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Genderhinweis

Zur besseren Lesbarkeit wird in dieser Arbeit bei Personenbezeichnungen in der Regel die
grammatikalisch méannliche Form (generisches Maskulinum) verwendet. Diese Entschei-
dung dient ausschlieBlich der sprachlichen Vereinfachung und impliziert keinerlei inhaltli-
che Gewichtung. Selbstverstindlich sind damit stets alle Geschlechter gleichermafB3en adres-
siert — Frauen, Manner sowie nicht-binare Personen. Die gewihlte Sprachform soll aus-

driicklich alle Leserinnen und Leser gleichermaBen ansprechen und einschliefen.
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Motivation, Problemstellungen und Zielsetzungen

1 Einleitung

Die vorliegende Dissertation vereint zwei thematisch komplementare Forschungsfelder, die
die Konzeption und Umsetzung intelligenter Analysemethoden und Werkzeuge zur Er-
schlieBung der in digitalen, nutzergenerierten Daten vorliegenden Erkenntnisspotentiale
adressieren. Beide Forschungsstringe eint das Ziel, aktuelle Herausforderungen im Um-
gang mit diesen Daten durch den gezielten Einsatz von Methoden des Data Science sowie
der Kiinstlichen Intelligenz (KI) zu bewiltigen. Dabei wird ein besonderer Fokus auf die me-

thodische Fundierung sowie die praxisorientierte Umsetzung gelegt.

Im ersten Forschungsgebiet stehen 6konomische Fragestellungen im Vordergrund (vgl. Ka-
pitel 1.1.1). Untersucht wird, wie Daten aus sozialen Medien fiir die ErschlieBung der darin
enthaltenen Erkenntnisspotentiale zur Unterstiitzung marketingorientierter Entschei-
dungsprozesse operationalisiert werden konnen. Hierzu werden datengetriebene Analyse-
methoden und Werkzeuge konzipiert, implementiert und evaluiert, die es Unternehmen er-
moglichen, aus den unstrukturierten Kommunikationsdaten sozialer Medien verwertbare

Informationen abzuleiten.

Das zweite Forschungsgebiet erweitert die Perspektive um eine gesellschaftliche Dimension
und befasst sich mit der Entwicklung KI-gestiitzter Assistenzsysteme (vgl. Kapitel 1.1.2). Im
Zentrum steht die Gestaltung adaptiver, nutzerzentrierter digitaler Kommunikationsagen-
ten in den Bereichen der Augmentative and Alternative Communication (AAC)-Systeme

sowie der gesundheitsbezogenen Chatbots.

Beide Forschungsbereiche tragen somit zur methodischen (Weiter-)Entwicklung und prak-
tischen Anwendung digitaler Methoden und Werkzeuge im Bereich der Informationssys-
teme (IS) sowie angrenzender Forschungsdisziplinen bei. Sie zeigen exemplarisch, wie da-
tengetriebene Technologien sowohl unternehmerischen Mehrwert stiften als auch gesell-

schaftliche Inklusion und individuelle Autonomie fordern konnen.

1.1 Motivation, Problemstellungen und Zielsetzungen

Die nachfolgenden Unterkapitel bilden die inhaltliche Grundlage der beiden zentralen For-
schungsgebiete dieser Dissertation. Hierzu werden zunéchst die in der aktuellen Forschung
und Praxis vorherrschenden Problemstellungen systematisch aufgearbeitet, die bislang nur
unzureichend adressiert wurden. Ausgehend von diesen Herausforderungen werden klar
abgegrenzte Zielsetzungen formuliert, welche die im Rahmen dieser Dissertation verfolgten

Untersuchungen strukturieren und inhaltlich rahmen.
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1.1.1 Konzeption und Entwicklung kontextsensitiver Analyseverfahren

Soziale Medien haben sich in den letzten Jahren zu zentralen Infrastrukturen gesellschaftli-
cher Kommunikation entwickelt. Plattformen wie das soziale Kurznachrichten-Netzwerk X
(ehemals Twitter), diskussionsbasierte Foren wie Reddit oder Bewertungsportale wie Yelp
ermoglichen es Nutzern weltweit, Meinungen, Erfahrungen und Emotionen in Echtzeit 6f-
fentlich zu teilen (Hanna et al., 2011; Kietzmann et al., 2011). Daraus entstehen taglich
enorme Mengen sogenannter nutzergenerierter Inhalte (eng.: User-Generated Content,

UGQC), die weit iiber alltagliche Kommunikation hinausreichen.

In der wissenschaftlichen Literatur wird der Begriff ,,Social Media“ als Gruppe von internet-
basierten Anwendungen definiert, welche auf den ideologischen und technologischen
Grundlagen des Web 2.0 aufbauen und die Erstellung sowie den Austausch von UGC ermog-
lichen (Kaplan & Haenlein, 2010). Der hierdurch generierte UGC umfasst dabei bspw., wie
Menschen Produkte bewerten (Mir & Rehman, 2013), politische Entscheidungen kommen-
tieren (Inguanzo et al., 2021) oder auf gesellschaftliche Ereignisse reagieren (Wilson & Mi-
halcea, 2019) — und liefert dadurch aktuelle, kontextspezifische und umfassende Einblicke
mit unmittelbarem Bezug zum sozialen Alltag und Leben der Menschen. In seiner Gesamt-
heit fungiert UGC somit nicht nur als Ausdruck individueller Perspektiven, sondern kann
als Spiegel kollektiver Wahrnehmungen, geteilter Problemlagen und gesellschaftlicher

Stimmungsbilder gesehen werden.

Allein auf X werden taglich hunderte Millionen Beitrage veroffentlicht (Radaideh & Dweiri,
2024); ein Datenvolumen, das traditionelle Instrumente wie Befragungen oder Interviews
weder erfassen noch in Echtzeit auswerten konnen. Dieser dynamische und kontinuierlich
wachsende Datenstrom und die damit einhergehenden Potenziale zur Analyse der darin ent-
haltenen kollektiven Meinungs- und Stimmungsbilder, markiert einen epistemischen Wan-
del (Neuberger et al., 2023): Wissen iiber gesellschaftliche Trends oder unternehmensbezo-
gene Wahrnehmungen entsteht zunehmend nicht mehr nur durch klassische Erhebungsme-
thoden, sondern durch die Analyse digitaler Kommunikationsdaten — vorausgesetzt, es ste-

hen geeignete methodische Zuginge zur Verfiigung.

Genau hier zeigt sich die zentrale Herausforderung: Klassische Verfahren der Inhaltsana-
lyse, wie z.B. aus der Kommunikations- oder Sozialforschung (z. B. Mayring & Fenzl, 2019),
stoBen bei der Verarbeitung groBSer Mengen unstrukturierter Textdaten schnell an ihre
Grenzen. Sie sind weder fiir die Skalierung auf Massendaten noch fiir die Beriicksichtigung
kontextueller, semantischer und affektiver Dimensionen spezialisiert. Datenanalytische

Verfahren aus dem Bereich des Data Science — insbesondere des maschinellen Lernens (ML)
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— bieten hier neue Perspektiven. Sie ermoglichen es, groBe Mengen unstrukturierter Texte
automatisiert zu strukturieren, die darin enthaltenen thematischen Muster zu identifizieren
und so Bedeutungen im jeweiligen Kommunikationskontext zu erschlieBen (Shen et al.,
2023; Yan et al., 2014). Auf diese Weise wird ein strukturierter Zugang zu den bislang oft-
mals verborgenen Informationen innerhalb UGC geschaffen und so ein tieferes Verstandnis

digitaler Kommunikationsdynamiken ermoglicht.

Gleichzeitig zeigt sich mit Blick auf die aktuelle Forschung und Praxis, dass trotz der Poten-
ziale datenanalytischer Verfahren, deren tatsichliche Anwendbarkeit in vielen Anwen-
dungsfeldern begrenzt bleibt. Dies gilt insbesondere fiir dynamische, datenintensive Doma-
nen — wie z. B. dem Digitalen Marketing (Arora et al., 2022) —, in denen sich wettbewerbli-
che Rahmenbedingungen in hoher Geschwindigkeit verandern. Zwar existieren bereits zahl-
reiche Ansitze zur Analyse von UGC (vgl. z. B. Park et al., 2021, Bhor et al., 2018), doch sind
diese in ihrer methodischen Ausgestaltung oftmals nicht spezifisch auf die Anforderungen
der konkreten Nutzungsszenarien zugeschnitten (Reisenbichler & Reutterer, 2019). Hieraus
resultiert die Problematik, dass viele Verfahren entweder zu generisch, zu voraussetzungs-
reich oder zu unflexibel sind, um die semantischen Dynamiken digitaler Kommunikations-

daten adaquat abzubilden.

In der Folge entsteht eine methodische Liicke zwischen dem analytischen Potenzial groBer,
unstrukturierter Datenstrome an UGC und deren tatsachlicher domainspezifischer Nutz-
barmachung. Vor diesem Hintergrund ergibt sich eine {ibergreifende Problemstellung, wel-
che die Ausgangslage des ersten Forschungsgebiets dieser Dissertation markiert und das

Promotionsprojekt visionar leitet:

Die hohe Vielfdltigkeit datengetriebener Anwendungsbereiche fiihrt dazu, dass fiir viele
Problemstellungen keine hinreichend methodisch ausgereiften und praktisch umgesetz-
ten datenanalytischen Verfahren und softwaregestiitzte Werkzeuge existieren, die die je-
weiligen domdnenspezifischen Anforderungen gezielt adressieren. Daraus resultiert die
Notwendigkeit kontextsensitiver, skalierbarer und interpretierbarer Analyseansdtze

und Werkzeuge.

Mit dieser Problemstellung verbindet sich der Anspruch der Dissertation, methodisch-tech-
nische (Weiter-)Entwicklungen datenanalytischer Verfahren und Werkzeuge zu leisten und
diese entlang konkreter Anwendungsbedarfe neu zu denken, zu gestalten und zu evaluieren.
Die Dissertation verfolgt im ersten Forschungsgebiet dafiir insgesamt acht miteinander ver-

zahnte Zielsetzungen (ZS1 bis ZS8), auf welche folgend detailliert eingegangen wird.
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1. Forschungsgebiet: Herleitung der Zielsetzungen ZS1 bis ZS8.

Wihrend sich die Interaktion zwischen Unternehmen und Kunden traditionell auf klassi-
sche Kommunikationskanile wie Ladengeschift, E-Mail oder Telefon stiitzte, er6ffnen sozi-
ale Medien heute neue Moglichkeiten der unmittelbaren und o6ffentlichen Meinungsaufe-
rung. In sozialen Netzwerken kommunizieren Nutzer ihre Erfahrungen, Erwartungen und
Bewertungen zu Produkten und Dienstleistungen eines Unternehmens in Echtzeit und auf
breiter offentlicher Biihne. Diese spezielle Form der direkten, nutzergenerierten Kommuni-
kation wird in der einschlagigen Literatur unter dem Konzept der Voice of the Customer
(VoC) gefasst (Pande, 2014). Durch die Analyse der VoC wird es Unternehmen ermoglicht,
differenzierte Einblicke in die Bediirfnisse, Ideen und Probleme aktueller sowie potenzieller

Kundengruppen zu gewinnen (Hong et al., 2012; Lozano et al., 2017).

Gerade im digitalen Marketing ergeben sich durch die Analyse solcher VoC-Daten grof3e Po-
tenziale. So konnen Wahrnehmungen identifiziert, ihre zeitliche Entwicklung nachvollzogen
und konkrete Riickschliisse auf Produktbewertungen oder Markenwahrnehmungen gezo-
gen werden (Cirqueira et al., 2017; Irawan et al., 2020; Endo et al., 2015). In einem zuneh-
mend dynamischen und wettbewerbsintensiven Marktumfeld stellt dieser friihzeitige Er-
kenntnisgewinn einen zentralen strategischen Wettbewerbsfaktor dar (vgl. Zhong & Schwei-

del, 2020; Park et al., 2021).

Die ErschlieBung dieser Erkenntnisspotentiale ist jedoch mit erheblichen Herausforderun-
gen verbunden. So liegen die Kommunikationsdaten in unstrukturierter Form vor, sind in-
haltlich dynamisch und kontextsensitiv. In der Praxis kommen zur Analyse dieser VOC-Da-
ten bislang vor allem schlagwortbasierte Verfahren zum Einsatz; z. B. im Rahmen gingiger
Social Listening Tools wie Brandwatch, Meltwater oder Symanto. Diese Tools stiitzen sich
auf die Frequenz vordefinierter Begriffe oder Hashtags (Lau et al., 2012), wodurch latente
Kookkurrenzen verborgen bleiben und neue thematische Zusammenhinge nur unzu-

reichend erfasst werden konnen (Khan et al., 2021; Reisenbichler & Reutterer, 2019).

Vor diesem Hintergrund riicken datenanalytische Verfahren zur automatisierten Inhaltsan-
alyse — insbesondere Topic Modelling — zunehmend in den Fokus wissenschaftlicher und
praktischer Auseinandersetzungen. Topic Modelling erlaubt die probabilistische Identifika-
tion thematischer Strukturen in Textdaten, ohne dass zuvor manuell Schlagworter definiert
werden miissen (Blei, 2012). Damit eignet sich dieser Ansatz insbesondere fiir die Analyse

in explorativen Anwendungsszenarien mit hoher, heterogener Themenvielfalt und geringer
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Strukturierung (Crain et al., 2012; Debortoli et al., 2016; Reisenbichler & Reutterer, 2019).
Als Standardverfahren hat sich dabei insbesondere die Latent Dirichlet Allocation (LDA)
etabliert (Blei et al., 2003; Blei, 2012; Eickhoff & Neuss, 2017).

LDA stoBt jedoch im Rahmen marketingbezogener Anwendungsszenarien regelmafig an
methodische Grenzen. Das Modell beriicksichtigt weder externe Kontextfaktoren (z. B. zeit-
liche oder geografische Gegebenheiten) noch bildet es dynamische Entwicklungen oder hie-
rarchische Themenstrukturen addquat ab (Lozano et al., 2017; Zhang et al., 2016). Gerade
diese Anforderungen sind jedoch fiir viele doméanenspezifische Anwendungsfille im digita-
len Marketing essenziell (Bae et al. 2018; Ding et al. 2020; Endo et al. 2015; Ha et al. 2017;
Moro et al. 2020; Park et al. 2021). In der Folge wurde in der Forschung eine Vielzahl alter-

nativer oder erweiterter Modellvarianten entwickelt.

Trotz der wachsenden Methodenvielfalt mangelt es bislang jedoch an systematischen, ver-
gleichenden Analysen, welche diese Topic Modelling Verfahren im Hinblick auf die marke-
tingspezifischen Anforderungen (z. B. der Trendanalyse) evaluieren (Vakansky & Kumar,
2020). Diese fehlende Transparenz tiber Leistungsfahigkeit, Einsatzgrenzen und kontextu-
elle Passung verhindert eine fundierte und zielgerichtete Auswahl geeigneter Verfahren.
Hinzu kommt, dass ein GroBteil der in der Forschung vorgeschlagenen Verfahren bislang
auf konzeptioneller Ebene verbleiben. So existieren zwar zahlreiche theoretische Modellan-
satze des Topic Modelling, doch fehlt es haufig an praxistauglichen, implementierten Lo-
sungen. Entweder stehen keine lauffahigen Implementierungen zur Verfiigung oder ihre An-
wendung setzt technisches Fachwissen voraus, das in vielen Marketingabteilungen nicht in
ausreichendem MaBe vorhanden ist (Vayansky & Kumar, 2020; Worner et al., 2021). Diese
Hiirden erschweren die Nutzung von Topic Modelling und limitieren somit die methodische
Weiterentwicklung durch die fehlende ErschlieBung anwendungsbezogener Erkenntnisspo-

tentiale. Aus dieser Problemstellung ergibt sich die erste Zielsetzung dieser Dissertation:

Bezeichnung Zielsetzung 1 (ZS1)

Beschreibung Die systematische Evaluation bestehender Topic Modelling Verfahren
im Hinblick auf ihre Eignung zur Analyse von UGC im digitalen Mar-
keting. Ziel ist es, Transparenz iiber Leistungsfahigkeit, Einsatzgrenzen
und kontextuelle Passung unterschiedlicher Topic Modelling Verfah-
ren zu schaffen und deren Anwendbarkeit fiir konkrete Anwendungs-

szenarien (z. B. Trendanalyse) evidenzbasiert zu bewerten. Damit soll
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eine fundierte Entscheidungsgrundlage fiir die methodische Auswahl

geeigneter Verfahren geschaffen werden.

Abhdngigkeiten | Die Beantwortung dieser Zielsetzung informiert die Bearbeitung der
Zielsetzung ZS4 und ZS6, da die gewonnen Erkenntnisse mit in die
Entwicklung der darin adressierten softwaregestiitzten Werkzeuge ein-

flieBen.

Tabelle 1. Beschreibung der 1. Zielsetzung.

Neben der methodischen Auswahl geeigneter Verfahren zur marketingorientierten Erschlie-
Bung von VoC-Daten (vgl. ZS1) ergibt sich eine weiterfithrende Herausforderung: Die se-
mantische Tiefe der in der VoC artikulierten Inhalte ist oftmals nicht allein durch inhaltsbe-
zogene Analysen adidquat zu erfassen. (Digitale) Kommunikation entsteht nicht kontextfrei
— sie ist stets eingebettet in zeitliche, geografische und kulturelle Rahmenbedingungen, wel-
che die semantische Bedeutung einzelner Aussagen beeinflussen (vgl. Kegler et al., 2010;

Green, 2015).

Gerade im digitalen Marketing reicht eine rein inhaltliche Analyse deshalb haufig nicht aus,
um gewonnene Informationen aus VoC-Inhalten differenziert zu interpretieren. Wahrneh-
mungen und Bediirfnisse von Konsumenten im Hinblick auf Qualitit, Preis-Leistungs-Ver-
haltnisse, Serviceanspriiche oder Nachhaltigkeitsorientierungen variieren erheblich in Ab-
hangigkeit von regionalen, kulturellen und sozialen Faktoren (vgl. Cao et al., 2018; Cruz-
Albrecht et al., 2017; Dodds et al., 2011; Lim et al., 2018; Lin, 2014; Plunz et al., 2019;
Schwartz et al., 2019). Die Beriicksichtigung solcher Kontextdimensionen ist daher essenzi-
ell, um aus VoC-Daten nicht nur thematische, sondern auch kontextuell verankerte Erkennt-

nisse fiir spezifische Zielgruppen, Zeitraiume oder Kulturen zu gewinnen.

Obwohl digitale Plattformen kontextuelle Informationen (z. B. Zeitstempel, Standortdaten
oder demografische Merkmale), mangelt es bislang an datenanalytischen Verfahren, die
diese Kontextfaktoren automatisiert erfassen, strukturieren und in komplementire Analy-
seprozesse iiberfithren. Dies betrifft insbesondere dynamische Fragestellungen wie bspw.
die Analyse thematischer Entwicklungen im Zeitverlauf oder iiber verschiedene Lokationen
hinweg. Im Resultat bleiben kontextsensitive Erkenntnisspotentiale, welche z. B. zur zielge-
richteten Kundensegmentierung im Rahmen differenzierter Marketingkampagnen benotigt
werden, ungenutzt. Vor diesem Hintergrund adressiert die Dissertation eine zweite zentrale

Zielsetzung:
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Bezeichnung Zielsetzung 2 (ZS2)

Beschreibung Die Konzeption und Implementierung eines kontextsensitiven Analy-
severfahrens, das es ermoglicht, zeitliche, geografische und demografi-
sche Kontextdimensionen systematisch in UGC zu identifizieren, zu
extrahieren und in weiterfiihrende Analyseverfahren zu integrieren.
Ziel ist es, eine differenziertere Analyse der VoC durch die Integration
externer Kontextfaktoren (z. B. Zeit, Geolokation) zu ermoglichen, die

iber eine rein inhaltlich-thematische Perspektive hinausgeht.

Abhdngigkeiten | Die Beantwortung dieser Zielsetzung informiert die Bearbeitung der
Zielsetzung ZS4 und ZS6, da die gewonnen Erkenntnisse mit in die
Entwicklung der darin fokussierten softwaregestiitzten Werkzeuge ein-

flieBen.

Tabelle 2. Beschreibung der 2. Zielsetzung.

Gerade mit Blick auf die Analyse von Trends und deren zeitliche oder geografische Entwick-
lung ist die Anwendung geeigneter Analyseverfahren, welche die Integration externer Kon-
textfaktoren beriicksichtigen, von zentraler Bedeutung. Trends stellen komplexe, mehrdi-
mensionale Phinomene dar, die sich im Zeitverlauf entwickeln, transformieren und weitrei-
chende Auswirkungen auf gesellschaftliche und wirtschaftliche Strukturen entfalten kon-
nen. Fiir Unternehmen ergibt sich daraus die strategische Notwendigkeit, solche Entwick-
lungen friihzeitig zu identifizieren, kontinuierlich zu beobachten und in Entscheidungen zu

tiberfithren (Endo et al., 2015; Lozano et al., 2017).

Soziale Medien bieten in diesem Zusammenhang einen besonders wertvollen Resonanz-
raum: Sie erlauben es ihren Nutzern, neue Entwicklungen (z. B. in Bereichen wie Technolo-
gie oder Lifestyle) offen zu diskutieren und ihre Wahrnehmungen o6ffentlich zu teilen (Jeong
et al., 2019; Park et al., 2021; Yan et al., 2014). Dieser dynamische Diskurs ermoglicht es
Unternehmen, relevante Trendthemen zu identifizieren, ihre potenziellen Entwicklungs-
richtungen zu antizipieren und daraus Implikationen fiir die Gestaltung kiinftiger Leis-
tungsangebote abzuleiten (Tucker & Kim, 2011; Zhong & Schweidel, 2020). Die am Markt
verfligbaren Softwarelosungen zur Trendanalyse weisen in diesem Kontext jedoch deutliche
methodische und funktionale Einschrankungen auf (vgl. Worner et al., 2023). Insbesondere
fehlt es an der Moglichkeit, geografische (z. B. zur Unterscheidung lokationsabhingiger
Kundenwahrnehmungen), zeitliche (z. B. zur Beriicksichtigung saisonaler Effekte) und de-

mografische (z.B. zur Identifikation divergierender Anforderungen der Zielgruppen)
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Kontextfaktoren flexibel und anwendungsbezogen in die Analyse zu integrieren. Dabei hat
die Forschung gezeigt, dass sich die Wahrnehmungen von Kunden im Hinblick auf Produkte
und Dienstleistungen teilweise erheblich iiber verschiedene Kontextfaktoren hinweg unter-
scheiden (vgl. Bae et al., 2018; Ding et al., 2020; Endo et al., 2015; Ha et al., 2017; Moro et
al., 2020; Park et al., 2021). Im Resultat besteht ein klarer Bedarf an Trendanalysetools, die

die systematische Einbindung und Nutzung der Kontextfaktoren ermoglichen.

Neben dieser Beriicksichtigung kontextueller Einflussfaktoren miissen Trendanalysetools
weitere Anforderungen erfiillen, damit Marketingabteilungen die aus der VoC extrahierten
Informationen effektiv nutzen konnen (vgl. Worner et al., 2022; Worner et al., 2023). Eine
besonders zentrale Anforderung betrifft die Analyse der Tonalitdten. Fiir die Bewertung von
Trendthemen ist nicht nur entscheidend, wortiber gesprochen wird, sondern auch, wie dar-
tiber gesprochen wird. Erst durch die Analyse der in den VoC zum Ausdruck gebrachten
Stimmungen lassen sich Riickschliisse auf die Wahrnehmung und Akzeptanz bestimmter
Themen (z. B. spezifische Produkt- oder Servicemerkmale) ziehen. Verfahren der Sentimen-
tanalyse ermoglichen es, Themen nach ihrer Tonalitit zu klassifizieren — z. B. danach, ob sie
positiv, neutral oder negativ diskutiert werden (Irawan et al., 2020; Jeong et al., 20109;
Mastrogiacomo et al., 2021; Moro et al., 2020; Tucker & Kim, 2011). Diese Informationen
sind von zentraler Bedeutung, um fundierte Einschatzungen zur Kundenwahrnehmung zu

treffen und daraus strategisch relevante MaBnahmen abzuleiten.

Obwohl fiir einzelne Dimensionen der Trendanalyse, wie z. B. der Identifikation inhaltlich
diskutierter Themen (z. B. Topic Modelling) oder der tonalitatsbasierten Identifikation der
zugrundeliegenden Stimmungen (z. B. Sentimentanalyse), bereits spezialisierte Verfahren
existieren, fehlt es bislang an integrierten Losungen, die diese Analyseperspektiven in einem
ganzheitlichen Rahmen integrieren. Die derzeit verfiigbaren Analyseansitze zur Trendana-
lyse adressieren die relevanten Dimensionen lediglich isoliert — es existiert kein Tool, das
eine thematisch-kontextuelle und tonalititsbasierte Analyse von VoC-Daten in einem do-
manenspezifischen System vereint. Somit fehlt es bislang an einem Werkzeug zur (marke-
tinggetrieben) Trendanalyse, welches die damit einhergehenden Anforderungen umfassend
unterstiitzt. Daraus ergeben sich zwei aufeinander aufbauende Zielsetzungen, welche die
methodische Fundierung, die technische Umsetzung und die anwendungsbezogene Evalua-

tion eines datenanalytischen Werkzeugs zur marketingspezifischen Trendanalyse betreffen:
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Bezeichnung Zielsetzung 3 (ZS3)

Beschreibung Ableitung von Anforderungen an ein Trendanalysewerkzeuge mit dem
Ziel, ein marketingorientiertes, kontext- und tonalitatsbasiertes soft-
waregestiitztes Werkzeug auf Basis der Entwicklung und Kombination
moderner Data Science Verfahren (z. B. Topic Modelling, Sentimen-
tanalyse, Kontextanalyse) zu entwickeln, welches die ganzheitliche Be-

trachtung der relevanten Trendanalyseperspektiven ermoglicht.

Abhdngigkeiten | Die im Rahmen von ZS3 gewonnenen Erkenntnisse informieren die
nachfolgende Zielsetzung ZS4 durch die Bereitstellung eines Anforde-

rungsprofils des softwaregestiitzten Trendanalysewerkzeugs.

Tabelle 3. Beschreibung der 3. Zielsetzung.

Bezeichnung Zielsetzung 4 (ZS4)

Beschreibung Konzeption, prototypische Umsetzung und technische Evaluation ei-
nes integrierten Trendanalysewerkzeugs, das thematische, kontextu-
elle und tonalititsbasierte Analyseperspektiven integriert und dadurch

eine ganzheitliche, marketingrelevante Trendanalyse unterstiitzt.

Abhdngigkeiten | Die Beantwortung dieser Zielsetzung wird durch ZS1, ZS2 und ZS3 in-

formiert:

Die gewonnenen Erkenntnisse iiber die Leistungsfihigkeit der Topic
Modelling Verfahren (ZS1), die Entwicklung des Analyseverfahrens
zur Identifikation unterschiedlicher Kontextfaktoren (ZS2) sowie die
Anforderungen an ein solches softwaregestiitztes Werkzeug (ZS3) in-

formieren die Entwicklung dieses Trendanalysewerkzeuges.

Tabelle 4. Beschreibung der 4. Zielsetzung.

Insbesondere im Bereich der Produktentwicklung — einer spezifischen Anwendungsper-
spektive der Trendanalyse — ist es von zentraler Bedeutung, die in der VoC enthaltenen In-
formationen nicht nur thematisch zu erfassen, sondern auf Ebene spezifischer Produktei-
genschaften und Leistungsmerkmale differenziert zu analysieren. Nur durch diese Aspekt-
basierte Betrachtung wird erkennbar, welche konkreten Eigenschaften eines Produkts oder
einer Dienstleistung von Kunden wahrgenommen werden, welche Bediirfnisse mit ihnen
verkniipft sind und mit welchem Stimmungsbild diese Aspekte behaftet sind (vgl. Mirtalaie
et al., 2018; Tucker & Kim, 2011; Tuarob & Tucker, 2015; Vo et al., 2018).
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Eine geeignete methodische Kombination stellt in diesem Kontext der kombinierte Einsatz
von Topic Modelling und Aspekt-basierter Sentimentanalyse dar: Wahrend das Topic Mo-
delling die thematische Strukturierung und Extraktion relevanter Produktmerkmale ermog-
licht, erlaubt die anschlieBende Aspekt-basierte Sentimentanalyse eine differenzierte Ana-
lyse des Stimmungsbilds dieser Merkmale. Damit kann beispielsweise erfasst werden, ob z.
B. die Verarbeitungsqualitidt eines Produkts positiv, die Benutzerfreundlichkeit hingegen

negativ bewertet wird.

Das Potenzial Aspekt-basierter Sentimentanalysen zur Identifikation von Kundenwahrneh-
mungen zu spezifischen Produkt- und Leistungsaspekten wurde in der Wissenschaft und
Praxis bereits erkannt (Schouten & Frasincar, 2015; Tuarob & Tucker, 2015; Tucker & Kim,
2011) und hat zur Integration entsprechender Funktionen in am Markt verfiigbaren Trenda-
nalysetools gefiihrt (vgl. Worner et al., 2022). Allerdings zeigen sich bei diesen Tools nach
wie vor erhebliche Defizite: Insbesondere fehlt es bislang an Verfahren, die Kontextfaktoren
(z. B. Geolokationen, zeitliche Entwicklungen) flexibel und in ausreichender Granularitit in
die Analyse einbeziehen. Die daraus resultierenden produktbezogenen Trendanalysen blei-
ben dadurch haufig oberflachlich und kontextblind (Tuarob & Tucker, 2015).

Dariiber hinaus fehlt es den bestehenden Tools an der Fahigkeit, bereits vorliegendes, do-
manenspezifisches Wissen wie z. B. Produktinformationen in Form von Ontologien in die
Analyse zu integrieren. Gerade dieses strukturierte Expertenwissen bietet jedoch das Poten-
zial, besonders relevante Aspekte gezielt analytisch zu adressieren und semantische Zusam-
menhange damit zu verbinden, wodurch die analytische Tiefe und Relevanz der Trendana-
lyse gesteigert werden kann (Tuarob & Tucker, 2015; Tucker & Kim, 2011; Vo et al., 2018).
Vor diesem Hintergrund ist die Entwicklung eines Werkzeugs erforderlich, das sowohl in-
haltliche, kontextuelle als auch doméanenspezifische Analyseperspektiven (z. B. Analyse der
Tonalitat) integriert und eine ganzheitliche, Aspekt-basierte ErschlieBung der VoC-basier-

ten Erkenntnisspotentiale fiir die Produktentwicklung ermoglicht.

Bezeichnung Zielsetzung 5 (ZS5)

Beschreibung Ableitung von Anforderungen an ein Trendanalysewerkzeuge mit Blick
auf die spezifische Anwendungsperspektive der Produktentwicklung.
Ziel ist es, ein Aspekt-basiertes und kontext- bzw. tonalitatssensitives
Trendanalysewerkzeug durch die Entwicklung und Kombination mo-

derner Data Science Verfahren zu konzipieren, welches die Betrach-

tung spezifischer Produkt- und Leistungsaspekte ermdoglicht.
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Abhdngigkeiten | Die Beantwortung der Zielsetzung wird durch ZS3 und ZS4 informiert:

Die gewonnenen Erkenntnisse iiber die Anforderungen (genereller)
Trendanalysetools mit Marketingorientierung (ZS3) sowie die Kon-
zeption und Entwicklung des softwaregestiitzten Trendanalysewerk-
zeugs (ZS4) informieren die Konzeption dieses Trendanalysewerk-

zeuge vor dem Hintergrund der Produktentwicklung.

Die in der Bearbeitung der ZS5 gewonnenen Erkenntnisse informieren
die nachfolgende Zielsetzung ZS6 durch die Bereitstellung eines An-

forderungsprofils des umzusetzenden Trendanalysewerkzeugs.

Tabelle 5. Beschreibung der 5. Zielsetzung.

Bezeichnung Zielsetzung 6 (ZS6)

Beschreibung Konzeption, prototypische Entwicklung und Evaluation eines Trenda-
nalysewerkzeugs im Anwendungskontext der Produktentwicklung. Ziel
ist es, durch die Kombination moderner Data Science Verfahren (z. B.
Topic Modelling, Aspekt-basierte Sentimentanalyse, Word Embed-
dings) eine differenzierte Analyse der Kundenstimmungen gegeniiber
konkreten Produkt- und Leistungsaspekte — unter Beriicksichtigung
geografischer und zeitlicher Kontextfaktoren — zu ermoglichen. Auf
diese Weise soll eine ganzheitliche Analyse relevanter Merkmale von

Produkten und Dienstleistungen unterstiitzt werden.

Abhdngigkeiten | Die Beantwortung der Zielsetzung wird durch ZS1 bis ZS5 informiert:

Die gewonnenen Erkenntnisse iiber die Leistungsfihigkeit der Topic
Modelling Verfahren (ZS1) und die Entwicklung des Analyseansatzes
zur Identifikation unterschiedlicher Kontextfaktoren (ZS2) informie-
ren die Entwicklung dieses Trendanalysewerkzeugs. Zudem liefert die
Bearbeitung von ZS3 und ZS4 design- und entwicklungsbezogenes
Wissen, welches die Entwicklung dieses Trendanalysewerkzeuges zu-
satzlich informiert. Zuletzt liefern die Anforderungen an ein solches
softwaregestiitztes Werkzeug (ZS5) anwendungsbezogene Informatio-
nen, um das Analysewerkzeug zu konzipieren und technisch zu reali-

sieren.

Tabelle 6. Beschreibung der 6. Zielsetzung.
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Neben der Analyse der VoC zur Identifikation von Trendthemen, riickt mit Blick auf die Pro-
duktentwicklung eine weitere Anwendungsperspektive in den Fokus der ErschlieBung da-
tenanalytischer Erkenntnisspotentiale: die Identifikation relevanter Nutzergruppen, die
haufig diskutierte (Trend-)Themen friihzeitig erkennen, mitgestalten und verbreiten. Diese
Nutzer sind nicht nur Beobachter, sondern aktive Impulsgeber im digitalen Diskurs — mit
potenziell erheblichem Einfluss auf Innovationsprozesse im Rahmen der Produktentwick-

lung (Al-Zu'bi & Tsinopoulos, 2012; Brem et al., 2018; Ye & Kankanhalli, 2018).

Im Zentrum steht hierbei das Konzept der Lead User. Diese zeichnen sich durch eine vo-
rausschauende Bediirfniswahrnehmung, eine ausgepriagte Problemlosungskompetenz so-
wie einem breiten Wissen iiber innovative Themenfeldern aus (von Hippel, 1986; Hienerth
& Lettl, 2017). Thre friihzeitige Identifikation eréffnet Unternehmen die Moglichkeit, ex-
terne Wissensressourcen strategisch in interne Entwicklungs- und Innovationsprozesse zu
integrieren — mit dem Ziel, die Marktorientierung neuer Produkte und Dienstleistungen zu

steigern (Schaarschmidt et al., 2019; Al-Zu’bi & Tsinopoulos, 2012; Ye & Kankanhalli, 2018).

Die Herausforderung besteht jedoch darin, diese Nutzer in groBen, heterogenen digitalen
Netzwerken zu identifizieren. Vor allem im Kontext sozialer Medien — gepragt durch ein
hohes Kommunikationsvolumen — ist die Identifikation von Lead Usern einer der aufwan-
digsten und zugleich kritischsten Schritte innerhalb der Lead User Methode (Brem & Bil-
gram, 2015). In der Forschung wurden daher verschiedene Ansitze zur Identifikation von
Lead Usern entwickelt. Diese decken jedoch nur einzelne Aspekte des Problems ab. So fo-
kussieren sich viele Verfahren ausschlieBlich auf einzelne Lead User Merkmale wie die hohe
Aktivitat (Martinez-Torres, 2014) oder konnen aufgrund des manuellen Aufwands nur auf
eine begrenzte StichprobengroBen angewandt werden (Hau & Kang, 2016). Andere basieren
auf aufwandigen Umfragen, Beobachtungsdaten oder Selbstauskiinften (Brandtzaeg et al.,
2016; Hung et al., 2011; Tuunanen et al., 2011), was zu geringer empirischer Belastbarkeit
durch subjektiv-verzerrte Einschatzungen sowie hohem methodischen Aufwand fiihrt (Hie-
nerth & Lettl, 2017). Solche manuellen Ansatze widersprechen dem kurzfristigen, trendab-
hangigen Charakter der Lead User — was eine dynamische, datenbasierte Identifikation er-
forderlich macht. Im Resultat erfordert es einen Ansatz, der groe Mengen UGC vor dem
Hintergrund des Innovationsprozesses automatisiert analysieren und dabei alle in der For-
schungsliteratur beschriebenen Merkmale von Lead Usern systematisch beriicksichtigen
kann. Ein solcher Identifikationsansatz fehlt bislang in der aktuellen Forschung. Die metho-
dische Konzeption und die technische Realisierung dieses automatisierten Identifikations-

ansatzes begriinden die zwei abschlieBenden Zielsetzungen des ersten Forschungsgebiets:

11
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Bezeichnung Zielsetzung 7 (ZS7)

Beschreibung Ableitung und methodische Konzeption eines Anforderungsprofils fiir
die datenbasierte Identifikation von Lead Usern. Hierzu sollen zentrale
Lead User Merkmale (z. B. thematische Aktivitit, Trendsetter-Eigen-
schaft) in der Literatur identifiziert sowie systematisch modelliert und
softwaregestiitzt operationalisiert werden. Ziel ist es, diese Merkmale
in digitalen Kommunikationsdaten automatisiert zu erfassen und fiir

die softwaregestiitzte Lead Usern Identifikation nutzbar zu machen.

Abhdngigkeiten | Die im Rahmen der Bearbeitung der ZS7 gewonnenen Erkenntnisse in-
formieren die nachfolgende Zielsetzung ZS8 durch die Bereitstellung
eines methodischen Analyseansatzes, durch welchen die relevanten

Lead User Merkmale innerhalb des zu entwickelnden automatisierten

Analyseverfahrens technisch realisiert und operationalisiert werden.

Tabelle 7. Beschreibung der 7. Zielsetzung.

Bezeichnung Zielsetzung 8 (ZS8)

Beschreibung Entwicklung und Evaluation des konzipierten Analyseverfahrens zur
automatisierten Identifikation von Lead Usern auf Basis von UGC-Da-
ten. Der Ansatz soll multimethodische Analyseverfahren zu einem um-
fassenden Analysewerkzeug integrieren und dabei etablierte Data Sci-
ence Verfahren (z. B. Topic Modelling zur Trendanalyse, Sentimen-
tanalyse zur tonalitiatsbasierten Bewertung sowie Social Network Ana-
lysis (SNA) zur Abbildung der Netzwerkstrukturen) zur automatisier-

ten, merkmalbasierten Identifikation der Lead User kombinieren.

Abhdngigkeiten | Die Zielsetzung wird durch ZS4, ZS6 und ZS7 informiert:

Die gewonnenen Erkenntnisse im Rahmen der Bearbeitung von ZS4
und ZS6 liefern design- und entwicklungsbezogenes Wissen, welches
die Entwicklung dieses softwaregestiitzten Werkzeuges informiert.
Dariiber hinaus liefern die spezifischen Anforderungen des Identifika-
tionsverfahren (ZS7) relevante Informationen, um das Analysewerk-
zeug zur automatisierten Identifikation von Lead Usern zu konzipie-

ren, technisch zu realisieren und schlussendlich zu evaluieren.

Tabelle 8. Beschreibung der 8. Zielsetzung.
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1.1.2 Konzeption und Entwicklung intelligenter Assistenzsysteme

Wihrend das erste Forschungsgebiet dieser Dissertation einen 6konomisch gepragten Kon-
text betrachtet, erweitert das zweite Forschungsgebiet die Entwicklung datengetriebener
Analyseverfahren um eine gesellschaftliche Perspektive. Im Zentrum steht die Entwicklung
nutzerzentrierter KI-gestiitzter digitaler Assistenzsysteme, welche neue Formen der adapti-

ven und personalisierten Interaktion erméglichen sollen.

KI zahlt zu den bahnbrechendsten Themen des 21. Jahrhunderts und hat sowohl in der wis-
senschaftlichen Literatur (vgl. Lu et al., 2018; Russell et al., 2015) als auch in der gesell-
schaftlichen Diskussion (vgl. Fast & Horvitz, 2017) erhebliche Aufmerksamkeit erfahren. So
hat sich KI mittlerweile zu einem hochaktuellen Forschungsgegenstand entwickelt, der die
Art und Weise, wie wir Technologie nutzen, doméneniibergreifend revolutioniert hat. Laut
einer aktuellen Studie des Pew Research Centers sind Experten insbesondere von den Chan-
cen iiberzeugt, die KI in Bereichen wie dem Gesundheitswesen, der Automatisierung und

der Kommunikation bietet (Pew Research Center, 2025).

Trotz dieser Chancen sehen sich bestehende intelligente Assistenzsysteme noch immer vor
groBen Herausforderungen hinsichtlich der Nutzerzentrierung. Dies betrifft insbesondere
Anwendungen im Bereich der AAC und der digitalen Gesundheitsberatung. Trotz des KI-
basierten technologischen Fortschritts bestehen in vielen dieser Systemen noch immer Ein-
schrankungen hinsichtlich der individuellen Integration der Nutzer, worunter deren soziale
Anschlussfahigkeit und letztendlich deren Inklusionsfihigkeit geschmalert wird. Damit
bleibt das Potenzial bislang ungenutzt, generative KI nicht nur als funktionales Analyse-
werkzeug, sondern als individuelles, adaptives Kommunikationsmedium zu gestalten. Vor
diesem Hintergrund ergibt sich die iibergreifende Problemstellung, die das zweite For-

schungsgebiet dieser Dissertation motiviert:

Trotz des Fortschritts generativer KI fehlt es an fundierten Konzepten und funktionsfd-
higen Implementierungen, die es ermoglichen, nutzerbezogene Informationen systema-
tisch in personalisierte Assistenzsysteme zu tiberfiihren. Daraus resultiert die Notwen-
digkeit, intelligente Assistenzsysteme als adaptive, nutzerzentrierte Werkzeuge zur In-
klusions- und Gesundheitsforderung neu zu denken und diese zu konzipieren und tech-

nisch unter Zuhilfenahme generativer KI zu realisieren.

Die Dissertation verfolgt vor diesem Hintergrund vier inhaltlich aufeinander abgestimmte

Zielsetzungen (ZS9 bis ZS12), die im Folgenden detailliert erlautert werden.
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2. Forschungsgebiet: Herleitung der Zielsetzungen ZS9 bis ZS12.

Im Kontext menschlicher Kommunikation beschreibt Hourcade et al. (2004) den Austausch
von Gedanken, Bediirfnissen, Wiinschen und Gefiihlen, als eine grundlegende Eigenschaft
des Menschseins (vgl. Hourcade et al., 2004). Lautsprachliche Kommunikation wird dabei
als zentrales Instrument eines Individuums verstanden, um mit der Umwelt zu interagieren
(vgl. Fritzell, 1996; Kane et al., 2017; Pollak & Gallagher, 1989). Personen, die unter schwe-
ren korperlichen Behinderungen (z. B. Hirnverletzungen) oder Sprachstérungen wie Apha-
sie oder Autismus leiden, sind jedoch oft nicht in der Lage, ihre Muskulatur fiir die Lautbil-
dung in ausreichendem MaBe zu kontrollieren (Allen, 2005; Vanderheiden, 1983). Um die-
sen Menschen dennoch die Fahigkeit zur lautsprachlichen Kommunikation zu ermoglichen,
sind alternative Kommunikationsformen notwendig, welche verschiedene Strategien und
Techniken zur Forderung effektiver Kommunikation kombinieren (American Speech Lan-

guage Hearing Association, 1991).

Solche digitalen AAC-Systeme wurden entwickelt, um Menschen mit Sprachbehinderungen
die Moglichkeit zu bieten, lautsprachlich zu kommunizieren. Diese Softwareanwendungen
tibersetzen den Kommunikationsinhalt einer Person (generiert z.B. durch die Wahl entspre-
chender Piktogramm-Tasten oder der Tastaturfunktion [Mamlekar et al., 2023]) in Sprache
und verleihen den Betroffenen auf diese Weise eine Stimme, um ihre Gedanken, Wiinsche
und Bediirfnisse lautsprachlich zu artikulieren (vgl. Bradshaw, 2013). Der positive Einfluss
solcher AAC-Systeme auf das Kommunikationsverhalten von Menschen mit Sprachbehin-
derungen wurde bereits in mehreren Studien bestitigt (z. B. Brady, 2000; Desai et al., 2014;
Schepis et al., 1996). Dennoch weisen die bestehenden Systeme signifikante Probleme auf,
die den Nutzern in alltaglichen Gesprachssituationen Herausforderungen bereiten. Dazu ge-
horen langsame Gesprachsraten, ein hoher Aufwand bei der Erstellung von Beitragen und
die unzureichende Anpassung an die individuellen Bediirfnisse und Personlichkeiten der

Nutzer (Dempster et al., 2010; Laxmidas et al., 2021; Obiorah et al., 2021).

Ein zentrales Problem besteht in der fehlenden Kontextualisierung gegeniiber den unter-
schiedlichen Gesprachsphasen und -kontexten (Konadl et al., 2023). Derzeit ermoglichen es
AAC-Systeme ihren Nutzern nicht, ihre Aussagen oder ihren Kommunikationsstil flexibel
an den Kontext eines Gesprachs (z. B. in einer formellen oder informellen Situationen) oder
an die unterschiedlichen Phasen eines Gespriachs (z. B. den Beginn oder das Ende einer Un-
terhaltung) anzupassen. Diese Inflexibilitat fithrt zu einer mangelnden Personalisierung der

Kommunikation, da die Nutzer nicht in der Lage sind, ihre Kommunikation nach ihren
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individuellen Vorlieben an die jeweiligen Gesprachssituationen anzupassen. So kann es fiir
eine Person mit Sprachstorung bspw. bedeutend sein, sich in einem formellen Kontext be-
sonders prazise oder eloquent zu artikulieren, wihrend in einem informellen, legeren Um-
feld eine alltagsnahe und entspannendere Sprache bevorzugt werden konnte (vgl. Bedrosian
et al. 2003; Budde 2012; ElspaB 2018; Hoag et al. 2004; Todman & Alm 1997). Ohne die
Moglichkeit, diese Nuancen in der Kommunikation zu bertiicksichtigen, bleibt die Aus-
druckskraft des Nutzers eingeschrankt, was langfristig negative Auswirkungen auf seine All-

tagsinklusion haben kann.

Der Einsatz von KI verspricht vielversprechende Losungen, um diese Herausforderungen zu
adressieren. Obwohl bereits zahlreiche wissenschaftliche Arbeiten den Einsatz von KI im
Bereich der AAC-Systeme untersucht haben, fehlt es an einem strukturierten Uberblick iiber
die realisierten Potenziale und die noch unerforschten Moglichkeiten, KI zur Beriicksichti-
gung differenzierter Gesprichsphasen und -Kontexte zu nutzen. Ein solcher Uberblick kann
helfen, Forschungsliicken zu identifizieren und neue Losungsansitze zu entwickeln, die
AAC-Systeme konsequenter an den individuellen Kommunikationsbediirfnissen sprachbe-
hinderter Menschen ausrichten und so eine personlichere und authentischere Kommunika-

tion fordern. Die hieraus resultierende Zielsetzung ZSg ist wie folgt definiert:

Bezeichnung Zielsetzung 9 (ZS9)

Beschreibung Systematische Analyse der Potenziale KI-basierter Ansitze im Kontext
digitaler AAC-Systeme sowie deren bisherige Realisierung im Hinblick
auf Gesprachsphasen und -Kontexte. Ziel ist es, Einschrankungen be-
stehender Systeme hinsichtlich der Anpassungsfihigkeit an unter-
schiedliche kommunikative Kontexte (z. B. formelle vs. informelle) so-
wie Phasen eines Gesprichs (z. B. Anfang, Schluss) zu identifizieren
und einzuordnen. Auf dieser Grundlage sollen bestehende Forschungs-
liicken offengelegt und zentrale Anforderungen fiir die kontextsensi-
tive, personalisierte Entwicklung intelligenter Kommunikationsagen-

ten im Bereich der AAC abgeleitet werden.

Abhdngigkeiten | Die im Rahmen der Bearbeitung der ZS9 gewonnenen Erkenntnisse
tiber KI-Potenziale informieren die nachfolgenden Zielsetzung ZS10
und ZS11.

Tabelle 9. Beschreibung der 9. Zielsetzung.
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Die zuvor skizzierten Einschrankungen bestehender AAC-Systeme betreffen nicht nur die
mangelnde Adaptionsfahigkeit gegeniiber verschiedener Gespriachsphasen und -Kontexte
hinweg, sondern offenbaren eine grundsitzliche Schwiche im Hinblick auf die Personalisie-
rung von AAC-Systemen. In diesem Kontext bleibt auch die stilistische Anpassungsfahigkeit
an die individuelle Personlichkeit eines Nutzers in bestehenden AAC-Systemen bislang un-
beriicksichtigt. Jedoch wirken standardisierte Ausgaben haufig unpersonlich, stilistisch
starr und emotional entkoppelt (Elsahar et al., 2019; Light et al., 2021; Ascari et al., 2019).
Nutzer konnen sich somit zwar generell verstindlich machen, jedoch nicht in einer Weise,
die ihrer individuellen Personlichkeit und ihrer damit einhergehenden Ausdrucksweise ent-
spricht. Dabei ist Kommunikation weit mehr als Informationsiibertragung — sie dient der
Beziehungsgestaltung und der personlichen Selbstreprasentation (Greenaway et al., 2015;
Kane et al., 2017). Gerade fiir sprecheingeschrankte Menschen stellt diese fehlende Perso-

nalisierung eine Barriere fiir authentische Interaktion und gesellschaftliche Teilhabe dar.

Vor diesem Hintergrund gewinnt das Konzept der Digital Persona an Relevanz. Eine Digital
Persona ist eine datenbasierte, virtuelle Nutzerreprasentation, die dessen individuellen Ei-
genschaften abbildet und systemseitig modelliert (Clarke, 1994; Roosendaal, 2010). Im
AAC-Kontext konnten so individuelle Personlichkeitsmerkmale eines Nutzers modelliert
und systemseitig im Rahmen der Textgenerierung operationalisiert werden. So konnten ge-
nerierte Aussagen nicht nur funktional, sondern auch stilistisch kongruent zur Nutzeriden-
titat formuliert und so bspw. in Bezug auf Tonalitat oder Ausdrucksweise an die individuel-
len Nuancen des Nutzers angepasst werden. Wiahrend das Konzepte der Digital Persona bis-
lang vorrangig im Bereich virtueller Assistenten oder Avatare zum Einsatz kommt (Belk,

2013; Sims, 2017), fehlt im Bereich der AAC-Systeme bislang eine systematische Integration.

Gleichzeitig eroffnet der technologische Fortschritt generativer KI — insbesondere durch so-
genannte Large Language Models (LLMs) wie GPT-4 — neue Moglichkeiten: Diese Modelle
sind in der Lage, nicht nur kontextuell kohdrente, sondern auch stilistisch und emotional
variantenreiche Textvorschldge automatisiert zu generieren (Brown et al., 2020; Jiang et al.,
2023; Sorokovikova et al., 2024). Studien belegen, dass LLMs auf Basis von Nutzerprofilen
personalisierte Kommunikationsstile imitieren und dynamisch anpassen konnen (Serapio-
Garcia et al., 2023). Damit entsteht erstmals das Potenzial, automatisiert authentisch-per-
sonalisierte AuBerungen zu erzeugen, die sowohl in Inhalt als auch Form zur Personlichkeit
des jeweiligen Nutzers passen. Trotz dieser Potenziale fehlt es bislang an einem AAC-Sys-
tem, welches die individuelle Personlichkeit eines Nutzers modelliert und in die Generie-

rung personalisierter Kommunikationsbeitrage tiberfiihrt.
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Vor diesem Hintergrund setzt sich die vorliegende Dissertation das Ziel, das Potenzial gene-
rativer KI fiir die Entwicklung personalisierter AAC-Systeme systematisch zu untersuchen.
Dabei sollen bestehende technische, kommunikative und gestalterische Anforderungen
identifiziert und in ein integriertes AAC-Systemdesign iiberfiihrt werden. Auf dieser Basis
wird ein generatives AAC-System technisch umgesetzt und evaluiert, das individuelle, per-
sonlichkeitsbasierte Kommunikationsstile beriicksichtigen und somit eine stilistisch au-
thentische Kommunikation ermoglichen soll. Die hieraus resultierenden Zielsetzungen
7510 und ZS11 sind wie folgt definiert:

Bezeichnung Zielsetzung 10 (ZS10)

Beschreibung Konzeption eines Personlichkeits-getriebenen AAC-Systems, das indi-
viduelle kommunikative Ausdrucksweisen anhand der Personlichkeits-
merkmale der Nutzer systematisch beriicksichtigt. Ziel ist es, auf Basis
des Konzepts der Digital Persona ein integratives AAC-Systemdesign
zu entwickeln, das LLMs zur automatisierten Generierung stilistisch
authentischer und personlichkeitskongruenter Kommunikationsbei-
trage nutzt. Das System soll dabei in der Lage sein, sprachliche Stilpra-
ferenzen sowie individuelle Ausdrucksformen adaptiv abzubilden und

dynamisch an unterschiedliche Personlichkeitsmerkmale anzupassen.

Abhdngigkeiten | Die im Rahmen der Bearbeitung der ZS10 gewonnenen Erkenntnisse
iiber die konzeptuellen Anforderungen des zu entwickelnden AAC-Sys-

tems informieren die nachfolgende Zielsetzung ZS11.

Tabelle 10. Beschreibung der 10. Zielsetzung.
Bezeichnung Zielsetzung 11 (ZS11)
Beschreibung Entwicklung und Evaluation eines generativen KI-gestiitzten AAC-Pro-

totyps. Der zu entwickelnde Prototyp soll die Anforderungen (ZS10)
des Digital Persona Ansatzes in einem funktionalen AAC-System ope-
rationalisieren, das dadurch in der Lage ist, nutzerspezifische Person-

lichkeitsmerkmale in der Textgenerierung adaptiv abzubilden.

Abhdngigkeiten | Die im Rahmen der Bearbeitung der ZS10 gewonnenen Erkenntnisse
iiber die konzeptuellen Anforderungen des zu entwickelnden AAC-Sys-

tems informieren diese Zielsetzung.

Tabelle 11. Beschreibung der 11. Zielsetzung.
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Wihrend sich ZS9 bis ZS11 auf die personlichkeitsgetreue Generierung Kl-basierter Kom-
munikation im AAC-Kontext fokussieren, eréffnet die Anwendung von generativer KI eben-
falls im gesundheitsbezogenen Kontext grofe Potenziale. Insbesondere kann das Problem
der unzureichenden Personalisierung bestehender digitaler Gesundheitsanwendungen wie
im Bereich der Darmgesundheit adressiert werden. Aktuelle Softwarelosungen, insbeson-
dere regelbasierte Chatbots oder Apps mit vordefinierten Antwortmustern, sind haufig nicht
in der Lage, individuelle Symptome, Verhaltensweisen oder Kontexte angemessen zu be-
riicksichtigen. Dies erschwert eine zielgerichtete und wirksame Empfehlungserstellung, ins-
besondere in Bereichen, in denen physiologische, psychologische und lebensstilbezogene

Einflussfaktoren eng miteinander verwoben sind.

Vor dem Hintergrund der zunehmenden Bedeutung der Darmgesundheit — insbesondere im
Zusammenhang mit der sogenannten ,Darm-Hirn-Achse“ (vgl. Avetisyan et al., 2015) —
riickt die individuelle Unterstiitzung in diesem Gesundheitsbereich verstiarkt in den Fokus.
Der Zugang zu medizinischen Experten ist aufgrund des geringen Arzt-Patienten-Verhalt-
nisses haufig eingeschrankt (vgl. Houwen et al., 2019), wodurch sich ein wachsender Bedarf
an personalisierten Technologien ergibt, die individuelle Gesundheitsparameter erfassen,
interpretieren und nutzerspezifische Empfehlungen ableiten konnen. Gleichzeitig mangelt
es an systematischen Ansitzen zur Entwicklung solcher personalisierten Gesundheitsagen-
ten. Insbesondere fehlt es an Designwissen dariiber, wie die hierfiir notwendigen digitalen
Nutzerreprasentationen ausgestaltet sein miissen, um als Grundlage fiir eine effektive, ge-

sundheitsbezogene KI-gestiitzte Analyse dienen zu konnen.

Vor diesem Hintergrund zielt die letzte Zielsetzung (ZS12) darauf ab, die Potenziale genera-
tiver KI fiir gesundheitsbezogene, personalisierte Kommunikationsagenten im Bereich der
Darmgesundheit systematisch zu untersuchen. Aufbauend auf einer Literaturrecherche, ei-
ner Marktanalyse bestehender Gesundheits-Apps sowie User Stories soll ein konzeptionelles
Systemdesign eines solchen Agenten entwickelt werden. Im Zentrum steht dabei die Frage,
welche funktionalen Anforderungen durch diesen gesundheitsbezogenen Kommunikation-
sagenten erfiillt werden miissen, um durch eine maBgeschneiderte Digital Persona nutzer-

zentrierte Empfehlungen fiir die Darmgesundheit zu ermoglichen.

Die Zielsetzung umfasst dabei sowohl die Ableitung konkreter Designanforderungen als
auch die Entwicklung eines initialen Systemdesigns. Dieses soll als Ausgangspunkt fiir die
iterative Umsetzung eines funktionsfahigen Prototyps dienen, der perspektivisch unter Ein-
bezug potenzieller Endnutzer in realen Anwendungskontexten evaluiert werden kann. Mit

dieser Zielstellung wird der Forschungsgegenstand dieser Dissertation abschlieBend um
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eine gesundheitsbezogene Perspektive erweitert, die das Potenzial generativer KI fiir die

Forderung individueller Gesundheitskompetenz aufzeigt.

Bezeichnung

Zielsetzung 12 (ZS12)

Beschreibung

Konzeption eines Kommunikationsagenten auf Basis generativer KI
zur personalisierten Unterstiitzung der Darmgesundheit. Ziel ist es, ein
Systemdesign fiir einen nutzerzentrierten Kommunikationsagenten zu
entwickeln, der mithilfe einer Digital Persona individuelle Gesund-
heitsinformationen kontextsensitiv verarbeiten. Aufbauend auf einer
theoretisch-fundierten Literaturanalyse, einer explorativen Marktana-
lyse sowie auf User Stories sollen zentrale Anforderungen an ein sol-
ches System identifiziert und in ein initiales Systemkonzept iiberfiihrt

werden.

Abhdngigkeiten

Die Beantwortung dieser Zielsetzung wird durch ZS10 und ZS11 in-

formiert:

So flieBen die gewonnenen Erkenntnisse zum Konzept sowie der tech-
nischen Umsetzung der Digital Personas aus ZS10 und ZS11 ergianzend

in die Gestaltung dieses Systemdesigns ein.

Zudem soll das konzeptionelle Systemdesign als Grundlage zukiinftiger
Forschungsarbeiten fiir die iterative Umsetzung eines KI-gestiitzten
Gesundheitsagenten dienen, der praventive Gesundheitskompetenz
fordert und den Zugang zu personalisierter Gesundheitskommunika-

tion erleichtert.

Tabelle 12. Beschreibung der 12. Zielsetzung.
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1.1.3 Inhaltlich-strukturelle Wirkungszusammenhinge der Zielsetzungen

Die Zielsetzungen der Dissertation sind nicht isoliert zu betrachten, sondern folgen einer

konzeptionellen, inhaltlichen Struktur. So informieren Zielsetzungen, durch die im Rahmen

der Bearbeitung gewonnenen methodischen und anwendungsbezogenen Erkenntnisse, die

Grundlage zur Bearbeitung nachfolgender Zielsetzungen und bilden damit ein inhaltlich-

strukturelles Wirkungsverhaltnis. Dieses Wirkungsverhaltnis wird systematisch in Tabelle

13 dargestellt.
j " | ZS1 | 782 7ZS3 | ZS4 | ZS5 | ZS6 | ZS7 | ZS8 | ZS9 | ZS10 | ZS11 | ZS12
751 -
752 - -
7ZS3 - - -
754 - — — -
7S5 - - - - -
7S6 — — — — — -
ZS7 - - - - - - -
ZS8 - - - - - - - -
759 -
ZS10 - .
7511 — N -
7512 - — -
Legende
Die Bearbeitung der Zielsetzung i liefert wesentliche Erkenntnisse, welche die Be-
- arbeitung von Zielsetzung j inhaltlich fundieren bzw. methodisch unterstiitzen.
- Keine Beziehung.
|:| 1. Forschungsgebiet
|:| 2. Forschungsgebiet

Tabelle 13. Inhaltlich-strukturelle Wirkungszusammenhiinge der Zielsetzungen.
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1. Forschungsgebiet: Inhaltlich-strukturelle Verzahnung der Zielstellungen ZS1 bis

7ZS8 im Bereich der Entwicklung kontextsensitiver Analyseverfahren.

Die acht Zielstellungen des ersten Forschungsgebiets bauen inhaltlich aufeinander auf und
tragen sukzessive zur Konzeption, Implementierung und Evaluation softwaregestiitzter

Analyseverfahren und Werkzeuge zur Trend- bzw. Nutzeranalyse bei.

1. Zielsetzung. 751 bildet den methodischen Auftakt und adressiert die systematische
Evaluation bestehender Topic Modelling Verfahren hinsichtlich ihrer Eignung zur Analyse
von UGC im digitalen Marketing. Die hierbei gewonnenen Erkenntnisse iiber die Leistungs-
fahigkeit und kontextuelle Passung der Verfahren stellen eine essenzielle Entscheidungs-
grundlage fiir alle nachfolgenden Zielstellungen dar, in denen Topic Modelling integraler
Bestandteil softwaregestiitzter Analysetools ist. Insbesondere ZS4 und ZS6 profitieren di-
rekt von der fundierten Methodeneinschiatzung durch ZS1, da sie diese in die Entwicklung

der dort fokussierten Werkzeuge integrieren.

2, Zielsetzung. In engem inhaltlichen Zusammenhang dazu steht ZS2, in der ein Ana-
lyseverfahren zur systematischen Erfassung von Kontextfaktoren in UGC konzipiert und im-
plementiert wird. Die dort erarbeiteten Analyseverfahren zur Kontextmodellierung erwei-
tern die in ZS1 betrachtete, rein inhaltlich-themenorientierte Perspektive der UGC-Analyse
um eine zusatzliche semantische Tiefendimension und liefern einen entscheidenden Bau-

stein fiir die Entwicklung ganzheitlicher Analyseverfahren in ZS4 und ZS6.

3. Zielsetzung. 7S3 erweitert diese methodischen Grundlagen und fokussiert die Ablei-
tung von spezifischen Anforderungen an ein softwaregestiitztes Trendanalysewerkzeug im
Marketing. Diese Erkenntnisse (z. B. die Notwendigkeit einer Analyse der Tonalitit) bilden
das konzeptionelle Pflichtenheft fiir die anschlieBende technische Umsetzung des Analyse-

werkzeugs (ZS4).

4. Zielsetzung. 754 realisiert als direkte Fortsetzung von ZS3 die Konzeption, prototy-
pische Umsetzung und Evaluation eines integrierten Trendanalysewerkzeugs und profitiert
beim Systemdesign stark von den methodischen Grundlagen aus ZS1, ZS2 sowie ZS3. So
flieBen in das Systemdesign die aus ZS1 gewonnenen Erkenntnisse hinsichtlich der Leis-
tungsfiahigkeiten verschiedener Topic Modelling Verfahren, das in ZS2 entwickelte Kon-
textanalyseverfahren sowie die in ZS3 identifizierten marketingspezifischen Anforderungen

an das Trendanalysewerkzeug ein.
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5. Zielsetzung. Darauf auftbauend schlieBt ZS5 mit einer fokussierten Analyseperspek-
tive an. Aufbauend auf den Erkenntnissen hinsichtlich der Entwicklung solcher automati-
sierten Trendanalysewerkzeuge aus ZS3 und ZS4, zielt ZS5 auf die Anforderungsanalyse ei-
nes Werkzeugs zur Aspekt-basierten Trendanalyse im Kontext der Produktentwicklung ab.
Die gewonnenen Erkenntnisse bilden das konzeptionelle Pflichtenheft fiir die anschlieBende
technische Umsetzung des Aspekt-basierten Analysewerkzeugs und ermoglichen die Ent-
wicklung eines ganzheitlichen Trendanalysewerkzeugs, welches spezifisch an die Anforde-

rungen der Produktentwicklung ausgerichtet ist. (ZS6).

6. Zielsetzung. Die in ZS5 erarbeiteten Anforderungen hinsichtlich des Aspekt-basier-
ten Trendanalyseverfahrens flieBen wiederum in ZS6 ein, welche die technische Umsetzung
und die Evaluation des konzipierten Werkzeugs adressiert. ZS6 vereint damit das in ZS1 bis
7S5 aufgebaute Wissen zur Kontext-, Trend- und Sentimentanalyse zur Entwicklung des
softwaregestiitzten Trendanalysewerkzeuges im Rahmen der Produktentwicklung und mar-

kiert damit einen integrativen Meilenstein der Arbeit.

7. Zielsetzung. Parallel hierzu zielt ZS7 auf die systematische Modellierung und Opera-
tionalisierung relevanter Merkmale von Lead Usern ab, um eine datenbasierten Identifika-
tion der Lead User auf Basis objektivierbarer Eigenschaften zu erméglichen. Die dort entwi-
ckelten methodischen Konzepte zur Operationalisierung der unterschiedlichen Lead User

Merkmale dienen als methodische Grundlage fiir ZS8.

8. Zielsetzung. Z7S8 schlieft das erste Forschungsgebiet durch die Entwicklung und
Evaluation eines skalierbaren, multimethodischen Analyseverfahrens zur automatisierten
Lead User Identifikation. Neben den konzipierten Merkmalsmodellen aus ZS7 flieBen auch
die in ZS4 und ZS6 erarbeiteten Design- und Entwicklungserkenntnisse in ZS8 ein. Gerade
mit Blick auf die technische Umsetzung der Lead User Merkmale (z. B. Trendfiihrerschaft)
bieten die gewonnen Einblicke hinsichtlich der entwickelten Trendanalyseverfahren einen

groBen Mehrwert und informieren die Operationalisierung dieser Merkmale.

2. Forschungsgebiet: Inhaltlich-strukturelle Verzahnung der Zielstellungen ZS9 bis

ZS12 im Bereich KI-gestiitzter digitaler Assistenzsysteme.

Die vier Zielstellungen des zweiten Forschungsgebiets folgen einer inhaltlich abgestimmten
Forschungslogik, die von einer systematischen Analyse bestehender Defizite ausgeht und
iiber die konzeptionelle Modellierung digitaler Personlichkeitsreprasentationen bis hin zur
prototypischen Implementierung und Evaluation intelligenter Assistenzsysteme reicht.

Durch die Erweiterung um eine gesundheitsbezogene Perspektive wird die Relevanz

22




Inhaltlich-strukturelle Wirkungszusammenhinge der Zielsetzungen

generativer KI zudem nicht nur im Kontext der AAC, sondern auch im Hinblick auf perso-

nalisierte digitale Gesundheitsberatung adressiert.

9. Zielsetzung. 7S9 bildet den analytischen Ausgangspunkt dieses Forschungspfads.
Im Mittelpunkt steht die systematische Untersuchung bestehender AAC-Systeme hinsicht-
lich des darin realisierten Nutzungspotenzial von KI. Die Analyse fokussiert insbesondere
die Nutzungspotenziale im Hinblick auf die Anpassungsfahigkeit der AAC-Systeme an un-
terschiedliche Gespriachsphasen und -Kontexte. Diese Ergebnisse liefern zentrale Erkennt-
nisse iiber bestehende Forschungsliicken und ermoglichen so die Ableitung technischer und
methodischer Nutzungspotenziale von KI zur personalisierten Kommunikationsunterstiit-
zung. Damit legt ZS9 die konzeptionelle und empirische Grundlage fiir die anschlieBenden

Zielstellungen ZS10 und ZS11.

10. Zielsetzung. 78510 greift diese Erkenntnisspotentiale auf und erweitert den Wissens-
stand gezielt um die konzeptionellen Anforderungen an ein KI-basiertes AAC-System, das
individuelle Personlichkeitsmerkmale des Nutzers systematisch in der stilistischen Anpas-
sung der generierten Kommunikationsbeitrage beriicksichtigt. Durch die Konzeption einer
Digital AAC Persona wird ein integrativer Systemansatz entwickelt, der generative LLMs
zur stilistisch authentischen und personlichkeitsgetreuen Textgenerierung befiahigt. Die in
7510 entwickelten Anforderungen bilden wiederum die Grundlage fiir die nachfolgende

Umsetzung in ZS11.

11. Zielsetzung. Mit ZS11 miindet der Forschungsstrang in die praktische Umsetzung
und Evaluation des entwickelten Konzepts aus ZS10. Ziel ist die Entwicklung eines funkti-
onsfahigen Prototyps, der die zuvor definierten Anforderungen technisch umsetzt. Der Fo-
kus liegt hierbei auf der Beriicksichtigung nutzerspezifischer Personlichkeitsmerkmale bei
der automatisierten Textgenerierung. Damit soll ein AAC-System entstehen, das nicht nur
sprachliche Teilhabe ermoglicht, sondern auch authentische, individuell zugeschnittene

Kommunikation fordert.

12, Zielsetzung. Die abschlieBende Zielsetzung ZS12 erweitert den zuvor skizzierten For-
schungspfad um eine gesundheitsbezogene Anwendungsperspektive und untersucht das Po-
tenzial der Digital Personas im Kontext der digitalen Gesundheitsforderung. Im Mittelpunkt
steht die Konzeption eines personalisierten Kommunikationsagenten zur Unterstiitzung der
Darmgesundheit, welcher mittels generativer KI personalisierte, kontextsensitive Empfeh-
lungen formulieren soll. Die in ZS10 erarbeiteten Erkenntnisse iiber die konzeptionelle Aus-
gestaltung des personalisierten Analyseansatzes der Digital AAC Persona bilden dabei eine

zentrale theoretische Grundlage. Zugleich flieBen die in ZS11 gewonnenen Erkenntnisse zur

23




Inhaltlich-strukturelle Wirkungszusammenhinge der Zielsetzungen

system-technischen Operationalisierung der Digital AAC Persona in die Konzeption dieser
gesundheitsspezifischen Digital Persona mit ein. Damit wird der in ZS10 und ZS11 etablierte
Gestaltungsrahmen intelligenter, personalisierter Kommunikationssysteme in einen neuen
Anwendungskontext iibertragen, der die Digital Persona durch besondere Anforderungen

im Hinblick auf die personalisierte Gesundheitsberatung beleuchtet.

Insgesamt ergibt sich somit eine logisch vernetzte und iterativ aufgebaute Forschungsarchi-
tektur, bei der die Zielsetzungen systematisch auf den Ergebnissen vorangehender Zielset-
zungen aufbauen und diese weiterfiihren — sei es durch methodische Verfeinerung, kontex-
tuelle Spezialisierung oder softwaretechnische Umsetzung. So leistet die Dissertation durch
die Konzeption und Umsetzung intelligenter Analysemethoden und Werkzeuge zur Opera-
tionalisierung digitaler nutzergenerierter Daten einen schrittweisen Beitrag zur Erschlie-

Bung der darin enthaltenen Erkenntnispotentiale.

1.2 Ableitung der Forschungsfragen

Die Forschungsfragen FF1 bis FF13 sind als forschungsleitende Verdichtung zentraler Prob-
lemstellungen zu sehen, die im Rahmen der Zielstellungen systematisch bearbeitet werden.
Thre Formulierungen orientieren sich an den unterschiedlichen Anforderungsebenen der je-
weiligen Zielsetzungen — von methodischer Grundlagenarbeit iiber anwendungsbezogene
Systementwicklung bis hin zur Evaluation im Kontext konkreter Anwendungsszenarien. Sie
gewahrleisten damit sowohl inhaltliche Tiefe als auch empirische Anschlussfahigkeit und
bilden die argumentative Briicke zwischen der problemzentrierten Zielstruktur (vgl. Kapitel

1.1) und den Erkenntnisinteressen dieser Dissertation.

1. Forschungsgebiet: Konkretisierung der Zielstellungen ZS1 bis ZS8 in den For-

schungsfragen FF1 bis FF8.

Im ersten Forschungsgebiet werden acht Zielsetzungen (ZS1 bis ZS8) verfolgt. Diese ergeben
sich aus der iibergeordneten Problemstellung, dass bislang keine hinreichend kontextsensi-
tiven und skalierbaren Analysewerkzeuge existieren, um das Informationspotenzial in UGC
systematisch vor dem Hintergrund marketingspezifischer Anwendungsszenarien zu er-
schlieBen. Die bestehenden Ansitze sind hiufig entweder methodisch zu generisch, nicht
auf konkrete Anwendungsfelder zugeschnitten oder technisch schwer zugianglich. Daraus
ergibt sich die Notwendigkeit, datenanalytische Verfahren und Werkzeuge zu entwickeln,
die den doméanenspezifischen Anforderungen (z. B. zur Trendanalyse oder Lead User Iden-

tifikation) gerecht werden (vgl. Kapitel 1.1.1). Die acht Zielsetzungen greifen diese
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Problematik in einer strukturierten Weise auf und miinden jeweils in forschungsleitende

Fragestellungen, deren Herleitung im Folgenden beschrieben wird.

1. und 2. Forschungsfrage. ZSi1 adressiert die fehlende Vergleichbarkeit bestehender
Topic Modelling Techniken im Hinblick auf ihre Eignung zur Analyse von UGC im digitalen
Marketing. Wahrend zahlreiche methodische Varianten existieren, fehlt es bislang an einer
systematischen und praxisnahen Vergleichsstudie, die deren Einsatzgrenzen und Potenziale
im Kontext marketingorientierter Nutzungsszenarien (Trendanalyse, Themenextraktion
oder Inhaltsstrukturierung) bewertet. Diese Problematik fiihrt zur Formulierung der ersten
beiden Forschungsfragen. Die erste Frage FF1 zielt auf die Notwendigkeit ab, iiberhaupt erst
belastbare VergleichsmaBstibe zu entwickeln, die es erlauben, verschiedene Verfahren me-
thodisch und doméanenspezifisch sinnvoll zu evaluieren. Die zweite Frage FF2 ergibt sich
aus dem praktischen Bediirfnis, auf Basis dieses Evaluationsrahmens fundierte Empfehlun-
gen fiir konkrete marketingspezifische Anwendungen abzuleiten. Die Differenzierung nach
den drei Use Cases im Marketingbereich wurde dabei bewusst gewahlt, da sie jeweils unter-

schiedliche Anforderungen an die Modelllogik und Ergebnisinterpretation stellen.

1. Forschungsfrage (FF1)

Nach welchen Kriterien lassen sich unterschiedliche Topic Modelling Verfahren syste-
matisch vergleichen?

2, Forschungsfirage (FF2)

Welches Topic Modelling Verfahren eignet sich fiir die marketingbezogenen Anwen-
dungsfdlle (1) Trendanalyse, (2) Themenextraktion und (3) Inhaltsstrukturierung?

3. Forschungsfrage. ZS2 beschiftigt sich mit der bisher unzureichenden Berticksich-
tigung von Kontextfaktoren in der Analyse von UGC. Obwohl Plattformen wie X Metadaten
zu Zeit, Ort oder Endgeriten bereitstellen, werden diese bislang kaum analytisch genutzt —
insbesondere nicht in kombinierter Form. Die damit verbundenen Erkenntnispotenziale fiir
die kontextsensitive Analyse von UGC bleiben folglich weitgehend ungenutzt. Die daraus
abgeleitete Forschungsfrage FF3 greift diese doppelte Forschungsliicke auf. Zum einen wird
ein automatisiertes Analyseverfahren entwickelt und explizit angewandt, um zu bewerten,
ob eine kombinierte Analyse solcher Kontexte durch das entwickelte Verfahren die erhofften
kontextualisierten Einsichten erméglicht. Zum anderen wird untersucht, inwiefern techno-

logische und geographische Kontextfaktoren das Stimmungsbild in UGC beeinflussen. Die
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Frage ist also sowohl methodisch (Machbarkeit der Kontextanalyse) als auch deskriptiv

(Wirkung der Kontexte) motiviert.

3. Forschungsfrage (FF3)

Welchen Einfluss haben die Kontextfaktoren Betriebssysteme mobiler Endgerdte und der
geographische Kontext (Kontinente) auf die in sozialen Medien geduflerten Stimmungen,
und wie lassen sich diese Kontextfaktoren in kombinierter Form analysieren?

4. und 5. Forschungsfrage. ZS3und ZS4 befassen sich mit der Entwicklung eines soft-
waregestiitzten Trendanalysewerkzeugs, das in der Lage ist, inhaltliche, kontextuelle und
tonalitatsbasierte Perspektiven ganzheitlich zu integrieren. Wahrend ZS3 die Ableitung ei-
nes strukturierten Anforderungsprofils adressiert, stellt ZS4 die technische Umsetzung und
Evaluation des Werkzeugs ins Zentrum. Vor diesem Hintergrund behandelt die vierte For-
schungsfrage FF4, welche funktionalen und gestalterischen Anforderungen ein solches
Analysewerkzeug erfiillen muss. Die fiinfte, darauf aufbauende Forschungsfrage FFj5 fragt
nach der konkreten Gestaltung und Umsetzung eines entsprechenden Analysewerkzeugs.
Dadurch wird gepriift, ob auf Basis der Anforderungen tatsachlich ein funktionales, soft-
waregestiitztes Analysewerkzeug hervorgehen kann — ein Anspruch, den viele konzeptio-

nelle Arbeiten bislang nicht berticksichtigen.

4. Forschungsfrage (FF4)

Welche Designanforderungen muss ein Topic-Modelling-basiertes Trendanalysewerk-
zeug erfiillen, das die marketingbezogenen Nutzungsszenarien Produktentwicklung,
Kundenverhaltensanalyse und Markt-/Markenmonitoring unterstiitzt?

5. Forschungsfirage (FF5)

Wie ldsst sich ein solches Trendanalysewerkzeug technisch gestalten und implementie-
ren, und welche konkreten wissenschaftlichen sowie praktischen Beitrdge konnen dar-
aus abgeleitet werden?

6. Forschungsfrage.  Mit ZS5 und ZS6 verschiebt sich der Fokus auf die Anwendungs-
perspektive der Produktentwicklung. Im Zentrum steht die Frage, wie sich die Entwicklung
relevanter Produkt- und Serviceaspekte differenziert analysieren lisst, insbesondere im
Hinblick auf die dazugehorigen Kundenwahrnehmungen. Die Herausforderung besteht da-
rin, die Topic Modelling basierte Trendanalyse mit der Aspekt-basierten Sentimentanalyse
zu kombinieren und dabei die kontextsensitiven Anforderungen der Produktentwicklung an

die Analyse zu beriicksichtigen. Die daraus abgeleitete Forschungsfrage FF6 greift diese
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methodische Integration auf und vereint darin die beiden Zielsetzungen ZS5 und ZS6 durch

die methodische Konzeption und technische Umsetzung des integrativen Analyseansatzes.

