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Abstract 

The ubiquity of digital technologies in everyday professional and non-professional life is 

increasingly blurring the line between physical and digital worlds and inducing changes in 

society and industry, which are summarized under the term digital transformation (DT). At the 

societal level, formerly non-digital decision contexts (e.g., health, resource consumption) are 

now becoming digital technology-enabled and connected (e.g., smart health trackers, smart 

home solutions) and have the potential to influence individuals’ decision-making and behavior. 

By allowing for data collection, processing, and retrieval, digital technologies can facilitate 

more conscious decisions and sustainable behaviors, both being important levers for addressing 

societal challenges such as achieving sustainable health or sustainable resource consumption. 

However, for digital technologies to realize their full potential, their impact on individuals using 

the digital technology-enabled devices also needs to be considered, including impacts on 

decision-making processes, trusting beliefs, and user perceptions like perceived usefulness. 

Therefore, we require a good understanding of both, the technical component (i.e., digital 

technologies) and the social component (i.e., individuals, society, organizations) which together 

form a sociotechnical system, also referred to as an information system (IS) artifact. Such a 

sociotechnical perspective is also relevant for DT on an organizational level, where digital 

technologies are increasingly used to innovate an organization’s business model (i.e., its 

products, processes, and value proposition) to stay competitive in a rapidly changing 

environment. For example, organizations adopt information and communication technologies 

(ICTs) to enable virtualized work practices and collaboration (e.g., remote maintenance, virtual 

site visits) to address business challenges caused by disruptions in their environment. However, 

technology adoption requires significant financial and human resources, and not every available 

technology is tailored to the needs of every organization. Combined with low success rates for 

organizational DT, we require a better understanding of the opportunities and challenges digital 

technologies present, as well as of how their adoption enables successful DT.  

Taken together, this thesis is motivated by two overarching research questions focusing on how 

digital technologies can be used to enable societal DT to address societal challenges, and how 

digital technologies can be used by organizations to enable organizational DT to cope with 

business challenges. Against this backdrop, five studies were conducted and published as part 

of this dissertation. The first three articles relate to the societal context and investigate how 

decision support systems (DSS) and Green IS artifacts influence individuals’ decision-making 

and behavior to address two pressing sustainability challenges of society: achieving sustainable 
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health through managing societal crises like the COVID-19 pandemic and achieving sustainable 

resource consumption to contribute to the globally agreed sustainable development goals. The 

fourth and fifth article relate to the organizational context and examine the adoption of ICTs 

and immersive technologies in small and medium-sized enterprises (SMEs) that aim to 

overcome business challenges (e.g., comply with government regulations, adapt to changing 

market requirements) through organizational DT. 

More specifically, the first article investigates how individuals searching for a medical practice 

to go to can be assisted by a DSS providing crowding information (i.e., how busy a location is) 

complemented by a temporal cue (i.e., how timely the information was retrieved). Users of such 

DSS can consider crowding information in their decision-making, which is relevant because 

crowds represent an increased risk of infection – particularly in light of the COVID-19 

pandemic. The results reveal that the presence of crowding information leads to a selection of 

less crowded locations and that this effect is strengthened by temporal cues indicating a timely 

(i.e., close to real-time) retrieval of such information. Moreover, the effect of timely crowding 

information on users’ decision-making is strongest for users with low (vs. high) health anxiety, 

a particularly relevant moderator in this research context. 

The second and third article relate to the societal challenge of achieving more sustainable 

resource consumption in private households. They investigate how individuals can be 

motivated to reduce their resource consumption through a Green IS artifact that allows them to 

set a consumption goal. To that end, the second article examines the effect of one’s relative 

performance (i.e., performing better or worse than others) and a goal’s evaluative standard (i.e., 

a goal referring to one’s own or others’ consumption intensity). The results demonstrate that 

individuals who perform worse than others reduce their resource consumption to a higher 

degree with a goal referring to others than with a goal referring to themselves. In contrast, 

better-performing individuals reduce their resource consumption more fiercely with a goal 

referring to themselves than with a goal referring to others.  

These findings are confirmed by the third article. However, the third article goes beyond the 

results of the previous study by examining two additional goal-related design features: goal 

incentives (i.e., collaboration vs. competition) and a goal’s reference group (i.e., anonymous 

vs. familiar others). The results show that individuals have a personal preference for a particular 

goal incentive, with individuals who prefer collaboration showing a preference for familiar 

collaborators, whereas those who prefer competition generally prefer anonymous competitors. 



Abstract VII 

 

The fourth article shifts the focus to the organizational context and on how ICTs enable SMEs 

from the event industry to innovate their business model to respond to business challenges 

caused by environmental disruptions such as the COVID-19 pandemic. The results demonstrate 

the importance of evaluating digital technologies on the basis of affordances (i.e., opportunities) 

and constraints (i.e., hinderances) and from the perspective of different relevant stakeholders 

(i.e., SMEs and their customers). In terms of enabling new business models to cope with the 

COVID-19 pandemic in the short and medium term, readily available ICTs exhibit greater 

affordances and, more decisively, weaker constraints than more sophisticated ICTs and thus are 

preferred by SMEs in the event industry and their customers. 

The fifth article examines the adoption of immersive technologies (e.g., augmented and virtual 

reality technologies) in manufacturing SMEs. The results demonstrate that the consideration of 

different stakeholder perspectives (e.g., SMEs, suppliers) and particularly the consideration of 

existing constraints play a critical role in the overall assessment of digital technologies for their 

use in organizational DT. In addition, the findings reveal which measures are essential to 

overcome existing constraints in order to reach organizational, actor, environmental, and 

technological readiness to enable SMEs to realize the affordances of digital technologies. 

Overall, this dissertation provides an advanced understanding of how digital technologies 

enable DT in society and industry, thereby allowing for ways to address societal and business 

challenges. The studies comprised in this thesis contribute to research on user behavior and 

decision-making in digital environments by highlighting the influential role of crowding 

information, temporal cues, and personalized goal-related design features on users’ real-world 

behavior. Moreover, the results contribute to research on DT and organizational technology 

adoption by allowing for a more holistic understanding of the role of technology affordances 

and constraints as success factors for digital technology adoption in SMEs. Apart from these 

contributions to research, this thesis also offers valuable insights and actionable 

recommendations for practitioners looking for ways to manage societal or business challenges. 

Specifically, design recommendations for designers of DSS and Green IS artifacts are provided 

to address societal challenges, along with guidance for managers and executives of SMEs who 

are facing business challenges and are looking for ways to succeed in their organizational DT. 
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Zusammenfassung 

Die Allgegenwart digitaler Technologien im beruflichen und außerberuflichen Alltag lässt die 

Grenzen zwischen physischer und digitaler Welt zunehmend verschwimmen und führt zu 

Veränderungen in Gesellschaft und Industrie, die unter dem Begriff der digitalen 

Transformation (DT) zusammengefasst werden. Auf gesellschaftlicher Ebene werden ehemals 

nicht-digitale Entscheidungskontexte (z. B. Gesundheit, Ressourcenverbrauch) zunehmend 

durch digitale Technologien unterstützt und vernetzt (z. B. Gesundheitstracker, Smart-Home 

Lösungen) und können so die Entscheidungen und das Verhalten von Individuen beeinflussen. 

Durch die Möglichkeit, Daten zu sammeln, zu verarbeiten und abzurufen, können digitale 

Technologien bewusstere Entscheidungen und nachhaltigeres Verhalten ermöglichen. Beides 

sind wichtige Hebel zur Bewältigung gesellschaftlicher Herausforderungen wie einer 

nachhaltigen Gesundheit oder eines nachhaltigen Ressourcenverbrauchs. Damit digitale 

Technologien ihr volles Potenzial entfalten können, müssen jedoch auch ihre Auswirkungen 

auf Individuen berücksichtigt werden, die mit diesen digitalen Technologien in Kontakt 

kommen. Dazu gehören Auswirkungen auf Entscheidungsprozesse, auf das Vertrauen in die 

Technologien und auf Wahrnehmungen der Nutzer wie zum Beispiel die wahrgenommene 

Zweckmäßigkeit. Daher ist ein gutes Verständnis sowohl der technischen Komponente (d. h. 

der digitalen Technologien) als auch der sozialen Komponente (d. h. der Individuen, 

Gesellschaft oder Unternehmen) erforderlich, die zusammen ein soziotechnisches System 

bilden, das auch als Informationssystem (IS) Artefakt bezeichnet wird. Eine solche 

soziotechnische Perspektive ist auch für die DT auf unternehmerischer Ebene relevant, wo 

digitale Technologien zunehmend zur Innovation des Geschäftsmodells (d. h. der Produkte, 

Prozesse, des Wertversprechen) eines Unternehmens eingesetzt werden, um in einem sich rasch 

verändernden Umfeld wettbewerbsfähig zu bleiben. So setzen Unternehmen beispielsweise 

Informations- und Kommunikations-Technologien (IKT) ein, um virtualisierte Arbeitsabläufe 

und Zusammenarbeit zu ermöglichen (z. B. Fernwartung, virtuelle Standortbesuche) und so 

Herausforderungen zu adressieren, die durch Disruptionen in ihrer Umwelt verursacht werden. 

Die Einführung von digitalen Technologien erfordert jedoch erhebliche finanzielle und 

personelle Ressourcen und nicht jede verfügbare Technologie ist auf die Bedürfnisse eines 

jeden Unternehmens zugeschnitten. In Verbindung mit niedrigen Erfolgsquoten von DT in 

Unternehmen ist ein besseres Verständnis der Chancen und Herausforderungen erforderlich, 

die mit digitalen Technologien einhergehen und den Erfolg von DT mitbestimmen. 



X Zusammenfassung 

Insgesamt ist diese Arbeit durch zwei übergreifende Forschungsfragen motiviert: wie digitale 

Technologien genutzt werden können, um eine DT im gesellschaftlichen Raum zur 

Bewältigung gesellschaftlicher Herausforderungen zu ermöglichen, und wie Unternehmen 

digitale Technologien nutzen können, um eine DT zur Bewältigung unternehmerischer 

Herausforderungen zu realisieren. Zur Beantwortung dieser Fragen wurden fünf Studien 

durchgeführt und im Rahmen dieser Dissertation in fünf Artikeln veröffentlicht. Die ersten drei 

Artikel beziehen sich auf den gesellschaftlichen Kontext und untersuchen, wie Entscheidungs-

Unterstützungs-Systeme und Green IS Artefakte die Entscheidungsfindung und das Verhalten 

von Individuen beeinflussen. Auf diese Weise sollen zwei gesellschaftliche Herausforderungen 

im Bereich der Nachhaltigkeit adressiert werden: nachhaltige Gesundheit durch Bewältigung 

gesellschaftlicher Krisen wie der COVID-19 Pandemie und nachhaltiger Ressourcenverbrauch 

als Beitrag zu den global vereinbarten Zielen für nachhaltige Entwicklung. Der vierte und der 

fünfte Artikel beziehen sich auf den unternehmerischen Kontext und untersuchen den Einsatz 

von IKT und immersiven Technologien in kleinen und mittleren Unternehmen (KMU), die sich 

mit Hilfe von DT unternehmerischen Herausforderungen stellen (z. B. Einhaltung staatlicher 

Vorschriften, Anpassung an veränderte Marktanforderungen). 

Der erste Artikel untersucht, wie Individuen handeln, die bei ihrer Suche nach einer Arztpraxis 

durch ein Entscheidungs-Unterstützungs-System Auslastungsinformationen (d. h. wie gut 

besucht ein Ort ist) zusammen mit einem zeitlichen Hinweis (d. h. wie zeitnah die Information 

abgerufen wurde) bereitgestellt bekommen. Auf diese Weise können Nutzer solcher Systeme 

Auslastungsinformationen bei ihrer Entscheidung berücksichtigen, was – insbesondere 

während der COVID-19 Pandemie – von hoher Relevanz ist, da Menschenansammlungen die 

Verbreitung von Infektionskrankheiten fördern und ein erhöhtes Infektionsrisiko darstellen. Die 

Ergebnisse zeigen, dass das Vorhandensein von Auslastungsinformationen dazu führt, dass 

weniger ausgelastete Orte bevorzugt gewählt werden. Dieser Effekt wird durch zeitliche 

Hinweise verstärkt, die auf einen zeitnahen (d. h. nahezu in Echtzeit erfolgenden) Abruf solcher 

Informationen hinweisen. Darüber hinaus ist der Effekt solcher Echtzeit 

Auslastungsinformationen auf die Entscheidungsfindung der Nutzer dann am stärksten, wenn 

deren Angst vor gesundheitlichen Risiken gering (verglichen zu hoch) ist, was in diesem 

Forschungskontext ein besonders relevanter Moderator ist. 

Der zweite und dritte Artikel beziehen sich auf die gesellschaftliche Herausforderung, einen 

nachhaltigeren Ressourcenverbrauch in privaten Haushalten zu erreichen. Sie untersuchen, wie 

Individuen motiviert werden können, ihren Ressourcenverbrauch zu reduzieren, indem sie sich 



Zusammenfassung XI 

 

mit Hilfe eines Green IS Artefakts ein Verbrauchsziel setzen. Dazu untersucht der zweite 

Artikel die Auswirkungen der eigenen relativen Leistung (d. h. besser oder schlechter als andere 

zu sein) und des Bewertungsmaßstabes eines Ziels (d. h. ob sich das Ziel auf die eigene 

Verbrauchsintensität oder die anderer bezieht). Die Ergebnisse zeigen, dass Individuen, die 

schlechter sind als andere, ihren Ressourcenverbrauch stärker reduzieren, wenn sich das Ziel 

auf andere und nicht auf sie selbst bezieht. Im Gegensatz dazu reduzieren Individuen, die besser 

sind als andere, ihren Ressourcenverbrauch stärker mit einem auf sie selbst bezogenen Ziel als 

mit einem auf andere bezogenen Ziel.  

Diese Ergebnisse werden durch den dritten Artikel bestätigt. Dieser geht jedoch über die 

Ergebnisse der vorherigen Studie hinaus, indem er zwei zusätzliche Zielsetzungs-Design 

Features untersucht: Zielanreize (d. h. Zusammenarbeit vs. Wettbewerb) und die Bezugsgruppe 

eines Ziels (d. h. bekannte vs. anonyme Andere). Die Ergebnisse zeigen, dass Individuen eine 

persönliche Präferenz für einen bestimmten Zielanreiz haben. Diejenigen, die eine 

Zusammenarbeit bevorzugen, zeigen eine Präferenz für bekannte Kollaborateure, während 

diejenigen, die ein Wettbewerbsumfeld bevorzugen, anonyme Konkurrenten präferieren. 

Der vierte Artikel verlagert den Fokus auf den unternehmerischen Kontext und darauf, wie IKT 

KMU der Veranstaltungsbranche in die Lage versetzen, ihr Geschäftsmodell zu innovieren – 

insbesondere um auf Herausforderungen zu reagieren, die durch Umwelt-Disruptionen wie die 

COVID-19 Pandemie verursacht werden. Die Ergebnisse zeigen wie wichtig es ist, digitale 

Technologien auf der Basis von Möglichkeiten („Affordances“) und Beschränkungen 

(„Constraints“) und aus der Perspektive verschiedener relevanter Stakeholder (d. h. KMU, 

Kunden) zu bewerten. Hinsichtlich der kurz- und mittelfristigen Ermöglichung neuer 

Geschäftsmodelle zur Bewältigung der COVID-19 Pandemie weisen allgemein verfügbare IKT 

größere Affordances und, noch entscheidender, geringere Constraints auf als innovative IKT 

und werden daher von KMU der Veranstaltungsbranche und ihren Kunden bevorzugt.  

Der fünfte Artikel untersucht den Einsatz immersiver Technologien (z. B. Augmented Reality, 

Virtual Reality) in KMU der Fertigungsindustrie. Die Ergebnisse zeigen, dass die 

Berücksichtigung verschiedener Stakeholder-Perspektiven (z. B. KMU, Zulieferer) und 

insbesondere die Berücksichtigung bestehender Constraints eine entscheidende Rolle spielen, 

wenn es um die Gesamtbewertung digitaler Technologien und deren Einsatz im Zuge von DT 

geht. Darüber hinaus zeigen die Ergebnisse, welche Maßnahmen zur Überwindung bestehender 

Constraints notwendig sind, um eine Bereitschaft im Unternehmen und seiner Umgebung 

sicherzustellen, sodass KMU die Affordances digitaler Technologien verwirklichen können. 



XII Zusammenfassung 

Insgesamt bietet diese Dissertation ein besseres Verständnis dafür, wie digitale Technologien 

DT in Gesellschaft und Industrie ermöglichen können und dadurch Wege zur Bewältigung 

gesellschaftlicher und unternehmerischer Herausforderungen eröffnen. Die in dieser 

Dissertation enthaltenen Studien leisten einen Beitrag zur Forschung im Bereich des 

Nutzerverhaltens und der Entscheidungsfindung in digitalen Umgebungen, indem sie die 

einflussreiche Rolle von Auslastungsinformationen, zeitlichen Hinweisen und personalisierten 

Zielsetzungs-Design Features auf das Nutzerverhalten beleuchten. Darüber hinaus leisten die 

Ergebnisse einen Beitrag zur Forschung im Bereich DT und Technologie-Einführung in 

Unternehmen, indem sie ein ganzheitliches Verständnis der Rolle von Affordances und 

Constraints als Erfolgsfaktoren für die Einführung von Technologien in KMU ermöglichen. 

Neben diesen Beiträgen zur Forschung bietet diese Dissertation auch wertvolle Einblicke und 

Empfehlungen für Praktiker, die nach Wegen zur Bewältigung gesellschaftlicher oder 

unternehmerischer Herausforderungen suchen. Insbesondere werden Gestaltungsempfehlungen 

für Designer von Entscheidungs-Unterstützungs-Systemen und Green IS Artefakten gegeben, 

um gesellschaftliche Herausforderungen adressieren zu können. Darüber hinaus werden 

Empfehlungen für Führungskräfte und Mitarbeiter von KMU ausgesprochen, die mit 

unternehmerischen Herausforderungen konfrontiert sind, um sie bei einer erfolgreichen DT zu 

unterstützen. 
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Chapter 1: Introduction 

1.1 Motivation 

Constant technological advancements and the emergence of new digital technologies, for 

example in the areas of data processing, data analytics, and connectivity, are impacting all areas 

of life (e.g., Baird and Maruping 2021; Ketter et al. 2020; Turel et al. 2020). To that end, the 

term digital transformation (DT) summarizes changes in society and industry that are triggered 

by the prevalence of digital technologies and that lead to structural changes, altered value 

creation, and refined modes of interaction (e.g., Matt et al. 2015; Qureshi et al. 2021; Vial 

2019). DT has become a priority on the agenda of governments and leaders worldwide, 

especially in times of heightened uncertainty and increasing disruption that call for digital 

innovation to address societal and business challenges (e.g., Qureshi et al. 2021; Vial 2019). 

On a societal level, the ubiquity of digital technologies leads to an increasing “digitization of 

individuals” in non-work contexts with new application areas emerging, for example, in relation 

to smart homes and health (Turel et al. 2020). Thus, formerly non-digital devices (e.g., energy 

consumption meters, watches) and associated decision contexts (e.g., whether to switch off 

appliances before leaving the house, whether to attend another training session) are now 

increasingly digital technology-enabled or digitized (e.g., smart home solutions, smart health 

trackers) (Matt et al. 2019). This creates the opportunity to use digital technologies to address 

societal challenges such as curbing high energy consumption and managing societal crises like 

the COVID-19 pandemic. However, for digital technologies to realize their full potential, their 

impacts on individuals using the digital technology-enabled devices also have to be considered. 

Specifically, using digital technologies impacts the decision-making process itself (e.g., 

cognitive effort, decision quality), users’ trusting beliefs (e.g., reliability, credibility), and 

perceptions toward the digital technology-enabled device (e.g., perceived usefulness, reuse 

intentions) (e.g., Li and Karahanna 2015; Xiao and Benbasat 2007). Therefore, a more detailed 

investigation is required of how digital technologies influence individuals’ behavior and what 

the drivers and consequences of societal DT are (e.g., Matt et al. 2019; Turel et al. 2020). On 

an organizational level, DT refers to an organization’s endeavor to use digital technologies such 

as information, communication, or immersive technologies to improve its processes and 

products (e.g., virtualized work practices and collaboration) and to innovate its business model 

(e.g., Hess et al. 2016; Vial 2019). Such a digital technology-enabled DT allows organizations 

to improve their competitiveness and to address business challenges in a rapidly changing 
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environment (e.g., Li et al. 2017; Wenzel et al. 2020). However, DT require extensive human 

and financial resources to identify, implement, and deploy appropriate digital technologies. 

With less than a third of all DT initiatives being successful, sustainable technology adoption 

cannot be taken for granted and requires a persistent evolution in our understanding of the 

opportunities and challenges they present (e.g., de la Boutetière et al. 2018; Wessel et al. 2020). 

