom- EEG vated in purchase decision/ asso
[39] merce ated with risk (in N2)

Table 1. Overview of NeurolS Paper asociated with perceived trustworthi-
ness and risk(Abbreviations: functional magnetic resonariogaging (fMR), elec-
troencephalography (EEG)rbitofrontal cortex (OFC), dorsolateral prefrontal cortex
(dIPFC), ventromedial predntal @rtex (vmPFC)

The povided overview shows that trust and risk evaluations in different research
contexts trigger seeral areasn the PFC. However, since thentext of the studies
ranged from ecommerce to humanman interactions, a more thordugeview of
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neuroscientific tudies investigating perceived trust and risk is required to derive
hypotheses for our main stpudNeverthedss, this overview reveals twoagpnising
aspects relevant for the folleup study: firstly, none of the reviewed stusliesed
functional neainfrared spectroscopy (fNIRS) to investigate the selected constructs
which offer room to validate tise prior firdings by means of fNIRS. Secondbiven

in the cited fMRI studies, several activations could be identified on costicédces

in the PFCwhich ae also assessabfleroughEEG and fNIRS. This further calls for
adding validation through reseérin different contexts that considers thenstructs

of perceived trust and/or risk and assess these evaluations through nguatibas

in PFC areas. Thigaper offers a first approach in this direction by evaluating poten-
tial stimulus material for &ollow-up NIRS study.

Method

Sample We recruited 144 participants to fill out the online survey through the
online platform clckworker. Out of the 144 padipants, 23 data sets needed to be
filtered out because participants either did not fill oet questionniae completely, or
they did not aswer the attention check correctly (which was a statement hidden
somewhere betweendlscalesn which they were sked to click’'4"). As a result, an
included sample diN = 121 data setis considered for furter analysesAverage age
isM = 41.6 years3D = 12.8), 63.6% are male, 36.4% are female. 50.4% of the sam-
ple are currently employed, 23.1%6e freelancey 124% are students, 9.1%re
searching for employment, and 3.3% are retired. We further includestions re-
gading the participantdispositon to trust and familiarity with online pharmacies
with 5-point Likert scales (adapted frof83, 34]). Mean disposition to trust was =
3.52 D= 1.02) and familiarity was = 3.38 D= 1.12).

Stimuli. To test the here stated hypotheses and selecvagte, realife stimuli
thatwill be extreme opposites regarding their associated pectesleand trustwor-
thiness, we took a look at the top ten onlif@mnacies operating in Germaf8p].

From this, we selected the top 2, namBlycMorris and ShopApotheke the bottom
2, namelyAponeoand Eurapon and one from the middle beimgpotal For each
online pharmacy, we used the product pagdéBaf-ratiopharm 400mgpain killers
with 10 pills per package and manipulated the prices on the screenshotiltbiaso

@ DocMorris == e G
r———— apotal S—_—-—

o C o = e ovsa

- ginstig - mmaans AA
18U rabogharm 408 mg akst Schmer tablesten }———1 . - )

Figure 1: Two Examples for UsedStimuli

es due to different pricinlwo examples of stimuli can be seerFigurel).
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In thesurvey, participants were shown tbaline pharmacy screenshand below
they had to rate the scales explained in the next paragraph. The order in which the
quesions and the websites were shown was completeidomised only the scale
for reputaton was always asked first before the other scales camaridomisedr-
der. After having rated all included websites, participants had to give their de-
mographics andreswer the control questiorier disposition to trust and familiarity
after which theywere tlanked and debriefed.

Questionnaire Items CA (if
dropped
Perceived Risk40] .837

Do not trust that my credit card number will be seaumethis online| .794
pharmag

It is difficult to judge quality of a product/service on this onlf .831
pharmacy

Do not trust that my personal information will be kept privayethis .790
online pharmacy

| loose too much time when buying products on this online pharm{ .823

Overall, | feel making a purchase on this online pharmacy is risky| .781

Perceived Trustworiness[41] .895
| can trust this online pharmacy .815
| trust the information presented on the online pharmacy. .859
| trust the transaction process on thidime pharmacy. .875
Attitude Towards the Websi{d?2] .930
| liked the online pharmacy .908
| enjoyed being on the online pharmacy .918
| would like to return to the online pharmacy .901
| will recommend to others to browse the online pharmacy .909
The onlinepharmacy made me feel like buying .933
Use Intention[43] .892

I would use this nline pharmacy to inquire what others think of .856
medicine

I would use this online pharmacy to inform myself about the effec; .853
a medicine

| would ug thisonline pharmacy to read the reviews of a medicine| .856

| would use my use my creditrchto purchase from this online phg .896
macy

| am very likely to purchase medicine from this online pharmacy .879

Table 2. Questionnaire ltems andCronbach's Alpha

ScalesWe asked patrticipants how they would rate that "the online pharmacy has a
very good reputation” on a-point Likert scale (strongly agree to strongly disagree)
for each online pharmacy. After that followed scales for perceivkdadapted fom
[40], perceived trustworthiness adapted frd#l], attitude towards the website
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adapted frm [42], and finally, use intention adapted to online pharmacies f43n
44). All included scales were measured with -padint Likert scale. Theised con-
structsand items provided sufficient reliability through Cronbachlpha (CA) and
were all includedn the following analysis (Tabl®).

Results

In order to test our hypotheses and draw conclusions regarding the prior stated hy-
potheses, we ran ertway ANOVAs with posthoc Tukey tests to identify significant
differences between the five included onlineagpiacies in the included constructs.
Further, since we were interested in correlations between the included constructs, we
ran Pearsds correlatbn analyses acss all five included pharmacies for all con-
structs. Onevay ANOVAs resulted in significant diérences between the included
online pharmacies for all selected construEts{tation (4, 600) = 18.5Fisk (4, 600) =
3.73, Fuusworthiness (4, 600) = 10.45F atituge (4, 600) = 12.65Fse (4, 600) = 9.27all
pb s.005).Since perceived risk artdust may be rated differently between men and
women, we ran a MANOVA including our dependent variables to check for effects
due to gender. Resalshow that, attough there are significant differences between
male and female participants in the construdtsisk, trust, and use intentiof@,

592) = 6.916,p < .001), no significant interaction effect between online pharmacy
and gender waislentified (16, 1809)x 0.417,p > .05).

As a resultDocMorris was consistently rated highest for all includeastoucts
while Apotal was consistently rated lowesSimultaneously, significant difference
betweenShopApothekeand DocMorris could onlybe identified for reptation Dif-
ferences betweeAponeoand Euraponcompared tdocMorris were found for repu-
tation perceived trustworthiness, attitudese intention, but not fguerceivedisk.

To test our hypotheses, we further ran Pedssoorrelaibn analysis Table?2). As
a result of this analysis, all of our hypotheses are suppbsteshowing significant
postive correlations between reputation, perceived trustworthiness, atténdeuse
intention, while the correlations with perceived risle aontinuously negativél'he
nextsteps are briefly discussed in fidlowing section.

Risk Trustworthiness  Attitude Use Results
Reputation - .333%* .B637%** .666%** .588*** R
H1v
Risk - - .584%** -.378%** - .324%* 2
H7v
Trust - Y H2v,
worthiness ) 695 668" H3 Vv
Attitude - 769%** HAv

Table 3: Pearson's r correlation matrix and related hypothesis support

(grey numbers not wused<.00d)r hypothesiséb

sup|
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Discussiors of the NeurolS Followup Study and Conclusion

This study has shown that anlime pharmacg perceived risk and trustworthiness
are crucial predictors for use intentidfurthermore, as poiatito in the introduction,
online pharmacies pose the risk to sell illegal or counterfeit dugsh may have a
harmingimpact on théouyers health. This might explain the significant correlation of
reputation with the other includexbnstructs. As a resylind dong with theincluded
constructs, this study allows us to select two operating p@es as stimuli fothe
upcomingstudy. SinceDocMorris wasrated highest in théncluded constructand
Apotal was rated significantly loest, we will use these two websites as opposing
stimuli regardingheir associated perceived risk and trustworthsnes

Needless to say, this pstudy also comewith limitations. One major limitation is
that the included constructs were evaluaisihg aly one screenshot of each phar-
macy,and thus, actual use of the websites, as well as risks due to different madicat
types are not considered. Consequemntlg,wonder in our followup studyhow the
risk and trustworthiness of the selected websites akiated during and after actual
use. As means to assess tl@motioral reactionswill be measuredhrough facial
expression capturinguring actual use of the Iseted websitegn two different buy-
ing situations: a prescription and an OTC drWe therebycontrol the effect of a
low- and highrisk drugand thus, an additional risk dimension which is exclusive for
online pharmacies

The patrticipantsaces will berecorded during the purchasand analysed via au-
tomatedfacial expressiomecognition softweFacer eader E Ver si on
ware recogries the emotions happy, sad, angry, disgusted, surprised, scared and
contempt. It also measures a neutral state want to examine the emotidreffects
on perceived trust and risk by analysing the emotiamatdns and frequencies. Ad-
ditional information about emotions will be provided by surveying the participants
with PANAS scale for both conditions. Correlatiomdl be figured out between expe-
rienced and rated emotions, experienced emotions and percaikeghd trust, and
rated emotions and perceived risk and trust. The conditions efaledvhighrisk drug
purchase will be compared to ascertain differences.

After that, thepharmaciesscreenshots ar® beshown in an eventelated experi-
mental paragdjm together with the questionnaire scales used in this study. During the
latter, neural activity is to be assessbrbugh fNIRS to get additional insights into
neural correlasof perceived riskperceivedrustworthiness, attitude, and use inten-
tion in decision making related brain aréasamely the PFCAs pointed out in prior
related literature, several different activation patterns can be observed in &@as
related to risk and trust evaluatiof85i 39]. In order to derive hypotheses for the
fNIRS experiment, a more thorough literature review is planned that is not reduced to
NeurolS research, but also considers neuroeconomics literature as well. Herom t
latter, prior related studies have found. that activations in the OFC are strongly
relaed to increased purchasgentions[45, 46]). Furthermore, within neuroeconomic
literature, fNIRS has proven to be a reliable method for assessing neurali@tsiva
on cortical surfaces in the frame of (ecomo) decisionmaking [47, 48], which is
alsotransferable to online shoppimgntexts[49, 50]. Yet, although fNIRS has prov-

8.