6. Forschungsfirage (FF6)

Wie konnte ein softwaregestiitztes Analysewerkzeug zur Aspekt-basierten Sentimen-
tanalyse gestaltet sein, das die Trendanalyse im Rahmen der Produktentwicklung un-
terstiitzt, und welche Anforderungen muss ein solches Werkzeug erfiillen?

7. und 8. Forschungsfrage. ZS7 und ZS8 behandeln die automatisierte Identifikation
von Lead Usern, die durch ihre Innovationsnidhe und Netzwerkposition als besonders wert-
volle Informationsquelle fiir Innovationsprozesse gelten. Die Schwierigkeit liegt darin, diese
Nutzer automatisiert und skaliert aus groBen Mengen an UGC herauszufiltern — ein Prob-
lem, das bisherige Verfahren meist nur partiell 10sen (vgl. Martinez-Torres, 2014; Hau &
Kang, 2016). Vor diesem Hintergrund ergibt sich die siebte Forschungsfrage FF’7 dieser Dis-
sertation. Diese Frage zielt auf die grundlegende Konzeptionalisierung und empirische Mo-
dellierung der relevanten Lead User Eigenschaften ab. Sie ist notwendig, um iiberhaupt ein
systematisch fundiertes und automatisiertes Identifikationsverfahren entwickeln zu kon-
nen. Die achte Forschungsfrage FF8 erweitert diese Perspektive um die technische Umset-
zung. Sie fragt danach, ob und wie ein solches Verfahren in einem prototypischen System
abgebildet werden kann, welches die Identifikation der in FF7 erhobenen Merkmale eines

Lead Users automatisiert in unstrukturierten UGC-Daten ermoglicht.

7. Forschungsfirage (FF7)

Welche charakteristischen Merkmale weisen Lead User in Online-Communities auf, und
wie lassen sich diese Merkmale datenbasiert operationalisieren?

8. Forschungsfrage (FF8)

Wie kann die Identifikation von Lead Usern durch ein softwaregestiitztes Analysever-
fahren unterstiitzt werden, und welche technischen Verfahren sind hierfiir geeignet?

In ihrer Gesamtheit adressieren die Forschungsfragen FF1 bis FF8 zentrale methodische
und anwendungsbezogene Herausforderungen bei der Analyse von UGC. Sie zielen darauf
ab, geeignete Verfahren zur kontextuellen Analyse methodisch zu fundieren und in soft-
waregestiitzten Werkzeugen umzusetzen. Damit leisten die Dissertation einen Beitrag zur
ErschlieBung der Erkenntnisspotentiale digitaler UGC in marktorientierten Anwendungs-

feldern wie der Trendanalyse, Produktentwicklung und Lead User Identifikation.
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2. Forschungsgebiets: Konkretisierung der Zielstellungen ZS9 bis ZS12 in den For-

schungsfragen FF9g bis FF13.

Die Forschungsfragen des zweiten Forschungsgebiets ergeben sich aus einer schrittweisen
Auseinandersetzung mit den methodischen und technologischen Herausforderungen, die
mit dem Einsatz generativer KI im Kontext personalisierter Kommunikation in digitalen As-
sistenzsystemen verbunden sind. Im Zentrum steht dabei zunichst die lautsprachliche
Kommunikation sprachbeeintriachtigter Menschen iiber digitale AAC-Systeme (ZS9—-ZS11),
bevor in einem letzten Schritt (ZS12) eine iibertragene Anwendungsperspektive im Bereich

der gesundheitsbezogenen Kommunikation eroffnet wird.

9. und 10. Forschungsfrage. Die beiden Forschungsfragen (FF9 und FF10) resultieren
aus der Analyse bestehender AAC-Systeme und der in der wissenschaftlichen Literatur dis-
kutierten Einsatzpotenziale von KI (ZS9). Ausgehend von der Beobachtung, dass aktuelle
Systeme oft keine hinreichende Kontextsensitivitat entlang unterschiedlicher Gesprachs-
phasen (z. B. Einstieg, Hauptteil, Abschluss) und -Kontexte (z. B. formell vs. informell) auf-
weisen, zielt FF9 darauf ab, zu untersuchen, inwiefern die in der Literatur beschriebenen
KI-Technologien diesen kommunikativen Anforderungen gerecht werden konnen. Aufbau-
end darauf fokussiert FF10 die Ableitung konzeptioneller und gestalterischer Implikatio-
nen, die sich aus dieser Analyse der KI-Potenziale fiir zukiinftige KI-basierte AAC-Systeme
ergeben. Beide Forschungsfragen leiten sich somit direkt aus der in ZS9 vorgenommenen
systematischen Untersuchung bestehender AAC-Losungen vor dem Hintergrund ihrer KI-
Nutzungspotenziale ab und bilden eine theoretische Grundlage fiir das nachfolgende Sys-

temdesign in FF11 und FF12.

9. Forschungsfrage (FF9)

Decken die in der wissenschaftlichen Literatur vorgeschlagenen KI-Anwendungen fiir
AAC-Systeme die Gesprdchsphasen ,Beginn’, ,Mitte ‘ und ,Abschluss‘ sowie die Ge-
sprdchskontexte ,Formell‘ und ,Informell‘in angemessener Weise ab?

10. Forschungsfirage (FF10)

Welche Implikationen ergeben sich fiir den Einsatz von KI im Kontext von AAC-Systemen
hinsichtlich der Beriicksichtigung von Gesprdchsphasen und -kontexten?

11. und 12. Forschungsfrage. Die Forschungsfragen FF11 und FF12 adressieren die Ent-

wicklung einer intelligenten, personlichkeitsgetriebenen Digital Persona im AAC-Kontext
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(ZS10 und ZS11). Wiahrend FF11 darauf abzielt, Design Prinzipien fiir eine solche Digital
Persona zu identifizieren, um stilistisch authentische und persénlichkeitskongruente AuBe-
rungen zu erzeugen, beschaftigt sich FF12 mit der technischen Umsetzung dieser Design
Prinzipien innerhalb eines softwaregestiitzten Prototyps. Beide Fragen reflektieren zentrale
Herausforderungen bei der Ubertragung der theoretischen Anforderungen aus ZS10 in ein
operatives, real nutzbares System gemal ZS11. Sie zielen darauf ab, sowohl die Konzeption
als auch die technische Realisierung intelligenter, personalisierter Kommunikationssysteme

systematisch zu untersuchen.

11. Forschungsfrage (FF11)

Wie kann eine generative KI-basierte Digital Persona gestaltet werden, um personlich-
keitsgetriebene Aufierungen innerhalb eines AAC-Systems zu erzeugen?

12, Forschungsfrage (FF12)

Wie kann die generative KI-basierte Digital Persona implementiert und technisch reali-
siert werden?

13. Forschungsfrage. Die letzte Forschungsfrage FF13 erschlieBt sich aus ZS12 und er-
weitert den thematischen Fokus um eine gesundheitsbezogene Anwendungsperspektive.
Vor dem Hintergrund der zunehmenden Relevanz personalisierter digitaler Gesundheitsbe-
ratung zielt FF13 darauf ab, konkrete Design Anforderungen fiir einen Konversationsagen-
ten zu identifizieren, der durch eine maBgeschneiderte Digital Persona personalisierte Emp-
fehlungen zur Darmgesundheit generieren kann. Die Forschungsfrage ergibt sich aus der
zuvor identifizierten Problematik unzureichend personalisierter Gesundheitsanwendungen
sowie dem in ZS12 formulierten Ziel, systematische Grundlagen fiir die Gestaltung solcher
Systeme zu schaffen. Im Fokus steht dabei sowohl die Ableitung kontextsensitiver Design
Anforderungen als auch deren konzeptuelle Umsetzung in einem initialen Design des digi-

talen Kommunikationsagenten.

13. Forschungsfrage (FF13)

Welche funktionalen Anforderungen sollte ein digitaler Konversationsagent erfiillen, der
mithilfe einer Digital Persona personalisierte Empfehlungen zur Darmgesundheit auf
Basis generativer KI bereitstellt, und wie kann der Agent sowie die Persona entspre-
chend dieser Anforderungen gestaltet werden?

In ihrer Gesamtheit spiegeln die Forschungsfragen FF9 bis FF13 den interdisziplindren An-

spruch des zweiten Forschungsgebiets wider: Sie verbinden sozial-kommunikative und
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technische Perspektiven und adressieren zentrale Herausforderungen bei der Entwicklung
und Anwendung generativer KI zur Forderung digitaler, personalisierter Kommunikation —

sowohl im Bereich der barrierefreien Inklusion als auch im gesundheitsorientierten Alltag.

1.3 Aufbau der Dissertation

Um das Thema der Dissertation ,Automatisierte Erschlieffung der Erkenntnispotenziale di-
gitaler Daten — Konzeption und Umsetzung intelligenter Analysemethoden und Werkzeuge
zur Operationalisierung digitaler nutzergenerierter Daten durch den Einsatz von Data
Science Methoden und generativer Kiinstlicher Intelligenz“ zu adressieren und die darin
entwickelten Zielsetzungen und Forschungsfragen systematisch zu behandeln, ist die Dis-

sertation wie folgt aufgebaut:

In Kapitel 1 ,Einleitung® werden die forschungsleitenden Themen der Dissertation mo-
tiviert und in diesem Rahmen die zugrundeliegenden Problemstellungen dargelegt. Zudem
werden darauf aufbauende Zielsetzungen und dazugehorige Forschungsfragen abgeleitet.
Das erste Forschungsgebiet adressiert dabei die Analyse digitaler Kommunikationsdaten
(UGC) zur Unterstiitzung 6konomisch gepragter Entscheidungen; das zweite Forschungs-
gebiet fokussiert die Entwicklung intelligenter Assistenzsysteme zur Steigerung der Inklu-
sion und Gesundheitsforderung. Uber beide Forschungsgebiet werden insgesamt die Ziel-

stellungen ZS1 bis ZS12 formuliert und die Forschungsfragen FF1 bis FF13 abgeleitet.

In Kapitel 2 ,,Wissenschaftliche Beitrige*“ werden die zentralen Ergebnisse der kumu-
lativen Dissertation dargestellt. Das Kapitel umfasst insgesamt acht wissenschaftliche Ver-
offentlichungen, die jeweils mindestens einer Zielsetzungen zugeordnet sind. Diese Beitriage
sind entsprechend ihrer thematischen Zugehorigkeit in die zwei Forschungsfelder geglie-
dert:

e Veroffentlichung 2.1 bis 2.5 bilden das erste Forschungsgebiet.
e Veroffentlichung 2.6 bis 2.8 bilden das zweite Forschungsgebiet.

In Kapitel 3 ,,Schlussbetrachtung und Fazit“ werden die zentralen Erkenntnisse der
Dissertation zusammengefiihrt. Dabei werden die geleisteten Beitrdge der entstandenen
Veroffentlichungen zu den (weiter-)entwickelten Technologien, der wissenschaftlichen The-
oriebildung sowie zu den praxisrelevanten Implikationen reflektiert. Dariiber hinaus wer-
den Limitationen der Arbeit diskutiert und abschlieBend weiterfiihrende Forschungsfelder

skizziert.

30




Wissenschaftliche Verdffentlichungen

2 Wissenschaftliche Veroffentlichungen

In diesem Kapitel werden die wissenschaftlichen Verdoffentlichungen der kumulativen Dis-
sertation vorgestellt. Zur besseren Orientierung wird zunichst ein Uberblick iiber die rele-
vante Informationen jeder Veroffentlichungen (z. B. Status, Ranking, Art der Veroffentli-
chung) gegeben (vgl. Tabelle 14). AnschlieBend werden die einzelnen Beitrage in den Kapi-
teln 2.1 bis 2.8 systematisch dargestellt. Mittels Fact Sheet wird fiir jede Veroffentlichung
jeweils der inhaltliche Schwerpunkt erlautert, die zugrundeliegende Zielsetzung verortet, die
Forschungsmethodik aufgefiihrt und die Kernergebnisse der Veroffentlichung zusammen-
gefasst. Abbildung 1 veranschaulicht den strukturellen Zusammenhang der acht wissen-
schaftlichen Veroffentlichungen und zeigt auf, welche Beitriage auf methodischen, techni-

schen oder inhaltlichen Erkenntnissen vorheriger Arbeiten aufbauen.

1. Veroffentlichung 2. Verdffentlichung 3. Verdffentlichung 4. Veréffentlichung
Kein expliziter Input Kein expliziter Input
N Ouput o~
N\ A
Input OO Kein expliziter Input

Kein expliziter Output Output ' Output . Kein expliziter Output
5. Verdéffentlichung 6. Verdffentlichung 7. Veroffentlichung 8. Verdffentlichung
Legende
e Farblich codiertes, im Rahmen der Verdffentlichung erzeugtes Wissen.
Input-Layer Zeigt die Integration zuvor erschlossenen Wissens an.
Output-Layer Zeigt die Erzeugung erschlossenen Wissens an.

Abbildung 1.  Strukturiibersicht und Erkenntnistransfers im Forschungsdesign.

Dabei werden sowohl explizite als auch implizite Formen des Erkenntnistransfers beriick-
sichtigt: Wahrend explizite Erkenntnistransfers konkrete Wissensinhalte (z. B. technische
Anforderungen an ein zu entwickelndes Analysewerkzeug) markieren, bestehen ebenfalls

implizite Verbindungen, die die schrittweise Entwicklung von Forschungskompetenzen (z.
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B.im Bereich der gestaltungsorientierten Prototypenentwicklung) abbilden. Auf diese Weise
wird sichtbar, wie sich im Verlauf des kumulativen Dissertationsprojekts ein wachsender
Wissens- und Erfahrungsraum entwickelt, der die zielgerichtete Bearbeitung nachfolgender

Forschungsbeitriage informiert.

Hinweis zur Seitennummerierung in Kapitel 2:

In den Kapiteln 2.1 bis 2.8 werden die wissenschaftlichen Beitrdge im Originalformat ein-
gebunden. Dabei erscheint zusdtzlich zur reguldren Seitenzahl der Dissertation eine
zweite, leicht eingeriickte und hoher platzierte Seitenzahl, welche der Originalpaginierung
des jeweiligen Beitrags entspricht. Die doppelte Seitennummerierung liegt bewusst vor
und soll einerseits der Orientierung innerhalb des jeweiligen Beitrags sowie andererseits

im Gesamtkomplex der Dissertation dienen.
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Kapitel Titel Autoren Status Ranking! | Autorenanteil
Comparison of Topic Modelling Techniques in Market- | Janik Wérner . . . .
ing — Results From an Analysis of Distinctive Use Daniel Konadl Veroffentlicht in den Proceedmg_s der 29. 0
2.1 . European Conference on Information Sys- A 40 %
Cases Isabel Schmid
. tems. (ECIS)
Susanne Leist
Identifying Sentiment Influences Provoked by Context | Daniel Konadl Veroffentlicht in den Proceedings der 54.
2.2 Factors — Results from a Data Analytics Procedure Per- | Janik Worner Hawaii International Conference on System B 30 %
- formed on Tweets Susanne Leist Sciences. (HICSS)
Q . .
S MANTRA: A Topic Modeling-Based Tool to Support Janik Worner . . . .
3)‘\ Automated Trend Analysis on Unstructured Social Me- | Daniel Konadl Veroffentlicht in den Proceedings der 44. o
IS 2.3 . . International Conference on Information A 30 %
3 dia Data Isabel Schmid .
S . Systems, Hyderabad, Indien. (ICIS)
S Susanne Leist
g Supporting Product Development‘ by a Trend Analysis Janik Woérner Verﬁffgnﬂicht in den Proceedipgs de.r 17.
R Tool Applying Aspect-Based Sentiment Detection . International Conference on Design Science
= Daniel Konadl . . 9
2.4 . Research in Information Systems and Tech- B 30 %
Isabel Schmid ;
Susanne Leist nology, St. Petersburg, Florida, USA. (DES-
b RIST)
Automated identification of different lead users regard- | Janik Worner
o5 ing the innovation process Isabel Schmid Veroffentlicht im Electronic Markets B 45 %
Janik Worner Journal. (EM)
Susanne Leist
Artificial Intelligence in Augmentative and Alternative | Daniel Konadl . . . .
Communication Systems — A Literature-Based Assess- | Janik Worner Verdffentlicht in den Proceedings der 31. o
2.6 .Y . . European Conference on Information Sys- A 30 %
= ment and Implications of Different Conversation Lucas Luttner .
S . tems, Kristiansand, Norwegen. (ECIS)
) Phases and Contexts Susanne Leist
a Personality is all that matters — Enhancing AAC Sys- Unter Begutachtung auf der 46. Interna-
S 2.7 tems with Digital Personas Utilizing Generative Artifi- | Janik Worner tional Conference on Information Systems, A 100 %
§ cial Intelligence Nashville, Tennessee, USA. (ICIS)
E Designing a Conversational Agent for User- Centric Daniel Konadl
. Gut Health Support Through Generative AI-Based Dig- Florian J oh'annsen Unter Begutachtung auf der 46. Interna-
2.8 ital Personas Susanne Leist tional Conference on Information Systems, A 15 %
Janik Worner Nashville, Tennessee, USA. (ICIS)
Isabel Reuter
320 %
Tabelle 14. Titel, Autoren, Status und Ranking der Veréffentlichungen.
'Die Angabe des Rankings erfolgte jeweils nach dem VHB JQ 4 Ranking von 2024. 33
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2.1 Comparison of Topic Modelling Techniques in Marketing — Results From

an Analysis of Distinctive Use Cases

Adressierte

Zielsetzung

Systematische Entwicklung eines Evaluationsrahmens zur Analyse ver-
schiedener Topic Modelling Verfahren hinsichtlich ihrer Eignung zur
marketingspezifischen Analyse von UGC. Durch die Untersuchung soll
eine empirische Vergleichsgrundlage geschaffen werden, anhand wel-
cher die Verfahren vor dem Hintergrund ihrer Eignung im Rahmen mar-
ketingspezifischer Anwendungsszenarien bewertet und somit letztend-
lich Empfehlungen fiir die Wahl eines geeigneten, anwendungsspezifi-
schen Verfahrens formuliert werden kénnen.

ZS1

Abgeleitete

Forschungsfragen

Nach welchen Kriterien lassen sich unterschiedliche Topic Modelling

. . FF1
Verfahren systematisch vergleichen?

Welches Topic-Modelling-Verfahren eignet sich fiir die marketingbezo-
genen Anwendungsfille (1) Themenextraktion, (2) Trendanalyse und (3) FF2
Inhaltsstrukturierung?

Genutzte

Forschungsmethode

Im Rahmen der Studie wurden die drei Topic Modelling Techniken Latent Dirichlet
Allocation (LDA), Dirichlet Multinomial Regression (DMR) und Pachinko Alloca-
tion Model (PAM) anhand eines realen Facebook-Datensatzes mit iiber 4 Millionen
Beitrdagen auf ihre Eignung zur Analyse von UGC im Rahmen der drei marketing-
spezifischen Anwendungsszenarien untersucht. Die Untersuchung folgt dem Goal
Question Metric (GQM) Ansatz nach Basili et al. (1994):

e Goal: Ziel war es, quantitative und qualitative Vergleichsparameter abzulei-
ten, wodurch die marketingspezifischen Anforderungen in objektivierte Eva-
luationsmetriken iibersetzt und die drei Topic Modelling Techniken systema-
tisch miteinander verglichen werden konnen.

¢ Question: Es wurde untersucht, inwieweit die drei Techniken LDA, PAM
und DMR empirisch verglichen werden kénnen und wie sie die Anforderun-
gen der drei marketingbezogenen Anwendungsfille der Themenextraktion,
Trendanalyse und Inhaltsstrukturierung erfiillen.

e Metric: Zur Objektivierung der Anforderungen wurden geeignete quantita-
tive und qualitative Evaluationsmetriken aus der Forschungsliteratur abge-
leitet. Diese dienen dazu, die Leistungsfihigkeit der Modelle vor dem Hinter-
grund der jeweiligen Anwendungsszenarien zu erfassen und vergleichbar zu
machen.

Konkret wurden die quantitativen Metriken Log-Likelihood, Coherence und Build
Time sowie die qualitativen Metriken Word- und Topic Intrusion abgeleitet, um
sowohl die statistische Modellgiite als auch die semantische Interpretierbarkeit der
Ergebnisse bewerten zu konnen.

Kernergebnisse

(Uberblick)

Im Rahmen der Studie wurden insgesamt elf marketingspezifische Anforderungen
an Topic Modelling Techniken identifiziert und in den fiinf Vergleichsmetriken
(Log-Likelihood, Coherence, Build Time, Word- und Topic Intrusion) operationa-
lisiert. Die Anforderungen und Metriken wurden dariiber hinaus den drei marke-
tingbezogenen Anwendungsfillen (a) Themenextraktion, (b) Trendanalyse und (c)
Inhaltsstrukturierung zugeordnet.
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Anhand eines realen Facebook-Datensatzes mit ca. 4,1 Millionen Beitragen erfolgte
ein systematischer Vergleich der drei Techniken LDA, DMR und PAM unter An-
wendung der genannten Metriken. Die Analyse zeigte, dass keine der Techniken
universell iiberlegen ist, sondern jeweils kontext- und anwendungsfallabhingige
Stiarken besitzt. Daraus lassen sich differenzierte Anwendungsempfehlungen ablei-
ten:

e Fiir die Themenextraktion empfiehlt sich LDA, insbesondere bei niedriger
Themenanzahl; oder DMR, wenn eine groBere thematische Bandbreite abge-
bildet werden soll.

e Fiir die Trendanalyse iiberzeugt das semi-supervisierte Verfahren DMR auf-
grund seiner Fihigkeit zur Einbindung von externen Dokumentenmetadaten
(z. B. Zeitstempel) und seiner insgesamt hoheren semantischen Kohéarenz.

e Fiir die Inhaltsstrukturierung ist PAM am besten geeignet, da es die hierar-
chische Strukturierung von Themen erlaubt und semantisch zusammenhéin-
gende Subthemen identifizieren kann.

Diese Erkenntnisse ermoglichen eine fundierte Auswahl geeigneter Topic Mo-
delling Verfahren fiir unterschiedliche analytische Zielsetzungen im Marketing.

Publikationsort Das Paper wurde 2021 auf der European Conference on Information Systems (E-
CIS) veroffentlicht und ist in der AIS Electronic Library (AISeL) als peer-reviewtes
Konferenzpapier gelistet.
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Abstract

Currently, topic modelling is an effective analytical tool for the automated investigation of text data.
However, identifying the underlying topics is still a challenging task that is dependent on the selection
of the proper technique. Moreover, due to the considerable number of topic modelling techniques re-
ported in the literature, uncertainty about the application of the techniques arises for both researchers
and practitioners. Therefore, we conducted a comparison of three different topic modelling techniques
(LDA, PAM, DMR) to give recommendations for three use cases identified in the literature: content
extraction, trend analysis and content structuring. For each of them, we identified several requirements
and by conducting the method ‘Goal Question Metric’, we derived several comparison metrics. We
applied these metrics to a real-world Facebook data set (4,155,992 posts) to highlight the differences
between the three topic modelling techniques and to give recommendations for our defined use cases.

Keywords: topic modelling, social media analysis, text analysis, marketing use cases

1 Introduction

Topic modelling is a prevalent kind of probabilistic generative model for extracting latent variables from
large unstructured data sets (Liu et al., 2016). This can be applied to analyse different data such as
bioinformatics data (Coelho et al., 2010), environmental data (Girdhar et al., 2013), and text data
(Vayansky and Kumar, 2020). Thus, topic modelling has been studied in different disciplines and is also
prevailing in information systems (IS) research, mainly focusing on Latent Dirichlet Allocation (LDA)
(Blei et al., 2003) because of its simple applicability and good analysis results (Debortoli et al., 2016,
Eickhoff and Neuss, 2017). With the continuous growth of social media and the consequential transfor-
mation of the way individuals interact with each other, increasing amounts of written data are created
that can be analysed i.a. to support marketing related decision-making (Ghosh and Guha, 2013). Thus,
social media data are increasingly used to enrich marketing tasks, such as complaint management (Ein-
willer and Steilen, 2015, Grégoire et al., 2015), innovation management (Mount and Martinez, 2014,
Piller et al., 2012), or sales (Guesalaga, 2016, Marshall et al., 2012). However, the huge amount of
written social media contents (Statista, 2020) complicates manual content analysis.

To solve this problem, automated topic discovery techniques and — in particular — topic modelling have
been widely investigated (Chinnov et al., 2015, Eickhoff and Neuss, 2017, Hong and Davison, 2010).
Topic modelling enables the analysis of a large amount of written social media data to extract embedded
topics. Therefore, topic modelling has facilitated addressing marketing related questions and problems
that have exceeded the feasibility of in-depth qualitative analysis (Eickhoff and Neuss, 2017). Thus,
marketing related problems that refer to (1) content extraction, (2) trend analysis and (3) content struc-
turing have often been discussed in the literature. Companies are required to base their products and
services on customer requirements. Therefore, (1) content extraction with topic modelling is an appro-
priate application to extract customers’ praise and criticism for product planning purposes (Irawan et
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al., 2020, Rathore et al., 2018). To be aware of evolving trends concerning their own products and ser-
vices, marketing departments conduct (2) trend analysis. Tracking evolving and changing requirements
of customers is imperative to fulfil customers’ wishes (Hong et al., 2012, Lozano et al., 2017). Moreover,
(3) content structuring can help marketing departments to gain deeper insights into topics and their inter-
relatedness (Anoop et al., 2015, Srijith et al., 2017). Extracted hierarchical structures can reveal rela-
tionships between topics (e.g. price and product quality) and support more coordinated and sounder
decision-making. Nevertheless, identifying the underlying topics of these documents is still a challeng-
ing task as the reasonable extraction of significant statistics and features from a dataset is dependent on
the selection of the proper technique (Vayansky and Kumar, 2020).

As mentioned above, a growing number of [S-related investigations are currently using LDA. However,
the basic LDA cannot represent all use cases (e.g. mapping hierarchies) for marketing related tasks so
that extensions of LDA are essential. Therefore, not only do the numerous existing techniques for topic
modelling hinder practical applications, but also the necessity of advanced technique-related knowledge.
Liuetal. (2016) have divided various extensions of LDA into three areas: (I) extension of topic attributes
(IT) extension of document attributes and (III) extension of word attributes. Although numerous tech-
niques are presented in these three areas, such as the Partially Labelled LDA (PLLDA) (Ramage et al.,
2011), the Dirichlet Multinomial Regression (DMR) (Mimno and McCallum, 2008), or the Pachinko
Allocation Model (PAM) (Li and McCallum, 2006), these extensions are scarcely applied. Due to the
large number of topic modelling techniques in the current research literature, uncertainty about the se-
lection of the right technique can arise. Vakansky and Kumar (2020) addressed this problem by con-
ducting a theoretical comparison of different topic modelling techniques based on a structured literature
review. Although this serves as a good overview of various topic modelling approaches and as a starting
point for selecting a technique, differences only become obvious when applying them to a real-world
data set. Furthermore, the results do not give clear suggestions which problem should be addressed with
which technique. We addressed these problems by conducting a comparison between three different
topic modelling techniques to give recommendations regarding the three use cases of (1) content extrac-
tion, (2) trend analysis, and (3) content structuring. We contribute to close this identified gap by com-
paring the practical application of the three techniques. This leads to the following research questions:

RQ1: Which criteria can be used to compare the different topic modelling techniques with each other?
RQ2: Which topic modelling technique can be recommended for the marketing related use cases (1)
content extraction, (2) trend analysis, and (3) content structuring?

Topic modelling, both in general and especially regarding the analysis of companies” social media posts,
represents an important area for IS research. Accordingly, against the background of marketing we un-
cover various corporate use cases in the context of social media. By applying and comparing the three
topic modelling techniques LDA, DMR, and PAM and by using build time, log-likelihood, coherence,
word and topic intrusion as evaluation measures, we want to show differences between these techniques,
identify advantages, disadvantages, and various potentials to enhance topic modelling techniques.
Hence, we apply LDA, DMR, and PAM to a real-world data set. The remainder of this paper is as
follows: section 2 provides a theoretical background. Then, we refer to the derivation of the three use
cases and the respective requirements from literature. The transformation of them into topic modelling
related metrics is also described here. Next, the procedure of the research ‘Goal Question Metric’ (cf.
Basili, 1994) is described in section 3. Section 4 deals with the selection of the topic modelling tech-
niques that are used for our comparison. The data analysis in section 5 achieves this comparison and
further explains the data collection, the preparation of the data and the data analysis. Afterwards, in
section 6, we present and discuss our results. Finally, section 7 draws an overall conclusion.

2 Theoretical Background
2.1 Social media

Social media can be defined as ‘a group of Internet-based applications that build on the ideological and
technological foundations of Web 2.0, and that allow the creation and exchange of User Generated
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Content (UGC)’ (Kaplan and Haenlein, 2010, p.61). Social media connects people with the same inter-
ests, activities, backgrounds, or friendships (AlFalahi et al., 2014, Schneider et al., 2009). The active
utilisation of social media enjoys particularly great popularity in private use. However, companies have
also adopted social media to support value-creation (Hanna et al., 2011, McDonald and Aron, 2012). In
particular, many companies apply these Internet-based applications such as content communities (e.g.
YouTube), blogs, or social networks (e.g. Facebook or Twitter) to enable communication mainly with
external stakeholders (Kietzmann et al., 2011). Thus, companies adopt social media to achieve different
business objectives such as branding, including advertising, marketing, and content delivery for creating
brand awareness (Culnan et al., 2010, Di Gangi et al., 2010, Kietzmann et al., 2011). Therefore, social
media such as Facebook or Twitter serve as an important interface between companies and customers.
This interface generates large amounts of data that need to be analysed and interpreted, as a company
can strongly benefit from these data. In addition to structured social media data (e.g. timestamps, like
counts, etc.), especially unstructured text data contain interesting contents for companies. Posts and
comments often include an user’s major wishes, ideas, and expectations towards products, services, or
a company in general (Hienerth et al., 2011, Sigala, 2012a, Sigala, 2012b). The so called ‘Voice of the
Customers’ can be used to adjust marketing campaigns, to identify and support the position in the market
and to adjust product features on customers” favourability. However, to uncover this useful information
from the large amount of data requires considerable effort (Dahal et al., 2019, Kumar and George, 2007,
Womack and Jones, 1996). To avoid this problem, automated analysis of social media data such as social
network analysis, sentiment analysis, and topic modelling can be conducted. Especially through the
latter one, valuable information for companies can be extracted, as this technique is able to identify
various (discussion) topics, perceptions, and opinions (Dahal et al., 2019, Lozano et al., 2017). However,
automated analysis such as topic modelling are often complicated, as many companies are not familiar
with the applied techniques, its implementation, and its purpose (Dai et al., 2011).

2.2 Topic modelling

Topic modelling aims to determine content structures in underlying document collections. Hereby, topic
modelling refers to the use of generative probability models for determining latent relationships within
a corpus of text data. The dataset under investigation is to be seen as a mixture of individual documents,
where each document affects several corpus-wide topics, that in turn consist of frequently occurring
words within the dataset (Blei, 2012). LDA can be considered as one of the most fundamental works in
the topic discovery research area, wherefore a growing number of investigations currently uses this
technique proposed by Blei et al. (2003). The authors describe their probabilistic model as ‘a three-level
hierarchical Bayesian model, in which each item of a collection is modeled as a finite mixture over an
underlying set of topics’ (p. 993). This means that LDA is a generative model that is based on the as-
sumption that documents are represented by a collection of different, latent topics. Each topic will be
represented as a probability distribution over all words of a corpus (Krestel et al., 2009). LDA is fre-
quently used in marketing to identify important issues for the adaptation of marketing campaigns or to
identify product and service features currently being discussed (Chae and Park, 2018, Gao et al., 2012,
Jeong et al., 2019, Ko et al., 2017, Luo et al., 2015, Xu and Xiong, 2020, Yu et al., 2019). However, the
LDA as proposed by Blei et al. (2003) cannot represent all use cases (e.g. mapping hierarchies).

Thus, there are adaptations and extensions that are based on the probabilistic model of Blei et al. (2003).
Generally, it can be differentiated between (1) topic-based extensions, (II) document-based extensions
and (IIT) word-based extensions (cf. Liu et al., 2016). (I) Topic-based extensions derive structures and
dependencies within the latent topics of a document (cf. Rathore et al., 2018, Rathore and Ilavarasan,
2017, Tuarob and Tucker, 2015). (II) Document-based extensions have the ability to incorporate an
additional parameter into the model building (cf. Cheng et al., 2020, Lozano et al., 2017, Zhang et al.,
2016). (IIT) The word-based extensions compute n-grams instead of Bag of Words (BoW) to incorporate
the order of words in a document within the model generation procedure (cf. Wallach, 2006).

As can be concluded from previous research, the LDA approach is the predominantly applied technique
(cf. Eickhoff and Neuss, 2017). Vakansky and Kumar (2020) provide a good overview of existing topic
modelling techniques and accordingly develop a decision tree model supporting the selection of a
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technique. These authors also include adaptations and extensions of the basic LDA for recommending
an appropriate technique. However, their recommendations are theoretical in nature and not derived
from practical applications of the techniques. There are numerous topic modelling techniques in the
literature, but the number of papers comparing them is scare. Further, it is not clear if the theoretical
overview and the decision tree of Vakansky and Kumar (2020) can withstand empirical investigations.
The authors only conditionally contribute to the operational application of topic modelling as
recommendations should ideally be deduced from the analysis of real-world social media data.

23 Corporate use cases and requirements of marketing

Within the prevailing literature, we identified papers that deal with utilising topic modelling techniques
in marketing. These applications of topic modelling described in the identified papers cover a wide range
of marketing tasks. In particular, three main use cases could be identified: (1) content extraction is con-
cerned about consolidating insights of topics discussed in written social media data. By investigating
brand-related content from social media, (1) content extraction enables marketing representatives to
develop an understanding of topics and themes, e.g. sustainability or product feature favourability, that
are discussed by customers and parties of interest. Thereby, companies can improve their external
presentation by, e.g. emphasising the ecological superiority of the own products in brand communica-
tions (Chae and Park, 2018), and guide future product planning initiatives by putting more focus on
product features that are appreciated by customers (Cirqueira et al., 2017, Irawan et al., 2020, Ko et al.,
2017, Rathore et al., 2018). Providing a current overview of customers’ major wishes, ideas, and
thoughts is therefore a central requirement for these techniques as the ever-increasing amount of social
media data along with the breadth of the user base may hinder marketing departments to focus on the
essential aspects (cf. Cirqueira et al., 2017, Ko et al., 2017, Lee et al., 2016, Liu et al., 2017, Rathore et
al., 2018, Rathore and Ilavarasan, 2017). Hereby, (1) content extraction is of a retrospective nature and
is less concerned with speed. Because of the abundance of information provided by social media and
the necessity to cover as much useful information as possible, the main aim is to cover the relevant and
most frequent topics embedded in social media texts (cf. Gao et al., 2012, Ibrahim and Wang, 2019,
Irawan et al., 2020, Wang et al., 2016, Yang et al., 2016). Therefore, we assume training time of the
topic modelling techniques as secondary, because there are the two central quality dimensions, relevance
and dominance of topics, as the basis for well-funded decisions. Furthermore, techniques for (1) content
extraction need to support comparisons with competitors, assessments of a company’s position in the
market (Aiello et al., 2013) and effectively support product and service opportunities generation (Ko et
al., 2017, Rathore et al., 2018, Rathore and Ilavarasan, 2017).

The second use case we could identify is (2) trend analysis. It has in common with (1) content extraction
that it deals with extracting topics from large amounts of written social media data. However, (2) trend
analysis focuses on keeping track of emerging trends and their development, while the results of (1)
content extraction, are instead point-in-time snapshots of the contents that do not illustrate the dynamic
courses of the topics. Marketing representatives applying (2) trend analysis related techniques strive to
track how certain topics (e.g., product favourability or customer satisfaction) evolve geographically and
temporally (Hong et al., 2012, Jeong et al., 2019, Lozano et al., 2017, Zhang et al., 2017). Thereby,
marketing departments can enhance the effectiveness of brand message placement and the allocation of
appropriate resources to marketing campaigns depending on geographical and temporal developments.
Furthermore, linking topics and contents to groups of interested parties and customers enables compa-
nies to adapt brand messages to meet the respective target groups” expectations and attitudes (Zhang et
al., 2016). Therefore, topic modelling techniques for (2) trend analysis need to flexibly incorporate dif-
ferent parameters like authors (Zhang et al., 2016), locations (Cheng et al., 2020, Hong et al., 2012,
Lozano et al., 2017, Wang et al., 2007), or time (Cheng et al., 2020, Wang et al., 2012, Zhang et al.,
2017) into the model building procedure. Ideally, it should even be possible to include implicit param-
eters such as places or times mentioned in the texts (Lozano et al., 2017). Since trends describe current
issues that influence customers' decision-making, companies want to respond to the resulting customer
demands to adapt e.g. marketing campaigns (cf. Luo et al., 2015, Rathore et al., 2018, Zhang et al., 2015,
Zhong and Schweidel, 2020). Compared to (1) content extraction, especially with fast sequenced social
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media data and topics of interests changing quickly, it is necessary to keep track of trends and topic
transitions (cf. Wang et al., 2012, Zhang et al., 2017). The requirement to be able to react as quickly as
possible is further intensified by reduced product lifecycles and globalised business environments that
have made customer needs more dynamic (Jeong et al., 2019). For this reason, the applied topic model-
ling techniques must provide short training times (cf. Cheng et al., 2020, Wang et al., 2012, Zhang et
al., 2017) and as well support quick comprehension of the extracted topics (cf. Jeong et al., 2019, Lozano
et al., 2017) in order to keep up with the speed of the trends.

Compared to (3) content structuring, (2) trend analysis captures the dynamic courses of topics and do
not collect hierarchical relationships and correlations. Topic modelling techniques for (3) content struc-
turing enable deeper insights from textual social media by extracting not only the topics (cf. (1) content
extraction) but also relationships and connections between them. In this way, (3) content structuring
supports decisions that need to connect different aspects with each other (e.g. identifying the influence
of different product features on customers” favourability) (Rathore et al., 2018). Mining the inter-relat-
edness of individual topics can help to detect subtopics (Anoop et al., 2015, Nolasco and Oliveira, 2019,
Park et al., 2015, Rathore and Ilavarasan, 2017, Shahbaznezhad, 2016, Srijith et al., 2017) that can be
investigated more closely as driving or inhibiting factors. Hereby, it is also possible to identify niche
topics at a finer level of granularity of the topical structure. In line with that, recognising the properties
of subevents can enrich the understanding of the main event and to create a powerful knowledge about
the scenario (Nolasco and Oliveira, 2019, Srijith et al., 2017). In general, corresponding techniques need
to extract topics and at the same time establish connections between them. In line with that, the relation-
ships identified between the topics should be understandable and applicable.

In the next step, the identified requirements (cf. tab. 1) are transformed into corresponding metrics that
are necessary for evaluating and comparing the topic modelling techniques in section 5.3.

Requirements Sources Metrics
(a) Cover all relevant and the most fre- | Gao et al. 2012, Ibrahim and Wang, 2019,
quent topics embedded in textual social | Irawan et al. 2020, Lee et al., 2016, Liu et al.,
media data 2017, Wang et al. 2016, Yang et al. 2016
= Aiello et al., 2013, Chae and Park, 2018,
§ % (b) Provide a current overview of events | Cirqueira et al., 2017, Ibrahim and Wang, 2019, log-
8 £ | and insights about customers’ wishes and | Koetal., 2017, Lee et al., 2016, Liu et al., 2017, likelihood
~ % | complaints Rathore et al., 2018, Rathore and Ilavarasan,
o= 2017
(c) Support comparisons with competitors | ;11 ot a1 2013, Ko et al., 2017, Rathore et
and assessments of one’s position in the
al., 2018
market
Cheng et al., 2020, Hong et al., 2012, Lozano et
(d) Contextualise the extracted topics with | al., 2017, Luo et al., 2015, Wang et al., 2007,
additional parameters Wang et al., 2012, Zhang et al., 2016, Zhang et
al., 2017, Zhong and Schweidel, 2020
(e) Support a flexible inclusion of differ- . .
T .2 | ent parameters (e.g. authors, locations or | Cheng et al., 2020, Lozano et al., 2017 build time,
E % time) cohc(:lrence,
wor
@ é (f) Support quick information provision aClhe;(%le;t LA s A PHRAL T G intrusion
E;gztfupport HRLE SCULNE T Jeong et al., 2019, Lozano et al., 2017
(h) Support continuous tracking of trends | Wang et al., 2012, Zhang et al., 2016, Zhang et
and developments al., 2017, Zhong and Schweidel, 2020
(i) Identify niche topics at a finer level of
£ & | granularity of the topical structure Anoop et al., 2015, Nolasco and Oliveira, 2019,
% E (j) Identify meaningful relationships and | Park et al., 2015, Rathore et al., 2018, Rathore | topic
8 E the inter-relatedness of topics and llavarasan, 2017, Shahbaznezhad, 2016, | intrusion
@ & | (k) Coverall aspects that are semantically Srijith et al., 2017
related to the extracted topics
Table 1. Identified corporate use cases and their requirements
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When evaluating a model with respect to (1) content extraction, the ability of the respective technique
to (a) cover all relevant and the most frequent topics embedded in textual social media data is required.
An excessive number of topics leads to the generation of not only relevant but also irrelevant topics. If
the number of topics is too small, however, the given overview of topics will lack relevant content (cf.
Liuetal., 2017, Yang et al., 2016). Therefore, the researcher must ensure that all relevant topics within
an underlying dataset are considered within the analysis and thus integrated within the resulting extrac-
tion, which (b) provides a comprehensive and current overview of customers’ wishes and complaints.
This results in a comprehensive, decision driven base of information which supports (¢) comparisons
with competitors and assessments of one’s position in the market. In order to evaluate this descriptive
ability, the metric of log-likelihood is used. Using this, it is possible to quantify how accurately a model
can represent the underlying data and thus models all relevant information (cf. Daud et al., 2010,
Wallach et al., 2009). Furthermore, the evaluation has to consider different circumstances regarding the
number of topics to be identified. Therefore, the evaluation of each technique takes place multiple times,
with a continuously increasing number of topics. Thus, the strengths and weaknesses in modelling low
(high) numbers of topics and thus lowly (highly) differentiated contextual information can be assessed.
When evaluating a model with regard to the described use case of (2) trend analysis, (d) the ability to
contextualise the extracted topics and (e) hereby flexibly include different additional parameters (e.g.
authors, location or time) is mentioned. Furthermore, corresponding techniques need to enable time-
critical reactions to emerging circumstances so that (f) the provision of the topics should be as quick as
possible. Therefore, the analysis of the different techniques is twofold. On the one hand, authors refer
to the coherence measure (Dahal et al., 2019, Paul and Girju, 2009, Wang et al., 2007), which describes
the property of the respective technique to generate topics that correlate well with the human under-
standing of semantically coherent topics. This results in a semantically meaningful and sound analysis
output that (g) supports time-critical decisions and does not need further investigations to be applicable.
On the other hand, to validate the calculated reasonability of the respective analysis output, we incorpo-
rate word intrusion (Chang et al., 2009). Thus, multiple subjects evaluate the consistency of the extracted
topics by analysing the associated words. The objective is to identify the so-called ‘intruder’ within the
topic, which is represented by a single word without contextual relevancy regarding the intruded topic.
If the subjects are able to identify the respective intruder, the evaluated topic is consistent with the
human understanding of a meaningful and sound topic. Besides the unhindered applicability of the anal-
ysis results, we also classified the build time as a time-critical evaluation metric. So, a short build time
results in a timely output supporting faster decision-making. Beyond the aforementioned time-critical
requirements, the ability to contextualise the extracted topics and (h) to continuously track their devel-
opment is also required. To assess the possibility of accounting for further contextual information such
as geological or time-based data, we qualify the ability to incorporate external information.

Concerning an evaluation of a model with regard to the described use case of (3) content structuring,
the ability of the techniques to reveal the underlying structure within the data is focused. Thus, (i) to be
able to extract hidden niche topics to identify relationships between the discussed topics, the ability of
the respective technique to identify relationships within the data is qualified. Besides the pure ability to
identify relationships, the assessment of the (j) meaningfulness of the identified relations is also required.
In this regard, we opted to use the topic intrusion approach, which measures how well a topic model’s
decomposition of a document as a mixture of topics agrees with human associations of topics related
within a document (Chang et al., 2009). Using these techniques, the (k) coverage of all aspects within
the extracted topics as well as their interrelationships in the relevant document are analysed. The proce-
dure of the analysis is similar to that of word intrusion. Specifically, the subjects are presented the doc-
ument title alongside a short extract thereof. In addition to the document information, the subject re-
ceives four topics, of which three are the most probable topics assigned to the document and the remain-
ing topic embodies the intruder topic to be identified. If the subjects are able to identify the erroneously
listed topic, the topics and their contextual relationship to one another are meaningful and sound. A
more detailed insight into the tasks of word and topic intrusion can be found in section 5.2.

As our review shows, different use cases and corresponding requirements have been reported in line
with the literature that provide insights into the application of topic modelling techniques in marketing.
However, the used data sets and the applied topic modelling techniques vary across the different papers,
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so that recommendations made on this basis may not be sufficiently reliable. Therefore, within the re-
search at hand, three different topic modelling techniques are applied to the same data set to give rec-
ommendations that are not only theory-driven but also based on the results of a data analysis.

3 Procedure of the Research

Our investigation follows the ‘Goal Question Metric’ (GQM) approach outlined by Basili et al. (1994)
for a systematic development of metrics for conducting a comparison of topic modelling techniques.
The GQM approach is based on the idea that measurements in an organisational context depend on a
thoroughly defined goal firstly operationalised by relevant enterprise data, which are then interpreted
regarding the goal (Basili et al., 1994). Thus, this approach focuses on which informational needs a
company exhibit in order to quantify them and consequently examine if the quantified information meets
the goals or not. Especially for our investigation, the GQM approach is well qualified as it assures a
systematic research procedure in which reproducible results are achieved. According to Basili et al.
(1994) the GQM approach is divided into three different levels:

1. Conceptual level (GOAL): We set our goal as the development of means to compare different
topic modelling techniques with each other regarding different use cases. Therefore, with this
investigation we seek to highlight differences in the organisational application between the three
different topic modelling techniques LDA, DMR, and PAM.

2. Operational level (QUESTION): In order to characterise how the assessment of our goal is
performed, we formulate a question. In our study, the requirements of the different use cases for
the techniques identified in the literature form the basis for our questions of the GQM approach:
‘To what extent do the three topic modelling techniques (LDA, DMR, PAM) meet the
requirements of the different use cases (a-k) (cf. tab. 1)?’

3. Quantitative level (METRIC): To answer this question, we conducted a quantitative analysis of
the topic modelling techniques, that helps us to evaluate to what extent a selected topic modelling
technique can meet the requirements. Subsequently, in order to meet these requirements, that we
have already identified in a previous step, we now need proper metrics. Therefore, we consulted
the research literature and established specific metrics for the requirements to enable a
comprehensible comparison. Consequentially, we will be able to formulate recommendations for
the allocation of the topic modelling techniques to the use cases.

4 Selection of the Topic Modelling Techniques

As mentioned above, the field of topic modelling has many different techniques, which all try to identify
specific topics within large sets of text data by reducing the dimensionality and attaching different
weights to the specific data set (Crain et al., 2012). In order to optimally meet the identified use cases,
the selection of the techniques to be used is critical to success. Besides the aforementioned LDA with
its extensions, a variety of different categories of topic modelling techniques like Latent Semantic Anal-
ysis, Probabilistic Latent Semantic Analysis, Correlated Topic Models, Dynamic Topic Models, or
Topic Evolution Model exist (cf. Alghamdi and Alfalqi, 2015). Although they potentially could offer
benefits in terms of different applications, most approaches lack a ready-to-use implementation or re-
quire an advanced technique-related knowledge and therefore suitable applicability for companies is not
given. Differently LDA, where a clear dominance in the use has become apparent, as it offers simple
applicability and good analysis results (Eickhoff and Neuss, 2017). Due to the multifaceted challenges
to be mastered in the analysis of text data, different extensions of the basic LDA procedure have been
developed over time which are suitable for the solution of different scenarios depending on their extend-
ing characteristics. Generally, a distinction is made between three expanding properties: (I) extension
of topic attributes, (II) extension of document attributes, and (III) extension of word attributes (cf. Liu
et al., 2016). In order to answer RQ2, the identification of topic modelling approaches for processing
certain corporate use cases, we decided to compare LDA as well as selected extensions with respect to
the identified use cases. Therefore, to achieve optimal coverage of different techniques, we selected one
specific technique for each extension class.
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The (I) topic-based extensions deal with the mapping of relations within the latent topics of a corpus. In
this context, a variety of techniques is highlighted in literature (cf. Griffiths et al., 2004, Liu et al., 2016).
The focus is on the identification of relationships between the inferred topics allowing a hierarchical
representation of them. Mimno et al. (2007) compared the ability of their PAM algorithm to represent a
hierarchical data structure and to predict a topic distribution for new data not included in the training set
with a variety of techniques of the same extension class (cf. Mimno et al., 2007). Since PAM was char-
acterised by better evaluation results, we decided to choose PAM as the topic-related extension. PAM
represents the relationships among the topics as directed graphs, which allows the representation of a
hierarchical structure within the topics.

The extension based on documents (I1) enables the consideration of document-specific meta-information
such as authors, document titles, points in time, or geographical information (cf. Liu et al., 2016). In this
context, approaches such as the author-topic model (cf. Rosen-Zvi et al., 2012), Topics over Time (cf.
Wang and McCallum, 2006), embedded topic model (Dieng et al., 2020) as well as DMR (cf. Mimno
and McCallum, 2008) are highlighted in the current research literature. Because the technique presented
by Mimno and McCallum (2008) is more flexible with respect to the incorporation of additional infor-
mation as well as performs remarkable in terms of information quality, DMR is chosen for the imple-
mentation of (II) extension of document attributes. DMR is an upstream topic model with a particularly
attractive technique for integrating any document features. Instead of defining specific random variables
in the graphical model for each new document feature, DMR treats the document annotations as features
in a log-linear model. The log-linear model parameterises the Dirichlet before the document's topic dis-
tribution, making the Dirichlet’s hyperparameter document-specific. Since no assumptions are made
about the model structure of new random variables, DMR is flexible to include various types of features,
resulting in a flexible use of DMR (Benton and Dredze, 2018).

The above-mentioned topic modelling techniques, which are all based on the BoW approach, do not
consider the order of words within a document. This resulted in extension (III), attempting to eliminate
the interchangeability of words. Therefore, Wallach (2006) argued that the consideration of word orders
in the form of bi-grams can lead to improved results when using a topic modelling approach. Since the
consideration of word orders in the form of bi-grams did not show any difference with regard to the
generated topics and the underlying topic quality compared to LDA, it will be equated with the use of
the basic technique in the following. By choosing these techniques, a selection was made which consid-
ers each extension class of the basic approach, whereby a broad spectrum of different techniques is
compared with regard to their applicability against diverse use cases.

5 Data Analysis

5.1 Data collection

To identify the potential of the different techniques with regard to the applicability to different use cases,
an existing data set of Facebook posts was used (cf. Martinchek, 2017). This comprises 4,155,992 doc-
uments from the 15 most popular news services in the United States of America for the period from
2012 to 2016. The raw text dataset contains information such as the respective picture URL or the like
count, which are not relevant for the application of the implemented topic modelling approaches. There-
fore, to reduce the dimensions of the data, a custom converter was developed and applied to the data.
The resulting data set contains three parameters after conversion: the ID of the respective document, the
respective year — which serves as feature input to determine the topic relevance at different points in
time within the analysis via DMR — and the description — which reflects the actual text of the contribu-
tion. The following excerpt from the training data set gives an insight into the data (cf. tab. 2).

ID Year Description
52921 2016 Dow Drops More Than 300 Points Following Market Rout...
21049 2014 How to Greet People During Flu Season: Handshake, ...
Table 2. Structure of training data
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5.2 Data cleansing and analysing

In order to compare the topic modelling techniques empirically on the basis of their analysis results, the
data must first be prepared. With respect to this, we applied tokenisation, stopwords removal and case
folding as proposed by Boyd-Graber et al. (2014). As the use of stemming procedures does not improve
the interpretability of the results, but can potentially even deteriorate the topic stability (Schofield and
Mimno, 2016), we did not incorporate stemming.

By conducting this comparison between LDA, DMR, and PAM based on the mentioned evaluation
measures, we aim to reveal the strengths and weaknesses of the different techniques in terms of identi-
fying embedded topics within written social media data. As it is necessary to provide similar conditions
for a comparison to be valid, all techniques were configured with their default parameters and trained
with iteratively increasing numbers of topics. Accordingly, the selected topic range includes 10, 30, 50,
100, and 300 topics (k). Furthermore, all evaluation metrics were validated by cross-validation to elim-
inate the choice of a potentially non-representative test dataset (Bramer, 2007). The evaluation approach
is further distinguishing between intrinsic and extrinsic measures. Intrinsic evaluations measure the per-
formance of a component on its defined subtask, usually against a defined standard in a reproducible
laboratory setting. Extrinsic evaluations focus on the component’s contribution to the performance of a
complete application, which often involves the participation of a human in the loop (Resnik et al., 2006).

log-likelihood measurements build time
# p coherence measurements .
(10 (min)
k LDA DMR PAM LDA DMR PAM LDA DMR PAM
10 -4.86 -5.03 -4.85 - 197.96 -198.50 -208.34 342 363 832
30 -4.49 -4.61 -4.41 -232.84 -220.75 -236.81 571 634 1,264
50 -4.29 - 4.40 -4.19 - 244.29 -217.90 -251.17 912 1,083 1,992
100 | -4.06 -4.10 -3.88 -241.74 -213.03 -254.92 1,407 1,732 3,481
300 | -3.91 -3.62 -3.67 -215.02 - 186.95 -241.52 3,180 3,821 6,984
Table 3. Intrinsic evaluation measurements
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Figure 1. log-likelihood Figure 2. coherence Figure 3. build time

In the first step of the evaluation, the models are compared according to their ability to represent the
underlying data. Therefore, the metric of log-likelihood was applied (cf. tab. 3, fig. 1). A higher value
represents a better model with regard to the ability to adequately represent the underlying data. The best
model here is DMR, with k =300 (-3.62). LDA performs better than DMR (e.g. k =30 £ -4.86 > -5.03)
and worse than PAM (e.g. k = 30 £ -4.49 < -4.41) until the number of topics exceeds 100. PAM and
LDA have in common that, as the number of topics increases, the log-likelihood improves iteratively
(cf. fig. 1). The increase in the number of topics for DMR results in a continuous improvement of the
log-likelihood as well. Nevertheless, DMR always outperforms PAM and LDA when k >~ 300. This
result implies that DMR is the technique that can be recommended when tasks require many different
topics to be identified. However, within tasks that require a lower number of topics to be generated, our
results indicate that PAM and LDA may be superior to DMR.

Besides the general ability of the models to adequately represent the underlying data, the semantic qual-
ity of the generated topics was evaluated. For that reason, the coherence measure was applied (cf. fig.
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2). Therefore, we conclude that DMR generates topics, that are more coherent in general. LDA has a
slightly better coherence for k = 10. However, any modelling of k > 10 is outperformed by DMR. Fur-
ther, PAM performed worst in terms of coherence. Here, all different circumstances of topics are dom-
inated by the other techniques. Nevertheless, PAM generated its most relatable topics for k = 10, which
leads to the conclusion, that PAM, similar to LDA, exhibits its strength in modelling low topic dimen-
sions.

To react in a time-critical manner to changing circumstances, it is also necessary to acquire supporting
information as quickly as possible. Therefore, to measure the time an approach needs to extract the
required information (cf. fig. 3), the build time of each technique is tracked. The respective build time
includes data preprocessing, the actual model building and cross-validation. A lower build time indicates
a quicker model training, which results in faster information provision. In this regard, LDA outperforms
the other two techniques in terms of information extraction time. The difference between LDA and DMR
in the lower range of topics is negligible (21 min), but the higher the value of topics, the larger the
difference. The difference in the context of k =300 amounts to 641 minutes. Because of the hierarchies
to be modelled by PAM, it generally takes much longer to extract the respective information in compar-
ison to LDA and DMR. Here, PAM needs at least twice as much time under almost all circumstances.
Besides the intrinsic measurements of log-likelihood, coherence and build time, the topic modelling
techniques were further assessed by humans to evaluate the semantic quality of the generated topics as
well as their interrelationships. Therefore, word and topic intrusion procedures were performed. The
respective survey was undertaken by two researchers and administered to 18 participants, all of whom
evaluated the semantic coherence of three randomly selected topics (word intrusion) and the decompo-
sition of a single document into its topics and the corresponding relationships (topic intrusion). Each
survey ranged between 38 and 51 minutes. The topics as well as the respective excerpts of a document
were extracted randomly for each trained model. Further, to account the inter-rater reliability of the
results, all participants evaluated the same set of topics or documents respectively for each trained
model. Regarding the word intrusion task, the subjects had to identify the intruder within the topics that
did not cohere to the semantics of the other presented words. The corresponding results for word intru-
sion are calculated as the sum of the correctly classified intruders by the test subjects in relation to the
total number of tests per model. By analysing three topics per trained model, a total of 810 individual
observations were carried out. Regarding the topic intrusion task, the participants had to identify the
intruding topic by reading a document title alongside a short extract thereof. The respective document
was randomly extracted for each trained model. All participants evaluated the decomposition of the
same documents. By this, a total of 270 individual observations are accomplished. The respective results
of the topic intrusion task are calculated as the amount of correctly classified intruder topics in relation
to the total number of observations per model.

Word intrusion (%) Topic intrusion (%)
k LDA DMR PAM LDA DMR PAM
10 74.0 85.1 53.7 83.3 722 83.3
30 72.2 79.6 57.4 66.6 61.1 72.2
50 62.9 75.9 51.8 72.2 72.2 72.2
100 64.8 70.3 48.1 55.5 66.6 55.5
300 55.5 77.7 46.2 55.5 72.2 44.4
Table 4. Extrinsic evaluation measurements
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Figure 4. Word intrusion Figure 5. Topic intrusion
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Regarding the word intrusion task, it becomes apparent that the previously determined values of coher-
ence are in line with human understanding so DMR generates the most semantically coherent topics.
Specifically, the best topics are generated by DMR with k = 10 (cf. fig. 4). The achieved model precision
is 85.1% for k = 300. The evaluated minimum precision of DMR is 70.3%. As the results for word
intrusion do not show any distinct extremes for different values of k, every model of DMR seems to
produce a coherent word-topic distribution. Besides that, LDA also proves to generate the most coherent
topics for k=10 (74.0%). The higher the number of topics to be generated, the more difficult it becomes
for the subjects to determine the intruder. This leads to the assumption, that the topics generated by LDA
will be increasingly difficult to interpret with a rising number of k, thereby losing their semantic coher-
ence and therefore their meaningfulness. The minimal precision of LDA is recorded for k = 300. Here,
only 30 of 54 measurements are classified correctly, resulting in a model precision of 55.5%. There is a
clear discrepancy in the quality of topics generated by PAM. The semantically most coherent topics are
determined by the model with k = 30. The model precision achieved is 57.4%. The minimum semantic
coherence of the topics is with k =300, with a precision of 46.2%. Thus, it can be concluded that PAM,
similar to LDA, has its strength in modelling a smaller number of topics but is clearly inferior to DMR
for larger numbers. Besides the evaluation of the topic quality, their decomposition and interrelation-
ships were evaluated. Therefore, topic intrusion tasks were conducted, where the best results were ob-
tained with 83.3% for LDA and PAM with k = 10. Further, it is remarkable, that all techniques achieve
the same score with k = 50 (cf. fig. 5), which leads to the conclusion, that all techniques generate con-
sistent topic decompositions for a medium number of topics. The higher the number of topics to be
generated, the worse LDA and PAM perform. The worst result is achieved by PAM with k = 300. That
decrease of PAM for larger numbers of topics to be generated can be traced back to the formation of the
many hierarchical levels, since a high number of k also means that a correspondingly large number of
relationships between the different topics must be inferred.

6 Discussion

By evaluating the different techniques, the strengths and weaknesses (cf. tab. 5) of them were identified,
that provide information about the applicability of the techniques related to the identified corporate use
cases (1) content extraction, (2) trend analysis as well as (3) content structuring settled in marketing.

Requirements LDA | DMR | PAM
- (a) Cover all relevant and the most frequent topics embedded in textual social ° S )
$ § | mediadata
E ‘g (b) Provide a current overview of events and insights about customers’ ° ° )
O = | wishes and complaints
=) & (c) Support comparisons with competitors and assessments of one’s position ° ° )
in the market
(d) Contextualise the extracted topics with additional parameters O () O
(e) Support a flexible inclusion of different parameters (e.g. authors, locations O ° o
T2 |ortime)
S =
= Té (f) Support quick information provision o o O
a< (g) Support quick comprehension of contents [ ] o O
(h) Support continuous tracking of trends and developments ] ( J O
£ & | (i) Identify niche topics at a finer level of granularity of the topical structure O ] [ J
D e
=
5 *§ (j) Identify meaningful relationships and the inter-relatedness of topics O O o
N
Ca (k) Cover all aspects that are semantically related to the extracted topics O ] [}
Table 5 Results of the comparison @: applies fully D: applies partly O: applies not
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For the first use case — (1) content extraction — the models” ability to provide an adequate overview of
customers’ major wishes, ideas, and thoughts to cover all relevant topics embedded in a collection of
written social media data was evaluated. Therefore, we applied the metric of log-likelihood, which de-
scribes the ability of a model to represent the underlying data as appropriately as possible. This guaran-
tees that the generated output contains all necessary information and that no relevant topics are missing.
The standard procedure of LDA as well as that of PAM present their strength compared to DMR in the
extraction of topics in the lower range of generated topics. DMR, in contrast, has its strength in the
representation of large numbers of topics. This leads to the conclusion that the selection of the best
fitting technique depends on the needs to be fulfilled within the extraction task:

e If the content must be very specific, e.g. to support a comparison with competitors and assessments
of one’s position in the market, a high number of topics is required. So, DMR should be considered.

e If the task requires an extraction on a more abstract level, a low number of topics will mostly be
satisfying. If so, the usage of LDA and PAM could be considered. Due to the higher semantic coher-
ence within the topics generated by LDA (cf. tab. 3, tab. 4, fig. 2, fig. 4), the use of LDA is recom-
mended with respect to (1) content extraction for small dimensions.

e The use of PAM is considered as partly applicable, but not recommended, as it is outperformed by
LDA and DMR for the criteria being evaluated.

Regarding the second use case (2) trend analysis, the ability of the techniques to generate immediately
meaningful and sound output was analysed, which results e.g., in a quick decision supporting infor-
mation base. This is indispensable regarding the need of time-critical actions within the volatile charac-
teristic of trends. Hereby, DMR shows an advantage leading to the conclusion, that it generates the most
reasonable topics (cf. tab. 3, fig. 2). To validate the collected intrinsic evaluation results, the techniques
were further evaluated by humans regarding their semantic quality and soundness in an extrinsic way.
Here, DMR could be confirmed to generate the most comprehensible output (cf. tab. 4, fig. 4). Further,
LDA and PAM show their strength for modelling low numbers of topics as both techniques achieve
their best results in the range of 10 (LDA) and 30 (PAM) topics. In addition to direct applicability, the
time required for a technique to provide the necessary information was also accounted for. In this re-
spect, LDA provides the fastest output, followed by DMR. The measured discrepancy between these
two techniques is negligible for a small number of topics (k = 10 £ 21 min.), but the larger the number
of topics, the larger the gap (k =300 £ 641 min.). Since the focus of trend analysis is on identifying
individual trends and tracking their development, the number of topics will not be that high. Therefore,
LDA and DMR are considered capable of reacting to rapidly changing circumstances. PAM, however,
requires at least twice as much time for each condition and is therefore not suitable. The strengths and
weaknesses of the techniques in the context of (2) trend analysis are represented as follows:

e DMR provides the most reasonable and meaningful topics and is further able to provide them
quickly. Additionally, DMR has the advantage of taking external parameters into account. This al-
lows, e.g., tracking the development of topics over a certain period of time or based on geolocation
data. Therefore, DMR should be considered regarding (2) trend analysis.

o Ifthe contextualisation of topics does not apply, LDA can also be used for tracking trends and their
development, as it can be used to quickly identify meaningful and sound analysis results. Therefore,
LDA can be seen as partly applicable regarding trend analysis.

e PAM is not suitable due to the amount of time required and the lack of ability to contextualise topics.

Regarding the last identified use case — (3) content structuring - the ability of the techniques to reveal
meaningful relationships and the inter-relatedness of topics was evaluated. Therefore, the extrinsic eval-
uation metric of topic intrusion was applied. By doing so, it could be guaranteed that all semantically
related aspects were extracted. Here, PAM shows a slightly better result than the two remaining tech-
niques for a small number of topics to be generated (cf. tab. 4, fig. 5). Further, DMR underlined its
strength in the representation of a high number of topics. A large advantage of using PAM is represented
by its ability to model hierarchical structures within the topics themselves. Thus, it is possible to extract
general topics as well as their respective subtopics, whereby the topics can be divided into different,

Twenty-Ninth European Conference on Information Systems (ECIS2021), A Virtual AIS Conference. 12

48




Comparison of Topic Modelling Techniques in Marketing — Results From an Analysis of Distinctive Use Cases

Comparison of topic modelling techniques

thematically consistent groupings that can support the identification of niche topics at a finer level of
granularity. The elicited strengths and weaknesses of the techniques are listed in the following:

e As the best evaluation results regarding the topic intrusion task were achieved by PAM, we recom-
mend this technique as an approach to support (3) content structuring.

e Besides that, DMR can also be applied if the number of topics to be generated reaches a compara-
tively high number. Thus, the applicability is considered partial.

e Since LDA is surpassed by the two techniques here, the application is not considered suitable.

In summary, all the investigated techniques have different strengths and weaknesses in their applicabil-
ity to the identified use cases. Nevertheless, LDA showed its strength in modelling low-dimensional
topics. In comparison, DMR showed to be superior in representing high-dimensional topics. Regarding
trend analysis, DMR showed its strength within the generation of semantically meaningful results. For
content structuring tasks, PAM showed superior results in extracting meaningful relationships compared
to LDA and DMR.

7 Conclusion and Outlook

Analysing written social media data with automated techniques has massively gained in importance as
being aware of customers’ wishes is no longer sustainable with manual analysis due to the sheer volume
of available posts. Topic modelling has shown to be an adequate instrument to support these tasks by
extracting the topics discussed within documents (e.g. Eickhoff and Neuss, 2017, Vayansky and Kumar,
2020). However, it can be observed that especially LDA has been given particular attention for market-
ing-specific applications. Furthermore, since LDA cannot cover all fields of the identified use cases,
marketing tasks may only be supported to a limited extent by automated approaches.

Within this work, the use cases (1) - (3) were identified from the literature due to the frequency that the
identified papers related to them. For each of these use cases, corresponding requirements were identi-
fied and assigned to different metrics (log-likelihood, coherence, build time, word and topic intrusion)
for evaluating these topic modelling techniques (cf. RQ1). Thus, LDA, DMR and PAM were applied to
a real-world data set, evaluated and compared with each other. Thereafter, this work gives recommen-
dations regarding which topic modelling technique could be applied for which use case (cf. RQ2).
Through our comparison of topic modelling techniques, practitioners are given means to select a tech-
nique that can best support their daily business activities. Decision makers in marketing can classify
their concrete task into one of the three identified use cases and derive a recommendation for a suitable
technique. Tasks in marketing, which can be enriched by topic modelling, can thus be supported more
optimally and thus the performance of this division, which is so important for companies, can be in-
creased. Beyond creating value for practitioners, theoretical contributions in the research area of IS are
also provided. First, based on the use cases we derived several requirements for topic modelling tech-
niques and assigned several evaluation criteria to each of them. Second, in order to provide recom-
mendations, we compared LDA, DMR, and PAM with each other regarding five different evaluation
metrics by analysing a real-world data set. This comparison is based on the GQM approach and assures
therefore a systematic research procedure in which reproducible results are achieved. Based on this
comparison potentials for further enhancements (e.g. considering a faster build time for PAM when k >
50) could be evolved. Third, we further deduced strengths (such as DMR should be considered regarding
trend analysis, cf. section 6) and weaknesses (such as PAM is not suitable for trend analysis due to the
amount of time required and the lack of ability to contextualise topics) of the three topic modelling
techniques which is valuable for both researchers and practitioners.

There are some limitations to this study: first, the number of papers we incorporated in identifying use
cases and related requirements for topic modelling within marketing is limited. Nevertheless, these re-
quirements enabled the central metrics of topic modelling techniques to be assigned and generally valid
recommendations for appropriate procedures to be derived. Second, the number of topic modelling tech-
niques being compared is limited to three. Although the extensions proposed by Liu et al. (2016) could
thus be covered to a large extent, we plan to include further techniques in future analysis for each ex-
tension and thereby further refine our recommendations.
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2.2 Identifying Sentiment Influences Provoked by Context Factors — Results
from a Data Analytics Procedure Performed on Tweets

Adressierte

Zielsetzung

Konzeption und Evaluation eines kontextsensitiven Analyseverfahrens
zur Integration von Kontextfaktoren in der Analyse von in UGC. Ziel war
es, ein kontextsensitives Verfahren zu entwickeln und mit der Sentimen-
tanalyse zu kombinieren, um systematisch zu untersuchen, wie technische
(z. B. Betriebssysteme) und geographische (z. B. Kontinente) Kontextfak-
toren die in sozialen Medien artikulierte Stimmung beeinflussen.

ZS2

Abgeleitete

Forschungsfragen

Welchen Einfluss haben die Kontextfaktoren Betriebssysteme mobiler
Endgerdte und der geographische Kontext (Kontinente) auf die in sozia-
len Medien geduBerten Stimmungen, und wie lassen sich diese Kon-
textfaktoren in kombinierter Form analysieren?

FF3

Genutzte

Forschungsmethode

Zur Beantwortung von FF2, inwiefern technische und geographische Kontextfakto-
ren das in UGC artikulierte Sentiment systematisch beeinflussen, wurde ein eigenes
Analyseverfahren zur kontextsensitiven Sentimentanalyse konzipiert, umgesetzt
und auf einen umfangreichen Social Media Datensatz (> 350 Mio. Tweets) ange-
wendet.

Das Verfahren basiert auf der methodischen Grundlage zur Entwicklung eines Text
Mining Verfahrens nach Aggarwal et al. (2012) und verfolgt das Ziel, Kontextinfor-
mationen automatisiert in groBen Mengen an UGC zu identifizieren und mit den
Sentimentauspriagungen der Inhalte zu kombinieren. Das mehrstufige Analysever-
fahren umfasst folgende Komponenten:

1. Datenextraktion und Preprocessing: Sammlung und Vorverarbeitung eines
umfassenden Realweltdatensatzes mit 358.923.210 englischsprachigen Tweets.

2. Automatisierte Kontextanreicherung:

e Geographische Dimension: Ableitung der Kontinente durch Geolocation-
Mapping.

e Technologische Dimension: Extraktion des mobilen Betriebssystems (And-
roid vs. Apple) aus Tweet-Metadaten.

e Zeitliche Dimension: Abbildung der zeitlichen Entwicklung durch Zeitrei-
henanalyse.

3. Sentimentbewertung: Einsatz der lexikonbasierten VADER-Sentimentana-
lyse (Hutto & Gilbert, 2014) zur Bewertung der Stimmungslage pro Tweet auf einer
Skala von —1 (negativ) bis +1 (positiv).

e Nach Ausschluss neutraler Beitrdge verblieben 245.077.312 stimmungstra-
gende Tweets fiir die Analyse der Wirkung bestimmter Kontextfaktoren auf
die in sozialen Medien zum Ausdruck gebrachte Stimmung.

Das entwickelte Verfahren erlaubt es, Kontextfaktoren innerhalb groBer Mengen
UGC datengetrieben und skalierbar zu identifizieren und mit der Sentimentanalyse
zu kombinieren — und liefert damit die methodische Grundlage zur Beantwortung
der aufgestellten Forschungsfrage.

Kernergebnisse

(Uberblick)

Im Rahmen der Studie wurde ein Analyseverfahren zur automatisierten, kontext-
sensitives Identifikation von Sentimentunterschieden in UGC durch die Anwen-
dung des durch Aggarwal et al. (2012) formulierten Text Mininig Framework
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entwickelt und erfolgreich angewandt. Das Verfahren integriert Schritte der Daten-
extraktion, des Preprocessings, der Kontextanreicherung und der lexikonbasierten
Sentimentanalyse, um den Einfluss technischer (z. B. Betriebssysteme) und geogra-
phischer (z. B. Kontinente) Faktoren auf online-artikulierte Stimmungsbilder da-
tenbasiert sichtbar zu machen.

Die Anwendung des Verfahrens auf iiber 245 Millionen Tweets ergab:

e Signifikante Sentimentunterschiede sowohl auf Ebene einzelner Kontextfak-
toren als auch bei deren Kombination, z. B:

o Android-Nutzer artikulieren durchschnittlich positivere Sentiments als
Apple-Nutzer.

o Tweets aus Nordamerika weisen im Vergleich die negativsten durch-
schnittlichen Sentimentwerte auf, wihrend Tweets aus Asien und Siid-
amerika deutlich positivere Tendenzen zeigen.

e Die Kombination beider Kontextdimensionen verstarkt diese Unterschiede:
o Android & Asien fiihrt zu den positivsten,
o Apple & Nordamerika zu den negativsten durchschnittlichen Sentiments.

Das Verfahren ermoglicht somit eine skalierbare Identifikation von Kontextfakto-
ren und wurde anhand der Anwendung auf ~245 Mio. Tweets demonstriert. Dar-
iiber hinaus liefert die Anwendung praktische Erkenntnisse fiir eine zielgerichtete,
kontextsensitive Markt- und Kommunikationsstrategie — z. B. durch Identifikation
von Risikokombinationen fiir negatives Word-of-Mouth oder positive Resonanz-
raume fiir die strategische Kommunikation.

Publikationsort Das Paper wurde 2021 auf der 54th Hawaii International Conference on System Sci-
ences (HICSS) veroffentlicht und ist in der AISeL als peer-reviewtes Konferenzpa-
pier gelistet.
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Abstract

Context factors have lasting impacts on people’s
sentiments. Exploring impacts that different contexts
have on sentiments can be crucial for managing the
increasing number of communications companies
nowadays maintain with customers via social media
channels. To help companies prevent impacts of neg-
ative word of mouth, we provide an overview about
sentiment-influential contexts for tweets as one kind
of social media texts previously discussed within the
literature. We collected an overall amount of
358.923.210 tweets and performed analysis to un-
cover the effects of continents, mobile devices’ oper-
ating systems (OS) and the combination of both on
sentiments expressed within tweets. Our results show
remarkable differences for tweets originating from
North America and Apple devices, which turned out
to be the tweets with the lowest sentiments compared
to the other continents and the mobile OS Android.

1. Motivation

Over the last decade, social media have reached
an immense widespread [1, 2]. In private settings,
social media are used for connecting with friends, for
communicating with each other, presenting oneself to
other users, sharing personal experiences or achiev-
ing social standing and reputation within communi-
ties [3]. Textual social media (e.g. tweets on Twitter
or posts in Facebook) have proven to be a channel for
complaint articulation for customers, e.g. about inad-
equate behaviors of companies resulting from nega-
tive experiences with products and services [4, 5].
Negative perceptions and experiences can prompt
consumers to articulate negative sentiments online in
written social media [4-7]. As social media texts are
widely visible within social media channels, negative
sentiments articulated in social media texts can po-
tentially infect huge masses of social media users and
provoke negative sentiments [5-7]. Additionally, so-
cial media texts containing negative sentiments tend
to spread more quickly [8] so that companies have to

URI: https://hdl.handle.net/10125/70922
978-0-9981331-4-0
(CC BY-NC-ND 4.0)

H{CSS

susanne.leist@ur.de

react fast to prevent damages. Companies reacting
adequately and quickly to customers’ concerns can
turn negative experiences into positive perceptions
[5, 9, 10]. Otherwise, negative perceptions can pro-
voke other users to contribute their own negative
experiences [5]. This so-called negative word of
mouth (nWoM) can lead to the far-reaching dissemi-
nation of negative perceptions towards a company in
the online as well as in the offline sphere [5, 7]. Be-
yond keeping potential customers away from buying
companies’ products and consuming their services,
nWoM can furthermore lead to the termination of
existing customer relationships [11-13]. Eventually,
churning customers and the absence of new custom-
ers lead to decreasing sales [11-13], high costs for
acquiring new customers [14] and thereafter even to
companies’ existence being threatened.

For monitoring the opinions expressed in social
media texts, sentiment analysis offers a solution to
automatically identify opinion polarities from huge
volumes of textual data (cf. [15]). The results of sen-
timent analysis can inform companies about negative
sentiments expressed in social media channels, to
make companies try to meet and overcome custom-
ers’ concerns. While sentiment analysis enables com-
panies to identify negative customers’ perceptions
identified from the texts’ contents, companies require
knowledge about the circumstances provoking certain
sentiments. In addition to the contents of the texts
captured by sentiment analysis tools, there are other
factors that influence the sentiments of people.

For example, the days during a week have been
shown to predominantly provoking negative senti-
ments compared to weekends (cf. [16-18]). Further-
more, places related to spare-time activities (e.g.
parks and green spaces [19-21]) are associated with
more positive sentiments than workplaces where sen-
timents are on average less positive (e.g. [22]). Com-
panies that are aware of contexts as sentiment-
influential factors can tailor their customer communi-
cation according to the effects of contexts. For
strengthening the effects of positive messages propa-
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gated, companies can also rely on contexts provoking
positive sentiments. Companies aiming at positive
Word of Mouth (pWoM) spread (cf. [4, 11, 23]) for
evoking positive perceptions towards their products,
services or the company itself, should rather com-
municate related messages e.g. on weekends.

Depending on the locations (e.g. country or conti-
nent), customers may be more or less likely express-
ing negative sentiments within social media posts. To
counter the sentiment tendencies prevalent in certain
locations (e.g. countries or continents), companies
could thereafter adjust their customer communica-
tion. We address this research gap and perform anal-
ysis to identify the influences mobile devices’ operat-
ing systems (OS) have on sentiments expressed with-
in tweets as one kind of social media posts. As a sec-
ond context, we include continents. To address the
lack of investigations considering at least two con-
texts, we perform analysis combining mobile devic-
es’ OS and continents as contextual factors.

The rest of the paper is organized as follows: In
the next chapter, conceptional basics of social media,
word-of-mouth, sentiment analysis and contexts are
introduced. Afterwards, within the chapter related
work, we give an overview of sentiment-influential
context factors and corresponding effects. Subse-
quently, we describe the steps performed within our
investigation and report the results of our analysis.
After interpreting and discussing the said results, we
draw on implications of our findings. The paper is
rounded off with a conclusion including limitations
and an outlook on future research.