This is where information systems (IS) research can exert a meaningful impact on society and 

industry (e.g., Benbya et al. 2020; Sarker et al. 2019). IS research “is concerned with the 

development, use, and impacts of digital information and communication technology by 

individuals, collectives, and organizations” (Recker 2021, p. vii). With digital technologies 

constantly evolving and environmental conditions continually changing, IS research strives to 

keep pace with these developments and to contribute to a better understanding of how and why 

digital technologies impact social actors like individuals, society, and organizations and vice 

versa (Ågerfalk et al. 2020; Sarker et al. 2019). The joint consideration of technological 

components (e.g., systems, platforms) and social components (e.g., psychology, economy) is 

reflected in the sociotechnical perspective. Specifically, the sociotechnical perspective 

describes IS artifacts as a composite of technical and social components that are interconnected 

and that interact with each other, such as when individuals interact with a mobile application or 

when technology adoption in organizations causes employees to adapt their working routines 

(e.g., Bostrom et al. 2009; Briggs et al. 2010; Lee et al. 2015). 

Against this backdrop, key questions pertaining to current IS research encompass social and 

technological components and how they influence each other, for instance in times of societal 

or business change. According to leading IS scholars (e.g., Ketter et al. 2020; Majchrzak et al. 

2016; Recker 2021; Wenzel et al. 2020), these key questions include how societal issues can be 

resolved through digital technologies as well as how digital technologies can help organizations 

innovate their business models to cope with business challenges. These two overarching 

questions on how digital technologies can be used to resolve challenges and enable DT in 

society and industry encapsulate the general motivation for the present thesis. Both will be 

elaborated in the next sub-section to derive the two research questions of this dissertation. 

1.2 Research Agenda and Research Questions 

The way digital technologies can be used to address challenges and enable DT differs in societal 

and business contexts, for instance in terms of the digital technology that is used, associated 

use cases, and respective opportunities and challenges (Qureshi et al. 2021). To account for 
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these differences, this thesis consists of two strands and aims to answer one research question 

in the societal context and one in the business context. The overall goal is to create a better 

understanding of how digital technologies enable DT in society and industry and what 

consequences such a transformation entails for individuals, society, and organizations.  

On a societal level, the pervasive availability and affordability of digital technologies not only 

affects individuals’ decision-making and thus, influences their behavior, but also enables the 

development of innovative solutions (i.e., IS artifacts) to tackle societal challenges through DT 

in the social space (i.e., digitization of individuals) (e.g., Ågerfalk et al. 2020; Qureshi et al. 

2021; Spiekermann et al. 2022; Turel et al. 2020). This thesis focuses on two pressing 

sustainability challenges of our recent time that can be addressed by the use of digital 

technologies: enabling more sustainable health by managing societal crises such as the COVID-

19 pandemic and achieving more sustainable resource consumption to meet the globally agreed 

sustainable development goals (e.g., Chandra Kruse et al. 2021; Ketter et al. 2020; Pan and 

Zhang 2020). These challenges affect society as a whole, but also its members at the individual 

level, with desired outcomes including individual well-being, safety, and long-term sustainable 

living (Ketter et al. 2020; Majchrzak et al. 2016). Both challenges can be addressed by IS 

artifacts that provide individuals with decision-relevant information (e.g., infection risks based 

on crowding, resource consumption intensity), transferring previously analog decision contexts 

into the digital realm. Specifically, through the design of IS artifacts’ user interfaces (UI), 

individuals’ attention can be caught or guided depending on the purpose of the IS artifact as 

well as the goals and characteristics of the user (Hevner et al. 2004; Peffers et al. 2018). 

Drawing on theories of cognitive and social psychology (i.e., construal level theory, social 

comparison theory, goal achievement theory, and goal-framing theory), this thesis derives 

design recommendations for UI design features of two particular IS artifacts that support 

individuals in addressing the two aforementioned societal challenges. 

In the case of sustainable health and coping with societal crises such as the COVID-19 

pandemic, a decision support system (DSS) can serve as a promising IS artifact. Specifically, 

DSS can assist users selecting a location to go to (e.g., medical practices, shops, restaurants) by 

allowing them to consider crowding information (i.e., how busy a location is) as an indicator of 

potentially increased costs of congestion such as the risk of infection. The provision of 

crowding information as contextual information supports users in deciding between different 

location options in a virtual setting. At the same time, it impacts the overall crowding level at 

the physical locations and therefore, affects other individuals’ real-life experience. Moreover, 
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the DSS can leverage temporal cues in the form of timeliness cues (e.g., “updated 2 minutes 

ago”) as a design feature that indicates how timely the crowding information was retrieved. 

Prior IS research investigated how DSS users’ decision-making is impacted by such temporal 

cues (e.g., timestamps, countdowns), for example, when evaluating seller reputation in online 

auction markets (Chau et al. 2021), assessing the helpfulness of product reviews (Huang et al. 

2018), or adjusting their funding of crowdfunding campaigns (Li and Wang 2019). Yet, in the 

studied contexts, temporal cues usually referred to static information (e.g., timestamps) (Chen 

et al. 2011; Huang et al. 2018) or highly predictable information (e.g., countdowns) (Amirpur 

and Benlian 2015; Li and Wang 2019). This neglects the fact, that – due to technological 

advancements – DSS increasingly capture dynamically changing information like crowding 

information or wait times (e.g., Google 2020; NSW 2020; Transit 2020) which notably vary 

over time. Thus, to gain a better understanding of how digital technologies and the intentional 

design of DSS help users make informed decisions, this thesis investigates how the availability 

of dynamically changing information in the form of crowding information affects DSS users’ 

decision-making and how this effect is influenced by temporal cues. In this way, more balanced 

crowding levels at locations can be achieved, reducing the risk of contagion during pandemics 

while generally improving the experience of location visitors and owners. 

Apart from enabling more sustainable health by managing societal crises like the COVID-19 

pandemic, IS artifacts can be used to achieve more sustainable resource consumption and thus, 

to address the second societal challenge in focus of this thesis. So-called Green IS artifacts (e.g., 

smart meter devices) leverage digital technologies to assist users (i.e., individuals from private 

households) in reducing or maintaining their resource consumption (e.g., Henkel and Kranz 

2018; Malhotra et al. 2013). Specifically, through the UI of a Green IS artifact, individuals from 

private households can be provided with transparency on their own as well as other households’ 

resource consumption, thereby digitalizing central aspects of the previously analog context of 

energy consumption. To that end, previous research on Green IS artifacts investigated how 

different design features, such as transparency on one’s relative performance (i.e., one’s 

consumption intensity relative to oneself or others) (e.g., Loock et al. 2013; Tiefenbeck et al. 

2018; Watson et al. 2010) and goal setting variations such as default goals and goal incentives 

(e.g., Abrahamse et al. 2007; Loock et al. 2013) impact individuals’ resource consumption. 

Interestingly, they came to mixed results with regard to the design features’ effectiveness. For 

instance, different studies on goal setting report induced reductions in energy consumption that 

range from 2% to 30% (see Loock et al. 2013 for an overview). With lacking information on 
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differences in the actual goal design or on the consideration of psychological theories in the 

design process, there is limited guidance on how to optimize UI design features of Green IS 

artifacts to effectively encourage users to reduce their resource consumption (e.g., Karlin et al. 

2015; van Dam et al. 2010). At the same time, technological advancements and an increasing 

proliferation of smart meters that continuously track and transmit consumption data, allow for 

new design options that were not available in previous studies. For example, when setting a 

goal, success cannot only be measured relative to one’s previous performance (i.e., self-

referencing evaluative standard) but also relative to the average performance of others (i.e., 

other-referencing evaluative standard). However, little is known how evaluative standards as a 

design feature influence individuals’ resource consumption. Therefore, this dissertation aims to 

provide a better understanding of how different design features for Green IS artifacts (i.e., 

relative performance, evaluative standards, goal incentives, goal reference groups) influence 

users’ resource consumption behaviors. As such, this thesis reveals how digital technologies 

facilitate DT in the social space to address one of the most pressing societal challenges of our 

time, namely sustainable resource consumption. 

Taken together, with regard to the use of digital technologies to address challenges in the 

societal context, this thesis focuses on the following first research question (RQ): 

RQ1: How can digital technologies enable individuals to improve their decision-making and 

adapt their behavior to address societal challenges? 

On an organizational level, many organizations are recently considering DT as a strategic way 

to adjust (i.e., expand, redefine, or strengthen) their business model to remain competitive in a 

rapidly changing environment (e.g., Majchrzak et al. 2016; Wenzel et al. 2020). For this 

purpose, organizations can leverage digital technologies (e.g., information and communication 

technologies) to innovate their business model and to undergo a DT by changing products and 

processes or refining customer interactions (e.g., virtualized collaboration) (e.g., Hess et al. 

2016; Matt et al. 2015; Müller et al. 2016). However, successful technology adoption and use 

cannot be taken for granted, with only about 30% of all DT initiatives being successful (de la 

Boutetière et al. 2018). Moreover, identifying and implementing appropriate digital 

technologies requires both financial and human resource to manage significant changes in an 

organization’s value creation (e.g., Breier et al. 2021; Foss and Saebi 2017; Kraus et al. 2020b). 

This is a challenge particularly for small and medium-sized enterprises (SMEs), whose small 

number of employees entail unique organizational and leadership characteristics (e.g., small 
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asset base, multiple-role identities, flat hierarchies) (e.g., Arendt 2008; Heidt et al. 2019; 

Riemenschneider et al. 2003). Accordingly, several contemporary scholars called for research 

on the role of digital technologies for SMEs in addressing business challenges, managing crises, 

as well as maintaining and sustaining DT at the organizational level (e.g., Ameen et al. 2020; 

Carroll et al. 2021; Majchrzak et al. 2016). However, there is still limited guidance for SMEs 

on how to prepare for technology adoption, what barriers and drivers to consider, and how to 

sustainably implement the chosen technologies (e.g., Gkeredakis et al. 2021; Papadopoulos et 

al. 2020). Drawing on technology affordances and constraints theory, this thesis investigates 

digital technologies as sets of affordances (i.e., opportunities) and constraints (i.e., hinderances) 

that depend on technological characteristics (e.g., availability, complexity), the goals and 

abilities of the actor intending to use the technology (e.g., individual users, groups, or 

organizations), as well as the context in which the technology is leveraged (e.g., Leonardi 2011; 

Majchrzak et al. 2016). Therefore, this dissertation aims to contrast the affordances and 

constraints of specific digital technologies (i.e., information, communication, and immersive 

technologies) that can be adopted by SMEs to innovate their business model in response to 

challenging disruptions in their environment, such as sudden physical distancing directives or 

an increasing need for virtualized collaboration in digitized work environments. This will allow 

for a better understanding of which technologies – based on their affordances for different 

stakeholders (e.g., SMEs, customers, suppliers) – are best suited to innovate an SMEs’ business 

model. Moreover, it reveals which constraints need to be addressed to ensure successful 

technology adoption and thus, to allow for successful DT. 

As such, with regard to digital technologies being used for DT on an organizational level, this 

thesis addresses the following research question: 

RQ2: How can digital technologies enable small and medium-sized enterprises to innovate 

their business model to address business challenges? 

To answer both research questions, five studies were conducted with the results being published 

in five peer-reviewed IS journals and conference proceedings. The first three studies focus on 

the use of digital technologies to address societal challenges and thus, investigate the design 

and use of IS artifacts that are provided to individual users (i.e., RQ1). More specifically, they 

investigate how DSS design features (i.e., contextual information, temporal cues) and design 

features for smart meter UI (i.e., transparency on relative performance, evaluative standard, 

goal incentives, goal reference groups) influence individuals’ decision-making and behaviors 
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in previously scarcely digitized decision contexts. The remaining two studies focus on the 

implementation of digital technologies in SMEs to enable their DT to address business 

challenges (i.e., RQ2). More precisely, these technologies comprise information, 

communication, and immersive technologies that can be adopted by SMEs to innovate their 

business model and thus to enable virtualized collaboration and interaction. Taken together, the 

studies shed light on how digital technologies can be used to enable DT on a societal and 

organizational level. 

1.3 Research Context and Theoretical Foundations 

This section lays the foundation for this thesis by introducing the research contexts in which 

the individual studies of this cumulative dissertation are situated. Moreover, it introduces 

relevant theoretical foundations and positions this thesis within previous research. The first sub-

section provides details on the sociotechnical perspective in IS research and defines the 

components of an IS artifact. The second sub-section relates to the digitization of individuals 

in the course of societal DT, which is essential to addressing the first overarching research 

question. It focuses on individuals’ decision-making and behavior in digital environments and 

how such behavior can be impacted by design features of IS artifacts. The subsequent third sub-

section relates to organizational DT. It focuses on the adoption of digital technologies in 

organizations, which is at the core of the second overarching research question. Specifically, it 

provides an overview of aspects influencing technology adoption and use in organizations and 

introduces technology affordances and constraints theory as the theoretical foundation.  

1.3.1 Sociotechnical Perspective in IS Research 

From a sociotechnical perspective, technological components (e.g., hardware, software, 

systems, and platforms) on the one hand and social components (e.g., psychology, economy, 

and culture) on the other form a sociotechnical systems, also referred to as an IS artifact (e.g., 

Alter 2013; Lee et al. 2015). The technological component is primarily defined by its functions 

and features, underlying mechanisms and techniques, availability, and other characteristics 

(e.g., complexity, compatibility) and – ideally – enables the social component in achieving a 

goal, solving a problem, or serving any other human-centered purpose (DePietro et al. 1990; 

Lee et al. 2015). The social component is defined by the goals, problems, and purposes of the 

social actor (e.g., individual, society, organization), but also by their characteristics (e.g., 

knowledge base, skills), social factors (e.g., relationships, interactions), as well as external 

factors (e.g., structures, culture) (e.g., Lee et al. 2015; Ryan et al. 2002). The sociotechnical 
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perspective implies that both, technical and social components, are interconnected and 

interdependent, meaning that only a joint consideration of both components allows a 

comprehensive picture of their reciprocal interaction (e.g., Bostrom et al. 2009; Sarker et al. 

2019). Specifically, the properties of the IS artifact as a composite of both components differ 

from being merely the sum of the individual components’ properties (Lee et al. 2015).  

As depicted in Figure 1-1, the design of an IS artifact should strive for joint optimization, 

meaning that a “fit” or “harmony” between the technical and the social component is required 

to ultimately improve instrumental outcomes (e.g., system effectiveness) as well as humanistic 

outcomes (e.g., user satisfaction) (e.g., Bostrom et al. 2009; Wallace et al. 2004).  

 

Figure 1-1: Sociotechnical perspective in IS research (based on Sarker et al. 2019) 

In addition, the sociotechnical perspective underscores the considerable importance of a human-

centered design of IS artifacts when digital technologies are embedded in a social context to 

enable activities, such as decision-making or collaboration. This is particularly relevant for the 

UI of IS artifacts and the UI’s design features which represent the direct interface between a 

sociotechnical system’s two components and enable human-technology interaction (e.g., Briggs 

et al. 2010; Gregor et al. 2020; Rai 2017). 

1.3.2 Decision-Making and Behavior in Digital Environments 

An individual’s decision-making and behavior are usually influenced not only by decision-

relevant information, but also by their environment, including the observed behaviors and 

opinions of others. For instance, when deciding between two product options, an individual 

may be influenced by the product’s characteristics, but also by cues indicating the opinion of 

others (also referred to as word-of-mouth) or others’ behavior, such as their purchase decisions 

(also referred to as observational learning) (e.g., Arndt 1967; Bandura and Jourden 1991; 

Bikhchandani et al. 1998). Particularly in the presence of uncertainty, individuals rely on such 
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cues from their environment and are likely to imitate previous selection behaviors (e.g., Chen 

and Davison 2019; Duan et al. 2009; Walden and Browne 2009).  

The concept of cues, long known in psychology, business, and marketing research, also applies 

to digital environments where they can be used as design features for IS artifacts. As digital 

technologies allow for collection, processing, and retrieval of data from formerly non-digital 

contexts of social life, individuals have access to large amounts of information, for example, 

through search platforms, mobile applications, or smart devices (Matt et al. 2019). At the same 

time, IS artifacts provide individuals with cues (e.g., temporal cues, social cues), virtual 

decision support, and recommendations based on algorithms and data analytics which influence 

their decision-making, behaviors, perceptions, and attitudes (e.g., Adam et al. 2021; Klumpe et 

al. 2020; Thies et al. 2016). Both, access to information (e.g., characteristics of a product) and 

cues (e.g., when the information was retrieved, how the product is rated) are highly relevant for 

our understanding of how digital technologies, embedded in IS artifacts, influence decision-

making and behaviors and what consequences such influence entails for individuals and society. 

Specifically, it is important to understand not only what information is provided to users of IS 

artifacts, but also how this information is provided through the IS artifact’s UI and associated 

design features. The question of what information is provided relates to the challenge of 

providing enough contextually relevant information to enable an informed decision without 

overloading the user with too much information. The answer to this question highly depends 

on the decision context. For example, an individual looking for a medical practice to go to might 

expect an IS artifact (e.g., DSS) to provide information on crowding levels because high levels 

of crowding cause costs of congestion (Wang and Ackerman 2019; Weimer and Vining 2005), 

such as unwanted physical proximity, increased wait times, and impaired service quality 

(Becker 1991; Villarica 2011). In the context of resource consumption, an IS artifact that guides 

users in deciding on a future consumption goal may be requested to provide transparency on 

the user’s own and comparable others’ average consumption intensity (e.g., Corbett 2013; 

Loock et al. 2011) or display real-time feedback on one’s resource consumption (Tiefenbeck et 

al. 2018). As these examples highlight, technological advancements enable IS artifacts to go 

from displaying static information to providing dynamically changing contextual information 

like a location’s crowding level or one’s recent resource consumption compared to others. IS 

artifacts addressing such dynamically changing information have so far been largely neglected 

by research on decision-making and user behavior in digital environments and are in focus of 

the first three articles of this dissertation. 



10 Introduction 

The question of how information is provided relates to the intentional design of UI design 

features that display the contextual information and that guide users in their interaction with the 

IS artifact as well as in their decision-making. Literature thereby refers to so-called information 

cues: pieces of information that guide behavior by stimulating individuals’ attention and either 

prompting them to consciously remember to act or to automatically elicit a behavior outside 

conscious awareness (APA 2022; Stawarz et al. 2020). The mechanisms and heuristics 

underlying an information cue can be explained by theories from cognitive, social, and 

behavioral psychology, depending on the type of cue. This thesis investigates the influence of 

two particular cues on users’ decision-making and behavior: timeliness cues that indicate how 

recently a piece of information was retrieved, and goal-frame-stimulating cues that trigger 

hedonic, normative, or gain thoughts. 

Timeliness cues are anchored in construal level theory, which explains how the cognitive 

processing of information is influenced by one’s psychological distance from an event or ob ect 

(Trope and Liberman 2010). Specifically, timeliness cues (e.g., “updated 2 minutes ago”) alter 

an individual’s psychological distance because they influence how temporally close or far away 

a piece of information is perceived. Yet, previous studies mainly investigated temporal cues 

referring to static information (e.g., time stamps) whereas this thesis aims at providing a more 

nuanced understanding of how timeliness cues referring to dynamically changing information 

affect users’ decision-making and behavioral intentions. 

Goal-frame-stimulating cues are anchored in goal-framing theory, which postulates that goals 

govern (i.e., “frame”) an individual’s attention and are decisive for what information becomes 

cognitively most accessible (Lindenberg and Steg 2007). To that end, three overarching goals, 

(i.e., hedonic, gain, and normative goals) have been identified with one of them usually being 

focal in attention and most influential for an individual’s behavior (Lindenberg 2001; 

Lindenberg and Steg 2013). Goal-frame-stimulating cues are design features that stimulate one 

particular goal frame, thus bringing it to the cognitive foreground. For example, gamification 

elements such as a yielded status from performing better than others can increase an individual’s 

hedonic experience (Seidler et al. 2020; Shevchuk et al. 2019). However, previous research on 

design features for (Green) IS artifacts did not incorporate goal-framing theory into the design 

and evaluation process of goal-related design features. As such, this thesis aims at providing a 

better understanding of how and why certain design features shape users’ behaviors to derive 

design recommendations for effective Green IS artifacts. 
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1.3.3 Digital Technology Adoption in Organizations 

Organizations of almost all industries are confronted with the question of how to leverage 

digital technologies (e.g., information, communication, or computing technologies) most 

effectively to innovate their business model and to improve their processes and products in 

response to business challenges (e.g., Vial 2019; Wenzel et al. 2020). This is also, if not 

especially, true for pre-digital organizations (i.e., established organizations that were successful 

in the pre-digital economy) which have less experience with adopting digital technologies than 

born-digital organizations (Chanias et al. 2019). Depending on the degree to which digital 

technologies affect the organization’s value proposition (i.e., support vs. redefine) and the 

organizational identity (i.e., reinforce vs. renew), the transformation is either defined as a 

technology-enabled organizational transformation (i.e., supported value proposition; reinforced 

identity) or as a DT (i.e., redefined value proposition; renewed identity) (Wessel et al. 2020). 

Particularly the latter leads to altered value creation, refined modes of interaction, and changing 

products and processes (e.g., Hess et al. 2016; Matt et al. 2015; Vial 2019). 