0.

Th
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en to be more robust against artefacts in field studies, EEG is still the mosboymm
applied method to investigate neural cortedan similar contextg33, 51].

Therewith athough the included constructs have besreadyinvestigated with

neuroimaging methods in othecommercecontexts,both the assessmemf facial
expressionsnd subsequenneasuremendf neural activity withfNIRS during and
afteruse aretwo rathernovel approachesoth of hese methodsffer rich data and
might provide further insights not only into risk perceptions of online pharmacies, but
also into the elation betweenfacial expressions, neural activitand seHreported
scales in a timely rearch context
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Abstract. As a result of changesi cust omer s Oiorsamdgcprien g behav
sponding increase omnichannel behavior (i.e., a blend of online and offline
channels), a good customer expehfi ence (CX) is cru
fective CX responses aespeciallycrucial in impactinggc o mpany 6s mar keting
outcomes such asa high level offuture purchase intentionslere we hypothe-

size thatacustoner 6 s a f f is sighificantly in@uXnced b¥is or her per-

sonality trais. Based on thidqwypothesiswe plan tocollect physiological data

(heart ratevarialility ) and selfreport datato study affectiveCX. Specifically,

we will examine the relatiohfp between personality traits, affective Cahd

future purchase channel choice intentiddased on the findingsve will then

formulate academic and managenmplications.

Keywords: Customer Experience, NeurolSRV, Retail, Emotions

Introduction

Due to newly available shopping channels (e.g., the internet, mobile apps, or aug-
mented reality), Customer Experience (CX) research including various channels (so
cdled omnichannekxperiences) is of growing importance for academics and retailers
alike [115]. In particular, affective CX is highly researched and camnificantly
influence cus o mer s & pur c h a4 6 8))iandtsatisfactiofdnlO].(Yet. g . ,
the fieldis dominated by traditional methodsich asself-repors [2, 11, 12] Against

this backgrond, we follow explicit calls (e.g.[2, 12 14]) to advancehe CX research

field in the NeurelnformationSystems (NeurolS) directidny combiningheartrate
variability (HRV) and seHlreport measurementblRV indicates the variation of the
time between consetive heartbeatsndr e f | ect s t he uitklgespands abi |l ity t o
to changing circumstans§l5]. As sich, it can help taunderstandhe currentstatus

of the autonomic nervous system (ANRP] as well asaffective responses (i.e.,
stresq16] or other affective states such as amusdrfter]). Importantly, personality
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traitssuch as the Big Five carisoshape emotiongd 8], and at least partiallypredict
HRV responsefldi 21] (e.g.,Neuroticismis linked to reduced HRY22]).

A wide range of literaturinvestigateghe influence of personality on stress (i.e.,
the impact ofNeuroticismon physiological stress responsésr a meta-analysis see
[16]). However, liteature examininghe impactsof the BigFive on affective CXin
general, angositive affective CX in particulais still limited [11, 23] and further
calls have been made to systematically stindyinfluences ofndividual factors such
asperonality on CX (e.g.,[2, 24 26]). Within this contextthe proposed studgims
to extend th literatureby (i) measuring CX thragh questionnaireand physiological
(HRV) measuremen(ii) examiningthe effecs of the Big Fiveon affective CX and
future purchasehannel choicéntentions and(iii) includingonline as well as kstore
customersHence, he studyaddressesvo researclgjuestions:

RQ1: How can HRVand selfreport methods be combinéal measuraffective CX?
RQ2: How do theBig Five influence affective CX anduture purchase channel
choice intention#n online and irstore shoppingetting®

Theoretical Background

Personalty Traits and Affective CX. In 1963,Eysenck[27] formulated thetheory

that personality has a biological basiad the extended literature has provided evi-

dence that differences in HRV can provide valuable insights for personality and emo-

tions research (e.g28, 29). In a metaanalysis,Chida and Hamefi16] analyzed 27

studiesexamining determinants of HRVariations and found that anxietieuroti-

cism and negative affect were associated with decreased HRV in stress situations.

This finding is in |ine [23iwhohconaudesitthatcay by Luki |

higher bvel of Neuroticismwas associated with a decreased HRV in both a resting

and stresgondition. However, other studies reported nonsignificant findings for a

relationship between pensality and HRV (e.g., in atress conteX1, 30, 31]or in

daily life [29]). Evans et al[30] did not find thatNeuroticismand Extraversionim-

pacted HRV, yet extroverts showed lower levels of cortisol reactivity.
Personalitynmay not only exertinfluenceon biological processesuch aHRV, but

may also shape apess onb6s af f e 18] ag avell b pudhase chaensl

choices (e.g [32]). Extroverts are characterized bycgbility, activity, and seeking

pleasurable and enjoyable experienfd&d. Initial evidene suggests that extroverts

share hedonic shopping valyesmely,they enjoy shopping and feel excited about it

[33]. People high ifextraversionwere found to spend more time and money at shop-

ping malls[34] anddid not only shop for necessities (g.groceries) butvereprone

to shop for other goods like shoes and clotli8%]. Hence, we hypothesize:

11 H1I1 Extraversionposi tively affects ameawsd omer 6s affe

through HRV and selfeport for (a)online and (b) irstore customers.

Agreeableneswas also linked to lonic shopping valuepeople high ilAgreeable-
nessshowed a preference for ludic and aetithshopping environmen{83]. Addi-
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tionally, Goldsmith [35] found thatAgreeablenesindirectly (via happiness) influ-

enced the preference to ghopping for shoes and clothing. Hence, we propose:

H2: Agreeablenesgositively affects thec ust omer 6 s asfmeaswedi ve CX
through HRV and selfeport for (3 online and (b) irstore customers.

Openness to Experienég defined as being imaginadiy sensitive, and intellectually
curious, as well as loving the arts and bedl8]. Thischaracterizatiofs in line with
preliminary findings byGuido [33], who linked this personality trait with hedonic
shopping valuesThe researcher concludi¢hat people high irDpenness to Experi-
encevalued aesthetically appealing shopping environments. Moreover, findings by
Goldsmith[35] indicated that peple high inOpenness to Experiencid not only
shop for groceriesbut enjoyedshping for other goodsuch aslothing and shoes,
indicating that shoppinwasnot only seen as a nessity. Hence, we argue that peo-
ple high inOpenness to Experienshowa higher tendency to experience a positive
CX and propose:

H3: Openness t&xperiencgposi t i vely affects &asmeas-customer és a
ured through HRV and seteport for (a) onlie and (b) irstore customers.

Conscientiousnesis characterized byding wellorganized and structurdd8]. In

line with these tendencie§uido [33] and Gohary and Hanzaef86] suggest that

people high inConscientiousnesare functional, task and goaloriented (utilitarian)

shoppers. Hence, in contrast to, for example, extraverts, we suggest that people high

in Congientiousnessxperience a less positive CX:

H4: Conscientiousness e gat i vely affects tabmeasaredst omer &6s af f
through HRV and selfeport for (a) online and (b) istore customers.

Neuroticismis especially linked to strong emotional respes[27] such as anxiety,

negative emotions, and psychologicatess[18]. Guido[33] concluded that people

high in Neuroticismwere utilitarian shopping motivatechence, their reason to gho

wasoften goal and not enjoymendriven. Hence, we propose:

H5: Neuroticismnegat i vely affects #tdmeaswedhmougmer 6s affect
HRV and seHreport for (a) online and (b) istore customers

Affective CX and Neurophysiological Measuremets in Consumer Emotions
Research. A few researchers have used physiological tools to measure customer
emotions (segll], [37], and[14] for a review).Ahn and Picard38] as well as Popa

et al.[39], for example, observefécial valence to study product preferendgee., a

customer 6s | i kRumhgr, Kinflermann pnB8ahreined13]) used the
i mplicit association t e stibns{owaAdhhrand stmulineasur e cust
(e.g., logos). Additionally,Guerreiro et al.[40] used skin conductance and eye
tracking to determine customers6 visual attenti

choices However, usingphysiological measurements in the context of affectiveisCX
still limited, and resarchers calfor future research in this domgje.g.,[2, 12 14]).

HRV is a standard indicator when examinipgrasympathetic influences on the
heart[41]. Researchers suggest that HRV can be used to assess emotional responses
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[42]. A metaanalysisof HRV studiessuggest that most positive emotions such as

amusement and joy show ieased HRV, while most negative emotions such as an-

ger, anxiety, and fear show decreased HR&3]. Recently, Wu et a[17] found that
participants6é root me an RMSSR)raenajar HRVsuccessi ve d
measure, was significantly larger for amused pigditts and amusement led to a

decreaseimpar ti ci pant 6s heart mtdibdediffereMoesin t he resear
HRYV for fearful, neutral, or angry participants. THiisding is in line with Steenhaut

et al.[31], who askedpatrticipants tovatchsad and happy film clipRResults showed

thatthe highergpar ti ci pant 6s reported negative emotiona
This finding, however, is rtan line with most existing studie¥hus, we propose:

H6: Pemle with higher (lower) positive affective CXagmeasured through ques-

tionnaire) show an incesed (decreased) HRYV for (a) online and (b3tore custom-

ers

1.2  Affective CX and Future Purchase Intentions The extant literaturshows
that affective CX can mpact a customerb6s | evel of sati s
shopping as wel |l [9 %0, 44471 Koreovert castomers s6 apps
with positive emdbns such as pleasure and enjoyment were more likely to
shop ata grocerystoreand alsoperceived higher hedonic value (e.g.more
enjoyable interaction with the retailef38, 49] Hence,mounting evidence
suggests that a positive affective CX positively impacts future customer
shoppingintentions (see[50] for a review).Hence, foronline and irstore
shoppersve hypothesize

H7: A c u st o ehefpdsitve &ffective CXasmeasured through HRV arself-

report positively impacts future purchase intentidois (a) online and (b) kstore

customers

Proposed Method

1.3 ResearchModel. The goal of this study is thrdeld. First, we investigate the
role of the Big Five on affective CX armlirchase channel choice intentions
Second,our research design examinesline as well as Hstore behavioral
intentions Third, wewill measureaffedive CX through selreportandHRV.
Fig. 1 visualizes the overatksearch framework.
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Fig. 1. Envisioned overall research framework.
CX = Customer Experience, PANAS= Positive and Negative Affect Schedule