2. Conceptional basics

In literature, the term “social media” is often de-
scribed as “a group of Internet-based applications
that build on the ideological and technological foun-
dations of Web 2.0, and that allow the creation and
exchange of User Generated Content (UGC)” ([24],
p. 61). UGCs represent “the sum of all ways in which
people make use of social media” ([24], p. 61). Social
media tools provide users with functionalities to con-
nect with friends, presenting themselves to other us-
ers and communicating with each other [3]. Social
media posts are suitable to conduct word-of-mouth
propaganda and to lead communication that includes
personal experiences and opinions about a product,
service or promotion [4, 5] with consumers, friends,
colleagues or other acquaintances [23, 25]. Within
these communications, messages as well as therein
expressed sentiments are spread [23, 25] and widely
noticeable by other users within a social media chan-
nel [4-7]. To help companies take notice and control
the sentiments expressed within the ever-increasing
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amount of social media posts, sentiment analysis
proposes algorithmic approaches to identify the po-
larity of texts [15]. In terms of sentiment analysis,
there are different approaches, amongst others dic-
tionary- and sentence-based sentiment analysis [15].
When performing dictionary-based sentiment anal-
ysis, the sentiment of each entity (e.g. each word)
from a text is classified into a positive or negative
class using the dictionaries. These dictionaries anno-
tate opinion carrying words, and the sentiment of the
whole sentence is determined by considering the sum
of the combined scores of all its entities [26].

However, not only the content or the formulation
of messages or opinions of customers on products,
services or the company itself, but also contexts play
an important role in provoking sentiments. Depend-
ing on the manifestations of contexts, people experi-
ence different sentiments [27]. Context can be de-
fined as “any information that can be used to charac-
terize the situation of an entity” ([28], p. 5) whereby
“an entity is a person, place, or object that is consid-
ered relevant” ([28], p. 5). Contexts such as time,
location or mobile OS as well as combinations of
contexts can be investigated as sentiment-influential
factors in the offline world. While time describes the
temporal contexts (e.g. time of day, day of week,
month of year) in which a tweet is posted, location
relates to the spatial properties (e.g. county, country,
continent) the user is surrounded by, when tweeting.
Mobile devices” OS (e.g. Google Android or Apple
iOS) responsible for operating essential system func-
tions on mobile devices, are associated with different
personality traits [29] and can thus be seen as another
sentiment-influential context. Additionally, contexts
are as well experienced, while being in the situation
of writing social media posts (e.g. tweets). Therefore,
contexts also act as sentiment-influential factors
within social media spheres (e.g. Twitter).

3. Related Work

The idea of observing contextual factors and their
influence on sentiments apparent within tweets is not
a new one. Efforts have been made to uncover the
effects of temporal factors such as time of day [16,
18, 30] and day of week [16-18, 31] on sentiments
within tweets. Tuesdays, Wednesdays and Thursdays
have been identified as days characterized by nega-
tive emotions [18], with Wednesdays having even
been identified as being the most negative days of the
week [16]. Throughout the week and towards week-
ends, the sentiments become more positive, with Fri-
days and Saturdays being the most positive days [16,
17]. Sundays are associated with peaks in positive
sentiment [18]. However, literature also reports de-
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clining sentiments on Sundays [26]. Regarding week-
ends, the results suggest that both positive and nega-
tive sentiments are more present as opposed to the
working week [31]. Regarding the times of a day,
there are contradictory findings within the literature.
While [30] state that the time between 5 a.m. and 6
a.m. is the happiest hour of a day, [18] identified the
most negative sentiments for this phase and the most
positive sentiments in the evenings. [16] showed that
there is a maximum of positive sentiments from 11
a.m. to 1 p.m. as well as from 5 p.m. to 8 p.m.

As for spatial influences, efforts have been made
to analyze the effects of different kinds of locations
and the impact of their properties on sentiments [16,
17, 19-21, 32-37]. Staying in green spaces such as
parks has been identified as inducing positive senti-
ments within tweets [19-21]. In line with that, [16]
identified that how a location is used, influences the
sentiments expressed in tweets. Farmland and places
associated with public transportation or industry
bring up more negative than positive sentiments.
Public places are almost equally likely to provoke
positive and negative sentiments. Commercial areas
tend to generate more positive than negative senti-
ments [16]. Places where time is shared with friends
and family also induce predominantly positive senti-
ments [17]. The weather prevailing at a location is
another sentiment-influential context [33-37]. People
are happier when temperatures drop slowly rather
than rapidly [35]. Extremely hot and cold tempera-
tures [34], cloudy weather [34], high humidity [34],
excessive snowfall [35], hailstorms [35], and extreme
weather events such as hurricanes [33, 36] or earth-
quakes [37] have negative influences on the senti-
ment expressed within tweets.

There is further context information that rely on
characteristics of individuals. People with high in-
comes articulate themselves more positively within
tweets as people living in poorer neighborhoods [32,
38, 39]. Older people express more fear compared to
middle-aged people whose tweets contain more joy-
ful terms [38]. Neighborhoods with higher propor-
tions of White, Asian and Hispanic populations also
share predominantly more joy-related expressions
[38]. However, as [39] showed, Hispanic residents
can also be associated with less positive and sadder
emotions. People with an African background tend to
use more dimness-related terms in their tweets [38].
Higher degrees of education shape and higher-
earning populations share happier and more positive
emotions [39]. Tweets that are sent from mobile de-
vices tend to be more negative in terms of expressed
sentiments than those that are sent from desktops [40,
41]. As for mobile devices’ OS, more positive posts
are more likely to stem from blackberry devices [42].
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Within the literature, there are already approaches
relating to the effects of contexts on sentiments ex-
pressed within tweets. There are many investigations
concerning the identification of temporal, spatial and
person-related contexts as well as corresponding ef-
fects provoking positive and negative sentiments.
Nevertheless, related work mostly focuses on one
context solely or considers them isolated from each
other. [16, 17, 19-21, 32-37] have dealt with spatial
factors and focused on certain countries (e.g. USA
(cf. [16, 17, 19, 21, 32-36]), Haiti (cf. [37]) or Aus-
tralia (cf. [20])) instead of whole continents. [42]
analyzed the influence of mobile OS on sentiments.
However, the authors do not match these influences
with continents (cf. [42]) as we did within our paper.
To address this research gap, we performed analysis
that combine mobile devices’ OS and continents.

4. Methodology

To identify the effects of mobile devices’ OS,
continents and the combination of both on sentiments
expressed within tweets, we aligned our approach to
the steps proposed within the text-mining procedure
of [43]. As we aim at identifying the effects of con-
texts on sentiments, we also describe how we pro-
ceeded this task. We split our approach (cf. figure 1)
into (1) preparing the analysis, (2) conducting the
analysis and (3) reporting the results.

(1) Preparing I:> (2) Performing E> (3) Reporting ‘
the analysis the analysis the results

Figure 1: Steps applied within the approach

Within the (1) preparatory steps, we first familiar-
ized with the particularities of tweets. Then, we ex-
tracted the tweets and performed exploratory analysis
followed by conducting data reduction. Because mo-
bile devices” OS and continents as the context factors
to be investigated were not directly provided with the
extracted tweets, we had to perform further steps to
transform the provided data attribute values to obtain
the said context factors. Then, we appended the con-
tinents and mobile devices’ OS to the corresponding
tweets and (2) determined sentiment values for the
extracted tweets by applying an existing sentiment
analysis approach. As with the continents and mobile
devices’ OS, sentiment values were appended to the
corresponding tweets. Within the next step, summari-
zation techniques are applied to the sentiment values
for tweets of the investigated context factors. Hereby,
the mean sentiment values for each context factor and
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the share of tweets at a certain sentiment level are
determined. The last step (3) is about reporting the
results. This includes the results to be presented and
interpreted. The obtained results may contradict pre-
vious findings so that resolving these conflicts can be
necessary. In the next chapters, we describe in more
detail how we approached within these three steps.

5. Preparing the analysis

5.1. Particularities of tweets

As tweets are the research objects within our in-
vestigation, we firstly familiarized ourselves with the
particularities of Twitter and tweets as the corre-
sponding social media texts. Hereby, Twitter is a
microblogging application “stand[ing] halfway be-
tween traditional blogs and social networking sites,
and are characterized by a high degree of self-
presentation/self-disclosure and a medium to low
degree of social presence/media richness” ([44], p.
106). As a specific type of social media, it allows
users to “exchange small elements of content such as
short sentences, individual images or video links”
([44], p. 106). Tweets are amongst others character-
ized by their shortness (e.g. [31, 36, 42, 44, 45]).
Since November 2017, the maximum number of
characters to be used within a tweet is set to 280 (cf.
[46, 47]). This shortness in text length must be taken
into consideration when identifying sentiments ex-
pressed within tweets [36, 44]. Furthermore, our
analysis has to cope with the huge number of users
around the world that post tweets (cf. [31, 39, 42, 44,
48]). Therefore, we assume that the methods for pro-
cessing the tweets need to be fast and performant and
must deal with the shortness of tweets to obtain accu-
rate and reliable results [45].

5.2. Data extraction, data preprocessing and
data reduction

Using Twitter’s sampling Application Program-
mable Interface (API) in the “Spritzer” version, we
sampled approximately uniformly from all messages
being posted via Twitter in 2019. The data collection
procedure resulted in 358.923.210 English tweets in
the time range from January 1%, 2019 to December
31%, 2019. For our investigation, we only collected
tweets written in English. To that purpose, we filtered
the provided language field to determine only tweets
with the value "EN", which indicates that a tweet is
written in English language. By this means, we were
able to omit the complications of multiple languages
(cf. [49]). Further restrictions beyond the language
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restriction as sampling by only incorporating tweets
containing certain hashtags have not been applied.
Fluctuations in collective public emotions and
sentiments can occur due to a multitude of competing
effects (cf. [50]) and can influence the results of this
investigation. By examining a whole year of tweets,
seasonal influences and corresponding distortions
resulting from deviating levels of sentiments ex-
pressed in certain months, such as higher temperature
and more positive sentiments in summer months than
in winter months, can be omitted. Therefore, because
all twelve months of a year are included in our inves-
tigation, the influences of the incorporated contexts
regarding sentiments are not distorted by a month be-
ing not included. As our data collection comprises
358.923.210 tweets, we assume that influences of
external events and competing effects are smoothed
to a high degree. We further regard the sample as a
representative collection of tweets appropriate for our
investigations because Twitter’s “Spritzer” API pro-
vides 1 % of all tweets posted with a maximum mar-
gin of error of 0.06 at a confidence level of 99 %
[51]. Each tweet delivered by Twitter comes as a
JSON (Java Script Object Notation) object that con-
tains tweet text and meta data characterizing both
tweets and the situation in which it has been posted.
These meta data, such as timestamp, language,
source, geolocation and the device used for tweeting
(cf. [19]), are logged and provided by Twitter.
Subsequently, we performed exploratory analysis
to identify noise and outliers within the obtained data.
By this means, we noticed that not every tweet is
provided with location or device information. Thus,
we agreed on performing analysis concerning influ-
ences of location and mobile devices’ OS contexts
only with tweets containing this context information.
Filling up missing values by applying any of the
commonly proposed strategies (cf. [52]) could have
distorting effects as there were many data instances
with missing attributes. To ensure the dataset to be
without any redundant tweets, we additionally ap-
plied redundancy detection using tweet text and the
creation date as the properties of a redundancy. The
following steps of data reduction were carried out as
part of the transformation of the JSON objects into
CSV (Comma Separated Values) files. In this step,
we excluded entries that don’t match the goals of our
investigation. Many of the provided meta data are not
necessary for our analysis so that we only included
the device field, the self-reported location field and
the tweet text to identify sentiments expressed within
the tweets. Only a small fraction of the tweets has
geolocation coordinates that can be mapped directly
to locations in terms of latitude and longitude (cf.
[48]). Therefore, we relied on parsing the free-
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response location field that accompanies a tweet. By
applying the methods from the Pycountry library
(hutps://pypi.org/project/pycountry/), we mapped the
self-reported location information to continents and
appended the continent to the corresponding tweet
within the CSV files.

5.3. Selection of methods to be applied

Identifying the influences of contexts on senti-
ments expressed within tweets requires a method to
assign sentiment values to tweets. Considering the
findings from subchapter 5.1., we decided to apply
the freely accessible “Valence Aware Dictionary for
sEntiment Reasoning” (VADER) approach [45].
VADER was specifically developed for sentiment
analysis in microblog-like texts and has achieved
remarkable results compared to other sentiment anal-
ysis approaches [45]. The approach is also fast
enough and can deal with huge numbers of tweets as
required for our investigation. Because VADER iden-
tifies sentiment values using a built-in sentiment dic-
tionary [45], there is no need for labeled training da-
ta. VADER provides a compound sentiment score
that combines positive and negative sentiments into
one single value. This score can take values in the
range of -1 to +1 [45] and is calculated separately for
each tweet contained in the data set. Furthermore, we
applied summarization measures and decided to cal-
culate mean values in terms of sentiments for all con-
texts being investigated. As the calculation of mean
sentiment values consolidates several sentiment val-
ues to one single value, we additionally decided to
determine the number of tweets whose sentiments are
at certain intervals. This included counting the num-
ber of tweets that have certain sentiment values re-
garding the investigated context factors. In doing so,
determining the sentiment intervals is independent
from calculating the mean sentiment values.

To test the statistical significance of our findings,
we additionally carried out t-tests (cf. [53]). In our
case, there are independent samples since one sample
selected from one population is not related in any
way to the sample from another population [53]. This
is because the assignment of tweets and the respec-
tive sentiment to a continent and a mobile devices’
OS is exclusive and does not consider an assignment
to more than one continent or mobile devices” OS. To
be applicable, the tests require the dependent variable
to be at least interval scaled. We see this requirement
fulfilled as the dependent variable (sentiment value)
of each tweet is numeric. Additionally, the independ-
ent variables (contextual factors) are at least nominal-
scaled [53]. In the following chapters, every time the
term “significant” or “significantly” is used, the dif-
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ferences in mean sentiment values or proportions
within sentiment intervals showed to be significant
by the pairwise calculated t-tests.

6. Performing the analysis

We observed a high proportion of neutral tweets
by filtering for tweets with a sentiment value of “0”
within the appended sentiment value field. As this
huge number of neutral tweets can have remarkable
influences on the results, we decided to exclude neu-
tral tweets from further analysis. Therefore, we pro-
ceeded with the remaining 245.077.312 tweets being
either positive or negative. Then, we filtered the
tweets (cf. table I) along with the corresponding sen-
timent values. For the analysis regarding one context,
either continents or devices, we applied one filter
criterion. E.g. by filtering the tweets with the value
(a) “Europe” or (b) “Android”, all tweets originating
from (a) Europe (c¢f. table 1 - IDs 1, 2 and 4) or
tweets sent from an Android OS (¢f. table I - IDs 1
and 4) and their sentiment values are retrieved. When
combining the contexts of continents and mobile de-
vices’ OS, we simultaneously set two filter criteria.
We retrieve e.g. all tweets sent from Android pow-
ered devices originating from Europe together with
the corresponding sentiment values by filtering with
“Android” and “Europe” (cf. table I - IDs 1 and 4).

Thereafter, the mean values of the sentiment val-
ues regarding the selected singular and combinatorial
contexts were calculated and the numbers of occur-
rences of sentiment values in the respective sentiment
intervals were counted. The results of determining
the mean sentiment values and the sentiment intervals
are more closely described in the next chapter.

Table 1: Example Tweets and Results

IDs Example Tweets
1 pray that your August will be full of good news,
1 positivity and blessings.
Hope you're having a great week.
3 | Iwishyou all the best :-)
I have been on hold with you for 40 minutes and
4 then the call hangs up. Poor customer service!!!
Results
IDs X . :
Continent Mobile OS Sentiment
1 Europe Android 0.8481
2 Europe Apple 0.7732
3 Asia Apple 0.8481
4 Europe Android -0.4767
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7. Reporting the results
7.1. Results of univariate analysis

Users of Apple devices turned out to be less posi-
tive compared to users of Android devices (cf. table
2). Tweets posted by Android devices have on aver-
age higher sentiments than tweets sent by Apple de-
vices. Although the differences for mean sentiment
values between Apple and Android users seem to be
comparably low in our analysis, they showed to be
significant. We additionally determined the number
of tweets whose sentiments are at certain intervals
(cf table 4). Regarding the mobile devices’ OS, the
distributions reflect that 12.89 % of the tweets sent
by Apple devices are strongly negative (within [-1; -
0.66[), compared to 9.32 % for tweets sent by An-
droid devices. As regards the strongly positive tweets
(within [+0.66 to +1]), the proportion of Android
tweets is about 5 % higher than the proportion of
tweets sent by Apple devices.

In terms of location as the second context, we ob-
tained results for six continents, namely Africa (AF),
Asia (AS), Europe (EU), North America (NA), Oce-
ania (OC) and South America (SA). Tweets originat-
ing from AS showed to be the most positive, fol-
lowed by tweets from SA, EU and AF (¢f. table 2).
Interestingly, the average sentiment values for tweets
from OC and NA show significant differences. In
addition, we notice that tweets in the range of +0.66
to +1.0 originate most frequently from SA, followed
by AS, EU and OC (¢f. table 4). Considering the
mean sentiment values, it was assumable for NA hav-
ing a low proportion of tweets within this interval.
Based on the mean sentiment value of AF, it is re-
markable that tweets are strongly positive (within
[+1; +0.66]) with a proportion of only 23.19 %.
However, tweets with mean sentiment values be-
tween +0.33 and +0.66 occur most often for AF,
while the other continents have at least 7.85 % fewer
proportions in this interval. When investigating the
intervals for negative sentiments, it is significant that
NA consistently has the highest proportions, followed
by OC. Asia having the highest mean sentiment val-
ue, interestingly shows as well comparably high pro-
portions in the strongly negative and the negative
intervals (within [-1; -0.66[ and [-0.66; -0.33]).

Table 2: Sentiments of singular contexts

Singular Contexts Mean Sentiment Values
Asia 0.21452
Continents South America 0.19716
Europe 0.19327
Africa 0.18906

Identifying Sentiment Influences Provoked by Context Factors — Results from a Data Analytics Procedure Performed on Tweets

Oceania 0.16195
North America 0.12869
Mobile Android 0.20179
oS Apple 0.13223

7.2. Results of bivariate analysis

The observations of the univariate analysis (cf-
tables 2 and 4) are partly reflected within the bivari-
ate analysis (¢f. table 3 and 5). Combining each con-
tinent with Android gives on average always more
positive sentiment values as if the same continents
are combined with Apple. Hereby, the highest differ-
ence can be observed for Asian tweets, where An-
droid achieves on average significantly higher senti-
ment values compared to Apple (A 0.10366). South
American and African tweets from Android devices
are also significantly more positive. Differences ob-
served for NA, EU and OC are however comparably
marginal. Tweets posted from AF, EU and OC using
Apple devices have consistently higher proportions
within the negative sentiment intervals and consist-
ently lower proportions for the positive sentiment
intervals (cf. table 5). South American tweets having
a sentiment value in the range of ]0; +0.33[ occur
slightly more often for Apple devices than Android.
In Asia, there are also comparably many positive
tweets that are sent from Apple devices compared to
Android. However, strongly positive tweets (within
[+0.66; +1.0]) originate significantly more often from
Android devices (A 9.33 %). The observations for
North America are also remarkable, as one would
expect to find a higher number of positive tweets
from Apple devices because these devices originate
from NA. However, NA does not show the expected
higher sentiment values due to a possible connection
of this continent to the brand Apple that is based
there. But Android powered devices predominantly
originating from AS provoke more positive sentiment
scores for this continent.

Table 3: Sentiments of combined contexts

Combined Contexts Mean Sentiment Values
Asia 0.25694
South America 0.22781
.. | Africa 0.21481
AT Europe 0.19987
Oceania 0.16436
North America 0.13537
Europe 0.17091
Asia 0.15328
Africa 0.15323
AL South America 0.14674
Oceania 0.14323
North America 0.10668
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Table 4: Proportions of sentiment intervals for continents and mobile devices’ OS

?:'i’:j;: [-1; -0.66] [-0.66; -0.33] [-0.33; O] 105 0.33] [0.33; 0.66] [0.66; 1]
Africa 8.46 % 13.05 % 8.94 % 10.02 % 36.34 % 23.19 %
Asia 9.32% 14.36 % 9.65 % 11.15 % 28.11 % 27.41 %
North America 12.03 % 16.92 % 10.77 % 11.41 % 26.49 % 2238 %
Europe 9.02 % 15.12 % 10.02 % 11.63 % 28.49 % 25.72 %
Oceania 10.31 % 15.93 % 10.61 % 11.66 % 27.74 % 23.75%
South America 8.12% 13.89 % 8.86 % 10.28 % 26.33 % 3252 %
Android 9.32% 14.55 % 10.01 % 10.89 % 27.57 % 27.66 %
Apple 12.89 % 17.21 % 10.89 % 11.19 % 25.80 % 22.02 %

Table 5: Proportions sentiment intervals for the combinations of continents and mobile devices’ OS

Combined Mobile OS
Contexts Apple Android

Continents [-15 -0.66] | [-0.66; -0.33] | [-0.33; 0] |]0; 0.33[ ] [0.33; 0.66] | [0.66; 1] | [-1;-0.66] | [-0.66; -0.33] | [-0.33; 0 | 10; 0.33[ | [0.33; 0.66] | [0.66; 1]
Africa 10.73 % 16.19 % 10.50 % 11.55% 27.08 % 2395 % 8.34 % 14.04 % 10.19 % 11.64 % 28.13 % 27.66 %
Asia 10.16 % 16.55 % 10.68 % 11.13 % 2943 % 22.05% 7.77 % 13.21 % 8.80 % 11.21 % 27.63 % 31.38%
North America 12.96 % 19.38 % 11.13 % 10.81 % 2594 % 19.78 % 10.71 % 17.27 % 10.87 % 11.01 % 26.40 % 23.74 %
Europe 9.42 % 16.44 % 10.35% 11.42% 28.25 % 2412 % 7.98 % 15.66 % 10.30 % 11.64 % 27.84 % 26.58 %
Oceania 8.26 % 18.15 % 11.75 % 12.50 % 27.53 % 21.81 % 9.46 % 16.45 % 10.58 % 11.96 % 27.57 % 23.98 %
South America 10.26 % 16.82 % 10.76 % 12.35% 28.90 % 2091 % 7.79 % 14.29 % 9.37% 11.34 % 29.14 % 28.07 %
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7.3. Interpretation and implications

Actions, decisions and sentiments expressed within
social media texts are influenced by the contexts in
which people act. Certain manifestations of contexts
thereby provoke more likely positive or negative sen-
timents. While reacting is only possible after certain
conditions have already occurred, including contexts
into decision-making enables companies to perform
preventive actions. They can benefit by adapting the
way they communicate within certain markets by
aligning to the sentiments provoked by contexts. E.g.
as customers from certain countries or continents
may be more or less likely expressing negative sen-
timents within social media posts, companies could
thereafter adjust their customer communication to
counter sentiment tendencies prevalent there. Regard-
ing the results of our analysis, companies should es-
pecially adapt messages for customers originating
from NA, and those North Americans that send
tweets from their Apple devices. Although the con-
texts NA and Apple provoke negative sentiments, the
combination of NA and Apple devices turned out to
provoke the most negative sentiments according to
our results (cf tables 2 and 3). Therefore, we suppose
that there is the most potential for this combination
when companies want to include contexts into deci-
sion-making within the activities and tasks of cus-
tomer communication. By providing tailored contents
and messages for these customers, the negative atti-
tudes caused by the corresponding context factors of
NA (continent) and Apple (mobile devices’ OS)
could be countered. Instead, when companies inten-
tionally aim at provoking pWoM, they should better
concentrate on AS and Android users.

Our findings retrieved for the mobile devices’ OS
are supported by the findings of [29] who report their
results from a psychological investigation. Users of
Apple devices are associated with more negative
traits. They are perceived as less honest, less humble
and are considered to manipulate others more often to
gain personal advantages [29]. Hereby, the results of
[42] are contradicting the findings of [29] and our
results. In this work, tweets sent from Blackberry
devices are associated with more positive sentiments
compared to tweets sent from Apple or Android de-
vices (cf. [42]). As the data set of [42] comprises the
time range of May 1%, 2012 to April 30", 2014, we
assume that this data no longer reflect the current
situation of mobile devices being used. The observed
differences of Android users being more positive
within our results could therefore be justified by
Blackberry users that switched to Android devices.
The market share of Blackberry has continuously
dropped so that there are nowadays predominantly
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two major mobile OS, Android and Apple’s iOS, that
dominate the mobile devices market [54].

8. Conclusion

Our paper provides an overview about sentiment-
influential contexts within tweets, which is followed
by the identification of the influences of continents,
mobile devices’ OS and the combination of both. Our
approach is structured into preparatory steps, the exe-
cution of the analysis and the reporting of the corre-
sponding results. The results of our analysis have
implications for the management of customer com-
munications within social media channels because
companies strongly build on social media to foster
the external communication with customers (e.g. [55,
56]). NWoM expressed by disappointed or angry
customers within social media channels (e.g. Twitter
or Facebook) has the potential to negatively impact
the perception of (potential) customers towards a
company (cf. [5-7, 11-13]). As customers reporting
negative experiences within Twitter await replies
within one to three hours, companies have to react
quickly [10] or even better take preventive actions.
Hereby, the contexts inducing negative sentiments
can support the corresponding decision-making. In
addition, we see contributions of contexts for compa-
nies intentionally aiming at provoking pWoM. Com-
panies that use Twitter for customer communication
benefit most from our results and findings about sen-
timent-inducing contexts due to the required higher
reaction speed [10]. Our results can support this task
as our investigation is based on tweets as research
objects. Companies apply Facebook as well as a cus-
tomer communication channel where customers also
articulate negative perceptions and experiences (cf.
[5, 6, 10]). Therefore, we recommend as a possible
step for future research to give an overview of senti-
ment-influential contexts and corresponding effects
within Facebook posts.

The paper on hand is however not free of limita-
tions. First, the analysis performed in our investiga-
tion was only performed with the VADER sentiment
approach. Secondly, our results can be seen rather as
initial findings derived from a data analytics proce-
dure. Therefore, it is a necessary step in future re-
search to deduce more sound recommendations from
our results. Thirdly, the results of our work are based
on the tweets of the year 2019. For this reason, we
propose to apply the described analysis procedure to
the data of previous years and to figure out observed
similarities and differences regarding the influences
of context factors.
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2.3 MANTRA: A Topic Modeling-Based Tool to Support Automated Trend
Analysis on Unstructured Social Media Data

Adressierte

Zielsetzungen

Identifikation und Systematisierung von Anforderungen an ein Topic Mo-
delling basiertes Trendanalysetool fiir die drei zentralen marketingbezo-
genen Anwendungsfelder der Produktentwicklung, der Kundenverhal-
tensanalyse und des Markt-/Markenmonitorings.

ZS3

Konzeption, Entwicklung und Evaluation eines softwaregestiitzten Analy-
sewerkzeugs (,MANTRA") auf Basis von semi-supervisiertem Topic Mo-
delling, das die identifizierten Anforderungen (ZS3) integriert und auto-
matisierte Trendanalysen auf UGC-Daten ermdglicht.

ZS4

Abgeleitete

Forschungsfragen

Welche Design Anforderungen muss ein Topic Modelling basiertes
Trendanalysewerkzeug erfiillen, das die marketingbezogenen Anwen-
dungsszenarien der Produktentwicklung, der Kundenverhaltensanalyse
und des Markt-/Markenmonitorings unterstiitzt?

FF4

Wie lisst sich ein solches Trendanalysewerkzeug technisch gestalten und
implementieren, und welche konkreten wissenschaftlichen sowie prakti- | FF5
schen Beitrage konnen daraus abgeleitet werden?

Genutzte

Forschungsmethode

Die Studie folgt einem Design Science Research (DSR) Ansatz zur theoriebasierten
Entwicklung und Evaluation eines datengetriebenen Softwareartefakts fiir die au-
tomatisierte Trendanalyse auf Basis von UGC.

Konkret wurde der DSR-Prozess nach Peffers et al. (2007) umgesetzt, der basierend
auf einer fundierten Problemstrukturierung und der initialen Konzeption eines Lo6-
sungsansatzes, die Schritte Entwicklung, Demonstration und Evaluation eines
funktionsfihigen Trendanalysetools umfasst. MANTRA basiert auf semi-supervi-
siertem Topic Modelling und kombiniert verschiedene Social Media Analysetechni-
ken (z. B. Sentimentanalyse und Kontextanalyse [z. B. zeitlich, geografisch]) in ei-
nem modularen System.

Die Forschung orientiert sich zudem explizit an der drei-Zyklen-Logik von Hevner
et al. (2004):

¢ Design Cycle: Konzeption, technische Umsetzung und Anwendung des Ar-
tefakts sowie iterative Verfeinerung anhand der Tool-Demonstration.

¢ Relevance Cycle: Orientierung an praxisrelevante Anforderungen aus den
marketingbezogenen Anwendungsfeldern Produktentwicklung, Kundenver-
haltensanalyse und Marken-/Marktmonitoring.

¢ Rigor Cycle: Fundierung des Artefakts auf Basis bestehender Theorien wie
der Customer Focus Theorie, Innovationstheorie und Social Media Analytics
Theorie sowie Beitrag zur Weiterentwicklung der Kernel bzw. Nascent Design
Theorien im Sinne von Gregor und Hevner (2013).

Die Evaluation erfolgte durch die Anwendung des entwickelten Analysetools auf ei-
nen Datensatz mit ca. 1,03 Mio. Yelp Reviews, wobei exemplarisch zwei Trends (Ve-
gan Cuisine, Global Cuisine) hinsichtlich ihres zeitlichen Verlaufs, ihrer Sentimen-
tentwicklung und ihrer geographischen Auspragungen untersucht wurden.
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Kernergebnisse Durch die Konzeption und Entwicklung des Analysewerkzeugs wurden mit Blick auf

(Uberblick) die FF4 und FF5 mehreren Kernergebnisse geschaffen:

e Ableitung von 14 Design Anforderungen fiir trendbasierte Analysesysteme
aus Literatur und relevanten Kerneltheorien.

e Entwicklung von 6 Design Prinzipien (z. B. Kontextsensitivitat, Wiederhol-
barkeit, Visualisierung, Sentimentintegration) fiir den Aufbau eines kontext-
sensitiven, modularen Trendanalysetools.

e Implementierung des Tools MANTRA und Anwendung auf ca. 1,03 Mio. Yelp
Reviews zur Demonstration und Evaluation des entwickelten Artefakts.

e Empirische Analyse zweier Trends (Vegan Cuisine, Global Cuisine) mit diffe-
renzierter Auswertung entlang des Zeitverlauf, der geographischen Vertei-
lung (Massachusetts, Texas, Oregon) und des Sentimentverlaufs.

e Aufzeigen, dass reine Haufigkeitstrends ohne Kontext (z. B. negativ konno-
tiertes Wachstum eines Trends) zu Fehlschliissen fithren konnen — und dass
Sentiment und Kontextinformationen essenziell fiir die korrekte Interpreta-
tion von Trends sind.

e Beitrag durch die Ableitung von Design Prinzipien im Kontext automatisier-
ter Trendanalysen sowie zur Weiterentwicklung der Social Media Analytics
Theorie durch die Demonstration der Design Prinzipien und deren dadurch
geschaffenen implizierte Fundierung (Heinrich und Schwabe, 2014).

Publikationsort Das Paper wurde 2023 auf der 44. International Conference on Information Sys-
tems, Hyderabad, Indien (ICIS) veroffentlicht und ist in der AISeL als peer-review-
tes Konferenzpapier gelistet.

Ranking VHB JQ 4 A

Autoren und Anteile | Janik Worner 35%
Daniel Konadl 35%
Isabel Schmid 20%
Susanne Leist 10%
DOI https://aisel.aisnet.org/icis2023/dab sc/dab sc/15
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Abstract

The early identification of new and auspicious ideas leads to competitive advantages for
companies. Thereby, topic modeling can serve as an effective analytical approach for the
automated investigation of trends from unstructured social media data. However,
existing trend analysis tools do not meet the requirements regarding (a) Product
Development, (b) Customer Behavior Analysis, and (c) Market-/Brand-Monitoring as
reflected within extant literature. Thus, based on the requirements for each of these
common marketing-related use cases, we derived design principles following design
science research and instantiated the artifact “MANTRA” (MArketiNg TRend Analysis).
We demonstrated MANTRA on a real-world data set (~1.03 million Yelp reviews) and
hereby could confirm remarkable trends of vegan and global cuisine. In particular, the
importance of meeting all specific requirements of the respective use cases and especially
flexibly incorporating several external parameters into the trend analysis is exemplified.

Keywords: Social Media Analytics, Trend Analysis, Topic Modeling-Based Tool, Design
Science, Marketing

Introduction

In the fast-paced and competitive world of business today, it is crucial for companies to keep track of trends
(e.g., Endo et al. 2015; Lozano et al. 2017). Trends are complex, multidimensional phenomena that evolve
over time and that can exert a significant impact on society in case they prevail (cf. Burmeister et al. 2002).
In this context, social media plays a pivotal role as it allows trendsetters to openly discuss emerging trends
across various industries (e.g., technology, fashion, or food trends) (e.g., Jeong et al. 2019; Park et al. 2021)
and enables customers to express their unfiltered opinions (Yan et al. 2014). Thus, based thereon,
companies can get an impression of what customers discuss as trends and what they think that future
products and services should look like. In this respect, there are three focal points in the extant marketing
research literature that deal with identifying and implementing trends: Developing a sound comprehension
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of feasible development paths of products and services (Puranam et al. 2017), customers’ cultural norms
and behaviors (Humphreys and Wang 2018), and market structures (Netzer et al. 2012). Our research
considers these focal points by three different use cases and aims to support the early exposure of trends.

To identify trending topics from social media, marketing departments can apply different automated
analysis techniques (cf. Batrinca and Treleaven 2015; Fan and Gordon 2014; Stieglitz et al. 2018). There are
quantitative approaches that identify trends based on the frequency by which certain keywords appear
within social media posts over time. However, this is insufficient, as trends, whose constituent elements are
not necessarily known in advance, cannot be found in this way. Supervised learning could also be applied
to trend analysis, but this requires ex-ante knowledge about trend characteristics and trend impulses.
Unsupervised learning techniques can autonomously extract disruptive and previously unknown trends
from large text volumes. Trending topics can thereby include combinations of two or more words that are
not unusually topical or frequently mentioned together (Khan et al. 2021; Reisenbichler and Reutterer
2019). In addition, identifying meaningful trends can benefit from previously gained domain knowledge
(cf. Burmeister et al. 2002). Therefore, semi-supervised topic modeling turns out to be a suitable automated
trend analysis technique as it determines latent relationships between the individual components of a trend
(Crain et al. 2012; Hong and Davison 2010) and allows its users to provide seed information as semantic
anchors to guide the topics to be discovered (Jagarlamudi et al. 2012).

The potential that automated trend analysis techniques propose has already been recognized in practice
and science. Nevertheless, available solutions show remarkable drawbacks, as they do not cover important
Design Requirements (DRs) that are deemed crucial for a trend analysis concerning the common
marketing-related use cases (e.g., incorporation of different geolocation data and customer characteristics
as external parameters) that we could derive. Hence, the capabilities for comprehensively assessing trends
from different perspectives (i.a., products, customers, markets) are restricted. Companies need to operate
different trend analysis approaches to adequately support these common marketing-related use cases,
leading, i.a., to the burden of tediously compiling individual results to gain a holistic view of trends.
Moreover, the available tools proposed for automated trend analysis of marketing-related use cases do not
offer marketing representatives to incorporate prior domain knowledge. As a result, the extracted trends
are not necessarily semantically tailored to the company and its fields of activity, which severely impedes
the integration of the gained insights into decision-making processes within marketing departments.

We address these drawbacks of existing solutions and propose the design and a concrete instantiation of a
software tool as an automated artifact for trend analysis. By including a topic modeling technique that
particularly enables the incorporation of previously gained domain knowledge, we show the proficiency of
this technique in automated trend analysis. Regarding the DRs that a corresponding automated trend
analysis tool needs to meet for common marketing-related use cases, we focus especially on the combination
of different machine learning techniques, which leads to the trend analysis being purposeful. Against this
background, the following two Research Questions (RQs) are posed:

¢ RQ1: Which DRs should a topic modeling-based trend analysis tool meet that supports the marketing-
related use cases Product Development, Customer Behavior Analysis, and Market-/Brand-Monitoring?

e RQ=2: How can such a topic modeling-based trend analysis tool be designed and implemented, and
which contributions can be derived?

The remainder of this paper is structured as follows: the next section provides the conceptual foundations
and the related work. Subsequently, the research procedure, following the Design Science (DS) approach
(Hevner et al. 2004; Peffers et al. 2007), is described. The next section deals with the compilation of the
DPs that we have derived from the DRs. Then, we report the technical realization of the tool, demonstrate
its application on about 1.03 million Online Customer Reviews (OCRs), and present the resulting outcomes.
The paper closes with concluding remarks, potential limitations, and future research ideas.

Conceptual Foundations and Related Work
Conceptual Foundations
Social media entails “a group of Internet-based applications that build on the ideological and technological

foundations of Web 2.0 and that allow the creation of User Generated Content” (Kaplan and Haenlein
2010, p.61). Online social platforms (e.g., Yelp) as a form of social media thereby serve as an important
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medium for the exchange between companies and customers by unstructured and opinionated content
(e.g., textual social media posts). Trendsetters (e.g., domain luminaries or pioneers in certain fields) can
share their thoughts on trending topics and discuss what future products and services should look like (e.g.,
Jeong et al. 2019; Park et al. 2021; Tucker and Kim 2011). In this respect, OCRs constitute “peer-generated
product evaluations posted on company or third party websites” (Mudambi and Schuff, 2010, p.186),
enabling users to evaluate companies’ current products and services by disseminating their experiences.
Thus, OCRs are also beneficial for companies as they include customers’ expectations and opinions
concerning products, services, or the company in general (cf. Hicks et al. 2012; Sigala 2012). As OCRs need
to be online, social media platforms have shown effective for their dissemination in practice. Therefore,
companies can harness OCRs to gain insights about central marketing-related dimensions unfiltered and
in real-time (Yan et al. 2014): i.a., opinions about products and services (Ko et al. 2018; Moro et al. 2020),
customers’ behaviors (Humphreys and Wang 2018), and market structure and competition (Netzer et al.
2012; Tirunillai and Tellis 2014). Keeping track of the evolution of topics and these marketing-related
dimensions is central to trend analysis. In this way, marketing departments can enhance the effectiveness
of brand message placement and the allocation of appropriate resources to marketing campaigns depending
on geographical and temporal developments (Hong et al. 2012; Lozano et al. 2017).

To reveal trending topics, marketing representatives can apply topic modeling, which refers to the use of
generative probability models for determining latent relationships within a corpus of text data. Hereby,
semi-supervised topic modeling allows the user to guide the topic discovery process by providing seed
information as semantic anchors (Jagarlamudi et al. 2012). In this way, different contextual information
(e.g., geolocation, time, user characteristics, a company’s field of activity) can be incorporated to tailor the
trends to be derived. Despite these potentials, semi-supervised topic modeling has yet not comprehensively
been harnessed for trend analysis within marketing use cases.

Distinctive Use Cases of Topic Modeling-Based Trend Analysis

To identify common and distinctive marketing-related use cases of topic modeling-based trend analysis, we
have comprehensively searched and consolidated the extant research literature. Thereby, we have aligned
with the procedure for conducting a systematic literature review as proposed by Vom Brocke et al. (2015).
In the first step, we applied a keyword-based search on ACM Digital Library, AIS Electronic Library,
EBSCOhost, Emerald Insight, Google Scholar, IEEE Xplore, SAGE Publications, SpringerLink, and the
Wiley Online Library (keywords: “topic model”, “topic modeling”, “trend analysis”, “trend tracking”,
“marketing”, “social media”, and several combinations thereof). Within the keyword-based search, we
conducted iterative keyword refinements and could thereby derive the following further keywords: “online

» @« » » » o«

customer review”, “product development”, “customer behavior”, “customer behavior change”, “market
surveillance”, “market monitoring”, and “brand monitoring”. We only kept papers dealing with topic
modeling within the domain of marketing for automated trend analysis on unstructured social media data.
Based thereon, the three involved researchers independently analyzed the title, abstract, and thematic focus
of the initially derived 682 papers. It turned out that there are papers that mention topic modeling but do
not apply it to trend analysis. Some papers used social media and marketing-related terms, but these
concepts were not reflected in the application of topic modeling (remaining: 52). In the cases where
assessments of the researchers showed ambiguities, the relevance and fit of the respective paper to our
investigation were determined by clearing up the ambiguities through discussions and justifications among
the involved researchers (remaining: 38). Duplicates were eliminated, only papers written in English and
only those that have passed a peer-review assessment were kept (remaining: 26). In the second step, we
conducted a forward and a backward search, resulting in another 3 relevant papers that meet the defined
inclusion criteria. Therefore, in total 29 papers could be derived.

Subsequently, we have investigated the contents of the derived papers. Thereby, the wording of the
statements in the examined sources often differed considerably, and the logical consolidation of the
individual statements offered room for interpretation. Using qualitative content analysis and inductive
category development, we could carry out an abstraction from the basic data, while, at the same time,
deriving a coherent image of these data (cf. Mayring 2000; Mayring 2002). In this way, in particular, three
distinctive marketing-related use cases could be identified for automated topic modeling-based trend
analysis: (a) Product Development (e.g., Bae et al. 2018; Irawan et al. 2020; Jeong et al. 2019), (b)
Customer Behavior Analysis (e.g., Bhor et al. 2018; Chen et al. 2012; Zhang et al. 2016) and (c)
Market-/Brand-Monitoring (e.g., Lozano et al. 2017; Qu et al. 2015; Zhao et al. 2019).
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Design Requirements for a Topic Modeling-Based Trend Analysis Tool

After having derived the distinctive marketing-related use cases, we next aimed to derive DRs for the
respective use cases. Because different papers pointed to the same requirements but in (slightly) different
wordings, we applied the qualitative content analysis (cf. Mayring 2000; Mayring 2002) here as well. In
this way, we could systematically condense the available data and consolidate the contents that relate to the
respective DRs. In total, we could derive 14 DRs that we will describe in more detail in the following:

By applying topic modeling for (a) Product Development, marketing representatives can develop an
understanding of how customers perceive their products, services, and corresponding features. Topics
identified from OCRs may, e.g., indicate that customers perceive the product packaging as unecological.
Harnessing OCRs may bring up the idea of replacing the existing plastic packaging with paper packaging so
that customers’ expectations are subsequently met (cf. Park et al. 2021). As the prevailing literature shows
for the use case (a), customers’ product and service expectations can differ across geographical markets. To
be successful and competitive in a targeted market, marketing representatives need to know which features
to design in which way to meet the global and local customers’ expectations. Therefore, topic modeling
needs to (DR1) incorporate different geolocation data as an external parameter (e.g., Bae et al. 2018; Ding
et al. 2020; Ha et al. 2017) that match the generated topics with the corresponding geographical locations.
Customers’ self-reported opinions of products and services also play an important role. Marketing
representatives aim at retaining features evoking positive customer perceptions, while features evoking
negative sentiments need to be improved. Thus, a trend analysis tool needs to (DR2) incorporate the
sentiment of social media posts (e.g., Irawan et al. 2020; Jeong et al. 2019). Thereby, numerous
opportunities for improving products and services can be determined, and certain features are given greater
importance than others. Yet, it is not feasible to address all identified issues because of limited resources in
marketing departments. Thus, it is necessary to support marketing representatives (DR3) to assess the
product and service feature favorability (e.g., Ding et al. 2020; Moro et al. 2020; Tucker and Kim 2011).
Regarding use case (a), e.g., Production Theory and Innovation Theory can serve as theoretical foundations.
Innovation Theory proposes harnessing external and internal sources for identifying new and auspicious
ideas of what future products may look like. These ideas are assessed and refined so that the most promising
ideas are integrated as input factors into the product refinement and development process (cf. Axtell et al.
2000; Ye and Kankanhalli 2018). So, we argue that it is imperative for a trend analysis tool to support the
refinement of the identified trends and to enable marketing representatives to (DR4) link the anticipated
customer preferences with new features (e.g., Jeong et al. 2019; Ko et al. 2018; Tucker and Kim 2011).

In contrast to (a), the focus in (b) Customer Behavior Analysis is on the authors of the social media
posts. Marketing representatives responsible for customer targeting must know how customer behaviors
and associated trends differ for certain customer characteristics like age or gender (e.g., Bhor et al. 2018;
Chen et al. 2012). Customer Behavior Analysis can for example reveal that older people perceive comfort as
an essential product property. To increase favorability among older customers, a company may
communicate its superiority regarding comfort to this respective target group (cf. Duncan and Moriarty
1998). For certain customer characteristics, there are as well different customer behaviors. As such, the
needs for online shopping do distinguish between males (e.g., the accuracy of product descriptions) and
females (e.g., fair pricing) (cf. Ulbrich et al. 2011). In this vein, Customer Focus Theory can be harnessed as
it proposes companies to align their actions to customers’ characteristics and expectations (Gulati and
Oldroyd 2005; Tseng and Piller 2003). To establish the topic-person connections, topic modeling
techniques, therefore, need to (DR5) incorporate different user-related information and customer
characteristics (e.g., age, gender, group-related attitudes, and values) as external parameters (e.g., Bhor et
al. 2018; Shi et al. 2018; Zhang et al. 2016). Based thereon, marketing representatives can tailor marketing
messages with proposals that the individual customer groups appreciate most. As (b) is about customer
behavior, (DR6) a functionality to filter posts is essential to exclude company posts before generating
customer-related topics (Iwata et al. 2009; Saha and Sindhwani 2012). Fast reactions (DR?) are important
regarding topic modeling techniques for this use case because customers’ perceptions can change rapidly
(Bhor et al. 2018; Iwata et al. 2009; Sasaki et al. 2014) and, while, identified concerns about products or
services require a certain time for refactoring, customers need to be rapidly contacted and appeased.

The third use case (¢) Market-/Brand-Monitoring is about investigating how brands and companies act
and which strategies they deploy. Therefore, (c) is concerned with the companies and brands instead of (a),
their products and services. Applying trend analysis to the social media posts of competitors could reveal
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that competing brands include reporting about their sustainable acting within public communications. To
support decisions on the market-/brand level, the topics must be generated for the respective companies or
brands. Beyond generating topics according to geographical markets, the topic modeling technique (DR8)
must also be capable of incorporating brands as external parameters (e.g., Endo et al. 2015; Lozano et al.
2017; Qu et al. 2015). Based thereon, a company may, e.g., adapt its market strategy to focus on niche
markets that other brands have yet paid little attention to. Innovation Theory (cf. Sundbo 1995) thereby
serves as a foundation as it recommends how to successfully place new innovative products and services
within a market. Hereby, the Strategic Innovation Paradigm points out that companies need to assess how
competitors shape their strategic communications concerning innovations. Thus, a trend analysis tool
(DR9) must support the identification of competitors and their market orientations (e.g., Lozano et al.
2017; Park et al. 2021; Zhao et al. 2019). Moreover, marketers need not only support in identifying emerging
competitors but also in understanding the behaviors of current ones (e.g., communication patterns and
discount strategies). Therefore, (DR10) filter criteria like time periods, geolocations, and brands should be
proposed to narrow down the dataset (e.g., Sohn et al. 2019; Valdez et al. 2018; Zhao et al. 2019).

Beyond use case-specific DRs, we could identify DRs that apply to all three use cases. One theory posing
fundamental implications across all use cases is Social Media Analytics Theory (e.g., Fan and Gordon 2014;
Stieglitz et al. 2018). When applying social media analytics for trend analysis on unstructured social media
data, a central necessity is (DR11) dealing with a huge number of social media posts because of the ever-
increasing speed of social media posts emergence (e.g., Jeong et al. 2019; Lozano et al. 2017; Stieglitz et al.
2018). Further, it is essential to provide means to include (DR12) historical data so that past developments
of trends can be considered when assessing the current state of a trending topic (e.g., Bhor et al. 2018;
Lozano et al. 2017). Because trends constitute dynamic developments and not solely static points in time,
the topic modeling technique needs to integrate different temporal parameters into the topic generation.
Marketers require (DR13) support in assessing the course of topics over time at different levels of
granularity and in identifying emerging and declining trends (e.g., Ha et al. 2017; Zhong and Schweidel
2020). In general, applying the results of topic modeling requires advanced technique-related knowledge.
Thus, (DR14) the results need to be visualized (by charts and plots) so that marketing representatives are
supported in making sense of the derived topics (Bae et al. 2018; Ha et al. 2017; Yang et al. 2017).

Use Cases Design Requirements Sources

(a) Product DRu1. Incorporation of different geolocation|Bae et al. 2018; Ding et al. 2020; Endo et al. 2015; Ha et al. 2017;
Develop- data as external parameters Moro et al. 2020; Park et al. 2021
ment DR2. Consideration of sentiment Irawan et al. 2020; Jeong et al. 2019; Ko et al. 2018; Moro et al.

2020

DR3. Providing means to assess the
importance of a product or service feature

Bai et al. 2023; Ding et al. 2020; Jeong et al. 2019; Mastrogiacomo
et al. 2021; Moro et al. 2020; Tucker and Kim 2011

DR4. Linking of newly discovered preferences
with new features

Axtell et al. 2000; Bai et al. 2023; Ding et al. 2020; Jeong et al.
2019; Ko et al. 2018; Puranam et al. 2017; Tucker and Kim 2011;
Ye and Kankanhalli 2018

(b) Customer
Behavior
Analysis

DR5. Incorporation of different user-related
information and customer characteristics as
external parameters

Bhor et al. 2018; Chen et al. 2012; Gulati and Oldroyd 2005;
Puranam et al. 2017; Qu et al. 2015; Shi et al. 2018; Tseng and
Piller 2003; Zhang et al. 2016

DR6. Provide means to filter out social media
posts being posted by the company itself

Gulati and Oldroyd 2005; Iwata et al. 2009; Saha and Sindhwani
2012; Tseng and Piller 2003

DR7. Support fast reactions to changing
customer perceptions

Bhor et al. 2018; Iwata et al. 2009; Sasaki et al. 2014

(c) Market-/ DRS. Incorporation of different brands and

Endo et al. 2015; Lozano et al. 2017; Qu et al. 2015; Sohn et al.

Requirements

Brand- geolocation data as external parameters 2019; Zhao et al. 2019
Monitoring
DRo. Identify differences of how enterprises | Park et al. 2021; Sundbo 1995; Tirunillai and Tellis 2014; Valdez
communicate and place themselves in markets | et al. 2018; Zhao et al. 2019
DR1o0. Apply time periods, geolocations, and | Sohn et al. 2019; Sundbo 1995; Valdez et al. 2018; Zhao et al. 2019
brands as filter criteria
Use Case DR11. Deal with large numbers of social media | Fan and Gordon 2014; Jeong et al. 2019; Lozano et al. 2017;
Independent | posts Puranam et al. 2017; Stieglitz et al. 2018; Yan et al. 2015
Design DR12. Capability of analyzing historical data |Bai et al. 2023; Bhor et al. 2018; Ha et al. 2017; Lozano et al. 2017;

Puranam et al. 2017; Sohn et al. 2019; Zhong and Schweidel 2020

DR13. Identification of trends over time (topic
evolution) at different levels of granularity
(e.g., phases of a day, days of a week, seasons)

Ha et al. 2017; Lozano et al. 2017; Puranam et al. 2017; Tucker
and Kim 2011; Zhang et al. 2015; Zhong and Schweidel 2020

DR14. Visualization of the results

Bae et al. 2018; Ha et al. 2017; Yang et al. 2017

Table 1. Identified Use Cases and Corresponding Design Requirements

Forty-Fourth International Conference on Information Systems, Hyderabad, India 2023

5

74




MANTRA: A Topic Modeling-Based Tool to Support Automated Trend Analysis on Unstructured Social Media Data

MANTRA: Topic Modeling-Based Trend Analysis Tool

Assessment of Tools for Automated Trend Analysis on Social Media

To assess the capabilities of automated trend analysis tools for unstructured social media data, we first
identified corresponding tool providers. The Google search engine and social media analytics groups within
online social networks (i.a., LinkedIn) were drawn upon for this purpose. Tools identifying trends based on
ex-ante knowledge (i.a., approaches that assess trends by the frequency by which certain keywords appear)
were disregarded, as this tremendously hinders the extraction of disruptive and previously unknown trends.

By three researchers conducting the identification of tool providers independently, the possibility of
overlooking established tool providers could be reduced. The identified tool providers were then
consolidated and potential disagreements about the tools were resolved. In this way, we could cover a broad
spectrum of providers and take an up-close look at the most established tools for automated trend analysis
(Brandwatch, Hootsuite, IBM, Keyhole, Meltwater, MineMyText, NetBase Quid, Pulsar, Q-Markets,
Symanto, Synthesio, Trend-Sonar). Based on the DRs that we could derive (see Table 1), a tool survey was
designed to assess whether the available trend analysis tools cover the posed requirements. The tool survey
was validated by the involved researchers and subsequently applied to the data collection procedure. For
this reason, we interviewed sales representatives from these tool providers on the specific features and
additionally installed demo versions of the tools. Based on the interview results and by independently
testing the functionalities of the trend analysis tools against the posed DRs, we could gain detailed and
comprehensive insights into the capabilities as well as into the drawbacks of those trend analysis tools.

Solution Prov. P1 P2 P3 P4 P5 P6 Py P8 P9 P10 P11 P12
# Employees ~10 ~ 30 ~ 60 ~ 70 ~70 | ~120|~300| ~1.3k |~14k| ~2.2k | ~2.5k| ~290k
General Approach NLP NLP Al Al NLP NLP | NLP Al Al NLP NLP Al
DR1 - - o - - - - - - - - o)
DR2 - ° - ° - - ° ° ° - ° °
DR3 ° ° o ° ° ° ° ° ° ° ° °
DR4 - o) - - ° o) 0 - o - - -
DRjs - - - - - - - - - - - -
DR6 ° o) ° ° - ° - ° ° ° ° °
DR7 DR7 was not included in the comparison because a fast execution is highly dependent on the underlying operating hardware.
DR8 - - o - - - - - - - - -
DRg - - o) o) 0 ° - - - - °
DRi1o ° ° ° ° ° ° ° ° ° ° ° °
DR11 . ° . . ° ° . ° ° ° ° °
DRi2 . o o o o ° o . ° o ° .
DR13 o o o) o) o) o) o o o o o) o
DR14 ° ° . . . ° . ° ° ° ° °
Table 2. Results of Assessing Solutions for Automated Trend Analysis * = applicable
Al Artificial Intelligence (i.a., neural networks, support vector machines), NLP: Natural Language Processing (i.a., unsuperv. topic modeling) o = partly applicable

As our assessment could reveal, there is no automated tool that offers marketing representatives to unveil
the latent relationships between the individual components of a trend and that enables them at the same
time to incorporate their previously gained domain knowledge. The tools lack to meet various specific DRs
of the marketing-related use cases (a)-(c), none of the tools thereby manages to cover all of these DRs, and,
in particular, they cannot flexibly integrate the various external parameters at different granularity.
Nonetheless, the perceptions of products and services differ across continents, countries, and federal states
because of globally and locally differing customer expectations. Customer behaviors do differ for certain
customer characteristics (e.g., age, gender, group-related attitudes, and values). Without the ability to
flexibly integrate different external parameters like time (e.g., days of a week, phases of a day, seasons),
geolocations, and user-related information at different granularity, an automated trend analysis tool does
not sufficiently support trend analysis and the marketing-related use cases (a)-(c). Beyond the revealed
drawbacks of the available tools, extant literature clearly points out the need of such a comprehensive topic
modeling-based tool that supports all three use cases. With this research, we aim to close this gap.

Research Procedure

To accomplish the development of a tool for automated trend analysis regarding the common marketing-
related use cases that we could derive from the extant research literature, we applied Design Science (DS)
research. A widely recognized suggestion on how to conduct DS projects was introduced by March and
Smith (1995) and Peffers et al. (2007). In this respect, DSR represents a synthesis of the activities
“build/development” and “justify/evaluate” with the main goal of designing an IT artifact to address an
organizational problem (see Figure 1) (cf. Gregor and Hevner 2013; Hevner et al. 2004; Peffers et al. 2007).
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Process iterations

v
m 2. Objectives of a Soluction 3. Design & Development 5. Evaluation 6. Communication

Effective social media trend Design requirements on a Afirst version of MANTRA is A demonstration of MANTRA | A more comprising evaluation | First results are communicated
analysis tools and approaches dedicated social media tool designed and implemented. is performed at real-world of the tool's usability, ‘within this research and the
that are based on topic (MANTRA) to support social media data from YELP | usefulness, and applicability tool will be made publicly
modeling and that can flexibly | automated trend analysis are Corresponding design (~ 1.03 million online is strived for within future available. Upcoming results
integrate different contextual derived from the extant principles and implementation | customer reviews). work. will be communicated in
information are required by research literature. principles are derived. subsequent research works.
firms, but are yet not available.

Tool Assessment System. Literature Review B : Focus of this paper

See Section ,Assessment of See Sections , Distinctive Use Technical Risk & Efficacy

available Tools for Trend Cases of Topic Modeling-Based | See Section ,Design and See Section ,Demonstration | Strategy [ : First results presented

Analysis on unstructured Trend Analysis* and the Development of the Artefact” | and Evaluation of MANTRA® | See Section ,Demonstration
Social Media Data following one and Evaluation of MANTRA®

Figure 1. Procedure of the Research, own Representation Based on Peffers et al. (2007)

As a first step, (1) corresponding problems of existing software tools for trend analysis were identified
(see Section “Introduction” and Table 2). Automated tools for trend analysis neither do meet the
requirements that are indispensable to the successful application of trend analysis nor do provide flexibly
incorporating external parameters (e.g., by means of semi-supervised topic modeling). Thus, our (2)
objective is to provide and combine a set of machine learning techniques, based on the DRs, to facilitate
trend analysis regarding common marketing-related use cases based on semi-supervised topic modeling.

The third step contains the (3) design and development (see Section “Design and Development of the
Artifact”) of the solution. By conducting a systematic literature review (cf. Vom Brocke et al. 2015), we could
identify DRs an automated trend analysis tool needs to meet to be comprehensive for common marketing-
related use cases (see Section “Distinctive Use Cases of Topic Modeling-Based Trend Analysis”). To fill the
gaps identified within step (1), we focus on the design of the technical realization of the tool by establishing
DPs that are founded on the identified DRs. Thus, our approach was established to support a comprehensive
trend analysis for marketing-related use cases and to eliminate the drawbacks of existing solutions.

Steps (4) and (5) deal with the demonstration and evaluation of the implemented artifact. To define a
proper setting for rigorously demonstrating and evaluating the utility of the artifact, we related to Venable
et al. (2016) who have defined four evaluation strategies for DSR projects. We aligned our DSR-project-
specific evaluation strategy to the “Technical Risk & Efficacy strategy” because the focal aim of our
investigation was to rigorously demonstrate that the evaluand “MANTRA” (MArketiNg TRend Analysis)
achieves its purpose (i.e., identify meaningful and sound trends from unstructured social media data) and
that the incorporation of semi-supervised topic modeling and meeting several DRs are thereby imperative
(cf. March and Smith 1995; Peffers et al. 2012). Thus, we decided to apply one single summative evaluation
episode (cf. Venable et al. 2016) in which trends that have already occurred are reproduced retrospectively.
Thereby, the results produced by MANTRA are verified and confirmed with two trend reports. Beyond, we
plan to investigate the tool within a controlled environment through a laboratory experiment where
participants (i.a., experts from the food industry) identify the soundness of the trends and provide feedback
on how to improve the tool before we will conduct a more extensive evaluation in a natural setting (e.g.,
within a field study). In step (6), we aim to document and communicate the results of our research.

With this procedure, we align our research also with the guideline of Hevner et al. (2004). Regarding the
design cycle, we present our artifact as the result that has gone through the process of demonstration
(application to a Yelp dataset) and evaluation by a survey of an expert panel from the National Restaurant
Association Board (NRAB) (see Section “Demonstration and Evaluation of MANTRA”). Regarding the
relevance cycle, we identified several DRs from research literature and theory (see Table 1) that guided the
design of the artifact, and so the practical application of our artifact brought up several contributions for
practice (see Section “Discussion and Contributions”). In view of the rigor cycle, we used several techniques
(i.a., semi-supervised topic modeling, sentiment analysis) to rigorously construct and evaluate our artifact.
We have derived initial findings as contributions to theory, both kernel theory (e.g., Innovation Theory,
Social Media Analytics Theory) and design theory. To contribute to a rather general and abstract knowledge
base — “Nascent design theory” (Gregor and Hevner 2013) — and to design a purposeful artifact in a
comprehensible way, we deduced Meta Requirements (MRs) and DRs (Gregor and Jones 2007; Heinrich
and Schwabe 2014) for a trend analysis tool grounded in seminal works, resulting in the DPs.

Forty-Fourth International Conference on Information Systems, Hyderabad, India 2023
7

76




MANTRA: A Topic Modeling-Based Tool to Support Automated Trend Analysis on Unstructured Social Media Data

MANTRA: Topic Modeling-Based Trend Analysis Tool

Design and Development of the Artifact
Design Principles for a Trend Analysis Tool

The composition of MRs that describe “what the system is for” (Gregor and Jones 2007, p.325) is based on
the purpose and scope of the trend analysis tool as discussed in the introduction. Thus, we define the
solution objectives based on the problems of the investigation that our paper addresses. These MRs to be
suitable for a class of artifacts are based on the current research literature (Gregor and Jones 2007; Heinrich
and Schwabe 2014; Walls et al. 1992). Subsequently, we have synthesized DPs based on the DRs we have
derived from the related work (i.e., extant literature) as well as based on DRs that are inspired by theory
(cf. Moller et al. 2020; Purao et al. 2020). These DPs are defined as prescriptive statements, showing how
to do something to achieve a certain goal (Gregor et al. 2020). The DPs we dispose fall into the category of
action and materiality-oriented DPs that describe what an artifact should enable users to do and how the
artifact should be built in order to do so (Chandra et al. 2015). For companies (= users) who are interested
in conducting trend analysis based on unstructured social media data (= boundary conditions), and keeping
our DRs for our artifact in mind, we derive six DPs for trend analysis tools:

.
Meta Requirements |
The tool should be able to conduct an automated The tool should combine several data analysis In the tool, a topic modeling technique for trend
trend analysis based on social media data to track how techniques to meet the different design requirements of analysis should be implemented in such a way that it is
certain topics evolve over time. the marketing related use cases. easy to use.
Theory/ Implementation
ILiterature Design Requirements Design Principles Principles
["DR1. Incorporation of geolocation data as | F— - -
v A IP1. The identification of trending topics has to
Product X [external | l DP1. The principle of ‘ [ be done by a topic modelling technique,

Development +4 DRz, Consideration of senfiment > 5 finding trends "l allowing a rapid explorative analysis on large
B DS Py msa s weses T Taportases]] autonomously. social media data.
uston)er A |_of a product or service feature | T 5
Behavior [DRa. Linking of newly dscoversd preferences | { IP2. The used technique is able to incorporate
e ’[ o new lul:res ly P! ] DP2. The principle of / "4[ ;nemll into the topic
X j contextual adaptability. { =
Brand- " J DRs. Incorporation of different customer | ¢ = N [
Monitoring | A istics as external | i g I .l IP3. The analysis can be flexibly contextualized

—J " DR6. Provide means to filter out social media i ‘ #| by means of different filter functionalities.
\W, |_posts being posted by the company itself | Vi{ DP3. The principle of

Related Work

g A [ DR7. Support fast reactions to changing | ¢, 4 incorporating sentiment. 1P4. The underlying polarities of the related
sE |/ [ customer perceptions i } /~/_| trends are identified through _sentiment
g8 1 - - 2 analysis. They are visualized over time and by
2E I~ </ DRS. Incorporation of different brands and 1 means of the use case specific external
£ ) [_geol data as external p I 1 DP4. The principle of { parameters.
/ -__| DRg. Identify differences in the way enterprises g comparison. | =
d communicate and how they place themselves in | A IP5. The analysis results can be extracted and

| markets | o X consolidated to enable further processing in

subsequent working steps.

Theory
lomer I
Ty

Focus

Theo

{ DR1o. Be able to apply time periods, |

l IP6. To support accessibility and comparability

a
R
D

g | ions and brands as filter criteria | 4 DP5. The principle of
- - —] visualization. of the trends and their related sentiments, the

</ DRu. Dealing with large numbers of social analysis results are visualized by means of
;g c ¥|_media posts | 5 BT
.3 DR12. Capability of analyzing historical data 4
E, % g < 4 DR13. Identification of trends over time (topic i 4« DP6. The prh_'u_:lple of I J IP7. To enable the analysis of social media data
¥ E |_evolution) | repeatability. in the most performant way, solely state of the
£ e —— art analysis techniques are used in the artefact.

. DR14.V of the results

Figure 2. Design of an Automated Trend Analysis Tool for Unstructured Social Media Data

¢ DP1: The principle of finding trends autonomously. To track customers’ evolving and changing
requirements, it is necessary to retrace the evolution of topics. The tool should be able to find trends in
large amounts of unstructured social media data and provide its users to apply autonomous trend analysis
by including domain knowledge (i.a., seed words) to refine the identification of trending topics.

e DP2: The principle of contextual adaptability. Since external parameters (e.g., geolocations or
customer characteristics) directly influence how a trend is pronounced, they must be included in the trend
analysis tool. Therefore, the tool needs to provide the possibility to flexibly incorporate different external
parameters and filters, so that the users can tailor the trend identification to their peculiarities.

¢ DP3: The principle of incorporating sentiment. To meet customers’ expectations, it is necessary
to identify issues evoking positive customer perceptions to retain them and to identify issues evoking
negative customer perceptions to be improved. Thus, the tool needs to assign polarities to the individual
trends and differentiate them over time and for the corresponding use case-specific parameters.

¢ DP4: The principle of comparison. To be competitive in the future, comparisons are necessary to
identify the extent to which existing products and services meet customers’ expectations (internal
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comparison) and to compare a company’s actions with those of competitors (external comparison). Thus,
the tool should provide the retrieved analysis results to enable both kinds of comparisons.

¢ DP5: The principle of visualization. To obtain added value from the results and to benefit from the
derived trends, they must be refined approachable. In doing so, the tool should be able to visualize the
trends and sentiment values so that users are aided in interpreting and applying the derived results.

¢ DP6: The principle of repeatability. As a trend can change over time, the identification process
should be executable often, and in a resource-saving way. Therefore, the tool should allow repetition at
any time (including both historical and current data) to react quickly to changing circumstances.

These DPs are deduced from the DRs that are based on current research literature and theory. Gregor and
Jones (2007) state that this reference to theory and literature discloses “an explanation of why an artifact
is constructed as it is and why it works” (p.328). Based on related work and theory, we derive DRs our tool
should meet. These DRs offer guidance by designing the artifact and advising the DPs (Bockle et al. 2021;
Gregor and Jones 2007). These DPs refer to at least one DR and serve as an abstract “blueprint” of our
artifact (Bockle et al. 2021; Gregor and Jones 2007; Heinrich and Schwabe 2014). By establishing these
DPs, we made sure that they follow the value grounding (reference to the DRs) and the explanatory
grounding (DPs are based on current literature and kernel theories) (Heinrich and Schwabe 2014).
Furthermore, based on the instantiation of the DRs and DPs within our artifact MANTRA, we have defined
Implementation Principles (IPs). In this way, we support “the implementation in practice of an abstract,
generic design method or development approach” (Gregor and Jones 2007, p.329) in view of such an
artifact for automated (topic modeling-based) trend analysis on unstructured social media data.

Technical Realization

To address the drawbacks of prevailing research and existing trend analysis tools, we have designed and
developed the artifact MANTRA in the programming language Python. In the following, the instantiation
of the DRs is described as they depict the required features of an automated topic modeling-based trend
analysis tool in the most detailed way. Since the DPs and IPs depict a generic and prescriptive statement of
how something should be done, they capture design-related knowledge and support the development of
further IS (design) theories and new artifacts focusing on automated trend analysis. To reveal the
association of the derived DPs/IPs to the DRs, their relations are pointed out as well.

Regarding the autonomous identification of trends (DP1), the selection of the topic modeling technique to
be applied is critical to success. As trends are time-dependent constructs, a rapid and explorative analysis
must be provided. With this respect, unsupervised topic modeling techniques (e.g., LDA) are conceivable
to enable an explorative analysis. However, given DP2, the incorporation of external parameters (DR1,
DR5, DR8) is not feasible using unsupervised topic modeling. Beyond that, as stated by Chang et al. (2009)
the potential of unsupervised topic modeling is stymied by their purely unsupervised nature, which often
leads to topics that are neither meaningful nor effective at extrinsic tasks such as conducting a marketing
campaign. Semi-supervised topic modeling techniques retain the flexibility of unsupervised techniques and
can identify trends in an autonomous and performant way (Jagarlamudi et al. 2012). In doing so, they can
incorporate external parameters such as geolocation information (DR1, DR8), brands or products, and
user-related external information (DR5). As a semi-supervised topic modeling technique, GuidedLDA was
chosen as it has achieved convincing analysis results within previous research (e.g., Ahadh et al. 2021;
Chandrasekaran et al. 2020; Toubia et al. 2019). By providing seed information, such as a specific
product/brand name or words related to an area such as the global food industry (e.g., burger sauce or
burger patty), the topics generated by GuidedLDA will converge to gravitate into the contextual direction
of those seed words, fostering a successful integration of identified trends into marketing decision-making.

Concerning use case (a) Product Development, the identification of trends and their matching with
corresponding geolocations are required. Besides the incorporation of geolocation information through
respective seed words, we, therefore, enabled MANTRA to pre-define different geolocations by applying a
filter function, gaining maximum flexibility regarding the incorporation of external geolocation information
(DR1, DP2, IP3). This use case stipulates further the inclusion of sentiments within the analysis to
determine the positive or negative tonality of the social media posts (DR2, DP3, IP4). Therefore, we
related to the "Valence Aware Dictionary for sEntiment Reasoning" (VADER) (Hutto and Gilbert 2014)
technique. VADER is a lexicon- and rule-based sentiment analysis technique that is specifically attuned to
sentiments expressed in social media and has achieved remarkable results (Hutto and Gilbert 2014). It can
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extract positive, neutral, and negative inflections in the range of -1 to +1. Additionally, the importance of a
respective product or service feature has to be taken into account (DR3, DP1, IP1). As probabilistic topic
modeling techniques such as GuidedLDA infer their resulting topics based on various probabilistic
distributions, depicting the relevance of the underlying topic words and thus the resulting topics (Crain et
al. 2012), the assessment of the importance of the specific topic is met through the nature of topic modeling
itself. Moreover, the linking of newly discovered preferences with new features (DR4, DP4, IP5) is
compulsory. To develop an artifact that is suitable for various applications in marketing, including the
processing of heterogeneous datasets, an automated linking of newly discovered preferences will not be
feasible. Nevertheless, to take DR4 into account, a function was implemented to extract the respective
results into a Microsoft Excel file. In this way, the results are consolidated and can be used to manually map
the identified preferences to new product or service features. Use case (b) Customer Behavior Analysis
deals, i.a., with identifying behavior changes regarding different kinds of customers. Besides considering
customer-related information by biasing the generated topics by means of seed words, users can pre-define
customer groups based on attributes such as gender or age (DR5, DP2, IP2). Further, a function to filter
out posts created by the company itself to inhibit a bias in the analysis results (DR6, DP2, IP3) is required.
Thus, MANTRA provides the possibility to dynamically define an identifier that is used to filter out
associated data entries. DR (DP6, IP7) reflects a fast execution time when analyzing data concerning
customer behavior. Here, MANTRA implements multi-threading, resulting in the parallel processing of
independent tasks. Besides incorporating different brands and geolocation data with respective seed words
(DRS8, DP2, IP2), (¢) Market-/Brand-Monitoring requires identifying differences in the way
companies communicate and place themselves within markets (DR9, DP4, IP6) by applying filter criteria
such as time periods, geolocations, or specific brands (DR10, DP2, IP3). Therefore, a filter function was
implemented, handling the generation of different subsets of data concerning a specific time period or
brand names. This allows comparisons based on diverse dimensions such as topics of interest or specific
products and services. To enable the processing of large amounts of unstructured data (DR11, DP6, IP7),
only performant analysis techniques settled in the field of text mining are considered. Regarding the
capability to view historical data (DR12, DP6, IP7), flexible incorporation of different datasets including
different time periods is feasible. The identification of trends over time (DR13, DP2, IP2) is considered
by the possibility to determine specific time periods, resulting in a flexible identification of time-specific
trends and their evolution over time. Finally, the trends, their use case-specific peculiarities, and all
customizabilities are visualized (DR14, DP5, IP6) by a developed graphical user interface (GUI).

Demonstration and Evaluation of MANTRA

To assess MANTRA's capabilities, we followed our defined evaluation strategy (see Steps “demonstration”
and “evaluation” in Section “Research Procedure”). In general, MANTRA is designed as an artifact to
identify trends from various unstructured social media data. We decided to conduct the demonstration and
evaluation on OCRs of the academic Yelp dataset, as it is a publicly available real-world dataset and has
proven appropriate for verifying the capabilities of machine learning techniques (e.g., Binder et al. 2019;
Heinrich et al. 2022). The academic Yelp dataset (Yelp 2021) comprises about 8.6 million OCRs of 160,585
businesses in different fields (i.a., restaurants, cultural sites, sports facilities) and contains different context
information (i.a., creation time, federal state, author information) concerning these OCRs. Because this
dataset has already been subject to trend analysis within the food and restaurant industry (e.g., Heinrich et
al. 2022; Worner et al. 2022), we decided to narrow our demonstration to this domain, resulting in a dataset
of about 1.03 million OCRs. According to a 2018 survey by a panel of experts from the NRAB, vegan cuisine
and global cuisine are likely to gain popularity in the US until 2030 (Statista 2019). By means of explorative
analysis, we have next identified that restaurants with these two orientations and corresponding food
offerings are actually included in the dataset. Together with the results from the previous trend analysis for
the food and restaurant domain, this ensured that the possibility of MANTRA producing so-called false
positives is considerably reduced (Pries-Heje et al. 2007). Consequently, MANTRA identifies topics for the
two trends vegan cuisine and global cuisine because they are actually contained within the Yelp dataset.

The configuration (see Figure 3) represents the view when starting the tool and can be used to customize
the trend analysis. The layout is aligned with the GUI design suggestions of Garrett (2010). Section (i)
presents an excerpt of the dataset used, including the actual reviews and the accompanying business data
(e.g., federal state or business name). To consider a representative analysis period concerning our
demonstration, the analysis uses data from 2015 to 2021 (i), as the related NRAB survey conducted in 2018.
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Figure 3. MANTRA - Configuration View

To incorporate the identified use cases, they were implemented in section (iii) using modular, dynamic tabs
to enable a distinctive configuration. Here, regarding the use case (a) Product Development, the number of
topics (2), words per topic (10), the respective external parameters of geolocation (none) and contextualized
seed words (e.g., topic 1: Ttalian, Asian; topic 2: vegan, vegetarian) were defined. Moreover, all sentiment
levels (pos, neg, neu) were considered. The start of the analysis, the handling of input and output (I/O)
operations, and the monitoring take place in section (iv). Once the process has been finished, the results
are consolidated and displayed by responsive, interactive charts (see Figures 4, 5, and 6).
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Figure 4 represents the determined topic probabilities with respect to the years, resulting in the tracking of
the topic evolution based on their relevance. Here, both identified trends are continuously increasing in
terms of their relevance. The trend global cuisine appears to slightly decrease from 2015 to 2018, but then
continuously increases. The trend vegan cuisine increases steadily within the analyzed period. These results
provide convincing evidence that both trends are on an upward trajectory and exhibit consistency with the
findings described in the 2018 NRAB forecast. Moreover, the 2020 and 2022 Food & Health surveys by the
International Food Information Council (IFIC 2020, 2022) show a significant percentage of US residents
turned to a vegetarian/vegan diet relative to the previous years. As our tool detects a significant increase
compared 2019 and 2020, convincing evidence is provided that our tool can identify even small deviations
within the evolution of a trend. In addition, Figure 5 comprises the trend-specific sentiments, by which a
trend and the customer demands can be further deconstructed. All in all, our results confirm the general
feasibility of MANTRA, as the elicited trends are consistent with the results of the two aforesaid surveys.

Trend topics Products/Features (noun) Descriptive characteristics (adj., verb)
vegan cuisine food, restaurant, vegan, service, gluten, ... good, great, delicious, best, unfriendly, free, ...

Table 3. Excerpt of the Resulting Excel
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The analysis also comprises an Excel file to link the elicited results to new products/features. Table 3 shows
an excerpt of the resulting Excel file, containing the trend-related words and their classification into the
part of speech for the topic vegan cuisine. This breaks down the trends into constituent parts, enabling the
identification of specific products/features and related characteristics. As MANTRA depicts co-occurrences
within the elicited trends by topic modeling, identifying sub-trends is feasible. Here, our analysis could,
e.g., reveal that customers eating vegan also refer to gluten-free food in a vast frequency (see Table 3).

Oregon Texas Massachusetts

2016 2017 2018 2019 202 2021 015 2016 2017 2018 2019 2020 2021 2018 2016 2017 2018 2019 202 2021

AeEIFQ=R #eEIFQEB AeEIFQ=R

Figure 6. MANTRA - Identified Trends (From Left to Right: OR, TX, MA)

Since (a) Product Development refers to examining geolocation-based differences regarding the needs
and expectations of customers, we further tested our artifact on sub-datasets referring to three different
states in the US: Massachusetts (MA), Texas (TX), and Oregon (OR). The results provide convincing
evidence that MANTRA is able to identify geolocation-based discrepancies within the evolution of trends
(see Figure 6). It can be clearly seen that the topic vegan cuisine differs across the locations, as it
consistently increases in MA but remains steady or even decreases in TX and OR. Global cuisine has
declined since 2015 in TX, while slightly increasing in MA and OR. The sentiment distributions further
reveal that — although the relevance of the vegan trend is vigorously increasing in TX from 2020 to 2021 —
the respective reviews are negatively connotated (pos: 0.27, neg: 0.61, neu: 0.12). In MA, the trend also
increases sharply from 2019 to 2021 but is predominantly characterized by positive reviews (pos: 0.56, neg:
0.3, neu: 0.14).

Generally, the development of our tool was based on the DRs, which are all met and technically realized
(see Figure 2 and the DPs and IPs). The 2018 and 2019/2020 trends could be verified by applying our tool
to a representative real-world dataset, validating its functionality and therefore its practical applicability.

Discussion and Contributions

The implementation of the DRs and DPs has provided interesting results. As we have included the
sentiment in our trend analysis tool, we could identify positive and negative inflections about the trends
and how the sentiment values evolve over time. Figure 5 shows that users spoke positively about the vegan
trend in 2016. This positive resonance decreased until 2019, but in 2020 and 2021 the positive comments
predominate again. Thus, our demonstration reveals that, although the vegan trend is consistently rising
(in terms of topic probability) (see Figure 4), the sentiment evolves distinctively. Without including the
sentiment, one would not know that especially in 2019 ambivalent opinions were prevalent about the vegan
trend and opening a vegan restaurant would not have yielded the success implicated by the upward trend.