Regardless of an organization’s digital maturity level, the adoption of digital technologies not 

only affects an organization internally, but also requires consideration of external (i.e., 

environmental and technological) factors. This is reflected by the technology-organization-

environment (TOE) framework (DePietro et al. 1990). The framework’s technological 

dimension comprises a technology’s internal and external availability and characteristics, such 

as complexity and compatibility; the organizational dimension covers characteristics of the 

organization such as its size, resources, structure, and processes; and the environmental 

dimension refers to aspects in the organization’s periphery such as governmental regulations, 

industry and market structure, as well as access to required infrastructure (DePietro et al. 1990). 

The TOE framework has been studied in a variety of IS domains, for instance to advance our 

understanding of the adoption of electronic businesses or open systems (e.g., Baker 2012; Chau 

and Tam 1997; Zhu et al. 2004). However, the TOE framework has been used predominantly 

as a lens for technology adoption in stable environments, with only marginal changes in the 

three dimensions over time (e.g., Thong 1999; Zhu et al. 2004). Moreover, the dimensions’ 

facets have been validated and extended mainly for large organizations, whereas SMEs have 

been largely neglected. Yet, there are fundamental structural differences between SMEs and 

large organizations that are directly linked to SMEs’ small number of employees (e.g., limited 

financial resources, more difficult access to talent), leading to unique organizational and 

managerial characteristics of SMEs (e.g., Chang 2020; Heidt et al. 2019). Therefore, this thesis 
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aims to extend previous studies on technology adoption in organizations, by investigating how 

technology adoption unfolds in a disrupted (i.e., quickly changing) environment and how digital 

technologies are used in SMEs to enable their business model innovation through DT and 

therefore, to address business challenges.  

The TOE framework investigates technology adoption on an organizational level, rather than 

from the perspective of individual stakeholders within or outside the organization. Yet, looking 

at the timeline of technology adoption from the initial awareness to the formal adoption and 

routinized deployment, different internal and external stakeholders (e.g., managers, employees, 

customers, technology providers) are involved at different points in time and play a critical role 

in the adoption process (Wright et al. 2017; Zhu et al. 2006). To account for the different goals 

and characteristics of each of these stakeholders, technology affordances and constraints theory 

is a lens that is particularly well suited to investigate adoption of digital technologies 

(Majchrzak et al. 2016). According to technology affordances and constraints theory, 

technologies are not merely defined by their functionality and technical characteristics, but seen 

as sets of affordances (i.e., opportunities) and constraints (i.e., hinderances) from the 

perspective of a particular actor (e.g., an organization or individual technology user) (e.g., 

Majchrzak et al. 2016; Markus and Silver 2008; Volkoff and Strong 2013). This also explains 

why a particular technology is used differently depending on the actors and the adoption context 

(Leonardi 2011; Majchrzak et al. 2016). As such, this thesis leverages technology affordances 

and constraints theory and takes the perspectives of different stakeholders to gain a better 

understanding of what consequences the adoption of digital technologies in SMEs entails at the 

individual and organizational level that are critical to DT success. 

1.4 Thesis Positioning and Structure 

This thesis is composed of seven chapters. The introduction (Chapter 1) motivates the research 

area of this thesis and derives two overarching research questions. Moreover, it presents the 

thesis’ research context and provides the theoretical foundation to answer the research questions 

before providing an overview of the thesis’ positioning and structure. The subsequent five 

chapters each present one peer-reviewed and published research article. Taken together, these 

articles provide answers to the overarching research questions. Specifically, articles 1 to 3 

(Chapters 2 to 4) answer the first research question as they investigate how digital technologies 

– increasingly available due to DT in the social space – influence individuals’ decision-making 

and behaviors through UI design features of IS artifacts. Article 4 and 5 (Chapters 5 and 6), on 

the other hand, address the second research question in the context of organizational technology 
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adoption and DT through digital technology-enabled business model innovation. The 

concluding chapter (Chapter 7) presents the main contributions to research, theory and practice, 

outlines limitations of this thesis, and derives directions for future research. Table 1-1 provides 

an overview of the chapters and articles that form the body of this cumulative dissertation thesis. 
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COVID-19 Through Physical Distancing: The Impact of Real-Time 

Crowding Information.” 

In: European Journal of Information Systems, 29(5), pp. 595-607.  
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(Chapter 5) 

 

Information and Communication Technologies (ICTs) Affording 

Business Model Innovation for SMEs 

Wendt, C..; Adam, M.; Benlian, A.; Kraus, S. (2021). “Let’s Connect to 

Keep the Distance: How SMEs Leverage Information and 

Communication Technologies to Address the COVID‑19 Crisis”. 

In: Information Systems Frontiers, forthcoming. VHB: B 

Article 5 

(Chapter 6) 

 

Immersive Technologies Affording Virtual Collaboration in 

Manufacturing SMEs 

Wendt, C.; Kalgovas, B.; Benlian, A. (2022). “Adoption of Immersive 

Technologies in Manufacturing SMEs – A Strategy-as-Practice 

Perspective on their Affordances, Constraints and Responses.”  

In: Hawaii International Conference on System Sciences (HICSS), 

January 3-7, A Virtual Conference. VHB: C 

Table 1-1: Overview of the articles included in this thesis 
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To provide a comprehensive overview of how these articles fit in the previously introduced 

sociotechnical perspective of IS research, Figure 1-2 illustrates the positioning of the five 

research articles by presenting the technical and social component of the IS artifact studied in 

the particular article. The joint optimization of both components leads to improved technical 

outcomes (e.g., increased effectiveness) as well as more desirable social outcomes (e.g., 

improved user experience) and can be achieved by a fit between the technical and social aspects 

of the system (Bostrom et al. 2009; Wallace et al. 2004). To that end, each article leverages 

psychological or organizational theories to derive and test hypotheses (articles 1 and 2), design 

and refine design features (articles 1, 2 and 3), or analyze and interpret data (articles 3, 4, and 

5). The social component is further divided into individual and societal components on the one 

hand, and organizational components on the other. This split reflects the two strands of the 

dissertation and is consistent with the two research questions, with articles 1 to 3 answering the 

first, and articles 4 and 5 addressing the second research question. 

 

Figure 1-2: Positioning of the research articles from a sociotechnical perspective 

In the following, each of the five articles is briefly summarized and the main findings related 

to the respective research questions are presented. Since the articles also reflect the opinions of 

my co-authors who were involved in the creation of the presented articles, the summaries and 

the articles themselves use the first-person plural perspective (i.e., we). 
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Article 1 – Chapter 2: Temporal Cues Impacting Users’ Location Selection in Crowded 

Environments 

The first article aims at answering the first overarching research question (RQ1) on how digital 

technologies enable individuals to improve their decision-making and adapt their behavior, 

thereby addressing societal challenges. The IS artifact in focus is a DSS that supports 

individuals in deciding between different locations (i.e., medical practices). The societal 

challenge stems from the fact that such locations are easily overcrowded and that high levels of 

crowding are associated with costs of congestion such as an increased risk of contracting 

infectious diseases (Weimer and Vining 2005). To address this challenge, DSS increasingly 

display crowding information (CI) to allow users to incorporate CI as decision-relevant 

contextual information into their location selection decision (e.g., BBC 2020; Google 2020; 

Pennic 2020). Capturing, processing, and timely visualization of such CI via the DSS UI is only 

possible thanks to recent technological advancements that enable up to real-time tracking of 

mobile devices’ location data. However, individuals face a dilemma when interpreting CI as 

high levels of crowding can indicate good quality of the respective location option, but also a 

higher risk of infection (e.g., Bayham et al. 2015; Becker 1991; Li and Wu 2018). Moreover, 

little is known about how temporal cues (i.e., how timely the CI was retrieved) influence the 

effect of present CI (e.g., Chen et al. 2011; Huang et al. 2018). Drawing on construal level 

theory and conducting an online experiment with 343 participants, we investigated the effect of 

present (vs. absent) CI as well as of low (vs. high) immediacy of CI (i.e., different levels of 

timeliness) on individuals’ location selection. Moreover, we examined how this effect is 

influenced by individuals’ health anxiety as a potentially impactful moderator in this context. 

The results show that the presence (vs. absence) of CI leads DSS users to select less crowded 

locations with the effect being strongest when immediacy is high (i.e., close to real-time CI) 

compared to low (i.e., historical average CI) and when users’ health anxiety is low (vs. high). 

Article 2 – Chapter 3: Evaluative Standards of Goals Impacting Users’ Resource 

Consumption Behavior 

The second article also answers the first overarching research question (RQ1), but is situated in 

a different research context and addresses a societal challenge related to sustainable energy 

consumption. Specifically, excessive energy consumption is a pressing problem for humanity, 

with (private) households accounting for about 25% of the global energy consumption (Eurostat 

2021; IEA et al. 2020). The article investigates how digital technologies enable design features 

for Green IS artifacts that motivate individuals from these households to reduce their resource 
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consumption. To that end, UI of Green IS artifacts (e.g., smart meter devices) that display the 

tracked energy consumption data, can provide individuals the possibility to set themselves a 

goal for their future consumption (e.g., Abrahamse et al. 2007; Loock et al. 2013). Specifically, 

goal setting can incorporate different design features, such as one’s relative performance (i.e., 

one’s energy consumption being above or below a reference point) and a goal’s evaluative 

standard (i.e., comparing oneself against one’s previous performance or against others’ 

performance). Drawing on goal achievement theory, we conducted a lab-in-the-field 

experiment with 152 individuals from private households to investigate how a goal’s evaluative 

standard affects individuals’ motivation and ultimately their resource consumption and how 

this depends on one’s relative performance at the moment of setting the goal. The results 

demonstrate the importance of taking individuals’ relative performance into account when 

deciding which evaluative standard of the goal to offer through the smart meter UI: While 

individuals from households who – at the time they set a goal – performed worse than average 

reduce their resource consumption more fiercely with a goal referring to others (i.e., other-

referencing evaluative standard), individuals from households who performed better than 

average loosen their efforts with a goal referring to others compared to their peers with self-

referencing goals. 

Article 3 – Chapter 4: Goal-Related Design Features Motivating Users’ Sustainable 

Resource Consumption 

The third article continues to investigate how the UI of Green IS artifacts can be further 

optimized by a conscious selection and design of goal-related design features to effectively 

motivate individuals to curb their resource consumption. The study is motivated by the widely 

varying results of previous goal setting studies, which report induced reductions in resource 

consumption ranging from 2% to up to 30%, thus raising questions about the optimal design of 

goal setting (e.g., Abrahamse et al. 2007; Karlin et al. 2015; Loock et al. 2013). At the same 

time, technological advancements that allow for continuous tracking and transmission of 

consumption data at a reasonable price and effort enable new design options for UI design 

features (e.g., competing against anonymous or familiar others). By employing a design science 

research approach and using goal-framing theory as kernel theory, we designed and refined 

design options for four goal-related design features: consumption display, evaluative standards, 

goal incentives, and goal reference groups. The results of three design evaluation cycles support 

the findings from the previous study in that the most effective evaluative standard of a goal 

depends on one’s relative performance at the time the goal is set. Moreover, the study reveals 
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that with regard to goal incentives (i.e., collaboration vs. competition), individuals have a 

personal preference which also affects their preference for a particular reference group (i.e., 

anonymous vs. familiar others): Whereas individuals who prefer collaboration prefer familiar 

others as collaboration partners, individuals who prefer a competitive setting show a general 

preference for anonymous competitors. 

Article 4 – Chapter 5: Information and Communication Technologies (ICTs) Affording 

Business Model Innovation for SMEs 

By shifting the focus to the organizational context, the fourth article answers the second 

overarching research question (RQ2) on how digital technologies enable SMEs to innovate their 

business model in order to address business challenges. Information and communication 

technologies (ICTs), the digital technologies in focus, are known to play an essential role in 

many organizations’ DT and in coping with business challenges (e.g., Majchrzak et al. 2016; 

Volkoff and Strong 2013). Specifically, ICTs can facilitate business model innovation, which 

is a key requirement for organizations to stay competitive in a dynamic environment (e.g., 

Kraus et al. 2020a; Wenzel et al. 2020). This holds particularly when an organization’s 

environment is disrupted, as was the case for players in the event industry with the outbreak of 

the COVID-19 pandemic, when events based on physical interaction were suddenly forbidden 

or reduced to a minimum (e.g., Seraphin 2020; Yeoman 2013). Drawing on the TOE framework 

and technology affordances and constraints theory, we investigated SME-internal and -external 

factors that are required to successfully adopt ICTs in response to crises and how different ICTs 

are differently suited to afford such response. Evidence provided by a qualitative study based 

on expert interviews shows that successful ICT adoption requires consideration of 

organizational, environmental, and technological characteristics, but also these dimensions’ 

interrelationship. Moreover, the results demonstrate the importance of assessing affordances 

and constraints of ICTs from the perspective of various stakeholders to account for stakeholder-

specific differences. Lastly, for SMEs in the event industry looking for digital technologies to 

overcome physical distancing in the short and medium term, readily available ICTs (e.g., video-

conferencing) exhibit greater affordances and weaker constraints than more sophisticated ICTs 

(e.g., augmented reality technologies). However, more sophisticated ICTs are likely to gain 

importance in the long run as affordances and constraints can change over time.  
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Article 5 – Chapter 6: Immersive Technologies Affording Virtual Collaboration in 

Manufacturing SMEs 

The fifth article continues to investigate the second overarching research question (RQ2), but 

shifts the focus from the event industry to manufacturing SMEs. The study examines how 

immersive technologies (ImT), the digital technologies in focus, enable business model 

innovation in an environment of increasingly virtualized collaboration and digitized work 

practices (Kammler et al. 2019). ImT, such as augmented or virtual reality technologies, allow 

for a changed or enhanced perception of reality which can create a more personalized or 

immersive experience and afford new ways of working (e.g., Milgram and Kishino 1994; 

Steffen et al. 2019). However, ImT are accompanied not only by affordances but also by 

constraints that require a balancing response (e.g., Leonardi 2011; Volkoff and Strong 2013). 

The findings from a qualitative exploratory case study reveal the critical role of constraints of 

ImT that hinder the implementation of ImT. Specifically, such constraints not only exist from 

the perspective of ImT-adopting manufacturing SMEs (i.e., insufficient organizational and 

actor readiness) but also from the perspective of SMEs that provide ImT solution or from the 

ImT themselves (i.e., insufficient environmental and technological readiness). As such, to 

realize the affordances of ImT, existing constraints from multiple perspectives require 

consideration and adequate responses. The article contrasts the affordances and constraints of 

ImT and provides actionable responses to address existing constraints on an organizational, 

actor, environmental, and technological level.  
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Additional Articles (not included in this thesis):  

In addition to the publications listed above, the following articles were also published or 

submitted for publication during my time as a Ph.D. candidate. These articles are, however, not 

part of this thesis. 

Published: 

• Werner, D.; Wendt, C. (2021) “Right Here, Right Now – How the Immediacy of 

Information Affects Crowding.” In: European Conference on Information Systems 

(ECIS), June 14-16, A Virtual AIS Conference. VHB: B 

Submitted for publication: 

• Wendt, C.; Werner, D.; Adam, M.; Benlian, A. – “Influencing Crowding at Locations 

with Decision Support Systems: The Role of Information Timeliness and Location 

Recommendations” (second round of review at the Journal Decision Support Systems). 

VHB: B 

• Wendt, C.; Werner, D.; Adam, M.; Benlian, A. – “Stimulating Sustainable Energy 

Consumption with Goal-Setting: An Investigation of Relative Performance and 

Evaluative Standards” (second round of review at the Journal Information Systems 

Journal). VHB: A 
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Chapter 2: Temporal Cues Impacting Users’ 

Location Selection in Crowded Environments  

Title: Containing COVID-19 Through Physical Distancing: The Impact of Real-

Time Crowding Information 

Authors: Martin Adam, Technische Universität Darmstadt, Germany 

Dominick Werner, Technische Universität Darmstadt, Germany 

Charlotte Wendt, Technische Universität Darmstadt, Germany 

Alexander Benlian, Technische Universität Darmstadt, Germany 

Published in: European Journal on Information Systems (2020), 29(5), pp. 595-607. 

Abstract  

With the rise of COVID-19, decision support systems (DSS) increasingly display crowding 

information (CI) (e.g., how crowded a medical practice is) to encourage physical distancing 

when users select locations. Despite important implications for containing COVID-19, little is 

known about the causal effect of CI on user selection behavior and how the immediacy of CI 

(e.g., “updated 2 minutes ago”) as well as users’ health anxiety further influence the effect of 

CI. Drawing on literature on digital choice environments and construal level theory, we 

conducted a multi-national online experiment to investigate the effect of CI on selecting 

differently crowded medical practices. Our results demonstrate that present (vs. absent) CI in 

DSS increases the likelihood of users selecting less crowded medical practices, while the effect 

is strongest when employed with real-time (vs. historical average) CI and, surprisingly, when 

users’ health anxiety is low (vs. high). Overall, our study adds to the growing body of research 

on IS in the age of pandemics and provides actionable insights for DSS providers and policy 

makers to endow users with information to identify and select less crowded locations, thus 

containing COVID-19 through improved physical distancing without paternalistically 

restricting users’ freedom of choice. 

 

Keywords: COVID-19; pandemic; crowding information; immediacy of information; real-

time; health anxiety   
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2.1 Introduction 

Protect yourself, protect others: Avoid going to crowded places. Why? Where people come 

together in crowds, it is more difficult to maintain physical distance. 

— World Health Organization, COVID-19 advice for the public 1 

 

As long as an effective medication and vaccine are still being developed, physical distancing2 

is one of the most potent means to curb the spread of COVID-19. As such, many policy makers 

recommend or even fiercely enforce physical distancing of their citizens through lockdowns 

and curfews to ensure compliance. The prevalence of enforced physical distancing reached 

unprecedented levels when in March 2020 almost one in every five people around the globe 

were placed under lockdown (Davidson 2020). In sum, physical distancing has become an 

unwanted but needed global practice, opposing the social nature of humans and thus – if 

enforced – embodying undesired paternalistic infringements of citizens’ freedom of choice.  

To facilitate physical distancing without restricting citizens’ personal freedom, decision support 

systems (DSS) increasingly display crowding information (CI), which we define as information 

that indicates to what extent a location’s available capacity for visitors is occupied. For 

example, the website DocClocker informs patients how exposed they are to other patients at 

different doctors (Pennic 2020), the app Crowdless shows which supermarkets are currently 

crowded (BBC 2020) and the popular times feature of Google Maps displays how busy 

locations (e.g., restaurants and bars) are (Google 2020) (see Figure 2-1 for an example). By 

employing CI, DSS make the different crowding levels at real-world locations digitally visible 

and thus allow users to identify differently crowded locations. If users then select less crowded 

locations, physical distancing increases because this selection not only reduces the likelihood 

of crowded locations becoming overcrowded (e.g., inhibiting users from keeping the 

recommended levels of physical distance at the locations) but also leads to a more equally 

distributed crowding level and thus to less congestion across all locations, thereby minimizing 

the number of possible encounters and thus potential risk of infection between all users (see 

D'Angelo and West (2000)). As such, DSS can potentially facilitate physical distancing by 

 

1 https://www.who.int/emergencies/diseases/novel-coronavirus-2019/advice-for-public 

2 Often referred to as “social distancing“ in media. We refrain from using the term social distancing, 
because information and communication technology-mediated social interactions (e.g., phone, chat, 
video streaming) are not restrained by the COVID-19 pandemic.  
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displaying CI and therefore provide an important contribution to the containment of the 

COVID-19 pandemic. 

 

Figure 2-1: CI provided by Google Maps (Google, 2020) with usual CI based on historical 

visits (left) and live CI reflecting current visits (right) 

Although DSS increasingly display CI to assist users in identifying and selecting less crowded 

options, knowledge is lacking whether and how CI indeed influences (user) selection behavior. 

Specifically when users are uncertain about the quality of each location, users face a dilemma 

when interpreting CI: Given the COVID-19 pandemic, more crowded locations entail a 

heightened risk of infection through increased encounters and congestion (Bayham et al. 2015), 

whereas less crowded locations may be perceived to exhibit poor quality, based on an apparent 

lack of demand for these options (e.g., Becker 1991; Bikhchandani et al. 1992; Li and Wu 

2018). Previous information systems (IS) research related to CI mainly investigated how users 

interpret demand information, such as the number of patient recommendations for a doctor 

(Khurana et al. 2019; Li et al. 2019). Findings mainly indicate that individuals are attracted to 

highly demanded and thus often crowded locations as high demand is interpreted as a signal of 

high quality (Becker 1991; Chen and Davison 2019; Li and Wu 2018). For example, highly 

demanded doctors are believed to provide greater service quality (Khurana et al. 2019; Li et al. 