Participants and Procedure This study will beconducted together with grocery

retailer and participants willbas ked t o s h o ponliag andphyscalr et ai | er 6s
shop. In cooperation with this company, we will recruit 40 participaritshich 20

participants will shop irstore and 20 onlinffor further informationon sample size in

HRYV research, seppl]). Participantanustbe healthywithout neurological and psy-

chiatric disordersnot using any medicationsand show a normal level of physical

activity. As demonstrated by previous studies (422]), we will control forage, sex,

height, weight, and BMIOn the day of the experimenwe will first inform the par-

ticipants that this study focuses on CX and shopping behaviottteerd participants

will be asked to sign the informed consent if they agreghke part Next, we will

measure the baseline heart rate (the participant not performing anyfdasidch

participar. Becauseap ar ti ci pant 6s post [p2)easfval.ag ., sitting
walking (e.g.[53i 55]) affects HRV, he baseline will be taken for the online group in

a sitting cowition andfor the instore group in a normal walking conditidm. both
conditions(online as well as Hstore), participants willhenbe given a shopping task

All in-store sloppers will be given the same shopping list (the list will include a fixed

number of lightweight grocery products, e.g., an apple or a yogurt). Next, partici-

pants will be asked tenter the storecollect the productsand place them directly o

the sh@ping cart. After collecting all products, participants will checkat thecash

register After the checlout, the instore shopperwill be asked tacompletea ques-

tionnaire Online shoppers will be provided with a computeitli thegr ocer s 6 web -
site dready opened) and they will receive the same shoppingdibie in-store shp-

pers. Next, the online shoppers will be askefind and putall the products from the

list into the online shopping baskekinally, participants will be asket check out.

After the checkout, the online shopperwill alsobe asked t@wompletea question-

naire.

Measures.As demonstrated by other researchers.,[56, 57]), we will collect HRV
through a chest belt (Polar H7, linked to a smartphone app) to medfaotve CX
physiologically.We choose HR\becausét is less obtrusivehian otheiphysiological
measureseasier to use, widelgccessibleand inexpensivgsl]. Thus,the introduced
methods enable scientific researchais well agetail marketing and CX practition-
ers to employthesemethodsn futureresearchand evaluation studiest the end of
the experiment, partigants will be asked t@wompletea questionnairéo assess the
constructs via selfeport measurements. We will use established and validated scales,
including the German Big Five Scale Bammstedt and Dannfi8] as wellasBrey-
er and H39Germ&ndrdniation of thePositive and Negative Affect Sched-
ule (PANAS,[60]) to measure affective CX.astly, purchasdntentionswill be as-
sessed (scale adapted fr{gd, 62).
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Data Analysis. Data will be separately analyzed forstoreandonline participants.
Various indicators fronelectrocardiography (ECG) recordings can helpanalyze

HRV data[41, 63] Most of these indicatorsan be dividednto a timedomain or a
frequencydomain of the signgb1]. Indicators within the tim&lomain mainly focus

on the time intervals between subsequent normal QRfpleaessuch as theuration

of a heartbeatalso known as normdb-normal RR interval, NN)[63]. Following
Baumgartner et a[57], we will focus on five indicatorsthreefrom thetime-doman

and twofrom thefrequencydomain As time-domain indicatorsywe will calculatethe
SDNNasthst andard deviation of the signalds NN inte
the standard deviation of t h(ealcdatekdoverges of t he
specific periodg. As the last indicator from the timedomain we will calculate the
RMSSD, which mnsides the differences of subsequent NiNervals Thesediffer-
encesarefirst squaredand, h a second step, these squaresusesl to calculatéhe

squae root of the arithmetic med&7]. Moreover as suggested lyaumgartneet al

[57], we will consider two indicators from thifequencydomain namely the LF as

thes i g mpawerdnghelow-frequency spectrum (0.04 tal8 Hz)andthe HF as the

s i g npawerdnsthe highfrequency spectrum (0.15 to 0.5 Hz). As demonstrated by
Baumgartner et a[57], we plan to clean the data througihe Kubios HRV software

which allows for artifactemovaltorrectionbased on certain threshele.g., missed
beats),and furtherprovidesthe ability toanalyze time and frequency domairs

should be noted that data cleagiis especially important when employiognsumer

grade devices to measure HRV. Even though automatic cleaning is possible, a human
investigator is necessary to identify appropridteegshold values for the particular

data set to avoid ovearorrection (se alsd57]).

ExpectedOutcomesand Conclusion

This study aimgo answer the research questidnR Q How can HRV and self
report methods be combined to measure affective GX and fARQ2:
How do the Big Five influence affective CX afiture purchase channel choice in-
tentionsin online and irstore shopping settin®s To do so, we invite participants to
perform a shopping task &ithera physicaketailing location(in-store shoppecondi-
tion) or an online shogonline shoppercondition) We plan to measure participabts
affective CX through HRVand selreport measuresAdditionally, we will examine
parti ci pa persendlieshs veell &5 theirduturpurchasententions

The findings from the study will provide implications for other researchers as well
as retailersWe hope to provid theoretical contributions for future CX researchers,
andwe hopethis study will spark an interest in more research within the domain of
how personality impacts CX and haveurophysiological methodsich aHRV can
be used to measure affective G3rthe, if retailersknow how personality influence
affective CX andpurchasechannelchoice they canoptimize thé& channels accord-

ingly.
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Abstract. The development of assistive technologies and guidelines for their
accessibility is impeded by the liraid access to disabled peipants. As a con-
sequence, performing disability simulations on able bodied participants is a
common practice in usability evaluation of assistive technologies. However,
still little is known about how disability simulation canfluence the usability
evaliafon of assistive technologies by afiledied participants. This research
proposal explores the effect of a motor dysfunction simulation intaddesd
participants that impedes use of a moimmrit, butsupports gesturbasedas-
sistive technology. Redslof this study may provide insights on how to im-
prove, via the experimental design, the meaning and the validity of usability
evaluation of assistive technologies by abbelied participants.

Keywords: Accessibility,Usability Evaluation, Disability Sination, Gesture
Based Interface, Assistive Technology

Introduction

Over a bhillion people worldwide have some form of permanent or temporary disabil-
ity that restricts their access to many Informatios $3ye ms 6 (I S) i nputs such a:
and keyboards [1]n recent years, growing research in and development of assistive
technologies has strived at maximizing the accessibility of IS via special interfaces.
However, asessing the usability of assistive technologies with disabled individuals
poses challengesfflabs to identify and recruit disabled subjects, and for the latter to
participate in research experiments living with a disabilityerefore, usability evalu-
ations are often performed @ble bodied participantsvhich has permittedesearch
across a wle range of technologies using various methodological approaches [2, 3, 4,
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5]. For instance, the effectiveness of assistive technologies, the efficiency and the
satisfaction with which the task is performed, have been respectively assessed via
objective neasires of task performance, subjective reports of mental and physical
demand such as the NASA TLX, and subjective reports of user's perceptions and
attitudes toweds thetechnology 2, 3, 4, 5]. Methods targeting neurophysiological
measures such as eledrcephalographic (EEG) coherence have also been used in
HumanComputer Interaction (HCI) research to index neural processing effort related
to psychomotor efficiecy during video games [6] and interactive media [7] use.
However, similar neurophysiologicalproaches have not been reported in usability
research on assistive technology, thus constituting an important research gap.

Another very important shortcomingf assistive technology research assessing usa-
bility with able-bodied participants is the wefact that abléodied participants argu-
ably bias the results of thestdies andnay thereby negatively affect the develop-
ment of appropriate accessibility galthes [2,8, 9, 1Q. Indeed, one BrakComputer
Interface (BCI) application study reportddhat a usability evaluation of an assistive
technology by ablbodied participants was deemed to be generally low in terms of
efficiency [8]. This was attributablée o t he partici pants mentally c¢omj
efficiency with traditional input modes.¢., a mouse) using their functioning limb. In
another BCI study, a negative correlation was found between able bodied partici-
pant sd perf or manitaeBCEPh h costagt, priorf reparts haveralsow i t
shown high subjective ratings of satisfactby users with disabilities despite their
reported low performance in using a BQD[. The previous results can be seen as an
extension of the disability paradidhat may explain the differences between the posi-
tive selfperception of wetbeing and sa&faction by disabled individuals and the
negative perception by abbedied participants [2,1]. To improve the meaning and

the validity of usability evaluationsf assistive technologies with aHedied partici-
pants, HCI and accessibility research bften used disabilitgimulation [L2, 13, 14,

15, 16, 17, 18]. However, little is known about the effect of disability simulations on
usability evaluation with ablbodied participants. To our knowledge, research that
uses disability simulations to impettee normal use of a computer input (i.e., mouse
and keyboard) by ableodied participants, and has them assessing the usability of an
assistive technology that qugrts the simulated disability has not been attempted.

The present research proposal adsksthe previous gaps by investigating the effect
of a hand disability simulation oable bodied participants' usabiligyaluation of a
traditional input (i.e., muse) and a gestubmsed input devicddrawing on the task
technology fit (TTF) literaturel9, 20] and a framework on individuaéchnology fit
(ITF) applied toBCI [21], we will design adisability simulation that wilfestrict able
bodi ed p abilityitocnatprally uses aouse, but this without impacting the
use of the gesturbased deice investigated in this studyherefore, our first objec-
tive is to compare the usability evaluation between the mbased taski.g., low
ITF) and the gesturbased taski.g., high ITF) to validate our ITF desig&onsider-
ing extant approaches andetheed for neurophysiological insightie will use task
performance, EEG theta band intartical coherence, and seéported measures to
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compare the two inputedice® usability respectively according tbe following di-
mensionsz) input deviceeffectiveress 2) input device efficiency and 3) user satis-
faction withthe input deviceCorrespondingly, we predict that, as compared with the
mouse control, the gestubased inputs will allowparticipantsto achievesuperior

task performance (i.e., higher etfiveness)with bettermotor efficiency, in associa-
tion with increased intecortical coherence between motor and sensory processing
regions, andncreased selfeported satisfaction with the technolo@ur second and
main objective is to show that whatle bodied participants can first experience the
limit of their normal input cotrols (.e., mouse and keyboards) with a disability simu-
lation prior to testing an assistive technology well suited for their simulated disability,
their perception and thusvduation of this technology may be positively influenced
as they can fully gragsits usability. Therefore, we further predict that the order in
which the experimental tasks are performed will affect the extent to which the assis-
tive technology has an eahdng effect on the satisfaction dimension of usability.
More specifically, we xpect that the ratings of perceptions and attitudes towards the
gesturebased input device will be more positive when the gediased task follows

the mousebased task thawhen it precedes it.