To be successful and competitive in a targeted market, marketing representatives need to know which
product and service features to design in which way to meet the global and local customers’ expectations
(Bae et al. 2018; Endo et al. 2015; Ha et al. 2017). This becomes particularly evident when comparing the
three states of OR, TX, and MA (see Figure 6). While both trends in MA have been growing steadily since
2015, the situation in TX and OR is different. In TX, the vegan trend declined between 2017 and 2020.
However, in 2020, it started to gain importance. This is in contrast to the global cuisine trend which, peaked
in 2016 but has dropped sharply since 2020. OR exhibits a completely different picture of the two trends.
While the vegan trend initially remains stable and dropped sharply in 2019, the global cuisine trend remains
stable over the years. The comparison of the three figures clearly indicates that flexibly including
geolocation information at different levels of granularity (such as federal states) can have a considerable
influence on whether and how to harness the trends. While aligning a restaurant to the vegan trend is (based
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on these analyses) advisable in MA, this is not the case in OR. To better assess these trends in TX and MA,
we have combined the two alignments — geolocation and sentiment — because, as mentioned above,
disclosing an upcoming trend does not directly mean that the trend exhibits necessarily positive
connotations. Whereas the vegan trend in TX has gained in importance since 2020, the sentiment is
predominantly characterized by negative contributions (neg: 0.61). This indicates that either the vegan food
offered so far does not meet the customers’ expectations, or that vegan food is not well received in TX in
general. In contrast to TX, the vegan trend in MA is predominantly characterized by positive reviews on
average (pos: 0.56). Without the inclusion of the geolocation data and the sentiment values, these
aforementioned discrepancies in the results would not have been revealed.

Our investigation contributes to research and practice alike. As a contribution to practice, first companies
can benefit from our comprehensive and modular artifact. MANTRA meets several DRs and, in contrast to
the available solutions, does additionally provide a semi-supervised topic modeling technique
(GuidedLDA). Thus, MANTRA is capable of integrating several external parameters, which is deemed
important in the extant research literature (Bae et al. 2018; Endo et al. 2015; Ha et al. 2017). Beyond that,
MANTRA allows marketing representatives to integrate the use case-specific external parameters even at
different granularity (e.g., federal states as geolocation) and therefore, i.a., to identify fine-grained
discrepancies in customer perceptions. Moreover, we have implemented a functionality to link future
customer preferences with new features (cf. DR4). By extracting the results of the trend analysis into an
Excel file and classifying the trend-related words into the part of speech, trends and their constituent parts
can be analyzed in more detail. For example, a company that has analyzed the trends that emerged in
Section “Demonstration and Evaluation of MANTRA” could recognize that customers eating vegan also
refer to gluten-free food with a vast frequency. As our results indicate, this functionality of a trend analysis
tool is eminent as it supports companies, on the one hand, to identify fine-grained aspects of the elicited
trends and, on the other hand, to support that the gained insights can be seamlessly included into the steps
that are following the actual trend analysis (i.a., trend assessment and integration into the product and
service portfolio of a company). In general, MANTRA has been developed in a modular way, enabling its
users to define various settings through the corresponding GUI elements. For example, the time period for
a specific trend can be set to conduct the analysis resource-efficiently. Several use case-specific DRs were
implemented by offering modular and dynamic tabs to enable quick and almost effortless processing of
common marketing-related use cases. As we have combined different machine learning approaches and
designed our tool modularly, companies can adapt the analysis to their individual circumstances.

Furthermore, as an outcome of our DSR project, we achieved theoretical contributions to research that go
beyond the technical contribution (i.e., the artifact). As we have designed a tool that is able to identify the
voice of the customer, even about unknown customer demands and design features, our results also
contribute to research theories such as Innovation Theory. Here, our approach can be included, e.g., in the
stage-gate model of the innovation process that describes a conceptual and operational model for moving
new product projects from idea to launch (Cooper 1996). Thereby, our results show that it is important to
distinguish trends based on external parameters (e.g., geolocation), as customer perceptions may differ
across global and local sites. By incorporating specific trend-related information within the different stages
of the stage-gate model, the rigid specifications of stages and gates can be loosened up. Since social media
enables customers to express their unfiltered opinions (Yan et al. 2014), thereon identified trends reflect
customer perceptions, which can ensure that customers' needs are considered. Thus, by integrating the
trend information in this way, the assessments at the go/kill checkpoints (i.e., gates) become less elaborate
as the alignment with external requirements (e.g., customer wishes and demands) is maintained constantly.
Moreover, Social Media Analytics Theory (especially concerning the research of automated trend analysis)
states that the automated analysis of social media content still holds various challenges when it comes to
its actual application (Fan and Gordon 2014; Stieglitz et al. 2018). With the design and development of our
automated trend analysis tool, we purposefully combined various machine learning techniques (i.a., semi-
supervised topic modeling, and sentiment analysis) and ensured that the DRs and the corresponding
marketing-related use cases are technically realized. In this way, we contribute to Social Media Analytics
Theory by proposing a need-fitted automated trend analysis for unstructured social media data.

The discussed results have shown the advantages of our tool “MANTRA” compared to existing ones, placing
our DSR project in the group of improvements (development of new solutions for known problems) in terms
of the DSR knowledge contribution framework of Gregor and Hevner (2013). DSR improvement projects
contribute to both prescriptive theory, i.e., design theory (Gregor 2006), and descriptive theory, i.e., kernel
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theories such as Innovation- or Social Media Analytics Theory as described above (Gregor and Hevner
2013). By including GuidedLDA as a semi-supervised topic modeling technique within MANTRA that can
flexibly integrate different external parameters as deemed crucial by our marketing-related use cases, our
research as well affects the quadrant of exaptation (cf. Gregor and Hevner 2013). We have shown the
proficiency of this technique and in this way contribute to IS and DSR research alike, as we propose semi-
supervised topic modeling as a suitable technique for automated trend analysis (tools) to tailor the derived
trends towards context factors and semantically towards the company and its fields of activity.

Based on the DRs derived from literature and kernel theories, DPs were formulated and proposed. By
applying them during the design and development of the artifact followed by the demonstration and
evaluation, an implicit empirical grounding of the DPs was achieved here (Heinrich and Schwabe 2014).
Our DPs capture design-related knowledge and can thus support the development of further IS (design)
theories and new artifacts. By considering e.g., DP2 Contextual adaptability, the importance of the
contextualization (e.g., location) is highlighted. Since context directly impacts trend analysis results, the
alignment with context leads to more meaningful insights. With the DPs, we made a first step towards
contributing to design theory in terms of theory for design and action (Gregor 2006) as we comply with the
conditions of March and Smith (1995) and Hevner et al. (2004), who pointed out under which a
contribution to knowledge in DS has occurred: utility to a community of users, the novelty of the artifact
and the persuasiveness of claims that it is effective.

Conclusion, Limitation, and Future Research

The early identification of new and auspicious ideas as well as trending topics regarding the development
of products and services, the analysis of customers’ behaviors, and the monitoring of markets and
competing brands lead to competitive advantages for companies. However, prior literature and existing
solutions for automated trend analysis on unstructured social media data do not incorporate semi-
supervised topic modeling and do not sufficiently cover the different external use case-specific parameters
as well as the specific requirements of the common marketing-related use cases (a) Product Development,
(b) Customer Behavior Analysis, and (c) Market-/Brand-Monitoring.

Therefore, we identify several DRs and derive DPs. To technically realize the DPs, we combine several
machine learning techniques and transfer these in an intuitive GUI to close the revealed research gaps (see
RQ1 and RQ2). Especially with the demonstration to about 1.03 million OCRs, we show that covering all
DRs is essential for a target-oriented and feasible trend analysis. MANTRA also supports unsupervised
trend analysis when no seed words are provided. Hence, also marketing representatives who have not
gained prior knowledge of underlying trends can also conduct an explorative trend analysis using MANTRA.

Our investigation proposes contributions to practice and research alike (see RQ2). Companies can benefit
from our comprehensive and modular artifact, with which large amounts of unstructured social media data
can be analyzed in a way best suited to the company’s individual circumstances. We have also highlighted
how our investigation made a first step towards contributing to design theory and kernel theories.
Regarding Innovation Theory, the rigid sequence of stages and gates in the stage-gate model (Cooper 1996)
can be loosened up by examining external requirements constantly. In this vein and according to the
demonstration of MANTRA, it is exemplified that the stages should incorporate activities to assess the
influences of the different external parameters (e.g., continents, phases of a day, personal characteristics;
in the demonstration: federal states) on the perception of trends. By incorporating the DRs of a trend
analysis tool, we enrich Social Media Analytics Theory with a need-fitted automated approach for analyzing
social media content regarding the automated identification of trends.

It is worth mentioning, that the initial assessments on the practical applicability of MANTRA regarding (b)
Customer Behavior Analysis and (c¢) Market-/Brand-Monitoring revealed promising results. Therefore, we
will investigate these two use cases in more detail in the future and examine in more detail the potential of
combining the three identified use cases with each other. In addition, to take the next steps toward a more
mature design theory, we will first evaluate our artifact in a formative and artificial environment (e.g., a
laboratory experiment). This allows us to improve our tool (whereby our DPs can be confirmed or adapted)
before conducting a more elaborate evaluation in a more natural setting as a further part of the design cycle.
There are also limitations to this research: Although we included a large set of investigations, we could
identify probably even more use cases in further literature. Additionally, researchers from other fields could
identify other use cases. Nevertheless, the identified use cases are undoubtedly important for marketing.
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2.4 Supporting Product Development by a Trend Analysis Tool Applying
Aspect-Based Sentiment Detection

Adressierte

Zielsetzungen

Ableitung der Anforderungen an ein aspekt-, kontext- und tonalitdtsba-
siertes Trendanalysewerkzeug zur Unterstiitzung der Produktentwick-
lung. Ziel ist die Konzeption eines datengetriebenen Analyseansatzes, der
durch die Kombination moderner Verfahren der Data Science (z. B. Topic | ZS5
Modelling, Aspekt-basierte Sentimentanalyse, Word Embeddings) eine
feingranulare Auswertung relevanter Produkt- und Serviceaspekte in
UGC ermdoglicht.

Prototypische Entwicklung und Demonstration des konzipierten Trenda-
nalysewerkzeugs zur differenzierten Beobachtung von Kundenstimmun-
gen hinsichtlich relevanter Produkt- und Serviceaspekte. Durch die In-
tegration kontextsensitiver Data Science Methoden soll eine zeit- und | ZS6
ortsbezogene Analyse relevanter Produkt- und Dienstleistungsmerkmale
ermoglicht werden, um eine ganzheitliche Entscheidungsunterstiitzung
im Innovationsprozess zu fordern.

Abgeleitete

Forschungsfragen

Wie konnte ein softwaregestiitztes Analysewerkzeug zur Aspekt-basierten
Sentimentanalyse gestaltet sein, das die Trendanalyse im Rahmen der
Produktentwicklung unterstiitzt, und welche Anforderungen muss ein
solches Werkzeug erfiillen?

FF6

Genutzte

Forschungsmethode

Umsetzung nach dem DSR-Prozessmodell von Peffers et al. (2007). Orientierung
an den drei DSR-Zyklen nach Hevner et al. (2004):

¢ Design Cycle: Konzeption, Umsetzung, Demonstration und iterative Verfei-
nerung des kontextsensitiven, Aspekt-basierten Trendanalysewerkzeugs.

¢ Relevance Cycle: Orientierung an praxisrelevante Anforderungen aus dem
Anwendungsfeld der Produktentwicklung.

¢ Rigor Cycle: Theoretische Fundierung des Artefakts durch die Integration
der Social Media Analytics Theory sowie durch die Leistung eines Beitrags
zur Weiterentwicklung der Nascent Design Theorie im Sinne von Gregor und
Hevner (2013).

Die technische Umsetzung basiert auf einer Kombination differenzierter Data Sci-
ence Verfahren:
e Topic Modelling zur automatisierten Aspektextraktion.

e Convolutional Neural Networks (CNN) zur aspektgesteuerten Analyse auf
Basis domainspezifischer Word Embeddings.

e Sentimentanalyse zur Bewertung der Tonalitit.

Kernergebnisse

(Uberblick)

Durch die Konzeption und Entwicklung des Analysewerkzeugs wurden mit Blick auf

FF6 mehreren Kernergebnisse geschaffen:

e Ableitung und Operationalisierung von zehn Design Anforderungen sowie
Entwicklung entsprechender Design Prinzipien fiir die Gestaltung Aspekt-ba-
sierter Analysewerkzeuge.

e Kombination unsupervisierter (Topic Modelling) und supervisierter (CNN
und Word Embeddings) Data Science Verfahren, wodurch flexible Aspektex-
traktion — mit und ohne Vorwissen — erméglicht wird.
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e Demonstration des Tools anhand von 37.638 Yelp-Reviews eines US-Restau-
rantkonzerns.

o Identifikation relevanter Produktaspekte (z. B. Fleisch, Sauce) des Pro-
dukts Burger durch die Analyse der VoC.

o Analyse der Aspekt-basierten Sentimentverlaufe iiber die Zeit zur Erken-
nung produktbezogener Trendentwicklungen.

o Beriicksichtigung regionaler Unterschiede (Massachusetts vs. Texas) zur
Identifikation ortsspezifischer Wahrnehmungsdifferenzen.

e Erkenntnis: Das entwickelte Tool ermoglich eine fein-granulare und kontext-
sensitive Sentimentanalyse und liefert somit differenziertere Entscheidungs-
grundlagen fiir die Produktentwicklung als herkmmliche Analysen.

e Beitrag zur Nascent Design Theorie: Durch die Ableitung von Design Prinzi-
pien im Kontext automatisierter Trendanalysen wurde die Nascent Design
Theorie durch die implizierte Fundierung der Design Prinzipien (Heinrich
und Schwabe, 2014) erweitert.

Publikationsort Das Paper wurde 2022 auf der 17th International Conference on Design Science Re-
search in Information Systems and Technology (DESRIST), St. Petersburg, Florida
(USA) verdffentlicht und ist als peer-reviewtes Konferenzpapier gelistet.

Ranking VHB JQ 4 B

Autoren und Anteile | Janik Worner 30%
Daniel Konadl 30%
Isabel Schmid 30%
Susanne Leist 10%
DOI http://doi.org/10.5283/epub.52213
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88



http://doi.org/10.5283/epub.52213

Supporting Product Development by a Trend Analysis Tool Applying Aspect-Based Sentiment Detection

Supporting Product Development by a Trend Analysis
Tool applying Aspect-Based Sentiment Detection

Abstract. Incorporating product trends into innovation processes is imperative
for companies to meet customers’ expectations and to stay competitive in fiercely
opposing markets. Currently, aspect-based sentiment analysis has proven an ef-
fective approach for investigating and tracking towards products and correspond-
ing features from social media. However, existing trend analysis tools on the
market that offer aspect-based sentiment analysis capabilities, do not meet the
requirements regarding the use case Product Development. Therefore, based on
these requirements, we implemented an automated artifact by following the de-
sign science research. We applied our tool to real-world social media data (37,638
Yelp reviews) from one major fast-food restaurant in the US, and thereby demon-
strated that our tool is capable of identifying remarkable and fine-grained product
trends.

Keywords: trend analysis tool, aspect-based sentiment, product development.

1 Motivation

Social media such as Yelp or Twitter have evolved rapidly over the last years. These
platforms have become increasingly important for interaction in both private and busi-
ness contexts [1, 2]. As social media is a channel for the exchange of user-generated
content and unfiltered voices about products, services and the company in general, so-
cial media data contain the so-called “Voice of the Customer” (VoC). Thus, the VoC
provides deep insights into customers’ current expectations. To meet customers’ ex-
pectations, marketing representatives need to identify and continuously track trending
topics regarding product and service features and incorporate the VoC into product in-
novation processes. For example, identified product features and correspondingly men-
tioned opinions may indicate shortcomings (e.g., low battery capacity of a smartphone)
and which improvements to be made to meet customers’ requirements (e.g., [3]). One
possibility to identify these shortcomings in an automated way from social media texts
is to conduct aspect-based sentiment analysis [4].

The potential of aspect-based sentiment analysis for tracking fine-grained trends
over time has already been recognized in practice and in theory (e.g., [3, 5-9]). This has
led to the emergence of trend analysis tools that include aspect-based sentiment analysis
functionalities. However, trend analysis tools available on the market have remarkable
drawbacks as they do not cover the comprehensive requirements that are deemed es-
sential within the extant literature for the use case Product Development (e.g., [3, 5-9]).

With this work at hand, we make practical as well as theoretical contributions. We
address drawbacks of existing software tools by suggesting a comprehensive artifact
for automated trend analysis that allows marketing representatives to conduct aspect-
based sentiment analysis. To meet several use case-specific requirements, we focus es-
pecially on the combination of different data analysis methods regarding the particular
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requirements, leading to a constructive trend analysis. By this, we aim to propose an
automated solution for identifying ideas as the basis of (incremental) product innova-
tion. Summing up, the research at hand is guided by the following research question:

What could an aspect-based sentiment analysis tool that supports trend analysis for
Product Development purposes look like, and which requirements should such a tool meet?

The remainder of this paper is structured as follows: In the next section, we provide
conceptual basics and related work. Following on this, we turn to the Design Require-
ments (DRs) and Design Principles (DPs) for implementing our tool, and to the short-
comings of trend analysis tools on the market. Next, we show the research methodol-
ogy. After a description of the tool’s design and development as well as its demonstra-
tion, the paper concludes with a discussion and its contributions to theory and practice.

2 Foundations and Related Work

2.1 Conceptual Background

Social media serves as an important interface between companies and customers. In
content communities, users can evaluate e.g., products by disseminating their opinions
in form of online customer reviews (OCR). In doing so, customers not only rate prod-
ucts as a whole but express their opinions and attitudes towards different features of the
rated items (e.g., service quality in a Yelp restaurant review). In this way, OCR not only
help customers to make informed decisions but are also beneficial for driving innova-
tions of products within companies. As OCR include customers’ experiences and ex-
pectations of product features [10], unfiltered and in real-time [11], they can serve as a
valuable resource for product innovations. Thus, OCR can be harnessed to identify
ideas, to either develop new value propositions (i.e., disruptive innovation) or to im-
prove the performance of existing products (i.e., incremental innovation) [12, 13].

To identify ideas for product improvements as well as product development and
therefore to drive incremental product innovations, marketing representatives can con-
duct aspect-based sentiment analysis. The first step of an aspect-based sentiment anal-
ysis deals with extracting aspects from OCR. For this purpose, unsupervised as well as
supervised techniques can be applied. Topic modeling techniques (e.g., LDA [14]) sug-
gest a possibility to identify aspects without prior knowledge (i.e., unsupervised) [14].
Compared to that, supervised techniques (e.g., artificial neural networks) need first to
be trained on training data (e.g., ontologies) to extract the proper aspects (cf. [4]). Sub-
sequently, the expressed tonalities can be identified for each of the aspects [4] by means
of automated sentiment analysis techniques [4, 15]. Therefore, aspect-based sentiment
analysis offers benefits in terms of Product Development. For marketing representa-
tives that lack the ability to implement aspect-based sentiment analysis themselves,
trend analysis tools on the market offer this functionality in a ready-to-use way. How-
ever, these tools show remarkable drawbacks as they do not cover the comprehensive
requirements that are deemed essential within the extant literature for the use case of
Product Development.

90




Supporting Product Development by a Trend Analysis Tool Applying Aspect-Based Sentiment Detection

2.2  Design Requirements and Available Tools on the Market

In a first step, we have comprehensively searched and consolidated literature (cf. [16])
to identify DRs of a trend analysis tool that applies aspect-based sentiment analysis for
Product Development purposes. Based on the attention and importance received, we
could derive several DRs (DR1)-(DR10) (see fig. 2) from the extant literature.

Concerning the identification of product features, the tool (DR1) should be capable
of extracting the aspects autonomously from social media posts (e.g., [6-8, 17]). How-
ever, if marketing representatives have already knowledge documented about a domain
problem (e.g., domain ontologies or product trees), the tool (DR2) should provide the
option to include this prior knowledge into the automated identification of aspects (cf.
[6, 7, 17, 18]). Beyond that, customers’ self-reported opinions of product features play
an important role for Product Development. Marketing representatives aim to retain the
features that evoke positive perceptions, while features evoking negative perceptions
need to be improved. Thus, (DR3) determining the polarity as well as the intensity of
the opinions expressed about respective aspects is mandatory [3, 6, 8, 19, 20]. Subse-
quently, the product features can be adapted so that customers’ requirements are met
(e.g., increasing smartphone screen size). However, adapting features may influence
perceptions of the features customers currently appreciate (e.g., high battery capacity
of the smartphone). Therefore, to support informed improvement decisions, the tool
(DR4) needs to identify the dependencies between product features [7, 9, 17]. Further-
more, to be successful and competitive in a targeted market, marketing representatives
must decide which product features to propose in which way to meet customers’ ex-
pectations within geographical markets. Product trends do also converge over time as
they are dynamic developments and not solely static points in time. It is therefore es-
sential that the tool (DR5) can flexibly match aspect-sentiment relations to different
geographical (e.g., continents, countries, federal states) and temporal (e.g., days of a
week, phases of a day) parameters [3, 5, 17-20]. The huge volume of available social
media posts requires the incorporated techniques (DR6) to deal with vast amounts of
textual data [8, 9, 18-20]. As past developments of trends are essential for assessing the
current state of trending topics, the tool (DR7) needs to allow the user to consider his-
torical data [3, 17-19]. To support Product Development in prioritizing product im-
provement decisions, the tool (DR8) needs to output aggregated sentiment values for
the identified aspects [3, 6, 8, 19, 20] and (DR9) illustrate the frequency of the identified
aspects [3, 8, 20, 21]. To immediately identify the most important aspect-sentiment
relations, the tool (DR 10) should provide means to rank the results in either descending
or ascending order [3, 21].

In the second step, we searched the market for available trend analysis tools. We
took an up-close look at the most popular tools (e.g., Brandwatch, Meltwater, Symanto)
that offer trend analysis by means of aspect-based sentiments. We analyzed the func-
tionality of these tools by installing demo versions. To verify the drawbacks regarding
the DRs for each of the tools, we also turned to sales representatives from these com-
panies to confirm our observations. As it turned out, there is indeed a lack of a software
tool that meets all the specific requirements for the use case Product Development.
Firstly, these tools lack the ability to flexibly match different temporal and geographical
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parameters to aspect-sentiment relations. Perceptions of product features differ across
geolocations (e.g., continents, federal states), trends are temporal developments (e.g.,
days of a week, phases of a day), and both require different and flexible contexutaliza-
tions. Secondly, existing trend analysis tools that apply aspect-based sentiment analysis
extract aspects, either with or without incorporating prior knowledge. However, we
could not observe a trend analysis tool that includes both possibilities. Literature un-
veils the need for a comprehensive trend analysis tool that meets all the requirements
for the use case Product Development. With this research, we aim to close this gap.

3 Research Procedure

In order to develop a systematic artifact for the automated trend analysis in marketing,
we followed the Design Science (DS) approach [22, 23] and aligned our research ac-
tivities with the DS procedure as proposed by [23] (see Fig. 1).

— (&) Bveluation () Documentation

F f thi . .
] Focus of his paper Process iteration

I:l In progress
Fig 1. Design Science Research (DSR) Procedure

As a first step, (1) corresponding problems and drawbacks of previously existing
approaches regarding the automated trend analysis using aspect-based sentiment anal-
ysis were identified (see sections 1 and 2.2). Hence, the revised tools supporting trend
analysis by aspect-based sentiment detection do not meet the requirements that are in-
dispensable to the successful application. Consequently, our (2) objective is to address
drawbacks of existing software tools by suggesting a comprehensive artifact for auto-
mated trend analysis that allows marketing representatives to conduct aspect-based sen-
timent analysis (see sections 2.2 and 4). The third step of our DS process model contains
the (3) design and development (see section 4) of an artifact. To fill the gaps identified
within phase (1), we focus on the design of the technical realization of the tool by com-
bining different machine learning techniques, following our derived DPs. Thus, our
approach was established to support the trend analysis and to eliminate the existing
disadvantages. By (4) demonstrating our artifact (see section 5.1), we highlight the ap-
plication of our tool on 37,638 Yelp reviews [24]. Thus, we showed the implementation
of the requirements identified in literature. In Step 5 the usefulness, applicability and
usability of the tool are to be analyzed in a larger field study. Finally, the tool will be
further enhanced before it is provided to marketing departments of large companies (6).

The orientation towards the procedure by [23] also makes it possible to align our
research with the guidelines of [22] or [25], respectively. According to the design cycle,
we present our artifact as the result that has gone through the process of demonstration
(application of our approach to a Yelp dataset). In view of the relevance cycle, we
identified several DRs from current research literature that guided the design of the
artifact, and so the practical application of our artifact brought up several contributions
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for practice. In view of the rigor cycle, we used several methods to rigorously construct
our artifact (e.g., topic modeling, sentiment analysis, neural networks) and derived
initial findings as contributions to (nascent) design theory.

4 Design and Development

First, the composition of Meta Requirements (MRs) that describe “what the system is
Jor” ([26], p. 325) is based on the purpose and scope of the tool that was discussed in
the motivation. Thus, we define the solution objectives based on the investigations”
problems and present them in Figure 2. Besides the MRs, the Design Principles (DPs)
are synthesized in a next step. DPs are defined as prescriptive statements that show how
to do something to achieve a goal [27]. These DPs are deduced from the Design Re-
quirements (DRs) that are based on current research literature. The DPs we derive from
our results fall into the category of “action and materiality-oriented design principles”,
describing what an artifact should enable users to do and how the artifact should be
built to do so [28]. The development of the DPs follows the guidelines of [28] and [27].

| Meta Requirements |
The tool should include aspect-based sentiment The tool should combine data analysis methods to
| shoul I n: n " 5 o = o -
Thet::o ndsa::lgsi.:eb::eedt:::o::rt a ?:;:;Ttea analysis to identify benefits and shortcomings identify aspects and corresponding sentiments for
B regarding the Product Development. trend analysis in Product Development.
| Theory | | Design Requirements | | Design Principles | | Implementation |
DR1. Extract aspects autonomously from DP1. The tool should be able to find I1. The aspects extraction should be done
t social media posts. important aspects in social media data | ___ through unsupervised techniques such as
I g DR2. Provide the opp Y to 5o users do not need to have topic modelling to enable an explorative
S 5 prior domain knowledge for the extraction of any prior knowledge about the aspects. analysis without prior domain knowledge.
o aspects.
.§ ] e DP2. The tool should provide the possibility 12. To be able to incorporate prior domain
a DR3. Determine the polarity as well as the to incorporate prior domain knowledge, so | knowledge, the aspect extraction should be
intensity of the opinions expressed towards the users can tailor the analysis to their by sups such as
the identified aspects. TRt
DRA4. Identify dependencies between DP3. The tool should be able to display co- 13. The tool should be able to detect co-
o features of products. occurrences to allow the user to choose | ___ | Occurrences of aspects by conducting a
Q2 DRS. Identify trends over time and over geo- related aspects, to identify relations within frequency analysis to extract
a —g locations. aspects and the interactions of these aspects. interrelationship of the aspects.
k= o 14. The underlying polarity of the related
5 DR6. Deal with large numbers of social media DP4. The tool should be able to assign yneRpoaity
b3 c - e 5 aspect-texts should be identified through
© @ posts. polarities to the individual aspects and differ =
o & & e el -~~~ sentiment analysis and visualized over time
E = = - oG LML L LA L) and per location to identify respective
DR7. Include capability to incorporate the development of the corresponding trend.
© e - 5 discrepancies.
= historical data into the analysis.
2 DPS5. The tool should be able to display the I5. To provide a consolidated overview of
= DR8. lllustrate aggregated sentiment values sentiment values in a consolidated view so | the aspects and their related sentiment, the
®|E v for identified aspects. the user can quickly identify the influences of analysis results should be visualized by
S 28  sentiment. f b
E £ E‘ DR9. llustrate frequencies with which the aspects on the customers’ sentiment. means of interactable charts.
b= [ aspects have been mentioned. DP6. The tool should be able to provide
A < filterable tables and graphical 16. The analysis results should be displayed
Ty Gt o O R B e ions of the ing trends ---- by means of consolidated tables, offering
ascending or descending order. so the user can condense the results filter functionalities.
regarding their own needs.

Fig 2. Design of the Artifact

Since no particular machine learning technique is capable of accurately representing
all DRs, a combination of techniques was essential. Regarding DP/, the autonomous
extraction of aspects, unsupervised techniques (e.g., topic modeling) are required to
enable an explorative analysis without prior domain knowledge. However, as stated by
[29] the potential of totally unsupervised techniques is stymied by their purely unsu-
pervised nature. Thus, semi-supervised techniques have arisen in the past, facilitating
an effective way to guide the analysis specific to a user by manipulating the analysis
process even without structured prior domain knowledge [30]. Therefore, to take ad-
vantages of semi-supervised techniques while maintaining the flexibility of unsuper-
vised ones, the known semi-supervised topic modeling technique GuidedLDA found
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application as it achieves convincing analysis results [30]. Besides the explorative anal-
ysis, the artifact must provide the ability to incorporate prior domain knowledge (DP2).
Thus, the artifact provides a supervised aspect extraction using deep learning. Specifi-
cally, it applies a convolutional neural network (CNN) as proposed by [31], using two
types of pre-trained embeddings for the aspect extraction: a general-purpose embedding
and a domain-specific embedding, containing domain related information used by the
CNN to learn the specific domain peculiarities. Consequently, the analysis can easily
be adapted and tailored to the users’ own circumstances by changing the underlying
domain-embedding, resulting in a highly generic and customizable artifact. With re-
spect to DP3, the artifact must depict co-occurrences of the related aspects to detect
their interrelationship. As probabilistic topic modeling techniques such as GuidedLDA
infer the resulting topics based on various probabilistic distributions, depicting the re-
lations of the underlying topic words (and thus the resulting aspects) [32], the identifi-
cation of their interrelationships is met through the nature of topic modeling itself. Con-
sidering the use of the CNN, the artifact depicts the co-occurrences of the aspects by
conducting a frequency analysis. Here, sub-aspects are identified for each extracted
(main-)aspect by analyzing their respective occurrence in the context of the related
main-aspect, resulting in an n-dimensional occurrence-tree. To determine the tonality
of each aspect (DP4), the "Valence Aware Dictionary for sEntiment Reasoning"
(VADER) [33] technique (a lexicon and rule-based sentiment analysis technique spe-
cifically attuned to sentiments expressed in social media) has been implemented. To
further consolidate and visualize (DPJ5) the underlying aspects’ sentiment as well as its
evolution over time, corresponding line-charts are implemented using the well-known
python library matplotlib [34]. Finally, to ensure an adequate illustration of the analysis
results (DP6), the extracted aspects, the corresponding sentiment values and their
means, but also specific references to the extracted aspects are displayed using filterable
tables and lists as demonstrated in the following section.

5 Demonstration and Discussion of the Artifact

5.1 Demonstration of the Artifact

To examine the tool’s ability to identify meaningful and sound trends (including related
aspects and their sentiment), we applied it to a real-world dataset. Therefore, we con-
sulted the academic Yelp dataset [24], represented by a subset of real-world reviews
and businesses in the US from one of the most popular online communities for crowd-
sourced reviews. The dataset, which comprises a total of ~ 8.6 million OCR concerning
160,585 businesses in different fields such as restaurants, cultural sites and sports fa-
cilities spans the period from October 13", 2004 to January 28%, 2021. To demonstrate
our tool, we narrowed the data to the multi-faceted field of the food and restaurant
industry. Specifically, we narrowed the analysis to the reviews of a fast-food restaurant
with multiple franchises in various locations to extract the relevant aspects and associ-
ated customer perceptions, resulting in 37,638 reviews. The evaluation of the analysis
and the tool’s usability will be carried out, as described in section 6, within future work.
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Fig 3. Configuration and Result View of the Artifact

Figure 3 represents the tool’s configuration view (left) and results view (right). By
the configuration view, the underlying analysis can be customized to the one’s own
needs. Here, in case of not all periods of time included within the data deemed neces-
sary, a specific period can be individually defined. For the purposes of our demonstra-
tion, the analysis was conducted using data spanning the years 2015 to 2021. To further
account for the two different analysis settings (with/without the incorporation of prior
domain knowledge), both were implemented using dynamic Graphical User Interface
(GUI) elements to enable a distinctive configuration. Concerning the demonstration,
the analysis under consideration of prior knowledge has been conducted. Therefore, all
sentiment levels (positive, neutral, negative) are considered. Moreover, the level of co-
occurrences has been set to two, resulting in a two-dimensional occurrence-tree. The
domain knowledge used was extracted from the renowned dataset of the 2016 SemEval
task [35]. By using this appropriate word embedding tailored to the use case of restau-
rant reviews, the CNN is trained in the domain of the food and restaurant industry.

The result view represents the sentiments of the extracted aspects with respect to the
years, resulting in the monitoring of their evolution based on their customer percep-
tions. Here, both locations refer to the same aspects (main-aspect: burger; sub-aspects:
meat, sauce), facilitating a comparison of their temporal and location-based discrepan-
cies. In Massachusetts (MA), the main-aspect burger exhibits slight oscillation across
the years but generally remains stable. The worst average customer perception occurs
in 2019 and is represented by a slightly positive sentiment score of 0.131. Furthermore,
the two sub-aspects meat and sauce differ strongly in their course in 2019. Here, the
course of meat collapses drastically (-0.109), while the course of sauce remains nearly
constant (0.503) compared to the previous year, leading to the assumption that the neg-
ative reflections of the mear aspect may influence the main-aspect burger. Moreover,
this assumption is supported by the development of the respective aspects. Here it be-
comes apparent that the significant improvement of the aspect meat also potentially
causes an improvement of the main aspect burger, supporting the conclusion that our
tool is able to identify meaningful and sound trends based on the corresponding aspects

~
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and their customer perception. The results provide further convincing evidence that our
tool can identify location-based discrepancies in the evolution of trends. Thus, it can be
seen that the customer perceptions of the aspects differ across the respective locations,
as they overall remain quite constant in MA but consistently decreases in Texas (TX).

Generally, the development of our tool was based on the DPs as shown in Figure 2,
which were all implemented as described in section 4. Accordingly, all expectations
posed in regard to our artifact were technically realized. In addition, several trends and
their evolution could be identified by applying our tool to a representative real-world
dataset, validating its functionality. To subsequently evaluate its practical applicability
by means of an identification of meaningful and sound trends, an evaluation will be
conducted in future work.

5.2 Discussion of the Demonstration

The implementation of both the MRs and the DPs enabled us to design and develop a
tool which has provided interesting results. As we establish the opportunity to extract
the aspects in either a supervised or an unsupervised way (DP1, DP2), we can identify
in the first instance aspects and/or product features which are discussed in the social
media data under consideration. This allows us to identify those aspects which are most
important from the customer’s point of view and, above all, which must be considered
in Product Development [3, 8, 20, 21]. Figure 4 shows that the most frequently named
aspects in our data are burger, meat and sauce (497, 372 and 268 occurrences). This
means that when reviews about the restaurant are written, customers address mainly
these three aspects. In the case of Product Development, the restaurant can start screen-
ing these aspects as they are particularly important for the customers. The extraction of
aspects is possible on the one hand via a CNN including word embedding, providing
the restaurant to incorporate prior domain knowledge (DP2) such as aspects about food,
drinks, and processes in the restaurant. Therefore, the extraction of the aspects is tai-
lored precisely to the company. But, on the other hand if the restaurant wants to extract
aspects without exerting any influence, the tool can also identify them autonomously.
Moreover, the demonstration of the artifact has also shown that the customers have
spoken differently about the three aspects. Here, our results show that users spoke about
sauce more positively (0.471) over the years than about the aspects burger (0.376) and
meat (0.391). However, the results become even more interesting when the related sen-
timent values are observed over time. Thus, numerous opportunities for improving
products can be identified, and certain features can be given greater importance [5, 19].
Figure 4 shows that for MA the values of the individual aspects can change considera-
bly: While in 2015-2018 the sentiment values of mear range between 0.40 and 0.52, in
2019 it slipped down into the negative range with -0.12. After this decline, the opinion
about meat then improved again in 2020-2021. At the same time as the sentiment value
of meat has fallen, that of the hurger has fallen too. In this context, it is therefore pos-
sible that the negative sentiment about the sauce had also influenced the customers’
opinion about burger. If a company did not have this fine-grained information gained
through the aspect-based sentiment analysis and wanted to adjust the product in 2019
based on the negative reviews, it is possible that it would have changed product features
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which were actually rated positively. Also, in TX, the consideration of the aspects is
inevitable as the results show that the sauce needs to be changed so that the customer’s
opinion about it and therefore the opinion of the whole burger can be improved again.
Already existing trend analysis tools often include sentiment analysis to show the gen-
eral tonality about the company or the product over time — without considering that
different aspects influence the product’s evaluation. However, this leads to a distortion
of the results and the benefit for companies is no longer a given.

Furthermore, including geolocations and therefore considering location-based dis-
crepancies can also create significant benefits. Customers’ product requirements can
differ across different geographical markets. To be competitive in a targeted market,
companies need to know which features should be designed in which way to meet the
local customers’ expectations [17, 36]. This becomes particularly evident when com-
paring MA and TX (see fig. 4). While we can see in terms of the restaurant in MA that
the burger exhibits a positively connotated trend over the years, the sentiment over time
in TX shows worse values. Especially in 2020 and 2021, the sentiment values of the
burger differ immensely (MA: 0.35, 0.45; TX: 0.28, 0.22). In both locations, there are
different reasons for the burger’s better (MA) or worse (TX) rating. While in TX the
sauce must be adjusted to the taste of the people, this is not necessary in MA due to the
steady positive values. Without the inclusion of the geolocations and also the sentiment
values, these discrepancies in the results would not have been revealed, which clearly
is a benefit in comparison to other existing tools.

6 Conclusion, Contribution and Outlook

Assessing and identifying people’s opinions about a particular aspect and its future im-
pact (thus a social media trend), is difficult, especially given the vast amount of social
media data. Thus, techniques for analyzing textual social media data, e.g., aspect-based
sentiment analysis, topic modeling and neural networks, have gained in importance, as
companies need to be aware of customers’ expectations regarding products. However,
prior literature and existing tools do not incorporate them to identify future trends, do
not include external parameters (such as geolocation) and do not cover specific require-
ments (simultaneous identification of trends with/without prior knowledge) crucial in
the field of Product Development (see sections 2.2), although the early identification of
new and auspicious ideas and trends means a competitive advantage for companies
[19]. Thus, we provide a comprehensive tool by combining several machine learning
approaches and transfer these in a highly responsive and platform-independent GUI.
Especially with the demonstration of our tool on 37,638 OCR from Yelp we have
shown that considering all identified requirements is necessary to analyze trends.
Besides creating value for practitioners, theoretical contributions in the research area
of IS are also provided. To acknowledge the importance of different DSR perspectives,
we have related our DSR contribution to the category “design artifacts” according to
[37], including both: the demonstration of the artifacts practical benefit and design the-
ory contributions [38]. Therefore, by providing a tool for automated trend analysis that
can identify aspects that are discussed within social media, we enable companies to
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gain deep insights into customers’ current opinions and future expectations to tailor
their products. Hence, to meet these customers’ needs, a company has to identify and
continuously track product features by incorporating the VoC into internal Product De-
velopment processes. Thus, as tracking evolving and changing customer requirements
is imperative to meet customers’ wishes [36, 39], companies can respond to them
quickly and with minimal effort as huge amounts of social media data can be processed
with our tool. Compared to already existing trend analysis tools, our tool meets all the
specific requirements set out within the extant literature regarding Product Develop-
ment. In particular, our tool can flexibly match different temporal and geographical
parameters to identify aspect-sentiment relations and it provides users the possibility to
extract the aspects either with or without prior domain knowledge. Thus, customer per-
ceptions for specific periods or geolocations can be displayed to track fine-grained var-
iabilities. On the one hand, this makes it possible to visualize influences, affecting the
sentiment. On the other hand, downward trends in sentiment can be counteracted and
upward trends can be strengthened. Hence, this combined with the integration of geo-
locations can especially support large companies with multiple branches in their efforts
to easily perceive location-specific sentiment changes and explicitly react to them. As
we have combined different machine learning approaches and designed our tool mod-
ularly, companies can adapt the analysis to their specific needs. A further contribution
of implementing aspect-based sentiment analysis is that the tool can be supportive in
identifying the aspects of the products to be changed to meet the customer’s expecta-
tions (remove existing aspects of the product, others need to be enhanced). With the
realization of (DP4)-(DP6), we created a tool with which companies can track the over-
all customer perceptions. In summary, companies can benefit from our comprehensive
and modular artifact by analyzing large amounts of data in a way best suited to their
circumstances, aiming to analyze trends regarding their aspect-based sentiment values.

Besides our technical contribution (i.e., the artifact), we achieved prescriptive theo-
retical contributions as a further outcome of our DSR project. Therefore, we formulated
and proposed DPs based on the DRs (see section 2.2) derived from current research
literature. By applying them in the course of the design and development of the artifact
followed by the demonstration, an implicit empirical grounding of the DPs was
achieved. Our DPs capture design-related knowledge and can therefore support the de-
velopment of further IS (design) theories and new artifacts. For designing further (trend
analysis) tools in related areas, our DPs can be applied as we have formulated them
generally by describing what the artifact should enable users to do and how it should
be built. For example, by DP4, the importance of including time, geolocation and/or
further external parameters (e.g., customers’ characteristics) in a trend analysis tool is
highlighted. As these external parameters have a direct impact on the customers’ senti-
ment and therefore on the analysis results (cf. [40]), the alignment to them will lead to
a more targeted trend analysis tool. Thus, for researchers that intend to design a trend
analysis tool, we suggest considering the influences that are evoked by external factors.
So, with the compilation of the DPs, we made a first step towards contributing to nas-
cent design theory. To take a next step towards a more mature design theory, we intend
to evaluate our DPs by further evaluating our tool. Therefore, we will first evaluate our
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tool in a formative and artificial environment (i.e., a laboratory experiment). Here, par-
ticipants will use the tool to identify relevant aspects and associated customer percep-
tions in OCR. Subsequently, they will complete a questionnaire to indicate their per-
ceptions of the analysis quality and tool usability. This allows us to identify difficulties
and improve our tool (whereby our DPs can be confirmed or adapted) before conduct-
ing a more elaborate evaluation in a more natural setting as a further part of the design
cycle [41]. This second evaluation will be a field study with a large restaurant chain
that plans to integrate a software artifact to support its marketing departments.
However, there are also some limitations to this research: Although we included a
large set of investigations, we could identify probably even more requirements the tool
should meet in further literature. Nevertheless, the identified DRs are undoubtedly im-
portant for Product Development in other areas and other DRs could be identified.
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2.5 Automated Identification of Different Lead Users Regarding the Innovation

Process

Adressierte

Zielsetzungen

Ableitung eines Anforderungsprofils an die methodische Konzeption ei-
nes datenbasierten Identifikationsverfahrens von Lead Usern. Hierzu
werden zentrale Lead User Eigenschaften (z. B. Trendsetter, Netzwerkpo-
sition, produktbezogenes Wissen) in der Literatur identifiziert, systema-
tisch modelliert und softwaregestiitzt operationalisiert. Ziel ist es, ein au-
tomatisiertes Analyseverfahren zu konzipieren, welches diese Lead User
Merkmale in digitalen Kommunikationsdaten automatisiert erfasst und
so fiir die softwaregestiitzte Lead Usern Identifikation nutzbar machen
kann.

ZS7

Entwicklung, Demonstration und empirische Evaluation eines skalierba-
ren Analysewerkzeugs zur automatisierten Identifikation von Lead Usern
auf Basis des konzipierten Analyseverfahrens. Dabei soll ein multimetho-
disches Analysewerkzeug durch die Integration etablierte Data Science
Verfahren (z. B. Topic Modelling zur Trendanalyse, Sentimentanalyse zur
Stimmungsanalyse, SNA zur Abbildung der Netzwerkstrukturen) entwi-
ckelt werden, welches eine automatisierte, merkmalbasierte Identifika-
tion von Lead User ermoglicht.

ZS8

Abgeleitete

Forschungsfragen

Welche charakteristischen Merkmale weisen Lead User in Online-Com-
munities auf, und wie lassen sich diese Merkmale datenbasiert operatio-
nalisieren?

FF7

Wie kann die Identifikation von Lead Usern durch ein softwaregestiitztes
Analyseverfahren unterstiitzt werden, und welche technischen Losungs-
ansitze sind hierfiir geeignet?

FF8

Genutzte

Forschungsmethode

Umsetzung gemaB dem DSR-Prozess nach Peffers et al. (2007) mit Fokus auf die
Entwicklung, Demonstration und Evaluation eines funktionalen Analyseartefakts

zur Lead-User-Identifikation.

Orientierung an den drei Zyklen von Hevner et al. (2004):

Design Cycle: Konzeption, technische Umsetzung und Evaluation des Ana-
lyseansatzes mit Fokus auf die datenbasierte Operationalisierung relevanter
Lead User Merkmale. Aufbauend auf der ersten Evaluationsepisode mit den
identifizierten Lead Usern sowie einem Innovationsexperten wurde das Arte-
fakt verfeinert.

Relevance Cycle: Orientierung an praxisrelevanten Anforderungen aus den
Anwendungsfeldern des Produktentwicklung und der Innovationsprozesse
sowie Riickkopplung des entwickelten Artefakts durch dessen Evaluation mit
Experten aus der Praxis.

Rigor Cycle: Theoretische Fundierung des Artefakts anhand der Beriick-
sichtigung bestehender Theorien wie der Lead User Theorie sowie der Inno-
vationstheorie.

Das entwickelte Analyseverfahren nutzt ein modulares Methodenset aus Sentimen-
tanalyse, SNA, Frequenzanalyse und Topic Modelling, um typische Lead User
Merkmale systematisch und automatisiert zu identifizieren.
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Kernergebnisse Durch die Konzeption und Entwicklung des Analysewerkzeugs wurden mit Blick auf

(Uberblick) FF7 und FF8 mehreren Kernergebnisse geschaffen:

e Identifikation und datenbasierte Operationalisierung von sechs zentralen
Lead User Merkmalen: Trend Leadership, Dissatisfaction, Enjoyment, High
Activity Level, High Product-Related Knowledge, Opinion Leadership

e Differenzierte Betrachtung des Lead User Konzepts entlang des Innovations-
prozesses: Es wurden zwei unterschiedliche Typen von Lead Usern fiir die
Phasen Ideengenerierung und Produktentwicklung abgeleitet.

e Entwicklung eines automatisierten Lead User Identifikationsverfahrens, das
alle sechs Lead User Merkmale automatisiert in digitalen UGC analysieren
kann.

e Demonstration des entwickelten Analyseverfahrens anhand realer Daten aus
einer innovationsgetriebenen Online-Community: Durch die Anwendung des
Verfahren konnte die Segmentierung unterschiedlicher Lead User Typen je
nach Innovationsphase demonstriert werden.

e Zweigleisige Evaluation des Analyseverfahrens: Einerseits wurden die Ergeb-
nisse durch asynchrone Nutzerinterviews mit identifizierten Lead Usern so-
wie andererseits mit einem Experteninterview mit einem Innovationsmana-
ger evaluiert.

e Eswerden unterschiedliche Beitrage zur datengetriebenen Entscheidungsun-
terstiitzung im Innovationsmanagement und zur Weiterentwicklung der Lead
User Theorie geleistet.

Publikationsort Das Paper wurde 2022 im Electronic Markets Journal (EM) veroffentlicht und
ist als peer-reviewtes Journalpapier gelistet.
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Abstract

Lead users are often established in an organizational innovation process to attenuate the difficulties a company faces, such
as high costs or the obscurity of customers’ needs. But to benefit from these lead users a major challenge is to characterize
and identify them especially in the fast-moving world of social media. Therefore, we aim to design a tool to identify lead
users automatically for the two innovation phases (“Idea generation” and “Development”) by combining different approaches
such as social network analysis, topic modeling and sentiment analysis. Thus, we consulted the design science approach
and applied our artifact to 11,481 contributions of an online digital platform. The technical realization of the six different
characteristics and their respective weighting according to the different phases of the innovation process resulted in differ-
ent lead users and showed the necessity of distinguishing between them. Our results were evaluated and confirmed by the
identified lead users and an expert. Hence, our investigation contributes to both practice and theory (kernel theories and
design theory) alike.

Keywords Lead user - Innovation process - Digital platforms

Introduction

In today’s dynamic environment, innovation is central for the
competitiveness of companies. To create competitive advan-
tages a profound understanding of the sources of innova-
tion is necessary (Von Hippel, 2007). New and innovative
ideas can be released by both internal and external sources.
According to Innovation Theory generating a new idea by
consulting the corporate research and development (R&D)
department can be seen as the internal way of innovation
creation to advance a company’s technology (Freeman &
Soete, 1997; Marxt & Hacklin, 2005). The external way
of innovation creation, however, consults innovation ideas
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initialized from parties outside the company such as custom-
ers, suppliers, universities or individuals (West & Bogers,
2014). Integrating an individual in the innovation process
can take place in different ways e.g. in terms of co-creation
(Ramaswamy, 2010), crowdsourcing (Poetz & Schreier,
2012) or open innovation (Martinez-Torres, 2014).

In current research literature, there are a lot of docu-
mented examples of successful collaboration with external
parties in the innovation process. General Electrics, for
example, has banded together with a number of venture capi-
tal companies to arrange the “Ecomagination Challenge,” a
$200 million fund for identifying and investing in innova-
tive ideas and business models regarding renewable energy,
grid efficiency and energy consumption. They created a
platform where different external stakeholders submitted
their ideas and in total they attracted more than 5000 ideas
(King & Lakhani, 2013). Moreover, Lilien et al. (2002) have
shown that in the company 3 M the inclusion of external
individuals in the innovation process results in ideas that
have greater commercial potential than ideas without the
inclusion of external persons. Whereas TopCoder arranged
a two-sided innovation platform to bring software program-
mers and companies together in order to fix IT-related prob-
lems (Lakhani et al., 2010).
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Therefore, new ways of communication such as social
media or online communities, a form of digital platforms,
provide companies the possibility to access a huge num-
ber of users for a new way to innovate (Brem & Bilgram,
2015; Gawer & Cusumano, 2014). Hence, a company can
use social media like a magnet to capture customer feed-
back, improve market research and facilitate innovation
(Gallaugher & Ransbotham, 2010). Thus, on the one hand
the company benefits from the collaboration with a user
as it may result in ideas for extending product varieties, in
entirely new products and/or in modifications to existing
ones (Al-Zu'bi and Tsinopoulos, 2012). On the other hand,
the user also benefits strongly from the innovative products
as these are tailored to their own needs (Tuarob & Tucker,
2014; Von Hippel, 1986). In order to realize these benefits,
some approaches consult the opinions and suggestions of a
crowd of people (cf. open innovation). Although a company
thereby receives a lot of input, the ideas are often futile, as
they are either not innovative, not feasible or are formulated
too superficially. Furthermore, the processing and evalua-
tion of the ideas is very time-consuming as the example of
Fiat Mio shows (Saldanha & Pozzebon, 2015). The Fiat Mio
team aimed to create a concept car by composing a collabo-
rative website where they received 21,000 ideas and 45,000
comments. The whole process took 15 months and a lot of
resources — both human and capital — to screen all the posted
ideas and suggestions. To avoid such an intricate and expen-
sive process it is more constructive to concentrate on single
persons who are able, due to their individual characteristics,
to support a company’s innovation process — so called lead
users. Hence, a lead user is a user who identifies needs and
trends in the market months or years before other people
do and who benefit significantly by obtaining a solution to
those needs according to the Lead User Theory (Hienerth &
Lettl, 2017; Schaarschmidt et al., 2019; Von Hippel, 1986).

These lead users can attenuate the difficulties a company
faces during the innovation process, such as high costs or
the unsteadiness of customers’ acceptance of a company’s
innovation (Ye & Kankanhalli, 2018). Therefore, a lead user
is often established at the beginning and at the end of an
innovation process. In the early phases of this process lead
users formulate their needs which can result in new ideas.
At the end of the process, a lead user can be incorporated
to test the product’s functionality and durability (Al-Zu'bi
and Tsinopoulos, 2012). But in order to benefit from lead
users, one major challenge in both research and practice is to
characterize and identify them (Ernst et al., 2013). Amongst
other factors, the tremendous amount of online community
data is responsible for the fact that the identification of lead
users is the most difficult and time-consuming aspect within
the lead user method (Brem & Bilgram, 2015). In current
research literature there are a lot of different lead user iden-
tification approaches, but these investigations only covered
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a limited point of view as they either focus on only one
lead user characteristic such as the high level of activity
(Martinez-Torres, 2014) or include a very small amount of
data (Hau & Kang, 2016). Moreover, various investigations
base their approach on observations or online questionnaires
(Brandtzaeg et al., 2016; Hung et al., 2011; Tuunanen et al.,
2011), resulting in rather low sample efficiency and high
costs. Additionally, lead user characteristics are derived
based on self-assessments, which may bias the results due
to subjective assessments (Hienerth & Lettl, 2017). Finally,
most of the aforementioned identification methods are time-
consuming, which contradicts to the trend specific short-
term construct of lead users (Hienerth & Lettl, 2017).

With this work at hand, we address these aforementioned
problems by following the Design Science (DS) approach
suggesting an automated and effective approach for the lead
user identification. Therefore, this research seeks to answer
the following research questions informed by the Lead User-
and Innovation Theory and is thus built on a descriptive
knowledge base:

RQ1: What different characteristics does a lead user in
an online community exhibit?
RQ2: How can the identification of a lead user be sup-
ported by a software artifact?

With this investigation we seek to cover the major char-
acteristics of a lead user found in the literature. We aim to
identify this user type automatically by means of combin-
ing different analysis approaches such as social network
analysis (SNA), topic modeling and sentiment analysis. By
screening the current research literature, it became obvious
that different lead users can be identified in different phases
of the innovation process. Thus, we further aim to show
the differences between the lead users in these two innova-
tion phases and therefore the legitimacy of the differentia-
tion with respect to the phase-specific characteristics. To
cope with this, our goal is to develop a software tool for the
automated lead user identification, enabling e.g. the identi-
fication of different lead users regarding the two phases of
the innovation process, the mapping of all prior identified
characteristics in an automated manner and the process-
ing of large amounts of online community data containing
relevant information regarding the characteristics of a lead
user. To show the applicability of the designed identifica-
tion approach we apply our artifact to real-world data of
an online community for kitesurfing. Kitesurfing is a water
sport in which the athlete surfs through the water by pulling
a large, controllable kite while standing on a special board.
It is a popular example for lead user innovation as this sport
was initiated by surfers who — driven by the desire to jump
higher and further — experimented with the combination
of a surfboard and sails from hang gliding. Moreover, this
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area of application is further suitable as these individuals
in this area are quite active as innovators and kitesurfing
is comprised of a young community, essentially all serious
participants are active members in some kind of online com-
munity (Franke et al., 2006; Von Hippel, 2005; Wagner &
Piller, 2011).

In addition to the instantiated artifact and the results
obtained from the demonstration we want to highlight con-
tributions to both practice and theory. Thereby, we want to
acknowledge both perspectives of contribution in a design
science research project — the artifact school of thought (cf.
Hevner et al., 2004) and the design school of thought (cf.
Gregor & Jones, 2007). Furthermore, different knowledge
contributions will be taken into account to contribute to
theory—the descriptive knowledge base in the course of
kernel theories and the prescriptive knowledge base in the
course of design theory (by deriving the design principles
and evaluating them in the course of applying the artifact).
To achieve this goal, our investigation follows the third
research question:

RQ3: What different contributions for theory and practice
can be derived from our Design Science project?

The remainder of this paper is as follows: the following
section “Conceptual basics” provides a theoretical back-
ground by introducing important definitions and related
work regarding lead users and their characteristics. Next,
the procedure of the research following the DS approach
(Hevner et al., 2004; Peffers et al., 2007) is described in
the subsequent section. The section “Design and develop-
ment” particularly deals with the technical realization and
derivation of the design principles to enable the automated
identification of lead users regarding the different phases of
the innovation process. The following section “Demonstra-
tion, evaluation and discussion” shows the application of
the demonstrated approach on approximately 12,000 online
community data and presents as well as discuss the resulting
outcomes, which are additionally evaluated by an interview
with our cooperating partner and interviews with the identi-
fied lead users. The paper concludes with the contribution
for practice and theory and a conclusion.

Conceptual basics
Online communities

Social media are defined as internet-based applications that
offer opportunities for interactive and dynamic communica-
tion, collaboration and participation (Kaplan & Haenlein,
2010; Obar & Wildman, 2015). Thus, different types of
social media can be identified: whereas social network sites

(SNS) especially enable users to connect with other peo-
ple by creating personal profiles, online communities, as a
further hyponym of social media, focus on sharing content
between users (Kaplan & Haenlein, 2010). Therefore, online
communities can be defined as internet-based platforms for
communicating and exchanging content among users who
are interested in a given product or technology (Autio et al.,
2013; Breitsohl et al., 2018; Preece & Maloney-Krichmar,
2003). Online communities as digital, multisided platforms
benefit mainly from so called “network effects”: the more
users the platform access, the more valuable the platform
becomes for both users and companies (de Reuver et al.,
2018; Gawer & Cusumano, 2014).

For online communities, which have become increasingly
popular due to the rise of social media, various characteris-
tics were defined early and are still relevant today: such as
(1) users follow a shared goal, interest or need (Breitsohl
et al., 2018; Preece & Maloney-Krichmar, 2003; Tuunanen
etal., 2011) (2) users participate actively, interact with each
other and build up ties (Dahlander & Frederiksen, 2012;
Fisher, 2019; Fiiller et al., 2007; Preece & Maloney-Krich-
mar, 2003) and (3) users have access to shared resources
(like knowledge or information) (Breitsohl et al., 2015,
2018; Preece & Maloney-Krichmar, 2003). The communica-
tion in online communities is established around discussion
threads. This means that users initialize new threats in order
to start a new discussion, issue or call for advice (Autio
et al., 2013). Thus, as online communities often cover one
main topic (e.g. mountain biking or kitesurfing), this sub-
type of social media focus more on connecting people with
the same interests than SNS.

Moreover, companies can also benefit from the broad
dissemination of digital, multisided platforms in terms of
online communities because of social media’s reach (via
social media a lot of people can be reached) and richness
(social media platforms provide various types of informa-
tion) (Shang et al., 2017). This kind of communication
medium gives a company the opportunity to communicate
and engage with (potential) customer communities (Fisher,
2019). Thus, as users discuss their experiences, news,
improvements or ideas, companies become aware of the cus-
tomers’ needs (Autio et al., 2013; Kaplan & Haenlein, 2010;
Tuunanen et al., 2011). Especially in brand communities,
excited users group together and share brand-related content
(Breitsohl et al., 2015, 2018). However, a company can not
only benefit from online communities in terms of nurturing
brand commitment and the awareness of customers’ needs
but also from the fact that these digital platforms can serve
as a source of innovation (Dahlander & Frederiksen, 2012;
Fisher, 2019). In terms of the discussions taking place in
online communities, users also provide new ideas, offer
solutions for problems, work out details and test new product
ideas (Fiiller et al., 2007). Thus, these platform-based new
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product developments can be consulted to increase product
variety, meet diverse customer requirements and business
needs (Gawer & Cusumano, 2014).

All in all, online communities allow communication
and interaction between users and companies in different
ways. Gallaugher and Ransbotham (2010) take this on in
their 3-M framework including the three different customer
dialog approaches: Megaphone (firm-initiated dialog), Mon-
itor (customer-to-customer dialog) and Magnet (customer-
initiated dialog). From this follows that a company can use
digital platforms in terms of online communities not only as
a megaphone (in terms of spreading marketing messages)
but also especially as a monitor to get to know customers’
needs. Thus, by monitoring customer-to-customer dialogs
companies can gain insights in customers’ opinions or mar-
ket intelligence (Gallaugher & Ransbotham, 2010). Fur-
thermore, a company can also use online communities as a
magnet, the customer-initiated dialog, to capture customer
feedback, improve market research and facilitate innovation
(Dahlander & Frederiksen, 2012; Fisher, 2019; Gallaugher
& Ransbotham, 2010).

Lead user innovation

Innovation is a central construct for organizational competi-
tiveness and effectiveness (Wolfe, 1994). It can be seen as an
essential process for driving economic growth (Chen et al.,
2018). In general, innovation can be defined as a process
that includes the generation, adoption and implementation
of new ideas, practices, or artifacts in organizations (Axtell
et al., 2000; Ye & Kankanhalli, 2018). So, innovation is a
complex issue that comprises many theories, each with a dif-
ferent focus (Wolfe, 1994). In addition, there are also many
innovation process models that describe how innovations can
be implemented step by step. Cooper (1996), for example,
established the so-called stage-gate model and divided the
innovation process into the following five different phases
(stages): 1. preliminary investigation, 2. detailed investiga-
tion, 3. development, 4. testing and validation, 5. full pro-
duction and market launch. The stage-gate model describes
a conceptual and operational model for moving new product
projects from idea to launch. Other widely spread innovation
process models (cf. Crawford, 1994; Herstatt, 1999; Ulrich
& Eppinger, 1995) are similar to the process of Cooper’s
(1996) approach.

By scanning further research literature about innovation
and keeping the process models in mind, exemplarily the
stage-gate model, it became apparent that most innovation
approaches identify two comprising key phases: (A) the
idea generation which means the “awareness” of an innova-
tion and incorporates therefore the preliminary and detailed
investigation phases of the stage-gate model, and (B) the
development of an innovation incorporating the development
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as well as the testing and validation phases of the stage
model (Amabile, 1988; Axtell et al., 2000; Unsworth et al.,
2000). We follow this approach and concentrate on the
two phases “Idea generation” and “Development”. Conse-
quently, we excluded in our investigation e.g. the step “mar-
ket launch” as here another user type — the influencer — can
be applied to support this phase optimally (Schmid, 2020).
According to the definition of an influencer, this user type
is applied by companies for disseminating information, for
spreading marketing messages, and for changing the opin-
ions and even the purchase decisions of people in its direct
and indirect environments (Schmid, 2020). If an influencer
would be involved in upstream value creation stages respec-
tively innovation related phases (such as “Idea Generation”
or “Development”), the user would feature characteristics of
lead users (e.g., ahead of trends, etc.) and would therefore
be — in addition of being an influencer — also a lead user. So,
as our overall goal of this paper is to identify users who can
support a company in their innovation process, we focus the
characteristics of a lead user who can also appear in other
phases as other type of user.

In the last decades, it has become conventional that con-
sumers or users themselves support one or even both phases
of the illustrated innovation process. Hence, this user inno-
vation can be conveyed from the shift of traditional firm-
centered innovation to user-centered innovation (Von Hip-
pel, 2005). Prior research highlights that users, rather than
firms, are frequently the ones who initiate new product ideas
and product developments (Dong & Wu, 2015). Thus, user
innovation can be defined as innovative activities undertaken
by users who are the source of innovative ideas and who
engage actively in developing and modifying products also
to meet their own needs (Zheng & Zhou, 2017). These users
can invent, prototype, and test new innovations (Roy, 2018).
The advantages of user innovations can be mainly attributed
above all to the nature of digital innovation platforms.

From a company’s point of view, the most important
driver for user innovation is to overcome information sticki-
ness. Innovation requires both information about the prob-
lem and problem-solving information or, in other words,
need-related and solution-related knowledge (Von Hippel,
1994, 2005). Often the information about user’s needs and
the information used in problem solving is costly to acquire
and therefore “sticky” (Piller, 2006; Von Hippel, 1994).
Hence, the acquisition as well as transferring costs of the
information that is decisive for initiating innovation have
tremendous influence on where innovation is created (Idota,
2019). Therefore, as users with highly sticky information can
create innovation, organizations should include them in their
innovation process to get to know the user’s needs, to solve
(product) problems and to reduce R&D costs. Thus, User
Innovation Theory postulates i.a. that “innovation among
users tends to be concentrated on lead users (people with
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high lead userness) of those products or services” (Ye &
Kankanhalli, 2018). This means that those users who carry
out user innovation are so-called lead users (Von Hippel,
1986).

In current research literature there is no consistent defini-
tion of a lead user, but the Lead User Theory of Von Hippel
(1986) is often used as a starting point for defining them:
“Lead users face needs that will be general in a marketplace
— but face them months or years before the bulk of that mar-
ketplace encounters them, and — Lead users are positioned to
benefit significantly by obtaining a solution to those needs.”
(Von Hippel, 1986, p.796). Thus Lead User Theory states
that lead users can be used as a source of innovative and
commercially attractive ideas about products and services
and are characterized by two distinct characteristics: ahead
of trend and high benefits from innovation (Hau & Kang,
2016; Von Hippel, 1986, 2005). Hence, lead users are able
to invent, prototype and field test innovations (Roy, 2018).
Therefore, they can either be applied for the entire innova-
tion process (cf. Ye & Kankanhalli, 2018) or can be applied
for only one part of the innovation — either need or solu-
tion related tasks (cf. Von Hippel & Katz, 2002). As lead
users can constrict the challenges a company faces during
the innovation process and as they are simultaneously able
to disclose new ideas, lead users can be seen as a valuable
resource for companies in terms of different phases of the
innovation process (Al-Zu'bi and Tsinopoulos, 2012; Ye &
Kankanhalli, 2018). Several studies have shown that their
involvement in this process, especially in the early and late
phases, can enhance product success (Brem et al., 2018;
Schreier et al., 2007). Hence, an intensive collaboration with
lead users can increase the product variety as well as the
rapidness of a new product development process (Al-Zu'bi
and Tsinopoulos, 2012).

Furthermore, as the lead user is the only user type who
can be applied in terms of user innovation and therefore
support a company in their innovation process, we focus
on this type of user. To benefit from a lead user, one major
challenge in both research and practice is to characterize
and identify him/her (Ernst et al., 2013) — the second step
in Von Hippel (1986) 4-step process of utilizing lead users
(1. identification of the trend, 2. identification of a lead
user, 3. analyze lead user need data, 4. project lead user
data onto the general market). Here, the identification of
adequate lead users is mostly accompanied by horrendous
monetary, time and human resources (e.g. Brandtzaeg et al.,
2016; Hung et al., 201 1; Tuunanen et al., 2011). Therefore,
to reduce the devoted resources regarding the characteri-
zation and identification of lead users, we aim to design a
software tool, enabling the automated identification of lead
users based on their descriptive characteristics. This tool
is intended to automate the identification process which is
described in current research literature as the most difficult

and time-consuming aspect within the Lead User Theory
(Brem & Bilgram, 2015). However, to automate the iden-
tification process we need to characterize the lead user in
detail first.

Characterization of lead users in online
communities

In order to characterize lead users in online communities,
we conducted an extensive literature search. This resulted
in 18 investigations (see Table 1) that focus on the char-
acterization of lead users in terms of online communities.
A minority of the 18 investigations (3 out of 18) examines
lead users within SNS rather than explicitly in online com-
munities. Nevertheless, since these investigations specify
SNS with the same characteristics as online communities
and since the authors of these three investigations also base
their research primarily on identifying lead users in online
communities, these investigations are also included here.
Numerous research papers that are not related to the online
area were excluded as well as those that do not focus on the
identification or characterization process.

However, the description of lead users by Von Hippel
(1986) in the course of the description of the Lead User
Theory (see section: “Lead user innovation”), were used
as a starting point for the characterization of lead user as
almost every investigation mentioned in the following relate
to these two major lead user characteristics: (1) trend leader-
ship/being ahead of trend and (2) the high expected benefit
from innovative solutions, meaning that lead users benefit
strongly from adopting new products tailored to their needs
(Brem et al., 2018). Prior research about the identification
and characterization of lead users in the social media sphere
have shown that these two characteristics of the basic model
of the Lead User Theory remain valid (Pajo et al., 2017;
Schaarschmidt et al., 2019; Tuarob & Tucker, 2014; Ye &
Kankanhalli, 2018).

(1) Trend leadership incorporates the degree to which a
user can be seen as a leading edge with respect to a
certain trend (Franke & von Hippel, 2003). That means
lead users have prevailing information and expertise
about major trends of products and services as well as
future demands for them in the market (Hau & Kang,
2016; Tuarob & Tucker, 2014). Hence, a lead user is
a consumer of a product that identifies problems and
unmet needs that will later be experienced by the pub-
lic. This means that the innovations lead users strive
for often do not exist on the market (Franke & von
Hippel, 2003). Therefore, as lead users recognize what
the mass desires months or years before others do, they
are ahead of trends (Brandtzaeg et al., 2016; Pajo et al.,
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Table 1 Prior research on lead

Trend Sentiment High High product ~ Opinion
users leadership ——— Activity  related leadership
Dissatis-  Enjoy- Level knowledge
faction ment

Idea generation  (Belz and Baumbach, 2010) X X X X X
(Chen et al., 2019) X X X X
(Miao & Zhang, 2017) X
(Marchi et al., 2011) X X X
(Martinez-Torres, 2014) X
(Hau & Kang, 2016) X X X
(Hung et al., 2011) X X X
(Pajo et al., 2017) X X X X X
(Tuarob & Tucker, 2014) X X

Development (Brandtzacg ct al., 2016) X
(Chen et al., 2019) X X X X
(Franke and Hippel, 2003) X X
(Franke et al., 2006) X X
(Li & Tang, 2016) X X
(Miao and Zhang, 2017) X X
(Mahr & Lievens, 2012) X X
(Pajo et al., 2014) X X X X X
(Pajo et al., 2017) X X X X X
(Schaarschmidt et al., 2019) X X X
(Schreier et al., 2007) X X X
(Tuunanen et al., 2011) X X

2

2017; Pajo et al., 2014; Tuarob & Tucker, 2014; Ye &
Kankanhalli, 2018).

In addition, the characteristic high expected benefit is
broken down into further sub-characteristics in the cur-
rent research literature to make this characteristic more
tangible and (especially against the background of the
large amount of social media data) more measurable
(Ye & Kankanhalli, 2018). We agree with this approach
and focus on these sub-characteristics (e.g. dissatisfac-
tion) when defining and characterizing a lead user in
the following section. Thus, a lead user does not only
come up with attractive innovations to help others but
they also benefit strongly from the adoption of new or
improved products (cf. high expected benefit) (Schreier
et al., 2007; Von Hippel, 1986). Often it is not the finan-
cial benefit that motivates a lead user to innovate, but
e.g. the chance to execute their sports more effectively.
By undertaking their sports, users become aware of the
mismatch of expected and experienced performance of
the products which can lead to dissatisfaction (Liithje,
2004). Therefore, the discrepancy between the users’
needs and the solutions available on the market leads

emerged, which leads to this proxy measure for users’
expected benefit (Belz & Baumbach, 2010; Pajo et al.,
2014, 2017; Schaarschmidt et al., 2019). The unmet
needs and the relating dissatisfaction of a user lead to
the expectation to benefit significantly from an inno-
vative solution (Pajo et al., 2017; Ye & Kankanhalli,
2018). Although this characteristic is prevalent in the
current research literature, a discrepancy can be deter-
mined. Chen et al. (2019) e.g. introduce a new model
(ITF model) for determining a user’s index of innova-
tiveness including the three dimensions of involvement,
thinking and feeling. The last dimension “feeling” is
related to the extent of a user’s enjoyment, exploration
and creativity, which in turn enables the users to make
full use of their potential innovativeness. Therefore,
the authors refer to the emotional attachement and the
preference for the product by users and therefore state
that a lead user exhibits positive sentiment rather than
negative sentiment such as dissatisfaction (Chen et al.,
2019).

Additionally, with regard to the topic of lead users in
online communities, multiple other characteristics, beside
the abovementioned, can be identified e.g. the high level
of activity with regards to the involvement. According to

to dissatisfaction. Given the nature of the kitesurfing
or mountain bike community and their genesis, it was
through the dissatisfaction of the athletes that the sport
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various investigations (Martinez-Torres, 2014; Miao &
Zhang, 2017; Pajo et al., 2017) lead users are more active in
a community than the rest of their members. Moreover, the
authors Hung et al. (2011) emphazise the lead user’s crea-
tive and active participation in order to facilitate effective
innovations and to encourage innovation communication.
The more a lead user’s participation level is, the more they
get involved in the community. High involvement of users
usually implies that there will be high effort made by the
users in interacting with the product (Chen et al., 2019).
This active involvement is necessary to disclose the sticky
information that resides in a lead user. This information can
only be valuable in terms of innovations when a user exhibits
a high product related knowledge (Franke et al., 2006; Li &
Tang, 2016). According to Schaarschmidt et al. (2019) a lead
user differs most “from “typical consumers as they also have
considerable levels of solution knowledge” (Schaarschmidt
et al., 2019, S. 4). This kind of product-related knowledge
contains expertise about the product architecture, the used
materials and the technologies as this is the basis for creat-
ing new ideas (Franke et al., 2006; Schreier et al., 2007).
Only by having high product related knowledge, a lead user
is able to formulate the needs into concrete innovation ideas
and/or concrete specifications of new products (Chen et al.,
2019; Marchi et al., 2011; Pajo et al., 2017; Pajo et al., 2014;
Tuarob & Tucker, 2014).

As lead users not only have ideas for realizing innovation
but also diffusing them, a lead user can also be described by
the characteristic “opinion leadership”. Opinion leadership
is the ability to enable the flow of information and especially
to diffuse it. Strong social relationships and a high level of
engagement are premises for a functioning exchange of ideas
and innovation (Pajo et al., 2014, 2017).

However, lead users can be defined not only in terms of
these different characteristics but also — as already men-
tioned in the section “Lead user innovation” — in terms of
the different phases of the innovation process where a lead
user can be applied. Therefore, to support the identification
of lead users regarding these different innovation phases,
we further allocate the aforementioned characteristics to the
respective innovation phase.

e Lead users can be applied in the phase “Idea genera-
tion” of the innovation process and are therefore more
problem-oriented (Belz & Baumbach, 2010; Miao &
Zhang, 2017). Lead users in this phase of the innova-
tion process describe problems and unmet needs with
the already existing products (cf. dissatisfaction) (Belz
& Baumbach, 2010; Hau & Kang, 2016). Furthermore
they bring forward new ideas which might help to fix
the problem described before (cf. trend leadership).

These ideas tend to be unique and can possibly be use-
ful for the development of the next generation (Tuarob
& Tucker, 2014). In online communities lead users can
share their innovative ideas and other community mem-
bers can comment and evaluate these ideas. The users
offer suggestions on the one hand about modifications
and adaptions regarding product attributes, positioning,
etc.. On the other hand, lead users formulate innova-
tive ideas about completely new products which can be
realized afterwards by a company’s R&D team (Marchi
et al., 2011; Martinez-Torres, 2014). Therefore, lead
users are incorporated in a very early phase in the inno-
vation process (Hung et al., 2011). This phase “Idea
generation” can be seen as a venue for brainstorming
to make the free exchange of ideas possible (Muller
et al., 2012; Paulus et al., 2002). When brainstorming,
people are encouraged to generate as many ideas as
possible and therefore a high participation as well as a
high activity level is necessary here (Chen et al., 2019;
Hung et al., 2011; Miao & Zhang, 2017))

e Lead users are not only able to provide new ideas
but can also be integrated into the “Development”
phase of the innovation process. Because of their
high product related knowledge and their vast
experience lead users are able to suggest concrete
solutions instead of describing problems or stating
customer needs (Mahr & Lievens, 2012). Hence, sci-
entific articles which characterize and identify lead
users in terms of the “Development” phase focus on
users e.g. who have already done security-related
modifications to a web server software (Franke &
von Hippel, 2003) or who have already developed
applications for different plattforms (Schaarschmidt
et al., 2019). Hence, Mahr and Lievens (2012) sum-
marize it and state that lead users are best suited for
improvements pertaining to functionality. Thus, lead
users in this second phase of the innovation process
are able to support companies in order to develop
new products and solutions with the aim of meeting
rapidly changing consumer needs and to stay com-
petitive (Pajo et al., 2014). This can diminish failure
rates of new product introduction. So utilizing this
high-product related knowledge combined with the
high level of trend leadership, a lead user can be
conducive in strengthening a company’s innovation
competitive advantage (Li & Tang, 2016).

The assignment of the characteristics to the different
phases in the innovation process and thus the difference
made by the lead users in the two innovation phases can
be detected in Table 1.
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Related work

The review of the research literature has shown that, in
addition to the two characteristics from the basic model of
the Lead User Theory, there are many different character-
istics to describe and characterize lead users in the online
environment (see Table 1), whereby different approaches
such as screening (Brandtzaeg et al., 2016; Hung et al.,
2011; Tuunanen et al., 2011), pyramiding (Von Hippel
et al., 2009), SNA (Martinez-Torres, 2014), or netnog-
raphy (Belz & Baumbach, 2010; Mahr & Lievens, 2012)
have been used. However, these studies on lead user iden-
tification covered only a limited point of view as they
either focus only on one characteristic of a lead user, like
the high level of activity (Martinez-Torres, 2014), or they
include a very small amount of data (Hau & Kang, 2016).
Furthermore, investigations are based on observations or
(online) questionnaires (Brandtzaeg et al., 2016; Hung
et al., 2011; Tuunanen et al., 2011) which results in a low
sample efficiency and high costs. In addition, lead user
characteristics are thereby based on the self-assessment of
respondents, which means that the results can be affected
by subjective assessments (Hienerth & Lettl, 2017).
Another problem within the current research literature is
the aspect of time (Brem et al., 2018; Hienerth & Lettl,
2017). Most of the aforementioned identification methods
are time-consuming. This contrasts with the fact that the
concept of “lead userness” is not a long-term construct
but it is trend specific and can change over time. A lead
user today may or may not be a lead user in distant future
(Hienerth & Lettl, 2017).

Furthermore, as already mentioned, lead users can be
identified in both innovation phases: the “Idea generation”
and “Development” (Fiiller et al., 2007). However, in current
research literature it is common practice to identify a lead
user for one of the two phases (Marchi et al., 201 1; Martinez-
Torres, 2014; Schaarschmidt et al., 2019). Moreover, only
a minority of the investigations incorporates an innovation
process but identifies a lead user for all of its phases (Miao
& Zhang, 2017; Pajo et al., 2017). Consequently, the current
research literature is incomplete here as there is no approach
that identifies different lead users for every phase of the
innovation process and so an overall approach is missing.
Thus, we aim to show the differences between the lead users
in the two innovation phases and the legitimacy of the dif-
ferent identification processes, although we have seen in our
summary Table 1 that there are no large differences between
the two phases.

All in all, in order to avoid these negative aspects of the
prior research literature, we have come to the conclusion
that a tool for automated lead user identification is needed.
This tool should meet the following design requirements and
should therefore be able to:
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map all prior identified characteristics,

process a large amount of online community data,
apply objective identification methods,

repeat the identification process for lead users at any time
as lead users are trend specific, and

¢ identify different lead users regarding the two phases of
the innovation process.

Procedure of the research

In order to make the development of a systematic approach
for the automated identification of lead user comprehensible,
we applied Design Science (DS) research. Research pro-
jects that follow the DS paradigm are concerned with the
design, development, implementation, use, and evaluation of
socio-technical systems in organizational contexts. Design
scientists produce and apply knowledge of tasks or situations
to create effective artifacts (March & Smith, 1995). These
artifacts are delineated in different structured forms such as
software, formal logic, and rigorous mathematics to informal
natural language descriptions (Hevner et al., 2004).