2019), reflecting expertise and safety to receive competent support, which seems particularly 

important during the COVID-19 pandemic. Yet, this attraction to demanded and thus often 

crowded locations implies a serious threat in times of COVID-19: If users are attracted to 

crowded locations, do DSS that display CI in good faith unintentionally make users select more 

crowded locations and hence add fuel to the fire of spreading COVID-19? To address this 

concern, insights on the causal effect of displaying CI on selection behavior are urgently 

required and of significant practical value in view of the containment of COVID-19. 
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In addition to the main effect of CI on selection behavior, we also investigate two salient and 

COVID-19-relevant factors that potentially interact with the way CI is processed by users. First, 

CI is usually not displayed in isolation but accompanied by immediacy cues (e.g., “updated 2 

minutes ago”), which indicate how closely the CI relates to the present point in time. For 

instance, Google’s popular times feature not only informs users how crowded locations are, but 

also whether the information reflects “live” (i.e., real-time) or “usual” (i.e., average over the 

past) representations (see Figure 2-1) (Google 2020). Similarly, CI with immediacy cues can 

be found for locations and services particularly impacted by COVID-19, such as occupancy of 

real-time emergency rooms (NSW 2020) and utilization of public transport (Transit 2020). 

Although DSS increasingly employ more immediate (up to real-time) CI (e.g., Li and Wu 2018; 

Qiu et al. 2018), it is unknown whether users select less crowded locations more or less often 

when CI becomes more immediate. Indeed, previous research on time-related cues has not 

explicitly considered the immediacy of dynamically changing information (e.g., CI in which 

the crowding level notably varies over time) and instead only analyzed the effects of time cues 

on static information about occurrences (e.g., timestamps of when products or reviews were 

published) (e.g., Chen et al. 2011; Huang et al. 2018) or highly predictable events (e.g., 

countdowns for the limited availability of purchase options) (e.g., Amirpur and Benlian 2015; 

Li and Wang 2019). As such, besides the main effect of CI on selection behavior, it seems 

fruitful to investigate how the immediacy of CI further shapes users' information processing 

and thus selection behavior. 

Second, the immediacy of CI is not processed in a vacuum but is dependent on a user’s 

responsiveness to the immediacy cue, which is most likely shaped by a user’s health anxiety in 

times of COVID-19. We refer to health anxiety as a user’s “exaggerated estimates of the 

likelihood and severity of having an illness” (Abramowitz et al. 2007, p. 873). Health anxiety 

has become a common and critical theme in pandemics (Wheaton et al. 2011), as it results in 

unusual and partly irrational user behavior, such as generally avoiding crowded places (Lau et 

al. 2010; Morganstein et al. 2017), making unnecessary pre-emptive visits at doctors or 

avoiding doctors altogether (Wong et al. 2020) and even developing dangerous self-

medications like drinking bleach (Spinney 2020). Whereas previous studies have demonstrated 

that higher levels of health anxiety can lead to selecting less crowded locations (Lau et al. 2010), 

little is known about how health anxiety interacts with the processing of differently immediate 

CI. This insight, however, is important because health anxiety is particularly relevant in times 

of COVID-19 and may shape the processing of immediacy cues in an unknown direction, thus 
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impacting the overall effectiveness of CI and hence selection behavior. As such, investigating 

different levels of immediacy together with different levels of health anxiety appears to be of 

high theoretical and practical interest to uncover potential complementary or substitutive 

interaction effects. 

Against this backdrop, this study first investigates whether and how the presence of CI impacts 

users’ selections of differently crowded locations in the context of COVID-19. Second, we 

explore the presence of CI more deeply by investigating the effect of CI at different levels of 

immediacy and health anxiety. Overall, we ask the following two research questions: 

RQ1: Whether and how does the presence (vs. absence) of CI influence users’ selections of 

differently crowded locations? 

RQ2: If CI is present, how does the level of immediacy of CI influence users’ selections of 

differently crowded locations at different levels of health anxiety? 

To answer our research questions, we integrate literature on digital choice environments with 

construal level theory and conducted an online experiment in which 343 participants from 

Germany and Italy selected between differently crowded medical practices. Our results 

demonstrate that present (vs. absent) CI increases the likelihood of users selecting less crowded 

medical practices, in that users are 4.6 times as likely to select less crowded options. Moreover, 

this effect is strongest when employed with more immediate CI and when users show lower 

levels of health anxiety. 

This study adds to the emerging body of initiatives on IS in the age of pandemics (Laato et al. 

2020; Naidoo 2020) and answers the call of Ågerfalk et al. (2020) for IS studies whose results 

have important and immediate practical implications to contain the COVID-19 pandemic and 

beyond. Specifically, our insights can help DSS providers and policy makers in the design of 

emerging apps to achieve an immediate impact on physical distancing by endowing users with 

CI and making them voluntarily select less crowded locations. Consequently, the infection risk 

for individuals, service providers (e.g., medical practitioners) and ultimately the society as a 

whole is reduced without infringing individuals’ freedom of choice. Beyond these practical 

implications, this study also offers theoretical contributions regarding IS in times of the 

COVID-19 pandemic – a context that may affect users’ usual processing of information and 

thus selection behavior. Besides introducing CI as a new DSS feature in digital choice 

environments and assessing its impact, we extend construal level theory by investigating 

immediacy as a new facet of temporal distance and by examining the joint effect of immediacy 

and health anxiety inducing mental construal in different ways. As such, we highlight the 
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importance and effects of an emerging form of information within and beyond the context of 

pandemics. 

2.2 Theoretical Background 

In this section, we first introduce CI as a DSS feature and position it in related literature on 

demand information in digital choice environments. Subsequently, we introduce construal level 

theory as a theoretical lens through which we shed light on the facets of immediacy and health 

anxiety. 

2.2.1 Crowding Information as DSS Feature 

CI as an increasingly prevalent DSS feature in digital choice environments builds upon the 

abundantly employed DSS feature of visualization of demand information, which signals how 

many users have already selected a given option (e.g., number of check-ins at a restaurant, 

aggregated statistics displaying product purchases) (Chen et al. 2011; Thies et al. 2016). High 

demand is often interpreted as a signal of high quality (e.g., Bikhchandani et al. 1992; Li and 

Wu 2018; Thies et al. 2016). In particular, when faced with uncertainty, users usually rely on 

such DSS features and use those signals to imitate previous selection behaviors, thereby 

selecting highly demanded options (e.g., Chen and Davison 2019; Duan et al. 2009; Walden 

and Browne 2009). Thus, interpreting high demand as a signal of high quality induces users to 

opt for more crowded locations (Becker 1991). 

Since the rise of the COVID-19 pandemic, DSS providers for real-world services increasingly 

display DSS features in the form of CI – similar to announcing wait times in call centers (Yu et 

al. 2018). CI addresses the rival nature of locations with limited capacity, which entails that 

increasing crowding by users results in growing congestion (Casson 1982) (e.g., multiple 

patients competing for the attention of one medical practitioner at the same time). With 

increasing congestion, individuals impose rising costs on each other (Wang and Ackerman 

2019; Weimer and Vining 2005), such as unwanted physical proximity to others, increased wait 

times and impaired service quality (Becker 1991; Villarica 2011). Particularly in times of 

pandemics, costs in the form of intensity and duration of exposure to others are highly relevant 

as they undermine physical distancing. Therefore, it is important to investigate whether and 

how CI alters users’ selections of differently crowded locations and thus physical distancing 

during the COVID-19 pandemic. 
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2.2.2 Construal Level Theory and its Role for Immediacy and Health 

Anxiety 

Beyond consideration of presence (vs. absence) of CI as a DSS feature, we draw on construal 

level theory to understand how processing of CI is affected by related immediacy of CI and a 

user’s health anxiety. Construal level theory refers to the cognitive processing of goals (e.g., 

selecting a location) and related messages (e.g., CI of a location) by delineating how closer 

psychological distance from an event or object leads to a more concrete mental representation 

of it (Trope and Liberman 2010). Psychological distance hereby describes an individual’s 

“subjective experience that something is close [to] or far away” (Trope and Liberman 2010, p. 

440) with regard to, for instance, time (i.e., temporal distance) and likelihood (i.e., hypothetical 

distance) (Bar-Anan et al. 2006). For example, individuals think about an upcoming visit to a 

medical practice in concrete terms (e.g., how to get there), whereas general awareness of one’s 

health is conceived in more abstract terms (e.g., why to go to medical practices). 

DSS providers can affect users’ construal of events and objects by accompanying CI with 

immediacy cues to alter users’ perceived temporal distance toward the event or object (Huang 

et al. 2018). We refer to immediacy of CI as how closely the presented CI relates to the present 

point in time, reaching up to an instantaneous, real-time representation. Accordingly, higher 

levels of immediacy (e.g., the CI relates to “right now”) represent a closer temporal distance 

than lower levels of immediacy (e.g., the CI relates to an average over the past) and therefore 

induce users to think about the respective location more concretely, compared to a more abstract 

construal when immediacy is low (Bar-Anan et al. 2006; Broniarczyk and Griffin 2014; Trope 

and Liberman 2010). Previous IS studies found that closer temporal distance derived from time-

related information (e.g., timestamps of reviews, product release dates, countdown timers) 

changes how users respond to information, for example by evaluating recent product reviews 

as more helpful (Huang et al. 2018), by increasing funding of crowdfunding campaigns close 

to their completion date (Li and Wang 2019) and by imitating others’ behaviors more strongly 

when products are new (Chen et al. 2011). Yet, whereas previous IS studies mainly analyzed 

DSS features in the form of static information, it is unclear how DSS features in the form of 

dynamically changing information (e.g., CI) and corresponding levels of immediacy impact 

selection behavior. 

Aside from immediacy’s influence on temporal distance, health anxiety (i.e., a user’s perception 

of increased likelihood of having an illness) can shift a user’s hypothetical distance. 

Accordingly, high (vs. low) health anxiety induces a closer (vs. farther) hypothetical distance 
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toward health threats as the risk of contracting a disease is perceived as more probable to the 

respective user (Trope and Liberman 2010). Previous research on hypothetical distance mainly 

investigated its influence on individuals’ construal in isolation, without considering potential 

interaction effects with other dimensions of psychological distance, such as temporal distance 

(McDonald et al. 2015; Trope and Liberman 2010). Hence, it is unclear how health anxiety 

interacts with immediacy of CI and how both jointly impact the main effect of CI on selection 

behavior. 

2.3 Hypothesis Development 

In the following, we first hypothesize the effect of CI on selection behavior (H1). Subsequently, 

we hypothesize how the effect of CI changes with different levels of immediacy (H2) and how 

this influence of immediacy is subject to health anxiety (H3). 

2.3.1 The Effect of CI on Selection Behavior 

In digital choice environments, CI is increasingly applied as DSS feature to assist users in 

identifying and selecting their preferred option (e.g., location). In case CI is not provided (i.e., 

CI absent), crowding levels of different locations cannot be considered in the selection process 

and we expect users to select a location at random, all else being equal (e.g., distance to the 

location). Conversely, in case CI is provided (i.e., CI present), users are able to compare 

locations based on the trade-offs associated with the crowding level of each alternative. 

Specifically, the presence of many individuals at one location represents high demand and is 

interpreted as a signal of high quality (e.g., Bikhchandani et al. 1992; Li and Wu 2018; Thies 

et al. 2016), while at the same time high demand, and thus crowding, implies costs of congestion 

such as wait times and proximity to others (Becker 1991; Casson 1982). Although previous 

findings in the area of real-world services indicate a dominating influence of CI’s quality signals 

(Becker 1991), this influence can be countervailed when CI simultaneously signals a heightened 

risk of infection through increased encounters (Bayham et al. 2015). Particularly under the 

extraordinary circumstances attributed to the COVID-19 pandemic, the costs of congestion 

related to CI may prevail over CI’s quality signals and shift users’ selection behavior toward 

less crowded locations to minimize exposure to individuals (Lau et al. 2010; Morganstein et al. 

2017). 

H1: In times of pandemics, users are more likely to select less crowded locations when CI is 

present (vs. absent). 
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2.3.2 The Effect of Immediacy of CI on Selection Behavior 

Construal level theory posits that a construal fit occurs when the construal levels of a goal and 

its respective goal-related message match (Hansen and Wänke 2010; Kim et al. 2009; Lee et al. 

2010). Regarding the construal level of a goal, the goal of selecting a location is often 

spontaneous (Parboteeah et al. 2009) and frequently refers to a highly immediate and concrete 

future (e.g., “I suddenly feel sick; I should see a doctor as soon as I can”), inducing a close 

temporal distance and thus low-level construal (Trope and Liberman 2003). On the other hand, 

a goal-related message can often be sub ect to different levels of immediacy (e.g., “updated 2 

minutes ago” vs. “updated sometime in the past”) and thus different levels of temporal distance, 

such that the construal level of the goal-related message is not always low. Still, the two 

construal levels of goal and goal-related message match better when the immediacy of a goal-

related message is high (vs. low) (Hansen and Wänke 2010; Semin et al. 2005). 

Accordingly, we argue that high (vs. low) immediacy of CI leads to the selection of less 

crowded locations. Specifically, we assert that this change in selection behavior results from an 

increased construal fit and its evoked processing fluency, increasing the impact of the perceived 

cost of congestion in the user decision-making through two mechanisms: First, when 

immediacy of CI is high (vs. low), the increased processing fluency makes the CI more likely 

to be assessed as true, resulting in increased perceived validity of the CI (Hansen and Wänke 

2010). As a result, when immediacy is high (vs. low), ambiguity on the cost of congestion and 

related optimism bias – which makes “people interpret ambiguous information or uncertain 

situations in a self-serving direction” (Rhee et al. 2005, p. 13) – is reduced (e.g., “this usually 

highly crowded location might not be that crowded today” vs. “this highly crowded location is 

actually crowded right now”). Consequently, more crowded locations appear to have higher 

costs of congestion and thus are less attractive. Second, when immediacy of CI is high (vs. low), 

the increased processing fluency helps in comprehending the cost implications of different 

crowding levels, which requires an effortful reasoning process (Cheung et al. 2014; Kahneman 

2011) in contrast to the heuristically processed quality signal of demand (Sun 2013). Therefore, 

the increased processing fluency due to high (vs. low) immediacy of CI causes the different 

costs of congestion at each location to be processed better, making less crowded locations more 

attractive. In conclusion, when the immediacy of CI is high (vs. low), users are more likely to 

select less crowded locations.  

H2: Users are more likely to select less crowded locations when immediacy of CI is high (vs. 

low). 
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2.3.3 The Moderating Role of Health Anxiety 

As presented in the theoretical background, we refer to health anxiety as a user’s exaggerated 

perception of the likelihood and severity of contracting a disease such as COVID-19, resulting 

in a closer hypothetical distance and a more concrete conception of the health risk associated 

with visiting locations (Abramowitz et al. 2007; Trope and Liberman 2010).  

Building on these insights, we argue that the more health anxious a user is, the more likely will 

the user be to select a more crowded location in the presence of highly immediate CI. When 

immediacy is low, processing fluency is similarly impeded for users of any level of health 

anxiety and consequently leads to comparable selections between users. On the other hand, 

when immediacy is high and thus processing fluency increased, we believe that health anxiety 

amplifies the in H2 mentioned deterring effect of high immediacy. This is because users with 

high (vs. low) levels of health anxiety give even more weight to costs of congestion when 

immediacy of CI is high, as they think more concretely about the infection risk (e.g., “how could 

I get infected at each location”). As such, health anxious users are deterred particularly strongly 

from selecting crowded locations in the presence of highly immediate CI. 

H3: Health anxiety moderates the effect of immediacy of CI on location selection, such that 

more health anxious users are more likely to select less crowded locations when CI is 

immediate. 

2.4 Method 

To test our hypotheses, we conducted a between-subject online experiment with three 

conditions investigating the effect of CI and related immediacy cues on selecting differently 

crowded medical practices. We chose participants from Germany and Italy as the severity of 

the pandemic differs between the two otherwise comparable European countries3, thereby 

allowing us to test our findings for robustness against cultural differences and differences due 

to the impact and stage of the COVID-19 pandemic in the respective countries. We collected 

our data in the first week of June 2020, when physical distancing policies were in place to cope 

with the COVID-19 pandemic. 

We chose to investigate the selection of medical practices for three reasons: First, COVID-19 

is primarily transmitted between people during close contact, especially by coughing and 

 

3 As of June 20th, 2020, Italy reported 58 COVID-19-related deaths per 100,000 citizens, whereas 
Germany reported only 11 COVID-19-related deaths per 100,000 citizens (Johns Hopkins University 
2020). 
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sneezing (ECDC 2020; WHO 2020). As such, the risk of infection in waiting rooms of medical 

practices filled with potentially ill patients is significant (Shaw 2019). Second, users who plan 

to visit a medical practice often have an urgent need to avoid their condition from deteriorating 

(Wong et al. 2020) and therefore particularly value information (e.g., CI) aiding their 

spontaneous decision. Third, as the quality of different medical practices is hard to assess in 

advance, users strongly rely on information about others’ behaviors to make a decision (Li and 

Wu 2018). 

2.4.1 Experimental DSS and Manipulations 

We created a fictitious website “find-your-doctor.org” for the purpose of the experiment. The 

website claimed to support its users with a map showing different medical practices with no 

further details on crowding levels in the control condition (i.e., CI absent). In the two treatment 

conditions, we operationalized CI with four crowding levels using manikin icons symbolizing 

“few” (1 manikin) to “many” (4 manikins) patients at each respective medical practice. 

Similarly, we operationalized immediacy of CI with an immediacy cue displaying “usual 

amount of patients (past 2 months)” in the case of historical average CI and “live amount of 

patients (updated just now)” in the case of real-time CI. See Figure 2-2 for details on all three 

conditions. 

2.4.2 Experimental Procedure 

Figure 2-3 visualizes the experimental procedure: (1) First, we explained the online experiment 

to the participants, ascertained anonymity and asked them to consider going to a medical 

practice because of an intensified back pain. As their usual medical practice was claimed to be 

closed, participants were asked to look for an alternative in their proximity by using our 

experimental website. (2) Next, participants were randomly assigned to one of the three 

treatment groups and were introduced to the general layout of the website including – if 

applicable – CI and immediacy cues. (3) Thereafter, we presented participants the map, 

manipulated in accordance to their condition and showing four medical practices as well as the 

participant’s own (fictitious) location. We also pointed out that all medical practices were 

comparable with respect to distance, capacity and specialization. Participants then selected the 

medical practice they would preferably go to. (4) To conclude, participants completed a 

questionnaire covering their perceptions of the selection process as well as manipulation checks 

and controls. 
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Figure 2-2: Manipulations 

 

Figure 2-3: Experimental procedure 

2.4.3 Measurements 

We measured our dependent variable location selection by recording which of the four given 

medical practices participants selected (i.e., which crowding level they selected). As our 

moderating variable, we measured participants’ health anxiety (Abramowitz et al. 2007), rated 

on a seven-point Likert-type scale ranging from strongly disagree (1) to strongly agree (7). As 

controls we measured participants’ country of residence (Germany vs. Italy), the time 

participants spent reading the instructions and selecting a medical practice and participants’ 

product involvement (Zaichkowsky 1985) toward medical practices using three bipolar items 

rated on a seven-point scale. In addition, we asked for participants’ age, given the widespread 
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conception that particularly older people are at higher risk for severe illness caused by COVID-

19 (WHO 2020) which may impact their selection behavior beyond their overall health anxiety. 

Furthermore, we used seven-point Likert-type scales to measure three manipulation checks: 

perceived crowding of the most crowded location (Machleit et al. 2000), perceived immediacy 

of the CI (Lee and Strong 2003) as well as processing fluency (Lee and Aaker 2004). Table A1 

lists all employed items. Besides, we included four attention checks to identify how carefully 

participants read each item and understood the visualizations. Lastly, we asked how realistic 

participants perceived the scenario. 

2.5 Analysis and Results  

2.5.1 Sample Description 

We recruited 360 participants from the crowdsourcing platform Prolific.co which offers a 

particularly suitable environment for experiments in behavioral research with survey results 

providing reliable, high-quality data (Palan and Schitter 2017; Peer et al. 2017). We limited 

participation to participants with German or Italian residency as well as a high approval rating 

of 95% or more to ensure high data quality (Goodman and Paolacci 2017). Out of the 360 

participants, 343 passed all four attention checks. Table A2 summarizes the descriptive statistics 

of our conditions. 

Two one-way analyses of variance for the control variables provide evidence of comparability 

and balance across our three conditions, as we did not find significant differences (p>0.1) in 

terms of participants’ age, product involvement and health anxiety. Therefore, we find support 

for the successful randomization of assignment to the experimental conditions. We also 

conducted three manipulation checks: Perceived crowding was significantly higher for the two 

CI-present-conditions than for the CI-absent condition (p<0.001) and perceived immediacy was 

significantly higher for the CI real-time condition than for the CI historical average condition 

(p<0.001). As such, our experimental treatments worked as intended. Additionally, participants 

confirmed that they found the experiment realistic (mean=5.60; SD=1.63). Comparing the 

results for the two countries included in our sample (Germany and Italy), we found no 

significant difference (p>0.05) in selection behavior, manipulation checks or age, except for 

Italian participants being more health anxious and exhibiting a greater product involvement 

toward medical practices than their German counterparts (p<0.001), which likely reflects the 

differences in severity of the COVID-19 pandemic in the two countries. 
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2.5.2 Reliability and Validity 

A confirmatory factor analysis provided evidence for adequate convergent and discriminant 

validities. For convergent validity, the values of average variance extracted (AVE) were all 

above the threshold of 0.50 and the loadings of all items were significant (p<0.01) and above 

the recommended level of 0.70. For internal consistency, the values of composite reliability 

(CR) and Cronbach’s α were all greater than the threshold of 0.70. Discriminant validity was 

assessed using Heterotrait-Monotrait (HTMT) analysis with all values below the recommended 

maximum of 0.90. 