Methods
Input Technologies

The two inputtechnologies that will be compared in this study are a traditional
mouse, and the leap motion controller (LMC). The LMG ipopulargesturebased
systemtargetinghand and finger movement$his device uses three infrared LED
lights and two infrared camas to track the position and movements of defined ob-
jects like hands, fingers, or tools that are within a range of approximately 25 to 600
millimeters above it32, 23 (See Fig. 1)HCI reseach has validatedhe LMC as a
contactfree pointing deviceising standard tests such as the Fitts paradigm or the ISO
92419 serial pointselection taskq2, 23 24, 25, 2¢. This test provides a widely

recognized metric in research and in the industrg,Aht t s® t hroughput,

bines measures of movement tindestance and accuracy with a pointing devi2).|

The Fitts paradigm is applicable to the pointing and dragging interactions of various
standard devices, including a mouse, trackball, stgluspntactfree devices like the
LMC [23, 24. Research companj the usability of the LMC to traditional mouse
input by ablebodied participants have generally shown superior task performance,
with higher efficiency and satisfactio@4, 27].

Disability Simulation

Disability simulations in HCI include reduced dentie and tactile loss with a splint

or special glove, or reduced vision and audition with eye patches or earphid<[1

15]. It may appear ironic to use a gestbsed control as an assisttechnology for

a user with motor disability. However, itiilmportant to distinguish severely impaired
users, who could be supported by systems like BCI, and moderately impaired users,
who could be using part of their motor function. As an example disadility simu-

whi

c h
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lation that could impede the use of a traditiomause but would be supported by the
LMC is the Cambridge simulation glove®d. This glove could allow restricting the
ability to grip and use a mouse without affecting LMC control with dpard move-
ments (See Fig. 2).

Task

As mentioned earlier, thieitts paradigm or the 1ISO 924l serial pointselection task

has beerraditionally used to compare and assess novel pointing devices if2BICI

24] (See Fig. 1)In this task,users need thorizontally move a cursor to click on
instrumental targets wiei the distance between the two targets and their horizontal
size vary from one click to another. Using the LMC, the serial gsmlgction task has
typically been performed with a pointing §er(i.e.,the index). The LMC also allows
using our open hant control the direction of a cursor in a 2D plane with wrist flex-
ion and rotation. Therefore, the ISO 92@ terial poiniselection task is well suited to
address our research question. Othees that could be of interest to our research are
a game or anore naturalistic interface navigation or communication task. Indeed,
while the LMC was not specifically designed for disabled users, this tool has been
widely used as ¢herapydriven seriouggame for hand rehabilitatiorf29, 30, 31, 32,

33, 34. These games involve open hand gestures that are based on specific hand
motor rehabilitation therapy movemen®]3o control objectsd.g.,plane or ball) in a

3D environment39] or to perform a draimg task. Some games also allow recording
performance nteics (e.g.,score, time to complete) that can be gathered via Applica-
tion Programming Interfaces (APIs)JR

L B.00 om
IR LED /Q\ IR LED ﬁ‘\ IHLEDi -3
y

N g J

IR Cafnera IR Cafnera

Serial Task

1.50cm

D—mrm—
«~—w—> —w—

750 ¢

Fig. 1. The left image shbWs the LMC features and dimensions in centime@rs [2
The right image shows the Fitts paradigm or the 1SO 924krial poiniselection
task with a given distance (D) between the targets with given widthZ¥Y)) [

Experimental Design

We propose a twdactor withinsubjectexperimentwith repeated measuresing a
samplesize of 20able bodiedparticipants Thefirst experimental factor will be the
input technology, and more specifically tkesktechnologyfit determined by the
extent to which either the mouse or the LMC is adapted for theptaébrmed with a
simulatedhanddisability. The seond factor will be the order in which the technolo-
gies are experienced.
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Fig. 2. Experimental design that consists of two blocks (mouse and LMC) of three
iterations of the same task. A usability scale is administefied each block. The
order of theblocks and task assignment within them are randomized. Both blocks are
performed with the same disability simulation glove.

Subjective Measurement

Our usability scale focuses on the broad category of satisfaction, wglieteimined

by perceptions and t#tides towards the technologf?2]. Therefore, we will select
guestionnaire items borrowed from IS literature on InforomatTechnology (IT)
perception and acceptanfes, 36, self-efficacy [37, 3§, and task or individual-
technology fit[19, 20, 2]. We will assess the following variables: Perceived Useful-
ness (PU) and Ease of Use (PEOU) as the extent to which the user believes that using
the technology enhances his or her task performance (4 items), and the extent to
which the user believes that usitige technology is free from effort (5 itemsS9;
Self-Efficacy (SE) as the extent to which the user believes that he or she has the abil-
ity to accomplish the task (3 items€, 37, 3§ Perceived Individualechnology Ri

(PITF) the extent to which theser believes that he or she has characteristics that
match with the technology to enable its use (1 itert); [3atisfaction (S) as the ex-

tent to which the user is satisfied with the technology (1 item); and Intentioecto R
ommend (IR) the technology fan individual that has similar motor disability as the
one simulated by the splint (1 item).

Objective Measurement

We will assessask performance via Fitihroughput for theéSO 92419 serial point
selection task, andther performance metricd.€., score) for the navigation game or
task. We will also record EEG signals at a 500 Hz sampling frequency using a 32
channel BrainVision Recorder system (Brain Products GmH)will measure theta
bandinter-cortical coherene asan index of neural efforefated topsychomotor effi-
ciency. This will allow us to infer the efficiency of the technology in achieving the
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task.

Anticipated analysis

Our two hypotheses will be investigated using a single repeated measures (RM)

ANOVA sepaately for each dependantrva a bl e: Fittsd throughput

mance), intercortical coherence (psychomotor efficiency), and the six satisfaction
subscales (PU, PEOU, SE, PTTF, S, IR).

Expected Contributions

In line with the call for societal conbutions in NeurolS researci39], this proposal
aims at testing a novel disability simulation approach to impair traditional input (
mouse) in order to enhance the perception of assistive technology bioaialé
participants in usability evaluatio By addressing an extension of the disability para-
dox [2], the results of this study may show that vaelsigned disability simulations
and scenarios can positively influence usability evaluation byladdéed paitipants

of assistive technologies. CargLently, this may lead to the emergence of richer and
more valid insights from able bodied participants that will contribute to the develop-
ment ofcontextually relevardccessibility guidelines.

Finally, we hope tat the proposed design will allow fuethinvestigation with non
invasive brain stimulation methods. Transcranial direct current stimulation (tDCS) is
a type of neuromodulation that delivers a constant and low direct current on the head
via electrodes antlas been used in few NeurolS studié® @1, 4. Related to this
research proposal, a recent systematic review andanatgsis recently revealed the
potential for Anodal tDCS in increasing measures of cognitive empathy experienced
by healthy adults imab experiments43]. Therefore, it maye interesting to explore

the potential of tDCS n positively influencing abl
towards disabled people, and thus their perception of an assistive technology as they
perform a computebased task with a disability simulatiom@Swas also shown to
enhance motor learning, é@rhas important applications in rehabilitation purposes,
including training for recovery of motor functions after a strok4, [45, 46. Alt-

hough the LMC has been widely used as therapy for motor functiahikiédtion [29,

30, 31, 32, 33, 34 no researc has explored the potential of combining both tDCS
and LMC. Therefore, this study may pave the way to the development of novel thera-
py for motor dysfunction recovery.
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Abstract. At this stageempirical studies in the NeurolS field have been con-
ducted primarily in laboratory environmenktowever,the continuing advanse

in sensor technologies and software interfaces have createdoppegtunities

to explore the potential of NeurolS not only in hightyntrolled lab environ-
ments but also in the wild. In thexploratorystudy, we focus particularly on
the potential ofconducting NeurolS studies imemote home environments
(NeurolS@Home) by physically sending equipme(g.g., sensordp the partic-

i patfotabios andfont i | i zing existing equipment
ronment (e.g. cameras, input devicesfo expbre the potential of Neu-
rolS@Home we conducted an onlinexpert savey with 16 respondest We
identify higher externdécological validity ofexperimentaresultsandthe po-
tential of scalabilityasthe most promising opportunitieehereashe lack of
control over envionmental factorand data qualitfurned out to béhe most
severe challenges

Keywords: NeurolS -Expet Survey: NeurolS@{ome:- Home Environments

Introduction

Over thepast fifteen yearscholars in the field dileurolShave built on Buroscience
theories, methods, and todtsadvance our theoreticahd practical understanding of
the development, adoption, and impacirdbrmation systemi various application
domaing[1, 2]. Notwithstanding the insighttat have been gaindédbm thispioneer-
ing work, it is important to note #t up to this pointNewolS studies have primarily
relied on experiments in controlled lab environmgRis3]. It is safe to state thatis
reliance on controlled lab environments is inherently linked to the technical and
methodological requirementsf neurophysiological measurementsowever, com-
plementing the controlledngironment of lab experiments with expednts in less
controlled evironmentsin the wild (e.g., online, field)can allow researchers tmn-
sider different aspects of validitizach form of experimentation manifests in different
levels ofinternal, exteral, and ecological validityknown as thei t h-homed di-
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| e mm[d]oAgainst this backdrop, it is not surprising that there have been repeated
calls in the NeurolS field for condunt more experiments in the wil@, 5].
In this paper, we explompportunities anghallengesof conducting NeurolS stud-
ies n the wild, particularly in remote home environments whi ch we cal l ANeu-
r ol S @H tnstead db participants coming to a laboratory, all necessary equipment
along with instructionsvould be sehout to the participats and/or participants use
their own sensor equipment tmnduct he experiment remotelwithout onsite re-
search staffe.g,i n t he plaomae).Therehy,ave buidson the recent devel-
opments in the proliferation of consurgmade sensor technol@s (e.g., heart rate
measurements usirgartwatche$3]) and analytics librariese(g, eye tracking and
remote photglethysmography from consumgrade webcams([6]). Beyond that
shutdowns due to the@VID-19 pandemiémpede or even prevent data collection in
laboratorieq7], further drivingthe exploration otomplementary approacheutside
conventional lab facilitiesTo investigatethe potential ofNeurolS@Homéan more
detail we have conductedan exploratoryonline expert surveyBased on theppatu-
nities and challenges identified % expertswe derivesuperordinate categories in
an iterative proceshats hed | i ght on the expertsd current vi