An important step in DS research is to prove the util-
ity, quality, and efficacy of the artifact via well-executed
evaluation methods. Since the artifact’s performance is
related to the environment in which it is used, an incomplete
understanding of the environment can induce inappropri-
ately designed artifacts (March & Smith, 1995). Therefore,
Hevner’s “design cycle” (Hevner, 2007) substantiates the
importance of constructing and evaluating the artifact, and
suggests balancing the efforts spent on both activities, which
must additionally be convincingly based in relevance and
rigor (Hevner, 2007). Consequently, DS research is based on
and contributes to scientific knowledge by performing the
research process rigorously (e.g., by reflecting the construc-
tion or/and evaluation of the artifact) which is represented by
Hevner’s “rigor cycle”. DS research additionally uses practi-
cal knowledge and leads to several practical contributions
which constitutes Hevner’s “relevance cycle” and which can
be seen as self-evident objectives of a DS research project
(Hevner, 2007).

We followed the DS research paradigm (Gregor &
Hevner, 2013; Hevner et al., 2004) and aligned our research
activities with the procedure as proposed by Peffers et al.
(2007) (see Fig. 1). This procedure provides a commonly
accepted framework for conducting research based on DS
principles. In addition, Peffers et al. (2007) designed the
procedure as a result of a consensus-building approach,
which comprises well-agreed process elements (Peffers
et al., 2007). As a first step, (1) corresponding problems
and drawbacks of already existing approaches to identify
lead users in online communities were identified (see sec-
tions “Introduction” and “Conceptual basics”). Hence, in
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Fig. 1 Design science process

current research literature there are a lot of different lead
user identification approaches, but these investigations only
cover a limited point of view as they either focus only on one
lead user characteristic, they include a very small amount
of data or their approach is reliant on the self-assessment
of users. Consequently, our (2) objective is to provide and
combine a set of methods, based on the characteristics of
a lead user, in order to identify this type of user automati-
cally in an online community (see sections “Conceptual
basics” and “Design and development”). The third step of
the DS process model contains the (3) design and develop-
ment (see section “Design and development™) of a solution
or an artifact, respectively. Such artifacts can be constructs,
models, methods or instantiations. In order to fill the gaps
identified within phase (1), we focus on the design of the
technical realization of the tool by means of the combina-
tion of different methods such as SNA, topic modeling and
sentiment analysis. Thus, our approach was established to
support and simplify the lead user identification process and
to eliminate the existing disadvantages. In the next step, the
(4) demonstration, we show the application of the demon-
strated approach on approximately a data set of about 12,000
contributions from an online community about kitesurfing.
Kitesurfing is a suitable area of application as individuals in
this area are quite active as innovators. Furthermore, kite-
surfing comprises a young community, essentially all serious
participants are active members in some kind of online com-
munities (Franke et al., 2006; Von Hippel, 2005; Wagner &
Piller, 2011). The overall results of the application of the
analysis are shown in this chapter, consolidated in a sum-
mary table and discussed in detail. These results are addi-
tionally evaluated (5) by conducting both interviews with
lead users and an in-depth interview with an expert (head of
marketing of our cooperating partner) in the field of kitesurf-
ing. In terms of these interviews, we evaluated our artifact
and showed that our approach provides an added value. We
have further discussed the results of the evaluation as well.
Finally, the results are then (6) communicated.

The orientation towards the procedure by Peffers et al.
(2007) also makes it possible to align our research with
the guidelines of Hevner et al. (2004) or Hevner (2007),
respectively. According to the design cycle, we present our
artifact as the result that has gone through the process of
demonstration (application of our approach to an online
community about kitesurfing and evaluation with several
interviews (see section “Demonstration, evaluation and

discussion™)). In view of the relevance cycle, we identi-
fied several design requirements (from literature including
several case studies (see section “Conceptual basics™)) that
guided the design of the artifact, and so the practical appli-
cation of our artifact brought up several contributions for
practice (e.g. identifying relevant users for innovation/trends
(see section “Discussion of the results of demonstration™)).
In view of the rigor cycle, we used several methods and
techniques to rigorously construct and evaluate our artifact
(e.g. topic modeling, SNA, frequency analysis) and derived
initial findings as contributions to theory, both kernel theory
(Lead User- and Innovation Theory) and Design Theory (see
section “Contribution for practice and research”). Thus to
contribute to a rather general and abstract knowledge base
— “nascent design theory” (Gregor & Hevner, 2013) — and
in order to design a purposeful artifact in a comprehensible
way, we first established both, a set of meta-requirements
and design principles (Gregor & Jones, 2007; Heinrich &
Schwabe, 2014). Thus, the design of the lead user identifica-
tion tool is grounded on design requirements retrieved from
seminal works on Lead User- and Innovation Theory. In a
next step, we then describe our prototypical implementation
that demonstrates the feasibility of the design principles and
meta-requirements in the tool.

Design and development
Design principles for a lead user identification tool

First, the composition of meta-requirements (MRs) that
describe “what the system is for” (Gregor & Jones, 2007,
p-325) is based on the purpose and scope of the identifica-
tion tool that has been discussed in the introduction. Thus,
we define the solution objectives based on the class of
problems our paper addresses and present them in Fig. 2.
These MRs established to be suitable for a class of artifacts
and are based on the current research literature (Gregor &
Jones, 2007; Heinrich & Schwabe, 2014; Walls et al., 1992).
Besides the MRs, the design principles are synthesized in
a next step. Design principles are defined as prescriptive
statements that show how to do something to achieve a goal
(Gregor et al., 2020). The design principles that we dispose
fall into the category of action and materiality-oriented
design principles that describe what an artifact should enable
users to do and how the artifact should be built in order to
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Fig.2 Overview of the design
phase |

Meta-requirements |

MR1. The tool should identify lead
users automatically by means of the
combination of different approaches.

Kernel Theories

MR3. The tool should be structured |
comprehensive and modularly that it
can be adapted to a corporate’s
specific circumstances.

Design Requirements Design Principles

MR2. The tool should identify
different lead users in different
phases of the innovation process.

Social Media Theory

Online Community
Theory

\ Lead User Theory ‘

Innovation Theory

DR1. Map all prior identified DP1. The principle of
characteristics comprehensive characteristics
consideration

DR2. Process a large amount of

online community data DP2. The principle of using

inter-subjectively verifiable
identification methods

DR3. Apply objective
identification methods

DRA4. Repeat the identification

process for lead users at any DP3. The principle of contextual
time as lead users are trend adaptability
specific

DRS. Identify different lead
users regarding the two phases
of the innovation process.

DP4. The principle of
repeatability

do so (Chandra et al., 2015). Regarding companies (=users)
who are interested in identifying lead users in online com-
munities (=boundary conditions) and keeping our design
requirements for our artifact in mind, we derive four design
principles for (lead) user identification tools:

1. The principle of comprehensive characteristics con-
sideration. In order to identify specific user types in
online communities, e.g. a lead user, it is necessary to
precisely define and describe their characteristics. Thus,
the automated identification of a lead user requires a
technical implementation of its characteristics that we
have derived from the current research literature. There-
fore, the tool should be able to incorporate and techni-
cally realize all relevant lead user characteristics (trend
leadership, sentiment, high activity level, high product
related knowledge and opinion leadership) to obtain pre-
cisely targeted results.

2. The principle of using inter-subjectively verifiable
identification methods. In order to counteract the sub-
jective self-assessment of respondents of (online) ques-
tionnaires different inter-subjective methods should be
consulted and combined to identify a lead user. There-
fore, the tool should use comprehensible and inter-sub-
jectively verifiable identification methods to make the
identification process traceable.

3. The principle of contextual adaptability. Since lead users
are applied in terms of innovations in a company, the
identification of a lead user must also take into account
the different phases of the innovation process the user
supports. Therefore, the tool should be able to adapt the
weights of the characteristics according to the different
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circumstances of the companies and their aim to apply
lead user in different stages of the innovation process.

4. The principle of repeatability. As lead userness is a
short-term construct, which means that lead users can
change over time, the identification process should be
executable often and in a resource-saving way. There-
fore, the tool should allow repetition of the identification
process at any time to react quickly to changing circum-
stances such as trends.

These design principles are deduced from the design
requirements that are further based on kernel theories and
prior research literature. Gregor and Jones (2007) state that
these kernel theories disclose “an explanation of why an
artifact is constructed as it is and why it works” (p.328). So,
these kernel theories include the body of knowledge that is
necessary to meet the design requirements (Bockle et al.,
2021). Hence, based on the discussion of the kernel theories
and thus the related work, we derive design requirements our
tool should meet. These design requirements offer guidance
by designing the artifact and advise the design principles
(Bockle, et al., 2021; Gregor & Jones, 2007). These princi-
ples refer to at least one requirement and serve as an abstract
“blueprint” of our artifact (Bockle, et al., 2021; Gregor &
Jones, 2007; Heinrich & Schwabe, 2014). By establish-
ing these design principles, we made sure that they follow
the value grounding (reference to the requirement) and the
explanatory grounding (design principles are based on the
current literature and thus on kernel theories) (Heinrich &
Schwabe, 2014).

For each of the design principles, its instantiation in the
artifact is described in the following sections.

112




Automated Identification of Different Lead Users Regarding the Innovation Process

Automated identification of different lead users regarding the innovation process

Weighting of the according lead user
characterizations

To address the shortcomings of the prevailing research and
therefore consider the derived design principle /. The princi-
ple of comprehensive characteristics consideration, we aim
to compose an automatic identification approach including
all characteristics identified in literature. Furthermore, to
account for the different circumstances of the two innova-
tion phases (see section "Lead user innovation"), we also
distinguish between lead users associated to the phase “Idea
generation” and lead users associated to the phase “Develop-
ment” of the innovation process. Therefore, to consider the
different relevancies related to the identified characteristics
with respect to each innovation phases, the characteristics
are weighted accordingly (see Table 2) based on their occur-
rences within the current research literature (see Table 1). In
addition, with respect to the derived design principle 3. The
principle of contextual adaptability, companies are enabled
to adapt the respective weights to their circumstances and
thus to apply lead users in different stages of the innovation
process.

Table 2 summarizes the characteristics' accompanied rel-
evancies in the context of the respective innovation phases.
Here, the weights illustrate that the respective focus of the
innovation process within the activity of the users (Idea gen-
eration) as well as their product-specific knowledge (Devel-
opment) differs considerably. Additionally, users also differ

Table2 Weighting the relevance of each characteristic for both inno-
vation phases

Characteristics Weight by occurrence in literature
Idea generation Development
Trend leadership 5 D)
Dissatisfaction 3 2
Enjoyment 1 1
High activity level 5 3
High product related knowledge 4 4
Opinion leadership 2 2

Table 3 Technical conception of the identified characteristics

in the mood they exhibit. Here, the characteristic dissatisfac-
tion is given greater meaning in the “Idea generation” phase
since users express their unmet needs of a product or service
within negatively afflicted communication. These differen-
tiations enable to adequately consider the circumstances of
the two innovation phases, resulting in the determination of
precisely fitting and goal-oriented lead users.

Technical realization

To enable the automated identification of lead users based on
the above determined relevancies, the previously identified
characteristics (see Table 1) must be mapped in an auto-
matic manner. Therefore, we have implemented each identi-
fied characteristic in the programming language Python. As
the underlying data (e.g. online community posts, network
interactions, etc.) are mainly represented in a textual way,
we focused on finding computer-based procedures from the
research field of text mining to map the identified charac-
teristics. Text mining enables an automatic identification of
hidden structures or patterns within a corpus of textual data
(Feldman & Sanger, 2007; Heyer et al., 2006). In addition,
we conducted the SNA, which best suits the identification
of users within a potentially high influence to be solved, as
SNA enables us to show the relations in a structured net-
work via nodes and ties to state quantitative characteristics
of users. Furthermore, due to the different nature of each
characteristic (see Table 3), the values must be normalized
to make them comparable. Therefore, we have conducted the
Min-Max normalization (Han et al., 2006) to rescale each
characteristic into a value range between [0;1]. In the course
of normalization, the specific values of all users were related
to each other. Thus, the higher the respective value, the more
the respective user exhibits the specific characteristic. By
this, all values are located at the same scale and therefore
can be weighted by their allocated relevance (see Table 2).
To give an overview of the characteristics and their technical
realization, they are further summarized in Table 3. Here,
to consider the derived design principle 2. The principle
of using inter-subjectively verifiable identification meth-
ods and therefore ascertain an adequate analysis process,

Characteristics Technical realization Implementation Outcome

Trend leadership Latent Dirichlet Allocation (LDA) Gensim; Mallet (McCallum, 2002) Probability

Dissatisfaction Sentiment Analysis VADER (Hutto & Gilbert, 2014) Classification

Enjoyment Sentiment Analysis VADER (Hutto & Gilbert, 2014) Classification

High activity level Frequency Analysis Self-created Frequency

High product related Frequency Analysis Self-created Frequency

knowledge

Opinion leadership Closeness, Betweeness and Degree centrality NetworkX (Hagberg et al., 2020) Centrality measure
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all technical realizations are based on broadly known and
prevalent quantitative and qualitative content analysis meth-
ods. To further meet the particular needs associated to the
respective characteristic, the methods used have further been
adapted as described in the following.

With respect to the characteristic of trend leadership,
the aim is the identification of users who talk about trends
before they became general, community-wide discussed top-
ics. To meet these requirements, we mainly had to split the
automation into two separate sub-sequences: (1) identify
trends (e.g. frequently discussed product issues or service
properties), based on UGC; (2) identify users who talked
about one or multiple of these previously identified trends,
before they became discussed community-wide. With regard
to these two identified sub-sequences, we focused on the
use of text mining methods, enabling the automatic process-
ing of unstructured, unlabeled data such as online commu-
nity posts. More specifically, as trends represent frequently
emerging topics as well as the advantage of topic modeling
compared to other text mining techniques to operate directly
on the textual data instead of solely comparing their underly-
ing structure (Aggarwal & Zhai, 2012), we have chosen topic
modeling for the automatic identification of trends. Topic
modeling can project the textual corpus of contributions into
a topical space by reducing the dimensionality and attach-
ing different weights, which results in semantically coherent
groups of words (topics), which represents our trends (Crain
et al., 2012; Xie & Xing, 2013). Specifically, because of
LDA’s simple applicability but also its satisfactory analy-
sis results within the topic modeling (Eickhoff & Neuss,
2017), the choice was made for LDA. For the implementa-
tion of LDA within the automated identification approach,
the established python library Gensim was used in com-
bination with Mallet (see Table 3). In order to achieve the
highest quality of results possible, we further automatically
prepared the data for the analysis by applying tokenization,
stop word removal and case folding (cf. Boyd-Graber et al.,
2014). Furthermore, in order to take the characteristics of
trends into account (1), we adapted LDA to only consider
contributions of the last eight weeks to extract the trending
topics. By this adaption, the identification of those user who
were already talking about these trending topics within their
contributions at an earlier point in time than eight weeks ago
(2) is feasible. The identification takes place through statis-
tical inference and reflects the cumulated probability with
which a user talks about one of the identified trending topics.

Considering the characteristic of dissatisfaction or enjoy-
ment aims to identify users with either negative or positive
mood. Therefore, the global mood of each user within their
contributions has to be identified. The automatic identifica-
tion of moods within textual data is summarized under the
term “sentiment analysis”. Through this, for instance, it is
possible to identify users who have unfulfilled expectations

@ Springer

and thus show a significant potential for improvement of
a product or service (Pajo et al., 2017). To determine the
mood of each post by a user, we implemented the "Valene
Aware Dictionary for sEntiment Reasoning" (VADER)
(Hutto and Gilbert, 2014) technique. VADER is a lexicon
and rule-based sentiment analysis technique that is specifi-
cally attuned to sentiments expressed in social media and has
achieved remarkable results compared to other prominent
sentiment analysis techniques (Hutto and Gilbert, 2014).
To determine the sentiment value, VADER uses a labelled
dictionary adapted to the contextual characteristics of social
media data. Hereby, VADER is able to combine the positive
and negative inflections and generates a single sentiment
score within the range of -1 to+ 1. In order to determine
the global sentiment value of each user, we further adjusted
the technique to build a consolidated sentiment score for
each user reflecting its global mood by setting the individual
scores of each contribution into relation to the total amount
of contributions of a user. This results in the mean value
of all mood-bearing contributions of a single user, which
reflects their average mood.

To measure the activity level of a user, we further deter-
mined the amount of user interactions within the community.
For this purpose, the number of posts and transacted com-
ments per user within the analyzed period was identified to
attain information about the activity level of a user (Miao
& Zhang, 2017).

In the case of high product related knowledge, the aim is
to identify users who have an immense knowledge of prod-
uct specific information. To accomplish this, we considered
splitting the determination of the characteristic into two
parts. In the first step, a dictionary of product-specific terms
was extracted from product and service descriptions e.g.
product brochures. Secondly, following the generation of the
product-specific dictionary, the occurrence of the extracted
product-specific words in the contributions were determined.
Therefore, matching word candidates from the contributions
are identified and reflected against the product-related dic-
tionary. If an entity matches with a product-specific word,
the total sum of the user’s usage of product-related words
will be increased. After all contributions of the related user
have been analyzed, the number of product-specific words is
divided by the total number of all words used by the specific
user. The resulting value reflects the average use of product-
related words by a user and allows conclusions to be drawn
about the product knowledge of a user.

With regards to the determination of the user’s ability
to enable the flow of information and especially diffuse
it, which are prerequisites for opinion leadership, we have
considered several centrality measurements which best suit
the identification of strong social relationships within a
social network (Pajo et al., 2017). These measures are those
of degree, closeness and betweenness centrality, and are
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fundamentally related to the concept of social influence in
terms of the structural effects of different connections within
a network of users (Aggarwal, 2011). Degree centrality o,
is used to determine the number of direct interactions of a
participant within the network, which represents an indicator
of quality for the member’s interconnectedness. Through the
use of an adjacency matrix A =(ay), the degree centrality can
be formulized as follows:

op(x) = Z Ajy. (D

As a consequence, the higher the centrality score o(x)
is, the more contacts a node x has. Thus, by implementing
the degree centrality, we are able to identify those users who
have the most interactions with other network participants
(Aggarwal, 2011). The closeness centrality o is based on
the idea that nodes with a short distance to other nodes can
disseminate information very productively in the network.
To calculate o(x) of a node x, the distances between node
x and all other nodes in the network are summed up. By
using the reciprocal value, the closeness increases when the
distance to another node decreases, i.e., when the integration
into the network is improved. The closeness centrality can
be formulized as follows:

1
2?=1d0(x= ) @

In this respect, through the implementation of the close-
ness centrality, we are able to identify those users who dis-
tribute information among other network participants as
efficiently as possible (Latora & Marchiori, 2007). In case
of the third centrality measure—the betweenness centrality
og—a network member is well connected if it is located on
as many of the shortest paths as possible between pairs of
other nodes. The underlying assumption of this centrality
measure is that the interaction between two non-directly con-
nected nodes x and y depends on the nodes between x and
y. The betweenness centrality for a node x can therefore be
formulized as

n n 8;(%)
op(x) = Zi=l,i#x2j=l,/'<i,f#x g €)

with g;; representing the number of shortest paths from node
i tonode j, and g;(x) denoting the number of these paths which
pass through the node x. Through this, we are able to identify
those situated on the shortest path distance between various
actors, showing that a user has fast access to and control over
network flows (AlFalahi et al., 2014; Freeman & Soete, 1997).
By these centrality measures, we are able to subdivide the
users on the basis of their network characteristics. Regarding
the calculation of the respective centrality measurements, the
well-known and widely used python library NetworkX found

oc(x) =

application (see Table 3). Besides the plain calculation of the
centrality measures of each user, we further adapted the tech-
nique to normalize the calculated values into the range of [0;1].
Based on this normalization, it is possible to consolidate the
different centrality measures into a single value by calculat-
ing their mean. By this, the respective user’s position in the
network and therefore their ability to enable the flow of infor-
mation is being represented.

Following the calculation of the individual metrics, the
automatic identification of the lead users per phases in the
innovation process takes place. Therefore, the result per met-
ric is multiplied by the corresponding weight of the respec-
tive phases (see Table 2) and summed up for each specific
user. Finally, the calculated sum is divided by the maximum
number of points to be achieved (see (4)). Thus, two resulting
scores for each user, one each for the two phases in the inno-
vation process, will be generated. These two resulting scores
represent the cumulative relevance of a user with respect to
the phases in the innovation process. The higher the result-
ing score for a respective user is, the more highly the user
is defined by his characteristics as a lead user for one of the
respective phases: “Idea generation” or “Development”.

> (xi b Wi)
>w

An identification of lead users according to the described
procedure enables the determination of users who show par-
ticular strength in terms of relevant characteristics such as their
influence on other participants within the community, their
product related knowledge or their level of activity. In com-
bination with an individual weighting of these characteristics,
the two identified phases of “Idea generation” and “Devel-
opment” are also considered. In addition, with respect to the
derived design principle 4. The principle of repeatability, the
artifact is designed in a modular and generic way. Thus, the
underlying data and the respective characteristics’ weighting
can be easily adapted, allowing the identification process to be
carried out at any time without further restrictions to e.g., react
quickly to changing circumstances such as trends. Finally, as
our design principles follow our purpose and scope and found
consideration within the designed artifact as described above,
the derived meta requirements (see Fig. 2) can be seen as suc-
cessfully met since they are representing our underlying pur-
pose and scope.

score; = |w = weight; x = metric @

Demonstration, evaluation and discussion
To demonstrate the applicability of the developed artifact
— including the identification approach and the correspond-

ing software tool — we have conducted several steps. In
order to verify the consideration of the design principles,
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the underlying design requirements are examined for their
met using our specific use case (see Table 4). Subsequently,
the artifact was applied on a real-world kitesurfing dataset
to ensure its usability for practice. Further, we conducted
interviews with our identified lead users and with an expert
from our cooperating partner, a market leader in kite- and
watersports to evaluate both the usability and the generated
added value for practice.

Review of the identified requirements

In order to verify the derived design principles, we further
review whether and how the elicited design requirements
of our artifact (see Fig. 2) were met. Therefore, we specify
them in more detail in Table 4.

Demonstration of the artifact

In order to facilitate the accessibility concerning the use of
the developed artifact, including the designed identification
process, all its customizabilities, as well as the monitoring
of the analysis, a graphical user interface (GUI) was devel-
oped. To ensure the development of a highly responsive,
performant and platform-independent interface, the GUI was
developed using the standardized and well-known Python
library PyQtS. Figures 3 and 4 show the two main interfaces
—namely the configuration and the result table view — of the
developed GUIL

The configuration (see Fig. 3) represents the initial view
when starting the tool and can be used to customize the
underlying analysis approach to one’s own needs. The lay-
out was designed based on three sections (i)—(iii), follow-
ing an adaptation of the design principles of Garrett (2010).

Table 4 Met of the previously identified requirements

. Schmid et al.
[ ] Q Lead user identification - Configuration
File Directory ® |Usersftest/documents
OutputPath  ® |Users/test/results| o
Trend leadership ©
Sentiment analysis @
Activity level @ 0
Product knowledge ©
Opinion leadership @
m Idea generation
Trend leadership “
Dissatisfaction “
Enjoyment “
Activity level “
Product knowledge “
Opinion leadership “

Start analysis

1000 documents analysed out of 11481
2000 documents analysed out of 11481
3000 documents analysed out of 11481
4000 documents analysed out of 11481
5000 documents analysed out of 11481

6000 documents analysed out of 11481

Fig.3 GUI—Configuration view

In section (i), the user can flexibly specify the data to be
analysed as well as the output path for storing the analy-
sis results by selecting the appropriate directories within
the native filesystem. Further, in case of not all elicited

Design Requirements Requirements met

Map all prior identified characteristics

As all identified characteristics of lead users are considered within the artifact (see Table 3), we

see the requirement as met.

Process a large amount of social media data The artifact was applied successfully to a real-world dataset of 11,481 contributions (see Table 5).
Furthermore, by choosing adequate analysis techniques settled in the field of text mining or SNA
respectively (see Table 3), the analysis of larger data sets is easily possible.

Apply objective identification methods

The implemented characteristics were either implemented by well-known text mining or SNA

techniques or by self-developed techniques that build on patterns of well-known analysis meth-
ods from text mining (see section “Technical realization™).

Repeat the identification process for lead
users at any time as lead users are trend

specific

As the developed artifact is implemented in a generic way, the underlying data and the respective
weighting of the characteristics can be easily adapted, allowing the identification to be carried
out at any time without further restrictions (see section “Technical realization™) to e.g., react

quickly to changing circumstances such as trends.

Additionally, the identification of lead users within the real-world application with 11,481 con-
tributions took 1317 s, which is why a quick identification based on a new dataset is also easily

possible.

Identify different lead users regarding the
two phases of the innovation process

As the proposed artifact differs between lead users regarding the phase “Idea generation” and lead
users regarding the phase “Development”, we see the requirement as met.
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User Enjoyment Dissatisfaction Activity level Opinion leadership

0.9 0.881 0.005 0.252
0.685 0.315 0.005 0.346
o6n 0.389 0.002 0.257
0.483 0.517 0.004 0.303
0.253 0.747 0.012 0.155
0.59 0.41 0.083 0.632
0.706 0.294 0.0 0.168

0.639 0.361 0.005 0.41

Export as Excel-file

Q @] Lead user identification - Result table

Trend leadership Product related knowledge v IDEA-GENERATION IMPLEMENTATION

0.186 0.949 0.31 0.417
0.242 092 04 0.448
0.222 0.848 0.382 0.418
0.25 0.833 0.392 0.415
0.204 0.8 0.418 0.458
omne 0.792 0.314 0.352

0.23 0791 0.377 0422

Export as CSV-file

Fig.4 GUI—Resulting table view

characteristics being deemed necessary, a subset of them
can be individually defined, comprising all specific charac-
teristics relevant to the current circumstances. This ensures
that only favoured characteristics are considered in the anal-
ysis, resulting in a resource-efficient identification of lead
users who show particular strength in terms of significant
characteristics such as their influence on other participants
within the community (opinion leadership) or their level of
activity. In addition, to incorporate the two identified phases
"Idea Generation" and "Development", they were imple-
mented modularly using dynamic tabs to enable a distinc-
tive configuration (see Fig. 3, ii). Here, the weightings for
each respective phase elicited from literature (see section
“Weighting of the according lead user characterizations™)
are defined as default within the phase’s configuration. Nev-
ertheless, to provide maximum flexibility and to be able to
react quickly and almost effortlessly to changing circum-
stances, the pre-defined weighting can also be individualized
per phase through the corresponding text fields highlighted
in section (ii). The start of the analysis process as well as
its monitoring takes place in section (iii). As soon as the
process is initiated, all relevant information concerning the
process such as the current state or occurring errors will be
monitored and logged within the designated text area (see
Fig. 3, iii).

Once the process has finished, the results will be con-
solidated and displayed by a responsive, sortable table (see
Fig. 4). Here, the results are subdivided into each charac-
teristic as well as the two calculated phase-specific scores,
featuring the dispensation of the users to each characteristic
or innovation phase, respectively. To facilitate the selec-
tion of relevant lead users, it is further possible to filter the
identified users based on each calculated value (see Fig. 4,
“Product related knowledge”). This allows companies to
select users in an intuitive way based on either a specific

characteristic such as product-related knowledge or the over-
all scores.

To preserve the obtained results for later usage, two func-
tions were implemented to handle the extraction by use of
either a Microsoft Excel or a Comma-separated value (CSV)
file. These file formats enable a platform-independent pres-
entation of the results for e.g., marketing campaigns (Excel)
as well as the automated processing by a proprietary third-
party system, such as importing the generated information
into the company’s active directory (CSV).

To demonstrate the practical applicability of our devel-
oped tool, a representative real-world dataset was needed.
Thus, we extracted data from one of the most popular online
communities for kiteboards (https://www.seabreeze.com.
au/), which comprises a total of 11,481 contributions of 945
users. The data were extracted using the ParseHub extrac-
tion tool and span the period from January 1%, 2018 to April
10, 2020.

Based on these data, the analysis was undertaken to iden-
tify the respective lead users. Table 5 presents the top five
identified users per phases of the innovation process. The
values represent the previously identified characteristics by
a normalization within a scale of [0;1]. Thus, a high value
implies the respective characteristic is strongly distinctive.
The identified users are differentiated regarding the two
innovation phases. Accordingly, the weights of the charac-
teristics were adapted to the respective needs of the phase
(see section “Weighting of the according lead user character-
izations”). The “Overall score” represents the affiliation of
the respective user in each phase and is determined through
the weighting of the characteristics.

A cursory glance at Table 5 reveals that lead users can
be identified in both phases of the innovation process. Thus,
the two identified lead users: user #1 and user #2 are identi-
fied as lead users exhibiting the highest values compared
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Table 5 Top five identified lead users for the specific innovation phases

Enjoyment Dissatisfaction — High product Trend Leadership High Opinion  Overall Score
related knowl- Activity  leader-
edge Level ship
User Weight 1 3 4 5 5 2
Idea Generation user #1 0.347 0.653 0.367 0.489 1.0 1.0 0.662
user #2 0.395 0.605 0.438 0.374 0.84 0.925 0.602
user #3 0.346 0.654 0.506 0.304 0.353 0.81 0.472
user #4 0.295 0.705 0.291 0.291 0.497 0.743 0.46
user #5 0.364 0.636 0.36 0.3 0.381 0.79 0.442
User Weight 1 2 4 5 3 2
Development user #1 0.347 0.653 0.367 0.489 1.0 1.0 0.6
user #2 0.395 0.605 0.438 0.374 0.84 0.925 0.557
user #6 0.119 0.881 1.0 0.204 0.005 0.252 0.51
user #7 0.611 0.389 0.92 0.24 0.002 0.257 0.489
user #8 0.59 0.41 0.8 0.203 0.083 0.632 0.478

to all users of the innovation process. We assume that the
identification of users present in both innovation phases is
a rarely occurring exception resulting from extremely con-
spicuous users. Here, the two identified users have a sig-
nificantly higher activity level than the lead users identified
for a specific phase, which supports this conclusion. User
#1 even has the highest activity level (1.0) among all 945
users. In addition to the identification of users who are pre-
sent in both phases, lead users, who differ significantly in
their descriptive characteristics, were further identified for
each innovation phase. User #6 e.g., shows an activity level
way below average (0.002), but exhibits remarkable results
regarding the presence of product related knowledge (0.92).
Therefore, the user is considered as lead user regarding the
second innovation phase “Development”.

To be able to identify lead users scaled to the different
circumstances of enterprises in a resource-optimized way, a
high degree of generalizability was considered in the imple-
mentation of the artifact. Therefore, to be able to adequately
react to specific circumstances, the weighting of the respec-
tive characteristics can be individualized at the beginning
of the analysis process. Thus, the identification approach
can be specifically geared to users who dominate a single
criterion or a combination of criteria and can therefore be
easily adapted to different conditions.

Finally worth to mention, the related lead user character-
istics (and therefore the lead users themselves) are validated
in an intrinsic way by incorporating different evaluation met-
rics (e.g., topic coherence) during the identification process.
In this way, a high information quality is ensured, support-
ing the practical applicability of both, the identification pro-
cess and the retrieved lead users. In this regard, by applying
our tool, we revealed promising lead users for the specific
innovation phases based on their remarkable characteristics
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exhibited (see Table 5, e.g. user #1). However, as the intrin-
sic evaluation of probabilistic models such as topic modeling
(trend leadership) poses various challenges and drawbacks
(Chang et al., 2009), it is not sufficient to verify the elicited
results. Thus, we evaluate the identified lead users and their
characteristics in an extrinsic way by veritying the identified
lead users through an interview with an expert of our coop-
erating partner (a market leader in kite- and watersports)
and respective lead users (see section “Evaluation of the
artifact”). Therefore, we will evaluate the derived lead users
as well as the identification process by applying them to
our specific use case, revealing their meaningfulness and
potential regarding their practical applicability in a first step.

Discussion of the results of demonstration

Our results have shown that our identification approach and
the corresponding software tool are working immaculately.
The implementation of the design principles was thus fea-
sible, resulting in the identification of lead users for both
innovation phases (see Table 5). Prior research literature is
inchoate here as only a minority of the investigations incor-
porates an innovation process but identifies a lead user for all
of the phases in an innovation process (Miao & Zhang, 2017,
Pajo et al., 2017). Thus, we provide a new approach that
identifies different lead users for every phase of the inno-
vation process. Most of the identified lead users are better
suited for one of the two phases but there are also lead users
who exhibit very high values in both innovation phases. We
have shown with our results that a clear differentiation of
the two phases as well as the separated identification and
consideration of lead users is necessary as they have dif-
ferent competencies, characteristics and application areas.
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The lead users #3 or #4 are according to our results an
adequate choice when searching for a lead user in terms
of the innovation phase “Idea generation”. User #3 e.g.
features a high value in the dimensions “trend leadership”
(0.304) and “high activity level” (0.353). This means
that this lead user can be seen as an active member in
the kitesurfing-lifestyle scene. His/her creative and active
participation in the online discussions shows that this lead
user is highly involved in the kite community. Their active
participation and involvement additionally lead to the
awareness of unmet needs about existing solutions in the
kiteboarding scene (see dissatisfaction: 0.654). Because
of his/her high value in the dimensions “trend leadership”
(0.304), we can assume that this lead user is able to “trans-
late” his/her dissatisfaction into concrete ideas. Against
the background of the fact that a company requires many
initial ideas from lead users (as only a few of them can
be realized anyway) especially the requirement “repeat
the identification process for lead users at any time” is
important in this first innovation phase. Approaches that
are established and discussed in prior research literature
such as screening (Brandtzaeg et al., 2016; Hung et al.,
2011; Tuunanen et al., 2011), pyramiding (Von Hippel
et al., 2009) and other lead user identification procedures
are often based on interviews or (online) questionnaires
(Brandtzaeg et al., 2016; Hung et al., 2011; Tuunanen
et al., 2011) which makes it almost impossible to repeat
the identification process for lead users at any time. How-
ever, most business-to-consumer industries are fast-mov-
ing and therefore identifying innovative lead users and
their ideas repeatedly with little expenditure of time must
be focused on. Thus, with our artifact a company is able,
on the one hand, to identify lead users who are currently
ahead of trends and, on the other hand, to react to chang-
ing circumstances such as trends. Furthermore, with this
procedure we also counteract the low sample efficiency
and the high costs that results from conducting interviews
and online questionnaires.

By examining the detailed results of the phase “Devel-
opment” it is especially interesting that user #6 and user
#7 are determined as lead users although they exhibit very
low values in the dimension “high activity level” (user #6:
0.005; user #7: 0.002). This shows that due to the medium
weight of the dimension “high activity level” in the phase
“Development” a lead user does not necessarily exhibit a
high active usage behavior which contradicts the results
of Martinez-Torres (2014). This means that in our case
the lead users #6 and #7 posted only few contents and
therefore they do not participate a lot in these online com-
munity discussions. But if they did submit a post, it con-
tained very valuable and detailed content including high
product-related knowledge (user #6:1.0 user #7: 0.92).
These users suggested concrete solutions based on their

broad expertise about the products, the components and
how they mesh with each other.

The combination of this “high product related knowl-
edge” with the relatively high value for “trend leadership”
(0.204) and the simultaneously low value for the “high
activity level” (0.005) led to the assignment of user#6 to the
phase “Development”. The results have shown that this com-
bination of characteristics is more decisive than, for exam-
ple, the dimension “dissatisfaction” as user #6 is the lead
user (compared to all other identified users) with the highest
value in the dimension “dissatisfaction” (0.881). This high
value of “dissatisfaction” would actually speak for being
assigned to the “Idea generation” phase as it is weighted
higher (Idea generation: 3, Development: 2) here. However,
the high level of product related knowledge and the associ-
ated ability to suggest concrete solutions for new products or
their improvements is the main factor for a promising coop-
eration in terms of the “Development” phase. Therefore,
observing both the individual results of the characteristics
and the overall score has shown that not only is the weight-
ing and selection of the characteristics plausible, but that our
software tool is also capable of finding them.

Moreover, we have identified lead users for both phases
as they exhibit the highest overall scores: user #1 and user
#2. Both users exhibited extraordinary results, especially for
the dimensions “high activity level” (user #1: 1.0; user #2:
0.84) and “opinion leadership” (user #1: 1.0; user#2: 0.925).
So, their high level of involvement in the kitesurfing scene
is characterized by their active participation as well as by
their central position in the network. Displaying both strong
social relationships and high levels of engagement enable the
users to spread information in the online community. Conse-
quently, these users know the overall sentiment and can also
identify unmet needs that will later be experienced by the
public (see trend leadership and dissatisfaction). Based on
this, they formulate and disseminate ideas for new products
as well as suggest detailed solutions for the prior identified
needs. Thus, they facilitate effective innovation and encour-
age innovation communication. Only in some dimensions
such as “high product related knowledge” other users (e.g.
users: #6, #7 and #8) exhibit better results. Nevertheless,
the users’ overall scores in both phases show their outstand-
ing position as lead users, which we assume, however, that
this can be seen rather as an exception. Furthermore, we
are convinced, that it makes sense not only to focus on lead
users who are suitable for both innovation phases but rather
consider for what purpose a lead user should be engaged
and to adjust the weighting accordingly. If a lead user is
only active in one phase, then s/he can focus on either the
objective generating many good and innovative ideas (see
Idea generation) or on the objective developing explicit solu-
tions for unmet needs (see Development) and applies his/her
strengths accordingly. In other words, if a lead user would
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act in both phases and thus focuses on both objectives simul-
taneously, e.g. knowledge about the realization and devel-
opment could have a negative impact on the creativity in
the idea generation phase. Concentrating on lead users for
both phases simultaneously also means that lead users who
have extraordinary new ideas but only less product-related
knowledge would be excluded. This would lead to a loss of
new and potentially successful ideas.

In summary, observing both the individual results of the
characteristics and the overall score has shown that not only
is the weighting and selection of the characteristics plau-
sible, but that our software tool is also capable of finding
them. Our results follow from combining, weighting and
considering all relevant lead user characteristics. Previous
research literature (e.g., Miao & Zhang, 2017; Martinez-
Torres, 2014; Tuarob & Tucker, 2014) has often focused on
only few characteristics for identifying lead users and thus
resulted in many and ambiguous lead users.

Evaluation of the artifact

To evaluate the generated artifact and our results, we con-
ducted both an in-depth interview with the head of market-
ing of our cooperating partner and interviews with some of
our identified lead users.

The in-depth interview was undertaken by two research-
ers, recorded, transcribed, and finally condensed to the most
important statements. It lasted approximately two hours and
we aimed to investigate the artifact’s applicability and its
generated added value. In the course of the interview, we
presented the expert both an excerpt of our results and ran-
domly selected posts from the identified lead users. Thus, we
wanted to find out if he can benefit from the lead users iden-
tified by the tool and if the expert agrees with the differentia-
tion of the user types. Accordingly, by analyzing the selected
posts as well as the excerpt of our results, the interviewee
stated first that by means of the software tool he is now able
to analyze a huge amount of social media data. Previously,
his team only analyzed social media data by hand, which
cost a lot of resources (e.g. time, human resources, etc.) and
often led to incorrect results.

Second, the expert highlighted the distinction to be ben-
eficial as it allows him to address users for different stages
in the innovation process. Ultimately, he was aware of the
two lead users that were identified by the tool. As he knew
them in advance, he has already incorporated them success-
fully into the company’s innovation process. However, there
are also lead users, and therefore also innovative ideas and
content, that were unknown to him so far. To reveal what
the users are talking about we discussed randomly selected
posts with him. Hence, the aim was to detect whether both
the analysis of posts in the context of the innovation process
and the differentiation of the lead users made sense from
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the practitioner's point of view. Consequently, by analyzing
and discussing the provided posts, our interviewee already
detected some ideas and suggestions for new products or for
variations of existing ones. He contemplated the involve-
ment of the users in the company’s internal brainstorming/
idea-finding process to talk about ideas for new products
or about drawbacks of pre-existing ones. Therefore, he is
committed to include the dissatisfaction in the identifica-
tion approach here. To get a better understanding of how the
expert came to this decision, we included a short excerpt of
a selected post as an example:

“[...] The male velcro is facing the wrong way, which
means its going to chaff like 60 grit sandpaper if you
don't wear a thick rashie or wetsuit. [...]”

According to the interviewee, from this short excerpt,
it can already be recognized that the user is pointing to a
certain problem (“male velcro is facing the wrong way”)
and therefore identify an unmet need. Accordingly, the
expert identifies here a starting point for improving a spe-
cific product. The expert added that the selected posts also
show that these identified lead users seem to be “passion-
ate individuals who are true ambassadors of the kitesurfing
scene” and can therefore be auspicious, prospective part-
ners for the company’s internal idea-finding process with
the aim of uncovering existing problems, unmet needs and
new product ideas.

Furthermore, after showing the interviewee the posts that
our tool assigned to the phase “Development”, he was enthu-
siastic about the high level of product-related knowledge.
According to our interviewee this and the positiveness of
user #7 could, for example, support the engagement of a
promising cooperation regarding the development of new
products. Including a lead user means the incorporation of
the user’s vast experience and knowledge. Thus, this coop-
eration could potentially lead to decreasing failure rates in
product innovations. For demonstration purposes we also
included here a selected post of a lead user. To exclude
potential influence, mentioned competitors were removed
here.

“Yes it is[, ] if you like to ride powered, the early edition
was a fave of mine[.] The next imho was completely
different, lost all the flex that you want in choppy con-
ditions and a lot of feel by going heavier on build. The
newbrong crb 4 is back to the original, been riding the
ts from [...], great board but [...] struggle [to] make a
non spray board especially in chop conditions, in flat
water it isn’t an issue, the monk will cover most riders
as mentioned. Demo I'd say”

Phrases such as “The newbrong crb 4 is back to the origi-
nal” led the expert to the assumption that this user exhibits a
high product-related knowledge and thus is able to formulate
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precise solutions, which are both indicators for assigning this
post/user to the “Development” phase. From the analysis
of the posts the expert drew the conclusion that these lead
users identified here, represent “progressive riders who are
continuously pushing their riding and the sport to new lev-
els”. Therefore, the expert referred to the fact that these users
propose to apply new materials and technologies to create
constantly better performing products. Moreover, the inter-
viewee stated that not only the identification of promising
lead users will be supported with the tool but also analyzing
the posts and contents of the respective users, which repre-
sents another added value for him.

He further noted that because of these different appli-
cation areas, it is very constructive to identify lead users
regarding the two innovation phases and therefore differen-
tiate between them. The interviewee had already involved
some kitesurfers in the company’s (innovation) processes
and therefore drew the conclusion that he would definitely
involve the two lead users who exhibit the highest overall
scores in both innovation phases (user#1 and user#2) but
he also highlighted that it would be reluctant to focus only
on them. He reasoned as follows: First, it is advisable for a
company to include more than just two lead users so that
multiple perspectives can be included in the company. Sec-
ond, according to his experience, when a user is part of each
innovation phase, the generation of ideas is inhibited if the
user always keeps the development and its boundaries in
mind. This would limit the venue for brainstorming that
should be ensured in the “Idea generation” phase. Moreo-
ver, a user can have interesting new ideas, but s/he has too
little product related knowledge to implement and develop
them. This would also lead to a loss of new and potentially
successful ideas. Furthermore, our interviewee noted that the
lead users #1 and #2 exhibited good overall scores (and thus
he would definitely include them), but he tended to prefer to
incorporate the user with the highest level of product-related
knowledge (user #6) in the “Development” phase. Overall,
the expert confirmed that a clear differentiation between the
two phases as well as a separated identification and consid-
eration of lead users is necessary.

In addition to the evaluation with the expert, we dis-
cussed our results with three of the identified lead users.
To strengthen the results of our tool and to make sure that
the identified users are the appropriate lead users for the
particular innovation phase we also examine the lead user
perspective by conducting short interviews. This should also
confirm and, where appropriate, extend the characteristics
that we have found in literature. In doing so, the interview-
ees all confirmed being lead users in this online community
and they postulated that they are all aware of making major
contributions to idea generation and/or product development
in line with our results. In addition, in surprising harmony
they all mentioned similar characteristics (enthusiasm for

the sport, high activity level in the online community and
experience in the field) as essential for lead users. Only on
the time needed to be an experienced kitesurfer there was no
agreement. Two of the respondent lead users stated a mini-
mum of 3 and 5 years to be an experienced kitesurfer. The
remaining one quantified the respective time by the kitesurf-
ing sessions performed and different kitesurfing locations
visited.

With these statements our lead users supported the results
of our research and in consequence validated the applicabil-
ity of our approach. Furthermore, the essential character-
istics fit to those we have found in literature and thus con-
firmed the characteristics we have included in our tool. The
characteristic “enthusiasm for the sport “ is implemented
with “opinion leadership” in our approach. According to the
current research literature “opinion leadership” is the ability
to enable the flow of information and especially to diffuse it.
Strong social relationships and a high level of engagement
are premises for a functioning exchange of ideas and inno-
vation (Pajo et al., 2014, 2017). Accordingly, a user who is
motivated to build relationships in the community and thus
exhibits high centrality scores is highly enthusiastic about
the sport. The high activity level in the online community,
calculated in our tool by the number of posts and transacted
comments per user within the analyzed period, represents
the second characteristic the lead users have mentioned. The
“Experience in the field “ can be partly covered by our char-
acteristic “high product-related knowledge”. However, the
number of training hours, e.g., could also be included here.

Discussion of the results of evaluation

The evaluation has revealed not only the applicability but
also the added value of our artifact in a practical environ-
ment. Thus, the in-depth interview with the head of market-
ing of our cooperating partner has highlighted that he is
enthusiastic about the results as he benefits from them in
many ways. First, the interviewee was able to assign the
innovation potential to many posts by recognizing trends that
were talked about in the posts, months before their realiza-
tion. Moreover, the content of the comments has already
made him aware of ideas on how to improve certain products
in the company. Second, our expert has also confirmed that
the high level of product related knowledge, vast experi-
ence and the associated ability to suggest concrete solutions
for new products or their improvements is the main factor
for a promising cooperation with a lead user in terms of
the “Development” phase. The lead users identified with
our tool have suggested concrete solutions based on their
broad expertise about the products, the components and how
they mesh with each other. As our expert has confirmed,
this high product related knowledge can lead to decreasing
failure rates in new product introductions or improvements
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because these users are aware of very specific facts such
as every tiny change to a kite’s profile can have enormous
impact on its flight characteristics. Third, our expert also
stated that he would be reluctant to focus only on the lead
users who exhibit the highest overall scores in both innova-
tion phases. He further highlighted that he would prefer in
the “Development” phase the user with the highest level
of product-related knowledge (user #6) and not user #1 or
#2 who have higher overall scores. All in all, he confirmed
that a clear differentiation of the two phases as well as a
separated identification and consideration of lead users are
necessary.

Finally, the interviews with the lead user confirm our
approach and implicated further interesting perspectives and
provided indications on how our approach can be further
refined. In future research, these and other possible aspects
and characteristics mentioned by the users have to be evalu-
ated additionally.

Contribution for practice and research

Our investigation contributes to research and practice alike.
As a contribution to practice, first companies can benefit
from our comprehensive and modular approach. By apply-
ing our approach companies can resource-efficiently identify
lead users which is an important process as the acquisition
as well as the transferring costs of the information that are
decisive for initiating innovation have tremendous influence
on where innovation is created (Idota, 2019). Therefore, as
lead users feature highly sticky information and are able to
create innovations, organizations benefit from including
them in their innovation process in order to overcome their
information stickiness and so get to know the user’s needs to
solve (product) problems and reduce R&D costs. Thus, we
stand out against other approaches that follow more resource
intensive approaches (e.g. Brandtzaeg et al., 2016; Hung
etal., 2011; Tuunanen et al., 2011).

Second, we created an artifact, respectively a tool, that is
able to process a large number of social media data which
can be repeated at any time as lead users are trend specific.
This counteracts i.a. weaknesses of previous approaches that
include only a small amount of data in the identification
(Hau & Kang, 2016). By means of our tool, companies are
able to start and monitor the current state of the identifica-
tion process, display the analysis results by an intuitive, sort-
able table to easily enable either the selection of the overall
lead users by the respective overall-scores or specific lead
users by their identified results of an explicit characteristic
and extract and persist the elicited results to various file for-
mats (Excel, CSV) for later usage.

Third, a high degree of generalizability was taken into
account to identify a lead user by considering several
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characteristics depending on the different circumstances of
different companies. Thus, they are able to customize the
identification process to their own needs by uploading their
own dataset and applying all or a selected set of character-
istics either following our pre-defined weights for each of
the two innovation phases or individualize them as well.
Hence, the weight of the respective characteristic is deter-
mined in the beginning of the analysis process. The identi-
fication process therefore can be specifically geared to users
who dominate a single criterion or a combination of criteria.
When a company, for instance, wants to focus more on lead
users who express a sentiment of enjoyment in the innova-
tion process, then the company can set the weights for dissat-
isfaction very low (or even to zero) and for enjoyment very
high. Thus, we created an extensive, flexible, and resource-
saving approach which can be easily applied by companies
and which is based on objective traceable characteristics
(different to other approaches that include self-assessment
of respondents (Hienerth & Lettl, 2017)).

Fourth, the evaluation of our results has shown their con-
tribution for our cooperating partner and therefore for prac-
tice. As the expert has highlighted, the tools enable him to
turn away from analyzing social media data by hand, which
costed a lot of resources (e.g. time, human resources, etc.)
and often led to incorrect results. Further he identified lead
users and therefore also innovative ideas and content, that
had been unknown to him so far. So, our tool also allows to
analyze posts and contents of the respective users and is thus
able to detect new ideas and suggestions for new products
or for variations of existing ones. For practice this can mean
decreasing failure rates in product innovations.

In summary, companies aiming to identify different lead
users for the particular phases in the innovation process can
benefit from our comprehensive and modular artifact, since
they are enabled to autonomously analyze large amounts
of data and therefore automatically identify respective lead
users adapted to the corporate’s specific circumstances.
Thus, we automated the lead user identification process, the
most difficult and time-consuming aspect within the lead
user method (Brem & Bilgram, 2015).

Furthermore, as outcomes of our DS research project we
achieved theoretical contributions to research that go beyond
the technical contribution (i.e., the artifact) and which are
explained in more detail in the following. In terms of the
DSR knowledge contribution framework of Gregor and
Hevner (2013) the enhancements of our artifact over exist-
ing ones in the literature can be classified in the group of
improvement (development of new solutions for known
problems). DSR improvement projects make contributions to
both prescriptive theory i.e. Design Theory (Gregor, 2006)
and descriptive theory i.e. kernel theories (Gregor & Hevner,
2013). Thus, first, in terms of prescriptive theory our arti-
fact contributes to a rather general and abstract knowledge
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base — “nascent design theory” (Gregor & Hevner, 2013).
Therefore, design principles based on kernel theories and
resulting design requirements were formulated and proposed
in the section “Design principles for a lead user identifica-
tion tool”. By applying them in the course of the design and
development of the artifact followed by the demonstration
and evaluation, an implicit empirical grounding of the design
principles was achieved here (Heinrich & Schwabe, 2014).
Our design principles capture design-related knowledge and
can therefore support the development of further IS (design)
theories and new artifacts. For designing further (identifi-
cation) tools in related areas our design principles can be
applied as we have formulated them generally by describing
what the artifact should enable users to do and how the arti-
fact should be built. By considering e.g. the design principle
3. Contextual adaptability, the importance of the context is
highlighted in which the respective tool should be created.
Since the context has a direct impact on the definition and
implementation of the requirements, the alignment with the
context also will lead to a more targeted identification tool.
So, with the compilation of the design principles, we made
a first step towards contributing to Design Theory in terms
of theory for design and action (Gregor, 2006) as we comply
with conditions as March and Smith (1995) and Hevner et al.
(2004) pointed out under which a contribution to knowledge
in DS has occurred: utility to a community of users, the nov-
elty of the artifact and the persuasiveness of claims that it is
effective. To take a next step towards mature Design Theory,
according to Gregor and Jones (2007), a total of eight com-
ponents are necessary. We have shown the “Purpose and
scope” by means of the meta-requirements and the “Princi-
ples of form and function” by means of the design principles
(see both Fig. 2). Furthermore, the latter is based on kernel
theories (Lead User Theory and Innovation Theory) which
entails the inclusion of a further component — “Justificatory
knowledge”. Also, the “Constructs” that are described as the
most basic levels of the theory are involved with the align-
ment to the characteristics of a lead user and the two phases
of the innovation process. These components resulted in
the “Expository instantiation”, i.e. in the application of the
designed tool in a real world setting. However, the inclusion
of the “artifact mutability”, the “testable propositions” and
the “principles of implementation” explicitly and aligning
the investigation on these eight components in general, as
for example Bockle et al. (2021) have done, would need to
be undertaken as a next step towards a mature contribution
to Design Theory.

Beside that, our results also contribute to the kernel the-
ory knowledge base regarding the social media theory as
well as the innovation related theory. Moreover, our results
contribute to different kernel theories by providing the fol-
lowing useful implications which previous investigations
have barely considered until now. First, this study sheds a

new light on the lead user construct itself — the core of Lead
User Theory — as our investigation has shown that it is mean-
ingful to differentiate lead users according to the different
innovation phases as they have different competencies, char-
acteristics and application areas. Until now, no distinction
has been made in defining and characterizing lead users in
terms of the innovation process. The basic model of Lead
User Theory (Von Hippel, 1986) indicates indeed a distinc-
tion between lead users, but only against the background
of whether the product innovation supported by the lead
user is a novelty or one that requires commercially viable
modifications and enhancements (Von Hippel, 1986). Our
results highlighted that a separated consideration implicates
a more targeted identification. If a lead user is active in one
phase, then s/he can focus on either the objective generat-
ing many good and innovative ideas (see Idea generation)
or on the objective developing explicit solutions for unmet
needs (see Development) and applies his/her strengths
accordingly. When lead users are examined and identified
separately in the two phases, the generation of ideas is not
inhibited by keeping the development and its boundaries in
mind. Additionally, our approach takes also into account
who have extraordinary new ideas but only less product-
related knowledge and would therefore be excluded from
prior identification approaches. Thus, our approach contracts
a loss of new and potentially successful ideas. So, our study
has revealed a new point by defining a lead user against the
background of the purpose of its use (based on the innova-
tion process) whereby we introduce a new dimension to the
Lead User Theory. This can constitute an important new
implication which includes that the definition of a lead user
should not only focus on Von Hippels’ characteristics but
also on the purpose of its use (Von Hippel, 1986).

Second our investigation contributes to the process of
utilizing lead users included in the Lead User Theory. Von
Hippel (1986) introduced a 4-step process — which has often
been taken up in other studies (cf. Hung et al., 2011) —,
including (1) the identification of an important market or
technical trend, (2) the identification of a lead user lead-
ing that trend, (3) analyzing the lead user need data and (4)
project lead user data onto the general market (Von Hippel,
1986). Our approach and results have shown that the (1)
identification of a trend before (2) identifying a lead user
for that respective trend is no longer deemed necessary as
the identification of trend(s) can be included within the
identification of corresponding lead users. Thus, the initial
step (1) identification of trends is no longer considered as a
necessary sequential premise for the (2) lead user identifica-
tion, since the emerging trend is identified and considered
simultaneously, resulting in a more flexible and easier-to-
use process. Moreover, our approach provides the opportu-
nity to consider multiple trends simultaneously, rather than
being limited to one previously identified trend (Von Hippel,

@ Springer

123




Automated Identification of Different Lead Users Regarding the Innovation Process

I. Schmid et al.

1986). Therefore, multiple trends reflected in the underly-
ing data can be dynamically considered when identifying
lead users, enabling the identification of target-oriented lead
users associated with each trend. Thus, the 4-step process
can be enhanced in terms of its applicability and ease of
use by enabling the automated identification of underlying
trends when identifying accompanying lead users, as well
as in terms of its functional scope by including multiple
trends instead of solely considering the previously, manually
identified trend.

Third, this study sheds another light to Lead User Theory
and contributes to the automated identification of lead users
in online communities in more specific (and thus a further
contribution to the identification process). With this work at
hand, we provide initially a comprehensive and structured
overview of lead user characteristics based on the current
research literature. Beyond that, we further technically
realized these characteristics by means of an adaption of
several machine learning methods (see section “Technical
realization”) and enriched the related Lead User Theory by
establishing synergies of these research areas. Thus, future
research in Lead User Theory will benefit from the advan-
tages of automated analysis techniques and will therefore
be supported by our concrete techniques for the identifica-
tion of lead user characteristics. In addition, we distinguish
ourselves from investigations that define and identify lead
users by including only one or two characteristics (cf. Miao
& Zhang, 2017; Tuarob & Tucker, 2014; Tuunanen et al.,
2011), as our identification process enables an identification
of lead users considering all identified characteristic. This
enables the consideration of each relevant characteristic,
allowing lead users to be identified in a more target-oriented
and fine-grained manner. Moreover, to take a step further
in the identification of respective lead users and in order to
account the differentiation of them in the innovation process,
we have adapted the identification process to incorporate
priorities (weights) regarding the characteristics with respect
to the different innovation phases. Consequently, contrary to
the current research literature which treats all characteristics
equally, we assign different weights to different lead user
characteristics in the course of the identification process to
make this process even more targeted.

Finally, for innovation theories our research identified
relevant characteristics of users who can contribute to the
different stages of the innovation process. Our results have
shown that it is important to consider for what purpose a lead
user should be engaged and to adjust the weighting of the
identified characteristics accordingly. This has implications
for the theories dealing with the process of innovation, e.g.
the stage-gate model. By applying specific lead users within
the stages preliminary and detailed investigations as well as
in development, testing and validation, the rigid sequence of
stages and gates can be broken up. By integrating the user’s
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and therefore the external point of view the assessments at
the go/kill checkpoints (i.e. gates) become less elaborate as
the alignment with the external requirements is maintained
constantly. This results in a more agile and target group-
oriented approach. Based on this, the innovation process
must be specified more concretely in terms of interactive
value creation, especially the open innovation. Thus, includ-
ing different lead users adds new tasks for companies in the
innovation process. These different lead user types can be
taken into account by introducing process variants.

Conclusion

In the existing literature there are a lot of different lead user
identification approaches, but these investigations only cov-
ered a limited point of view as they either focus on only
a few lead user characteristics (Martinez-Torres, 2014),
include a very small amount of data (Hau & Kang, 2016) or
base their approach on the self-assessment of users (Hienerth
& Lettl, 2017). This problem is further compounded by the
tremendous amount of online community data which makes
it even more difficult, costly and time-consuming to identify
lead users. We approached this research gap by introduc-
ing an automated and — according to our interviewed expert
— effective method for identifying lead users. After consult-
ing the research literature, we focused on two main phases
of the user innovation process (A) the “Idea generation” of
an innovation and (B) the “Development” of an innovation.
In both cases (A and B), a lead user is a valuable resource
for companies. Furthermore, we have demonstrated that six
different characteristics (trend leadership, dissatisfaction,
enjoyment, high level of activity, product related knowl-
edge, opinion leadership) are prevalent in existing research
literature regarding lead user identification in online com-
munities (see RQ1). Based on this, we further designed and
implemented a tool that, on the one hand, combines all of
the aforementioned characteristics and, on the other hand,
considers the fact that lead users can be applied in different
phases of the innovation process (see RQ2). To demonstrate
the applicability of our artifact we applied it to 11,481 con-
tributions of 945 users from a popular online forum for kite-
boarding. After identifying the lead users, we evaluated our
results by interviewing the respective lead users as well as an
expert. In conclusion, following the DS research, we derived
numerous contributions for both, theory (kernel theories:
Innovation- and Lead User Theory; Design Theory: Design
Principles) and practice (e.g., the artifact) (see RQ3).

In the previous section (see “Contribution for practice
and research”) we have shown that companies can benefit
from our comprehensive and modular artifact, with which
large amounts of data can be analyzed adapted to the cor-
porate’s specific circumstances with the aim of identifying
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different lead users for the particular phases in the innova-
tion process. Thus, we automated the lead user identification
process, the most difficult and time-consuming aspect within
the lead user method. Furthermore, we have highlighted how
our investigation made a first step towards contributing to
Design Theory (theory for design and action (Gregor, 2006))
by formulating four design principles. These design prin-
ciples (comprehensive characteristics consideration, using
inter-subjectively verifiable identification methods, contex-
tual adaptability and repeatability) can support the design of
further user identification tools. Beside that we also high-
lighted our contribution to the kernel theories: Our study
has revealed a new point by defining a lead user against the
background of the purpose of its use (based on the innova-
tion process) whereby we have introduced a new dimen-
sion to the Lead User Theory. Moreover, we enhanced Von
Hippel’s 4-step lead user utilization process in terms of its
applicability and ease of use by enabling the automated iden-
tification of underlying trends when identifying accompany-
ing lead users, as well as in terms of its functional scope by
including multiple trends instead of solely considering the
previously, manually identified trend. Finally with respect to
the current Lead User Theory which treats all characteris-
tics equally, we have assigned different weights to different
lead user characteristics in the course of the identification
process to make it even more targeted. Regarding the Inno-
vation Theory the rigid sequence of stages and gates can be
broken up and further parallelized by applying specific lead
users within the different stages. However, our research is
not without limitations. We have identified the characteris-
tics that are decisive for a lead user in the current research
literature. It is possible that there are further characteristics
distinctive for a lead user that we have not considered. Dur-
ing our research we came upon areas of further research. In
terms of a further evaluation of our results, we are intent on
carrying out a study to assess the completeness and useful-
ness of our approach with other cooperating partners. Fur-
ther, as the users noted in the interviews that experience in
the respective field of application is important and we only
partially cover this with the characteristic “product-related
knowledge”, the question “At what point can a lead user be
seen as experienced?” may be subject of future work.
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2.6 Artificial Intelligence in Augmentative and Alternative Communication
Systems — A Literature-Based Assessment and Implications of Different
Conversation Phases and Contexts

Adressierte

Zielsetzungen

Systematische Analyse der Potenziale KI-basierter Ansétze zur Unterstiit-
zung digitaler AAC-Systeme im Hinblick auf die Beriicksichtigung spezi-
fischer Gesprachsphasen und -Kontexte. Ziel ist es, Einschrankungen be-
stehender Systeme hinsichtlich der Anpassungsfahigkeit an unterschied-
liche kommunikative Kontexte (z. B. formelle vs. informelle) sowie Phasen
eines Gesprichs (z. B. Anfang, Schluss) zu identifizieren und einzuordnen.
Auf dieser Grundlage werden bestehende Forschungsliicken offengelegt
und zentrale Anforderungen fiir die kontextsensitive, personalisierte Ent-
wicklung intelligenter Kommunikationsagenten im Bereich der AAC ab-
geleitet.

ZS9

Abgeleitete

Forschungsfragen

Decken die in der wissenschaftlichen Literatur vorgeschlagenen KI-An-
wendungen fiir AAC-Systeme die Gespriachsphasen ,Beginn’, ,Mitte ‘ und
JAbschluss‘ sowie die Gespriachskontexte ,Formell° und ,Informell‘ in an-
gemessener Weise ab?

FF9

Welche Implikationen ergeben sich fiir den Einsatz von KI im Kontext von
AAC-Systemen hinsichtlich der Beriicksichtigung von Gesprachsphasen
und -kontexten?

FF10

Genutzte

Forschungsmethode

Systematischer Literaturiiberblick (Systematic Literature Review)

Die Studie folgt methodisch den Empfehlungen etablierter Frameworks zur Litera-
turauswertung, insbesondere von Cooper (1988), Cooper & Hedges (1994), Vom

Brocke et al. (2015) sowie Webster & Watson (2002).

Die Literaturanalyse erfolgte in mehreren Phasen:

Die Analyse zielte auf drei Ebenen ab:

Systematische Suche nach einschldgigen wissenschaftlichen Arbeiten.
Reduktions- und Auswahlverfahren zur Eingrenzung relevanter Beitrige.

Inhaltsanalytische Auswertung auf Basis der qualitativen Inhaltsanalyse nach
Mayring (2004).

Ableitung zentraler KI-Potenziale fiir AAC-Systeme und Skizzierung KI-ba-
sierter Losungen zur Realisierung dieser Potenziale.

Zuordnung dieser Potenziale zu spezifischen Gespriachsphasen (Er6ffnung,
Mitte, Abschluss) und Gesprachskontexten (formell/informell).

Identifikation von Forschungsliicken durch systematische Kontrastierung in
einer Konzeptmatrix.

Kernergebnisse

(Uberblick)

Durch die Literaturanalyse wurden vier zentrale Kategorien generativer KI-Poten-
ziale in AAC-Systemen identifiziert:

1. Aufrechterhaltung des Gesprdchsverlaufs,

2. Kontextsensitivitdt (z. B. Ort, Thema),

3. Adaptivitit gegeniiber dem Gesprdchspartner,
4. Personalisierung gegentiiber dem AAC-Nutzer.
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Die Potenziale wurden systematisch in einer Konzeptmatrix den Gesprachsphasen
(Beginn, Mitte, Abschluss) sowie Gespriachskontexten (formell vs. informell) zuge-
ordnet. Die Analyse zeigt:

e Der GroBteil bestehender KI-basierter AAC-Systeme fokussiert sich auf ein-
zelne Phasen (v. a. Gesprachsbeginn).

e Informelle Gespriachskontexte werden besser abgedeckt als formale.

Daraus ergibt sich ein klarer Forschungsbedarf hinsichtlich kontextiibergreifender,
adaptiver Kommunikationsunterstiitzung.

Die Studie diskutiert abschlieBend konkrete Ansatzpunkte zur SchlieBung dieser
Liicken, insbesondere durch gezielte Nutzung und Erweiterung generativer KI-An-
satze um kontextuelle und personenspezifische Steuerungselemente.
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Abstract

Even though AAC systems and corresponding Al approaches have been investigated within the extant
research, they still show remarkable drawbacks, resulting in a low prevalence among speech-impaired
individuals. As the suggestions and adaptions proposed by Al within AAC systems may show insuffi-
ciencies in certain situations (e.g., unreliable suggestions, low conversational rates, unauthentic adap-
tions towards users), we take an up-close look, especially at the conversation phases and contexts in
which the supporting Al is applied. Therefore, we have conducted a systematic literature review as well
as a literature analysis. Thereby, we could reveal that there are indeed several gaps within the extant
research on Al regarding the coverage of the conversational context “informativeness” and the conver-
sation phases “beginning” and “closing”. To dismantle the existing communication barriers that
speech-impaired individuals suffer from, several implications for investigating Al in the context of AAC
systems are derived and proposed for future (1IS) research.

Keywords: Augmentative and Alternative Communication Systems, Artificial Intelligence, Conversation
Phases, Conversational Contexts, Systematic Literature Review.

1 Motivation

“Perhaps the single quality most central to humanness is the ability to exchange thoughts, ideas, and
feelings with others” (Hourcade et al., 2004, p. 235). In this context, speech is seen as an individual’s
most important instrument to be in contact with its human surroundings (cf. Fritzell, 1996; Kane et al.,
2017, Pollak and Gallagher, 1989). However, individuals that suffer from severe physical disabilities or
brain injury are not able to control their oral-respiratory musculature sufficiently for speech (Allen,
2005; Vanderheiden, 1983). This restriction of verbal communication, and hence, the “separation from
the mainstream of society” (Hourcade et al., 2004, p. 235) holds true for people with damages to the
vocal tract or other impairments (e.g., aphasia, autism) affecting speech as well (Allen, 2005).

To get in exchange with their surroundings, speech-impaired individuals need to apply Augmentative
and Alternative Communication (AAC) which combines strategies, symbols, and techniques to promote
goal-directed communication (American Speech Language Hearing Association, 1991). AAC comprises
different analogue forms of communication (i.a., sign language, picture boards). In the context of sign
language, expressions are formed using mimics and gestures. But these expressions can easily be over-
looked or misinterpreted when the interlocutors have little or no experience in sign language (Boyes-
Braem et al., 1994). Compared to vocal language, sign language lacks expressiveness because it provides
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only a few prepositions and conjunctions. Furthermore, it contains no genus markers to differentiate
between masculinum and femininum for nouns (Louis-Nouvertné, 2001).

To give individuals with speech impairments a voice and enable them to express themselves using vocal
language, digital AAC solutions have emerged that enable the translation of an individual’s intended
meaning into speech and subsequent voice outputs (cf. Bradshaw, 2013). The positive influence of these
voice-generating AAC systems on the interaction behaviour of speech-impaired individuals has already
been proven in numerous studies (e.g., Brady, 2000; Desai et al., 2014; Schepis et al., 1996). Despite
the positive influence and although these AAC systems manage to meet several design requirements
(see Section 2.2), they still show drawbacks that research has attempted to address by various Artificial
Intelligence (Al) approaches (e.g., Dempster et al., 2010; Neamtu et al., 2019; Obiorah et al., 2021).
While it is undeniable that these Al approaches could increase the practicability of AAC systems (e.g.,
Klauer et al., 2021; Laxmidas et al., 2021; Obiorah et al., 2021), these systems nevertheless have only a
low prevalence among the target group as they still face different problems.

For example, AAC systems propose only low conversation rates as the suggestions generated, and the
utterances composed by Al often do not fit the concrete situation in which the AAC user takes part. As
a consequence of unreliable suggestions, speech-impaired individuals have to exert effort to produce an
utterance or have to adjust the suggestions to generate an appropriate contribution to the conversation
(e.g., Dempster et al., 2010; Laxmidas et al., 2021; Obiorah et al., 2021). The possibilities Al approaches
propose concerning personalisation towards the user of the AAC system show limitations as well (e.g.,
within situation-depending adaptions of the speech output tonality). The adaptions proposed by the Al
are often not perceived as authentic by the conversation participants given a certain situation because
certain situational factors (e.g., time progression and changes of involvement and attitude towards a
conversational topic) are not incorporated into the adaption (e.g., Ascari et al., 2020; Mills et al., 2014;
Shen et al., 2022). Because the suggestions and adaptions proposed by Al approaches within AAC sys-
tems show insufficiencies in certain situations, this suggests that the Al approaches in particular need to
be investigated and adapted concerning the conversations in which they are applied. Indeed, conversa-
tions are performed in different conversation phases (“beginning”, “middle” and “closing” of a conver-
sation) and within different contexts (e.g., formal conversations within meetings at the workplace vs.
informal conversations with friends within spare-time activities).

So, while the beginning of a conversation with an acquaintance in an informal context does not require
the assessment of the conversation partner (i.a., personality, attitudes, conversational behaviour), the
conversational beginning with a business customer in a formal negotiation within a meeting requires the
assessment of him or her. In the same vein, while the beginning of a conversation is comparably stand-
ardised (cf. Henne and Rehbock, 2012; Spiegel and Spranz-Fogasy, 2001), the middle of conversations
may be more complex as the involved conversation participants may aim at diverging conversational
goals, requiring mutual and coordinated conversational acting until a targeted and mutually accepted
state of the conversation is reached. As can be concluded, the different conversation phases and conver-
sational contexts consequently lead to different demands and requirements of a supporting Al approach
that need to be met to comprehensively and optimally support a speech-impaired individual.

With the work at hand, we address these issues by conducting a systematic literature review (Cooper,
1988; Vom Brocke et al., 2015; Webster and Watson, 2002) to establish an initial basis for the underly-
ing research topic and thus develop a deeper understanding of the research field of Al in the context of
AAC systems as well as to identify existing research problems and gaps and justify the relevance of
addressing them (Vom Brocke et al., 2015). In this context, we identify Al-based potentials in view of
AAC systems and assign them to the phases “beginning”, “middle” and “closing” (cf. Henne and Re-
hbock, 2012) of a conversation as well as to the two conversational contexts “socialness” and “informa-
tiveness” (cf. Bedrosian et al., 2003; Hoag et al., 2004; Todman and Alm, 1997). Against this back-
ground, the following two research questions (RQs) are posed: (RQ1) Do the applications of Artificial
Intelligence that are proposed within the extant research literature for AAC systems cover the conver-
sation phases “beginning”, “middle” and “closing” and the conversational contexts “socialness” and
“informativeness” appropriately? (RQ2) What are possible implications for Al in the context of AAC
systems regarding the consideration of conversation phases and conversational contexts?
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We contribute to the inclusion of speech-impaired individuals into societal life and accelerate the corre-
sponding Information Systems (IS) research so that these individuals are proposed comprehensive and
individualised Al-supported AAC. The remainder of this paper is structured as follows: Section 2 pro-
vides the theoretical background and the related work. In Section 3, we describe the procedure of the
literature review and literature analysis. Afterwards, in Section 4, we present our results and discuss the
reasonable implications of the research in Section 5. Finally, Section 6 draws an overall conclusion.

2 Conceptional Basics and Related Work

2.1 Conceptional Basics

To investigate the problems of current Al-based approaches within the context of AAC systems in more
detail, we take an up-close look at the conversations in which Al is applied. In this context, extant com-
munication research has investigated structures and components (i.a., communication activities, con-
tents, sequences) within daily conversations. According to Henne and Rehbock (2012), a conversation
can be structured into an opening, a middle and a closing part. Each of these conversation phases has
specific goals and comprises individual communication activities the conversation participants need to
perform (cf. Spiegel and Spranz-Fogasy, 2001). The opening part concerns, i.a., the recognition of in-
coming communication requests, the identification, assessment and greeting of the conversation partner
as well as the introduction of the conversation topics (cf. Henne and Rehbock, 2012). The closing part
deals with closing the conversation, thanking the conversation partners and farewelling them (cf. Scheg-
loff and Sacks, 1973; Spiegel and Spranz-Fogasy, 2001). In comparison to the opening and closing part,
the middle part aims to fulfil specific communication activities that are related to the conversation goal
and the purpose framed within the opening part (Henne and Rehbock, 2012).

e
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Figure 1. Hllustration of different types of interactions (in particular “socialness-" and “informa-

tiveness "-oriented) in the example of visiting a restaurant with an acquaintance, own
illustration related to Ehlich and Rehbein (1972) and Schindler (2013).

The conversation activities being performed within the respective conversation phases are further deter-
mined by different factors, i.a., the number of conversation participants involved (one-to-one conversa-
tions vs. group conversations) (Ehlich and Rehbein, 1972), the relationships that exist between the con-
versation partners (acquaintances vs. strangers) (Spiegel and Spranz-Fogasy, 2001) and the conversa-
tional context (“socialness”-oriented vs. “informativeness”-oriented conversations (cf. Bedrosian et al.,
2003; Hoag et al., 2004; Todman and Alm, 1997)). Accordingly, group conversations require more
complex activities to synchronise the conversation flow and the conversation utterances being ex-
changed. Further, interactions with friends or acquaintances, e.g., within a restaurant visit, are rather
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“socialness”-oriented and informal while the interactions with the waiter at the restaurant are rather
“informativeness”-oriented and formal (cf. Ehlich and Rehbein, 1972; Schindler, 2013). As a conse-
quence, humans communicate differently and apply different articulations depending on whom they
interact with (see Figure 1). Nonetheless, speech-impaired individuals lack the fundamental capability
to apply vocal language and therefore need to apply Augmentative and Alternative Communication.

Augmentative and Alternative Communication encapsulates strategies, techniques, and tools that sup-
port individuals with speech impairments in expressing their thoughts, desires, feelings, and ideas
(Hourcade et al., 2004). In this context, AAC systems can be described as VOCAs (Voice Output Com-
munication Aids) or SGDs (Speech Generating Devices) providing speech-impaired individuals with
the ability to express themselves using vocal language. Currently available high-tech AAC systems en-
compass the use of electronic devices (e.g., smartphones, tablet PCs) and the devices' built-in peripherals
(e.g., camera, microphone) (e.g., Baldassarri et al., 2014; Laxmidas et al., 2021). The board within AAC
systems contains the vocabulary the users can employ. To contribute utterances to conversations, users
of AAC systems can either relate to pre-stored sentences (e.g., Alm and Higginbotham, 2008), can com-
pose single words within the so-called speech line (Klauer et al., 2021) or can make use of keyboard
capabilities and a combination of letters to express words and sentences (e.g., Kristensson et al., 2020).
The utterance formed and to be spoken towards the conversation partner is then processed by the speech
synthesising module that generates the voice output that is subsequently emitted towards the conversa-
tion partner by the loudspeaker of the device. This voice output can in turn be interpreted and recipro-
cated by the conversation partner so that the conversation can progress using mutual and coordinated
utterances until a targeted state of the conversation is reached.

2.2 Design Requirements of AAC Systems

To be purposeful for speech-impaired individuals, research has investigated several design requirements
for AAC systems. There have been considered general requirements, such as the support of multiple
languages (e.g., Guasch et al., 2019; Kane et al., 2017), availability for different operating systems (e.g.,
iPad OS, Android) and devices (e.g., smartphones, tablet PCs) (e.g., Baldassarri et al., 2014; Dattilo et
al., 2008), reliability and confidentiality of the AAC system concerning generated communication data
(e.g., Dattilo et al., 2008; McNaughton and Bryen, 2007). Beyond that, an AAC system needs to propose
a core vocabulary that enables users to exchange needs, wants and thoughts within various daily life
situations (cf. McNaughton and Bryen, 2007; Van Tilborg and Deckers, 2016). In this connection, the
AAC systems must offer a dynamic expansion of the vocabulary (e.g., Van Tilborg and Deckers, 2016;
Wang et al., 2018). To open up the variability of speech, the storage of synonymous outputs for respec-
tive the same utterance needs to be enabled (Alm and Higginbotham, 2008). For individuals hindered to
edit the vocabulary on their own because of severe cognitive disorders accompanying their speech im-
pairment, family members, caregivers, and nursing staff need to be given access to the AAC system
(Baldassarri et al., 2014). Cognitive disorders also require assigning pictograms to the respective utter-
ances to support the understanding of the concept related to an utterance (e.g., Guasch et al., 2019;
Klauer et al., 2021). To support efficiency in selecting vocabulary, it is necessary to propose means to
structure the utterances, e.g., with topic- and concept-specific folders or grids (e.g., Klauer et al., 2021;
Wang et al., 2018). Further, there are design requirements for the individualisation of the AAC system
towards the users’ personalities. To customise the way an utterance is outputted, AAC systems propose
the user means to adjust the speed and the volume of the voice output (e.g., via sliders in the GUI) (e.g.,
Arnott and Alm, 2013; Kane et al., 2017). In this vein, maintaining individual user profiles that include
user-related preferences enables the customisation of the speech output (e.g., gendering the voice output,
storing the user’s personal life history) (Alm and Higginbotham, 2008; Guasch et al., 2019).

Although these several design requirements have been investigated within the extant literature, AAC
systems still show drawbacks, i.a., low communication rates (cf. Arnott and Alm, 2013; Kane et al.,
2017; Klauer et al., 2021) and low user- and situation-specific individualisation (e.g., Arnott and Alm,
2013; Kane et al., 2017; Murphy, 2004; Van Tilborg and Deckers, 2016). Therefore, research has started
to investigate the potentials of Al approaches within AAC systems.
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2.3 Al Approaches and Al-based Potentials in the Context of AAC Systems

Artificial intelligence relates to the ability of a machine to apply characteristics of human intelligence
to solve specific problems and adapt to changing environments (Boden, 2018). The capabilities of Al
have recently been incorporated within AAC systems, leading to advances in the support of speech-
impaired individuals. Corresponding Al approaches consider for example the user's past selection data,
including the object of interest, time of use or, related GPS locations, to predict what a user wants to
express in a specific context (e.g., Klauer et al., 2021; Neamtu et al., 2019; Obiorah et al., 2021). To
further enhance the users’ communication competency, approaches to model conversational topics that
could be of interest in a conversation take advantage of Natural Language Generation (NLG) (e.g.,
Dempster et al., 2010; Vertanen, 2017). Al-based speech recognition and parsing of the interlocutors’
verbal expressions propose need-fitting information that could improve both rate and relevancy of the
utterances (e.g., Neamtu et al., 2019; Wisenburn and Higginbotham, 2009). Besides the consideration
of the interlocutors' voice, facial features can be useful when retrieving relevant information regarding
the conversation (e.g., Ascari et al., 2020; Kane et al., 2012).