2.5.3 Hypothesis Testing 

We coded our independent variables CI and immediacy of CI as binary variables (i.e., CI absent 

= 0, CI present = 1; historical average = 0, real-time = 1). We coded our dependent variable 

location selection as an ordinal variable with four levels (i.e., crowding level of selected 

location 0%, 33%, 67%, 100%). To test our hypotheses, we used ordinal logistic regression, 

ensuring that all required assumptions were met, including proportional odds (Lund and Lund 

2020). In addition, we found good model fit through a significant improvement of the final 

model containing the full set of predictors compared to an intercept-only model (p<0.001) and 

non-significant test-results of the Deviance chi-square test and the Pearson chi-square test 

(p>0.1). 

Table 2-1 provides the results of three ordinal logistic regressions on location selection. Model 

1 includes all conditions and compares the effect of presence vs. absence of CI. Model 2 focuses 

on the CI-present conditions to analyze the main effect of immediacy of CI. Model 3 

furthermore considers the moderating effect of users’ health anxiety on immediacy. The 

regression estimates represent the predicted change in logarithmic odds of selecting a more 

crowded location per unit increase on the independent variable. In other words, the higher the 

estimate of an independent variable, the higher is the probability of selecting a more crowded 

location.  
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 Model 1  Model 2  Model 3  

Independent variables Estimate 
Std. 

error 

Estimate Std. 

error 
Estimate 

Std. 

error 

   CI -1.52*** 0.23     -     -     -     - 

   Immediacy of CI     -     - -1.35*** 0.28 -2.80** 0.88 

   Immediacy of CI x  

   Health anxiety 
    -     -     -     - 0.40† 0.23 

Controls       

   Health anxiety 0.04 0.09 0.14 0.12 -0.03 0.16 

   Age 0.02 0.01 0.04* 0.02 0.04* 0.02 

   Country of residence 0.06 0.21 -0.23 0.27 -0.25 0.27 

   Product involvement 0.12 0.08 0.05 0.11 0.03 0.11 

   Time instructions 0.00 0.00 -0.01* 0.00 -0.01* 0.00 

   Time selection 0.00 0.00 0.00 0.00 0.00 0.00 

Pseudo R2       

   Cox & Snell 0.14  0.15  0.16  

   Nagelkerke 0.16  0.16  0.18  

   McFadden 0.06  0.07  0.08  

Note: †p<0.1, *p<0.05, **p<0.01, ***p<0.001 

Table 2-1: Ordinal logistic regression on location selection 

The results of model 1 support H1 in that presence (vs. absence) of CI makes users 4.6 

(=exp(1.52)) times as likely to select a less crowded location. Looking more closely how CI is 

processed at different levels of immediacy, the results of model 2 support H2 in that higher 

levels of immediacy lead to selecting less crowded locations.4 However, contrary to H3, the 

results of model 3 indicate that health anxiety does not amplify the effect of high immediacy. 

Instead, the results suggest a significant opposite effect, in that when real-time (vs. historical 

average) CI is provided and health anxiety is low (i.e., one standard deviation below mean, at 

a level of 2.36), users are 6.4 (=exp(2.80+(-0.40)*2.36)) times as likely to select less crowded 

locations. In contrast, when users exhibit high health anxiety (i.e., one standard deviation above 

mean, at a level of 4.76), real-time (vs. historical average) CI makes users only 2.5 

(=exp(2.80+(-0.40)*4.76)) times as likely to select less crowded locations. We therefore reject 

H3. See Figure 2-4 for the interaction plot. 

 

4 In a separate analysis, we find that processing fluency is significantly higher for real-time rather than 

historical average CI (p<0.001), indicating support for our proposition of enhanced construal fit. 
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Figure 2-4: Interaction plot of real-time vs. historical average CI and users’ health anxiety 

2.6 Discussion 

Does the presence (vs. absence) of CI in DSS make users more or less likely to select less 

crowded locations? And, if the presence of CI makes users more likely to select less crowded 

locations, at what levels of immediacy and user health anxiety is CI most effective? Our study 

addresses these two questions and provides robust findings – across Germany and Italy – that 

largely support our assertion that CI displayed in DSS can facilitate physical distancing and 

thus help in containing the COVID-19 pandemic. We demonstrate the causal effect of CI on 

selection behavior, in that people are 4.6 times as likely to select less crowded places when CI 

is present (vs. absent). Whereas high (vs. low) immediacy amplifies the effect of CI, we 

surprisingly find that under high immediacy of CI, health anxiety increasingly draws users to 

select more crowded locations. Indeed, real-time (vs. historical average) CI makes users with 

high health anxiety only 2.5 times as likely to select less crowded places compared to 6.4 times 

when health anxiety is low. In light of this counterintuitive finding, we speculate that when 

faced with highly immediate CI, more health anxious users may use the increased processing 

fluency to put greater emphasis on the quality of each location than their less health anxious 

peers. In other words, for a high (vs. low) health anxious user, when immediacy and thus 

processing fluency is high, visiting any location inherently bears an acute uncertainty and high 

infection risk (e.g., “no matter where I go, I run a high risk of getting infected anyway”), so that 

they select more crowded locations to comfort their health anxiety, given that the higher 

demand can be interpreted as a signal of high quality (e.g., Bikhchandani et al. 1992; Li and 

Wu 2018; Thies et al. 2016). 
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2.6.1 Practical Implications for Managing the COVID-19 Pandemic 

By uncovering how displaying CI shapes selection behavior, our findings offer pragmatic 

insights and actionable implications for DSS providers and policy makers to achieve an 

immediate impact on containing the COVID-19 pandemic. As such, we add to the emerging 

body of initiatives on IS in the age of pandemics (e.g., Laato et al. 2020; Naidoo 2020; Trang 

et al. 2020) and answer the call of (Ågerfalk et al. 2020) for IS studies to generate urgently 

required impetus that can immediately support practitioners in the fight against the COVID-19 

pandemic and beyond. Our contributions are summarized in Table 2-2. 

First, our study highlights CI as a powerful tool for DSS providers and policy makers to 

facilitate physical distancing by endowing their citizens with information to identify and select 

less crowded places. In the past, policy makers mainly focused on whether or not it is necessary 

to enforce physical distancing through traditional paternalistic interventions like lockdowns and 

curfews as ultima ratio. Our insights now provide a more liberal, state-of-the-art solution that 

supports users in their physical distancing efforts without infringing their personal freedom of 

choice. As such, DSS providers who display CI in general, and highly immediate CI in 

particular, enable a self-regulating mechanism for users to unwittingly contribute to the 

containment of COVID-19, thus complementing and partially mitigating the necessity of 

paternalistic governmental interventions. Moreover, this approach not only helps to safeguard 

civil rights, but also allows policy makers to avert economic loss, such as from forcing service 

providers to (temporarily) close shops. Moreover, while this risk containment is particularly 

relevant to control pandemics like COVID-19, it can also serve to curb the spread of other 

infectious diseases (e.g., seasonal flues). As such, our findings are valuable to protect 

individuals within and beyond the context of pandemics.  

Second, our study urges DSS providers and policy makers to consider the role of health anxiety 

and its effects on processing information in IS in times of COVID-19. In particular, DSS 

providers and policy makers can learn from our insights that immediate CI is most effective in 

encouraging the selection of less crowded locations when users have not (yet) built high levels 

of health anxiety. We conjecture that this counterintuitive effect is caused by health anxiety 

urging users to place greater emphasis on the quality of each location, which users infer from 

the level of crowding. As anxiety may increase throughout the stages of a pandemic, immediate 

CI is probably most effective at the beginning of a pandemic, when the estimates of the 

likelihood and severity of having an illness have not yet reached exaggerated levels, but also at 

later stages, such as after the first or second wave of a pandemic, when users turn back to old 
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habits and beliefs. Still, our results inform DSS providers and policy makers that displaying CI 

is better than not displaying CI and that the more immediate the CI, the merrier – even if users 

exhibit high levels of health anxiety.  

Third and last, service providers such as medical practitioners benefit from users selecting less 

crowded locations: Crowding levels are more equally distributed across all locations and 

thereby allow service providers to optimize their planning and service offering to effectively 

operate despite an ongoing pandemic. As such, service providers should consider to actively 

participate in the endowment of users through IS, for instance by sharing CI with DSS 

providers. 

 Existing thinking / practice Contribution of this paper 

COVID-19 

practical 

implications 

  

Containment 

strategy 

Policy makers mainly focused on whether 

or not it is necessary to enforce physical 

distancing through traditional 

paternalistic interventions like lockdowns 

and curfews as ultima ratio (Our World in 

Data 2020). 

Our insights unveil a self-regulating 

mechanism for users to unwittingly 

contribute to the containment of 

COVID-19, thus complementing and 

partially mitigating the necessity of 

paternalistic governmental 

interventions. 

Collection of 

information 

Policy makers are encouraged to develop 

and refine IS and technologies to collect 

and analyze disease status data, such as 

infections, recoveries and deaths (Pietz et 

al. 2020). 

We extend the range of information 

required to successfully combat the 

pandemic by highlighting the role of 

CI in DSS as an implicit warning 

signal of infection risk. 

Communication 

of information 

Pandemic-related information must not 

only be collected and analyzed, but also 

communicated to the general public in 

real-time to encourage behavior 

compliant with policies and 

recommendations (Pietz et al. 2020). 

We confirm the criticality of providing 

timely information by demonstrating 

the effect of displaying CI and by 

uncovering how real-time (vs. 

historical average) information elicits 

a more desired response. 

Cognitive 

processing of 

information 

Substantial resources are directed toward 

IS increasing the transparency of 

infection risk, for example by promoting 

disease status dashboards (Pietz et al. 

2020) and by optimizing communication 

strategies to increase user adoption of 

tracing apps (Trang et al. 2020). 

We build on this unprecedented level 

of transparency of infection risk and 

study its implications by investigating 

user selection behavior in light of 

differently crowded locations. 

Thereby, we shed light on the 

processing of and reaction to DSS-

provided information. 
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Influence of 

health anxiety 

During the COVID-19 pandemic, health 

anxiety has emerged as a critical factor 

influencing user attitudes and behavior, 

for example with respect to spreading 

information online (Laato et al. 2020) and 

accepting tracing apps (Trang et al. 

2020). 

We confirm the relevance of taking 

users’ health anxiety into account 

when investigating their behavior in 

the context of COVID-19. 

Specifically, we uncover a surprising 

tendency of health anxious users to 

engage less in physical distancing 

when presented with real-time 

information, thereby emphasizing the 

intriguing influence of users’ health 

anxiety in interactions with DSS on 

real-world location selection. 

Theoretical 

contributions 

beyond 

COVID-19 

  

Contextual 

information 

Context may alter users’ usual processing 

of information and thus users’ selection 

behavior (e.g., Hong et al. 2014; Thaler 

and Sunstein 2009; Tversky and 

Kahneman 1973). Previous research 

indicated that time-related contextual 

information in digital choice 

environments (e.g., timestamps and 

countdowns) affect user behavior (e.g., 

Amirpur and Benlian 2015; Chen et al. 

2011; Li and Wang 2019). 

We corroborate the importance of 

considering context by uncovering 

that temporal context shaped through 

immediacy cues can alter user 

decision-making in digital choice 

environments. As such, we unveil 

immediacy of dynamically changing 

information as a new facet of 

previously investigated time-related 

contextual information. 

Demand 

information 

Previous research investigating demand-

related information concentrated on how 

the display of demand sparks users’ 

perceptions of quality and thus draws 

users to select highly demanded options 

(e.g., Li and Wu 2018; Thies et al. 2016). 

Our study is among the first to 

investigate CI as a new and 

increasingly prevalent DSS feature 

comparing current demand to 

available capacity and thus reflecting 

so far disregarded costs of congestion. 

Construal level 

theory 

The multitude of studies investigating 

construal level theory largely analyzed 

psychological distances in isolation and 

separately (see Huang et al. (2018) for an 

overview). 

We extend our understanding of 

multiple psychological distances by 

examining the joint effect of temporal 

distance and hypothetical distance on 

user information processing and 

decision making. 

Table 2-2: Summary of the main contributions of the current study 

2.6.2 Research and Theoretical Contributions 

Our study also offers theoretical contributions with a particular consideration of the context of 

COVID-19, whose context-specific influences may alter users’ usual processing of information 

and thus selection behavior (e.g., Hong et al. 2014; Thaler and Sunstein 2009; Tversky and 

Kahneman 1973). 
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First, we advance our understanding of how DSS as digital choice environments influence 

selection behavior. Whereas previous research on digital choice environments mainly analyzed 

how demand-related information sparks perceptions of quality (e.g., Li and Wu 2018; Thies et 

al. 2016), we introduce CI as an increasingly prevalent DSS feature during COVID-19 which 

compares current demand to available capacity and thus additionally reflects associated costs 

of congestion. Furthermore, we shed light on the impact of different levels of immediacy of CI 

on users’ processing. Specifically, higher immediacy of CI (e.g., real-time) seems to induce a 

more vivid perception of crowding and its related costs. Crowded locations are thus perceived 

as more deterring – especially in times of the COVID-19 pandemic where infection risks soar.  

Second, we extend construal level theory by unveiling immediacy as a new facet of previously 

investigated temporal cues (e.g., Amirpur and Benlian 2015; Chen et al. 2011; Li and Wang 

2019) and by examining the joint effect of two dimensions of psychological distance (i.e., 

temporal and hypothetical distance) by further considering the effect of health anxiety during 

the COVID-19 pandemic. As such, our joint investigation of two dimensions extends the 

multitude of studies that largely analyze psychological distances in isolation and separately (see 

Huang et al. (2018) for an overview). 

2.6.3 Limitations and Directions for Future Research 

Our study to explore the role of CI is subject to limitations that offer directions for future 

research. First, our results are based on an online experiment conducted with participants from 

two European countries with largely comparable COVID-19 policies, in which users selected 

among differently crowded medical practices. Future research could extend the generalizability 

of our findings by testing our hypotheses in a field setting, potentially involving countries with 

different governmental approaches and cultural contexts, and by investigating further real-

world locations where physical distancing is required and where interaction among visitors is 

considered part of the experience, such as in the case of restaurants and bars. More importantly, 

field data is required to assess whether the observed effects of displaying CI are strong enough 

to circumvent lockdowns and curfews.  

Second, whilst our study focused on the main effect of CI on selection behavior under varying 

levels of immediacy of CI as well as users’ health anxiety, we encourage future research to 

uncover underlying and interacting effects. Specifically, insights on the mediating role of 

different types of costs of congestions (e.g., wait times, infection risks), the extent to which 

DSS can influence users’ health anxiety in the long run and potentially at different stages of the 
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pandemic as well as the broader role of health anxiety in user decision-making would be 

valuable to extend our findings.  

Third, offering up to real-time CI across several locations mandates centralized data collection 

and automated processing, which requires substantial data infrastructure investments and 

approval of users or service providers to the collection. Even though these barriers have been 

conquered by large DSS providers like Google, most service providers are dependent on 

collaborating with other parties (e.g., service providers, DSS providers). As such, future 

research could account for these restrictions by examining efforts that are needed to fulfil the 

infrastructural and legal requirements when several parties are involved. 

2.6.4 Conclusion 

DSS have become increasingly relevant to help in containing the COVID-19 pandemic. To 

contribute to the emergent discussion and “war” against the invisible enemy, our study 

investigates whether and how displaying CI in DSS affects selections of real-world locations 

and thus encourages physical distancing. Specifically, by conducting an online experiment with 

participants from two European countries, we empirically show not only that present (vs. 

absent) CI causally affects the selection of less crowded locations, but also that immediacy of 

CI and health anxiety play an influential role in the overall effect of displaying CI. Beyond the 

impetus for scholars to better understand user behavior in digital environments, our study first 

and foremost provides insights into levers of IS that have immediate impact on containing the 

COVID-19 pandemic. 
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2.7 Appendix 

Table A1. Constructs 

Construct Items 

Heath anxiety 

(Abramowitz et al. 2007) 

(α = 0.78, CR = 0.85, 

AVE = 0.59) 

I worry about my health. 

I fear of having serious illnesses. 

I hear about an illness and think I have it. 

My family / friends say I worry about my health. 

Product involvement 

(Zaichkowsky 1985) 

(α = 0.90, CR = 0.94, 

AVE = 0.83) 

In general, going to a doctor for me … 

is unimportant … is important. 

doesn’t matter to me … matters to me. 

is nonessential … is essential. 

Perceived crowding 

(Machleit et al. 2000) 

(α = 0.92, CR = 0.95, 

AVE = 0.82) 

The office of Dr. Baum seemed very crowded to me. 

The office of Dr. Baum was very busy. 

There was NOT much traffic at Dr. Baum’s. 

There were a lot of patients at Dr. Baum’s. 

Perceived immediacy 

(Lee and Strong 2003) 

(α = 0.83, CR = 0.90, 

AVE = 0.74) 

The presented information about the amount of patients at each 

doctor was ... 

… current. 

… timely. 

… up-to-date. 

Processing fluency 

(Lee and Aaker 2004) 

(α = 0.91, CR = 0.94, 

AVE = 0.85) 

The information presented by the website was … 

… easy to process. 

… easy to understand. 

… straightforward. 

Note: “Dr. Baum” was the most crowded medical practice in the experiment. 

 

Table A2. Descriptive statistics 

Condition    

Variable  

1: CI absent  

(N = 114) 

2: Historical average 

CI  

(N = 113) 

3: Real-time CI 

(N = 116) 

 Mean SD Mean SD Mean SD 

Health anxiety 3.57 1.49 3.55 1.18 3.58 1.22 

Age 27.47 8.43 28.04 7.49 28.43 8.55 

Product involvement 5.05 1.55 5.34 1.19 5.04 1.45 

Perceived crowding 3.98 0.80 6.16 0.93 6.36 0.69 

Perceived immediacy - - 3.43 1.31 5.99 0.96 

Processing fluency 5.44 1.24 5.97 1.03 6.53 0.65 

Average selected crowding 

levela 
50.6% 32.8% 14.9% 

Note: a Location with lowest crowding level = 0%, highest crowding level = 100% 
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Abstract  

With the proliferation of smart meters that continuously track energy consumption data, smart 

meter user interfaces can leverage evaluative standards (i.e., measuring success relative to one’s 

previous performance vs. relative to the performance of others) as a design element for goal 

setting to motivate sustainable behaviors. Drawing on achievement goal theory, we conducted 

a lab-in-the-field experiment with 152 households to investigate how evaluative standards 

affect private households’ heating energy consumption. Our results suggest that basing a goal 

on others (vs. on oneself) is a double-edged sword: Whereas households who previously 

performed worse than average reduce their heating energy consumption more fiercely with an 

other-referencing goal, households who previously consumed better than average loosen their 

efforts compared to their peers with self-referencing goals. As such, our study contributes to 

Green IS research with novel insights on evaluative standards as design elements for smart 

meter user interfaces to shape actual resource consumption. 

 

Keywords: Goal setting, evaluative standard, relative performance, achievement goal theory, 

heating, resource consumption 
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3.1 Introduction 

Research on Green Information Systems (IS) refers to the study of the design, implementation, 

and impact of technologies that support sustainable resource consumption behaviors (e.g., 

Henkel and Kranz 2018; Malhotra et al. 2013; Watson et al. 2010). As one of the most impactful 

Green IS artifacts, smart meter user interfaces (UI) are designed to provide households with 

transparency on their own and others’ consumption intensity (e.g., Corbett 2013; Loock et al. 

2011), thus revealing their performance relative to themselves (e.g., compared to a previous 

time period) or others (e.g., compared to the average) (Tiefenbeck et al. 2018; Watson et al. 

2010). Assessing one’s relative performance thereby draws on an evaluative standard, as “the 

referent used to determine if one is doing well or poorly” (Elliot et al. 2011, p. 633). Companies 

like Opower aggregating and displaying consumption data from various households via smart 

meter UI (Allcott 2011; Jetzek et al. 2014) already adopted the idea of visualizing relative 

performance as a design element that aids more sustainable consumption behavior (Oracle 

2021). 

Apart from offering transparency on one’s relative performance, Green IS scholars repeatedly 

stressed the importance of incorporating goal setting (i.e., enabling users to commit to a desired 

end state) as a design element that encourages households to effectively curb their resource 

consumption (Abrahamse et al. 2007; Loock et al. 2013). To that end, Green IS research has 

analyzed different goal setting designs (e.g., presence vs. absence of default goals, goals set by 

oneself vs. by external entities) with regard to their potential to motivate households to reduce 

their water and energy consumption (e.g., Abrahamse et al. 2007; Loock et al. 2013; van 

Houwelingen and van Raaij 1989). This is particularly important in the context of (space) 

heating energy (HE) consumption: With a share of 64% of private households’ energy 

consumption in the European Union (Eurostat 2020), heating of private households constitutes 

an exceptional potential for energy savings. Apart from costly investments into building 

infrastructure, it is assumed that households can actively reduce HE consumption (e.g., through 

setting a goal) by about 20% simply through more resource-conserving behaviors such as airing 

intermittently and closing shades at night (Alberts et al. 2016; Vassileva et al. 2013).  