Background

Most NeumlS studiesperformed in thegpastdecaderely on laboratoryexperiments
employing highend equipmenf2], therebyprofiting from a range ofmethodological
advantagesassociated with controlled laboratory conditiGnsiost prominentlyhigh
internal validity Complementary to thesmnventional studies, there have also been
efforts to conducNeurolSstudiesin field settingg8, 9]. Therebythe use oportable
consumeigrade devicese.g.,to assesheart rate variability HRV) [10], eye move-
ments[11, 12] and everelectroencephalography (EE@@)3] was proposed téacili-
tateNeurolS experiments in the wildlthoughtechnology is developmrapidly and
such devies are alreadwidely available their adogion in NeurolS researcts still
scarcewhich raises the question of why researchers are still reluctant to conduct such
studies at large scal&herefore, it isessentiakto explore reserche r @dsiderations
with regard taconducting NeurolS studies the wild

One setting for conductingguch remoteNeurolS studiesould beto serd out
equipment and instructions to the participants and let them cotithiekperiments
on their own (e.g & home) or evenlet them use their own devices to collect dzda
suggested bfb]. Following the NeurolSresearch framewosdintroducedby [14] and
[15], thiswill mainly affecttheidentificationof research questior(e.g.,allowing for
investigaion of situations thatannot be simulated ithe lab) the experimental de-
sign(e.g.,needtotak@ ar t i c i p aintd esedduntandgrolvisiondf apgropriate
assistance andthe data collection(e.g., regardinghe choice ofdevices, trouble-
shooting strategiesndensuring data qualityjseeFig 2). Naturally,conducting Neu-
rolS studies in remote home environmewt§ come with its own opportunities but
also challenges within each of thgseaseshat neal to be considered in an early
stageof developing appropriataethods and tools.
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NeurolS@Home Experiments

Package from the Participant’s
NeuroISresearcher personaldevices

Identify research Bm@ t_he Design the Conduct the experiment, lntergret the Discuss the
A theoretical = experimental )
questions foundation experiment collect and analyze data data results

Fig 2. Phases in thBleurolSresearctiramework[14, 15]potentially affected by
NeurolS@Homeexperiments

Expert Survey

To explorethe potential of Neurol@Home we conducted aonnline expertsurvey

We invited 24 colleagues from our scientific network who at least conduotesl

experimentusing NeurolS tool$o participae, from whom 16filled out the survey

On averageit took 13.3 minutes to complete the suyvand among our respondents

were 6 professors, 5 postdoctoral researcBePhD. studentsand 2 master students
Expertise: After a short introductiorof the survey aims respondentsvere asked

to state theiexpertisein 8 commonlyusedNeurolS tool$ taken from[1] (on a scale

from 1 (very low) to 10 (very high)orfi n o e x)ple out sarspiegxpertie was

highest inEye Tracking(13 respondent® with rating> 5), followed by SCR(12, 4),

ECG (11, 7), EEG(11, 5), fEMG (8, 0), fMRI (7, 1), PET(6, 1), andMEG (6, 1).

Two respondentstated expertisewith further tools Photoplethysmography, Func-

tiond NearInfrared Spectroscopy, Functional Magnetic Resonance Spectroscopy).

All experts reported expertiseth at least one of thimolsfor which wearablesensors

exist suchthatthey canbe mnsideredelevant forthe NeurdS@Homescenarid(i.e.,

Eye Tracking, SCR, fEMG, ECGor EEG). Further 37% of our samplehad experi-

ence in conducting WeurolS experiment outside a controlled &atvironment
Scenario: The following scenariovas preented to the respondent$iPleaseémag-

ine that you have a promisinigsearch idea that involves using a neurophysiological

tool to conduct an experiment. As an alternative to inviting participants to a laborato-

ry, one of your colleagues pitches the ideguball the necessary equnent along

with instructions in a boxrad send it out to a participant. In this setup, you should let

the participants conduct the experiment remotel)
Challenges & Opportunities: Based on the sceria, respondentsvere askedo

shareat least thre@pportunities ad challengeshey seewith respect to thelescribed

NeurolS@Home scenaridOut of their points mentioned, the respondents were then

asked to choose the two most severe challenges as smék &wvo mostpromising

opportunitiesIn total, we received 57 gmrtunities M (SD) per respondent: 4.3 (1.4))

and 69 challenges (3.6 (1)byvhichwereclassifiedin an iterative proceduray three

1 NeurolStools: Eye Tracking, Ski€onductance Response (SCR), Facial Electagraphy (fEMG,
Electrocardiogram (ECG), Functional Magnetic Resonance Imaging (fM&djtréh Emission Tomog-
raphy (PET), Electroencephalography (EEG), Magnetoencephalography (MEG).
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researcherOverall, the procedure resulted &6 catgories(see Talke 1) of which5
are linked toopportunities, o challengesand 4that are associated with botthéd-
lengegopportunitienot matching any categar ended up irthe categoryther).

Table 1. Summary of catemized challenges and opportunities.

challenges (most opportunities (most

category sewre // induced by  promising // induced total
the scenario) by the scenario)

external/ ecological validity 17 (1411 9) 17
convenience/ease of participation 7112 7
independence of lab infrastructure 4(21/11)

new reseait questions 3(/1)

longitudinal studies 2(1/1) 2
data quality 14 (9//5) 14
lack of control 13 (7 //'5) 13
equipmentlamagée loss 7 (3113) 7
logistics 6 (11/2) 6
setp (installation, calibration, sensor attachme 6 (3//0) 6
hard / software requirements 3(2117) 3
remote troubleshootingsupport 3(1//0 3
data transfer, securityprivacy, sovereignty 7(414) 3(0/10) 10
scalability 1a/9 9(61//1) 10
participant/ sample diversity 1(01/1) 5(2112)

costs 1(1/71) 1(0/0) 2
other 7(1/14 6(2/12) 13
total 69 57 126

Whereas mosbpportunities are covered lilge categoriegxternal/ecological va-
lidity, convenience/eaof participation, andindependence of lab infrastructymost
challengesrefer todata quality lack of contro] andequipment damage/lasdowev-
er, the opportunitiesn connection withincreased external/ecological validityere
considered the most prising (e.g.,expers me nt i oned fisluersrso uanrdtiinfgioc i a l

orafir educed i ntashenefiteeTeemost beveaescidallenges arensie

thedata quality(e.g, duetofii ncreased noise in dpanda0 or #fAincreas
lack of experimentacontrol,i ncl udi ng di fferent kicnds of Ai ssu
adherence to the experimental protocol 06 as well

mental conditions (light, temperature, noise, @iBpsidesfour categories contaed
both, challengesand opportunities For instancethe categorydata transfer, seciy
ty/privacy, and sovereigntyncludes, on the one handcthallengesegardingprivacy
concerns or data transmission, but, on the other,lmgmbrtunitiesregardingpartici-
pantsobtainingcortrol and awareness of data being collectegrthermorethe po-
tenial of scalabilitywasratedasthe second most promisimgportunity, but also as a
challenge by onexpert if for instancean institution only owns a limited number of
devicesto send at. Additionally, ®veral expertdhighlighted the opportunity to in-
crease theamplediversity(e.g.,recruit persons who would generally not come to the
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lab due todistance special needglisability, or time constraints)put one also stated
that a self-selection biasmight be increasedn such asetting The categoryother
contains statements containing topics that only occurred once andtcositbt be
grouped with any other statemeniéeverthelessnotableaspects were brought qut
such aghechallengeaddressingthé necessity to simplify
as well as the opportunity &fh i g h e r, relsy of elextrodes are avoided by defi-
ni t i o nnereagedangtdim trust in NeurolS experimentswhich certainly de-
serve attention

Corcerning the most sesre challenges, wasked therespondentso think about
measures that could be taken to remedyctialengeAll but three experts stated that
they have ideas abostichmeasuresThese encompaswery clearinstructions, re-
motecamerasurveillance insurancespr depositsamong others

Since we areaware of thabpportunities and challenges may be dependent on the
respective NeurolS tootespondentshould reflect orwhich NeurolS too$ (out of
the tools relevant for NeurolS@Home esmove) they apply or whether they are
induced by theverall scerario. Table 1 reports the number of challenges and oppor-
tunities within each categorgxplicitly labeled asnduced by the scenari®verall
this applies to 2@®ut of the 69challengeg38%) and 19out of the 57opportunities
(33%). We further find that20 challengeq29%) and 13 opportunities(23%) were
marked as being related to all toolable 3 in the appendiksts detailed results on
how the categorized challenges and opportuniglesertoindividual tools.

experi men

Relevance:Table 2showsfurther resultsindicating thathee x per t dikéli- st at ed

hoodto conductNeurolS@Homexperimentsvithin their own researctfiHow likely
is it that you would apply the approach of conducting NeurolSrerpets remotely

(e.g. at the parti ¢ingensedn thenextyeansanjithaitre t he fut ure?

overall potential( Do you see any potential in the approach of condudtiagrolS

experiments remotely ( @])sutedhighestintcaseusipgar t i ci pant

alab is impossibleThe stated likelihoodHhat the potential will change within the next
five years( How likely is it that the potential will change within ehnext five
years® )s mixed among the surveyed expeMsost of them auethat tedinological
advancesffecting costavailability, handhg, etc, might influence their assessment
in this regard

Finally, we were interestedther e spondent 6s view on a
io in which participants collect data videir own hardware (e.g., smartwatches,
webcams) Expected advantagerdude the potential to collect more daless ad-
ministrative effor{ and more realistic settingsHowever, theyalso raiseconceris
about thdower data qualityof these devices compartmestablished NeurolS tools.

o
(2]

slightly
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Table 2. Descriptivestatisticsexploring thepotential of NeurolS@Home