As can be derived, there are Al approaches that can support speech-impaired individuals within AAC
systems. Nevertheless, it remains unclear whether the conversation phases and conversational contexts
have so far been sufficiently addressed. However, it is necessary to cover several conversation phases
and conversational contexts to effectively reduce the communication gap speech-impaired individuals
suffer from. Thus, within the research at hand, we conduct a differentiated investigation of the extant
Al-based potentials and thereby aim to contribute to closing this communication gap.

3 Research Approach

3.1 Collection and Evaluation of the Literature

Within our investigation, we performed two systematic literature reviews (Cooper, 1988; Vom Brocke
etal., 2015; Webster and Watson, 2002). With the first literature review, we aimed at identifying design
requirements posed for AAC systems within the extant literature. Thereby, it could be revealed that,
although several design requirements are being investigated, there are still drawbacks these AAC sys-
tems show, i.a., low communication rates (e.g., Arnott and Alm, 2013; Kane et al., 2017) and low user-
and situation-specific individualisation (e.g., Arnott and Alm, 2013; Murphy, 2004; Van Tilborg and
Deckers, 2016). To address these drawbacks, the prevailing research has proposed various Al ap-
proaches. Because these AAC systems nevertheless show only a low prevalence among speech-impaired
individuals, with the second literature review, we focused on the Al approaches and Al-based potentials
for AAC systems that are proposed within the extant research literature and that we subsequently aim
to investigate in more detail regarding the conversation in which the Al is applied.

Considering the taxonomy of Cooper (1988), the focus of this literature review was to investigate the
potentials of Al in the context of AAC systems. Thereby, we could identify that applying Al for sup-
porting individuals suffering from speech impairments by means of AAC systems across different
phases of a conversation and within different conversational contexts is yet an under-researched topic
(see Section 2.3). To address this gap, firstly we identified current Al approaches and corresponding
potentials for AAC systems and, secondly within the analysis of the literature, assigned the identified
Al-based potentials to the three conversation phases “beginning”, “middle” and “closing” as well as to
the two conversational context “informativeness” and “socialness”. As the differentiated investigation
of Al approaches and their potentials in the context of AAC systems has so far not been addressed
sufficiently within the extant research, it is nonetheless essential in order to design and develop more
suitable Al approaches for AAC systems and their users.

The literature review followed a five-step procedure (Cooper and Hedges, 1994): (I) Problem Statement,
(IT) Collection of the Data, (IIT) Data Evaluation, (IV) Analysis and Interpretation of the Data, and (V)
Presentation of the Results. The problem statement has been introduced above in Sections 1, 2.2 and
2.3, while the remaining aspects (II) - (V) are described in detail in the upcoming sections. At first, a
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topic-based search was performed to query scholarly databases (Vom Brocke et al., 2009; Webster and
Watson, 2002). The following databases were analysed: ACM Digital Library, AISeL, Emerald Insight,
Google Scholar, IEEE Xplore, SpringerLink, Science Direct and Web of Science. These databases cover
leading journals of the IS discipline, proceedings of highly renowned IS conferences, as well as technical
reports and dissertations. By means of these selected databases, we not only cover the extant IS research
but also research communities that explicitly address the investigation of AAC systems and their support
potentials for speech-impaired individuals (e.g., the “Augmentative and Alternative Communication”
Journal within ScienceDirect). Next, by following an iterative refinement process (cf. Kitchenham et
al., 2009; Wohlin et al., 2012), we derived keywords for our topic-based search which focuses on Al
applications and Al-based potentials to support speech-impaired individuals by means of AAC systems.
In general, there are numerous techniques that can potentially be applied in the realm of Al (e.g., for
artificial neural networks: convolutional neural network or backpropagation neural network). Since it is
difficult to cover all the specific Al techniques within the literature search, we took an initial look at the
extant literature on Al in the context of AAC. Thereby, we could reveal that these papers also relate to
the categories of Al techniques (e.g., “machine learning”, “deep learning”, “supervised learning”, “un-
supervised learning”). Thus, we applied these and additionally “Al” and “artificial intelligence” as key-
words to cover the Al aspect within the literature collection. In the context of VOCAs and SGDs that
we focused on as solutions for supporting people with speech impairments, it could be revealed that the
relevant literature persistently referred to those in connection with the term “augmentative and alterna-
tive communication” or the abbreviation “AAC”. Overall, the following keywords, and combinations
of them, were therefore applied: “augmentative and alternative communication”, “AAC”, “artificial in-
telligence”, “Al”, “machine learning”, “supervised learning”, “unsupervised learning” and “deep learn-
ing”. As a result of this literature search procedure, 107 papers could be derived.

To assess the appropriateness of these 107 publications, we first scanned the titles of the papers. If the
title hinted at the application of Al in the context of AAC to support speech-impaired individuals, in the
second step, we read the abstract and the conclusion of the respective paper to verify its appropriateness.
Regarding the purpose of our research, we applied the following preconditions within the literature as-
sessment: (1) Does the publication deal with the application of Al in the context of AAC? (2) Does the
publication reveal how these Al applications propose support for individuals suffering from a speech
impairment? (3) Does the publication limit its application to the end device of the user and does not
include further external devices, hindering the portability of the AAC systems within daily life situations,
e.g., EEG sensors, sensors for acquisition of nasal pressure? (cf. Elsahar et al., 2019).

After applying these inclusion criteria to the identified literature, 25 papers remained. For these 25 pa-
pers, we additionally and iteratively applied backward and forward searches (cf. Webster and Watson,
2002). This resulted in three additional references that could meet the above-mentioned inclusion cri-
teria. Regarding the distribution of the finally resulting 28 papers used for the upcoming analysis across
the searched databases, we found the following (with duplicates and papers not in the English language
already sorted out): 14 references were extracted via Google Scholar, three via SpringerLink, three via
Web of Science, two via Science Direct, two via the ACM Digital Library, two via IEEE Xplore, one
via Emerald Insight and one via the AlISeL.

3.2 Literature Analysis

After evaluating the literature collection, we analysed the relevant publications. Here, qualitative content
analysis (cf. Mayring, 2004) was applied, which helps to filter out those fragments of information from
larger texts that are suitable for answering the RQs.

3.2.1 Deriving the Al-based Potentials in the context of AAC Systems

The Al-based potentials being harnessed in the context of AAC systems were derived as follows: First,
the publications were screened regarding any text statement that hinted at a realisable benefit (potential)
of Al approaches to support speech-impaired individuals in the course of a conversation by means of an
AAC system. On the one hand, some papers directly related to the potentials of applying the described
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Al approaches, i.a., within the problem statements or the application and evaluation of the Al approaches
(e.g., increase the speed of response or the individualisation of conversation contributions). On the other
hand, in cases when there was no Al-based potential immediately observable, we related to the notion
of key performance indicators in the context of AAC systems (e.g., number of clicks to produce a con-
versation contribution, flexibility of the utterances) and to the already derived potentials. In this way,
we could derive a broad range of potentials for Al approaches for AAC systems. For the subsequent
assignment to conversation phases and conversational contexts, we aimed to derive a manageable num-
ber of categories. Therefore, an abstraction of the Al-based potentials into coherent categories was car-
ried out (cf. Mayring, 2004). Based on the attention and importance received within the literature, and
led by the entities and structures that constitute a conversation (cf. Henne and Rehbock, 2012; Schank
and Schoenthal, 2016), in particular, four categories could be derived (see Section 4).

3.2.2 Assigning Al-based Potentials to Conversation Phases and Conversational Contexts

CEIN

Subsequently, we aimed at assigning the identified Al-based potentials to the phases “beginning”, “mid-
dle” and “closing” as well as to the conversational contexts “informativeness” and “socialness”. The
following assignment criteria could be derived from the extant literature and were applied: The publi-
cations were screened regarding any text statement that hinted at the phases “beginning”, “middle” and
“closing” of a conversation or the conversational context “informativeness” and “socialness”. Hereby,
the text statements were observed whether communication activities that are commonly performed
within the respective phases are described within the paper (e.g., recognition of incoming communica-
tion requests, the identification, assessment and greeting of the conversation partner as well as the in-
troduction of the topics of the conversation in the “beginning”, recognition of the fulfilment of the con-
versational goals, closing the conversation, thanking the involved conversation partners and farewelling
them in the “closing”). Regarding “informativeness” and “socialness”, the assignments related to the
description of the situation in which the conversations in the respective papers were performed. Regard-
ing the criteria for an assignment, “informativeness”-oriented interactions are rather formal and aim at
conciseness, clarity and relevance of the contents (cf. Bedrosian et al., 2003; Hoag et al., 2004). In
comparison, “socialness”-oriented interactions are rather informal, aim at keeping pace with the speed
of the conversational flow and are rather observed in social contexts (cf. Todman and Alm, 1997). In
those cases when none of the conversation phases or conversational contexts could be observed within
the respective paper, an assignment to “Not specified” was applied. If any assignment faced ambiguities,
these were cleared within discussions and justifications among the involved researchers.

4 Results of the Literature Analysis

To effectively synthesise the extant research literature, we derived four coherent categories, representing
the potentials of Al in the context of AAC systems, by applying inductive category development (Mayr-
ing, 2004). These categories represent the potentials of Al for AAC systems, distinguished by four di-
mensions: 1. Formal Course of a Conversation, 2. Natural Context Factors, 3. Interlocutor, and 4.
Speech-Impaired Individual (i.e., the user of the AAC system). In the following, exemplary potentials of
the derived categories are presented.

Maintaining the Formal Course of a Conversation

The first category deals with the potential of Al in terms of the formal course of a conversation. The
main objective is to ensure the grammatical correctness of the utterances, supporting their comprehen-
siveness and thus maintaining the overall conversation course. From the perspective of Natural Lan-
guage Processing (NLP), speech errors from speech-impaired individuals can be interpreted as gram-
matical errors at the morphological and syntactic levels. Therefore, Park et al. (2021) applied neural
Grammatical Error Correction (GEC) to ensure the formal correctness of the utterances. More precisely,
they applied a deep learning-based speech-to-text approach, taking the voice of the user as input and
converting it into text. Subsequently, the GEC algorithm revises various linguistic errors to replace
missing or wrong words and to enable the users to practice the vocal language. To support users with
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autism, Hervas et al. (2020) proposed an application to automatically compose messages based on pic-
tograms that include Al predictive capabilities. Since predictive systems and orthographic correctors
can sometimes persistently provide incorrect or undesirable options, the authors implemented a func-
tionality whereby users can correct messages using NLP-based part-of-speech decomposition, thereby
ensuring the semantic and formal correctness of the message.

Incorporating Natural Context Factors

To further support AAC systems through the potential of Al, researchers attempted to incorporate nat-
ural context factors to improve the proposed user responses by recommending situationally appropriate
utterances. In this regard, numerous scholars have recognised the importance of environmental-related
(e.g., GPS coordinates) or time-related (e.g., daytime) information (e.g., Klauer et al., 2021; Neamtu et
al., 2019; Reddington and Tintarev, 2011; Waller, 2019).

In this context, Emil et al. (2020) developed an Al approach facilitating communication by analysing
users' past selection data, including the object of interest, time of use, touch duration, GPS location, and
pictogram location on the screen. Similar to this, Laxmidas et al. (2021) proposed an approach including
a recommendation engine based on nearest-neighbour clustering. Each time an utterance is selected, the
engine updates its internal ranking and takes into account the given time of the day and the number of
selections. Subsequently, these features are partitioned into ideal clusters so that an optimal collection
of relevant utterances is available for any given time of day. Also, Neamatu et al. (2019) turned their
attention to the use of Al to make context-based recommendations for utterances. By analysing historical
usage data (e.g., the object of interest, time of usage, GPS data, touch time) the developed machine
learning algorithm predicts what a person with a speech impairment may want to express in a specific
context. Further, an approach to model conversational topics that would be of interest in social conver-
sations is presented by Dempster et al. (2010), which takes advantage of NLG to automatically create
and adopt a user-specific ontology (cf. Karakatsiotis et al., 2008). To do so, several contextual infor-
mation (location, time) are turned into useful conversational utterances through a template-driven utter-
ance generation system. In addition to looking at contextual factors in general, several investigations
took a step further and tried to determine how contextual factors can support specific daily activities.
Obiorah et al. (2021) focused on supporting a specific leisure activity (dining in a certain restaurant) by
facilitating dynamic language productions by incorporating location-related web content to support the
comprehension of novel vocabulary. Similarly, Tintarev et al. (2016) focused on supporting children
with complex communication needs in school to facilitate interactive narratives about personal experi-
ences. To achieve this, the authors developed an Al-based clustering algorithm considering several lo-
cations, time and voice recording data to create concrete utterances, reflecting holistic personal narra-
tives. To personalise the respective utterances, the approach identifies different event boundaries in
terms of location changes and events specified in the children’s timetables.

Tailoring towards the Interlocutor

Apart from the consideration of natural context factors such as geolocation and time of day, considera-
tion of the interlocutor has also gained attention in the research field of AAC. In this regard, the ap-
proaches to integrate the interlocutor can be divided into two areas - speech recognition and image
recognition - based on the technology used.

Wisenburn and Higginbotham (2009) demonstrated a computerised communication program utilising
an NLP strategy consisting of speech recognition and a parser that proposes utterances incorporating the
noun phrases spoken by the interlocutor as modular speech keys. In addition, Neamtu et al. (2019) enable
speech-impaired individuals to respond more quickly by integrating a natural language conversation
feature, which continuously listens to the surroundings and searches for specific trigger words and acti-
vates appropriate utterances. Therefore, the obstacle to conversation initiation and thus the communica-
tion gap are reduced. Further, the authors implemented a natural language sentence classifier to examine
the raised question of the interlocutor and to classify whether the question is dichotomous. If so, the
AAC system will solely present the answers of “Yes” and “No” to further enhance the communication
exchange. Similarly, Emil et al. (2020) could reduce the time and effort required to communicate using
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a text-to-speech module in conjunction with an NLP-based classifier. The algorithm detects specific
questions and presents the most relevant utterances to users based on the interlocutors’ statements. In
contrast, Vertanen (2017) developed an approach to initially extract the mentioned conversation topics
and subsequently generate holistic utterances by using a neural network specifically tuned to the con-
versation topic. In this way, the cohesion between individual parts of the conversation can be increased,
resulting in a reduction of the communication gap.

Besides the consideration of the interlocutors' voice, also facial features or gestures can be useful when
retrieving relevant information regarding the course of the conversation. Accordingly, Kane et al. (2012)
developed an approach to generate person-associated utterances based on facial image recognition of
the interlocutor, resulting in a more personalised and convenient system. Ascari et al. (2020) further
applied Al in the form of a gesture recognition classification algorithm to identify non-verbal expres-
sions of the interlocutor and transform them into associated emotions. Subsequently, they will be in-
cluded in the generation of the users’ responses, allowing them to respond to the mood or emotions of
the interlocutor and thus strengthen their ability to communicate.

Tailoring towards the Speech-Impaired Individual (AAC System User)

In addition, numerous researchers have harnessed the potential of Al to better tailor the conversation
towards the user (e.g., characteristics, attitudes and preferences of the user). Shen et al. (2022) proposed
a multi-turn dialogue system that applies a language model with bag-of-keywords and personality-re-
lated information to generate high-quality responses based on keyword entries. By the generation of
meaningful utterances with very little user input, additional keystrokes were saved, leading to a signifi-
cant reduction in the communication gap. Further, Mancilla et al. (2015) developed an ontology person-
alisation approach for an AAC system, which automatically extends a given domain ontology into a
user-related one, including user-specific information. By including personal information in the commu-
nication process, the message quality improves as it becomes more complete and personal. According
to Hernandez et al. (2014), user behaviour is essential to establish personalised recommendations. Thus,
the authors implemented a memory-based recommender system that tracks users by user archetypes,
representing their behaviour patterns, goals and needs. Subsequently, the archetypes are used in con-
junction with Al and statistical methods to predict and suggest need-fitted utterances. Further, Heo and
Kang (2019) proposed a system to incorporate user-related information by applying a slot-filling
method. By employing decision trees, it automatically learns slot priority strategies to enable the effi-
cient selection of information for the user and thus an efficient way to prevent unnecessary inputs and
minimise the number of keystrokes. Another method for integrating user-related information by gener-
ating context-related vocabulary from photographs of personally relevant events is presented by De
Vargas and Moffatt (2021), who aimed at supporting people with speech impairments in recounting
their past experiences. Here, NLP-based photo-to-story vocabulary generation reduced irritation and
navigation errors and generated improved lexical retrieval during activity retelling. Johnson et al. (2020)
demonstrated the usage of various sensors for measuring the voice and video recordings of non-verbal
users. By using speech and image recognition, the user's moods, emotions and sounds can be measured
and assigned to different categories (e.g., laughter, crying, or protest), thereby clarifying the underlying
intention and supporting the user's expressiveness. Finally, as stated by Mills et al. (2014), several indi-
viduals suffering from speech impairment use the same synthetic voice, diminishing their expressive-
ness. To enable a more personalised voice, the authors developed an approach that extracts prosodic
properties from the target talker's voice and applies these features to a surrogate talker's database, gen-
erating a synthetic voice with the vocal identity of the target talker and the clarity of the surrogate talker.

5 Discussion and Future Research

To identify existing gaps in the coverage of Al-based potentials concerning the conversational phases
and contexts and thus deduce related research prospects, the Al potentials were further assigned to the
appropriate conversation phases and contexts as described in Section 3.2.2. The respective assignments
are shown in Table 1.
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Al-based Potentials of AAC Systems SO SNl
Contexts Phases
Authors / Publications Maintaining | Incorporat- | Tailoring | Tailoring to-
the Formal | ing Natural | towards wards the So- | In- | Not Beg. | Mid. | Clos Not
Course of a Context | the Inter- | Speech Im- |cialn. |form.|Spec. ' ' "|Spec.
Conversation |  Factors locutor paired
Ascari et al. (2020) X X X
Dempster et al. (2010) X X X X X
De Vargas and Moffatt (2021) X X X X
Emil et al. (2020) X X X X X
Heo and Kang (2019) X X X
Hernandez et al. (2014) X X X
Hervas et al. (2020) X X X X
Hossain et al. (2018) X X X
Johnson et al. (2020) X X X
Kane et al. (2012) X X X
Klauer et al. (2021) X X X
Kristensson et al. (2020) X X X
Laxmidas et al. (2021) X X X X
Lietal. (2022) X X X
Mancilla et al. (2015) X X X X
Mills et al. (2014) X X X
Neamtu et al. (2019) X X X X X X
Obiorah et al. (2021) X X X X X
Park et al. (2021) X X X X X
Reddington and Tintarev (2011) X X X
Roy et al. (2021) X X X X X X
Shen et al. (2022) X X X X
Tintarev et al. (2016) X X X X
Vertanen (2017) X X X
Waller et al. (2013) X X X
Waller (2019) X X X X
Wandmacher et al. (2007) X X X
Wisenburn and Higginbotham (2009) X X X

Explanation of the Abbreviations: Socialn.: Socialness, Inform.: Informativeness, Beg.: Beginning, Mid.: Middle;
Clos.: Closing; Not Spec.: Not Specified.

Table 1. Assignment of Al-related potentials to conversation phases and conversational contexts.

The general picture that emerges from the analysis is that some studies have already addressed specific
contexts and phases of conversations. However, significant gaps in the literature could be revealed,
which indicate shortcomings in the research on the examined subject of AAC and Al. To guide research
into the future, we derived several implications for research below.

5.1 Implications for Future Research

The findings deduced from the assignment of the Al-based potentials to the respective conversation
phases and conversational contexts are intended to help researchers and practitioners to make sense of
the accumulated knowledge in this emerging research field. Based thereon, we discuss implications
concerning the observations throughout this investigation and outline novel directions for future re-
search that may yield promising potentials in the field of AAC.

First, as a cursory glance at Table 1 reveals, there is no prevailing research that leverages the potentials
of all derived categories to support speech-impaired individuals. However, to support communication
holistically using an AAC system, the consideration of all conversation-related dimensions (categories)
and thus the use of their associated potentials is indispensable. Thus, studies considering all relevant
dimensions of a conversation simultaneously could be promising avenues for further research.

e The prevalent literature on the first category is sparse, with only three articles specifically addressing
the use of Al to maintain a formal course within a conversation. In comparison, 17 articles deal with
the integration of natural context factors as well as nine and 17 articles deal with the consideration
of the conversation partner and the speech-impaired individual, respectively. This leads to the
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assumption, that there is a necessity for research concerning maintaining the formal course of the
conversation by means of tailored Al approaches. In this respect, additionally to neural GEC, word
prediction engines could be leveraged to influence the choices of spell checkers or to automatically
correct minor spelling errors. Moreover, prediction engines that use syntactic or semantic compo-
nents could similarly be used for grammar correction and disambiguation of meaning. For example,
Widgit's Communicate software (Widgit, 2022) uses syntactic disambiguation to provide the appro-
priate symbol when an ambiguous word such as “can” occurs in a sentence. In general, probability-
based prediction engines can be used in many situations where textual ambiguity exists, and support
both conversational comprehension and users' communicative competence.

Moreover, Al holds several potentials for text simplification and summarisation and thus supporting
the maintenance of the formal course of conversation. Text simplification converts the associated
text message into simpler sentence structures and vocabulary while retaining the meaning of the
original (Al-Thanyyan and Azmi, 2021). This could also support the formal course of the conversa-
tion by breaking down more complex issues into simpler elements of communication, and thus re-
ducing the likelihood of errors.

Similar to text simplification, text summarisation aims to provide a brief overview of what is con-
tained within large texts. Using an automatic summarisation approach, particularly important sen-
tences in a document can be identified and included in the summary (Adhikari, 2020). Although
comparable technologies are occasionally used for AAC systems (e.g., Obiorah et al., 2021), the
potential of automatic text summarisation has yet to be exhausted. In this way, complex text mes-
sages could be simplified for individuals with cognitive-linguistic challenges. Newspaper or maga-
zine articles, website content, or emails could be automatically processed and inserted into the AAC
system to transform them into modules for expressive communication. With a simplified and appro-
priately segmented set of text modules, the user could select from these to discuss current events or
personal narratives with grammatically and orthographically correct sentences.

Second, the consideration of conversational contexts is worth mentioning. As previously indicated, con-
sidering specific conversational contexts is one way to address the associated requirements (e.g., formal
vs. informal) to specifically support the conversational process. However, as Table 1 reveals, solely
three articles refer to the conversational context of “informativeness”, while 13 articles take into account
the conversational context of “socialness”. Since the differentiation between these conversational con-
texts is indispensable to holistically support AAC-based communication (see Sections 1 and 2.1) and
thus achieve a high level of communication competence in speech-impaired individuals, future research
will need to shed light on how the conversational contexts can be supported by appropriate Al methods.
Especially concerning the context of “informativeness”, our results implicate research gaps, since the
prevailing literature to date mainly focuses on the context of “socialness”.

Since “informativeness”-oriented communication is more concerned with the formal exchange of
relevant information that focuses on conciseness, clarity, and relevance of content rather than the
speed of exchange as in “socialness”-oriented communication (cf. Bedrosian et al., 2003; Hoag et
al., 2004), “informativeness”-oriented communication aims at a holistic view of a topic, including
the coverage of all topic-specific relationships. In contrast to “socialness”-oriented conversations,
the focus is thus mainly on the meticulous elaboration of a specific topic and less on the superficial
but more flexible coverage of a broad spectrum of differentiated topics.

One conceivable approach for the holistic mapping of a discourse domain is the Al-based generation
of an ontology that can be applied to map all topic-related concepts and their relationships. Ontolo-
gies model particular knowledge through a representative vocabulary determined by the formal def-
inition of a set of concepts associated with a particular domain and the meta-relationships between
them (Mancilla et al., 2015). In this way, criteria of “informativeness”-oriented communication such
as clarity, coherence, and extensibility are further met (Gruber, 1995). To enable the holistic cover-
age of a conversation topic with all associated concepts, deep learning approaches (e.g., neural net-
works) can be applied in conjunction to dynamically identify and integrate topic-relevant concepts.
Once a specific topic has been identified, probabilistic neural networks can allocate (potentially)
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relevant concepts and dynamically extend the ontology with the topic-specific concepts. Therefore,
semantically related concepts in various degrees of detail can be identified, resulting in a holistic
coverage of the discussed topic and thus enabling, e.g., the formation of logical conversation chains
supporting the formal exchange of information. As an example, when ordering a dish in a restaurant
(see Figure 1, Section 2.1), the user would also like to receive information about certain aspects that
might be relevant to ordering the dish. If the user wants to ask about the origin of certain ingredients
or possible allergens, the relevant topic-specific concepts must be available within the ontology. To
achieve the dynamic extension of the given ontology, the associated concepts (e.g., the origin of
specific ingredients) could be determined by a neural network and dynamically integrated into the
ontology. By dynamically integrating topic-specific concepts, all relevant facets of a conversation
can be taken into account, ensuring conciseness as well as the relevance of the respective content
on the one hand and supporting clarity through a logical structure of the topics on the other.

In this vein, studies additionally have to examine which event boundaries can be defined to dynam-
ically switch between the conversational contexts to adapt the proposed utterances in a target-ori-
ented way. Automatic speech recognition could be utilised to analyse the spoken words of the inter-
locutor regarding specific keywords to determine whether a communication shifts from "socialness"
to “informativeness”. If a shift in the communication context is identified, the generation of utter-
ances can be specifically geared to the requirements of the currently identified context, thereby in-
creasing both the prospect of conversational success and the conversational competence of the user.

Third, in view of the conversation phases, each phase has to meet specific goals and therefore comprise
individual communication activities the conversation participants need to perform (see Section 2.1).
Taking into account the assignment of the Al-based potentials to the respective communication phases,
it becomes apparent, that the middle part is densely covered (15 articles), while the opening part (three
articles) and the closing part (null articles) are not sufficiently considered yet. Nonetheless, since each
conversation phase is associated with specific activities such as recognising incoming communication
requests or closing the conversation by thanking the interlocutors, the consideration of each conversation
phase and its associated requirements is essential to support a conversation holistically.

In view of the conversation initiation, image recognition techniques and deep learning-based com-
puter vision propose promising potentials. In this context, action and event recognition could iden-
tify an emerging conversation beginning by analysing, from a sequence of images, different actions
that a human performs (Leo et al., 2018). Common examples of actions are, e.g., “answering the
phone” or “shaking hands”, but also facial actions like “smiling” or “crying”. By identifying certain
actions that indicate an upcoming conversation situation (e.g., a greeting gesture such as waving), a
conversation situation could be initiated, whereupon the corresponding utterances would be sug-
gested automatically. For illustration purposes, if a speech-impaired user enters a restaurant and is
guided to his seat by a waiter, the AAC system could automatically identify, based on the waiter's
gesture, that the user is guided to take a seat. Accordingly, the system can generate appropriate
utterances that support the respective conversation situation and thus enable the generation of tar-
geted utterances. Likewise, the facial expression of the conversation partner could be included in
the automated adaptation of the vocabulary. Thus, in the case of an angry interlocutor, positively
connotated vocabulary could be used to appease in.

In the context of conversation closing, the focus is on farewelling the interlocutor (cf. Schegloff and
Sacks, 1973; Spiegel and Spranz-Fogasy, 2001). Thereby, deep learning-based computer vision ap-
proaches could be used to enable automated recognition of the closing of the conversation by iden-
tifying gestures of farewell and adapting the proposed utterances accordingly. Further potential in
the conversation phase could be represented by the automated evaluation of the conversation, the
verification of the achievement of conversation goals, and the extraction and evaluation of discussed
conversation topics. In this context, machine learning approaches such as automatic topic extraction
(cf. Jelodar et al., 2019) could be used to extract the discussed topics and subsequently have them
evaluated by the user. If the user rates a topic positively, it can be prioritised in the automated iden-
tification of future conversation topics concerning upcoming conversations.
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Overall, our results emphasise that Al techniques are ubiquitous in current AAC technologies and pro-
pose great potentials for development in the future. Therefore, we encourage research to address the
consideration of phase- and context-specific requirements of an AAC conversation to develop appropri-
ate techniques to support speech-impaired individuals and thus better integrate them into social life.

5.2 Limitations

The investigation at hand has several limitations. Although we conducted a broad and structured data-
base search covering major outlets, other researchers might have uncovered additional search terms and
additional relevant papers. Yet, this structured literature review allows for a transparent, replicable, and
comprehensive overview of Al-based potentials in the context of AAC systems. The assignments of the
derived Al-based potentials to conversation phases and conversational contexts bear to a certain extent
subjectivity. However, several assignments were performed by three researchers individually. In case
of disagreements, the article in question was analysed by a fourth researcher, followed by a discussion
until a consensus was reached. Despite these limitations, we are confident that our findings help to get
a first overview and a better understanding of the current Al approaches in the context of AAC systems
and the insufficiencies of the Al decisions that can be related to the underlying conversations.

6 Conclusion

Digital systems of Augmentative and Alternative Communication for supporting speech-impaired indi-
viduals have gained tremendous importance as a means of the inclusion of speech-impaired individuals
into societal life. Although the extant research has investigated several design requirements and Al ap-
proaches, there are certain circumstances where AAC systems deduce recommendations and apply adap-
tions that are insufficient given the specific situation in which they are applied. This is due to the diver-
gent requirements imposed by the conversation context (e.g., formal vs. informal conversations) and its
structure (e.g., conversation phases). Thus, as the Al approaches may need to be adapted concerning the
conversations in which they are applied, we took an up-close look thereon within our investigation.

To establish a first basis for the underlying research topic and to develop a deeper understanding of the
research field of Al in the context of AAC systems, we have therefore conducted a systematic literature
review (see Section 3). In this way, we have derived corresponding Al approaches and deduced related
Al-based potentials. For their subsequent assignment to conversation phases and conversational con-
texts, we could derive four categories that are based on the attention and importance they have received
within the extant literature and are additionally led by the entities and structures that constitute a con-
versation (e.g., conversational partners, the course of the conversation). Subsequently, based on the de-
terminants of the phases and contexts that are described in the corresponding literature, we have assigned
the categories of Al-based potentials to the conversation phases “beginning®, “middle®, “closing™ and
to the two conversational contexts “informativeness™ and “socialness®. As this assignment revealed,
there are indeed several gaps within the extant research on Al regarding the coverage of the conversa-
tional context “informativeness” and the conversation phases “beginning” and “closing” (see RQ1).

To this extent, this paper proposes several contributions. First, based on the extant literature, it provides
a comprehensive and structured overview of Al-based potentials in the context of AAC systems. More-
over, we have consolidated these Al-based potentials into an abstraction of four coherent categories (see
Section 4) and could establish synergies of these research areas. Second, our results propose possibilities
for Al research to investigate the identified Al-based potentials within conversation phases and conver-
sational contexts that have received less attention yet. Based on the contributions of the work at hand,
Al approaches that are established within other fields (e.g., within voice assistants for voice commerce,
e.g., Reinkemeier et al., 2022) and current generative Al-based language models could be investigated
in specific for the case of AAC systems. To guide future research, we contribute several implications
for investigating Al in the context of AAC systems, especially regarding the conversation in which the
supporting Al is applied (see RQ2). We hope future IS research strives to address the revealed gaps to
dismantle communication barriers speech-impaired individuals suffer from.
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2.7 Personality is all that matters — Enhancing AAC Systems with Digital
Personas Utilizing Generative Artificial Intelligence

Adressierte

Zielsetzungen

Konzeption einer intelligenten, personalisierten Digital AAC Persona un-
ter Zuhilfenahme von generativer KI, durch die nutzerspezifische Per-
sonlichkeitsmerkmale adaptiv bei der Generierung der Kommunikati-
onsbeitrage beriicksichtigt werden konnen. Ziel ist die Entwicklung eines
personlichkeitsgetriebenen AAC-Systems zur stilistisch authentischen
und nuancierten Kommunikation.

ZS10

Entwicklung und Evaluation des AAC-Prototyps zur Integration des kon-
zipierten Digital Persona Ansatzes. Das System soll identifizierte Anfor-
derungen an die Personalisierung eines AAC-Systems technisch und ge-
stalterisch umsetzen und die personlichkeitsgetriebene Generierung von

ZS11

Kommunikationsbeitrage durch die Digital Persona ermoglichen.

Abgeleitete

Forschungsfragen

Wie kann eine generative KI-basierte Digital Persona gestaltet werden,
um personlichkeitsgetriebene AuBerungen innerhalb eines AAC-Systems | FFi11
Zu erzeugen?

Wie kann die generative KI-basierte Digital Persona implementiert und
technisch realisiert werden?

FF12

Genutzte

Forschungsmethode

Die Studie folgt dem DSR-Prozess nach Peffers et al. (2007) und beinhaltet die sys-
tematische Konzeption, Entwicklung, Demonstration und Evaluation eines proto-
typischen AAC-Systems zur KI-gestiitzten, personlichkeitsadaptiven Kommunika-

tion.

Die Forschung orientiert sich an den drei Zyklen nach Hevner et al. (2004):

Methodisch wurde ein mehrstufiger Entwicklungsprozess durchgefiihrt, bestehend

aus:

Design Cycle: Konzeption, technische Umsetzung und Evaluation des Pro-
totyps zur Generierung personalisierter Kommunikationsbeitrdge unter Be-
riicksichtigung der identifizierten Anforderungen.

Relevance Cycle: Identifikation eines initialen, anwendungsorientierten
Anforderungsprofils zur Umsetzung des AAC-Prototyps durch die Literatur.
Aufbauend auf dieser initialen Anforderungsanalyse wurden die Anforderun-
gen mit betroffenen Personen verifiziert und um die Anforderungssicht der
Nutzer erginzte.

Rigor Cycle: Theoretische Fundierung des Artefakts durch die Beriicksich-
tigung der Theorie zur Digital Persona sowie der Integration des Big Five
Personlichkeitsmodells. Zudem wurde zur Weiterentwicklung der Nascent
Design Theorie im Sinne von Gregor & Hevner (2013) ein Beitrag geleistet.

Ableitung von Designanforderungen aus Theorie und Nutzerbefragungen

Technische Umsetzung einer Digital Persona mittels GPT-gestiitztem Sprach-
modell (GPT-4), dem Big Five Personlichkeitsmodell sowie ML-basierter
Analyseverfahren (z. B. Memory Network)

Evaluation des AAC-Prototyps anhand von Experteninterviews hinsichtlich
der Fihigkeit, personlichkeitsgetreue Kommunikationsbeitrige zu erzeugen.
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Kernergebnisse

(Uberblick)

Es wurde ein innovativer AAC-Prototyp entwickelt, der eine generative KI-basierte
Digital Persona integriert und stilistisch-personlichkeitsgetriebene Kommunikati-
onsbeitrage erzeugen kann. Dieser Prototyp integriert hierfiir ein LLM-gestiitztes
Sprachmodell (GPT-4) mit dem Big Five Personlichkeitsmodell sowie ML-basierter
Analyseverfahren, um nutzerspezifische, personlichkeitsbasierte Ausdrucksweisen
authentisch abzubilden.

Im Rahmen der Evaluation wurde gezeigt:

e Die durch die Digital AAC Persona generierte Sprache ist aus Perspektive der
psychologischen Experten stilistisch konsistent, glaubwiirdig und individuell
nachvollziehbar.

e Besonders im Kontext informeller Kommunikation kann die Digital Persona
zur Steigerung der kommunikativen Autonomie beitragen.

Neben den geleisteten Beitragen zu den Kerneltheorien (z. B. Big Five) bildet und
evaluiert die Studie zudem designbezogenes Wissen in Form von Design Prinzipien
fiir die weitere Gestaltung KI-gestiitzter AAC-Systemen und liefert hierdurch einen
Beitrag zur (Nascent) Design Theory (Gregor, 2006).
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Personality is all that matters — Enhancing
AAC Systems with Digital Personas Utilizing
Generative Artificial Intelligence
Completed Research Paper

Introduction

Effective communication is a cornerstone of human interaction, enabling individuals to express their
thoughts, feelings, and ideas and facilitating their integration into society (Lewar et al., 2023). It is not only
essential for personal expression but also critical for maintaining social relationships and a sense of belong-
ing (Fritzell, 1996; Greenway, 2015). For individuals with speech impairments, however, the ability to com-
municate is severely compromised, often resulting in social isolation and a diminished quality of life (Baxter
et al., 2012, Kane et al., 2017). Augmentative and Alternative Communication (AAC) systems have been
developed to assist speech-impaired individuals by providing tools that enable them to express themselves
by vocal language (Light et al., 2014). While AAC systems have made significant strides, their standardized
outputs often fail to capture the uniqueness of the individual user, leaving communication impersonal and
ineffective (Elsahar et al., 2019; Light et al., 2021). This limitation highlights the need for more intelligent,
adaptive, and personalized solutions that align with the user’s personality.

Personality influences not only what is communicated but also how it is conveyed, affecting the tone, style,
and nuances of the interaction (Bakker-Pieper and Vries, 2013). Research has shown that personality traits
such as extraversion, agreeableness, and conscientiousness significantly affect communication effective-
ness across various contexts, including social, educational, and professional settings (Frederickx and Hof-
mans, 2014; Hassan et al., 2019). For example, teachers high in extraversion and conscientiousness often
adopt expressive and precise communication styles, which resonate with their audience and improve overall
communication effectiveness (Dhillon et al., 2023).

Despite the central role of personality in communication, existing AAC systems generate utterances that
fail to reflect the user’s unique personality. Consequently, AAC-generated messages are often perceived as
rigid and lacking emotional nuance (Ascari et al., 2019). Communication is not merely about conveying
information, it is a powerful tool for building relationships and expressing identity (Greenaway et al., 2015).
Thus, the drawback of current AAC systems to integrate an individual’s personality contributes to a sense
of emotional and social disconnection for users, ultimately undermining their autonomy and social integra-
tion (Kane et al., 2017; Rayman et al., 2023).

The integration of a user’s personality into AAC systems offers a promising avenue for addressing these
challenges. A so-called Digital Persona represents a virtual user representation, designed to reflect their
unique personality (Clarke et al., 1994; Roosendaal, 2010). By incorporating such personality-driven con-
cepts, AAC systems can generate utterances that reflect the user’s individual personality (traits), leading to
more authentic and personalized interactions (Sims, 2017). Generative Artificial Intelligence (AI), particu-
larly Generative Pre-trained Transformers (GPT), offers a powerful tool for facilitating the development of
Digital Personas (Sorokovikova et al., 2024). Large Language Models (LLMs) like GPT-4.0 have demon-
strated remarkable abilities in generating contextually appropriate, human-like text, interpreting, and in-
corporating context, tone, and personality (Brown et al., 2020; Jiang et al., 2023). LLMs are especially well-
suited for developing Digital Personas, as studies indicate that advancements have enabled the measure-
ment and manipulation of synthetic personas in automatically generated text (Serapio-Garcia et al., 2023).

The potential impact of integrating Digital Personas into AAC systems is profound. By aligning the system’s
output with the user’s personality, not only can the authenticity and effectiveness of communication be
enhanced, but also deeper emotional connections and greater social inclusion, and improved quality of life
for people with speech impairments can be fostered. Specifically, this research addresses the following Re-
search Questions (RQ):

¢ RQ1: How can a Generative Al-based Digital Persona be designed to generate personality-driven ut-
terances within an AAC system?

¢ RQ=2: How can the Generative AI-based Digital Persona be instantiated and technically realized?
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The paper unfolds as follows: Next, the research background is discussed. Then, the research methodology,
based on the DSR approach (Hevner et al. 2004; Peffers et al. 2007), is outlined. The following section
presents the compilation of Design Principles (DPs) derived from related Design Requirements (DRs). Af-
terwards, the technical implementation of the Al-based Digital Persona is described, including its demon-
stration in a daily social life setting (doctor's visit). The paper then addresses the key contributions, poten-
tial limitations, and suggestions for future research. Finally, concluding remarks summarize the findings.

Research Background

Effective communication is deeply influenced by the individual characteristics and personality traits of the
interlocutors (Greenaway et al., 2015). Studies revealed that personality significantly shapes communica-
tion behaviors, impacting how people initiate, participate in, and interpret conversations (Frederickx and
Hofmans, 2014; Hassan et al., 2019). The widely known Five-Factor Personality Model (Costa and McCrae,
1992) — proven particularly effective in assessing personality traits in the field of software engineering (Jia
et al., 2015) — categorizes personality into five core traits: openness, conscientiousness, extraversion, agree-
ableness, and neuroticism. These traits significantly impact how individuals engage in dialogues, respond
to social cues, and adapt their communication styles to different contexts (Dhillon et al., 2023; Sims, 2017).
However, despite the well-established link between personality and communication, research on support-
ing speech-impaired individuals has yet to explore how these insights can be applied within AAC systems.

AAC systems are designed to assist individuals with complex communication needs. They include strategies
and techniques (e.g., symbol-based communication boards, text-to-speech technology) to facilitate com-
munication for speech-impaired individuals, enabling them to express their thoughts, ideas, and emotions
(Mamlekar et al., 2023). Users can generate speech by selecting pre-recorded phrases, composing sentences
from individual words or pictograms, or using keyboard input for personalized message creation (Elsahar
et al., 2019). The resulting utterance is then transformed into spoken language via a speech synthesis mod-
ule, enabling voice-based communication that allows speech-impaired individuals to more authentically
express their individual personalities (Kane et al., 2017).

Regardless of their crucial role in enabling communication, existing AAC systems primarily address basic
communication needs without accounting for individual user preferences (Ascari et al., 2019; Mills, 2014;
Light, 2021). This lack of personalization leads to communication experiences that are perceived as artificial
or disconnected, constraining the effectiveness of AAC systems (Rayman et al., 2023). Although progress
has been made in personalizing AAC-based communication (cf. Kocaballi et al., 2019), research indicates a
need for deeper integration of user-specific characteristics (Light et al., 2021; Reichle et al., 2019).

A promising solution to these limitations lies in integrating a Digital Persona into AAC systems. Digital
Personas refer to detailed and personalized virtual user representations designed to reflect their unique
personality (Clarke, 1994; Roosendaal, 2010). Successfully applied in virtual assistants, Digital Personas
enhance user engagement by creating more personalized and relatable experiences (cf. Belk, 2013). In AAC
systems, this concept could transform standardized outputs into utterances reflecting the user’s individual
personality, thus enhancing the authenticity of communication (Sims, 2017), increasing user engagement
and satisfaction (Light et al., 2021), and facilitating more natural communication that improves social in-
clusion and relationships (Moorcroft et al., 2018). Recent advancements in Generative Al, particularly in
the LLM GPT-4.0 (OpenAl, 2025), have opened new avenues for implementing Digital Personas in AAC
systems. Generative Al refers to computational models capable of producing human-like text that is con-
textually appropriate and coherent (Brown et al., 2020; Radford et al., 2019), adjusting outputs to reflect
specific personality traits by fine-tuning models with personality-aligned data (Serapio-Garcia et al., 2023),
and continuously learning and adapting to the user's communication style over time (Jiang et al., 2023).
Further, recent studies in user modeling indicate that LLMs facilitate the accurate representation, meas-
urement, and dynamic manipulation of synthetic user representations in automatically generated text (Ser-
apio-Garcia et al., 2023; Jiang et al., 2023; Sorokovikova et al., 2024). Despite these advancements, there
is no extant research that has integrated the concept of Digital Personas with AAC systems using Generative
Al to create a comprehensive, personality-driven approach for utterance generation.

Research Procedure

To accomplish the development and integration of a Digital Persona within an AAC system that enables
speech-impaired individuals to generate personalized utterances that reflect their personality (traits), DSR
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was applied (cf. Gregor and Hevner, 2013; Hevner et al., 2004). The research process adheres to the frame-
work established by Peffers et al. (2007) (see Figure 1). As a first step, (1) corresponding problems of
existing AAC tools were identified (see Sections “Introduction” and “Research Procedure”). Available AAC
systems are not capable of generating personalized utterances that reflect an individual user’s personality
(traits), leading to a lack of user-specific articulation. However, integrating personality-driven utterances
within AAC systems is indispensable for enabling speech-impaired individuals to express themselves au-
thentically and for fostering more natural interactions. Consequently, the (2) objective is to develop,
based on the identified DRs, a Generative Al-based Digital Persona in the context of AAC. Thereby,
ChatGPT-4.0 is purposefully leveraged to facilitate the synthetic representation of a user (Digital Persona)
that not only generates contextually and semantically correct utterances but also reflects the user’s unique
personality (traits), allowing for more personalized communication. The third step contains the (3) design
and development of the solution (see Section “Design and Development of the Artifact”). Drawing on
established theories (e.g., the Five Factor Personality Model (Costa and McCrae, 1992)), a systematic liter-
ature review (cf. Vom Brocke et al., 2015), and semi-structured interviews with target users, DRs for the
Generative Al-based Digital AAC Persona were identified. Founded on the DRs, DPs were derived and in-
stantiated to ensure the Digital Persona produces utterances tailored to the user’s personality traits.

Process iterations

1. Problem 2. Objectives of a Solution | 3.Design & 4. i 5. Evaluation 6. Communication
Speech-impaired individuals need ~ || Derivation of design The results of the application are
tt it for a Digital An AAC system prototype that || The AAC system prototype assessed based on characteristics for ||
approaches in their AAC systems Persona that embodies a employs the proposed Digital || eémploying the proposed personality-driven utterances (e.g., Firstresultsare
that incorporate their inherent comprehensive Al-based, Persona is designed and Digital Personais applied to || Jeve] of empathy) and whether the communicated within this
lities and lized driven utterance implemented. automatically generate utterances reflect the personal style research. Upcoming results
communication styles for various (| composition approach for o leted lity-driven || of articulating. will be communicated in
daily conversations. i i Corre: P dcs‘lgn . utterances for social . X subsequent research works.
utterances, based on existing and i ions (i.a., visiting a A more comprising evaluation of the
However, such AAC systems or research literature and principles are derived. doctor's office). usability, usefulness and applicability
solutions are not yet available. empirical target user input. is strived for within future work.
System. Literature Review e 5
See Sections Introduction® and (Vom Brocke etal., 2015) See Section Design and e R e )
»Research Background* See Section “Des. Req. of a Pers.- || Development of the Artifact* it Su— | [ Focus of this paper
) A 5 e Section “Demo. and Eval. of a Dig. P. .
Driv. Dig. AAC Persona [ First results presented

Figure 1. Procedure of this Research (own Representation, based on Peffers et al. 2007).

Steps (4) and (5) involve the demonstration and evaluation of the artifact. A rigorous testing frame-
work was defined to assess the artifact’s effectiveness. In alignment with Venable et al. (2016), an evaluation
strategy based on the "Technical Risk & Efficacy Strategy" was employed to verify the artifact's ability to
meet its intended purpose: generating personality-driven utterances, authentically reflecting a user’s per-
sonality (traits) and their inherent communication style. The evaluation further aimed to confirm that meet-
ing all the identified DRs and effectively leveraging GPT-4.0 is critical to achieve this outcome (cf. March
and Smith, 1995). A summative evaluation was conducted, where the Digital Persona was applied to five
communication activities based on a typical daily life scenario (visiting a doctor), evaluating the artifact for
its accuracy in reflecting the users' personality nuances. To further ensure the quality of the derived DPs,
their evaluation was guided by Iivari et al. (2021), who emphasize that effective DPs should be internally
valid, externally applicable, and useful for future design efforts. These criteria were operationalized into
three dimensions — internal coherence, applicability, and perceived utility — and assessed through struc-
tured evaluator feedback alongside the artifact’s functional evaluation. Future evaluations will employ the
“Human Risk & Effectiveness Strategy” (cf. Venable et al., 2016) in a controlled setting with target users as
part of a larger empirical study. Step (6) involves the communication of the research findings.

Design and Development of the Artifact

Design Requirements of a Personality-Driven Digital AAC Persona

To derive DRs for a comprehensive approach to integrate a user’s personality into an AAC system by em-
ploying a Digital Persona, a two-folded approach was applied: First, an extensive systematic literature re-
view (SLR) was conducted. Second, semi-structured interviews with a focus group of six speech-impaired
individuals were carried out to complement the findings from the SLR and ensure that the resulting DRs
reflect the needs and expectations of actual target users.

The SLR was aligned with the guidelines as proposed by Vom Brocke et al. (2015). Initially, a keyword

search was performed across the academic databases ACM Digital Library, AIS Electronic Library, EBSCO-
host, Emerald Insight, Google Scholar, IEEE Xplore, SAGE Publications, and SpringerLink. The initial
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” @ ”

search terms included “augmentative and alternative communication,” “personalization”, “generative arti-
ficial intelligence”, and various combinations and abbreviations; further, they were aligned with the word-
ing and concepts of the research questions as proposed by Snyder (2019). Beyond that, iterative keyword
refinement was employed to ensure comprehensive coverage (e.g., “large language model”, “user model-
ing”, “digital persona”). As a result, 621 articles were initially identified, focusing on different aspects of the
personalization of AAC systems. Titles, abstracts, and thematic foci were thoroughly reviewed, with inclu-
sion criteria emphasizing studies that dealt specifically with personalization in AAC systems. After applying
these criteria and removing duplicates and non-English articles, a total of 33 relevant studies were retained.
To assess the coding, inter-rater reliability between two independent reviewers was calculated using Co-
hen’s Kappa (Cohen, 1960). The rating procedure yielded a Cohen’s Kappa value of 0.86, indicating a high
level of agreement on the inclusion of relevant articles. In the few cases of disagreement, the coding was
discussed to reach a consensus about including or excluding the respective article. This rigorous approach
ensured a robust and reliable selection of studies, forming a solid foundation for the derivation of DRs.

To complement the findings from the SLR by a practical, user-grounded perspective, semi-structured in-
terviews with a focus group of six speech-impaired individuals were conducted. Participants were selected
to represent a diverse range of communication impairments (e.g., congenital speech impairments, impair-
ments resulting from neurological events such as stroke). The interviews explored participants’ perspectives
on personalization, communication preferences, and expectations toward a digital persona in AAC systems.

Finally, the contents of the selected articles and the transcripts of the semi-structured interviews were con-
solidated using qualitative content analysis and inductive category development to abstract the data and
derive a coherent image of the findings (cf. Mayring, 2004). This approach facilitated the inductive deriva-
tion of DRs by applying the concept of a DR as any specific condition, capability, or functionality that the
intended artifact must implement to achieve its goals and purposes (cf. Moller et al., 2020; Walls et al.,
1992). Both the literature and the interview data were systematically screened for any statements that sug-
gested a DR. Statements indicating a DR were consolidated across both sources, with the user input serving
to validate, refine, or extend the DRs initially identified through the literature. Beyond that, relevant theo-
ries (e.g., Five Factor Personality Theory, Cognitive Load Theory) were analyzed to derive additional impli-
cations for the development of the personality-driven Digital AAC Persona. Based on the combined atten-
tion, validation, and practical relevance that the respective DRs received within literature and user feed-
back, nine DRs were formulated and organized according to three deduced categories I-III (see Table 1).

Design Requirements | Sources
(I) Dynamic Personalization and Adaption

Black et al., 2012; Costa and McCrae, 1992; Fon-
tana De Vargas et al., 2024; Franco et al., 2018;
Shen et al., 2022; Sorokovikova et al., 2024);
User-Informed

DR2. Dynamic Persona Updates — The Digital Persona must contin- | Black et al., 2012; Hornero et al., 2015; Lang et
uously update, using both real-time and historical user communica- | al., 2023; Pereira et al., 2024; Tett and Burnett,

DR1. Recording and Understanding a User’s Personality — The Digi-
tal Persona must record and understand a user’s personality traits to
adapt communication styles accordingly.

tion data, to adapt to evolving personality traits and needs. 2003; Valencia et al., 2023; Zeng et al., 2024
DR3. Al-driven Communication Efficiency — The Digital Persona Bhattacharjee et al., 2024; Choi et al., 2024; Cai
must predict and suggest personality-driven communication options | et al., 2024 Shen et al., 2022; Sweller, 1988; Va-
based on Generative Al to improve communication efficiency. lencia et al., 2023;

Ascari et al., 2021; Lang et al., 2023; Laxmidas et
al., 2021; Monalisa et al., 2023; Wang et al., 2022
User-Informed

DR4. Continuous Feedback — The Digital Persona must refine its
personalization by user feedback, ensuring continuous adaption.

(II) Contextual and Situational Awareness

Cai et al., 2024; Shen et al., 2022; Farzana et al.,

DR5. Context-Awareness for Relevant Suggestions — The Digital 2021; Konadl et al., 2023; Laxmidas et al., 2021;
Persona’s communication suggestions must consider personality, so- | Obiorah et al., 2021; Roy et al., 2022; Zeng et al.,
cial, and environmental contexts. 2024

User-Informed

DR6. Recognition of Emotional States — The Digital Persona must Na et al., 2016; Valencia et al., 2023;
adapt communication to the user’s emotional state. User-Informed

(IIT) User Inclusivity and Security

DR?7. Scalability — The Digital Persona must scale to support differ-
ent users with diverse personalities, languages, and backgrounds.
DR8. Multimodal Input Support — The Digital Persona must be
accessible by multiple input methods (e.g., text, voice).

Elsahar et al., 2019; Mancilla et al., 2015

Ascari et al., 2021; Ghatkamble et al., 2014
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Hornero et al., 2015; Mills et al., 2014; O'Leary et
al., 2012
User-Informed

DRo. Data Privacy and Security — The Digital Persona must protect
user data, ensuring privacy and security of sensitive data.

Table 1. Design Requirements of a Digital AAC Persona and Related References.

(I). Concerning Dynamic Personalization and Adaption, DR1 emphasizes the need for the Digital Persona
to record and assess a user’s personality traits to adapt communication accordingly. By integrating a per-
sonality model (c.f. Costa and McCrae, 1992), the Persona can build a detailed synthetic representation of
the users’ personality. This synthetic representation allows the Digital Persona to dynamically adapt its
utterance generation, ensuring that it aligns with the user's personality traits and communication prefer-
ences (e.g., Franco et al., 2018; Fontana De Vargas et al., 2024; Sorokovikova et al., 2024). Furthermore,
DR2 states that the Digital Persona must dynamically update the user’s synthetic representation based on
real-time interactions and historical conversation data to ensure continuous personality-adaption (e.g.,
Lang et al., 2023; Pereira et al., 2024; Zeng et al., 2024). This presupposes the monitoring of how person-
ality traits affect communication styles and adjusting the Digital Persona’s behavior accordingly. Trait Ac-
tivation Theory suggests that personality traits are activated by specific situations or cues (e.g., public
speaking) (Tett and Burnett, 2003), and therefore, the Digital Persona should recognize these triggers and
adjust its communication style to match the trait being expressed. DR3 emphasizes enhancing the commu-
nication efficiency of the Digital Persona using Al (e.g., Bhattacharjee et al., 2024; Choi et al., 2024; Valen-
cia et al., 2023). By leveraging Generative Al (e.g., GPT-4.0), the Digital Persona must predict and suggest
phrases that match the user's style, tone, and preferences, which can significantly reduce cognitive load
while ensuring that communication remains consistent with the user’s natural expression. Cognitive Load
Theory (Sweller, 1988) suggests that by reducing the amount of mental effort required to select appropriate
words or phrases, the system minimizes extraneous cognitive load, allowing the user to focus more on the
contents of the communication rather than the mechanics of constructing them. This ensures that the user
can communicate more fluidly, with less mental strain, while maintaining personality-aligned interactions.
DR4 emphasizes the importance of continuous user feedback to refine the Digital Persona’s personalization
capabilities. Thus, the Digital Persona should be able to incorporate user feedback on its ability to reflect
the user’s personality traits, consequently ensuring that it adapts and evolves with the user’s preferences
over time (e.g., Ascari et al., 2021; Monalisa et al., 2023; Wang et al., 2022).

(IT). With respect to Contextual and Situational Awareness, DR5 highlights the importance of context
awareness in providing appropriate utterances. The Digital Persona should consider the user’s personality
traits alongside environmental, situational, and social contexts to deliver communication options that align
with the user’s personality in various settings (e.g., Farzana et al., 2021; Konadl et al., 2023; Zeng et al.,
2024). Further, DR6 stresses the Digital Persona’s ability to recognize emotional states and adapt its re-
sponses accordingly (Na et al., 2016; Valencia et al., 2023).

(I1I). To User Inclusivity and Security, DR77 emphasizes the scalability of the Digital Persona, ensuring
that it can accommodate a wide variety of users with, e.g., different personality traits and languages. Scala-
bility is key to enabling the Digital Persona to remain flexible and adaptable across diverse user groups
(Elsahar et al., 2019; Mancilla et al., 2015). Furthermore, DR8 focuses on the need for multimodal input
support when accessing the Digital Persona, which enables users to interact in ways that align with their
personality traits and physical abilities (Ascari et al., 2021; Ghatkamble et al., 2014). Finally, DR9 under-
lines the critical importance of data privacy and security, particularly when handling sensitive user data.
Thus, the Digital Persona must protect user personality data (e.g., by anonymization) and ensure that all
data is processed securely, maintaining user trust while providing highly personalized communication sup-
port (Hornero et al., 2015; Mills et al., 2014; O'Leary et al., 2012).

Design of a Personality-Driven Digital AAC Persona

Meta-requirements (MRs) define the overarching purpose of a system, indicating "what the system is
for" (Gregor and Jones, 2007, p. 325) and shaping the solution's objectives based on the specific problems
the research addresses. For instance, an MR for the Digital Persona is to empower speech-impaired indi-
viduals to express themselves through voice communication. These meta-requirements are applicable to a
class of artifacts, are derived from the research literature (Gregor and Jones, 2007; Heinrich and Schwabe,
2014; Walls et al., 1992) and are presented in Figure 2.

Design Principles (DPs) are synthesized from DRs, which are informed by both existing literature and
theory (Moller et al., 2020; Purao et al., 2020). DRs specify the necessary functionalities, conditions, and
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capabilities that an artifact must implement to support users in completing specific tasks within a defined
problem domain (Moller et al., 2020; Walls et al., 1992). After carefully examining the DRs, those with
overlapping meanings were consolidated into unified DPs (Moller et al., 2020; Purao et al., 2020). For ex-
ample, DP2 describes the Digital Persona’s ability to generate personality-driven responses, covering re-
quirements such as personality reflection (DR1), responsiveness to dynamic user feedback (DR6), and com-
munication efficiency (DR3). Defined as generic and prescriptive statements, the DPs foster the transfer
and application of design-related knowledge to similar problem classes beyond the specific problem class
of Generative Al-based Digital AAC Personas (Gregor et al., 2020).

Boundary conditions (BCs) define the constraints or limitations (e.g., technical, legal, or user-specific)
within which the artifact operates, ensuring the artifact remains feasible, usable, and relevant within certain
operational contexts (Chandra et al., 2015). A boundary condition for the Digital Persona is, e.g., that the
system requires the user to have a sufficient cognitive level to express their personality traits and compose
utterances independently. Keeping the DRs of the artifact in mind, there was derived the following design
regarding the proposed Al-based Digital AAC Persona including six DPs:

Meta-Requirements (MR)

MR2. The artifact needs to
automatically generate the
communicated voice output.

MR3. The artifact must safeguard
the user’s integrity and autonomy by
allowing full control over their
communication.

MR4. The artifact must be accessible
and inclusive for users with diverse
communication needs and abilities.

’l DP1. The Principle of

Personality-Driven User
Modelling.

J—

DP2. The Principle of
) Personality-Driven
Communication Adaption.

q

IP1. Implement a personality framework (e.g., Five
Factor Model), populated with user data collected e.g.,
from interaction patterns or/and questionnaires.

DP3. The Principle of
Continuous Personality

Updates.

IP2. Analyze the user's personality model in real time
and adjust communication outputs accordingly.

IP3. Capture real-time user interactions, historical

communication data and manual user feedback to
directly adjust their Digital Persona’s user model.

DP4. The Principle of AI-
Assisted Communication
Efficiency.

IP4. Integrate Al-based context-aware utterance
suggestions tools to provide contextually relevant
communication options, reducing the cognitive load.

DPs5. The Principle of
Contextual and Emotional
Aware Communication.

IP35. Detect situational context (e.g., location, time,
social environment) and emotional cues and adjust
communication behavior accordingly.

DP6. The Principle of
User Inclusivity and
Security.

IP6. Support diverse input modes and enable dynamic
change between modes based on user personality. Use
encryption securely stored user data.

Design Principles

Implementation Principles

MRu1. The artifact needs to empower
speech-impaired individuals to
express their communication by
means of voice.

DRi. |-

DR2.

DR3.

DR4.

DR5.

DR6.

DR7. N

DRS.

DRo.
Design Requirements
BC1. The artifact requires a sufficient
cognitive level in users to express
their personality traits and compose
their own communication.

BC2. The artifact must function
across different platforms and
devices.

BC3. The artifact must operate
efficiently within the constraints of
limited computational resources.

BCj4. The artifact requires
connectivity to external resources
(e.g., the internet)

Boundary Conditions (BC) :l Literature- & Theory-based

[ User-Informed

Figure 2. Design of a Personality-Driven Digital AAC Persona.

¢ DP1. The Principle of Personality-Driven User Modeling: The Digital Persona should construct
and maintain a dynamic model of the user’s personality grounded in established psychological frame-
works. This user model should reflect the user’s stable characteristics and preferences over time, ensuring
accurate mirroring of the user's core personality (traits).

¢ DP2. The Principle of Personality-Driven Communication Adaption: The Digital Persona
should dynamically adapt its communication style based on the user’s personality, ensuring all interac-
tions reflect the user’s unique traits, communication preferences, and natural way of expressing. This
ensures that communication feels personalized, natural, and relevant to the user.

¢ DP3. The Principle of Continuous Personality Updates: The Digital Persona should update the
user’s personality model and communication preferences using real-time interactions, historical data,
and user feedback. This ensures that the Digital Persona evolves with the user’s changing traits and com-
munication needs, maintaining ongoing accuracy in reflecting the user’s personality.
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¢ DP4. The Principle of AI-Assisted Communication Efficiency: The Digital Persona should use
Al-based models to predict, suggest, and refine communication options tailored to the user’s personality.
This reduces cognitive load for the user while improving communication efficiency by offering personal-
ized and contextually relevant communication options.

¢ DP5. The Principle of Contextual and Emotional Aware Communication: The Digital Persona
should adapt its communication based on the user’s personality alongside the situational context and
emotional states. This ensures that responses are contextually appropriate, emotionally aligned, and rel-
evant to the user's current circumstances.

¢ DP6. The Principle of User Inclusivity and Security: The Digital Persona should support multi-
modal interaction methods (e.g., text, voice) and accommodate diverse languages and personalities while
ensuring that user data is protected through robust security measures. This fosters accessibility and trust,
ensuring the system is usable by a broad audience while safeguarding user information.

Figure 2 visually illustrates how the MRs, DPs, and BCs interrelate within the design of the proposed arti-
fact, providing a comprehensive overview of how the system's overarching objectives, core functionalities,
and operational constraints are integrated. The proposed DPs are derived from DRs grounded in current
research literature, established theoretical frameworks, and empirical insights from target users. Gregor
and Jones (2007) emphasize that theory-backed references provide “an explanation of why an artifact is
constructed as it is and why it works” (p. 328). The DRs outline the core requirements that a Digital AAC
Persona should meet, drawing from relevant research and theory. These DRs guide the design of the artifact
and shape the DPs (Bockle et al., 2021; Gregor and Jones, 2007). Each DP corresponds to at least one DR,
serving as an abstract “blueprint” for the artifact, thereby ensuring value and explanatory grounding (as the
DPs are based on current literature and insights from target users) (Heinrich and Schwabe, 2014). Imple-
mentation Principles (IPs) emerge from applying the DRs and DPs in the artifact, supporting “the imple-
mentation in practice of an abstract, generic design method or development approach” (Gregor and Jones,
2007, p. 329), specifically for AI-driven Digital Persona-based utterance composition in AAC systems.

Technical Realization of a Personality-Driven Digital AAC Persona

To overcome the limitations of existing AAC systems, a Digital Persona artifact has been designed and de-
veloped in Python, chosen for its versatility and suitability for AI-based applications. This artifact has been
integrated into a more comprehensive AAC system prototype, enabling application and user interaction
with the Digital AAC Persona. The following section details the technical instantiation (IP) of each DP by
elaborating on the technical realization of each associated DR, as they represent the essential features of
the proposed Al-based approach.

DP1. In alignment with DR1, the Digital Persona employs a custom questionnaire based on the well-estab-
lished Big Five Inventory (Rammstedt et al., 2007) to assess the user’s personality traits. Responses are
measured on a Likert scale from "strongly disagree" (0) to "strongly agree" (5), encapsulating user prefer-
ences across the five personality dimensions. This personality information, along with general user data
(e.g., pseudonym, age, vocal preferences), is stored as JSON in an AES-encrypted foundation document,
which serves as the core representation of the user (Holzinger et al., 2023).

DP2. Building upon DR1’s foundation, the data stored in the foundation document directly informs the
adaptive communication capability of the Digital Persona. The AAC system, serving as a middleware, dy-
namically adjusts the prompts provided to GPT-4.0 based on the user’s personality traits, ensuring that
each interaction aligns with the user’s personality-driven communication preferences. To further refine the
personalized communication experience, few-shot learning has been leveraged by incorporating a curated
set of conversation examples that reflect the user’s preferred communication style (DR2).

DP3. To achieve continuous personalization in line with DR4, the Digital Persona adapts to evolving per-
sonality traits through both implicit and explicit user feedback. Users can provide manual feedback on gen-
erated utterances, facilitating immediate refinement. Additionally, the system autonomously infers feed-
back from user interactions; once a modified utterance is finally approved by the user, the system stores the
approved utterances in a Memory Network, which serves as a foundational dataset for few-shot learning.
This allows the model to draw on a history of approved interactions to produce responses that align with
the user's evolving communication style and preferences. By selectively retaining utterances that reflect
current personality traits and preferences, the Digital Persona supports continuous adaptation, ensuring
that the responses remain dynamically aligned with the user’s evolution over time.
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DP4. As the core of the Digital Persona, GPT-4.0 generates responses that are contextually relevant and
personalized based on the user’s personality data, fulfilling DR3. Additionally, the Memory Network’s static
and dynamic components utilize an adaptive pruning mechanism, which effectively manages memory con-
straints by retaining essential interactions while removing irrelevant ones (Shao and Shin, 2022). Leverag-
ing this set of Al-based techniques ensures efficient data retrieval, supports continuity in communication,
and reduces cognitive load, thereby enhancing user engagement.

DP5. To deliver contextually and emotionally aware communication following DR5, the Digital Persona
adapts its responses based on situational factors and the user's emotional state. Contextual information is
derived from sensor data (e.g., microphone inputs). For example, the device’s microphone detects ambient
noise levels, allowing the system to distinguish between a quiet one-on-one setting and a louder group en-
vironment. This enables the Digital Persona to adjust responses accordingly, offering concise replies in
noisy settings and more detailed ones in quieter situations. Emotional awareness is supported through dy-
namic emotion selection and sentiment analysis. Users can manually indicate their current emotional state
via on-screen emotion buttons, facilitating real-time tone modulation. Additionally, sentiment analysis on
refined utterances allows the system to autonomously detect mood shifts, aligning new responses with the
user’s emotional state (DR6).

DP6. To ensure versatility and security, the Digital Persona is designed to accommodate diverse user needs
across multiple dimensions, meeting the standards set by DR7. Built on a modular, cloud-based infrastruc-
ture utilizing GPT-4.0, the system is scalable and can support different personalities, languages, and cul-
tural backgrounds (Radford, 2019). It enables multimodal input by integrating both text and voice options
(DRS8); voice input utilizes automatic speech recognition to facilitate seamless interaction for users who
prefer or require vocal communication. AES encryption and anonymization mechanisms (e.g., pseudony-
mization) safeguard sensitive user information, with strict access controls to maintain data privacy, ensur-
ing that user data remains secure throughout interactions (DR9).

Lifecycle of a Personality-Driven Digital AAC Persona

Stage 0 — DPI Initialization Stage 1 — Operational Use Stage 2 — DPI Destruction

= | . i Utterance
& B |! | User Information Conversation Input Order of
2l ) o . .
o B . (incl. Situational and Verification / :
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Figure 3. State-based Lifecycle Model of a Personality-Driven DPI for AAC.

*Manually Triggered **él\utomatically Triggered

Within the AAC system, the Digital Persona Instance (DPI) operates to produce customized utterances that
resonate with the user’s unique communicative style. Figure 3 delineates the dynamic lifecycle of the DPI,
organized into five key states: Instantiation, Output Generation, Personalization, Output Presentation, and
Destruction. These states are consolidated into three stages: Stage o (DPI Initialization), Stage 1 (Opera-
tional Use), and Stage 2 (DPI Destruction), each representing critical stages in DPI lifecycle management.
The model exemplifies the DPI’s functionalities and inter-state connections across these stages, illustrating
how user input (e.g., provision of conversation input, approval of utterances) prompts particular transitions
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within the state sequence. The sequence flow, denoted by the unidirectional arrows, highlights two primary
cycles within the DPI lifecycle: the utterance refinement cycle and the DPI personalization cycle.

The utterance refinement cycle addresses the iterative process of adjusting proposed utterances based on
manual user feedback, thereby enabling each output to reflect the user’s preferences more accurately. Fur-
ther, upon user approval of an utterance, the personalization cycle initiates automatically. With each ap-
proval, the DPI captures personalized communication knowledge (e.g., preferred vocabulary) reflective of
the user’s personality, subsequently integrating this knowledge into the DPI’s foundation information. This
automatic personalization mechanism ensures that the Digital Persona continues to evolve seamlessly with-
out requiring additional manual input from the user.

Stage o — For the DPI Instantiation, the user's personality traits are assessed by the AAC system using the
Five Factor Personality Model. This assessment, along with additional user information (e.g., pseudonym,
age), is stored in a foundation document, serving as a central repository for all relevant user data during the
instantiation of a Digital Persona (Holzinger et al., 2023). The foundation document provides the basis for
personalization by capturing the user's general information and personality traits, thereby enabling the
Digital Persona to dynamically adapt its responses to reflect the user's unique personality. Based on the
foundation document, the Digital Persona is instantiated (A) within the LLM GPT-4.0, creating a DPI that
encapsulates the user's personality traits and communication preferences. Once instantiated, the DPI un-
dergoes technical verification to ensure a stable connection, data access, and reliable functionality within
the system architecture (B).

Stage 1 — During Operational Use, the user provides conversation input (e.g., voice, text) via the AAC in-
terface. This input is transformed into a contextualized prompt that incorporates the user's real-time situ-
ational cues (e.g., social setting) and emotional states (e.g., anxiety). The DPI then processes the prompt
and generates a contextually appropriate, personality-driven utterance that mirrors the user's personality
(C). The generated utterance is then presented to the user for verification. If the user approves it, the DPI
presents the final utterance to the interlocutor via the AAC system's speech module (D). Further, the foun-
dation document is updated with the successful utterance, strengthening the basis for few-shot learning
that informs future DPIs by leveraging the accumulated communication knowledge (E). If the user refines
the output, the DPI incorporates the user feedback (F) and updates the generated utterance accordingly
(C). If the user rejects the output, the DPI regenerates the utterance by resampling the set of few-shot learn-
ing examples, ensuring a different communication style (C).

Stage 2 — When the interaction is closed, the DPI is destructed. Prior to preserving the gained knowledge
for future instantiations of Digital Personas, the conversation and associated personalization data are con-
solidated, condensed, extracted, and integrated into the foundation document (G). This process ensures
that, upon re-instantiation in Phase o, the foundation document (and thus the new DPI) includes the prior
conversation and personalization knowledge, enabling continuous personalization. Finally, once the system
preserved the gained knowledge, the DPI is destructed (H).

Demonstration and Evaluation of the Digital AAC Persona

The demonstration and evaluation align with the outlined evaluation strategy (see Section “Research Pro-
cedure”) and focus on the context of a doctor’s visit, a critical interaction scenario for many speech-impaired
individuals (Morris et al., 2013). According to Venable et al. (2016), the first essential step when evaluating
an artifact is to assess its capabilities and functionality by conducting a “Technical Risk & Efficacy” eval-
uation phase, primarily focusing on quantitative metrics to gauge the artifact’s applicability. Thus, this
evaluation initially assesses the Digital AAC Persona’s ability to generate personality-driven, context-sen-
sitive communication outputs. Future evaluation episodes dedicated to qualitative feedback will include a
"Human Risk & Effectiveness" evaluation strategy (Venable et al., 2016) (see Section “Research Proce-
dure”), incorporating explicit feedback from the target user group. This section includes (a) a comparative
overview of two fictive personas (see Table 2) to illustrate the Digital Persona approach, (b) a demonstration
of the handling of the integrated Digital Persona within the AAC system prototype, and (c) an evaluation
assessing the Digital Persona’s ability for generating personalized, context-aware utterances.

(a.) Two fictive personas, Anna and Ben, were developed to illustrate the Digital Persona approach in an
AAC context. Their distinct personality traits serve as benchmarks for evaluating the prototype’s ability to
generate personality-driven utterances. Table 2 provides a comparative overview of Anna and Ben’s per-
sonality traits. The exemplary effects on the expression of these personality traits are derived from existing
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literature (e.g., Dhillon et al., 2023; Hassan et al., 2019; Bakker-Pieper and Vries, 2013). Anna, character-
ized by high openness and extraversion, approaches conversations with curiosity and warmth, aiming to
create an engaging atmosphere. In contrast, Ben demonstrates high conscientiousness and introversion,
preferring structured and precise communication to ensure clarity and professionalism.

Trait Anna  Exemplary Effects Ben Exemplary Effects

Openness 45 Curious, 'imaginativc, enjoys explor- 15 Prcfgrs familiar routines and concrete, practi-
ing new ideas. cal discussions.

Conscientiousness 3/5 Flexible and adaptable, prefers spon- 5/5 Organized, methodical, values structure and
taneous approach. accuracy.

Extraversion 5/5 Outgomg,. energetic, enjoys leading 15 Reserved, prefers listening, speaks only, when
conversations. necessary, in a calm way.

Agreeableness 5/5 Warm, empathetic, aims to make oth- 25 Ppllte and respectful but maintains a profes-
ers feel comfortable. sional tone.

.. Resilient, stays calm and optimistic, Cautious in unfamiliar situations, seeks reas-

Neuroticism 1/5 . 4/5 . o

even in stress. surance by precise communication.
Table 2. Comparative Overview of Fictive Personas Anna and Ben.

(b.) Figure 4 illustrates an example of the prototype leveraging Anna's Digital Persona. It comprises three
primary graphical user interfaces. The (1) profile screen enables customization of user information and per-
sonality traits, assessed through validated questionnaires based on the Five Factor Model. Scores from these
assessments are consolidated to form a comprehensive trait profile that defines the Digital Persona’s char-
acteristics. The (2) main interface provides input options (i.a., pictograms, keyboard interface) for generat-
ing communication outputs. When generating a personalized phrase, the Digital Persona processes the us-
er's input, conversational context, and emotional state to produce a personality-driven utterance. The (3)
context manager supports situational adaptability by allowing to define contextual and emotional infor-
mation. Through integration with a personal calendar, the Digital Persona incorporates historical and
planned events, ensuring responses are contextually relevant. Moreover, users can specify their current
emotional state and social setting (e.g., group vs. one-on-one conversation).

) AAC Prototype
- e ogo
eve AAC System Context Manager
(€] October | 2024 Anna (DPI): | have an appointment with Dr. Schmidt to discuss my shoulder pain. | hope to get some advice
Mon Tue Wed Thu Fri s on how to manage it better. It's been bothering me for a while, and I'm eager to find some relief.
@ a0 1 2 3 a
a 7 8 9 10 n
a2 % 5 16 7 18 1
a3 2 2 HEH > 25 2
4 28 29 30 31
as
Select Appointments to Consider
Rephrase Adjust Manually
Doctor's Appointment - 10:00 AM
Include . . .
J | have appointment (Calendar: Dr. Schmid, 10 AM, Shoulder Pain)
Team Meeting - 2:00 PM

. Create User Profile with Big 5 Traits
Include

. B (MY Openn.. Conscientiousn... Extravers.. Agreeablen... Neuroic
Dinner with Friends - 7:00 PM [

Include L3 Ana I feel ... llike ... Idon'tlike ...
| e 27
Select Your Current Emotions
Gender Female 8
~
- w b
A W .
W Anger ¥ Conty Openness: — Iter Home Toilet Bed
Y [pe— -
You feel: Enjoyment Extraversion: — one Music Sun Moon
Agreeableness: -
Conversation Context (Automatically Assessed and Upd} @ B
Neuroticism: - ain Plane Tree Flower
One-on-One Cg I

0 !

Figure 4. Exemplary usage of the AAC Prototype utilizing Anna’s DPI.

(e.) To evaluate the DPI’s efficacy, five standardized conversational exchanges were defined based on com-
mon interactions when visiting a doctor’s office. This evaluation aimed to assess the system’s ability to gen-
erate personality-driven responses tailored to the user’s contextual and emotional nuances. For each of the
five interactions, ten responses were generated for each Digital Persona, yielding a total of 100 responses.
Seven independent evaluators rated each response based on three dimensions: personality alignment (P),
situational context (S), and emotional appropriateness (E). The evaluators were briefed on both, the Five-

Forty-Sixth International Conference on Information Systems, Nashville, Tennessee, USA 2025
10

161




Personality is all that matters — Enhancing AAC Systems with Digital Personas Utilizing Generative Artificial Intelligence

Generative Al-Based Digital AAC Persona

Factor Personality traits (as outlined in Table 2) as well as the specific trait levels and exemplary effects of
each persona to ensure consistent interpretation and reduce subjective variability in assessments. The eval-
uator panel comprised four psychological experts and three technically literate laypersons, totaling seven
independent evaluators. The psychological experts contributed their specialist knowledge of personality
assessment, thereby ensuring that the Digital Persona’s reflective capacity was in line with the Five Factor
Personality traits. Meanwhile, the lay evaluators, although not formally trained in psychological research,
offered valuable insights based on their innate human ability to recognize and interpret personality traits.
This heterogeneous mix of evaluators provided a well-rounded evaluation, using both academic rigor and
everyday intuition to judge the artifact's effectiveness in promoting a more personalized communication
experience. Each response was analyzed regarding its ability to convey the persona’s specific communica-
tion style (e.g., Anna’s warmth and openness, or Ben’s reserved and precise tone) in conjunction with situ-
ational context (e.g., conversation start) and emotional sensitivity (e.g., enjoyment). Accuracy measures for
personality alignment (A(P)), situational context (A(S)), and emotional appropriateness (A(E)) were cal-
culated by assessing the frequency with which evaluators perceived each respective dimension as correctly
reflected (see Table 3). In addition, the standard deviation (SD) was determined to evaluate the consistency
of perceptions across evaluators.