To tap this potential, goal setting in general, and a goal’s evaluative standard in particular, can 

be leveraged as a powerful design element of smart meter UI to encourage households to reduce 

their HE consumption. However, setting a meaningful goal for one’s HE consumption raises 

the question which evaluative standard to apply, as a goal can either be task-referencing (e.g., 

“I want to consume less than 100 m³ of gas”), self-referencing (e.g., “I want to consume 10% 
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less than I did last year”) or other-referencing (e.g., “I want to consume 10% less than other 

households do on average”) (Elliot and McGregor 2001; Elliot et al. 2011). Absolute numbers 

of HE consumption are oftentimes given in artificial units and are difficult to interpret as they 

incorporate fractions of total building consumption (Eurostat 2013), which renders task-

referencing evaluative standards inapt for the context of heating. Self- and other-referencing 

evaluative standards on the other hand paint a different, more ambiguous picture: Heating 

demand is highly seasonal for most countries, causing HE consumption to fluctuate 

substantially within days (Catalina et al. 2008). It is unclear to what extent households are 

capable of accounting for these external factors when setting a goal with self-referencing 

evaluative standard. Other-referencing evaluative standards circumvent the difficulty of 

interpreting absolute or fluctuating numbers through a data-driven approach. Yet, their inherent 

dependency on others reduces households’ control to attain their goals. As such, HE 

consumption provides a multifaceted context well suited to investigate the ramifications of 

evaluative standards in goal setting. 

Previous Green IS studies touched upon evaluative standards when investigating how mere 

transparency on one’s own and others’ consumption enables households to assess their relative 

performance (e.g., Loock et al. 2011; Schultz et al. 2007). However, in the context of goal 

setting, the focus was primarily set on self- or task-referencing goals (e.g., Abrahamse et al. 

2007; Loock et al. 2013) while explicitly linking a goal to others is thus far uncharted territory. 

The increasing proliferation of smart meters and thus, access to reliable data of a vast number 

of households (Gholami et al. 2016; Lossin et al. 2016; Wunderlich et al. 2019), now provides 

an opportunity to investigate whether and how setting an other-referencing goal reinforces the 

assessment of one’s own performance relative to others. Specifically, with previous Green IS 

studies generally investigating self-referencing goal setting (e.g., Abrahamse et al. 2007; Loock 

et al. 2013), it is far from clear how having a goal refer to others (vs. to oneself) intensifies the 

consideration of others’ consumption and how this affects a household’s resource consumption 

behaviors. Such insights are valuable to mitigate the risk of behavioral changes in unintended 

directions, as has been observed for better-than-average performing households who start to 

increase their consumption once they are aware that they outperform others (Loock et al. 2011; 

Schultz et al. 2007). Thus, to extend our knowledge on a goal’s evaluative standards as a design 

element of smart meter UI, we set out to answer the following research question: 
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RQ: How does a goal’s evaluative standard (self- vs. other-referencing) as a design element 

of smart meter UI moderate the effect of a household’s relative performance on HE 

consumption? 

Drawing on achievement goal theory, we conducted a randomized lab-in-the-field experiment 

(Karahanna et al. 2018) with individuals representing 152 households who reported their 

heating behavior at three instances over a period of four weeks. Simultaneously, they pursued 

a self-set goal with an evaluative standard referring to either themselves or others. Our results 

suggest that having an other- (vs. self-) referencing goal is a double-edged sword: Whereas 

households who, at the time they set a goal, performed worse than average reduce their HE 

consumption more fiercely with an other-referencing goal, households who previously 

performed better than average loosen their efforts with other-referencing goals compared to 

their peers with self-referencing goals. We furthermore find that the effect on HE consumption 

is mediated by private households’ motivation (i.e., chosen reduction goal). 

With our study we contribute to Green IS research by providing valuable impetus for goal 

setting design in the context of smart meter UI. We offer new insights by interweaving the thus 

far largely isolated concepts of goal setting and transparency on relative performance into a 

new and underexplored evaluative standard that links a goal to other’s performance. As such, 

we contribute to the development and empirical validation of a new design element of smart 

meter UI, particularly in the context of heating. Beyond our theoretical contributions, our study 

is among the first to provide design recommendations for providers of smart meter UI targeting 

the context of heating. Specifically, our results suggest that smart meter UI need to adapt their 

goal setting functionality by selecting the optimal evaluative standard according to whether 

households are performing worse or better than average. Taken together, our findings 

underscore the importance and potential of smart meter UI that leverage a goal’s evaluative 

standard as a design element to encourage sustainable resource consumption behaviors. 

3.2 Theoretical Background 

3.2.1 Achievement Goal Theory 

According to achievement goal theory, achievement goals focus on either developing or 

demonstrating competence (Hulleman et al. 2010) and are characterized by their valence as well 

as their evaluative standard (Elliot and McGregor 2001; Elliot et al. 2011). Valence describes 

whether competence is aimed for to approach a positive outcome (i.e., success) or to avoid a 
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negative outcome (i.e., failure). Whereas approach-goals evoke excitement and commitment by 

focusing on one’s possible success, avoidance-goals trigger vigilance and self-worth concerns 

by focusing on moving or keeping away from a negative possibility (Elliot et al. 2011). For this 

reason, approach-goals are generally believed to be better suited to encourage efficient and 

effective engagement than avoidance-goals (Elliot et al. 2005). 

The concept of evaluative standards, on the other hand, distinguishes three different types of 

reference (i.e., self, others and task) that are used to evaluate if one is doing well or poorly while 

pursuing a goal (Elliot et al. 2011). Self-referencing goals use one’s own intrapersonal 

trajectory as the evaluative standard. Thus, competence is defined in terms of doing well or 

poorly relative to how one has done in the past or has the potential to do in the future (e.g., 

one’s performance this year vs. last year). In this regard, self-referencing goals are characterized 

by their focus on the attainment (or avoidance) of self-based competence (or incompetence) 

(Elliot et al. 2011). These kinds of goals fall into the category of so-called mastery goals, which 

focus on developing competence (Hulleman et al. 2010; Nicholls 1984). Other-referencing 

goals use an interpersonal evaluative reference point and define competence in terms of doing 

well or poorly relative to others (e.g., one’s own performance vs. the average performance of 

others). Individuals notice others’ performance not only by witnessing others’ behaviors, but 

also by having access to IS that provide aggregated normative information, for instance 

displayed in a mobile application. Conceptually, other-referencing goals fall into the category 

of performance goals (Elliot et al. 2011) which focus on demonstrating competence by means 

of comparison with others (Hulleman et al. 2010; Nicholls 1984). Task-referencing goals use 

the absolute demands of a task as the evaluative standard. Thus, for these goals, competence is 

defined in terms of doing well or poorly relative to what is required by the task itself (e.g., 

consume less than a certain amount of a resource). Task-referencing goals focus on developing 

competence and thus also fall into the category of mastery goals. Figure 3-1 provides an 

overview how the previously described goals are categorized. 

Applied to our research context, we focus on smart meter UI and how goal setting functions 

can be designed using different evaluative standards to effectively motivate households to 

reduce their HE consumption. Specifically, we focus on contrasting the effects of self- and 

other-referencing goals on HE consumption for one important reason: Previous Green IS studies 

analyzed the impact of self-referencing goals in the context of electricity, water and gas 

consumption (e.g., Abrahamse et al. 2007; Loock et al. 2013; van Houwelingen and van Raaij 

1989). Yet, Green IS research paid little attention to important indications that particularly 
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other-referencing evaluative standards are well suited as design elements to induce pro-

environmental behaviors (Lindenberg and Steg 2007; Seidler et al. 2020). As such, comparing 

self- and other-referencing evaluative standards side-by-side may be a powerful opportunity for 

the design of smart meter UI to achieve greater impact. We refrain from task-referencing goals 

for the context of this study because absolute numbers of HE consumption are oftentimes 

difficult to interpret (Eurostat 2013). We also omit avoidance-goals (i.e., self- and other-

referencing goals with negative valence) because their focus on negative possibilities makes 

them less suited to efficiently and effectively encourage behavioral change (Elliot et al. 2011; 

Elliot et al. 2005). 

 

Figure 3-1: Classification of goals according to achievement goal theory (cf. Elliot et al. 

2011) 

3.3 Research Model and Hypothesis Development  

In the following, we first hypothesize the effect of a household’s relative performance on HE 

consumption while setting a goal (H1) and how this effect is mediated by motivation (i.e., 

chosen reduction goal) (H2). Subsequently, we hypothesize how a goal’s evaluative standard 

interacts with relative performance in shaping HE consumption (H3). Instead of referring to 

households as a whole, we will from here on focus on the individuals constituting a household 

as our unit of analysis, as these individuals are responsible for the consumption behavior in a 

household. Our research model is depicted in Figure 3-2. 

 

Figure 3-2: Research model 
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3.3.1 The Direct Effect of Relative Performance on HE Consumption 

Social comparison has been demonstrated to play an important role particularly in 

environmental contexts and has repeatedly been shown to affect human behaviors powerfully 

(e.g., Alberts et al. 2016; Allcott 2011; Lossin et al. 2016). This is because individuals 

experience a basic drive to evaluate themselves, for instance by assessing their resource 

consumption over time. To that end, individuals leverage social comparison in situations where 

objective means are not available or difficult to assess (Festinger 1954). To understand the 

effect of such relative performance (i.e., one’s own performance compared to the performance 

of others) on HE consumption through the lens of social comparison, we need to differentiate 

between individuals who perform better and individuals who perform worse than others do. We 

thereby draw on the average performance of others as a meaningful and easily computable 

reference point. 

Individuals whose relative performance is worse than average engage in upward comparison 

(i.e., comparing to better-performing individuals), which has been shown to typically induce 

self-improvement (Festinger 1954). Accordingly, we argue that worse-than-average individuals 

who are offered transparency on their performance relative to others subsequently reduce their 

HE consumption to reach levels close to or even better than average. 

In contrast, individuals performing better than average face downward comparison (i.e., 

comparing to worse-performing individuals). As a result, individuals develop self-esteem and 

sometimes even overconfidence that lead to tendencies to invest less effort in improving one’s 

behavior (Festinger 1954; Wills 1981). Thereby, downward comparison can trigger the so-

called boomerang effect, where the performance of better-than-average individuals may not 

only stall, but even deteriorate with social comparison (Loock et al. 2011; Schultz et al. 2007). 

Consequently, we argue that individuals whose relative performance is better (vs. worse) than 

average subsequently reduce their HE consumption to a lower degree. As such, we hypothesize:  

H1: Individuals whose relative performance is worse (vs. better) than the average 

performance of others subsequently reduce their HE consumption to a higher degree. 

3.3.2 The Mediating Effect of Motivation on the Effect of Relative 

Performance on HE Consumption 

In the context of pro-environmental behaviors, different aspects of intrinsic and extrinsic 

motivation occur simultaneously and differ in their weighting across situations and individuals 

(Lindenberg and Steg 2007). Individuals’ overall motivation can be captured both tangibly and 
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ob ectively when individuals set themselves a goal. Specifically, individuals’ self-set reduction 

goals are a suitable indicator for their motivation to change their actual HE consumption (Loock 

et al. 2013).  

Providing individuals transparency on their relative performance represents a form of normative 

influence that acts as a motivator for individuals to engage in more sustainable behaviors 

(Loock et al. 2011). However, we expect the level of motivation to be different for individuals 

who engage in upward comparison (i.e., comparing to better-performing others) compared to 

their peers who face downward comparison (i.e., comparing to worse-performing others). 

Upward comparison triggers discomfort with the current performance and motivates self-

improvement. In contrast, individuals who engage in downward comparison seek to protect 

their superiority but do not perceive a strong urge to further improve their behaviors (Festinger 

1954; Wills 1981). Consequently, we expect that their motivation to engage in HE conserving 

behaviors is low, corroborating previous findings on potential backfiring effects when 

comparing to worse-performing others (Loock et al. 2011; Schultz et al. 2007). Accordingly, 

we argue that individuals performing worse than average are motivated to a greater extent than 

their better-than-average performing peers, leading them to choose more ambitious reduction 

goals and to ultimately reduce their HE consumption more fiercely: 

H2: Individuals’ motivation mediates the effect of their relative performance on their HE 

consumption such that worse- (vs. better-) than-average performing individuals exhibit 

higher motivation and reduce their HE consumption more strongly. 

3.3.3 The Moderating Effect of a Goal’s Evaluative Standard on the 

Relationship Between Relative Performance and HE Consumption 

Individuals performing worse than average show higher motivation for self-improvement, set 

more ambitious goals and subsequently reduce their HE consumption to a higher degree 

compared to their better-than-average performing peers (see H1 and H2). Whereas goals in 

general are influential design elements that “direct attention and effort toward goal-relevant 

activities and away from irrelevant activities” (Locke and Latham 2002, p. 706), a goal’s 

evaluative standard influences individuals’ evaluation of cognitively processed information and 

thereby their attention (e.g., focus on self vs. others) as well as their motivational orientation 

(Elliot and McGregor 2001; Lindenberg and Steg 2007). 

Self-referencing goals (i.e., mastery goals) cause individuals to compare their performance with 

standards of their own likening (Lindenberg and Steg 2007). To that end, motivation to improve 
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one’s own performance is predominantly based on intrinsic motivation components such as 

personal interest, a strive to master the required actions (e.g., airing intermittently) and the intent 

to do better than one has done in the past (Hulleman et al. 2010). In this sense, self-referencing 

goals lead individuals to focus on their self-improvement potential. At the same time, 

information on the individual’s relative performance is merely used to determine what a 

reasonable self-improvement goal would be. In other words, the average performance of others 

is used as an anchor. In contrast, other-referencing goals (i.e., performance goals) aim at 

demonstrating one’s competence relative to others and thus, are based on a normative 

component (Hulleman et al. 2010). While transparency on relative performance communicates 

social comparison implicitly, this normative component in an other-referencing goal setting 

makes social comparison explicit and salient (Hulleman et al. 2010). Thereby, normative 

concerns (i.e., fear of performing worse than others) act as a lever to motivate pro-

environmental behaviors (Lindenberg and Steg 2007). As such, other-referencing goals 

inherently intensify individuals’ awareness of and attention to the performance of others. 

Instead of others’ performance merely serving as an anchor for a reasonable goal, the 

performance of others now directly influences whether the goal will be met or not. As a result, 

information about others’ consumption is perceived and processed more consciously by 

individuals who set themselves other-referencing goals compared to self-referencing goals. 

Accordingly, we argue that the intensified focus on others’ consumption induced by other-

referencing goals reinforces the previously hypothesized effect of relative performance on an 

individual’s motivation and subsequent HE consumption (see H1 and H2). Thus, we 

hypothesize: 

H3: Evaluative standards reinforce the effect of relative performance on HE consumption in 

that other-referencing (vs. self-referencing) goals lead to a greater reduction of HE 

consumption for worse-than-average performing individuals and a lesser reduction of HE 

consumption for better-than-average individuals.  

3.4 Method 

We tested our hypotheses by conducting a 2x2 (relative performance: better vs. worse than 

average; goal’s evaluative standard: self- vs. other-referencing) online lab-in-the-field 

experiment (Karahanna et al. 2018). Lab-in-the-field experiments “leverage the sub ects’ real-

world settings for the context to increase external validity and realism” (Karahanna et al. 2018, 

p. iv) and are therefore particularly suitable to investigate not only intentions but actual 
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behaviors. We chose participants from Germany as energy saving is of high political and 

societal priority in Germany (Wunderlich et al. 2019). Moreover, German households are 

affected by the European Union’s smart meter directives and will comprehensively be supplied 

with smart meter technology and regular consumption information in the near future (European 

Commission 2019b). Besides, given that awareness of HE consumption is particularly relevant 

in countries with seasonal weather conditions (Catalina et al. 2008), we opted for Germany as 

a northern hemisphere country that is subject to seasonal variations. 

We decided to investigate self-reported heating behavior instead of measuring real HE 

consumption data for two reasons: First, absolute HE consumption figures usually include 

fractions of total building consumption for households in shared buildings or rental apartments 

with collective heating systems, which individual households do not have full control over 

(Eurostat 2013). Second, given our focus on consumption reduction related to behavioral 

changes, reported heating behaviors are unaffected by potentially strong differences in 

consumption due to variations among households in structural measures and appliances (e.g., 

more or less insulation, different kinds of heaters) as well as a household’s location (e.g., south 

vs. north side, detached vs. adjacent to other apartments) (Abrahamse et al. 2007; Vassileva et 

al. 2013). 

3.4.1 Experimental Design and Manipulations 

To compare the effect of different evaluative standards, we designed a custom-made online user 

interface where participants could report their heating behaviors. These behaviors were used to 

build a single individual score which we refer to as a household’s heating intensity. We 

described this heating intensity to participants as a normalized measure of their heating behavior 

ranging from 1 to 100. Operationalizing HE consumption in that way offered the advantage of 

providing participants a tangible and comparable visualization of their heating behaviors. 

Additionally, it allowed us to ensure that participants would not attribute any differences 

between their and other households’ heating behavior to structural factors (e.g., building 

insulation, old heating) that we cannot control for. We computed the heating intensity of each 

household to derive an overall average that would serve participants to assess their relative 

performance (RP). We decided to simplify the visualization of this RP in that we employed 

only two categories for RP. Better-than-average individuals were shown to perform 20% better 

than average, whereas worse-than-average individuals were shown to perform 20% worse than 

average. This simplification allowed us to ensure that participants were aware that there was a 

non-negligible difference between the average and their own heating intensity. In doing so, we 
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encouraged participants to engage in upward or downward comparison and thus, strengthened 

the comparability within and between our conditions. 

The experimental design also provided a goal setting feature to allow participants to set a self-

selected goal for the upcoming four weeks that referred to either their own or others’ heating 

intensity as an evaluative standard (ES). Our experimental duration of four weeks is based on 

the recommendation of Reis and Wheeler (1991, p. 287) to capture a stable and generalizable 

estimate of social life. Furthermore, participants received feedback on their goal attainment at 

the end of the study period. To be able to assess goal attainment for participants who set 

themselves an other-referencing goal, we needed a reference group that would help us 

understand how the heating behavior of the alleged group of others changed during the same 

period. On that account, we collected data from a control group who reported their heating 

behavior, but did not receive any information on RP and were not given the possibility to set a 

goal. Figure 3-3 depicts our operationalization of RP (i.e., better vs. worse than average) and 

goal setting with two different ES (i.e., self- vs. other-referencing). 

 

Figure 3-3: Manipulations 

3.4.2 Experimental Procedure 

Figure 3-4 shows the experimental procedure for participants of all conditions: (1) First, we 

introduced participants to the context by providing information on the significant share HE 

consumption has compared to other sources of resource consumption in private households. (2) 

Second, participants reported their own household’s heating behavior of the past two weeks, 

for instance with respect to airing habits (i.e., extent of window opening) and usage of heaters. 



54 Evaluative Standards of Goals Impacting Users’ Resource Consumption Behavior 

Participants were told to reflect the behavior of their household as a whole, rather than just 

thinking about their individual actions. (3) Next, based on their self-reported heating behavior, 

we allocated participants to the group of households with either better- or worse-than-average 

RP and depicted the respective visualization (see Figure 3-3). (4) Lastly, participants were 

randomly assigned to a condition that offered a goal setting functionality with either self- or 

other-referencing ES. After setting their goal, participants confirmed their choice and were 

informed about the study’s second round. (5) We asked participants to briefly report on their 

household’s current heating behavior after two weeks before (6) inviting participants to the final 

reporting round after four weeks. Based on the goal participants chose and on how they changed 

their heating behavior over the course of the four weeks, we then provided participants feedback 

on their goal attainment (7). In addition, the control group went through the same procedure, 

except for steps (3), (4), and (7). 

 

Figure 3-4: Experimental procedure 

3.4.3 Measurement 

We measured our dependent variable heating intensity reduction by calculating the difference 

between heating intensity in the initial round and four weeks after (Abrahamse et al. 2007). For 

our mediating variable motivation, we measured the participants’ chosen reduction goals. To 

allow for comparability of goals between both treatment groups, we converted other-

referencing goals into equivalent self-referencing goals (e.g., a household initially consuming 

20% more than others with a goal of eventually consuming 10% less than others had a self-
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referencing goal of 30% reduction). This self-referent goal value represents a household’s 

motivation in that higher (vs. lower) goals indicate higher motivation to reduce the current HE 

consumption. 

To assess participants’ heating intensity, we measured each household’s heating behavior. 

Specifically, we applied a self-reported behavior survey using a seven-point Likert scale (e.g., 

Abrahamse et al. 2007; Sütterlin et al. 2011; Wemyss et al. 2019). We first asked participants 

about their possession and use of household appliances (Abrahamse et al. 2007). Specifically, 

we asked them to indicate which type of heater they owned (e.g., radiator with manual vs. 

programmable thermostat) and what temperature was chosen during day- and night-time in the 

living- and bedroom by adopting items from Guerra-Santin and Itard (2010). Moreover, 

participants were asked to indicate how often their household performed different activities 

related to heating and airing habits (Calì et al. 2016; Sütterlin et al. 2011), for example “keep 

doors closed between rooms with different temperatures” as well as about their household’s 

general awareness with regard to heating-related activities such as “closing shutters or blinds at 

night” (Paone and Bacher 2018). We offered participants the possibility of choosing ‘‘not 

applicable” as a response option for questions that were specific to certain appliances (e.g., 

floor heating) (Sütterlin et al. 2011). 