Answers on7-point Likert Scale

Question 1/2 /3,45 |67 M SD
Likelihood to apply Neu- < 1years 8/ 2/0|0 3/ 3|0]281 213
rolS@Homein future

(1 =veryunlikely | 7 =very 1-5 years 6 1 0 1 3 3 2 | 3.69 | 2.36
likely) > 5 years 6 | 2/ 0|0 11| 6394 275
Potential of Neu- !n case using a lab 1111 3 13 6 519 191
rolS@Home is impossible

(1 =very low potential ¥ = | as complement to

very high potential) lab experiments 2|02 2]5]4)506]189

as general alterna-
tiveto labexperi- | 2 | 3 | 1| 2 | 1 4| 3| 431|214
ments
Likelihood that potential will change within
next five years? 1 4|1 |3|2)3|2]413| 190
(1 =very unlikely |7 =very likely)

Future Research

Even though the present study providesumber of intriguing considerations re-
garding the challenges and opportunities of NeurolS@Home, further research is re-
quired to address the subject matfes.a nextstep a follow-up suvey could expand
the insights of the present study by recruitan¢prger sampleof NeurolS experts
Further, weargue thatbnly if NeurolS@Home styddesignstake into account the
participants needsesearchersan benefit greatly from theew opportuntiesfor their
research purpose$hus it will be equally importahto consider the participant per-
spective on theotential of NeurolS@HomeBY recruiting bothexperiencedi.e.,
participants of a previous NeurolS study in the lab)l inexperiencedsubpgcts and
contrasting these insights with the perspective of Neuscot®las, future research
can develop a&omprehensive antolistic understandingof the potential of Neu-
rolS@Home The extracted knowledge may serve astarting point to iteratively
develop asetof guidelines and best practickes conductingNeurolS@+tbme studies
As indicated by theexpertswithin the survey, thealternativescenario ofincluding
participant® own sensor equipmeiistead of sending oube toolscould bear high
potental for future NeurolS investigation§Ve seeit as a integra part of Neu-
rolS@Homethat we only touched slightly within ¢hpresenpaper

Concluding Note

While at this stage the majoritf empirical NeurolS studies have been conducted in
laboratory enironments, recent technical and societal developments around sensor
technologies, software interfaces, and social distancing have sparked a debate around
how NeurolS research can be conédcin the wild.In this study, we reported the
results of an expla@tory expert survey on the potential of conductiggnoteNeu-
rolS@HomeexperimentsGiven ths workd exploratory nature, we acknowledge that

the identified challenges and opportunities @oé necessarily mutually exclusive and
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collectively exhaustive. Ithis vein, we see this work as a starting point and hope that
the identified challenges and opportunities will be valuable for researchers to itera-
tively develop methodological and techali@pproaches that reduce barriers for Neu-
rolS experiments in the ilW. Accompanyingother elements, this may contribute to
addresgigt h e fharrfed dilemma Further we acknowledge that with the cur-
rent state of technology, there are siljnificant challenges that limit the reliability

of neurophysiological measments in home environments. Nevertheless, it is likely
thatfurther technologicaadvancesould soorhelp toalleviate these concerns

Appendix: Further Results

Table 3. Relations between tools and challengegportunities

e

o ol

S 28

03l 5] 2| 9] ¢ =

Categay = %) o | w X € £
external / ecological validity 8 4 3 5 4 24 9
conveniencé ease of participation 5 3 1 4 4 17 2
independence of lab infrastructure 2 1 1 1 6 1
new research questions 2 - - - - 2 1
longitudinal studies - 1 - 1 - 2 1
data giality 9 3 1 3 3 19 5
lack of control 8 5 3 5 5 26 5
equipment damage / loss 5 4 5 5 5 24 3
logistics 4 3 3 4 3 17 2

tup (installation, calibration,
setup (installation, calibration, sensor 5 4 5 4 5 23 0
attachment)

hard / software requirements - 1 - 1 2 4 1
remote troubleshootgy support 3 2 2 2 2 11 0
data transfersecurity/ privacy, sovereignty 6 5 4 5 5 25 4
scalability 9 5 3 6 5 28 1
participant/ sample diversity 3 2 1 2 2 10 3
costs 1 - - 1 - 2 1
other 6 6 4 6 5 27 6
z 76 49 36 55 51 45
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Abstract. NeuwlS scholas increasingly rely ormore extensive andiverse
sensor datéo improve theunderstandin@f information systemi$) use and to
develop adaptive IS tha foster individual and organizatbnal productivity,
growth, and weHbeing Collecting suchdataoften requiresnultiple recording
devices which leads to inflated study costand decrease@xtenal validity due
to greaterintrusion in rauurd behavior To overcome ths problen, we investi-
gatedthe potential of usingrearoundthe-earelectrode arragapable of captur-
ing neural andcardiac activityfor detectingan adlitional set of variables,
nanely facial muscleadivity. We find that reading, speakingchewing, jaw
clenching, andsix posd emotionexpressionsan bedifferentiatel well by a
RandomForest classifierThe resllts are complemeed bythe presentation of
anopensourcesigna acquisition system Thereby, a economial approat for
naturalistc NeurolS resarch and artefactevelopment is provided.

Keywords: Fae Activity ADistal EMGAcEEGrid AOpenBCI ARandan Forest

Introduct ion

Obsening neurophysiologial and behaviorahctivity offers exciting possibiligslike
the supporbf productivity, persamal andsodal growth, ard general welbeing[1, 2].
This potentials enabled bypladng sensorson or neaaperson, whichcollect ddain
high temporalresolution andeattime. NeurolSresearcherkeverage tesedatato (1)
developbetterunderstanding®f IS use aceptarceand engageent[1]; or (2) for the
developmenof adaptivelS for the regulation oftatedike mental workloadstress or
flow [1, 2]. Despite he substantighdvancementsn the past decadd, 2], the obser-
vation of swch intangiblephenomena remains a major deage dueto the lack of
oneto-one relationships between physiological and psychologicaavas(3]. To
addessthesechallengs, there isan increasig consensusthat data collected from
multiple sensoss is requied [4, 5]. As NeurdS researchiequiresefficiency, mobility
and lowintrusivenes b realize externally validtudies, a multi-sensor approach js
however oftendifficult to implement
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To overcome thigproblem,we explorethe poential of extendig the known fea-
ture spacef arecently devebped wearablesensorcalled cEEGid [6]. cEEQids are
placed around the ear andnvenientlycollectneural and cardia activity [6, 7]. We
arguetha they have hie additionalcapability of collecting other variablesindicative
of mental and physicadtates, mmely facial macle activity patterndy captuing the
spatio-temporal progresens of electrical activitygeneratedfrom facial musclesTo
assess this potentjale conducteda controlled &boratory experimenin which par-
ticipantsrepeatedlyposd 12 different facial activities (FA) We find thata Random
Forestclassifier can differentite thee adivitiesto a promising degrewith an ave-
age Fiscoreof 0.77. Speaking,jaw clenching chewing yawning, andposedsmiling
can allbe detected withraavaage Fiscore of~0.85. These rsults higHight the
added potentiabf using he cEEGrid senasrs forthe unobtrusive study ofneural and
behaioral (facial) acivities and related phenomewé high inteest toNeurolSschol-
ars As an additbnal contributian, we showthat thesensr is usablewith a low-cost
opensourcebiosignal acqusition systemfor which the reproduction materialsare
madeavailable

Related Work

The cEEGrid areflexible, printed Ag/AgCl elecmdesarranged in a&-shapé array
to fit around he ear6] (seeFigure ). Thesesensordave been devealped tounob-
trusively am comfortably collect EEGlatain field settings enaling high-quality and
multiple hour EEGrecordings[6, 8 10]. So far the cEEGrids ave demastated
their ability to record typicaEEG patterrs related to visual stimulatiof6], auditory
stimulaion [8, 111 13], sleep stagdetection[7, 14, 15]andchanges in mental work-
load[16]. Furthermore the pssibility to extract an ECG tracefrom thecEEGrid data
hasbeen demonstratdd]. However the research on cEEGH has, up to nw, fo-
cused on answerinfyndamentaEEG mehodology questionsThe placementlose
to the faceand the numerows dispersed elenbddes led us to considef the activty of
muscles in the facean be collectethroughdistal EMG measurement.

Fig. 3. The cEEGrid recordingsystem. Left: Two cEEGricddlectrodesshowing the electrode
positions. Rght: The OpenBChbiosignalacquisitionboardwith cEEGrids.
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Distal EMG resarch has seemcreasinginterest for vaipus applications due to
the benefitof recoding a phenomenon of intere$tom less visibleor obtusive re-
cording sites.These pproaches opeta by the principle ofolume conduction to pick
up electical potentials thapropayake through the bodyA prime example of distal
EMG measuremeris theresard on affective facial expressiomecogniton. To in-
vestigae the detection of emotion expréss in real life, reseachers have, for in-
stance, employed thdgeement of edctrodeson the side of thédneadto successfully
differentiate eal fromposed smileand even related micrexpression$17]. Compa-
rably, there has beeincreasingresearch orthe earadjacen electrophyslogical
recording to pick uphe hearts electrical activty [7], orto record neural activity ém
inside or aroud the eaf6, 18]. Here, we follow the samedistal EMG principlesto
explore which faciamuscle ativity patterrs can be reliaby differentiated from each
other usingthe cEEGrids

Method

A controlled expement was conducteim collect datdor an FA classifer (see Hgure
2). Partidpantscompleed resting phasesperfornred maximum voluntary contraction
(jaw clenching, read aloudext passages, chewed gom, yawned,and mimicked
one of six décrete emotin expressions shown @areen(see exemplary instructions
in FHgure 3) Each tak was perfomedmultiple imesfor a few seconds with a three
secondbreak between coasutivetrials (see Figure 2 for th&ial counts and dura-
tions). Upon arrivd, participants wee informed about theecording ad signé the
consat form. Afterwards, the gelled &E&srids were attdead, and thesigmal quality
assessedlThen the experimenter fethe room and the experimentvas completed
autonomoushby the participantsData werecollectedfor five healtly participantq2
femde) in the age range of32o 37 (mean= 30).