Comm. Activity /

Uesra o Exemplary Response (Anna’s DPI) Exemplary Response (Ben’s DPI)

AP)| SD [A(S)| SO [AE) ] SD | AP) | SD [AS)| SD | A(E) | SD
Conversation Start Receptionist: “Hello, how can I help you today?”

Hi there! I have an appointment with Dr.
Schmidt to discuss my shoulder pain. I hope Good morning. I have an appointment with
to get some advice on how to manage it better. | Dr. Schmid at 10:30. Could you confirm if my
It’s been bothering me for a while, and I'm records are ready?

eager to find some relief.
084 ] 037 J097] 017 [ 077 042 0.9 [ 03 [o0.97] 017
Waiting Room Inquiry | Receptionist: “The doctor will be with you shortly. Do you need anything else?”
Thank you! I'll just be here with my magazine,
but if anything changes, feel free to let me
know!

0.93] 026 [ 0.9 [ 03 [ 079 [o0.41]| 0.83 [0.38[0.86] 0.35 [ 043 [ 05
Doctor’s Conversation | Doctor: “Hello, what brings you in today?”

Hi, Dr. Schmid! I've had this shoulder pain
“Hello. I shoulder that won’t seem to go away. I'd love to get your
pain.” take on what might be going on.

“I have appointment
(Calendar: Dr. Schmid,
Shoulder Pain).”

054 | 05

Thank you. Could you let me know if there

“No. I wait.” are any updates on the expected wait time?

Hello, Dr. Schmid. I've been experiencing
some recurring symptoms that I'd like to
discuss in detail. Specifically, I'm concerned
about consistent shoulder pain.

0.86 ] 035 [ 0.91] 028 [ 073 [ 045 0.97 [ 017 [ 0.94 ] 0.23 [ 0.81 [ 0.39
Treatment Clarification | Doctor: “We’ll start with medication and see how it goes. Does that sound good?”

Could you clarify the dosage and expected
side effects? I'd like to be sure I understand

Absolutely, thank you! I'm happy to give it a
“Yes. Side effects?” try. Any side effects I should know about?

the regimen fully.
096 02 [ 09 ] 03 [096] 02 | 091 [0o28] 09 [ 03 [ 077 [ 042
Conversation End Doctor: “That should be all for today. We'll follow up in two weeks.”
Thank you so much, Dr. Schmid! I really Thank you, Dr. Schmid. I appreciate your
« appreciate your help, and I'll be sure to keep time and guidance. I'll be sure to follow the
»Thank you. N .
you updated. plan and monitor my symptoms.

0.91 0.28 [ 083 | 038 | 0.83 | 0.38 | 0.86 | 0.35 | 0.83 | 0.38 0.53 0.5
AP)| SD |A(S)| SD |A(E)| SD | A(P) | SD |A(S)| SD | A(E) | SD
0.9 | 0.29 | 0.9 | 0.29 | 0.81 | 0.37 | 0.89 | 0.3 | 0.9 | 0.20 | 0.61 | 0.46

Table 3. Accuracy in Reflecting Personality-driven Differences in DPI Utterance Generation.

Mean Score

The evaluation reveals strong performance in generating responses aligned with predefined personality
traits and situational contexts, as reflected in high mean scores for personality alignment and situational
context across both personas (A(Panna) and A(Sanna) with 0.9; A(Pgen) with 0.89 and A(Sgen) with 0.90),
accompanied by low standard deviations (SD) ranging from 0.29 to 0.30, indicating high inter-rater agree-
ment. However, a notable variation emerged in the emotional awareness, where Anna achieved a higher
average (0.81, SD = 0.37) compared to Ben (0.61, SD = 0.46), highlighting differential performance in the
Digital Persona’s ability to infuse emotional sensitivity into responses. Anna’s DPI consistently demon-
strated her open, extroverted characteristics with friendly and engaging responses, thus scoring highly in
emotional tone alignment and contextual appropriateness. In contrast, Ben’s responses, while precise and
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professionally aligned, revealed a narrower emotional scope, particularly in settings where empathy or a
softer tone may be expected. Ben’s DPI maintained a more factual tone, aligning well with his conscientious
persona but occasionally missing the emotional nuance. These findings imply that, while the AAC prototype
stands out in replicating distinct personality traits and contextual relevance, there is room for enhancing
responsiveness to emotional cues in reserved personas.

Finally, to assess the DPI's ability to preserve continuity in aligning to the user’s personality while retaining
conversation context, the Digital Personas were both re-instantiated in a follow-up session to evaluate their
awareness of the prior doctor’s visit. Both Anna’s and Ben’s DPIs demonstrated a memory of past interac-
tions, referencing prior discussions on shoulder pain and treatment steps, which facilitated a seamless con-
tinuation of the conversation. For example, in the identically-recreated Communication Activity "Doctor’s
Conversation" (see Table 3), Anna’s DPI responded:

“Hi Dr. Schmid! It's wonderful to see you again. I wanted to chat because even after taking the
medications you prescribed last week, I'm still experiencing some shoulder pain. I'm really interested
in exploring other treatment options with you.”.

This retention of conversational history supports not only continuity but also the nuanced evolution of each
persona’s characteristics, allowing the DPIs to build on previous exchanges in a way that reflects their per-
sonality-driven perspectives. This capacity for context retention enhances the AAC system in creating a
coherent, evolving communication experience, ensuring that each interaction aligns with the user’s ongoing
personality traits and fosters a more personalized, naturalistic dialogue over time.

Evaluation of the Derived Design Principles

Beyond evaluating the artifact’s technical functionality, the quality of the derived DPs is evaluated, ensuring
that the DPs are not only effective within the immediate artifact but also reusable and prescriptive for future
AAC system designs. Following the evaluation framework proposed by Iivari et al. (2021), which identifies
internal validity, external validity, and prescriptive usefulness as essential evaluation criteria, this study
operationalized these criteria into three evaluation dimensions: internal coherence, applicability, and per-
ceived utility. Internal coherence was defined as the logical consistency and clarity of the DP’s formulation.
Applicability referred to the ease with which a DP could be instantiated into concrete features within an
AAC system. Perceived utility captured the evaluators' judgment on whether the DP would assist other re-
searchers in developing similar systems. Each evaluator assessed each of the six DPs using a 5-point Likert
scale, with each dimension assessed through a corresponding set of four targeted statements (e.g., 1. State-
ment for Int. Coherence: “The Design Principle is formulated clearly and unambiguously.”). To evaluate the
DPs, the same panel of evaluators — comprising four psychological experts and three technically literate
laypersons — was engaged. The results are presented in Table 4.

Design Principle Int. Coherence (M | SD) Applicability (M | SD) Utility (M | SD)

DPI1 4.71 0.49 4.57 0.53 4.29 0.49
DP2 4.43 0.53 4.14 0.38 3.86 0.69
DP3 4.86 0.38 4.71 0.49 4.57 0.53
DP4 4.29 0.49 3.86 0.38 3.71 0.49
DP5 4.57 0.53 4.57 0.53 4.14 0.38
DP6 4.00 0.58 3.71 0.49 3.71 0.49
Table 4. Evaluation Results of the DPs - Mean scores (M) and Standard deviation (SD) of evaluator ratings (n =

7) for each DP, assessed on a 5-point Likert scale (1 = strongly disagree, 5 = strongly agree).

As shown in Table 4, the evaluation of the six DPs yielded consistently high ratings for internal coherence,
with mean values ranging from 4.00 (DP6) to 4.86 (DP3) and standard deviations between 0.38 and 0.58.
These results indicate that the DPs were perceived as logically sound, clearly articulated, and largely con-
sistent across evaluators. Similarly, applicability was rated favorably across all principles, with DP3 receiv-
ing the highest rating (M = 4.71, SD = 0.49) and DP6 the lowest (M = 3.71, SD = 0.49). The narrow range
and low variability across the applicability suggest that the DPs can be translated effectively into artifact
features. Perceived utility, while exhibiting slightly greater variance, also demonstrated generally positive
outcomes. DP3 (M = 4.57, SD = 0.53) and DP1 (M = 4.29, SD = 0.49) received the highest evaluations in
terms of their potential to support future AAC system design. Even the lowest utility scores, assigned to
DP4 and DP6 (M = 3.71, SD = 0.49), remain above the scales’ neutral midpoint, indicating that all DPs were
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regarded as relevant and potentially reusable. Taken together, these results reflect a high degree of concep-
tual robustness and practical relevance across all proposed DPs, supporting their utility as prescriptive
knowledge for guiding the design of personality-driven AAC systems.

Discussion and Contributions

The implementation of the DRs and DPs demonstrated notable success in enhancing personalized commu-
nication within AAC systems. By utilizing GPT-4.0 in combination with various machine learning tech-
niques (e.g., automated speech recognition, reinforcement learning), a Digital Persona capable of reflecting
users' personality traits and generating contextualized and personality-driven utterances has been devel-
oped (see Section “Demonstration and Evaluation of the Digital AAC Persona”). This supports speech-
impaired users by alleviating the cognitive demands associated with producing personality-driven and
grammatically accurate utterances. By correctly depicting the users’ unique personality traits, consistently
maintaining conversational context, and adapting to the users’ emotional cues, the generated utterances
collectively foster a more tailored and immersive interaction experience, enhancing users’ autonomy and
engagement. As the conducted evaluation suggests, the Digital Persona can also retain conversational his-
tory, allowing for adaptive responses that evolve with ongoing interactions. This not only promotes effective
communication for speech-impaired users but also strengthens their independence and capacity for con-
tinuous integration in daily life. In terms of the DSR knowledge contribution framework of Gregor and
Hevner (2013), this DSR-project is positioned in the group of improvements (new solutions for known
problems). DSR improvement projects contribute to both prescriptive, i.e., design theory (Gregor, 2006),
and descriptive theory, i.e., kernel theories (e.g., Five Factor Personality Model) (cf. Gregor and Hevner,
2013). In this way, contributions to IS, Sociopsychology, and DSR research are made alike.

From a practical perspective, the Digital Persona approach contributes by tailoring automated utterance
generation to reflect the user's personality and thus by enabling AAC users to communicate in ways that
authentically convey their unique communication styles. The ability to produce responses that are contex-
tually and emotionally appropriate and aligned with the user’s personality underscores the system's effec-
tiveness, validated by high accuracy scores in personality alignment and situational relevance (see Table 3).
Notably, the system's adaptive, contextual awareness allows it to differentiate responses across varied en-
vironments — whether casual (e.g., responding to a waiting room inquiry) or formal (communicating with
the doctor) — adding a layer of responsiveness, ultimately enhancing user versatility and satisfaction. De-
spite these advancements, evaluation results also indicate areas for growth, particularly in enhancing emo-
tional sensitivity for reserved personalities, where responses may occasionally lack the warmth needed in
sensitive settings. This could be addressed by explicit fine-tuning on emotional expressions that modulate
responses based on subtle affective markers, especially for interactions demanding warmth or empathy.

Further, the investigation achieved theoretical contributions that go beyond the technical contribution (i.e.,
the artifact) by applying the Five Factor Personality Model (Costa and McCrae, 1992) within the AAC field.
The ability to capture and reflect personality traits (e.g., extraversion, agreeableness) demonstrates how
AAC technology can leverage these traits to produce communication outputs that reflect a user’s social and
emotional communication preferences. This provides a new pathway for applying personality theory in
practical, adaptive technologies, thus reinforcing the value of the Five Factor Personality Model as a frame-
work for personalized digital interactions. Furthermore, the study advances Cognitive Load Theory
(Sweller, 1988) by illustrating how Generative Al can reduce cognitive strain for AAC users. The system’s
Al-driven language generation lowers the mental load associated with constructing utterances, enabling
users to focus on the content of communication rather than its mechanics. This reduction in cognitive de-
mand is particularly valuable for speech-impaired individuals, who often face high cognitive loads in craft-
ing coherent, socially attuned messages (Valencia et al., 2023).

Finally, DPs were synthesized based on the DRs derived from the literature. By applying them during the
design and development of the artifact, followed by the demonstration and evaluation, an implicit empirical
grounding of the DPs was achieved (Heinrich and Schwabe 2014). In addition, a structured evaluation was
conducted to assess the DPs in terms of their internal coherence, applicability, and perceived utility (see
Table 4), thereby providing an explicit empirical grounding for their validity and practical relevance. The
evaluation yielded consistently promising results, confirming the conceptual clarity and design utility of the
DPs. These findings support their role in guiding the development of future IS (design) theories and new
artifacts and thus contribute to design theory, specifically as a theory for design and action (Gregor, 2006).
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Conclusion

To facilitate the social integration of speech-impaired individuals, it is essential to empower them to com-
municate their genuine thoughts and feelings in a manner that reflects their unique communication style.
However, existing AAC solutions and prior research have not yet considered the incorporation of a user’s
personality, restricting their ability to communicate in ways aligned with their true self. This study ad-
dresses this gap by proposing specific DRs and DPs for a Generative Al-based approach that integrates an
AAC user’s personality into the aided communication process. Generative Al-based techniques (e.g., GPT-
4.0) are purposefully combined with machine learning (e.g., automated speech recognition, reinforcement
learning), resulting in an automated, personality-driven, and context-aware utterance generation approach
(Digital Persona). This approach aims to close the identified gaps in existing research as outlined in RQ1
and RQ2. The application and evaluation of the Digital AAC Persona in a replicated real-life scenario (doctor
visits) underscored the effectiveness of the approach, thus highlighting the importance of meeting all de-
rived DRs to achieve a comprehensive and effective approach.

This research advances practice and theory alike: The developed artifact empowers speech-impaired indi-
viduals to express their true selves by generating personality-driven utterances, effectively reducing com-
munication barriers and thus fostering more authentic, personalized, and effective communication. Fur-
ther, the study contributes to theory by, e.g., applying the Five Factor Personality Model to AAC and conse-
quently extending it from theoretical psychology to adaptive communication technology.

Despite the comprehensive scope of this research, there are certain limitations. While the study identifies a
robust set of DRs, further interdisciplinary research could uncover additional requirements. Though the
research makes initial contributions to the Five Factor Personality Theory and Cognitive Load Theory, more
extensive investigations are needed to fully mature these theoretical contributions. While the initial evalu-
ation of the artifact yielded promising results, the absence of direct involvement of the target user group
(i.e., speech-impaired individuals) limits the external validity of the findings. Thus, future research will
address this limitation by incorporating end-user perspectives within the evaluation (see Section “Research
Procedure”) to enhance practical relevance and support broader generalizability. Nevertheless, the contri-
butions made are undoubtedly significant for research in both AAC and Sociopsychology.
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2.8 Designing a Conversational Agent for User- Centric Gut Health Support
Through Generative AI-Based Digital Personas

Adressierte

Zielsetzungen

Konzeption eines intelligenten, nutzerzentrierten Kommunikationsagen-
ten zur Unterstiitzung der Darmgesundheit. Ziel ist die Entwicklung eines
KI-basierten Systemdesigns, das auf einer Digital Persona basiert, indivi-
duelle Gesundheitsinformationen kontextsensitiv verarbeitet und darauf
aufbauend nutzerspezifische Empfehlungen zur Gesundheitsférderung
formuliert.

ZS12

Abgeleitete

Forschungsfragen

Welche funktionalen Anforderungen sollte ein digitaler Konversations-
agent erfiillen, der mithilfe einer Digital Persona nutzerzentrierte Emp-
fehlungen zur Darmgesundheit auf Basis generativer KI bereitstellt, und
wie kann der Agent sowie die Persona entsprechend dieser Anforderun-

FF13

gen gestaltet werden?

Genutzte

Forschungsmethode

Die Studie folgt dem DSR-Prozess nach Peffers et al. (2007) und kombiniert ver-
schiedene Methoden zur Ableitung und Konsolidierung von Design Anforderungen
zur Entwicklung des gesundheitsbezogenen Systemdesigns des Konversationsagen-
ten.

Die Forschung orientiert sich an den drei DSR-Zyklen nach Hevner et al. (2004):

Zur Ableitung der Anforderungen kamen qualitative Inhaltsanalysen (Mayring,
2004) mit mehrfacher Forscherkodierung und Interraterreliabilitit-Uberpriifung
(Fleiss' Kappa: 0,87 bis 0,89) zum Einsatz.

Design Cycle: Entwicklung eines initialen Systemdesigns, bestehend aus
Designanforderungen, Designprinzipien, Implementationsprinzipien und ei-
nem technischen Blueprint zur Realisierung des digitalen Agenten.

Relevance Cycle: Ableitung praxisrelevanter Anforderungen durch eine
systematische Literaturrecherche, eine explorative Marktanalyse und die
Auswertung von User Stories (in Zusammenarbeit mit medizinischen Exper-
ten und Betroffenen).

Rigor Cycle: Theoretische Fundierung des Artefakts durch die Beriicksich-
tigung der theoretischen Konstrukte der Digital Persona, LLM-basierter Per-
sonalisierung und gesundheitsbezogener Chatbots.

Kernergebnisse

(Uberblick)

Durch die Konzeption des Systemdesigns wurden mehrere Kernergebnisse erzielt:

Ableitung von 11 spezifischen Designanforderungen an einen KI-gestiitzten
Konversationsagenten zur Unterstiitzung der Darmgesundheit.

Entwicklung eines integrierten Systemdesigns mit Meta- und Designanforde-
rungen, Design- und Implementierungsprinzipien sowie Randbedingungen,
welches die zentralen Anforderungen an die personalisierte Gesundheitsfor-
derung innerhalb des Systemdesigns zusammenfiihren.

Entwicklung eines Blueprints fiir die technische Realisierung des konzipier-
ten Systemdesigns.

Beitrag zur Design Theory durch die Entwicklung des Systemdesigns im Be-
reich digitaler Gesundheitssysteme, insbesondere zur theoriebasierten In-
tegration von LLMs und Digital Personas in gesundheitsbezogene Kommuni-
kationsagenten (Gregor, 2006).
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Designing a Conversational Agent for User-
Centric Gut Health Support Through
Generative Al-Based Digital Personas

Short Paper

Introduction

In human medicine, the gut is frequently referred to as the "second brain" (Avetisyan et al., 2015; Gershon,
1999). This is because it has its own nervous system, consisting of around one hundred million nerve cells
(Avetisyan et al., 2015; Schneider et al., 2019). By means of the so-called "enteric nervous system", the gut
can regulate many digestive processes independently of the human brain (Schneider et al., 2019). The com-
position of the intestinal flora has extensive effects on the physiological and psychological condition of a
human being (Zhou et al., 2020). It influences various gut-related symptoms and diseases such as ab-
dominal cramps, diverticulitis, diarrhea, and gut cancer. Certain intestinal bacteria can promote inflamma-
tory processes that lead to severe complications like vasoconstriction, cardiovascular concerns, and fat ac-
cumulation in the liver (Tang et al., 2017). Moreover, via the "brain-gut axis", gut concerns can even influ-
ence emotions, stress, and trigger severe mental illnesses such as depression (Labanski et al., 2020).

The far-reaching consequences of poor gut health, exacerbated by common harmful habits (e.g., poor nu-
trition, physical inactivity) (Inczefi et al., 2022) underline the urgent need for prevention and treatment of
intestinal issues (Bhattarai & Janaswamy, 2022). However, access to medical experts in the context of gut
health is limited due to the low doctor-patient and advisor-patient ratios (Houwen et al., 2019). Mobile apps
can provide immediate support for gut health concerns. Yet, these apps lack the sense of human-like inter-
actions that patients value in healthcare (Alqahtani et al., 2021). To bridge this gap, conversational agents
dedicated to gut health have emerged. However, these conversational agents fall short of essential function-
alities, particularly in providing personalized and user-centric recommendations — a prominent drawback
existing in extant research on chatbots and conversational agents (e.g., Breiter et al., 2024; Goldi & Ri-
etsche, 2024; Liu et al., 2022). As a consequence, the delivered recommendations are not necessarily tai-
lored towards the specific health parameters of an individual, which can severely impede their meaningful-
ness and effectiveness in supporting gut health (cf. Samaan et al., 2025; Yang et al., 2024).

We address these drawbacks by proposing in a first step the design of a comprehensive conversational agent
that can deliver user-centric recommendations for gut health. In this regard, we derived several Design
Requirements (DRs) through a Systematic Literature Review (SLR) (Vom Brocke et al., 2015), a market
study analyzing gut health mobile apps and conversational agents, and three user stories representing in-
dividuals affected by gut health problems (Schilling, 2016). To enable personalized recommendations, we
incorporate digital personas (Clarke, 1994; Roosendaal, 2009) into the conversational agent and purpose-
fully tailor them to the context of gut health. These gut health digital personas reflect the users’ unique gut
health profiles, develop tailored prompts, and leverage a Generative Al technique like ChatGPT-40 to gen-
erate the responses for the gut health agent. In this short paper, we answer the following research question:

Which DRs should a conversational agent providing user-centric gut health recommendations through
a tailored digital persona meet, and how to design the agent and the persona based on these DRs?

This research-in-progress unfolds as follows: The next section provides conceptual foundations and related
work. Then, the research procedure following the Design Science Research (DSR) approach (Hevner et al.,
2004; Peffers et al., 2007; Tuunanen et al., 2024) is described. The next section deals with the design of the
gut health conversational agent and the gut health digital persona. Finally, we elaborate the implications of
this research, the (expected) theoretical and practical contributions, and the next steps in our DSR-project.

Conceptual Foundations and Related Work

Generally, a conversational agent is a computer program that can hold a conversation with human beings
using natural language (Abdul-Kader & Woods, 2015). The newly gained interest for text-based conversa-
tional agents these days is often explained by the spread of mobile applications and virtual assistants, which
all influence people’s way of communicating and connecting with one another (Dale, 2016).
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As revealed by the analysis of existing literature conducted in this paper, there have also emerged conver-
sational agents that address the specific domain of gut health (e.g., Hunt et al., 2021; Morato et al., 2023;
Yang et al., 2024; Zhou et al., 2024). Most of them fall into the categories of task-oriented or health-coach-
ing conversational agents, primarily focusing on prevention, education, and symptom monitoring (e.g.,
Hunt et al., 2021; Narang et al., 2024). However, a significant limitation is their lack providing user-centric
recommendations, which not necessarily align with an individual’s unique gut health condition. Moreover,
they address only isolated symptoms like inflammatory bowel diseases or generalized dietary advice instead
of proposing holistic gut health support (e.g., Samaan et al., 2025; Sciberras et al., 2024; Zand et al., 2020).
Our market study analyzing conversational agents targeting gut health support has confirmed these draw-
backs. These agents available in the market are rather rudimentary and rule-based, lacking adaptive and
context-sensitive dialogue capabilities. Their functionalities are limited to single use cases, such as dietary
suggestions, lifestyle tips, or probiotic guidance. As a result, there is a lack of a comprehensive gut health
conversational agent capable of providing personalized recommendations for gut health issues.

In the context of personalization, digital personas offer a highly promising approach. These virtual repre-
sentations can capture various aspects of a user’s individual conditions and behaviors (Clarke, 1994;
Roosendaal, 2009). Within a conversational agent focused on gut health, a digital persona can model vari-
ous gut health-related dimensions (e.g., symptoms, dietary habits, physical activities, stress level) and track
their interrelationships over time. Based on this information, the digital persona develops tailored prompts
to leverage a Generative Al technique like ChatGPT-40, analyzing users’ unique health profiles and their
specific intents (e.g., seeking gut-healthy dietary). In this way, these digital personas empower the gut
health agent to generate effective and user-centric recommendations. However, neither academic research
nor industry efforts have sufficiently addressed the need for such a comprehensive gut health agent. To
foster holistic support in the prevention and treatment of intestinal issues, our DSR-project aims to design
the comprehensive gut health conversational agent featuring a tailored gut health digital persona.

Research Procedure

This research-in-progress follows the DSR paradigm (cf. Hevner et al., 2004; Tuunanen et al., 2024) and is
structured according to the steps of Peffers et al. (2007). We are currently in the first cycle of this iterative
process. Therefore, the design of our solution will be revised in future cycles based on the insights and
feedback gained. Figure 1 provides an overview of the procedure of our holistic DSR-project and highlights
the steps dealt with in this short paper.

1. Problem 2. Objectives of a Solution | 3. Design & Development 4. Demonstration 5. Evaluation 6. Communication

Existing mobile apps and Design requirements of the gut | Design principles and implementation  PITSSITIITICHI FUFUTFI =110 ] Conduction of a Disseminate and make the
conversational agents that provide health agent with the gut health  principles of the gut health agent and ification of its ising field study to gut health conversational
useful information on gut health digital persona are formulated, |conversational agent with the gut health  EVJ) TS JIHE0NIIELEVS B TEE PIEE PR DEV R SN L S e agent with the gut health
concerns show remarkable drawbacks  based on the results from the digital persona are derived. involve patients (individuals applicability and usability ~ [(HAEEE S0 ERIRGTS
when it comes to holistic support structured literature review, suffering from gut issues and those at | of the gut health future available to the
regarding gut health, and they donot  analyzing existing solutions [ et Prcto0? Tage ;?;g;:ﬁﬁnny risk) and medical experts (i, gut | conversational agent. public via mobile apps for
offer user-centric recommendations.  and from three user stories. realized within firture research work, health advisors, gastroenterologists). Android and Apple.

I : Focus of this paper T

[ : First results presented

Process iterations |
7 : Future work

Figure 1. Procedure of this Research (own Representation, based on Peffers et al., 2007)

First, the problem statement was formulated (Step 1 — "Problem"; see Section "Introduction"). Next, we
gathered DRs through a SLR and a market study analyzing existing gut health mobile apps and conversa-
tional agents. In addition, user stories were developed in collaboration with individuals affected by gut
health issues and medical experts (Step 2 — "Objectives of a Solution"; see Section "Design of the Gut
Health Conversational Agent"). The results were then consolidated and discussed among the five involved
researchers to reach a consensus on the design of the gut health agent and the digital persona. In this way,
a manageable set of DRs was derived for an initial prototype. Following this, Design Principles (DPs) and
Implementation Principles (IPs) were deduced from the DRs (Step 3 — "Design & Development"; see
Section “Preliminary Design for the Gut Health Agent”).

In the next step of our DSR-project, we will proceed with the technical realization of the gut health conver-
sational agent and the gut health digital persona. Subsequently, the resulting prototype will undergo a series
of demonstration and evaluation steps (Step 4 — "Demonstration" and Step 5 — "Evaluation"). This
procedure allows to further revise and improve the prototype and several intermediate artifacts (e.g., DRs,
DPs, IPs) in further DSR-cycles, before conducting more elaborate evaluations in different natural settings
(cf. Venable et al., 2016). Finally, (Step 6 — "Communication"), we document the results of this research,
while future insights will be communicated in subsequent research papers.
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Design of the Gut Health Conversational Agent
Design Requirements of the Gut Health Conversational Agent

To gather DRs for the gut health conversational agent, we followed a three-step approach: (I) We defined
three user stories representing individuals who have suffered from or have been at risk of developing gut
health concerns. A first user story was developed in collaboration with a person suffering from gut problems
(diverticulitis) who would see himself as a potential user of the gut health agent. A second (irritable bowel
syndrome) was developed in collaboration with a doctor at a university hospital. A third was created collab-
oratively by a gut health advisor, a doctor specialized in nutrition medicine, and an individual experiencing
frequent gut concerns (bloating and diarrhea). These user stories focus on providing knowledge to prevent
gut concerns and offering solutions for providing immediate treatment of acute symptoms. In doing so, we
adhered to the recommendations of Schilling (2016) about the pre-conception of mobile apps and require-
ments engineering (Rupp et al., 2009). Beyond the user stories, we conducted (II) a structured review and
synthesis of extant literature, and (III) carried out a market study analyzing existing mobile apps and con-
versational agents focused on gut health.

The SLR (IT) was aligned to the guidelines as proposed by Vom Brocke et al. (2015). In a first step, a
keyword search was performed on ACM Digital Library, AIS Electronic Library, EBSCOhost, Google
Scholar, IEEE Xplore, SAGE Publications, ScienceDirect, SpringerLink, and the Wiley Online Library. Ac-
cording to Snyder (2019), the search strings for conducting a literature review should refer to words and
concepts directly linked to the research question. Thus, "conversational agent", "gut", and "bowel" were
derived as initial search terms. To obtain even further search terms, iterative keyword refinement was per-
formed (e.g., "intestinal concern", "chatbot", "gastroenterology", various gut symptoms like "irritable bowel
syndrome"). As a result, 758 papers were initially derived. We only kept papers that focus on conversational
agents providing support and recommendations regarding gut health issues to individuals by means of hu-
man-like interactions. According to that, four of the involved researchers independently analyzed the title,
abstract and thematic focus of every paper. Several decisions about including or excluding the respective
papers were cross-validated by all four researchers. To assess the coding, interrater reliability was calcu-
lated using Fleiss’ Kappa. The rating procedure yielded a Fleiss’ Kappa value of 0.89, indicating a high level
of agreement between the raters (Fleiss et al., 2013). In the very few cases of disagreement, the coding was
discussed to come to a consensus about including or excluding the respective paper. After applying this
criterion, removing duplicates and non-English articles, 14 relevant papers remained. In the second step,
forward and backward searches were performed according to Webster & Watson (2002), yielding two ad-
ditional relevant papers. As follows, a total of 16 relevant papers could be derived from the SLR.

As part of the market study (III), four of the involved researchers independently identified existing mobile
apps and conversational agents dedicated to gut health support. Thereby, the Google search engine as well
as the search engines of the Google Play Store and the Apple App Store were drawn upon, applying the same
search terms and combinations as in the SLR. The results were cross-validated by all four researchers to
ensure that no essential tool was overlooked. In this way, a total of 37 gut health apps and five conversa-
tional agents could be derived.

Subsequently, we investigated the contents derived from (I), (II), and (III). Through qualitative content
analysis and inductive category development, we could carry out a consolidation from these data to derive
a coherent image. To inductively extract the DRs from the consolidated materials, qualitative content anal-
ysis was applied as well (cf. Mayring, 2000). In this process, a DR was considered any specific condition,
capability, or functionality that the intended artifact needs to implement in order to achieve its intended
goals and purposes (cf. Moller et al., 2020; Walls et al., 1992). Any text statement was screened against this
criterion pointing out a DR. Moreover, the mobile apps and conversational agents were tested out to achieve
further functionalities for the design of the gut health agent with the gut health digital persona. Then, the
resulting DRs were cross-validated by all the five involved researchers. Thereby, the gained Fleiss’ Kappa
value of 0.87 indicates a high level of interrater agreement (Fleiss et al., 2013). In case of any disagreement,
the respective DR was analyzed again, followed by discussions until reaching a consensus. Based on this
procedure, the following eleven DRs could be derived:

Design Requirements Descriptions | The Gut Health Agent needs to ... |Sources
DR1. Tracking of Health ... record and track relevant health parameters (e.g., age, | Narang et al., 2024
Parameters sleep, stress level, nutrition, physical activities, symptoms). |User Stories + Market Study
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DR2. Personalized Gut-
Related Recommendations

... analyze the provided health parameters to deliver person-
alized interactions and tailored recommendations regarding
gut health.

Huo et al., 2024; Kashyap et al.,
2023; Samaan et al., 2025; Yang et
al., 2024

Market Study

DR3. Personalized Nutrition
and Recipe Suggestions

... provide tailored recipe suggestions based on the user's di-
etary habits, intolerances, and gut health goals.

User Stories + Market Study

DR4. Adaptive Real-Time
Responses

... dynamically adjust to real-time changes in user behavior
and gut health data, ensuring context-sensitive and continu-
ously relevant interactions.

Yang et al., 2024; Zhou et al., 2024

User Stories

DRs5. Integration of

... incorporate medical data sources (rather than solely rely-
ing on large language models) for ensuring accurate, context-

Giuffre et al., 2024; Gravina et al.,
2024; Li, 2023; Pellegrino et al.,
2024; Samaan et al., 2025; Yang et

Information about the Gut
and Gut-Healthy Behaviors

Specialized Medical specific and medically-proven responses. Thereby, expert in- 1 - 7h 1 . 7h
Knowledge put should enhance the plausibility of the conversational :l" zgzz’ engetal, 2023; Zhou et
agent’s recommendations and responses. = -
User Stories
DR6. Provision of ... provide medically-proven background information on the | Hunt et al., 2021; Zand et al., 2020

gut, the digestive system, and habits as well as behaviors that
support gut health.

User Stories + Market Study

DR?7. Provision of
Connections to Experts

... enable users to connect with medical experts, nutritionists,
or like-minded individuals to facilitate knowledge exchange,
support, and treatment in case of severe gut issues.

User Stories + Market Study

DRS. Preparation and Visual
Representation of Health Data

... generate highly understandable and appealing reports, in-
cluding diagrams, statistics, and summaries. These represen-
tations should illustrate the development of gut health and
overall well-being in an accessible and structured format.

Narang et al., 2024

User Stories + Market Study

DRo. Clear and User-
Friendly Language

... use a language style that is simple, understandable, and ac-
cessible for the users. Thereby, the agent should also cite its
sources to ensure that its statements are verifiable.

Gravina et al., 2024; Morato et al.,
2023; Sciberras et al., 2024; Zhao et
al., 2023; Zhou et al., 2024

DR1o0. High Usability and
Intuitive Design

... offer an intuitive user interface to ensure ease of use and a
smooth user experience.

Morato et al., 2023

DR11. Real-Time Data
Processing

... process data quickly to provide real-time responses and
seamless interactions.

Zand et al., 2020

Market Study

Table 1. Design Requirements of a Gut Health Conversational Agent

Preliminary Design for the Gut Health Agent

Similar to the process of deriving the DRs, several steps in developing the preliminary design for the gut
health agent featuring the gut health digital persona were conducted and cross-validated by all five involved
researchers. Beyond the DRs, Meta Requirements (MRs) were derived for a purposeful and compre-
hensible design (Gregor & Jones, 2007; Heinrich & Schwabe, 2014). MRs define the overarching purpose
of the system, specifying "what the system is for" (Gregor & Jones, 2007, p. 325) and shaping the solution's
objectives based on the specific problems that the research addresses. For instance, one MR for the gut
health conversational agent is to uphold data ethics and ensure confidentiality within several operations
performed with a user’s health data. Grounded in research literature, the MRs apply to a broader class of
related artifacts (Gregor & Jones, 2007; Heinrich & Schwabe, 2014; Walls et al., 1992).

The Design Principles are synthesized from the derived set of eleven DRs (see Table 1). DRs that seman-
tically correspond to each other indicate conceptual influences to be considered when proposing a DP.
Therefore, the derived DRs were carefully examined and semantically-related DRs were consolidated into
a respective DP (cf. Moéller et al., 2020). Defined as generic and prescriptive statements, these DPs facilitate
the transfer and application of the design-related knowledge to similar problem classes beyond the specific
domain of a gut health conversational agent (Gregor et al., 2020). Based on the DRs and the DPs, we for-
mulated preliminary Implementation Principles. These IPs are intended to guide and support the im-
plementation in practice by proposing generic design methods (Gregor & Jones, 2007) in view of a gut
health conversational agent that incorporates a gut health digital persona.

Boundary conditions (BCs) define the constraints and limitations (e.g., technical, legal, or user-spe-
cific) in which the artifact must operate, ensuring that it remains feasible, usable, and relevant within cer-
tain operational contexts (Chandra et al., 2015). One example of a BC for the gut health agent is its reliance
on truthful user input (i.a., specifications about health parameters, symptoms, dietary habits and intended
goals) to be capable of generating reasonable, user-specific, and effective recommendations for gut health
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support. Keeping in mind several DSR-related intermediate artifacts, there was derived the following blue-
print for the design of the gut health conversational agent with the gut health digital persona:

| Meta Requirements (MRs) |
MR1. The gut health conversational agent needs to clearly MR2. The gut health conversational agent needs to comply with data ethics MR3. The gut health conversational agent needs to preserve
inform the user that it is not a medical professional. and ensure the confidentiality of sensitive health-related data. autonomy and transparency towards the user.
2 3|3 | Design Requirements (DRs) | | Design Principles (DPs) | | Implementation Principles (IP) |
£ (¥4
&% B = = = >
8Lz DRu1. Tracking of Health Parameters. IP1. For providing personalized recommendations and overviews
g E 5 |E E 5 . A e e DP1. The Principle of User- regarding the individual gut health of a user, the gut health digital
E § E 5 4 DR2. lized Gut-Related 2ot A Centeredness and User-Related N persona mlcorpomed within the gut health conversational agent
$53 Adaptability. must track relevant health and update
R f lized s d Reci . them when any changes occur to them. In this respect, the gut
4 DR3. Personalized Nutrition and Recipe ) \ health agent’s responses need to be adjusted in real time.
# DR4. Adaptive Real-Time Responses. } IP2. The gut health digital persona incorporated within the gut
- ? A DP2. The Principle of health agent must leverage reliable knowledge bases containing
A 8 X a oo B E | 25 g s ‘medically validated information (e.g., medically grounded
; '.E 'g i 4 RS of Medical ) Medical Reliability. % practices, trustworthy home remedies and tips on gut-healthy
& 2k — = f dietary habits). It must be consistently ensured alignment of the
] . DR6. Provision of Information about the Gut and A 5 4 5 3
i g E # Gut-Healthy Behaviors. ] recommendations with the latest medical findings and practices.
é (S 25 _ 1IP3. Upon detecting that a user suffers from a severe gut issue,
# DRY7. Provision of Connections to Experts. } DP3. The Principle of the gut health agent needs to foster connecting the affected
C ing to P i Y individual to medical treatment. For supporting a swift handover,
=5 R " Medical Treatment. ¥ the gut health agent needs to consolidate the user's relevant gut
a Health Data. = health (i.a., detected previous
E- .g E - prescribed remedies) and generate a report from these data.
g 2 g ﬁ DR9. Clear and User-Friendly Language. } 1IP4. For providing users of the gut health conversational agent
< 2 § DP4. The Principle of with instant measures and remedies, the recommendations need
|3 DR10. High Usability and Intuitive Design. £ to be generated immediately. Thereby, they need to be in an
g i3 ﬁ igh ty g } ¥ Im;-::;;es::‘;r‘zm‘;‘ble e e e T
=C i 5 = reasonable, it is imperative that they relate to the individual gut
ﬂ LS L B } health of a user and to medically validated knowledge.
BC1. The gut health conversational agent BC2. To be able to provide reasonable and user-specific recommendations regarding gut BC3. To be able to provide recommendations that effectively help users
limits its recommendations to non- health issues, the conversational agent requires from the user truthful input (i.a., prevent or treat gut health issues the conversational agent needs to instill
prescription-treatments only. ifications about health etc.). confidence and trustworthiness towards its users.
| Boundary Conditions (BC)
Legend: : Functional Design Requirements : Non-Functional Design Requirements
. . . . o o
Figure 2. Derived Design of the Gut Health Agent with the Gut Health Digital Persona

¢ DP1: For providing user-centric gut health recommendations, the gut health digital persona within the
gut health conversational agent needs to track and analyze the interrelationships of relevant gut health
parameters over time. Any changes need to be immediately considered in the generated responses.

¢ DP2: For ensuring medical validity of the delivered gut health recommendations, the gut health digital
persona needs to align the incorporated knowledge bases with the latest medical findings and practices.

¢ DP3: When detecting a potentially severe gut issue, the gut health digital persona needs to connect the
affected individual with medical experts to facilitate immediate medical treatment. Thereby, it should also
consolidate user-specific health data for a swift handover to the medical experts.

¢ DP4: For providing users effective remedies, the gut health agent must support immediate generation of
understandable responses that consider the user-specific parameters and pertinent medical knowledge.

Blueprint for the Technical Realization of the Gut Health Conversational Agent

In the following, we outline how the gut health agent could be instantiated based on the derived design.
When a conversation has been started, the agent prompts the user to enter its name and credential. It then
verifies this information against the encrypted entries in the user database. Upon successful authentication,
the agent loads the user’s individual gut health digital persona, which is then enabled to leverage ChatGPT-
40 via its API and via tailored prompts, enriched by user-specific parameters and the user’s specific intents.

To be comprehensive, the gut health agent supports different gut health-related use cases (i.a., tracking and
analyzing gut health parameters, nutrition counseling, challenges to improve gut health). If a user suffering
from gut issues selects nutrition counseling, the agent prompts to specify the current issues and its inten-
sity. To provide user-centric recommendations and help alleviate the issues (e.g., adjusted dietary habits
based on potential intolerances like lactose or gluten), the agent assesses the symptoms and their severity
using a curated medical knowledge base (DR5). In case of any questions from the user, the agent (DR6)
provides relevant background information (i.a., from the LLM) and justifies its assumptions (from the cu-
rated medical knowledge base). Simultaneously, the user-provided information is integrated into the user-
specific gut health digital persona (DR1) to be considered for upcoming recommendations (DR4). The
agent also checks this digital persona whether the user has previously reported the same complaints. If a
severe gut issue is detected (e.g., long-lasting diarrhea) or if previously provided recommendations (DR2
/ DR3) have proven ineffective, the gut health agent recommends seeking advice from a medical expert
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(DR?). To support the medical expert in understanding the user's background, the user can prompt the
agent to prepare a report (e.g., Microsoft Excel sheets) that includes the detected gut issues, symptoms, and
health history (DR8). After the user visited the medical expert and re-authenticates with the gut health
agent, it inquires about treatments, findings, prescribed remedies, and the healing process. This infor-
mation is then integrated into the user’s unique gut health digital persona to enhance future gut health
recommendations.

To assess this blueprint for the technical realization, we engaged two individuals affected by gut issues and
two medical experts who had contributed to defining the user stories. They expressed appreciation of the
gut health digital persona to deliver user-centric gut health recommendations, as they emphasized gut con-
cerns are inherently individual issues. They also valued the holistic approach to gut health support, ranging
from identifying and assessing the gut issues to, when necessary, referring to professional medical care.

Implications and Discussion

The central role the human gut plays in both, the physical and mental health, compounded by the far-reach-
ing consequences of poor gut health and common harmful habits (Inczefi et al., 2022), leads to an increas-
ing demand in the prevention and treatment of intestinal issues (Bhattarai & Janaswamy, 2022). However,
access to medical experts in the context of gut health is limited due to the low doctor-patient and advisor-
patient ratios. Therefore, we generated foundational design-related knowledge for a comprehensive gut
health conversational agent in a first iteration of the DSR-cycle. By means of tailored gut health digital
personas, the gut health agent can provide user-centric recommendations that support individualized gut
health needs. It is important to emphasize that, while this agent can manage gut issues with a low risk for
an individual’s health, severe gut problems must always be subject to the investigation by a licensed medical
expert. By conducting this DSR-project, we aim to generate desirable results to both theory and practice.

First, we contribute to the ongoing discussions in IS research on the personalization of recommendations
delivered by chatbots and conversational agents (e.g., Breiter et al., 2024; G6ldi & Rietsche, 2024; Liu et
al., 2022). The technical realization of the gut health digital persona will reveal how to incorporate and map
different user-specific parameters for meaningful and user-centric recommendations. In this way, our work
will make valuable contributions to related research areas like the personalization of chatbot responses in
service encounters. Second, we contribute to "Nascent Design Theory" by designing the artifact in a pur-
poseful and comprehensible way (Gregor & Hevner, 2013). For example, DP1 emphasizes that by account-
ing for an individual's unique gut health conditions (e.g., symptoms, habits, behaviors), this digital persona
delivers recommendations that are user-centric and contextually appropriate. In this regard, we ensure the
DPs follow the value grounding (reference to the DRs) and explanatory grounding (DPs are based on extant
literature, established mobile apps and conversational agents in the market, user stories created by experi-
enced medical professionals and affected individuals (Heinrich & Schwabe, 2014)). Third, further itera-
tions within the DSR-cycle are expected to yield valuable implications for pertinent kernel theories. As one
key theory in the context of gut health, the brain-gut axis theorem (e.g., Labanski et al., 2020) explains the
bidirectional communication between the central and the enteric nervous system. This axis links emotional
and cognitive centers of the brain with peripheral intestinal functions. The gut health agent can serve as a
technological extension of the brain-gut axis by influencing how gut health information is processed. Our
DSR-project can expand this theorem by investigating how different recommendation delivery methods
(e.g., empathetic tone, solution-oriented communication) influence the user’s perceptions and intestinal
responses. An optimized recommendation style for the gut health agent based on the concrete transmission
mechanisms of the brain-gut axis could alleviate gut issues rather than exacerbating them.

Outlook and Next Steps

Our next step will be the technical realization of the gut health agent, the gut health digital persona, and
their seamless integration. Leveraging ChatGPT-40 may not be purposeful without extensive adaptations,
which we will all realize in this phase. The derived MRs, DRs, DPs, and IPs will guide several design deci-
sions, such as structuring the conversational flow and selecting a suitable chatbot framework (e.g., Rasa
Open Source). Afterward, the prototype will undergo a series of demonstrations and assessments based on
common everyday scenarios (e.g., nutrition planning, assessing food compatibility when visiting a restau-
rant). To prepare this step, we are currently building up a database by recruiting gut health experts and a
broad group of affected individuals who are willing to contribute to our gut health agent.

Forty-Sixth International Conference on Information Systems, Nashville, Tennessee, USA 2025
6

175




Designing a Conversational Agent for User- Centric Gut Health Support Through Generative Al-Based Digital Personas

Designing a Conversational Agent for User-Centric Gut Health

After successfully passing the "Technical Risk & Efficacy" evaluation (Venable et al., 2016), and confirming
or adapting the DRs, DPs, and IPs, the prototype will undergo a field study following the "Human Risk &
Effectiveness" evaluation strategy (Venable et al., 2016). This will involve a broad sample of medical experts
and patients with diverse gut health concerns. In this way, we can intensify the assessment of the gut health
agent’s and the gut health digital persona’s usefulness, applicability, and usability, amongst others. These
insights facilitate to further revise and improve the artifact and will support contributions to extant kernel
theories (e.g., brain-gut axis theorem) and to design theory. Finally, we will make the artifact available to
the public as a comprehensive gut health companion via mobile apps for Android and Apple devices.
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Zusammenfassung der Forschungsergebnisse

3 Schlussbetrachtung und Fazit

Die vorliegende Dissertation behandelt zwei thematisch komplementare Forschungsfelder,
die sich mit der Konzeption und Umsetzung intelligenter Analysemethoden und Werkzeuge
zur ErschlieBung der in digitalen Daten liegenden Erkenntnispotenziale befassen (vgl. Ka-
pitel 1.1.1 und 1.1.2). Beide Forschungsstriange eint dabei das Ziel, aktuellen Herausforde-
rungen im Umgang mit nutzergenerierten Daten durch den gezielten Einsatz von Methoden
der KI sowie des Data Science zu begegnen. Aufbauend auf insgesamt acht wissenschaftli-
chen Veroffentlichungen wurden in beiden Forschungsgebieten zentrale Problemstellungen
identifiziert, theoretisch fundiert analysiert und durch methodisch reflektierte sowie empi-

risch validierte Beitrage adressiert (vgl. Kapitel 2).

Das abschlieBende Kapitel dieser Dissertation fasst im ersten Schritt die zentralen For-
schungsergebnisse entlang der beiden adressierten Forschungsgebiete zusammen (vgl. Ka-
pitel 3.1). Daran anschlieBend werden die geleisteten Wertbeitrage, die im Rahmen der Dis-
sertation erzielt wurden, anhand der drei Perspektiven technischer, theoretischer und prak-
tischer Wertbeitrage systematisiert (vgl. Kapitel 3.2). AbschlieBend werden bestehende Li-
mitationen der Dissertation reflektiert und darauf aufbauend gezielte Forschungsrichtun-
gen abgeleitet, die konkrete Ansatzpunkte fiir deren systematische Bearbeitung in zukiinfti-
gen Arbeiten bieten (vgl. Kapitel 3.3). Ziel des letzten Kapitels ist es, die Ergebnisse der Dis-
sertation systematisch aufzuarbeiten, in ihrer Gesamtheit sichtbar zu machen und darauf

aufbauend die Anschlussfihigkeit der Dissertation sicherzustellen.

3.1 Zusammenfassung der Forschungsergebnisse

1. Forschungsgebiet: Zusammenfassung der Forschungsergebnisse im Rahmen der

Konzeption und Entwicklung kontextsensitiver Analyseverfahren.

1. Veroffentlichung. Unternehmen — und im speziellen Marketingabteilungen — kon-
nen umfassend von den in UGC enthaltenen Erkenntnissen profitieren; insbesondere von
den ungefilterten Meinungen, Gedanken und Bediirfnissen ihrer (potenziellen) Kunden, wie
sie sich in Social Media Posts wiederfinden (VoC). Die Analyse dieser groBen Mengen an
textbasierten Daten erfordert dabei automatisierte Analyseverfahren: Topic Modelling hat
sich hierbei als etabliertes Verfahren zur Extraktion kohiarenter Themen und thematischer

Strukturen bewahrt und durch viele unterschiedliche Verfahrenstypen ausgezeichnet.

Im Rahmen der ersten Veroffentlichung wurde auf Basis der GQM-Methode (Basili et al.,

1994) eine vergleichende Analyse von drei unterschiedlichen Topic Modelling Verfahren
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(LDA, DMR, PAM) durchgefiihrt. Der Fokus lag dabei auf deren Eignung fiir die drei zent-
ralen Anwendungsszenarien im Marketing: Themenextraktion, Trendanalyse und Themen-
strukturierung. Die Evaluation von LDA, DMR und PAM erfolgte entlang der fiinf abgelei-
teten Vergleichskriterien — die drei quantifizierbaren Metriken Perplexity, Coherence und
Log-Likelihood sowie die beiden qualitativen Metriken Word Intrusion und Topic Intrusion

—und diente der Beantwortung von FF1 und FF2.

Die Ergebnisse zeigen, dass der De-facto-Standard LDA nicht pauschal die beste Methode
fiir alle Anwendungsfille darstellt. Stattdessen erweisen sich semi-supervisierte Topic Mo-
delling Verfahren wie DMR fiir die Analyse von Trends und hierarchische Topic Modelling
Verfahren wie PAM fiir die strukturierende Analyse der diskutierten Themen als besonders
geeignet. Damit liefert die Veroffentlichung konkrete, anwendungsbezogene Handlungs-
empfehlungen fiir die fundierte Auswahl geeigneter Topic Modelling Verfahren in der Mar-

ketingpraxis — in Abhangigkeit vom jeweiligen Nutzungskontext und Ziel der Analyse.

2, Verdffentlichung. Waihrend sich klassische Analyseverfahren zur Analyse von UGC
in sozialen Medien primar auf die inhaltliche Analyse fokussieren (z. B. zur Identifikation
thematischer Trends), bleiben die kontextuellen Dimensionen nutzergenerierter Kommuni-
kation oftmals unberiicksichtigt; obwohl digitale Plattformen Metadaten zu Zeit und Ort be-
reitstellen. Dabei hat sich in der Forschung gezeigt, dass Konsumentenwahrnehmungen er-
heblich in Abhéngigkeit solcher Kontextfaktoren variieren. Eine kontextsensitive Analyse
sozialer Medien bietet so bspw. Potenziale fiir die Segmentierung von Kundengruppen zur

differenzierten Marktansprache oder der zeitlichen Einordnung von Stimmungsdynamiken.

Die zweite Veroffentlichung der Dissertation widmet sich dieser Forschungsliicke, indem ein
Text Mining Verfahren entwickelt wurde, das dynamisch zeitliche, geographische und tech-
nologische Kontextinformationen automatisiert identifiziert, kombiniert und in die nachge-
lagerte Analyse des Stimmungsbilds (mittels Sentimentanalyse) integriert. Methodisch
wurde sich hierzu an dem nach Aggarwal et al. (2012) vorgeschlagene Vorgehen zur Ent-
wicklung eines solchen Text Mining Verfahrens orientiert. Das entwickelte Analyseverfah-
ren geht dabei {iber die rein tonalitatsbasierte Sentimentanalyse hinaus, indem es externe
Kontextfaktoren (z. B. Kontinent, verwendetes Endgerit) als EinflussgroBen bei der Stim-

mungsanalyse beriicksichtigt und so kontextsensitive Analyseergebnisse erzielt (FF3).

Die Anwendung des Analyseansatzes auf ~358 Mio. Tweets und die dabei erzielten Analy-
seergebnisse zeigen signifikante Stimmungsunterschiede in Abhangigkeit vom geografi-

schen und technologischen Kontext. So konnte beispielsweise festgestellt werden, dass
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Nutzer in unterschiedlichen Regionen (z. B. Nordamerika bzw. Asien) oder Endgeriten (i0S
bzw. Android) mit hoherer positiver Emotionalitit kommunizieren. Gleichzeitig zeigte sich,
dass die Anwendung des entwickelten Analyseverfahrens kontextualisierte Ergebnisse lie-
fert, wodurch die ErschlieBung kontextsensitiver Erkenntnisse im Rahmen der Analyse so-

zialer Medien unterstiitzt wird.

3. Veroffentlichung. Aufbauend auf den gewonnenen Erkenntnissen der ersten bei-
den Veroffentlichungen adressiert die dritte Veroffentlichung die Frage, wie diese datenana-
lytischen Verfahren zu einem ganzheitlichen Trendanalysewerkzeug integriert werden kon-
nen. Insbesondere riickt die Entwicklung eines softwaregestiitzten Analysewerkzeugs ins
Zentrum, das in der Lage ist, die inhaltliche Entwicklung haufig diskutierter Themen kon-

textsensitiv im Zeitverlauf zu analysieren.

Vor diesem Hintergrund wurde im Rahmen der dritten Verdffentlichung ein integriertes
Analysewerkzeug zur kontextsensitiven Trendanalyse konzipiert und prototypisch umge-
setzt. Zunachst wurden im Rahmen des durchgefiihrten DSR-Projekts zentrale Anforderun-
gen an die marketingorientierte Trendanalyse (z. B. Beriicksichtigung der trendspezifischen
Stimmungsbilder) abgeleitet (FF4). Diese Anforderungen setzen unter anderem die Kom-
bination von Topic Modelling, Kontextanalyse (z. B. Ort, Zeit) und Sentimentanalyse in ei-
nem integrierten Systemdesign voraus. Aufbauend darauf wurde ein Softwareprototyp ent-
wickelt und evaluiert (FF5). Der entwickelte Prototyp — MANTRA — ermoglicht dabei die
kontextualisierte Identifikation sowie stimmungsbezogene Bewertung von Trendthemen

auf Basis unstrukturierter, nutzergenerierter Daten (UGC).

Die Demonstration anhand 1,03 Mio. Online Customer Reviews der Plattform Yelp zeigt,
dass MANTRA die identifizierten Anforderungen an eine automatisierte Trendanalyse im
Marketing umfassend erfiillt, indem inhaltliche, kontextuelle und tonalitatsbasierte Analy-
seebenen sinnvoll integriert werden. So wurden im Rahmen der Demonstration zwei exemp-
larischen Trends — Vegan Cuisine und Global Cuisine — untersucht. Die Analyse dieser
Trends erfolgte dabei entlang deren thematischer Entwicklungen im Zeitverlauf, deren geo-
grafischer Verteilungen (Massachusetts, Texas und Oregon) sowie deren assoziierter Stim-

mungsbilder.

Die Analyseergebnisse zeigen dabei, dass eine rein frequenzbasierte Analyse von Trends (z.
B. durch gingige Social Listening Tools) ohne die Beriicksichtigung von Kontextinformati-
onen zu Fehlschliissen fithren kann. So wurde durch die Analyse im Bundesstaat Texas ein

signifikanter Anstieg des Trends Vegan Cuisine zwischen 2020 und 2021 festgestellt, der
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auf Basis seiner Haufigkeitsentwicklung im Zeitverlauf als positives Signal interpretiert wer-
den konnte. Eine integrierte Betrachtung dieser Ergebnisse mit der Sentimentanalyse offen-
bart jedoch, dass der Trend {iberwiegend negativ konnotiert ist (negativ: 0,61; positiv: 0,27),
was auf enttduschte Erwartungen bzw. einer kritischeren Haltung gegeniiber veganer Er-
nahrung hinweisen konnte. In Massachusetts hingegen zeigt sich ein ebenfalls steigender
Trendverlauf, jedoch eine iiberwiegend positive Bewertung (positiv: 0,56; negativ: 0,30) des
assoziierten Trends. Diese Differenzierung wird erst durch die Einbeziehung kontextueller
und tonalitiatsbezogener Informationen moglich. Hierdurch wird gezeigt, dass die bloBe
Identifikation eines Trends keineswegs automatisch auf eine positive Marktdynamik hin-
weist, sondern erst durch die Beriicksichtigung relevanter Kontextfaktoren angemessen in-
terpretiert werden kann. Das entwickelte Tool MANTRA adressiert diese Herausforderung
gezielt, indem es die kontextsensitive Analyse von Trendentwicklungen in einem integrier-

ten Analysewerkzeug bereitstellt und somit eine differenzierte Trendanalyse ermdglicht.

4. Veroffentlichung. Aufbauend auf den entwickelten methodischen Grundlagen zur
kontextuellen Trendanalyse in der dritten Veroffentlichung wird im vierten Beitrag der Fo-
kus der Trendanalyse auf eine spezifische Anwendungsperspektive vertieft: die Produktent-
wicklung. Im Zentrum steht dabei die Frage, wie VoC-Daten so analysiert werden konnen,
dass nicht nur allgemeine Kundenwahrnehmungen zu einem Produkt(-trend) identifiziert,
sondern differenzierte Einblicke in die Wahrnehmung der Kunden hinsichtlich spezifischer

Produkt- und Serviceaspekte ermoglicht werden.

Vor diesem Hintergrund wurde ein integriertes Analyseverfahren konzipiert, welches Topic
Modelling zur Identifikation relevanter Produkttrends mit Aspekt-basierter Sentimentana-
lyse kombiniert. Das Analyseverfahren wurde dabei auf Basis einer dedizierten Anforde-
rungserhebung um spezifische Anforderungen der Produktentwicklung (z. B. Integration
dominenspezifischen Expertenwissens [bspw. Produktontologien]) erweitert. Basierend
auf dieser Konzeption wurde ein softwaregestiitztes Analysewerkzeug prototypisch umge-
setzt und evaluiert. Hierbei hat sich gezeigt, dass die Kundenwahrnehmung in VoC-Daten
zu einzelnen Produkteigenschaften automatisiert analysiert und deren Entwicklung im Zeit-

verlauf kontextsensitiv abgebildet werden kann (FF6).

Die Anwendung des Analysewerkzeuges auf 37.638 Yelp-Reviews eines US-Restaurantkon-
zerns zeigt dabei z. B., dass bestimmte Aspekte eines Produkts (Fleisch bzw. Soffe eines Bur-
gers) in urbanen Regionen zeitweise positiver bewertet werden als in landlichen Gebieten.

Das entwickelte Analysewerkzeug erlaubt damit nicht nur eine spezifische Verfolgung von
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Wahrnehmungsverschiebungen einzelner Produkt- und Serviceeigenschaften, sondern
auch die Identifikation von ortsspezifischen Innovationspotenzialen. Damit tragt die Verof-
fentlichung zur Weiterentwicklung datengetriebener Analysewerkzeuge bei und starkt ins-
besondere die Anschlussfahigkeit der Trendanalysen an operative Entscheidungen in der

Produktentwicklung.

5. Veroffentlichung. Im filinften Beitrag riickt eine weitere zentrale Perspektive der
Produktentwicklung in den Fokus: die automatisierte Identifikation besonders innovations-
relevanter Nutzergruppen auf Basis der Analyse von UGC. Im Zentrum steht hierbei das
Konzept der Lead User, die durch ihre perspektivische Bediirfniswahrnehmung, ihre aktive
Rolle im digitalen Diskurs sowie ihrer Vernetzungspotenziale als besonders einflussreiche

Akteure fiir Innovationsprozesse gelten.

Die Identifikation solcher Nutzer stellt jedoch eine methodische Herausforderung dar — ins-
besondere vor dem Hintergrund der unterschiedlichen Anforderungen, die je nach Phase
des Innovationsprozesses (Ideengenerierung vs. Produktentwicklung) bestehen. Wahrend
klassische Methoden zur Identifikation von Lead Usern haufig auf subjektiven Einschéatzun-
gen (Hienerth & Lettl, 2017), oder kleinen Stichproben beruhen (Hau & Kang, 2016), eroff-
net die Analyse groBer Mengen UGC die Moglichkeit, Lead User automatisiert und datenba-
siert zu identifizieren. Im Zentrum dieses Vorhabens stehen dabei zwei sich ergidnzende For-
schungsgegenstinde: Einerseits die konzeptionelle Modellierung eines merkmalsbasierten
Analyseverfahrens zur automatisierten Identifikation von Lead Usern fiir verschiedenen In-
novationsphasen (FF7) sowie andererseits die technische Realisierung des konzipierten
Analyseverfahrens (FF8). Der fiinfte Beitrag adressiert diese Potenziale, indem ein integra-
tives Identifikationsverfahren entwickelt wird, das zentrale Merkmalsdimensionen von
Lead Usern (z. B. thematische Aktivitdt, Netzwerkpositionierung) technisch abgebildet und
mit Hilfe etablierter Verfahren des Data Science (z. B. Topic Modelling, Sentimentanalyse,

SNA) operationalisiert werden.

Um die Anwendbarkeit und den geleisteten praktischen Mehrwert des entwickelten Analy-
sewerkzeugs zu demonstrieren, wurde es auf 11.481 Beitrage von 945 Nutzern eines Online-
Forums fiir Kiteboarding angewendet. Die identifizierten Lead User wurden im Anschluss
durch qualitative Befragungen der Community, der identifizierten Nutzer sowie eines inno-
vationsspezifischen Experten evaluiert und in ihrer Rolle bestitigt. Durch die erfolgreiche
Entwicklung und Evaluation des Analysewerkzeugs konnten mehrere Implikationen fiir

Forschung und Praxis herausgearbeitet werden — sowohl im Sinne dominenspezifischer
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Kerneltheorien (Innovations- und Lead User Theorie) als auch mit Blick auf die Ableitung
gestaltungsorientierter Designprinzipien (vgl. Kapitel 3.2.2). Dariiber hinaus ermoglicht
diese automatisierte und phasenspezifische Identifikation von Lead Usern eine gezielte Ein-
bindung innovationsrelevanter Nutzergruppen entlang des gesamten Innovationsprozesses,
wodurch Unternehmen ihre Innovationsstrategien passgenauer bedienen und letztlich

marktniahere sowie bedarfsgerechtere Losungen entwickeln konnen.

2. Forschungsgebiet: Zusammenfassung der Forschungsergebnisse im Rahmen der

Konzeption und Entwicklung intelligenter Assistenzsysteme.

Mit dem Wechsel zum zweiten Forschungsgebiet verschiebt sich der Fokus der Dissertation
von 6konomischen Anwendungsfeldern hin zu gesellschaftlichen Kontexten. Wiahrend im
ersten Forschungsgebiet die Entwicklung datengetriebener Analyseverfahren zur kontext-
sensitiven Analyse von UGC mit Rahmen des Marketings bzw. der Produktentwicklung im
Zentrum standen, wird im zweiten Forschungsgebiet das Potenzial generativer KI zur Ge-

staltung intelligenter, personalisierter Assistenzsysteme adressiert.

6. Veroffentlichung. Ausgehend von der zunehmenden Relevanz generativer KI be-
antwortet die sechste Veroffentlichung die Frage, inwiefern KI zur Weiterentwicklung von
AAC-Systemen beitragen kann, um sprachbeeintrachtigte Personen gezielter bei der Bewil-
tigung komplexer Gesprachssituationen zu unterstiitzen. Im Zentrum steht dabei die Ana-
lyse, welche KI-Nutzungspotenziale bereits in bestehenden AAC-Systeme mit Blick auf un-
terschiedliche Gesprachskontexte (z. B. formell vs. informell) und Gespriachsphasen (z. B.
Gesprdachsbeginn, Gesprdchsabschluss) realisiert wurden und welche Potenziale sich durch

den gezielten Einsatz von KI noch ergeben konnen.

Vor diesem Hintergrund wurde eine umfassende Literaturanalyse durchgefiihrt, um beste-
hende KI-basierte Losungsansitze im Rahmen der AAC systematisch zu erfassen, zu klassi-
fizieren und im Hinblick auf bestehende Forschungsliicken zu bewerten (FF9). Auf dieser
Grundlage wurden vier zentrale Wirkdimensionen identifiziert, in denen KI zur Unterstiit-
zung von AAC beitragen kann: die Strukturierung des Gesprdchsverlaufs, die kontextuelle
Anpassungsfdhigkeit, die Beriicksichtigung des Gesprdachspartners sowie die Individuali-

sierung gegentiber dem AAC-Nutzer.

Die Analyse bestehender KI-Nutzungspotenziale hinsichtlich dieser Wirkdimensionen zeigt,
dass insbesondere im formellen Gespriachskontext ein erheblicher Forschungsbedarf be-

steht. Dariiber hinaus offenbart die Literatur Defizite in Bezug auf eine ganzheitliche
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Gesprachsabdeckung: Wihrend sich viele bestehende Ansitze auf die Gesprachsmitte kon-
zentrieren, fehlen systematische Losungen fiir die Gesprachseroffnung und den Gesprachs-
abschluss. Aufbauend auf diesen Forschungspotenzialen wurden abschlieBend konkrete An-
satzpunkte zur Schliefung dieser methodischen Liicken durch den Einsatz von KI (z. B. Nut-
zung kiinstlicher neuronaler Netze zur Unterstiitzung des gesprachsiibergreifenden Konver-

sationsverlaufs) entwickelt (FF10).

Generell verdeutlichen die Ergebnisse der Literaturanalyse einen wachsenden Handlungs-
bedarf im Hinblick auf die Personalisierbarkeit von AAC-Systemen. Bestehende Losungen
orientieren sich bislang nur unzureichend an den individuellen Bediirfnissen der Nutzer,
was deren kommunikativen Handlungsspielraum einschrankt. Die Moglichkeit, Systeme
starker auf personliche Ausdrucksstile und Anforderungen zuzuschneiden, stellt daher eine
zentrale Voraussetzung fiir wirksame, anschlussfihige Kommunikation dar und bleibt eine

zentrale Herausforderung fiir die Entwicklung inklusiver AAC-Systeme.

7. Veroffentlichung. Ankniipfend an die zentrale Notwendigkeit, digitale Assistenz-
systeme stiarker an die Nutzer anzupassen, richtet sich der Fokus des siebten Beitrags auf
stilistische Passung generierter Sprachinhalte an die individuelle Personlichkeit des Nut-
zers. Trotz groBer Fortschritte im Bereich der AAC bleiben aktuelle AAC-Systeme in ihrer
Ausdrucksfahigkeit haufig stilistisch starr, emotional entkoppelt und somit unzureichend
personalisiert. Dieser Umstand fiihrt fiir sprachbehinderte Nutzer zu einer Einschriankung

der authentischen Selbstrepriasentation und der sozialen Anschlussfahigkeit.

Im Zentrum des Beitrags steht daher die Entwicklung eines intelligenten AAC-Systems, das
in der Lage ist, individuelle Personlichkeitsmerkmale seiner Nutzer systematisch zu erfassen
und in die Generierung von Gesprachsbeitragen einzubeziehen. Grundlage hierfiir bildet das
Konzept der Digital Persona — eine datenbasierte Reprasentation charakteristischer Person-
lichkeitsdimensionen (basierend auf dem Big Five Modell) eines Nutzers. Diese Merkmale
werden mittels generativer KI entlang sprachlich-stilistischer Dimensionen operationali-
siert und bei der automatisierten Textproduktion beriicksichtigt. Ziel ist es, eine personali-
sierte und authentische Kommunikation zu ermoglichen, die sich starker an den individuel-

len Ausdrucksweisen der Nutzer orientiert.

Zur Realisierung wurde ein DSR-Projekt durchgefiihrt, welches sich an den Phasen des
DSR-Prozesses nach Peffers et al. (2007) orientiert. Zunachst wurde die fehlende stilistische
Personalisierung der Gesprachsbeitrage bestehender AAC-Systeme als zentrale Schwach-

stelle identifiziert. Auf dieser Basis wurden die Anforderungen an eine Digital AAC Persona
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abgeleitet, welche die Personlichkeitsdimensionen des Nutzers abbildet, die eine stilistisch
authentische Sprachgenerierung beeinflussen (z. B. Extraversion, Offenheit fiir Erfahrun-
gen, Neurotizismus). Diese Dimensionen wurden in ein konzeptionelles Modell einer Digital
Persona iiberfiihrt, welches als integratives Artefaktdesign — basierend auf Designanforde-
rungen und modelliert durch Design- und Implementierungsprinzipien — dient (FF11). Da-
rauf aufbauend wurde das konzipierte Modell technische innerhalb eines prototypischen
AAC-Systems implementiert (FF12). Hierbei wurde das LLM GPT-4 durch eine Kombina-
tion verschiedener ML-Verfahren sowie gezieltem Prompt Engineering so gesteuert, dass
nutzerspezifische, personlichkeitsgetriebene Stilpraferenzen in der Textausgabe abgebildet

wurden.

SchlieBlich wurde das Artefakt im Rahmen einer Evaluation hinsichtlich seiner Fahigkeit
zur stilistisch personlichkeitskongruenten Kommunikation getestet. Die Evaluation mit psy-
chologischen Experten bestitigte dabei, dass die generierten AuSerungen mit den intendier-
ten Personlichkeitsprofilen der Nutzer resonieren und iiber verschiedene Gesprichssituati-

onen hinweg als kontextuell passend wahrgenommen wurden.

8. Verodffentlichung. Nach der Auseinandersetzung mit personalisierten Kommunika-
tionssystemen im Bereich der AAC (FF9 bis FF12) erweitert die achte Veroffentlichung den
thematischen Fokus um eine gesundheitsbezogene Anwendungsperspektive. Im Zentrum
steht die Frage, wie generative KI — in Kombination mit individuell ausgestalteten Digital
Personas — zur Entwicklung nutzerzentrierter Kommunikationsagenten im Gesundheitsbe-
reich beitragen kann. Besonders adressiert wird dabei das Anwendungsfeld der Darmge-
sundheit, in dem stark kontextabhiangige Symptome, psychosomatische Einflussfaktoren
und ein begrenzter Zugang zu medizinischer Beratung einen hohen Bedarf an individuali-

sierter Unterstiitzung erzeugen.

Ausgehend von einer Literaturrecherche, einer Marktanalyse aktueller Gesundheits-Apps
sowie User Stories wurden im Rahmen der Untersuchung elf zentrale Anforderungen an ei-
nen solchen digitalen Gesundheitsagenten systematisch abgeleitet. Diese umfassen unter
anderem das kontinuierliche Tracking und die Integration personlicher Gesundheitsdaten
zur Erstellung personalisierter Gesundheitsempfehlungen oder die Bereitstellung nutzer-
spezifischer Erndahrungstipps zur Forderung einer individuellen Darmgesundheit (z.B. ba-
sierend auf Unvertraglichkeiten). Basierend auf diesen Anforderungen wurde ein initiales
Systemdesign eines gesundheitsbezogenen Kommunikationsagenten entwickelt, der die

Einbettung einer Digital Persona erlaubt und generative KI gezielt zur nutzerspezifischen
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Empfehlungserstellung einsetzt (FF13). Die Untersuchung orientierte sich methodisch am
DSR-Prozessmodell nach Peffers et al. (2007), wodurch eine theoriegeleitete und zugleich
anwendungsorientierte Konzeption des Designs ermoglicht wurde. Damit schafft das entwi-
ckelte Systemdesign eine anschlussfiahige Grundlage fiir nachfolgende Forschungsarbeiten,
die nahtlos an das entwickelte Systemdesign anschlieBen und dessen technische Realisie-

rung sowie empirische Evaluation weiterfiihren konnen.

Die in dieser Dissertation vorgestellten acht Veroffentlichungen verdeutlichen exemplarisch
das Potenzial daten- und KI-gestiitzter Analysemethoden und Werkzeuge in unterschiedli-
chen Anwendungskontexten. Wahrend im ersten Forschungsgebiet datengetriebene Analy-
severfahren zur kontextsensitiven Analyse von UGC konzipiert, technisch umgesetzt und
empirisch validiert wurden, riickte im zweiten Forschungsgebiet die Entwicklung intelligen-
ter, personalisierter Assistenzsysteme in den Fokus. Beide Forschungsstrange verbindet da-
bei das Ziel, aktuelle Herausforderungen im Umgang mit digitalen Daten durch innovative,
anwendungsnahe Data Science und KI-Ansitze zu adressieren und dabei sowohl wissen-
schaftliche Erkenntnisgewinne als auch konkrete praktische Gestaltungsimpulse zu generie-
ren. Im folgenden Kapitel werden die daraus hervorgehenden technischen, theoretischen
und praktischen Beitrage systematisch herausgearbeitet und in ihren forschungsiibergrei-

fenden Implikationen reflektiert.

3.2 Technologische, theoretische und praktische Wertbeitrige

Die Wertbeitrage der einzelnen Veroffentlichungen dieser kumulativen Dissertation werden
jeweils im Rahmen der zugehorigen Artikel (vgl. 2. Kapitel) detailliert dargestellt und dis-
kutiert. Die Seitenverweise auf die entsprechenden Unterkapitel jeder Veroffentlichungen

konnen Tabelle 23 entnommen werden.

Veroffentlichung | Titel des Kapitels Seitenverweis
V1. Discussion 47
Va. Interpretation and Implications 64
V3. Discussion and Contributions 81
V4. Conclusion, Contribution and Outlook 97
V5. Contribution for practice and research 122
V6. Implications for Future Research 141
V7. Discussion and Contributions 164
V8. Implications and Discussions 175

Tabelle 23. Seitenverweise auf die Kapitel der Wertbeitriige jeder Veroffentlichung.
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Die nachfolgenden Kapitel 3.2.1 und 3.2.2 zielen darauf ab, die forschungsiibergreifenden
Wertbeitrage der Dissertation herauszuarbeiten, die sich aus der ganzheitlichen Betrach-
tung der einzelnen Forschungsgegenstiande ergeben haben. Im Fokus steht dabei nicht nur
die Summe der Einzelerkenntnisse, sondern insbesondere deren systematische Verdichtung
entlang technischer, theoretischer und praktischer Perspektiven. Dabei wird strukturiert
aufgezeigt, inwiefern die im Rahmen der Dissertation entwickelten Konzepte, Methoden
und Werkzeuge iiber die jeweiligen Einzelbeitrage hinaus einen substanziellen Mehrwert fiir
Forschung und Praxis leisten. Die Abbildungen 2 bis 4 zeigen fiir jede der drei Perspektiven
auf, in welchem Umfang die einzelnen Veroffentlichungen (V1 bis V8) Beitrage zu den je-
weiligen Schwerpunkten geleistet haben. Fiir die spezifischen Wertbeitrage jeder einzelnen

Veroffentlichungen ist auf die Kapitel in den Veroffentlichungen verwiesen (vgl. Tabelle 23).

3.2.1 Technologiebezogene Beitrige

Im Rahmen der in dieser Dissertation entwickelten Analyseverfahren und Werkzeuge wur-
den konkrete technologiebezogene Wertbeitrage zur Weiterentwicklung der adressierten
Technologien geleistet. Dabei wurden sowohl bestehende Methoden und Techniken weiter-
entwickelt als auch neuartige Analyseverfahren konzipiert, implementiert und evaluiert. Ab-
bildung 2 gibt einen systematischen Uberblick iiber die in den einzelnen Veréffentlichungen
geleisteten technologiebezogenen Beitrage und ordnet diese entlang der Technologien, die
jeweils im Fokus standen, ein. Dabei wird zwischen methodischen und technischen Wert-

beitragen differenziert.

Topic Modelling Sentimentanalyse | Social Network Analyse | Large Language Models
Vi O - - -
Va2 - O =] = -
V3 O (=] B - -
V4 O = O (=] - -
V5 = =] O (=] -
Vo6 - - - o
V7 - - - O (=]
V8 - - - o
Legende

[m] Geleisteter Beitrag ist technischer Natur.

O Geleisteter Beitrag ist methodischer Natur.

- Kein nennenswerter Beitrag.

Abbildung 2.  Einordnung der geleisteten technischen Wertbeitrige je Veroffentlichung.
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1. Forschungsgebiet: Einordnung der technologiebezogenen Wertbeitrage durch die

Konzeption und Entwicklung kontextsensitiver Analyseverfahren.

Im Rahmen des ersten Forschungsgebiets wurden mehrere technologiebezogene Beitriage
zur Weiterentwicklung datengetriebener Analyseverfahren geleistet. Im Zentrum stand die
Entwicklung neuer Data Science Methoden und Werkzeuge fiir die kontextsensitive Analyse
von UGC. Ausgangspunkt war die Beobachtung, dass bestehende Data Science Verfahren
wie Topic Modelling, Sentimentanalyse und SNA zwar vielfach erprobt sind, sie jedoch hin-
sichtlich ihrer Aussagekraft und domainspezifischer Anschlussfahigkeit haufig an konzepti-
onelle Grenzen stoBen. Ziel der durchgefiihrten Forschungsarbeiten war es daher, die me-
thodischen Grundlagen dieser Technologien gezielt zu erweitern und dies technisch so zu
adaptieren, dass sie den dominenspezifischen Anforderungen des Marketings sowie der
Produktentwicklung gerecht werden. Im Ergebnis entstanden kontextsensitive Analysever-
fahren und -Techniken, die einerseits theoretisch fundiert sowie andererseits praxistauglich
erprobt wurden. Dieses Unterkapitel systematisiert die geleisteten technologischen Beitriage

entlang der neu- bzw. weiterentwickelten Analysetechniken.

Ein zentraler technischer Wertbeitrag wurde im Bereich des Topic Modelling geleistet. Auf-
bauend auf einer empirischen Evaluation der Modellansatze LDA, DMR und PAM vor dem
Hintergrund dreier marketingspezifischer Anwendungsszenarien wurde gezeigt, dass die
Eignung einzelner Verfahren stark vom jeweiligen Anwendungskontext abhangt. Vor die-
sem Hintergrund wurde ein mehrdimensionaler Evaluationsrahmen entwickelt, der marke-
tingspezifischen Anforderungen sowohl in quantifizierbare (z. B. Topic Coherence, Log-Li-
kelihood) als auch qualitative (z. B. Word-, Topic-Intrusion) Evaluationsmetriken iibersetzt
(vgl. Kapitel 2.1). Dieser Evaluationsrahmen erweitert damit bestehende Ansitze zur Evalu-
ation um eine praxisnahe, marketingspezifische Perspektive und erlaubt es, unterschiedli-
che Topic Modelling Technologien neben ihrer statistischen Giite, auch hinsichtlich ihrer
funktionalen Eignung systematisch zu bewerten. Die Konzeption dieses Evaluationssche-
mas stellt damit einen zentralen methodisch-technologiebezogenen Beitrag zum Topic Mo-

delling dar.