Following prior literature (e.g., Sütterlin et al. 2011; Wemyss et al. 2019), we computed each 

household’s heating intensity by calculating the mean of the items for self-reported behavior. 

We then used this heating intensity to infer the overall average performance as well as 

households’ RP and to assess their goal attainment at the end of our experiment. In addition, 

we measured demographics (i.e., participants’ age and gender) as well as intermediate 

performance (i.e., heating intensity after two weeks) and social desirability bias as control 

variables that we considered to be influential in the context of our experimental setting. Asking 

participants about their households’ heating behavior may elicit social desirability bias in that 

participants state their behaviors in a somewhat more favorable fashion than is actually the case. 

To account for this spurious influence, we followed the recommendation by (Podsakoff et al. 

2003) to measure participants’ tendency toward social desirability and control for this measure 

when analyzing our model. To that end, we adopted an established seven-point Likert scale for 

social desirability bias (Paulhus 1991), covering its two sub-dimensions, namely self-deception 

enhancement and impression management toward others. 

Table 3-1 lists all employed items. Additionally, we integrated three attention checks (e.g., 

whether participants performed better or worse than others and whether their goal referred to 
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themselves or to others) to notice whether participants read each item carefully and understood 

the meaning of the visualizations. Moreover, we asked about extended absences from home 

(Tiefenbeck et al. 2018) as well as how accurately participants perceived the employed survey 

items to capture and represent their actual heating behavior. 

Construct Items 

Self-reported 

heating 

behavior 

Heating appliances and use (Guerra-Santin and Itard 2010) 

What thermostats do you mainly use in your living room / in your bedroom? 

What temperature are the thermostats (/what level are the radiators) currently set 

to in your living room during the day? 

What temperature are the thermostats (/what level are the radiators) currently set 

to in your bedroom during the night?  

Heating habit (Sütterlin et al. 2011) 

What share of your home do you currently heat? [no room at all … all rooms] 

How often do you currently keep doors closed between rooms of different 

temperatures? [very rarely … very often] 

How long per day do you use additional (mostly electric) heating elements such as 

heating mats, electric blankets or fan heaters? [(almost) not at all … more than 3 

hours; not applicable] 

Airing habit (Calì et al. 2016) 

How long per day do you currently leave your windows tilted? [(almost) not at all 

… more than 3 hours; not applicable] 

How long per day do you currently leave your windows (wide) open? [(almost) 

not at all … more than 3 hours; not applicable] 

General awareness (Paone and Bacher 2018) 

How often do you currently close shutters or blinds at night? [(almost) not at all … 

very often; not applicable] 

How often do you currently make sure your radiators are vented? [(almost) not at 

all … very often; not applicable] 

How much attention do you pay to your furniture not shielding your radiators? 

[(almost) not at all … very often; not applicable] 

Social 

desirability bias 

(Paulhus 1991) 

My first impression of people usually turns out to be right. 

I am often not confident of my judgment. (r) 

I always know why I like things. 

I have once received too much change from a salesperson without telling him/her. (r) 

I never tell lies to others. 

There have been occasions when I have taken advantage of someone. (r) 

(first three items for self-deception enhancement, followed by three items for 

impression management, all measured from strongly disagree to strongly agree) 

Note: (r): reversed item 

Table 3-1: Constructs and measurement items 
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3.5 Results 

3.5.1 Sample Descriptions and Controls 

We recruited 192 participants from the crowdsourcing platform Prolific.co which is specifically 

designed for behavioral research and experiments. Multiple studies corroborate that the data of 

Prolific.co respondents exhibits high reliability and is of comparable or even higher quality than 

responses from the commonly used online research platform Amazon Mechanical Turk (Palan 

and Schitter 2017; Peer et al. 2017). We restricted access to our study to participants located in 

Germany with an approval rating above the suggested threshold of 95% to ensure high data 

quality (Goodman and Paolacci 2017). Out of those 192 participants, we removed 40 

participants who either did not answer all questions, failed our attention checks or stated that 

they have been absent from their homes for more than 3 days during our experiment. As such, 

we resulted in a data set with 152 valid entries. We collected our data from January to February 

2021 to capture a timeframe in which heating is particularly relevant in Germany. Table 3-2 

summarizes the descriptive statistics of the participating households, segmented by their ES 

(i.e., self- vs. other-referencing) and their RP (i.e., worse vs. better than average). 

Group   

 

 

Variable 

Control 

(N=36) 
Self-referencing ES Other-referencing ES 

 Worse-than-

average RP 

(N=27) 

Better-than-

average RP 

(N=31) 

Worse-than-

average RP 

(N=27) 

Better-than-

average RP 

(N=31) 

 Mean S. D. Mean S. D. Mean S. D. Mean S. D. Mean S. D. 

Gender (Female) 

Age 

Social desirability 

  bias 

Chosen reduction 

  goal 

Heating intensity 

  reduction 

25% 

28.08 

4.63 

 

- 

 

- 

- 

9.21 

0.86 

 

- 

 

- 

33% 

28.81 

4.66 

 

11.67% 

 

13.45% 

- 

6.78 

0.81 

 

13.01% 

 

19.91% 

32% 

28.61 

4.58 

 

5.48% 

 

11.11% 

- 

7.81 

0.84 

 

11.72% 

 

15.60% 

41% 

25.45 

4.71 

 

21.21% 

 

24.15% 

- 

5.14 

0.70 

 

15.62% 

 

14.70% 

34% 

29.34 

4.89 

 

4.38% 

 

6.37% 

- 

6.24 

0.83 

 

12.08% 

 

16.76% 

Table 3-2: Descriptive statistics 

The results of several one-way analyses of variance for the control variables indicate good 

comparability and balance across our two treatment conditions, as there were no significant 

differences (p > 0.1) in terms of participants’ gender, age or their stated social desirability bias. 

Therefore, we find support for the successful randomization of the assignment process to our 

experimental conditions. Lastly, our respondents strongly agreed that the employed survey 
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items accurately captured and represented their actual heating behavior (mean = 6.20, S. 

D. = 1.26). 

3.5.2 Reliability and Validity 

We assessed the psychometric properties of our measurement models by examining convergent 

validity for our construct social desirability bias, which we verified using three criteria 

recommended by Fornell and Larcker (1981): First, the item loadings were significant 

(p < 0.001) and exceeded the recommended level of 0.70 (Carmines and Zeller 1979). Second, 

with a value of 0.94 for Cronbach’s alpha and 0.94 for composite reliability, both measures of 

internal consistency were above the recommended level of 0.70 (Nunnally and Bernstein 1994). 

Third, at a value of 0.72, the average variance extracted exceeded the relevant threshold of 0.50 

(Hair Jr. et al. 2016). Hence, our construct for social desirability bias met the specifications for 

convergent validity and was appropriate to be employed as a control variable to account for 

respondents’ desire to avoid embarrassment and pro ect a favorable image to others. 

3.5.3 Hypothesis Testing  

We tested our hypotheses coding both RP and ES as binary variables (i.e., worse-than-average 

RP = 0, better-than-average RP = 1; self-referencing ES = 0, other-referencing ES = 1). To test 

the effects on our mediator motivation (i.e., chosen reduction goal) and our dependent variable 

heating intensity reduction, we conducted a multi-stage hierarchical linear regression and 

bootstrap analyses with 5,000 bootstrap samples and 95% confidence intervals using PROCESS 

(Hayes 2022), reported in Table 3-3. In stage 1, for both modeled variables we included our 

control variables gender, age, social desirability and intermediate performance as well as our 

independent variables RP and ES. In stage 2, we added the interaction term between RP and 

ES. For our dependent variable, we furthermore analyzed a third stage in which we included 

motivation as our mediator. 

The results support H1 in that better-than-average compared to worse-than-average RP leads 

households to achieve a lesser heating intensity reduction (β = -10.22, p < 0.001). At the same 

time, we find significant effects of RP on motivation (β = -6.10, p < 0.05) and of motivation on 

heating intensity reduction (β = 0.59, p < 0.001). To verify whether motivation carries over the 

effect of RP on heating intensity reduction, we conducted a bootstrap analysis with 5,000 

bootstrap samples and 95% confidence intervals using PROCESS Model 4, which confirms the 

mediating effect of motivation (see Table 3-4). We furthermore analyzed the moderating effect 

of ES: We find a significant interaction between ES and RP with respect to motivation (β = -
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8.02, p < 0.05) and heating intensity reduction, both when the mediator is included (β = -10.87, 

p < 0.1) and when it is not (β = -15.57, p < 0.01). Additionally, we analyzed the moderating 

effect of ES through a bootstrap analysis with 5,000 bootstrap samples and 95% confidence 

intervals using PROCESS Model 8. 

 Mediator: Motivation (i.e., 

chosen reduction goal) 

Dependent variable: 

Heating intensity reduction 

 Stage 1 Stage 2 Stage 1 Stage 2 Stage 3 

Intercept 32.57*** 

(6.97) 

28.80** 

(7.08) 

29.82** 

(10.88) 

22.50* 

(10.93) 

5.61 

(10.90) 

Manipulations      

  RP -9.99*** 

(1.90) 

-6.10* 

(2.61) 

-10.22*** 

(2.97) 

-2.66 

(4.03) 

0.92 

(3.84) 

  ES 0.27 

(1.99) 

4.54 

(2.80) 

5.53† 

(3.11) 

13.82** 

(4.31) 

11.16** 

(4.06) 

Interaction      

  RP x ES – 

 

-8.02* 

(3.75) 

– 

 

-15.57** 

(5.78) 

-10.87† 

(5.49) 

Mediation      

  Motivation – 

 

– 

 

– 

 

– 0.59*** 

(0.14) 

Controls      

  Gender -1.76 

(1.97) 

-1.92 

(1.94) 

0.47 

(3.08) 

0.17 

(2.99) 

1.29 

(2.80) 

  Age -0.07 

(0.15) 

-0.03 

(0.15) 

-0.46* 

(0.23) 

-0.37 

(0.22) 

-0.35† 

(0.21) 

  Social 

   desirability 

-3.20* 

(1.23) 

3.09* 

(1.21) 

0.18 

(1.92) 

0.39 

(1.87) 

2.20 

(1.79) 

  Intermediate 

   performance 

0.36*** 

(0.04) 

0.35*** 

(0.04) 

0.28*** 

(0.07) 

0.29*** 

(0.06) 

0.50*** 

(0.08) 

R² 0.55 0.57 0.26 0.31 0.41 

Note: †p < 0.1, *p < 0.05, **p < 0.01, ***p < 0.001; RP: relative performance, ES: evaluative standard; standard errors in parentheses 

Table 3-3: Ordinary least squares regression on motivation (i.e., chosen reduction goal) and 

heating intensity reduction 

The results in Table 3-4 confirm that ES indeed interacts with RP in the form of a moderated 

mediation. As such, we find evidence supporting both the mediation effect hypothesized in H2 

as well as the moderation effect hypothesized in H3. Hence, the effect of RP in which worse- 

(vs. better-) than-average households are more motivated and make a stronger effort to reduce 

their heating intensity is reinforced when the ES switches from self-referencing to other-
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referencing. See Figure 3-5 for the interaction plots with respect to both motivation (i.e., chosen 

reduction goal) and heating intensity reduction. 

 Moderator 
Indirect 

effect 
BootSE BootLLCI BootULCI 

Mediation 

(PROCESS 

Model 4) 

– 6.41 1.73 3.29 10.06 

Mediated 

moderation 

(PROCESS 

Model 8) 

ES: self-

referencing 
3.58 1.72 0.62 7.22 

ES: other-

referencing 
8.28 2.52 3.87 13.75 

Index of moderated 

mediation 
BootSE BootLLCI BootULCI 

4.70  2.40 0.58 9.97 
Note: 5,000 bootstrap samples, 95% confidence intervals using PROCESS (Hayes 2022)  

Table 3-4: Bootstrap analyses for the indirect effect relative performance → motivation → 

heating intensity reduction 

 

Figure 3-5: Interaction between relative performance (worse than average vs. better than 

average) and evaluative standards (self-referencing vs. other-referencing) 

3.6 Discussion 

Smart meter UI are ideally suited Green IS artifacts to encourage resource-conserving 

consumption behavior in the context of private households’ space heating through means of 

goal setting. However, less attention has been paid to the evaluative standard underlying every 

goal design. Drawing on achievement goal theory, we find that households who, at the time 

they set a goal, perform worse than average households reduce their HE consumption more 

fiercely than those who perform better than average households. Interestingly, we find that the 

effect of relative performance on HE consumption is amplified when the goal’s evaluative 
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standard refers to others rather than to oneself. Additionally and contrary to previous findings 

(Loock et al. 2011; Schultz et al. 2007), better-than-average households did not relapse but 

instead further decreased their HE consumption. Lastly, we find support that private 

households’ motivation (i.e., chosen reduction goal) mediates the relationship between relative 

performance, evaluative standards and HE consumption.  

3.6.1 Contributions to Green IS Research and Design 

By uncovering how a goal’s evaluative standard as a design elements for smart meter UI 

influences private households’ heating behaviors and thus, their actual HE consumption, our 

study offers important contributions to Green IS research. 

We advance Green IS research on goal setting by interweaving the immediate comparison with 

others into the goal itself. Previous Green IS studies mainly investigated how individuals’ 

behavior changes when they set goals against themselves (e.g., Abrahamse et al. 2007; Loock 

et al. 2013). In our research, we investigate how individuals behave when setting goals against 

others. Moreover, we do this in comparison to individuals who set goals against themselves. As 

such, we provide insights about how evaluative standards affect the process and outcome of 

goal setting, ultimately impacting HE consumption. Comparing these two distinct evaluative 

standards in goal setting is important for Green IS research because it helps to inform research 

approaches to optimize their effectiveness in reducing resource consumption in private 

households. Furthermore, by introducing motivation (i.e., chosen reduction goal) as a mediator, 

we are able to better understand how evaluative standards affect households in their resource 

consumption. As such, we not only underscore the substantial relevance of self-set goals in the 

context of heating, but also uncover an opportunity to support households in reducing their 

resource consumption in a new way that takes motivational aspects of goals’ distinct evaluative 

standards into account. 

Moreover, our study answers to calls for Green IS research to go beyond conceptualization and 

to showcase how IS can achieve a substantial impact to sustainability (Gholami et al. 2016; 

Malhotra et al. 2013; Zeiss et al. 2020). We do so by addressing the highly relevant context of 

heating and by zooming in on the increasingly proliferating feature of goal setting, which has 

found broad application in IS aiming to foster sustainable behaviors within and beyond the 

context of resource consumption. Whereas goal setting has repeatedly been demonstrated as an 

impactful tool to curb resource consumption (e.g., Abrahamse et al. 2007; Loock et al. 2013), 

our results reveal that the evaluative standard used as a design element of goal setting is decisive 

when households compare their performance against others. Specifically, Green IS designers 
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(e.g., providers of smart meter UI) are advised to design UI that take households’ relative 

performance into consideration and personalize design elements accordingly (e.g., with respect 

to goal setting and visualization of relative performance). By assigning households a goal with 

an evaluative standard that aligns with their relative performance (i.e., other-referencing goals 

for worse-than-average and self-referencing goals for better-than-average performing 

households), designers of smart meter UI can more successfully exploit the potential of goal 

setting and evaluative standards as highly effective design elements for motivating sustainable 

behavior. Importantly, Green IS designs inspired and guided by our findings constitute a 

considerable contribution to private households’ emission and cost reduction. The continuous 

proliferation of smart meters enabling increasingly better data availability and quality make our 

findings all the more valuable to achieve an extensive impact for the protection of our 

environment now and in the future. 

3.6.2 Limitations and Directions for Future Research 

While our study offers several contributions, it is nevertheless subject to some limitations. First, 

our results are based on a lab-in-the-field experiment with German participants. To improve 

generalizability and confirm robustness of our findings, we call for future research to test our 

hypotheses in different cultural contexts and to collect objective consumption data to 

complement and corroborate the findings from our experiment. In doing so, scholars can 

advance our understanding of further implications of different evaluative standards, for instance 

by capturing behavioral intentions toward the smart meter UI itself (e.g., continuance 

intentions) and by accounting for additional moderating factors (e.g., influence of household 

members not involved in the goal setting process but impacting the households’ HE 

consumption). 

To account for seasonal fluctuation beyond volatile day-to-day changes driven by varying 

outside temperatures, we encourage future research to investigate how the effects of goals’ 

evaluative standards unfold over longer periods (e.g., several heating seasons). Such insights 

would help to improve our understanding whether and how individuals uphold their efforts to 

conserve resources for longer when they relate to others that experience the same external 

fluctuations (in the case of other-referencing goals) rather than to themselves, constantly 

fighting to estimate a reasonable goal (in the case of self-referencing goals). 

Lastly, to the best of our knowledge, our study is one of the first to shed light on how evaluative 

standards can be leveraged to curb individuals’ resource consumption. Nevertheless, Green IS 

research on goal setting could gain further insights from a more nuanced distinction within and 
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between self- and other-referencing evaluative standards. For instance, future research could 

incorporate how closely related individuals perceive the group of others to be (e.g., the 

neighborhood’s average vs. the region’s average) and how further social design elements such 

as social proof (e.g., Adam et al. 2020; Roethke et al. 2020; Schneider et al. 2019) may affect 

goal setting and goal attainment. Essentially, evaluative standards represent an impactful 

opportunity waiting to be applied and tested by (Green) IS researchers in a multitude of contexts 

that aim to influence behaviors well beyond HE consumption. 
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Abstract  

Smart meter user interfaces can be designed to promote sustainable resource consumption by 

individuals. Although goal setting is a promising artifact for smart meter user interfaces, it is 

still unclear how goal-related design features (DFs) should be designed to be particularly 

effective in motivating individuals. Drawing on goal-framing theory and employing a design 

science research approach, we designed and evaluated different design options for four goal-

related DFs (i.e., consumption display, evaluative standard, goal incentive, reference group) in 

the context of households’ energy consumption in three design-evaluation cycles. Our results 

suggest that while one design option for consumption displays and evaluative standards is better 

suited than others to motivate sustainable behavior, the effects of goal incentives and a goal’s 

reference group depend on individuals’ personal preference for either collaboration or 

competition. Our study contributes to information systems research with novel insights on goal-

related DFs and how they affect sustainable resource consumption. 
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4.1 Introduction 

Individuals are generally struggling when it comes to assessing their behaviors’ environmental 

impact (auf der Landwehr et al. 2021). This is concerning, given that households account for 

about 25% of the global energy consumption (Eurostat 2021). To support household members 

in reducing their energy consumption and thus, to contribute to the attainment of the United 

Nation’s sustainable development goals, Green information systems (IS) research investigates 

how the design, implementation, and impact of technologies assist sustainable resource 

consumption (e.g., Henkel and Kranz 2018; Malhotra et al. 2013). Specifically, as technology 

and behavior are inextricably linked, Green IS research investigates socio-technical artifacts 

and their impact on sustainable behaviors (Gregor and Hevner 2013; Hevner et al. 2004): With 

the increasing installation of smart meters that regularly track and transmit resource 

consumption data, new opportunities are opening up to provide individuals with information 

about their resource consumption through smart meter user interfaces (UI) (e.g., Karlin et al. 

2015; Wunderlich et al. 2019). By going beyond simply providing information, smart meter UI 

aim for digital user engagement to encourage reduced resource consumption in a gamified way 

(e.g., Cominola et al. 2021; Mack et al. 2019; Tiefenbeck et al. 2018). 

A promising artifact for smart meter UI is goal setting, as goals and feedback on goal 

achievement motivate individuals and regulate their actions (e.g., Harkin et al. 2016; Locke and 

Latham 2006). To tap this potential, smart meter UI can provide individuals the possibility to 

set themselves a goal for their future resource consumption. Previous Green IS research has 

shown that setting a goal can be an effective means for promoting sustainable behaviors (e.g., 

Loock et al. 2013; Wendt et al. 2021). This is further backed by decades of environmental 

psychology research that investigated how setting a goal for one’s resource consumption affects 

individuals’ future consumption behavior (see e.g., Abrahamse et al. 2005 for an overview; 

Karlin et al. 2015).  