Preparation Facial Activity Production Phase (Fixed Order)
Instructions (Reading) Eyes Closed Rest Eyes Open Rest Cross Eyes Open Rest Video
Welcome, (~60s) (708) (70) (70s)
Consent, ]
Sensor Attachment,

Demographic Survey Jaw Clenching Speaking Chewing Yawning
(40x 39) (2x 409) (40x 3s) (40x 3s)

I
Total Duration: ~35m L,{ Happy / Angry / Disgusted / Fear / Sadness / Surprise Face Expression (i.e. 6x Facial Emotion Expression)

(12x 4)

Fig. 4. Visualization of theexperimentprocedurewith phase duraticnard repetitions

The cEEGrids wereconneted to @ OpenBCICyton board wittDaisy shield(see
Figurel). The QpenBCl biosignal acqisition systen has beeintroduced to the mar-
ket in 2034. Since then, it has beémcreasingly useih scientific research thatseeks
to leveragemore accessible and flexible technoldgy cogritive-affective phenome-
nainvestigationand BCI developmen{19]. Thereby, it has so far been more readily

2 At the time ofwriting, almost 200 research artickusing the Open8I system are $itedon
themanufactures website:https//docs.openbci.com/citationkast rerieved 12.04.2
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employed in computer sciencesearchbut is now alscstarting to appear in the 1S
discipline [20]. The combinationof cEEGrids andOpenBCIl amffiers enablesthe
low-cost mobile biosignal acégition on B recordingchannelgtwo for reference and
groung. For this purpose,eledronics components an@D-printed enclcsures were
designedWhile thisnovelsetup meanthat two electrdes had to be left out fromeh
possible recordig sites (lere,channelL3 and R3), theuse ofthis opensource plat-
form allows for amuch les expensie (~1.500 USDinstead & ~8.000 USD) and
flexible (i.e., protayping friendly) recording solutionBoth aspectsare important
when comidering NeurolS research $eps and appli@tionsthat shouldbe usablen
various settigs and fowarious levés of scholarfs methodobgical experience

Fig. 3. Exemplaryscreenshotsf theinstructionsand reactionduring theposedyawning and
emotion expressios (here happy andlisgust)experimentphasesNotice how the cEEGrids
are na visible from ths frontal vew.

Each channel signalas frst meancenteed, thenbandpass(FIR 5-62 Hz) and
notch (50 Hz) filtered. Following, the signa were epochel using nonroverlapping
onesecondwindows We extrated a first feature setFS-signa) for each epch com-
prising the sum, maximum, Hursixporent [21], Petrosiarand Higuchi Fractl Di-
mension[22, 23], andthe Hjorth paranetersActivity, Mobility, and Complexity[24].
These features @ve chosen due to their signalsdéing properties and thejprevi-
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ous use iINEEG-based egnt detectiorj25, 26] Two additond feature sets were cre-
ated ttat additionaly include thesame features computed thefirst threeindepend-
ent component$lCs i consicered to capture the main muscleactivity of interest-
FS.signaiy), and the samteatures for allCs together wih median and SD statistics of
the rectified and smoothed ICsuysing a100ms sliding-window mediansmoothe on
the absolute signélsimilar to related distal fEMG wok [17] T FSs.an). Featuresvere
computed for ach chanal reailting in dataset with 128, 152, and 248eatures and
betweenl746and1966samples.

Results

As clasdfiers, RandomForest, Supp Vector Machine, AdaBoost, Logistic Regres-
sion, and a Muli-layer Perceptmowere testedEach clas§ier wastrained for a sing
participantto explore low well FA events can be detected onudbjectspecific level
throudh this relatively shat data colletion period(~30 minutes)Overdl, Random
Forest classifies with 100 teesshowed the best performee.To evduatethe mode
results stratified five-fold crosssamplingwas usedwith Syntheic Minority Over-
sampling(SMOTE) to account for te dataseimbabnce[27]. The pe&formance met-
rics reportedn Talle 1represent the werage ofall folds.

Table 4. Reslts of the clasifier for twelve classes, measured withe F1-score Valuesin
rows ae aggregate@cioss participnts M = Mean, SD= Standard DeviationMIN = Mini-
mum, MAX = Maximum

Speak
Happy
Angry

Chew
Yawn
Disgs
Fear
Sad
Surpr
Mean

Read
Rest
Z| Clench

FSi-signa T CrossFA Meanper Participant .37, .53, .56, .63, .64

SD .06 .12| 0.36| .09| .08| .09| .15| .14| .16| .14| .16| .12| .14
MIN | 47| 50| .11| 57| .67| .60] .52| .12| .04| .29| .28] .32| .37
MAX | .59| .80] .91| .81| .87| .81| .88| .48| .40| .60| .37| .59| .64
FSo-signai+ T CrossFA Meanper Participant .56, .62, .70, .70, .75

SD 20| .14 19| .12| .08| .04 .09| .13| .15| .09| .26| .10| .13
MIN | .49| 42| .47| .60| .65| .71| .67| .45| .25| .50| .49| .46| .56

M a7
SD .06/ .07| .05/ .08| .04| .04| .04| .05| .08| .06| .18| .03| .07
MIN .84\ 53| .81 .77\ .76| .72| .77| .60| .51| .68| .40| .75| .70
MAX | .97| .71| .93| .95| .88| .82| .89| .72| .70| .82| .78| .81| .80

The classifiation accuracyincreaseswith the inclusion of the additioh&eatures
with an improvemat of the gandmean Fiscae from0.54 to 0.77 The FAposes
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that benefited madrom theadditional features areeadng andemoton expressiors.
Overall, the FS i classifier candifferentiatethe 12 different FA to a promising de-
greewith an averagé&1-scoreof 0.77 (SD: 0.07). Thes scoresstill vary by FA type,
with activities involving largerfacial musclestrongly (e.g.,muscks close to the jaw
- masseteandzygomaticus rajor) showing better prediction scores.§.,clenching,
speakingchewirg, yawning ard smiling. An interestingfinding is also, that reading
shows high predictio accuray, a findingthat is likely basedmthe electricalactivity
generatd from eyemovenents. It has been previousuggestedhateye movements
might bedetectablewith cEEGrids[28]. In contrast FA that involvemoreand small-
erfacial mustes atthe cengr of the fa@ (e.g, corrugatorsuperciliiinvolved primari-
ly in expression ofanger) shows tle wedest predition scoes.

Discussion & Outlook

The preentedresults hidilight the addedpotentialof using thecEEGrid senars for
the unobtusive study ofbehavioral(facial) acivities ard related phenomena high
interest to theNeurolSfield. This potatial is alded to he dreadyuseful capabilies
of the cEHESrids to @pture neural and other physigical phenomenaWwith an aver-
ageF1 score of 0.77, the classfier is able to predict me of 12 differentposedFA
eventswell abare chance levePresetly, the detection apears most suitale for FA
evens based orlarge faial musclessuch aschewing,smiling, clenching and yawn-
ing. NeurdS scholas could, for instance usethe &EEGrids b investigaterelation-
ships betweenechnogress[2] and bruxsm or betweerilow experience andIS en-
joyment[29]. In contrast,the observation ofA eventseliant on smallermusclesand
musclesclose to the cater of the facewill require further invegjation. It could be
possible toextend the cEGrid system b includeeledrodeson the side of the face
(e.g.,on the temporalisnuscle closer tohe facg. These results are maspossible ©
the novelcombinaton of the OpenBCI biosignal acquisition boardhatihe cEEGrids
The materits needed to reprodudbe gstem are praded online®. Altogether this
system offes numerous dvantagegflexibility in sensoruse low cost,opensource
accesdo materials andAPIs) that enable thdevebpment ofNeurolS studies and
applications. Importantly, the ystem @n be sed in field esearch and allowfor
comfortable multimodal datacollection over the whole daj, 28].

To build on he ktter point 5 considerel the next most imponta step to further
evalwate theFA diagnostic potetial of the cEEGrids So far, onlythe detection of
controlled, posed FAactivities {.e., not natrrally occurringFA events) ha been in-
vestigatedIn natural s#ings, FA events are likely to occur uedthe influence of
variousconfourding effects and Ikely with higher variance and complexitThere-
fore, more investigation is needed tosassnot only the detection pintial in the
presence of confounding fact but to morecomprehensively assess thgdem’s
sensing proerties in tems of validity,reliability, sensitivity, diagnosticitypbjectivity
and intrusivenesi3]. Previous validation work on theompaahe signal qualityof
the OpenBCI amplifer to medical grade EEG syster{20, 31] and the cEEGrid
evaluaton studies that demonstrasegnd reliability and sensiivity to EEG phenome-

3 https://github.com/MKnierim/openbaieegrids
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na (that represent more subtle electrophysiological patternsthiedarge-amplitude
EMG pdterns invetigated here]6, 7] canalready be seen as a first pillar for the
usability of the systenAs afirst step, lab-based gperiments that include ttoetecta-
bility of both posed and naturallyccurringFA events (e.g, by induction of emotion
expression usingideo clipsi see[32]) should bepursued Afterwards,for an even
more complexfield study evaluatin, we proposdo leverge a interactive rachine
learning approacf33] that huilds on an irtial controlled classifier andsks partici-
pants occasionallwhethera particlar FA wasobservedcorrecty or asks atmut what
happe&ed when a unknownFA instancewas recognized. Through thiappioach
classifiers can beatativelyimproved without hawng partcipants to comiete diaries
or work with additional ser@rs. As an ircentive, paticipantscould use thedetecton
logs at the end of he study period to reflect on their experiencés.g, what made
them happyor what made tem grind their teethduring the dagi see e.g.[34]) and
to evaluate whethieor not the interactiveprocesshelpedbeconing more awareof a
particdar phenomenon(e.g, to awid clenchng their jaw). While the techrology can
improve further interms ofwearability, miniaturizationadvanemerts will makethis
tecmology genuinelywearableand usable in redif e at some poin{e.g.,integrated
into headphonesor simply with less visibleamplifier placemenjs For now, the cEE-
Grid-OpenBCl systemalready represeants a promising novel approachfor NeurolS
schdarsto observe neuralphysiological and behavioral actiyipatterns in a highly
flexible, convenient, andaccessile mannerin the lab and the field
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Abstract. Social mediahasrisen as one of the leadingdget allocation for
advertising within many firms, demonstraiiits increasing domamce of the
marketing mix.As such, many arporate entities have increased their presence
on social media platforms in recent yeaite seekto better understand the im-
pact of norconsumer generated conteon the social media user experience.
This study presents the application of electroenceyraphy touncover men-

tal activity by consumeravhen processing social mediantent.This regarch
continues from dargerstudy exploringhow consumergrocess content based
on the author of social media contelthile this extensionfocuses orunder-
starding how consumers process social media content based on the author of
the post it has implietions for further studies in humaomputer interaction
andcontent optimization

Keywords: Socialmedia- EEG- neuranarketing- contentgeneration

Introducti on

In recent yeargnarketing budgetary spending on advertising stocial media plat-
forms hadrastically increased over tragihal marketing mediumgl]. Over 97% of
companies havshiftedmarketing strategies to take advantage of social media within
their strategic approadR]. As companies increase their application of social media
tactics, departmental participation has alsdéesed. The responsibility of rehing
consumers via sa&i media spans botmarketers and salespeople producing content
(e.g, salesperson generated content (SGC), and marketer generated content (MGC))
on behalf of the compan]. While influencer and celebrity marketing have an es-
tablished track record within marketing, advertisimgnd promotions, salesperson
socialmeda content presents a new paigan [4].