Daneben wurden mehrere technische Erweiterungen im Topic Modelling realisiert (vgl. Ab-
bildung 2), die das klassische Topic Modelling um die systematische Integration von Kon-
textfaktoren erweitert. Indem bspw. im Rahmen der dritten Veroffentlichung (vgl. Kapitel
2.3) zeitliche und geografische Kontextfaktoren in die Modellbildung einbezogen wurden,

konnte ein Topic Modelling Verfahren entwickelt werden, welches Themen kontextsensitiv
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modellieren und deren Dynamiken iiber verschiedene Kontextfaktoren (z. B. Geolokation,
Zeit) hinweg abbilden kann. Diese Weiterentwicklung ermoglicht eine differenziertere Ana-
lyse der generierten Themen und erhoht nicht nur die Interpretierbarkeit der Modellergeb-
nisse (was eine zentrale Herausforderung im Topic Modelling darstellt), sondern verbessert
auch die Anschlussfiahigkeit des Topic Modellings an kontextsensitive Anwendungsszena-
rien (wie z. B. im Rahmen der Innovationsanalyse [vgl. Kapitel 3.2.2.1]). Diese geleistete
Weiterentwicklung transformiert das klassische Topic Modelling damit von einer rein in-
haltlichen Analysetechnik zu einem kontextsensitiven Analyseinstrument und leistet damit

einen wichtigen technologiebezogenen Beitrag.

Auch im Bereich der Sentimentanalyse wurden technologiebezogene Fortschritte erzielt;
insbesondere durch die technische Integration Aspekt-basierter Sentimentanalysen mit To-
pic Modelling zur Analyse produktspezifischer Kundenwahrnehmungen. Wahrend her-
kommliche Sentimentanalysen die Stimmungsbilder in UGC hiufig auf einer generischen
Ebene (z. B. dokumentenbasiert) aggregieren, bilden gerade Aspekt-basierte Einblicke in die
Kundenwahrnehmungen groBes Erkenntnisspotential im Rahmen der Produktentwicklung.
Vor diesem Hintergrund wurde ein Aspekt-basiertes Sentimentanalyseverfahren entwickelt,
welches Topic Modelling zur Identifikation haufig diskutierte Produkt- und Servicetrends
integriert und auf den Modellergebnissen des Topic Modellings Aspekt-basierte Stim-
mungsbilder identifiziert. Durch diese Erweiterung wurde die Sentimentanalyse gezielt kon-
textualisiert, wodurch die Stimmungsanalyse nicht mehr nur rein isoliert fiir generische,
sondern flexibel und kontextuell eingebettet fiir Aspekt-basierte Analysen erfolgen kann.
Dies stellt eine technologische Erweiterung dar, indem die Sentimentanalyse in ihrer inter-
pretativen Anschlussfihigkeit an themenspezifische Fragestellungen erweitert wurde. Zu-
dem wurde die Aspekt-basierte Sentimentanalyse dahingehend erweitert, Stimmungsbilder
differenziert vor dem Hintergrund verschiedener Lokationen analysieren zu konnen. Diese
kontextualisierte Erweiterung erlaubt es, geografische Unterschiede innerhalb der in UGC
zum Ausdruck gebrachten Stimmungen zu identifizieren. Durch diese beiden Adaptionen
konnte die Aspekt-basierte Sentimentanalyse methodisch und technisch erweitert werden,
was sie von einer reinen Stimmungsanalyse zu einer kontextsensitiven, stimmungsbezoge-
nen Analysetechnik erweitert und ihre Anschlussfiahigkeit an kontextgetriebene Anwen-

dungsszenarien wie der Produktentwicklung erhoht.

Ein weiterer technologischer Beitrag besteht in der konzeptionellen und technischen Erwei-
terung von Verfahren der SNA durch die Integration datenbasierter Analyseverfahren. Wah-

rend sich klassische SNA-Ansitze primir auf die Analyse struktureller Netzwerkmetriken

189




Technologiebezogene Beitrige

(z. B. Zentralitat) fokussieren, wurde im Rahmen der Dissertation ein ganzheitliches Analy-
severfahren entwickelt, das diese Netzwerk-Strukturanalysen systematisch mit inhaltlichen
Informationen aus der Analyse von UGC kombiniert. Ziel war es, ein Netzwerk-basiertes
Analyseverfahren zur automatisierten Identifikation von Lead Usern zu entwickeln, welches
deren Merkmale technisch operationalisiert und somit Lead User automatisiert und merk-
malsbasiert identifiziert. Das entwickelte Analyseverfahren integriert hierfiir verschiedene
Verfahren des Data Science (z. B. Topic Modelling, Sentimentanalyse, Frequenzanalyse)
und geht damit tiber ein klassisches SNA-Verfahren hinaus, indem es ausgehend von struk-
turellen auch inhaltsbezogene Dimensionen in die Netzwerkanalyse integriert. So entstand
ein neuartiger, multidimensionaler Analyseansatz, welcher eine flexible Integration unter-
schiedlicher Netzwerk- und Inhaltsanalysen vereint und ihre Resultate harmonisiert (vgl.
Kapitel 2.5). Diese integrative Erweiterung erlaubt eine bisher nicht realisierte analytische
Tiefenscharfe bei der Analyse sozialer Netzwerkstrukturen und erweitert damit das techno-
logische Feld der SNA.

Insgesamt zeigt sich, dass durch die methodisch-technischen Beitrage dieser Dissertation
zentrale Verfahren des Data Science — insbesondere Topic Modelling, Aspekt-basierte Sen-
timentanalyse und SNA — nicht nur einzeln weiterentwickelt, sondern systematisch mitei-
nander integriert und um kontextspezifische Steuerungsmechanismen erginzt wurden.
Diese entwickelten Analyseverfahren stellen die Grundlage fiir die Umsetzung der Analyse-
werkzeuge dar (vgl. Kapitel 3.2.3) und ermdglichen eine anschlussfahige Analyse digitaler

UGC zur automatisierten ErschlieBung der darin enthaltenen Erkenntnisspotentiale.

2. Forschungsgebiet: Einordnung der technologiebezogenen Wertbeitrage durch die

Konzeption und Entwicklung intelligenter Assistenzsysteme.

Im Rahmen des zweiten Forschungsgebiets wurden technologiebezogene Beitrage zum Feld
der generativen KI geleistet. Der Fokus lag auf der systematischen Anwendung und Adap-
tion von LLMs — insbesondere GPT-4 — fiir die AAC und die digitale Gesundheitsforderung.
Die im Rahmen dieser Dissertation entwickelten Technologien adressieren dabei eine neue
Perspektive: die gezielte Nutzung generativer KI in intelligenten und personalisierten As-

sistenzsystemen.

Ein erster technologiebezogener Beitrag zur KI wurde durch die umfassenden Analyse der
KI-Einsatzpotenziale zur Gesprachsunterstiitzung im Rahmen der AAC — differenziert ent-

lang konkreter Gespriachsphasen (Beginn, Mitte, Schluss) und -Kontexten (formell vs.
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informell) — geleistet. Diese Analyse ermittelte, dass vor allem die Wahrung des formalen
Konversationsverlaufs sowie die allgemeine Nutzerzentriertheit bestehender AAC-Systeme
noch Forschungspotenziale bieten. Auf Basis dieser Erkenntnisse wurden systematisch KI-
basierte Techniken skizziert, um die identifizierten Herausforderungen zu adressieren.
Diese konzipierten Losungsansitze erweitern das bisherige technische KI-Verstindnis um
domainenspezifische, technische Anwendungsimpulse und erhéhen damit die technische
Anschlussfahigkeit (generativer) KI an den Anwendungsfall der AAC.

Vor dem Hintergrund der erkannten Notwendigkeit, AAC-Systeme starker auf ihre Nutzer
auszurichten, wurden im Rahmen der Dissertation intelligente, personalisierte Assistenz-
systeme konzipiert, prototypisch realisiert und evaluiert. Als abschlieBenden technologi-
schen Beitrag verschiebt die Dissertation damit den Fokus von LLMs von der generischen
Sprachgenerierung hin zur anwendungsspezifischen Adaption fiir die personalisierte Kom-
munikation und erschlieBt damit neue Anwendungspotenziale generativer KI. Dabei wur-
den LLMs durch ein nutzerzentriertes Designparadigma (Digital Persona) erweitert und
aufgezeigt, wie generative KI individuell ausgestaltet werden muss, um als inklusive und ge-
sundheitsfordernde Assistenztechnologie wirksam zu sein. Die Dissertation verdeutlicht da-
bei, dass der Mehrwert generativer KI nicht nur in der generischen Textproduktion liegt,
sondern in ihrer Fahigkeit zur nutzerzentrierten, sozial anschlussfihigen Kommunikation.
Die hierdurch eroffneten neuen Perspektiven transformieren LLMs von einer Technologie
zur generischen Textgenerierung hin zu einer personalisierten und nutzerzentrierten Kom-
munikationstechnologie und leisten einen Wertbeitrag zur Weiterentwicklung des For-
schungsfelds der generativen KI — insbesondere im Bereich der LLMs. Um diese technischen
Forschungspotenziale weiter zu entfalten, erfordert es an neuen Forschungsarbeiten, die
Methoden und Techniken zur Steuerung dieser Fahigkeiten entwickeln und somit die Po-

tenziale von LLMs umfassend erschlieBen.

3.2.2 Theoriegeleitete Beitrige

Die theoretischen Wertbeitriage dieser Dissertation lassen sich zwei iibergeordneten Berei-
chen zuordnen: Zum einen leistet sie Beitrage zur theoretischen Fundierung des wissen-
schaftlichen Diskurs mehrerer IS-Forschungsbereiche, indem zentrale Methoden, Modelle
und Kerneltheorien weiterentwickelt und empirisch fundiert werden. Zum anderen ergeben
sich durch die gestaltungsorientierte Ausrichtung einiger Untersuchungen Beitriage zur De-
signtheorie im Sinne der DSR. Um dieser doppelten Perspektive gerecht zu werden, wird

folgend zwischen theoretischen Beitragen zu doméanenspezifischen Forschungsbereichen —
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einschlieBlich einschliagiger Kerneltheorien — und zur Designtheorie unterschieden. Abbil-
dung 3 ordnet die Wertbeitrage je Veroffentlichung entlang der beiden theoretischen Be-

trachtungsfelder ein.

. Forschungsbereiche - Desigp-
Iytics Innovation | Lead User AAC e theorie
Vi A - - - - -
V2 A - - - - -
V3 A A S - B L 4
V4 A A - - - *
V5 A A A - - L 4
V6 - - - A _ i
V7 - - - A A 4
V8 - - S S A 2
Legende
A Geleisteter Beitrag ist theoretischer Natur.
* Geleisteter Beitrag ist gestaltungsorientierter Natur.
- Kein nennenswerter Beitrag.
Abbildung 3.  Einordnung der geleisteten theoretischen Wertbeitriige je Veroffentlichung.

3.2.2.1 Beitrige zu den dominenspezifischen Forschungsbereichen

Durch die Dissertation wurden mehrerer theoretische Erkenntnisse generiert, die zur Wei-
terentwicklung doménenspezifischer Forschungsbereiche und darin enthaltener Kernelthe-
orien beitragen. Die nachfolgenden Abschnitte systematisieren diese geleisteten Wertbei-
trage entlang ihrer theoriegeleiteten Schwerpunkte: (1) Social Media Analytics, (2) Innova-
tion, (3) Lead User, (4) AAC und (5) Digital Persona.

1. Forschungsgebiet: Einordnung der geleisteten Wertbeitriage im Rahmen der Kon-

zeption und Entwicklung kontextsensitiver Analyseverfahren.

(1) Beitrige zum wissenschaftlicher Diskurs der Social Media Analytics

Durch die Konzeption und Entwicklung der datengetriebenen Analyseverfahren dieser Dis-
sertation konnten theoretische Wertbeitrage zum Forschungsbereich sozialer Medien ge-
leistet werden. Ein besonders relevanter theoretischer Bezugspunkt stellt dabei die Social

Media Analytics (Phillips, 2012; Stieglitz et al., 2014; Stieglitz et al., 2018) dar.

Das Forschungsfeld der Social Media Analytics adressiert die methodischen und technolo-

gischen Herausforderungen bei der Auswertung groSer Mengen unstrukturierter Social
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Media Daten (vgl. Fan & Gordon, 2014; Stieglitz et al., 2014). Eine zentrale Problemstellung
besteht dabei in der fehlenden Kontextsensitivitat der Analysen und der daraus resultieren-
den eingeschriankten Interpretierbarkeit der Analyseergebnisse vor dem Hintergrund do-
manenspezifischer Anwendungsszenarien (Phillips, 2012). Besonders die Erkennung und
Nutzbarmachung von emergenten Diskussionsthemen stellt die Forschung vor Herausfor-
derungen, da deren Interpretierbarkeit stark vom eingebetteten Kontext abhingt (Stieglitz
et al., 2018). Dadurch lasst sich die Bedeutung der Themen im jeweiligen Anwendungskon-
text oftmals nur schwer erschlieBen, was deren Verwendung zur Beantwortung doménen-

spezifischer Fragestellungen (z. B. in der Produktentwicklung) oftmals unzuganglich macht.

Die in der Dissertation entwickelten kontextsensitiven Analyseverfahren setzen genau an
dieser Herausforderung an (vgl. Kapitel 2.3, 2.4, 2.5). So konnten bspw. zentrale Anforde-
rungen an die kontextsensitive Trendanalyse auf Basis sozialer Medien fundiert abgeleitet
und durch die methodische und technisch Entwicklung eines datengetriebenen Analysever-
fahrens (MANTRA) realisiert werden. MANTRA ermoglicht es dabei, thematische Struktu-
ren in groBen Mengen unstrukturierter Social Media Daten automatisiert zu identifizieren
und zugleich deren kontextuelle Einbettung (Entwicklung im Zeitverlauf, geografische Dif-
ferenzierung) systematisch zu analysieren. So konnte gezeigt werden, wie zeitliche und geo-
grafische Kontexte in einem integrierten Analyseansatz vereint werden konnen, um eine
kontextsensitive ErschlieBung emergenter Trendthemen in sozialen Medien zu ermogli-

chen.

Durch die in der Dissertation entwickelten Analyseverfahren wird der wissenschaftliche Dis-
kurs zum Forschungsbereich der Social Media Analytics inhaltlich um doméanenspezifische
Analyseverfahren erganzt und somit um domanenbezogene Tiefenschiarfungen erweitert.
Damit leistet die Dissertation einen Beitrag zur Weiterentwicklung des Forschungsfelds der
Social Media Analytics, indem sie konkrete methodische und technische Losungsimpulse
fiir die bislang unzureichend adressierten Herausforderungen der kontextsensitiven Ana-

lyse sozialer Medien eroffnet.
(2) Beitrag zur Innovationstheorie

Das Stage Gate Modell nach Cooper (1996) stellt ein etabliertes theoretisches Konzept zur
Steuerung von Innovationsprozessen dar. Es basiert auf der grundlegenden Annahmen der
Innovationstheorie, dass Innovationen entlang strukturierter Phasen entwickelt und durch
Entscheidungspunkte gesteuert werden konnen, um so Unsicherheiten in der Innovations-

entwicklung zu reduzieren und die Marktfahigkeit neuer Produkte systematisch zu erhéhen.
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Es stellt damit eine praxisorientierte Ausgestaltung der Innovationstheorie dar, indem es
theoretische Konzepte der Innovationssteuerung in ein konkret anwendbares Prozessmo-
dell iiberfiihrt. Das Stage Gate Modell untergliedert den Innovationsprozess dafiir in aufei-
nanderfolgende Phasen (,Stages®), die durch sogenannte Go-/Kill-Entscheidungspunkte
(,Gates®) strukturiert werden. An diesen Entscheidungspunkten wird auf Basis externer
Marktanalysen (z. B. durch Kundenfeedback) bewertet, ob eine Produktinnovation weiter-
entwickelt oder verworfen wird. Die Einbindung dieser Marktsicht erfolgt dabei in erster
Linie punktuell; zu Beginn des Innovationsprozesses im Rahmen der Ideengenerierung bzw.
im Rahmen der Innovationsbewertung an den Entscheidungspunkten im Ubergang zwi-

schen den einzelnen Innovationsphasen (vgl. Cooper, 1996).

Die im Rahmen dieser Dissertation entwickelten Trendanalysewerkzeuge (vgl. Kapitel 2.3
und 2.4) ermoglichen es, (Produkt-)Trends automatisiert und flexibel durch die Analyse
groBer Mengen an digitalen Kundenstimmen zu identifizieren. Dies konnte die Moglichkeit
eroffnen, relevante Marktinformationen (Trends) nicht mehr ausschlieBlich punktuell in der
Innovationsbewertung (Gates), sondern konstant iiber alle Prozessphasen hinweg zu integ-
rieren. Durch diese kontinuierliche Integration authentischer, ungefilterter Kundenstim-
men in die phasenspezifischen Innovationsentwicklungen konnte sich eine Flexibilisierung
des Innovationsprozesses ergeben. So konnten externe Marktinformationen nicht mehr nur
als EvaluationsmaB zur Bewertung der Produktinnovation innerhalb der Gates dienen, son-
dern als ein konstitutiver Bestandteil zur Innovationssteuerung genutzt werden: Die Markt-
sicht wiirde damit zur ad hoc Justierung von Innovationen durch deren Ausrichtung an den

realen Kundenbediirfnissen beitragen.

Vor dem Hintergrund dieser konstanten Marktausrichtung stellt sich die Frage, ob die bis-
lang zentrale Priif- und Bewertungsfunktion der Gates in ihrer bisherigen Form weiterhin
notwendig wiare. Theoretisch konnte die Bewertung der Marktfahigkeit einer Produktinno-
vation — was zuvor Teil der Gate-Entscheidungspunkte war — reduziert oder gar obsolet wer-
den, da auf Basis der kontinuierlichen Integration der Kundensicht die Marktfahigkeit kon-
stant validiert und die punktuelle Uberpriifung innerhalb der Gates redundant werden
wiirde. Die Bewertungsfunktion der Gates wiirde damit in den laufenden Entwicklungspro-
zess integriert. Dies konnte strukturelle Flexibilisierungen des Stage Gate Modells ermogli-
chen, wodurch zentrale Strukturprinzipien des Modells neu gedacht werden konnten. So
konnten Gates bspw. nicht mehr zwingend als obligatorische Ubergangspunkte gesehen,
sondern situativ aktiviert werden — z. B. bei kritischen Entscheidungen wie einer strategi-

schen Neupositionierung einer Produktinnovation. Damit konnte eine neue Perspektive auf
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ein hybrides Innovationsmodell eroffnet werden, in dem die klassische Stage/Gate-Logik
durch datenbasierte Steuerungsmechanismen ergianzt oder partiell abgelost wird. In der
Konsequenz konnte das die Grundlage fiir ein flexibleres und anpassungsfiahigeres Innova-
tionsmodell bilden, das die klassische Prozesslogik agiler gestaltet und eine hohere Reakti-
onsfahigkeit auf dynamische Innovationskontexte ermoglicht. Damit konnte auf die zuneh-
mende Volatilitit und Schnelllebigkeit von Innovationszyklen reagiert werden, welche eine

zentrale Herausforderung moderner Innovationsprozesse darstellt (Gaglio et al., 2022).

Neben diesen strukturellen Implikationen konnte sich durch die phaseniibergreifende In-
tegration automatisierter Trendanalysen zudem das Potenzial konvergenter Innovations-
entwicklungen erschlieBen lassen. Durch die fortlaufende, phasenweise Riickkopplung der
Kundensicht an die entwickelten Produktinnovationen konnten sich die Innovation von
Phase zu Phase enger an die tatsachlichen Bediirfnisse der Zielgruppe anniahern. Die Pro-
duktinnovation konnte somit — iiber die Phasen hinweg — anhand tatsiachlicher Kundenbe-
diirfnisse iterativ verfeinert und spezifiziert werden. Aus theoretischer Perspektive ergibt
sich hierdurch eine erweiterte Form der Innovationsleistungsfahigkeit, bei der nicht nur Ri-
siken minimiert, sondern auch die Passung zwischen Innovation und Marktsicht systema-
tisch erhoht werden konnte. Diese progressive Konvergenz zwischen realisierter Innovation
und realer Kundenwahrnehmung konnte einen zentralen neuen Steuerungsmechanismus
darstellen, um Marktpotenziale praziser zu erschlieBen und die Erfolgswahrscheinlichkeit

von Innovationen zu erhohen.
(3) Beitrag zur Lead User Theorie

Ein weiterer theoretischer Beitrag liegt in der Weiterentwicklung der Lead User Theorie.
Durch die Konzeption eines modularen Analyseverfahrens zur automatisierten Identifika-
tion von Lead Usern konnten zentrale Konzepte der Lead User Theorie differenziert aufge-

griffen und methodisch erweitert werden.

So wurde das klassische Lead User Modell nach von Hippel (1986) um eine nutzungsorien-
tierte Perspektive entlang der beiden Phasen des Innovationsprozesses (Ideengenerierung
und Produktentwicklung) erweitert. Im Rahmen der Dissertation wurde gezeigt, dass sich
Lead User nicht nur durch ihre definierenden Merkmale wie ihre Trend- oder Meinungsfiih-
rerschaft charakterisieren lassen, sondern dass ihre innovative Wirksamkeit ebenfalls stark
vom jeweiligen Einsatzzweck innerhalb des Innovationsprozesses abhingt. Eine differen-
zierte Betrachtung entlang der Innovationsphasen offenbarte dabei, dass unterschiedliche

Typen von Lead Usern — z. B. ideengebende vs. anwendungserfahrene Lead User —
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spezifische Starken einbringen, die gezielt zur Steigerung der Innovationsleistung genutzt
werden konnen. Damit konnte eine neue Dimension in das bestehende Lead User Modell
eingefiihrt werden: Lead User sollten nicht nur anhand ihrer Merkmale klassifiziert, son-
dern auch im Hinblick auf ihren spezifischen Verwendungszweck innerhalb einzelner Inno-
vationsphasen bewertet werden. Diese zweckorientierte Sichtweise ermoglicht eine zielge-
richtetere Zuordnung gemaB der individuellen Starken der Lead User mit Blick auf die je-
weilige Innovationsphase und stiarkt die konzeptionelle Grundlage fiir eine wirkungsorien-

tierte Integration von Lead Usern in Innovationsprozesse.

Dariiber hinaus konnte durch den entwickelten Analyseansatz, welcher eine automatisierte
Trendanalyse in die Identifikation von Lead Usern integriert (vgl. Kapitel 2.5), eine metho-
dische Flexibilisierung der Vier-Stufen-Methode zur Identifikation und Einbindung von
Lead Usern nach von Hippel (1986) ermoglicht werden. Wahrend die urspriingliche Me-
thode von einer strikt sequenziellen Abfolge der Trend- und Lead User Identifikation aus-
geht — 1. Schritt Trendidentifikation, 2. Schritt Identifikation trendspezifischer Lead User —
ermoglicht der vorgestellte Ansatz eine simultane Durchfiihrung beider Schritte. Relevante
Trends und dazugehorige Lead User werden dabei automatisiert in einem integrierten Ver-
fahren identifiziert. Durch diese simultane Identifikation von Trends und zugehorigen Lead
Usern auf Basis desselben Datenraums konnte einerseits deren kontextuelle Passung erhoht
werden, da ein potenzieller Zeitverzug zwischen Trenddefinition und nachgelagerter Lead
User Auswahl vermieden wird. Zum anderen stiarkt die regelgeleitete, datenbasierte Identi-
fikation die Objektivitat und Replizierbarkeit des Prozesses und reduziert damit die subjek-
tive Verzerrung, wie sie in explorativ gepragten Verfahren haufig auftritt. Dies konnte nicht
nur die Effizienz des Identifikationsprozesses steigern, sondern auch die Anschlussfahigkeit

der Methode an datenintensive Anwendungskontexte erhohen.

Ein letzter Beitrag zur Lead User Theorie konnte durch die Entwicklung des mehrdimensi-
onales Identifikationsverfahren geleistet werden, das die in der Literatur beschriebenen
Lead User Merkmale technisch operationalisiert und in einer integrierten Analysemethode
zusammenfiihrt (vgl. Kapitel 2.5). Fiir jedes Merkmal wurde dabei eine technische Abbil-
dung konzipiert, die dessen automatisierte Identifikation in unstrukturierten digitalen Da-
ten ermoglicht. Diese technischen Merkmalsabbildungen wurde in einem gewichtbaren
Identifikationsmechanismus vereint, der die relative Bedeutung einzelner Merkmale flexi-
bel beriicksichtigen kann. Der entwickelte Gewichtungsmechanismus ermoglicht damit eine
graduelle Bewertung von Lead Usern entlang spezifischer Merkmalsauspragungen. Dadurch

missen Lead User nicht mehr ausschlieBlich auf Basis bindrer Vorkommnisse — also ob ein
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Merkmal vorhanden ist oder nicht — klassifiziert werden, sondern konnen stufenweise ent-
lang eines Merkmalsprofils eingeordnet werden. Diese differenzierte Betrachtung erdffnet
neue Perspektiven fiir die Kategorisierung und Auswahl von Lead Usern, da individuelle
Nutzerprofile gezielter auf die Anforderungen unterschiedlicher Anwendungskontexte ab-
gestimmt werden konnen. Aus theoretischer Perspektive erweitert das entwickelte Verfah-
ren die Lead User Theorie nach von Hippel (1986) damit um eine datenbasierte, objektive
Identifikationslogik, die eine zentrale Herausforderung der Lead User Methode adressiert:

die zielgerichtete Identifikation geeigneter Lead User (vgl. Brem & Bilgram, 2015).

2. Forschungsgebiet: Einordnung der Wertbeitrage zu den Forschungsbereichen im

Rahmen der Konzeption und Entwicklung intelligenter Assistenzsysteme.

(4) Beitrige zum wissenschaftlicher Diskurs der AAC und zur Big Five Person-

lichkeitstheorie

Mit Blick auf den wissenschaftlichen Diskurs im Bereich der AAC leistet die Dissertation
mehrere Beitriage zur theoretischen Fundierung. Ein theoretischer Erkenntnisgewinn zum
Forschungsgebiet der AAC liegt in der systematischen Aufdeckung defizitirer Bereiche in-
nerhalb aktueller AAC-Systeme. So zeigt die Untersuchung, dass insbesondere das Aufrecht-
erhalten eines formalen Gesprachsverlaufs sowie die Unterstiitzung gesprachsiibergreifen-
der Konversationsverlaufe bislang nur unzureichend durch bestehende Systeme unterstiitzt
werden. Auf Basis dieser Defizite wurden konkrete KI-gestiitzte Forschungspotenziale erar-
beitet. So konnte theoretisch skizziert werden, wie die Adaption kiinstlicher neuronaler
Netze zur Wahrung gesprachsiibergreifender Konversationskontexte genutzt werden konn-
ten, wodurch eine theoretische Ausgangsbasis zur gezielten Adressierung bestehender Her-

ausforderungen des Forschungsfelds der AAC geleistet wurde.

Dariiber hinaus ergibt sich ein weiterer zentraler theoretischer Beitrag durch die theoreti-
sche Fokussetzung auf die bislang nur begrenzt untersuchte Personalisierbarkeit der AAC.
So wurde im Rahmen der Dissertation verdeutlicht, dass bestehende AAC-Systeme die indi-
viduellen Ausdrucksbediirfnisse und stilistischen Praferenzen ihrer Nutzer oftmals nur un-
zureichend beriicksichtigen. Dies schrankt die kommunikative Selbstbestimmung der Nut-
zer ein und verhindert deren authentische und anschlussfahige Selbstrepriasentation (Kane
et al., 2017). Vor diesem Hintergrund wurde ein Ansatz zur personalisierten Sprachgenerie-
rung entwickelt. Aufbauend auf der Big Five Personlichkeitstheorie wurden zentrale Person-

lichkeitsdimensionen technisch erfasst und in die sprachliche Ausdrucksweise generativer
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KI-Systeme integriert. Durch die Abbildung der Personlichkeitsdimensionen konnten per-
sonlichkeitsabhéangige Stilpraferenzen durch gezielte Manipulation des LLM GPT-4 opera-
tionalisiert werden, wodurch sich die generierten Sprachbeitrage der Nutzer stilistisch an
deren individuellen Personlichkeit orientieren. Damit wird der theoretische Diskurs der
AAC um eine methodisch-theoriegestiitzten Ansatz zur Integration der Nutzerpersonlich-
keit erweitert und eroffnet eine neue Verbindung zwischen psychologischen Personlichkeits-
modellen und generativer Sprachproduktion im Bereich der AAC. Die positiven Evaluations-
ergebnisse legen dabei nahe, dass zukiinftige AAC-Forschungsarbeiten nicht nur auf die in-
haltliche Verstandlichkeit, sondern verstarkt auch auf die individuelle Personlichkeitsrepra-
sentation ausgerichtet sein sollten, um eine authentische Selbstreprasentation der Nutzer
zu ermoglichen. Damit wurde ein erster Impuls gesetzt, der den theoretischen Fokus der
AAC von der reinen Kommunikationsiibertragung hin zur personalisierbaren Identitatsver-
mittlung verschiebt. Weitere Forschungsarbeiten konnen hier ansetzen und eine vertiefte
Integration psychologischer und technischer Perspektiven adressieren. Die entwickelten
Konzepte liefern hierfiir erste theoretische und methodische Grundlagen und ebnen den
Weg fiir ein neues, interdisziplindares Forschungsparadigma fiir die Weiterentwicklung per-
sonalisierter AAC.

Angrenzend an diesen Kontext leistet die Dissertation dariiber hinaus einen theoretischen
Beitrag zur Big Five Personlichkeitstheorie (Costa und McCrae, 1992). Durch die Integration
der Big Five Personlichkeitsdimensionen in ein generative KI-gestiitztes Kommunikations-
system zur Generierung personlichkeitsgetreuer Kommunikation wurde das Personlich-
keitsmodell aus seiner klassischen, diagnostisch-deskriptiven Anwendungsperspektive in
ein handlungsleitendes Steuerungskonzept fiir die automatisierte AAC-Textgenerierung
tiberfiihrt. Die Personlichkeitsmerkmale stellen hierbei nicht langer nur deskriptive Katego-
rien dar, sondern steuern die sprachlich-stilistischen Gespriachselemente der generierten
Gesprachsbeitriage. Eine erste empirische Evaluation mit psychologischen Experten unter-
stiitzt dabei die Annahme, dass sich die Big Five Dimensionen nicht nur zur Beschreibung
menschlicher Personlichkeitsunterschiede eignen, sondern auch als strukturgebende
Grundlage fiir die synthetische Erzeugung personalisierter Kommunikation genutzt werden
konnen. Auf diese Weise erweitert die Dissertation den Anwendungsrahmen der Big Five
Personlichkeitstheorie um eine digital operationalisierte Personlichkeitsmodellierung zur

personlichkeitsgetreuen Sprachgenerierung.
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(5) Beitriage zum wissenschaftlichen Diskurs der Digital Persona

AbschlieBend leistet die Dissertation durch die Konzeption und prototypische Umsetzung
doméinenspezifischer Digital Persona Modelle in den Anwendungsfeldern der AAC und der
digitalen Gesundheitsforderung einen theoretischen Beitrag zur methodischen Weiterent-
wicklung dieses Forschungsfeldes. Im Kontext der AAC wurde ein Konzept fiir eine person-
lichkeitsbasierte Digital AAC Persona entwickelt, das auf den Dimensionen des Big Five Per-
sonlichkeitsmodells basiert und die automatisierte Generierung personalisierter Gesprachs-
beitriage ermoglicht. Im Bereich der digitalen Gesundheitsférderung stand die Entwicklung
einer gesundheitsbezogenen Digital Persona zur individuellen Unterstiitzung der Darmge-

sundheit im Fokus.

Die entwickelten Digital Persona Modelle reprasentieren dabei eine konzeptionelle Neupo-
sitionierung: Das Digital Persona Konzept wird dabei nicht langer nur als statische Nutzer-
reprasentation verstanden (vgl. Roosendaal, 2010), sondern als interaktives, sich entwi-
ckelndes System, das individuelle Nutzerparameter kontinuierlich erfasst und in personali-
sierte Verhaltenssteuerung iiberfiihrt. Durch diese Perspektivverschiebung wird das beste-
hende theoretische Verstindnis der Digital Persona von einem passiven Abbild individueller
Nutzereigenschaften um eine verhaltenssteuernde Dimension ergianzt. Damit wird ein Im-
puls zur theoretischen Weiterentwicklung des Konzepts der Digital Persona geliefert, der
dessen Verstiandnis von einer statischen Nutzerreprasentation hin zu einem dynamischen,
verhaltenssteuernden Abbild eines Nutzers weiterentwickelt und als Grundlage fiir weiter-

fiihrende Untersuchungen in diesem Bereich dienen kann.

Insgesamt zeigt die Dissertation mit ihren geleisteten theoretischen Beitragen, wie die Ent-
wicklung datenanalytischer Verfahren nicht nur technische Innovationen hervorbringen,
sondern auch zur theoretischen Fundierung domanenspezifischer Forschungsfelder beitra-
gen kann. Durch die Entwicklung mehrerer Analyseverfahren und deren theoriebasierter
Riickbindung liefert die Dissertation substanzielle Beitrage zur Weiterentwicklung etablier-
ter Kerneltheorien und schliagt damit eine Briicke zwischen datengetriebener Analysepraxis
und theoriebasierter Systemgestaltung, wodurch ein integrativer Beitrag zur Weiterentwick-

lung der IS-Forschung geleistet wird.
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3.2.2.2 Beitrige zur Designtheorie

Zusatzlich zu den Beitragen zu den Kerneltheorien leistet die Dissertation einen substanzi-
ellen Beitrag zur Designtheorie im Sinne gestaltungsorientierter Forschung. Im Zentrum
stehen hierbei die systematische Entwicklung und Evaluation doménenspezifischer Design-
prinzipien, die auf Basis explizit abgeleiteter Designanforderungen formuliert wurden. In
mehreren DSR-Projekten — u. a. im Kontext der Trendanalyse in Social Media, der datenba-
sierten Lead User Identifikation sowie der Personalisierung digitaler Assistenzsysteme —
wurden konkrete Designprinzipien entwickelt, technisch umgesetzt und im Rahmen der Ar-
tefaktentwicklung demonstriert. Dadurch konnte ein Beitrag zur ,nascent design theory“
(Gregor & Hevner, 2013) geleistet werden, indem friihe theoriebasierte Erkenntnisse zur

Gestaltung von IT-Artefakten systematisch strukturiert und dokumentiert werden.

Die Designprinzipien erfassen dabei theoriebasiertes und domaéanenspezifisches Gestal-
tungswissen, das die funktionale und strukturelle Gestaltung vergleichbarer Artefakte in
verwandten Domaénen unterstiitzen kann. Die empirische Fundierung dieser Design Prinzi-
pien erfolgte einerseits durch die Evaluation der Artefakte in realitatsnahen Anwendungs-
szenarien, wodurch die Anwendbarkeit und Wirksamkeit der Prinzipien implizit validiert
wurde (vgl. Heinrich & Schwabe, 2014). Andererseits wurden die entwickelten Designprin-
zipien im Rahmen der Entwicklung der Digital AAC Persona durch Experteninterviews eva-
luiert, wodurch neben der impliziten Fundierung durch die realititsnahe Demonstration der

Designprinzipien, ebenso eine explizite Fundierung durch Experten erreicht wurde.

Der geleistete Beitrag dieser Dissertation zur Designtheorie kann beispielhaft durch die Ent-
wicklung des Analysewerkzeugs MANTRA verdeutlicht werden. Aus den zugrunde liegen-
den doméanenspezifischen Anforderungen wurde ein spezifisches Systemdesign — inklusive
der darin geltenden Designprinzipien — abgeleitet. So betont etwa das Prinzip der kontext-
abhdngigen Analysefdhigkeit die Notwendigkeit, den Trendanalyseansatz so zu konzipie-
ren, dass geografische Unterschiede innerhalb der Analyse beriicksichtigt werden konnen.
Durch die Umsetzung und Evaluation dieses Prinzips konnte ein gestaltungsbezogener Er-
kenntnisgewinn erzielt werden, der iiber das konkrete Artefakt hinaus als Blaupause fiir die

Entwicklung vergleichbarer Systeme dient.

Insgesamt leistet die Dissertation damit einen iibergreifenden Beitrag zur Designtheorie, in-
dem sie doménenspezifische, empirisch fundierte und theoriegeleitete Designprinzipien zur

Gestaltung mehrerer softwarebasierter Analyse- und Unterstiitzungswerkzeuge bereitstellt.
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3.2.3 Praxisorientierte Beitrige

Zudem wurden mehrere praxisorientierte Wertbeitrage in Form von Analysewerkzeugen ge-
leistet. Die entwickelten Werkzeuge adressieren unterschiedliche Anwendungskontexte —
von der kontextsensitiven Trendanalyse iiber die Lead User Identifikation bis hin zur perso-
nalisierten Kommunikationsunterstiitzung — und operationalisieren theoretisch fundierte
Analyseansitze in nutzbaren Systemlésungen. Abbildung 4 gibt einen systematischen Uber-
blick iiber die in den einzelnen Veroffentlichungen realisierten praktischen Beitriage und

ordnet diese entlang der jeweils adressierten Doménen ein.

Trendanalyse | e | Lead Usermalyse | e A
Vi - - = =
V2 - - - -
V3 ©) ® - - -
V4 O ® O ® - -
Vs - O ® O ® -
V6 - - - O
\'% - - - O [
V8 - - - O
Legende

® Geleisteter Beitrag ist ein technisches Analyseverfahren bzw. Werkzeug.

O Geleisteter Beitrag ist methodischer Natur.

- Kein nennenswerter Beitrag.

Abbildung 4.  Einordnung der geleisteten praktischen Wertbeitrige je Veroffentlichung.

1. Forschungsgebiet: Einordnung der praktischen Wertbeitrage durch die Konzeption

und Entwicklung kontextsensitiver Analyseverfahren.

Ein praktischer Beitrag dieser Dissertation besteht in der Entwicklung von Analysewerkzeu-
gen zur datengetriebenen Trendanalyse auf Basis von UGC aus sozialen Medien. Die entwi-
ckelten Werkzeuge ermoglichen es Unternehmen, zentrale Fragestellungen datenbasiert zu

untersuchen und konnen somit eine fundierte Entscheidungsfindung unterstiitzen.

So wurden im Rahmen der Dissertation zwei softwaregestiitzte Analysewerkzeuge entwi-
ckelt, die den praktischen Einsatz datenanalytischer Verfahren in Unternehmen gezielt un-
terstiitzen. Das Tool MANTRA wurde dabei zur explorativen Trendanalyse konzipiert und
erlaubt es, externe Kontextfaktoren wie zeitliche, geografische oder demografische Merk-

male flexibel in die Analyse von Trends einzubeziehen. Im Unterschied zu herkommlichen
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Social Listening Tools, die auf der Haufigkeitsanalyse vordefinierter Schlagworter beruhen,
basiert MANTRA auf der Identifikation signifikanter Kookkurrenzen in groBen Textmengen.
Dadurch lassen sich auch bislang unbekannte Trends erkennen — ohne dass ein spezifisches
Vorwissen (z. B. trendspezifische Schlagworter) erforderlich ist. Unternehmen konnen so
frithzeitig und explorativ aufkommende Entwicklungen im Markt identifizieren. Daran an-
kniipfend wurde mit Blick auf die Produktentwicklung ein weiterer praktischer Wertbeitrag
durch das zweite Analysewerkzeug zur Aspekt-basierten Analyse von Kundenwahrnehmun-
gen geleistet. Das entwickelte Analysewerkzeug erweitert die klassische Trendanalyse durch
die Kombination von Topic Modelling und Aspekt-basierter Sentimentanalyse um die Mog-
lichkeit, Kundenwahrnehmungen gezielt auf Ebene einzelner Produkt- und Serviceaspekte
sowie iiber verschiedene Zeitraume und Standorte hinweg auszuwerten und deren Entwick-
lung zu verfolgen. Unternehmen, welche ihre Produkte bspw. parallel in mehreren regiona-
len Markten anbieten, konnen so lokationsabhiangige Unterschiede in der Kundenwahrneh-

mung analysieren und gezielte MaBnahmen zur Produkt- oder Serviceanpassung ableiten.

Dariiber hinaus wurde ein softwaregestiitztes Analysewerkzeug entwickelt, das die automa-
tisierte Identifikation von Lead Usern ermoglicht. Dabei adressiert das Analysewerkzeug
eine der groften Herausforderungen der klassischen Lead User Methode: den zeit- und res-
sourcenintensiven Identifikationsprozess geeigneter Nutzer (Brem & Bilgram, 2015). Das
entwickelte Analysewerkzeug erlaubt es Unternehmen, groBe Mengen an Social Media Da-
ten effizient zu analysieren und potenzielle Lead User automatisiert anhand definierter Cha-
rakteristika zu identifizieren. Das Analysewerkzeug bietet hierfiir einen modularen Analy-
seansatz, der auf unternehmensspezifische Anforderungen zugeschnitten werden kann. So
konnen eigene Datensitze zur datenbasierten Identifikation der darin enthaltenen Lead U-
ser hochgeladen, spezifische Lead User Charakteristika flexibel in die Analyse in- bzw. ex-
kludiert und deren Gewichtung individuell angepasst werden. Auf diese Weise wird eine au-
tomatisierte, flexibel anpassbare und zugleich methodisch fundierte Identifikation von Lead
Usern ermoglicht — differenziert nach den unterschiedlichen Phasen des Innovationspro-
zesses. Damit werden Unternehmen mit einem leistungsfahigen Werkzeug unterstiitzt, um
strategisch relevante Nutzergruppen datenbasiert zu identifizieren und gezielt in Innovati-
onsprozesse zu integrieren. Das entwickelte System leistet damit einen praxisrelevanten
Beitrag zur Operationalisierung der Lead User Methode und unterstiitzt insbesondere inno-
vationsgetriebene Unternehmen bei der effizienteren Gestaltung der einzelnen Innovations-

phasen.
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2. Forschungsgebiet: Einordnung der praktischen Wertbeitrage durch die Konzep-

tion und Entwicklung intelligenter Assistenzsysteme.

Dariiber hinaus leistet die Dissertation mehrere substanzielle Beitrage zur praktischen
Nutzbarmachung generativer KI im Kontext intelligenter Assistenzsysteme. Ein erster prak-
tischer Beitrag ergibt sich aus der durchgefiihrten systematischen Literatur- und Marktana-
lyse, die bestehende KI-Ansitze in AAC-Systemen strukturiert erfasst und entlang konkreter
Gesprichsphasen und Gesprichskontexte systematisiert. Die hieraus hervorgehende Uber-
sicht bildet einen praxisnahen Analyserahmen, der insbesondere Anbietern von AAC-Syste-
men als Grundlage fiir strategische Entwicklungsentscheidungen dienen kann. Die identifi-
zierten Einsatzpotenziale ermoglichen dabei eine zielgerichtete Systementwicklung und er-
offnen damit neue Perspektiven fiir die bedarfsgerechte Weiterentwicklung bestehender
AAC-Systeme. Ein daran ankniipfender praktischer Beitrag fiir die Anbieter resultiert aus
der Konzeption und prototypischen Umsetzung des intelligenten, personlichkeitsgetriebe-
nen AAC-Prototyps. Dieser Prototyp zeigt auf, dass generative KI nicht nur syntaktisch kor-
rekte, sondern auch individuell stilisierte Gesprachsbeitriage erzeugen kann — vorausgesetzt,
die Spracherzeugung wird durch geeignete Personlichkeitsmodelle theoretisch fundiert.
Durch die Implementierung des Big Five Personlichkeitsmodells und dessen Integration in
die automatisierte Textgenerierung wurde ein nutzerzentriertes AAC-System entwickelt, das
personalisierte Kommunikation ermdéglicht. Das dabei entwickelte Systemdesign und das
Wissen hinsichtlich der Implementierung des AAC-Prototyps stellt fiir Systemanbieter eine
anwendungsbezogene Referenz dar, die aufzeigt, wie die funktionalen Integration generati-

ver KI fiir personalisierte AAC-Anwendungen konkret umgesetzt werden konnen.

Von dem personlichkeitsgetriebenen AAC-Ansatz konnen jedoch nicht nur Systemanbieter
profitieren, sondern vor allem die sprachbeeintrachtigten Nutzer selbst. Fiir Personen mit
Sprachstorung leistet der entwickelte Prototyp eine wichtigen Impuls zur Erweiterung ihrer
kommunikativen Ausdrucksfahigkeit. Bestehende AAC-Systeme erzeugen haufig unperson-
liche, generische Sprachbeitriage, die nicht dem individuellen Artikulationsstil der Nutzer
entsprechen und somit sozial distanzierend wirken konnen (Light et al., 2021). Die generier-
ten Sprachbeitriage des Prototyps zeigen jedoch, dass eine stilistisch authentische Kommu-
nikation der Nutzer ermoglicht werden kann, wodurch deren Selbstreprasentation und das
kommunikative Selbstbewusstsein gestarkt werden konnte. Durch den Prototyps konnte ein
erster praktischer Impuls fiir die Entwicklung solch nutzerzentrierter und personalisierter

AAC-Systeme geleistet werden.
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Uber den Bereich der AAC hinaus wird auch im Kontext der digitalen Gesundheitsforderung
ein praktischer Beitrag geleistet. Die Konzeption eines nutzerzentrierten Gesundheitsagen-
ten zur Forderung der Darmgesundheit zeigt exemplarisch auf, wie generative KI zur indi-
viduellen Gesundheitsforderung eingesetzt werden kann, um personalisierte Empfehlungen
auf Basis nutzerspezifischer Merkmale zu generieren. Das im Rahmen der Dissertation ent-
wickelte Konzept dieser Gut Health Digital Persona liefert abschlieBend erste Impulse zur
gesundheitsfordernden Verhaltenssteuerung durch individuelle, nutzerzentrierte Adaption
generativer KI. Auf Basis des entwickelten Konzepts konnen so konkrete Entwicklungsim-
pulse zur technische Umsetzung eines solchen Kommunikationsassistenten geliefert wer-
den, wodurch Softwarehersteller bei der praktischen Umsetzung unterstiitzt werden kon-
nen. Fiir Menschen mit chronischen Verdauungsproblemen oder eingeschrianktem Zugang
zu arztlicher Beratung konnte so ein niedrigschwelliges, individuell adaptierbares Unter-

stiitzungsangebot im Alltag er6ffnet werden.

3.3 Kiritische Wiirdigung und Ausblick auf weitere Forschungsfelder
Die Veroffentlichungen (V1 bis V8) der Dissertation leisten mehrere Wertbeitrage (vgl. Ka-

pitel 3.2). Dabei wurden zentrale technische, theoretische sowie praktische Herausforderun-
gen adressiert und innovative Losungsansitze entwickelt. Dennoch weisen die einzelnen
Beitrage auch Limitationen auf, die sich aus methodischen, theoretischen bzw. praktischen
Fokussetzungen ergeben. Diese Limitationen sind dabei nicht als Schwichen im Sinne einer
unzureichenden Qualitit zu verstehen; vielmehr verkorpern sie Grenzmarkierungen, an de-
nen gezielt neue Forschungsvorhaben ankniipfen konnen. Zur abschlieBenden Systemati-
sierung weiterer Forschungspotenziale der Dissertation werden in Kapitel 3.3.1 zuerst die
Limitationen der Veroffentlichungen betrachtet und die vier iibergeordneten Limitations-
kategorien (A) Anforderungserhebung, (B) Technikvielfalt bzw. -aktualitdt, (C) interdis-
ziplindre Fundierung sowie (D) realweltliche Evaluation abgeleitet (vgl. Tabelle 24). Die
strukturierte Betrachtung dieser Kategorien ermdglicht eine konsolidierte Reflexion dar-
iber, in welchen Bereichen anschlieBende Forschungsarbeiten Potenziale zur Vertiefung der
bestehenden Forschungsergebnisse bieten. Kapitel 3.3.2 tiberfiihrt diese Erkenntnisse in

konkrete Perspektiven zukiinftiger Forschung.

3.3.1 Limitationen der Dissertation

1. Veroffentlichung. In der ersten Veroffentlichung besteht eine Limitation durch die
begrenzte Auswahl an Topic Modelling Verfahren, welche fiir den Vergleich herangezogen
wurden. Mit LDA, DMR und PAM wurden zwar drei etablierte Methoden in den Vergleich

204




Limitationen der Dissertation

einbezogen, die jeweils fiir eine unterschiedliche Erweiterungskategorie (z. B. DRM fiir
semi-supervisiert; PAM fiir hierarchische Topic Modelling Verfahren) des klassischen Topic
Modellings stehen (vgl. Liu et al., 2016), dennoch bilden sie nur einen Ausschnitt des ver-
fliigbaren technischen Spektrums ab. Insbesondere jlingere Verfahren wie z. B. neuronale
Topic Modelling Verfahren (vgl. Wu et al., 2024), konnten bei der Durchfiihrung des Ver-
gleichs aufgrund fehlender methodischer und technischer Umsetzungen noch nicht beriick-
sichtigt werden und konnten zu abweichenden oder noch praziseren Technologie-Empfeh-

lungen fiihren.

Dariiber hinaus orientieren sich die abgeleiteten Anforderungen, welche zur Bewertung der
einzelnen Topic Modelling Techniken formuliert wurden, vorrangig an den in der Literatur
formulierten praktischen Anforderungen des digitalen Marketings. Zwar erlaubt diese fo-
kussierte Perspektive eine passgenaue Bewertung der Techniken mit Blick auf die doménen-
spezifischen Anwendungsszenarien (z. B. Trendanalyse), jedoch ist hierbei nicht auszu-
schlieBen, dass die Durchfiihrung einer realen Marktstudie oder die Integration von Doma-
nenexperten aus der Praxis zu abweichenden oder erginzenden Anforderungen fiithren wiir-
den. Diese konnten das Evaluationsschema erweitern bzw. die bestehenden Bewertungen
verschieben und so zu leicht veranderten Einschiatzungen hinsichtlich der Eignung einzelner

Verfahren fithren.

2, Verdffentlichung. Die in der zweiten Veroffentlichung entwickelte Methode zur
Identifikation von Kontextfaktoren und deren anschlieBende Anwendung im Rahmen der
kontextsensitiven Sentimentanalyse stellt einen innovativen Beitrag zur kontextsensitiven
Analyse von UGC in sozialen Medien dar. Eine zentrale Limitation besteht jedoch darin, dass
der entwickelte Analyseansatz bislang keiner systematischen Evaluation unterzogen wurde.
So wurde der entwickelte Analyseansatz bislang primir im Rahmen der Anwendung zur
Stimmungsanalyse in sozialen Medien (V2) sowie im Rahmen der kontextualisierten
Trendanalyse (V3 und V4) angewandt, wodurch ein impliziertes Grounding des Verfahrens
erzielt werden konnte; eine explizite Evaluation, die die zielgerichtete Anwendung und Be-
wertung des Verfahrens vor dem Hintergrund der Extraktion dynamischer Kontextfaktoren

untersucht, steht jedoch noch aus.

Dariiber hinaus bezieht sich die durchgefiihrte Analyse auf einen zeitlich begrenzten Daten-
ausschnitt, der ausschlieBlich Tweets aus dem Jahr 2019 umfasst. Auch wenn dieser Fokus
eine konsistente Vergleichbarkeit innerhalb des Untersuchungsdesigns gewahrleistet, ist

nicht auszuschlieBen, dass sich einzelne Effekte in anderen Zeitraumen anders darstellen.
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3. und 4. Veroffentlichung. In der dritten und vierten Veroffentlichung wurde jeweils
softwarebasierte Analysewerkzeug zur datengetriebenen Trendanalyse entwickelt. Beide Ar-
tefakte leisten einen wesentlichen Beitrag zur Operationalisierung datenanalytischer Ver-
fahren und ercffnen neue doméanenspezifische Perspektiven fiir die Analyse von UGC. Den-

noch weisen auch diese Untersuchungen Limitationen auf.

Einerseits besteht die Moglichkeit, dass durch eine Analyse interdisziplinirer Forschungsli-
teratur zusatzliche Anforderungen identifiziert werden konnten, die im bisherigen System-
design nicht beriicksichtigt wurden. Andererseits erfolgte die Evaluation der entwickelten
Werkzeuge bislang primar auf technischer Ebene. So wurde die funktionale Umsetzung der
Anforderungen durch die entwickelten Artefakte erfolgreich technisch demonstriert und
evaluiert, jedoch fehlen bislang systematische Untersuchungen zur Nutzungstauglichkeit
aus Anwendersicht. Eine anschlieBende Evaluation der Usability, beispielsweise im Rahmen
einer SUMI-Studie (Software Usability Measurement Inventory; Kirakowski & Corbett,

1993), konnte wertvolle Hinweise auf potenzielle Verbesserungsbedarfe liefern.

5. Veroffentlichung. Die in der fiinften Verodffentlichung identifizierten Charakteris-
tika zur automatisierten Identifikation potenzieller Lead User basieren auf einer systemati-
schen Auswertung einschlagiger Literatur und bilden eine fundierte Grundlage fiir deren
technischen Operationalisierung im Rahmen des entwickelten Analyseverfahren. Trotz ei-
ner umfassenden und systematischen Literaturanalyse ist jedoch nicht auszuschlieBen, dass
in weiteren Untersuchungen zusitzlich relevante Charakteristika identifiziert werden wiir-
den, die im Rahmen der vorliegenden Analyse nicht beriicksichtigt wurden. Dies konnte zu
einer Erweiterung der bisher beriicksichtigten Merkmale oder zu einer Anpassung der
Merkmalsgewichtung fiihren, was im Resultat einen Einfluss auf die Identifikation der Lead

User haben konnte.

Zum anderen wurde der Ansatz bislang primar im Rahmen eines doméanenspezifischen An-
wendungsfalls (Identifikation von Lead Usern im Bereich des Kitesurfings) erprobt. Durch
die dynamische Integration der Lead User Merkmale sowie durch den entwickelten Gewich-
tungsmechanismus kann die Analyse flexibel an verschiedene Kontexte angepasst werden.
Hierbei stellt sich die Frage, inwiefern die entwickelten Identifikationskriterien und der Ge-

wichtungsmechanismus auf andere Domaénen iibertragbar sind.

6. Veroffentlichung. Die in der sechsten Verodffentlichung durchgefiihrte systemati-
sche Literaturanalyse strukturiert den aktuellen Forschungsstand zu den Potenzialen KI-

gestiitzter Ansatze im Kontext der AAC. Wie bei Literaturanalysen iiblich, handelt es sich
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jedoch um eine Momentaufnahme, die zeitlich bedingt nur jene Arbeiten erfassen kann, die
zum Zeitpunkt der Recherche in einschlagigen wissenschaftlichen Datenbanken verfiigbar
waren. Trotz einer sorgfaltigen Durchfiihrung des Reviews — einschlieBlich der Einbindung
mehrerer Forscher zur Sicherstellung der Interrater-Reliabilitiat — lasst sich nicht ausschlie-
Ben, dass einzelne relevante Publikationen unberiicksichtigt blieben. Dies konnte im Einzel-
fall zu geringfiigigen Verschiebungen bei der Gewichtung der identifizierten Forschungslii-
cken fiihren. Zudem basieren die abgeleiteten KI-Nutzungspotenziale zur Unterstiitzung
von AAC-Systemen bislang ausschlieBlich auf Erkenntnissen aus der Forschungsliteratur.
So konnte eine erginzende Validierung durch eine systematische Marktanalyse aufzeigen,
in welchen Bereichen die in der Forschung identifizierten Potenziale bereits konkrete in am
Markt verfiigbaren AAC-Systemen umgesetzt wurden und wo noch ungenutzte Einsatzpo-

tenziale bestehen.

7. Veroffentlichung. Im Rahmen der siebten Veroffentlichung wurde ein AAC-Proto-
typ entwickelt, der auf einer generativen KI-basierten Digital Persona zur personalisierten
Kommunikationsunterstiitzung basiert. Wahrend die technische Funktionsfahigkeit des
Systems im Sinne der von Venable et al. (2016) vorgeschlagenen ,,Technical Risk & Efficacy*-
Evaluationsstrategie evaluiert werden konnte, steht eine weiterfiihrende empirische Evalu-
ation im realen Nutzungskontext noch aus. Damit bleibt die Frage offen, inwiefern die ent-
wickelten Personalisierungsmechanismen unter realen Einsatzbedingungen durch die Be-

troffenen bspw. als hilfreich, intuitiv und angemessen wahrgenommen werden.

8. Veroffentlichung. Wie bei systematischen Literaturanalysen {iiblich, stellt auch der
im Rahmen der achten Veroffentlichung durchgefiihrte SLR lediglich eine Momentauf-
nahme des aktuellen Forschungsstands dar. Trotz eines strukturierten Suchprozesses, der
Nutzung einschlagiger Datenbanken sowie einer mehrstufigen Qualitatskontrolle durch vier
unabhingige Forscher (Interrater-Reliabilitdt nach Fleiss’ Kappa = 0,89), lasst sich nicht
ausschlieBen, dass relevante Studien nicht identifiziert oder nicht berticksichtigt wurden.
Dies betrifft insbesondere die Auswahl der Designanforderungen, auf deren Grundlage das
Systemdesign entwickelt wurde. Vor diesem Hintergrund ist nicht auszuschlieen, dass bei
einer alternativen Studienauswahl andere Schwerpunkte bei den Anforderungen identifi-

ziert und damit auch ein abweichendes Systemdesign resultieren konnten.

Die in den Veroffentlichungen identifizierten Limitationen lassen sich systematisch entlang

vier iibergeordneter Kategorien (A bis D) strukturieren:

207




Limitationen der Dissertation

(A) Anforderungserhebung

Die in mehreren Veroffentlichungen durchgefiihrte Anforderungsanalyse auf Basis syste-
matischer Literaturauswertungen ermoglicht eine erste, theoriegeleitete Fundierung tech-
nischer Losungen. Jedoch bleibt diese Perspektive in ihrer Reichweite begrenzt, da sie
primar auf wissenschaftlich dokumentierte Anforderungen zuriickgreift und potenzielle
Bedarfe aus der realen Anwendungspraxis nur indirekt abbildet. Dadurch besteht das Ri-
siko, dass bestimmte Nutzungskontexte oder Zielgruppenbediirfnisse unberiicksichtigt
bleiben und die entwickelten Systeme nicht in vollem MaBe auf praktische Herausforde-

rungen abgestimmt sind.

(B) Technikvielfalt bzw. -aktualitat

Obwohl in den bisherigen Arbeiten zentrale und bewihrte datenanalytische Techniken
verwendet wurden, konnte die rasanten Weiterentwicklung dieser dynamischen Techno-
logien bislang nur eingeschrankt beriicksichtigt werden. Dies kann zur Folge haben, dass
Potenziale neuere oder leistungsfahigere Techniken, welche zum Zeitpunkt der durchge-
fithrten Forschungsarbeiten noch nicht verfiigbar waren, mit hoherer Anpassungsfahig-

keit, Interpretierbarkeit oder Robustheit ungenutzt bleiben.

(C) Interdisziplinire Fundierung

Die durchgefiihrten Arbeiten orientierten sich konsequent an etablierten Methoden und
Modellen der IS, insbesondere im Kontext der gestaltungsorientierten Forschung. Dabei
wurden bereits erste interdisziplindre Ankniipfungspunkte aufgegriffen, z. B. durch die
Integration psychologischer Personlichkeitsmodelle. Allerdings blieb diese diszipliniiber-
greifende Theoriebildung bislang punktuell und wurde nicht systematisch vertieft.
Dadurch bleiben Potenziale ungenutzt, um die entwickelten Systeme theoretisch noch

starker zu fundieren und deren doméanenspezifische Anschlussfahigkeit zu erhohen.

(D) Realweltliche Evaluation

Die entwickelten Artefakte wurden alle erfolgreich technisch-funktional demonstriert und
evaluiert. Damit konnten ihre grundsatzliche Funktionalitdt nachgewiesen und ein erster
methodischer Beitrag zur Gestaltung dieser Systeme geleistet werden. Fiir einige der Ar-
tefakte steht jedoch eine umfassende Evaluation mit den intendierten Nutzergruppen im
realen Anwendungskontext noch aus. Dadurch bleibt die Fragen offen, wie die Systeme

tatsiachlich angenommen, verstanden und genutzt werden.

Tabelle 24. Klassifikation der Limitationen.
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Um die Limitationen systematisch einordnen und darauf aufbauend gezielt in zukiinftigen
Forschungsarbeiten adressieren zu konnen, wurden diese entlang des (abstrahierten) For-
schungsvorgehens dieser Dissertation betrachten (vgl. Abbildung 5). Die durchgefiihrten
Forschungsarbeiten folgten — trotz unterschiedlicher methodischer Ausrichtung — alle ei-

nem generischen Forschungsprozess, der sich grob in drei Phasen unterteilt lasst:
(1) die initiale Problem- und Anforderungsdefinition,
(2) die Konzeption und Entwicklung einer Problemlosung,
(3) die Evaluation der Zielerreichung.

Vor diesem Hintergrund lassen sich die Limitationskategorien (A bis D) den jeweiligen Pha-

sen wie folgt zuordnen:

Kategorie A (Anforderungserhebung) betriftt dabei typischerweise die erste Phase des For-
schungsprozesses, in der Problemstellungen analysiert und doméanenspezifische Anforde-
rungen an eine Losung formuliert werden. Kategorien B (Technikvielfalt/-aktualitdt) und C
(Interdisziplindre Fundierung) lassen sich der zweiten Phase zuordnen, da sie zentrale As-
pekte der Konzeptualisierung, Entwicklung und disziplindren Verankerung einer Prob-
lemlosung betreffen. Kategorie D (Realweltliche Evaluation) betrifft schlieBlich die ab-
schlieBende Phase, in der erzielte Forschungsergebnisse vor dem Hintergrund ihrer Zieler-

reichung iiberpriift und bewertet werden.

Initiale Problem- und
Anforderungsdefinition
: (A) Anforderungserhebung
I
: 1. Phase

Konzeption und Entwicklung
einer Problemlésung

(B) Technikvielfalt/-aktualitat (C) Interdisziplinare Fundierung

1
Evaluation der
Zielerreichung
1

Abstraktes Forschungsvorgehen

S

<

Abbildung 5.  Verortung der Limitationen im Forschungsvorgehen der Dissertation.

Durch diese Verortung entlang des abstrahierten Forschungsvorgehens der Dissertation las-
sen sich gezielte Ansatzpunkte fiir zukiinftige Forschungsarbeiten zur Adressierung dieser

Limitationen ableiten (vgl. Kapitel 3.3.2).
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3.3.2 Perspektivische Forschungsansiitze zur Adressierung bestehender Limitationen

Aufbauend auf der in Kapitel 3.3.1 vorgenommenen Systematisierung zentraler Limitatio-
nen lassen sich gezielte Perspektiven fiir zukiinftige Forschungsvorhaben ableiten (vgl. Ab-
bildung 6). Diese Perspektiven stellen dabei eine Reaktion auf bestehende Limitationen dar

und setzen direkt auf den bisherigen Erkenntnissen der Dissertation auf.

Limitationen

r—————————_—

(8) (©

(A) Technikvielfalt bzw. - Interdisziplindre (D)
Anforderungs- aktualitit Fundierung I Realweltliche
erhebung I Evaluation

Validierung und Starkung der
Erweitering m (n) | 'raxisrelevagnz durch
identifizierter Innovativer Ausbau der Theoretische nutzerzentrierte
Anforderungen Analyseansitze durch Fundierung durch Evaluation
durch Markt- und moderne Technologien interdisziplinare
Nutzeranalysen Systemgestaltung

l———————————d

Forschungspotenziale

Abbildung 6.  Systematisierung perspektivischer Forschungspotenziale.

Wihrend die Limitationen der Kategorien B und C hauptsachlich die theoretische bzw. tech-
nische Ausgestaltung der zu entwickelnden Problemlosung betreffen, beziehen sich die Ka-
tegorien A und D auf die Einbindung externer Akteure in den Forschungsprozess. Die Ein-
bindung externer Akteure ist in der Forschungsliteratur methodisch bereits gut dokumen-
tiert, wodurch sich diese Limitationen durch etablierte Vorgehensweisen wie z.B. zur
Durchfiihrung semi-strukturierter Interviews (vgl. Adeoye-Olatunde & Olenik, 2021) oder
einer nutzerzentrierten Evaluationen (vgl. Kirakowski & Corbett, 1993) direkt adressieren
lassen. Demgegentiber besteht zur Adressierung der Limitationen B und C ein hoherer the-
oretischer Forschungsbedarf, da sie nicht nur methodisch-operative Anpassungen, sondern

neue theoretische und technische Perspektiven erfordern.

Aus diesem Grund liegt der Fokus der folgenden Betrachtung auf den beiden Limitations-
kategorien B und C. Um zukiinftige Forschungsarbeiten zur Adressierung dieser Limitatio-
nen und zur damit einhergehenden ErschlieBung der darin liegenden Forschungspotenziale
perspektivisch zu leiten, werden im Folgenden die zwei Forschungsperspektiven I und IT
skizziert. Ziel ist es, eine Orientierung fiir anschlussfahige Arbeiten zu bieten und damit die

nachhaltige Wirkung der Dissertation im wissenschaftlichen Diskurs zu starken.
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(I) Innovativer Ausbau der Analyseansiatze durch moderne Technologien

Die in dieser Dissertation entwickelten Analyseansitze basieren auf etablierten, vielfach er-
probten Verfahren des Data Science wie z. B. semi-supervisiertem Topic Modelling, Aspekt-
basierter Sentimentanalyse oder LLMs (vgl. Kapitel 2). Angesichts der dynamischen Ent-
wicklungen dieser Technologiefelder, kann jedoch nicht ausgeschlossen werden, dass in der
Zwischenzeit modernere Technologien entwickelt wurden, welche die identifizierten Her-
ausforderungen (z. B. im Rahmen der kontextsensitiven Trendanalyse) noch besser adres-
sieren konnten. Besonders im ersten Forschungsgebiet, worin klassische Topic Modelling
Verfahren zur Trendmodellierung genutzt wurden, konnten sich vielversprechendes Poten-

ziale durch die Integration modernerer Technologien ergeben.

1. Forschungspotenzial: Untersuchung des Potenzials neuronaler Topic Mo-

delling Verfahren zur Weiterentwicklung der Trendanalyse.

Zukiinftige Forschungsarbeiten konnten untersuchen, ob sich fiir die entwickelten Trenda-
nalyseverfahren durch die Integration neuronaler Topic Modelling Techniken (vgl. Wu et
al., 2024) konkrete Vorteile gegeniiber der verwendeten Analysetechnik eroffnen konnten.
Wiéhrend die in der Dissertation entwickelten Verfahren auf klassischem Topic Modelling
basieren, welches zur Themenmodellierung auf die statistische Analyse von Wortverteilun-
gen setzt, nutzen neuronale Verfahren vortrainierte Sprachmodelle (z. B. BERT, GPT), um
die semantische Bedeutung der Themen besser erfassen zu konnen. Um die damit einher-
gehenden (potenziellen) Vorteile zu untersuchen, werden Forschungspotenziale skizziert,
die sich durch die Integration des neuronalen Topic Modelling Verfahrens BERTopic (Groo-

tendorst, 2022) in das bestehende Trendanalyseverfahren ergeben konnten.

Ein zentraler Vorteil neuronaler Verfahren wie BERTopic gegeniiber klassischen Topic Mo-
delling Ansatzen besteht in der Moglichkeit, Themen nicht mehr nur inhaltlich, sondern
auch semantisch zu erschlieBen. Wahrend klassische Topic Modelling Verfahren Themen
auf Basis haufigkeitsbasierter Schlagworter identifiziert, generiert BERTopic kontextsensi-
tive, sprachlich zusammenhingende Themenbeschreibungen (Grootendorst, 2022). Anstatt
lediglich einzelne Schliisselbegriffe pro Thema zu extrahieren, konnen durch BERTopic so
vollstandige, semantisch interpretierbare Themen formuliert werden, was die Interpretier-
barkeit der Themen erhohen kann. Ein klassisches Topic Modelling Verfahren konnte ein
Thema rund um Kundenfeedback zu einem neuen Smartphone-Update anhand der Schlag-
worter ,Update”, ,Fehler”, ,Akku“ identifizieren. Diese Begriffe geben dabei zwar Hinweise

auf das Thema, erfordern jedoch eine manuelle Interpretation, um den inhaltlichen
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Zusammenhang zu verstehen. BERTopic hingegen konnte dasselbe Thema als zusammen-
hiangende Beschreibung modellieren, aus der ersichtlich wird, dass durch die Kunden Kritik
am neuen Update wegen schnellerem Akkuverbrauch geauBert wurde. Diese semantisch
angereicherte Themenformulierung erleichtert die direkte inhaltliche Einordnung und ver-
ringert einerseits den Interpretationsaufwand und andererseits die Subjektivitit bei der In-

terpretation.

Daraus konnte sich ein vielversprechendes Forschungspotenzial fiir die kontextsensitive
Trendanalyse ergeben. Dabei gilt es zu untersuchen, ob BERTopic — insbesondere unter Be-
riicksichtigung der doméanenspezifischen Anforderungen an kontextsensitive Trendanaly-
sen im Marketing — in der Lage ist, valide und realititsnahe Trendbeschreibungen zu erzeu-
gen. Sollte sich dies empirisch bestatigen lassen (z. B. durch Experteninterviews), konnte
durch die Integration von BERTopic in den bestehenden Analyseansatz die bisher notwen-
dige nachgelagerte Interpretation der identifizierten (schlagwortbasierten) Trends durch
semantische, kontextsensitive Trendbeschreibungen ergianzt werden. Entscheidungstriager
hatten somit unmittelbar Zugriff auf interpretierbare, semantisch angereicherte Trendinfor-
mationen, was vor dem Hintergrund der Schnelllebigkeit von Trends einen essenziellen Vor-

teil darstellen konnte.

Ein weiteres Potenzial zur Weiterentwicklung der Trendanalyseverfahren konnte zudem in
der Echtzeitfahigkeit von BERTopic liegen. Im Gegensatz zum klassischen Topic Modelling,
bei dem neue Daten in der Regel einen erneuten Durchlauf des Modell-Trainingsprozesses
erfordern, ermoglicht BERTopic durch die Nutzung vortrainierter Sprachmodelle die dyna-
mische Integration neuer Inhalte, ohne dass das zugrunde liegende Modell erneut trainiert
werden muss. Dadurch konnen neue Daten unmittelbar in das bestehende Modell einge-

speist und ohne Verzogerung analysiert werden.

Zukiinftige Forschungsarbeiten konnten daher untersuchen, ob diese Fahigkeit zur konti-
nuierlichen Datenintegration genutzt werden kann, um ein laufend aktualisiertes Trendmo-
dell zu entwickeln, das neu aufkommende Trends zuverlassig und (nahezu) in Echtzeit iden-
tifizieren kann. Auf diese Weise lieBe sich der bislang notwendige Zwischenschritt des er-
neuten Modelltrainings umgehen lassen, wodurch eine ressourcenschonendere Trendana-
lyse ermdglicht werden konnte. Zudem wiirde der manuelle Schritt der Erhebung bzw. Be-
reitstellung neuer Daten fiir das erneute Modelltraining entfallen, wodurch der Automati-
sierungsgrad der Trendanalyse verbessert werden konnte. Zur Flexibilisierung der Trenda-

nalyse wire es technisch somit denkbar, aktuelle Datenstrome durch die Anbindung von
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Social Media APIs in das neue Trendanalyseverfahren zu integrieren, um so neue Beitriage
(nahezu) in Echtzeit in das Analyseverfahren einzuspeisen und somit automatisiert in die
Trendanalyse zu integrieren. Dies wiirde sowohl die Reaktionsgeschwindigkeit der Trenda-
nalyse steigern als auch das Automatisierungspotenzial der eingesetzten Werkzeuge erwei-
tern — was einen wesentlichen Vorteil bei der frithzeitigen Erkennung und Bewertung dyna-

mischer Trends darstellen wiirde.

Insgesamt eroffnen sich durch die Integration neuronaler Topic Modelling Verfahren wie
BERTopic zwei zentrale Perspektiven fiir zukiinftige Forschung: Einerseits konnte durch die
semantisch fundiertere ThemenerschlieBung die inhaltliche Interpretierbarkeit der identi-
fizierten Trends verbessert werden; andererseits bietet die Echtzeitfahigkeit dieser Modelle
das Potenzial, neue Inhalte automatisiert und ohne Verzogerung in die Analyse zu integrie-
ren. Beide Potenziale adressieren damit zentrale Anforderungen kontextsensitiver Trenda-
nalysen und markieren vielversprechende Ansatzpunkte fiir die Weiterentwicklung der da-

tengetriebenen Analyseverfahren.
(I1) Theoretische Fundierung durch interdisziplinire Systemgestaltung

Die in dieser Dissertation entwickelten Analyseverfahren und Werkzeuge orientierten sich
konsequent an etablierten Methoden und Modellen der IS, insbesondere im Kontext der ge-
staltungsorientierten Forschung. Dabei wurden bereits erste interdisziplinare Ankniip-
fungspunkte aufgegriffen. Allerdings blieb diese diszipliniibergreifende Theoriebildung bis-
lang punktuell und wurde nicht systematisch vertieft. Dadurch bleiben Potenziale unge-
nutzt, um die entwickelten Systeme theoretisch noch starker zu fundieren und deren doma-
nenspezifische Anschlussfiahigkeit zu erhohen. Besonders im zweiten Forschungsbereich
bietet die Integration interdisziplindrer Theorien vielversprechende Forschungspotenziale,
um die bestehenden Untersuchungen zur AAC theoretischer zu fundieren und die identifi-

zierten Limitationen in (C) zu adressieren.

2. Forschungspotenzial: Untersuchung des Potenzials der Self Determina-

tion Theory zur Erweiterung der nutzerzentrierten AAC-Systemgestaltung.

Im Rahmen des zweiten Forschungsgebiets der Dissertation wurde ein AAC-System entwi-
ckelt, das auf Basis der Big Five Personlichkeitstheorie (Costa & McCrae, 1992) personali-
sierte SprachduBerungen generiert. Die zugrundeliegende Idee bestand darin, die generier-
ten Sprachbeitrage stilistisch starker an die individuelle Personlichkeit des Nutzers anzu-

passen, um so eine authentischere Kommunikation fiir den Nutzer zu ermoglichen. Ziel war
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es, durch diese personalisierte Anpassung einen Beitrag zur Starkung der Nutzerzentrierung
zu leisten und damit einen ersten Weg in Richtung inklusiverer AAC-Systeme zu ebnen.
Wihrend durch die Big Five eine etablierte Grundlage zur Erfassung der individuellen Per-
sonlichkeiten der Nutzer geschaffen wurde, erscheint es vor dem Hintergrund der Starkung
der Nutzerzentrierung vielversprechend, erginzend auch die psychologischen Grundbe-

diirfnisse der Nutzer zu beriicksichtigen.

Ein vielversprechendes Potenzial zur theoretisch-fundierten Beriicksichtigung der individu-
ellen psychologischen Nutzerbediirfnisse konnte sich durch die Integration der Self Deter-
mination Theory (SDT) von Deci & Ryan (1985) in das AAC-Systemdesign ergeben. Die SDT
beschreibt drei universelle psychologische Grundbediirfnisse: Autonomie, Kompetenz und
soziale Eingebundenheit. Die Theorie besagt, dass eine Befriedigung dieser drei Grundbe-
diirfnisse zu einer hoheren intrinsischen Motivation, einem besseren Wohlbefinden und ei-
ner positiven Personlichkeitsentwicklung fiihrt. Umgekehrt konnen mangelnde Befriedi-
gung dieser Bediirfnisse zu Demotivation, Stress und negativen Folgen fiir die psychische
Gesundheit fiihren. Die SDT konnte sich daher ideal als komplementére Theorie zur Big Five
Personalisierung eignen, da sie den motivationalen Unterbau personalisierter Kommunika-
tion liefert. Wahrend die Big Five beschreiben, wie Menschen sind, beschreibt die SDT, was
Menschen motiviert — und was sie benotigen, um sich ernst genommen und eingebunden
zu fiihlen (Deci & Ryan, 1985). So konnte die Beriicksichtigung dieser Dimensionen einen
zentralen Beitrag fiir die Gestaltung nutzerzentrierter AAC-Systeme darstellen. Zukiinftige
Forschungsarbeiten konnten daher untersuchen, wie die drei psychologischen Grundbe-
diirfnisse der SDT konkret in der Gestaltung von AAC-Systemen berticksichtigt und techno-

logisch operationalisiert werden konnen.

So konnten zukiinftige Forschungsarbeiten bspw. untersuchen, wie das psychologische
Grundbediirfnis nach Autonomie im Design von AAC-Systemen gezielt beriicksichtigt und
technisch umgesetzt werden konnte. Autonomie im Sinne der SDT beschreibt das mensch-
liche Bediirfnis, selbstbestimmte Entscheidungen zu treffen und Kontrolle iiber das eigene
Handeln auszuiiben (Deci & Ryan, 1985) — ein Aspekt, der gerade in der AAC eine grof3e
Rolle spielt. Denn Personen mit eingeschrankter Sprachfahigkeit erleben haufig einen Kon-
trollverlust iiber ihre Ausdrucksmoglichkeiten, was ihre Autonomie im kommunikativen

Alltag erheblich einschrankt (Uchoa et al., 2021).

Zukiinftige Forschungsarbeiten konnten daher untersuchen, wie AAC-Systeme so gestaltet

werden konnen, dass sie den Nutzern ein hoheres MaB an Kontrolle iiber die
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Kommunikation ermoglichen. Dabei konnten zwei zentrale Richtungen einschlagen wer-
den: Erstens ist es notwendig, systematisch zu untersuchen, welche Gestaltungsmerkmale
von AAC-Systemen iiberhaupt geeignet sind, das psychologische Bediirfnis der Nutzer nach
Autonomie gezielt zu fordern. Hierzu konnten z. B. qualitative Studien mit Betroffenen
durchgefiihrt werden, um Autonomie-Barrieren und -Priaferenzen im Hinblick auf selbstbe-
stimmte Kommunikation zu identifizieren. Solche Erkenntnisse wiirden es ermoglichen,
konkrete Gestaltungsvorgaben wie individuell konfigurierbare Steuerungsmechanismen zur
personalisierten Kommunikationserzeugung abzuleiten, um das Gefiihl von Kontrolle iiber
die eigene Kommunikation zu starken. Zweitens lieBe sich auf diesen Erkenntnissen aufbau-
end die technologische Umsetzung und Evaluation entsprechender Systemfunktionalitdaten
realisieren — z. B. durch die prototypische Entwicklung adaptiver Steuerungsmechanismen,
die in explorativen Nutzungsstudien auf ihre Wirkung im Hinblick auf wahrgenommene Au-

tonomie und Nutzerakzeptanz gepriift werden konnen.

Insgesamt zeigt sich, dass durch die Integration interdisziplinarer Theorien wie der SDT ein
Beitrag zur theoretischen Fundierung nutzerzentrierter AAC-Systemgestaltung geleistet
werden konnte. Durch die systematische Beriicksichtigung psychologischer Grundbediirf-
nisse wie Autonomie lassen sich neue Gestaltungsideen und Entwicklungspotenziale fiir
AAC-Systeme ableiten, welche zukiinftigen Forschungsarbeiten zur gezielten Adressierung
zentraler Limitationen im Hinblick auf die theoretische Fundierung (vgl. Kategorie C) die-
nen konnen. Schlussendlich konnte damit zu einer starker nutzerzentrierten Kommunikati-
onsunterstiitzung beigetragen werden, wodurch die Inklusionsfahigkeit der AAC-Systeme

gesteigert und ein Beitrag fiir unterstiitzungsbediirftige Menschen geleistet werden konnte.
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