Overall, he goals of this project ar®: 1) determine if users are cognitively
aware of the author of a post when engaging with social media codtentderstand
areas of attention anmbgnitive load astiimpactsuser experiences with cial media
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content posta by a variety of stakeholderand3) refine the process fateveloping
and disseminating contentore effectivelyvia social media This research is driven
by the increase of social media contantalternative stakeholders lenaging con-
tent within seial media platforms throughout the sales profeks

This research is informed bylargerstudy conducted using the-$prt method
and semistructured interviewsThe larger study seeks assess if consumers evaluate
the author of social media contentaadetermination for engagementlere, we look
to neuolS tools toprovide insightsaboutuser cognition of whads posting social
media content. As the increase in stakeholder participation evolves, the research ques-
t i o nDo custonters differentiate satimedia content based on the aothof the
post®d needs to be addressed. Although many insightse gathered, the order in
which respondents saw various elements of content om#regal processing of the
respondentvasunable to beleterminedHence we launched this extension to more
closely examine comsner engagement with social media content usiggrolStools
as a complement to the traditional qualitative data

Constructs such as emotion anognitive load hee received increased focus
whereneurolS tools are most effective at eatting key insight§6, 7]. The use of
neurolStools suchaselectroencephalography (EEGahbeen establishext a com-
plementary tool to more traditional methods such as interviews and obserf&jtion
Continuing with this research and adding EEG will not only help us answebdkie a
research question, but alscopide additional nderstanding of the user experience
and human behavior when engaging with social media content.

Historically, braincomputer interface (BCI) tools have been a means of provid-
ing communication and envinmertal control to people with seve motor disabilies
[9]. However, in recent years, they have also been used to assetsstates10].

In this gudy, we leverage passive BEbnceptd11] to gaina deeper understanding
of participants within the ort exercise as conductedtlive largerstudy. In adition

to understanding brain activatignse are interested in what elementsafia media
posts attract user atition (i.e, the profile name, the #hashtags, caption, or media).
This paper represents an exploratory extension ussugolStools to understand the
mental processing of consumers of social media content to helpighedn results
from a larger stug

Social Mediaand Content Generation

Kaplan and Haenliedefine social mediasa fia g r o u-pased Bpplicant er net
tions that build onthe ideological and technical foundations of Web 2.0, and that
allow the creation anexchange of usegenerated contetifp.61)[12]. However, this
conceptualization of social media omits content types notrgéed by standard users.
According to Kaplan and Haenlein for content to be conslesergeneratedt must
meet theethree criterial) published publicly or to a select group of people, 2) crea-
tive, and 3) outside of professional purposes. To aeh@lthree of these criteria,
ignores content created and published for professmrabses.
Based on the aforemeatiednarrative it is clear that social media is no longer
limited to a social, casual consumer activity. Social networglatformsalso provide
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a community where consumers can interact with each other and comihiéd]
Corporatelevel involvement within social media platforms requires content genera-
tion, posting, and engagement on behalf of the company. This content can consist of
firm or campary representatives posting dgetcompany (i.efirm-generated content
(FGC) and compangenerated content (CGC]3, 15]. Other options include ar-
ketergenerated content (MG@)herecontentis generated by a marketer on behalf of
a company and salespersganerated coeht (SGC) where a salesperson leges
their own social media profile to build connections with customers on behalf of their
commny ds[lbl/land

Due to thencreaseof informationavailable to the modern ceumer, salespeople
must innovate rad find new ways to influence the sales process. Harrigan §8jl.
notes that social media provides a naditional means to facilitateusbmer relation-
ships andengage custoers. Social media establishes an alteweatonnection with
consumersand brings that relationship to the forefront of communicatl®). Thus,
the purpose of this study is to evaticonsumeiperceptions of sociahedia content
being used to sell to them.

Methodology

The objective of thetady is to evaluateonsumerengagement andognitive pro-
cessingof social media content in order to understand perceptions of cdntent-
thor. In the preliminary data collecth, seven(7) studentrespondentg§4 men, 3
women, ages 2@8) from a university in a southeastern metropolitan city who are
business majors participateRarticipants were gathered by offeringclass extra
credit and tk srowball effect.

Study responddswererecordedusingEEGto meaure theitmentalprocesseas
they completd three rounds of a Qort activity[20, 21] Eye tracking data was also
recorded using Tobii eye tracking glasgesvw.tobii.com) while regpondents viewed
and categorizd social media posts to understaaréas of focus and attention during
sorts (i.e, if they looked at the authors name to determine where they would catego-
rize that post). Participants of the study were asked to sort soaiia posts printed
on 8.5 x 1linch cards into categories oveethourse of three roundshereround 1
was they choose the categories, round 2: person or compadypund 3: salesper-
son or companyStudents were then interviewed regarding theggraical choices.

Here, we presermireliminary results based on juse EEG data indicating areas
of activation during the three roundsRe s pondent sé el ectrical brain
measured using aorrinvasive,16-channel researerade BioSemi ActiveTwdio-
amplifier systenon a laptop(http://www.cortechsolutions.com/Products/ Physiologi-
caldataacquisitiorBystemsActiveTwo.aspx) Active electrodeswere placed ona
stendardly-configuredelectrodecap to allow for the recording of brain activations
downsampledto 256 Hz using a @nmon Average Reference (CAR)he skteen
recorded channelwere: frontatpolar (Fpl, Fp2), frontatentral (FC3, FCz, FC4),
central (C3Cz, C4), temporabarietal (TP7TP8), parietal (P3, Pz, P4), and occipital
(01, 0z, 02)
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Preliminary Results

Datawas collected for m extensiorstudy ofsevenparticipants After visual inspec-
tion of EEG, ve analyzed theecordings from the sixteen chaats of scalp electrodes
using apreviouslyvalidated technique for brain localizatioalled standardized low
resolution brain electromagnetic tomography (SLORE[2®). These activations are
presented on fixed scale such that brightereas with yellow indicate highest levels
of activation. For each grouping of topological plots, the image on the top row in the
center is a backnd view of the brain whereas the image on the bottom row in the
center is arbnton view of the brain.Theow indicates thahigher activation in the
left hemisphere may indicat stronger positive approach to teémuluswhereas
higher activation in the right hemisphere may indicateegative approacko the
stimulus[23].

We may begin our understandingp#rticipantexperience while engaging in so-
cial media content using a qualitatilensby considering each participant as a case.
For example, w can see from the activation mapg-igure 1t h a t Participant 002086
experience changed across the three roumoiging from anegative approach to a
slightly more positive approach back to a negative approach with greatest levels of
activation focused in the frontal lobélhe frontal lobe is most associated withn-
scious thinkingjudgementand complex reasoningWe may appf this approach to
the remainingig participants

Y " ) A3 tAES
Sk { & i it {ﬁ}g i ;? ‘X ; \{@;:
e & 4 W o o
S od5
SR A8 5 S SRR L S 1 rifis, KA e >‘-\ l"ﬂ’"::.
v T3 | Ry 2 i s %Q:é" AL e ~—',k§,"
] N )5 )\ r! Y
Round 1 Round?2 Round3

Fig.1. Participant0 0 2aGesagedrain activations foeach oundof engagement with social
media content.

We may then take different view and examine particular round ad contrast
experiences across piaipants We found there were challenges in data collection
where weare nowonly able to delineate brain activations acritessecond and third
rounds for allparticipantsand gathered cleanest results of thed@t duing Round 3
Hence, in Figure 2 @/provide illustrations of averaged brain activations for all partic-
ipantsfor Round 3 In Round 3 participants had to determine if the content was gen-
erated byan individual salesperson or a compamarticipant002 appeased to expe-
rience greater levelof mental processing along the midline of the cortex than what
registered foother participants However,Participant 002 and 00doth appeared to
experience anegative approach to that roumdth highest activity in heir frontal
lobes. They arén contrast with Participan®03 and Participan®06 whose visual
centes were insteadmost activated Participant 007 who appeared to have a more
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neutral responsia the frontal lobeand Participant 008 whose sensorimoteaarost
associated with righhanded movementppeared to benost activated We might

then further dissect the data according to demographics or observations during the
rounds.
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Fig.2. Contrastingall participans brain activatios for Round3.

Table 1 showsheresults ofRound 3for the Qsort. Participantcategorzed
thirteen social media postsading toif the content was generated by an individual
salesperson or a compan®nly results for Participant 004 through 008 are reported
due b inconsistencies in data capture for Participants 002 andT0@8e aréncon-
sistent results across paipiants for nearly half of the social media posts. Particular-
ly, there are split results for posts numbered 3, 6, 9, afiB11IThese inconsisteies
may be reflective of the differences in the brain activations fordizaits 004
through008 This enourages further investigation to understand if individuals who
exhibit similar patterns of brain activation might also exhibit similar interpogtsiti
for social media categorizations.

Table 5. Round 3Q-sort results(l = individual salesperson, C = compaggnerated post)

#  Description Author Type 004 005 006 007 008

1 Multiple pictures made collage, wittaption ~ Salesperson | - | I |
2 Multiple pictures made collage, with captiol Salespeon C C | I |






































































































































































































































































































































































































































































































































































