However, within both research streams, studies report widely varying results, with the induced 

reduction in resource consumption ranging from 2% to up to 30% (e.g., Abrahamse et al. 2007; 

Karlin et al. 2015; Loock et al. 2013). Apart from differences in terms of study design and 

duration, often cited reasons for these wide variations are (1) deficiencies in the actual goal 

design and (2) a lacking integration of psychological theories into the analyses (Abrahamse et 

al. 2005; Karlin et al. 2015; van Dam et al. 2010). Our study aims to address both of these 

critiques to provide a more nuanced understanding of the effectiveness of goal setting as a 

design artifact for smart meter UI. 
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With regard to the actual goal design, most previous studies incorporated several artifacts (i.e., 

goal as well as non-goal-related) within a single treatment, reporting only one overall effect 

(Abrahamse et al. 2005; Karlin et al. 2015). Moreover, even in studies that focused specifically 

on goal setting, a variety of goal-related design features (DFs) were included, such as differently 

designed consumption displays (Loock et al. 2011), reference groups (e.g., individual or group 

goals) (Abrahamse et al. 2007) or goal incentives (e.g., competition or monetary incentives) 

(Graham et al. 2011; Yim 2011). In addition, most studies applied a one-size-fits-all approach 

that did not classify users based on characteristics (Abrahamse et al. 2005; Karlin et al. 2015) 

even though “the characteristics of users and their needs and expectations influence their 

preferences for a specific type” of smart meter UI design (van Dam et al. 2010, p. 91). The 

resulting variability of previous study designs and results does not allow for a conclusive 

assessment of the effectiveness of goal setting and makes it difficult to draw conclusions for 

the design of goal setting as an artifact for smart meter UI and goal-related DFs.  

Hence, to better understand what goal-related DFs are particularly suited for smart meter UI to 

engage individuals in sustainable behaviors, we investigate the following research question: 

RQ: What are design recommendations for goal-related DFs to effectively motivate 

sustainable resource consumption? 

To address our research question and to derive design recommendations for goal-related DFs, 

we employed a design science research (DSR) approach (e.g., Hevner et al. 2004; Kuechler and 

Vaishnavi 2008). We followed the design research cycle proposed by Kuechler and Vaishnavi 

(2008) from the awareness of a problem, to suggestions for and development of DFs, to their 

evaluation, and drawing conclusions. As kernel theory that advises directions for a design 

solution in DSR (Kuechler and Vaishnavi 2008), our study adopts goal-framing theory (GFT) 

to design and evaluate goal-related DFs. GFT is a promising lens to understand the effects of 

different goal-related D s on sustainable behaviors. It postulates “that goals ‘frame’ the way 

people process information and act upon it” (Lindenberg and Steg 2007, p. 117) and therefore 

determine how an individual looks at a given situation. GFT distinguishes three goals: hedonic 

goals (e.g., to feel better right now), gain goals (e.g., to increase one’s financial resources), and 

normative goals (e.g., to act appropriately) (Lindenberg and Steg 2007; Lindenberg and Steg 

2013). These goals can be activated individually or simultaneously by external cues (e.g., DFs), 

with one goal being focal in attention (i.e., the goal frame) and most likely to influence one’s 

behavior (Lindenberg and Steg 2007). In the context of sustainable behaviors, the normative 

goal frame is particularly effective, yet, not easy to be maintained in the cognitive foreground 



68 Goal-Related Design  eatures Motivating Users’ Sustainable Resource Consumption 

(Lindenberg and Steg 2007; Seidler et al. 2020). Thus, when evaluating goal-related DFs for 

smart meter UI, it is essential to understand what D s strengthen an individual’s normative goal 

frame as well as what DFs increase compatibility between potentially coexisting gain and 

hedonic goals and the focal normative goal frame (Lindenberg and Steg 2007). 

Via three design-evaluation cycles, we developed, tested, and refined different design options 

of four goal-related DFs (i.e., consumption display, evaluative standard, goal incentive, and 

reference group) and evaluated their impact on individuals’ goal frames and thus on individuals’ 

motivation to reduce their resource consumption. Our results show that there is one design 

option for the DFs consumption display and evaluative standard each that is better suited than 

alternative design options to motivate individuals’ sustainable behavior. Interestingly, with 

regard to goal incentives and a goal’s reference group, it depends on an individual’s personal 

preference for either collaboration or competition which design option is most suitable. 

With our study, we contribute to IS research and practice in several ways. First, by designing 

and evaluating four goal-related DFs, our results provide design recommendations for each DF 

and contribute to an improved understanding of how these DFs impact the effectiveness of goal 

setting as a design artifact for smart meter UI. Moreover, by employing a DSR approach and 

using GFT as kernel theory, we derive design knowledge that allows for improving goal setting 

as a design artifact with regard to its effectiveness, comprehensiveness, and reproducibility. In 

addition, our results reveal practical implications for providers and designers of smart meter UI 

and offer recommendations on how to design and evaluate goal-related DFs to effectively 

motivate users’ sustainable behaviors.  

4.2 Theoretical Background 

4.2.1 Goal-Framing Theory 

GFT has been introduced by Lindenberg and Steg (2007) and posits that goals govern (i.e., 

“frame”) an individual’s attention and as such are decisive for what information becomes 

cognitively most accessible (Lindenberg and Steg 2007). In the context of sustainable behavior, 

three overarching goals have been identified: hedonic, gain, and normative (Lindenberg 2001; 

Lindenberg and Steg 2013). Hedonic goals refer to improving one’s feelings and therefore to 

the satisfaction of the most basic human needs, which makes them very likely to be a priori the 

strongest goal frame, albeit with a comparably short-term time horizon (Lindenberg and Steg 

2007; Lindenberg and Steg 2013). Gain goals focus on improving, guarding, and efficiently 

using one’s resources, such as money, time, or social status (Lindenberg and Steg 2007). The 
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gain goal frame implies prospective behavior and strategic planning and has a middle to long 

term time horizon (Lindenberg and Steg 2013). Normative goals make individuals sensitive to 

what they think one ought to do to act appropriately according to self or others and usually 

require external support (e.g., from institutions, moralization, or explicit disapproval for not 

following norms). Normative goal frames have a long term time horizon and are particularly 

suited to induce behaviors that are required to create collective goods (Lindenberg and Steg 

2007; Lindenberg and Steg 2013).  

According to Lindenberg and Steg (2007), multiple goals can be active simultaneously, with 

one of them being focal in attention and most influential for an individual’s behavior. The 

remaining goals stay in the background, may or may not be compatible with the focal goal 

frame and thus impact its strength.  

4.2.2 Goal-Framing Theory in the Context of Sustainable Behaviors 

Previous research showed that the hedonic, gain, and normative goal frame are not equally well 

suited to motivate sustainable behaviors (e.g., Lindenberg and Steg 2013; Seidler et al. 2020): 

The hedonic goal frame is least likely to induce sustainable behaviors as pro-environmental 

behaviors, such as taking public transportation instead of a car or reducing time in the hot 

shower, are not associated with pleasure for most people. Gain goals can be compatible with 

sustainable behaviors as less resource consumption can be accompanied by a decrease in costs. 

Yet, there are also situations where sustainable behaviors reduce one’s resources, for example 

taking public transportation may be more time-consuming or expensive than taking the car. 

Normative goals, on the other hand, are generally well suited to elicit sustainable behaviors as 

an intact environment is a collective good (Lindenberg and Steg 2007; Lindenberg and Steg 

2013). However, individuals who engage in sustainable behaviors often have to act against their 

egoistic values (Karlin et al. 2015; Lindenberg and Steg 2013). Thus, normative goals may be 

pushed into the cognitive background as they are weaker than self-interest (i.e., hedonic or gain) 

goals (Lindenberg and Steg 2007).  

As a response, previous research suggests two approaches to promote sustainable behaviors: 

Firstly, the normative goal frame can be strengthened by providing supporting normative 

information as an anchor for normative expectations (Koo and Chung 2014; Lindenberg and 

Steg 2007). Secondly, as several goals are usually competing for one’s attention, compatibility 

between normative goals on the one hand and gain and hedonic goals on the other should be 

ensured (Lindenberg and Steg 2007; Seidler et al. 2020). Specifically, each goal can be 

triggered by external cues to make it focal, increase its salience, and thus its influence on 
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individuals’ motivation (Lindenberg and Steg 2013). This approach has been applied by Seidler 

et al. (2020) who investigated how various gamification stimuli (e.g., point systems, 

performance feedback) affect an individual’s goal frames in order to foreground the normative 

goal frame and to background hedonic and gain goals. In the context of goal setting, we expect 

goal-related DFs to activate one or even several goal frames. For example, incorporating 

normative elements (e.g., one’s performance relative to others) into the goal-design likely 

impacts the normative goal frame. At the same time, the act of setting a goal itself may trigger 

positive or negative feelings (i.e., the hedonic goal frame) depending on an individual’s 

competitiveness or other user characteristics and preferences (van Dam et al. 2010). As such, 

we consider GFT to be a well-suited kernel theory to advice the design of goal-related DFs 

(Gregor and Hevner 2013).  

4.3 Research Approach and Methodology 

4.3.1 General Design Science Research Approach 

In order to develop, test, and refine different goal-related DFs for smart meter UI and to evaluate 

their impact on an individual’s motivation for sustainable behavior, we applied a DSR 

approach, which has become a well-accepted approach within IS research in recent years (e.g., 

Hevner et al. 2019; Kuechler and Vaishnavi 2008; Peffers et al. 2018). DSR develops and 

evaluates new and practical artifacts with the intention to solve real-world problems that are of 

interest to practice and impact individual, organizational, or societal stakeholders (Kuechler 

and Vaishnavi 2008; Österle et al. 2011; Peffers et al. 2018). For instance, DSR has been 

successfully applied to evolve design principles for IS that support sensemaking in sustainable 

transformations (Seidel et al. 2018), to develop a gamified app that encourages sustainable 

workplace behaviors (Oppong-Tawiah et al. 2020), or to develop IS that promote habit 

formation (Chung et al. 2021). 

We followed the design research cycle proposed by Kuechler and Vaishnavi (2008), which is 

consistent with previous DSR literature (e.g., Hevner et al. 2004; Peffers et al. 2007) and 

provides a structured process for conducting rigorous design research. The cycle comprises five 

iterative process steps, each taken by a DSR action and determined by a corresponding outcome. 

The process steps are depicted in Figure 4-1 and structure the remainder of the paper: The first 

step, awareness of the problem, has been part of the previous sections which motivated our 

research question based on insights from prior research and introduced GFT as kernel theory. 

In the second step, suggestion, design requirements (DRs) and initial design principles (DPs) 
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are derived based on theoretical conceptualizations. The third step, development, builds on these 

DRs and DPs and translates them into specific goal-related DFs of our instantiated artifact (i.e., 

goal setting). The goal-related DFs are designed and iteratively refined during the evaluation 

stage to derive design recommendations for each DF. The DSR process is completed with the 

conclusion by discussing the findings and providing implications for theory and practice. 

(Kuechler and Vaishnavi 2008) 

 

Figure 4-1: Design Science Research (DSR) design (adapted from Kuechler and Vaishnavi 

2008) 

4.3.2 Methodology for Development and Evaluation of Design Features 

The development phase follows on from the suggestion phase of the DSR process, which 

explores various approaches to address an issue based on prior research and develops generally 

defined DRs and DPs (Kuechler and Vaishnavi 2008). DRs and DPs convey design knowledge 

beyond the mere instantiation of use case specific artifacts, but cannot be directly implemented 

as they describe a generic approach to a class of problems (Baskerville and Pries-Heje 2010; 

Markus et al. 2002). Therefore, in the development phase, these directions for design are made 

concrete, leading to the development of artifacts, which are broadly defined as constructs, 

models or instantiations (i.e., implemented and prototype systems) (Hevner et al. 2004; 

Vaishnavi and Kuechler 2007). In our study, the artifact in focus is goal setting and 

instantiations in the form of specific goal-related DFs are developed, that are implemented in a 

prototypical smart meter UI which is then demonstrated to potential users. Thus, by following 

the DSR process from suggestion to development, artifacts are not exempt from theories, but 

apply and test theories as well as extend them through experience and problem-solving 

approaches (Hevner et al. 2004; Markus et al. 2002). 

The evaluation phase aims to receive feedback information on design options for each DF and 

its functionality, usability, and quality, but also to better understand the problem itself and hence 

to improve the solution and the design process (Gregor and Hevner 2013; Hevner et al. 2004). 
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According to Hevner et al. (2004), several evaluation methods exist, including observational 

(e.g., field studies), analytical (e.g., dynamic analysis, optimization), experimental (e.g., 

controlled experiment), as well as empirical and qualitative methods. The evaluation usually 

takes place in iterative design-evaluation cycles (Hevner et al. 2004) and can also comprise 

more than one evaluation method, for instance an experimental set-up combined with 

qualitative think-aloud approaches (Kuechler and Vaishnavi 2008) or quantitative usage data 

combined with insights from focus group interviews (Seidel et al. 2018).  

For the evaluation of the design options of our DFs, we opted for such a combination of 

quantitative and qualitative methods and built on findings from a previously conducted lab-in-

the-field experiment (Wendt et al. 2021) for the first cycle, followed by semi-structured 

interviews during the second and third iteration of the design-evaluation cycle. Experiments are 

a common evaluation method for DFs that deal with an interaction between individuals and the 

DF itself (Kuechler and Vaishnavi 2008). We opted for an online lab-in-the-field experiment 

which “leverage[s] the sub ects’ real-world settings for the context to increase external validity 

and realism” (Karahanna et al. 2018, p. iv) and which is suitable to investigate actual behaviors. 

The quantitative analysis of the experimental data provided insights into the effectiveness of 

specific design options for goal-related DFs but did not allow for sufficient exploration of the 

underlying “why”. To that end, previous DSR studies demonstrated the added value of 

qualitative research in addition to quantitative results from an experimental set-up (Kuechler 

and Vaishnavi 2008; Seidel et al. 2018). Therefore, we conducted two rounds of interviews 

which allowed us to better understand why certain design options of goal-related DFs are better 

suited than others to motivate sustainable behaviors, and to test and reiterate them accordingly. 

4.4 Design Science Research Iterations and Outcomes 

The objective of this study is the development and evaluation of goal-related DFs that represent 

previously identified DRs and DPs for the chosen class of IS (Sein et al. 2011), which is a smart 

meter UI that motivates individuals to reduce their resource consumption. Smart meter UI are 

designed to provide individuals with transparency about their household’s resource 

consumption (e.g., water, electricity, heating energy) by aggregating and visualizing data that 

is regularly provided by smart meters which are attached to the household’s appliances (e.g., 

Loock et al. 2011; Tiefenbeck et al. 2019). Although the potential of goal setting as a lever to 

promote reduced resource consumption is acknowledged, reviewing previous literature has 

shown that there is still an insufficient understanding of how goal-related DFs should be 

designed to effectively motivate sustainable resource consumption, with investigated goal-
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designs inducing a reduction in resource consumption that ranges from 2% to up to 30% (e.g., 

Abrahamse et al. 2007; Karlin et al. 2015; Loock et al. 2013). Thus, the DRs and DPs as well 

as the designed and tested goal-related DFs that are described in the following sections, aim to 

improve goal setting as an artifact for smart meter UI that can be offered to households to 

effectively motivate reduced resource consumption. 

4.4.1 Suggestion: Design Requirements and Tentative Design Principles 

The first step of the DSR approach not only raised our awareness of the problem underlying 

our research question but also pointed us to GFT as kernel theory that describes and explains 

how an individual’s behavior is affected by various, potentially competing, goals. Previous 

research already put GFT in the context of sustainable behaviors (see chapter 2.2), which 

provides initial directions for solutions to our design research problem and the derivation of 

corresponding DRs and DPs: strengthening the normative goal frame and aligning the hedonic 

and gain goal with the normative goal frame. Figure 4-2 depicts the DRs and DPs that have 

been identified during the suggestion stage as well as the corresponding DFs that will be 

introduced in the development cycles (chapter 4.4.2, 4.4.4, and 4.4.6). 

 

Figure 4-2: Summary of design requirements, design principles and design features with their 

respective design options 

4.4.1.1 Strengthening the Normative Goal Frame 

According to Lindenberg and Steg (2007), several factors influence whether individuals act in 

accordance with their norms, including an adequate environmental knowledge (e.g., 

consciousness of environmental problems) and sufficient awareness of the environmental 

impact of one’s own behavior. While the former is rather fostered by information provided by 
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the media or energy suppliers, the latter can be addressed by the DFs of a smart meter UI. 

Accordingly, the first proposed DR is: 

DR1: Enhance transparency for individuals on their own and others’ resource consumption. 

A successful measure to realize DR1 is the provision of transparency on one’s own or on a 

group’s performance (e.g., Abrahamse et al. 2007; Loock et al. 2011; Schultz et al. 2007). Self-

monitoring enables individuals to form a stronger association with the own influence on the 

environment and therefore, is more likely to be influential (Loock et al. 2013; Shevchuk et al. 

2019). Moreover, feedback that incorporates group performance, activates normative thoughts 

as it “triggers comparisons between the own performance and the performance of others (social 

norms)” (Lindenberg and Steg 2007, p. 130). Thus, two DPs can be derived from DR1: 

DP1: Provide personalized user interfaces that visualize key metrics of resource consumption. 

DP2: Provide user interfaces that allow for comparison with comparable others. 

Once individuals are aware of their resource consumption, the smart meter UI should create a 

sense of oughtness that encourages individuals to reflect on how they can improve their 

behaviors’ environmental impact (Lindenberg and Steg 2013). As such, our second DR is: 

DR2: Engage individuals in sustainable behaviors.  

An important means for addressing DR2 and for aiding self-regulated behaviors is providing 

reliable information on one’s own resource consumption compared to others’ resource 

consumption (Lindenberg and Steg 2013), which is already part of DP2. Additional DPs that 

facilitate DR2 are related to the hedonic and gain goal frame and part of the subsequent sections. 

4.4.1.2 Aligning Hedonic Goals with the Normative Goal Frame 

Individuals are more likely to behave in a sustainable manner when they derive pleasure from 

it (i.e., hedonic experience) compared to when they are confronted with a moral norm 

(Lindenberg and Steg 2007; Pelletier et al. 1998). Accordingly, to address DR2, another DP 

can be derived: 

DP3: Provide user interfaces that create a hedonic experience. 

However, pro-environmental behaviors are often not particularly joyful. Thus, other means to 

address DR2 are reducing the impact of hedonic goals that are incompatible with sustainable 

behaviors or making them compatible (Lindenberg and Steg 2007; Lindenberg and Steg 2013). 

For example, gamification elements such as goal setting and a yielded status from performing 

better than others can increase the hedonic experience of sustainable behaviors (Seidler et al. 

2020; Shevchuk et al. 2019): 
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DP4: Provide a user interface that allows for setting a goal for future resource consumption. 

An additional DR, which is closely related to DR2 because it lowers the burden to engage with 

a smart meter UI and thus, positively impacts the hedonic experience, is DR3: 

DR3: Minimize individuals’ time and cognitive effort. 

DR3 is a rather generic DR for user-friendly IS design. Previous research at the intersection of 

Green IS research and persuasive designs already addressed the DR and derived corresponding 

DPs within the category of “primary task support”, including self-monitoring of performance 

and personalization of content (see DP1) as well as the reduction of effort to perform the desired 

behavior (Corbett 2013), leading to DP5: 

DP5: Provide user interfaces that are easy to understand and fast to process. 

4.4.1.3 Aligning Gain Goals with the Normative Goal Frame 

Given that sustainable behaviors are most impactful when they are performed on a regular basis 

(i.e., sustainable habits) (e.g., Oppong-Tawiah et al. 2020; White et al. 2019), a fourth DR can 

be formulated: 

DR4: Motivate individuals to engage in sustainable behaviors in the long run. 

Compared to the rather short-term time horizon of the hedonic goal frame, the gain goal frame 

implies a more strategic and thus, middle- to long-term time horizon (Lindenberg and Steg 

2013). As such, aligning the gain with the normative goal frame and making sustainable 

behaviors compatible with the gain goal frame can be a successful means to realize DR4. One 

way to do so is to build on the increased sensitivity to incentive-related costs or benefits (e.g., 

with regard to status, money, or time) that can be observed when the gain goal frame is dominant 

(Lindenberg and Steg 2007). Such cost interventions are most effective when they are combined 

with interventions that activate the normative goal frame (Lindenberg and Steg 2007). 

Accordingly, benefits of sustainable behaviors with regard to status gains can be triggered by 

providing transparency on one’s resource consumption in direct comparison to others (see 

DP2). Monetary benefits can also be emphasized by providing the option to set a goal for future 

resource consumption (see DP4) which may even be accompanied by explicit cues on the 

associated financial gains in the case of goal achievement (Lindenberg and Steg 2007). 

4.4.2 Development – Cycle 1: Design Features Based on Design Principles 

Building on the suggested DRs and DPs, we started into the first design cycle with our initial 

DFs and developed a web-interface as a prototypical instantiation of the goal setting artifact. 
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During the first development cycle, the focus was on DP1 and DP2 which were translated into 

two DFs that both refer to relative performance. We decided not to translate all DPs into DFs 

at once but to iteratively expand the prototype to reduce complexity and to allow for evaluation 

of each individual goal-related DF. 

DF1, “consumption display”, addresses DP1 and thus aims to provide a personalized UI that 

visualizes key metrics of one’s resource consumption. To that end, two design options for such 

a consumption display can be considered: Either displaying one’s own resource consumption 

only or displaying one’s own and comparable others’ resource consumption and thereby, one’s 

relative performance. Previous Green IS research already indicated the benefit of the latter 

option (e.g., Abrahamse et al. 2007; Loock et al. 2011; Schultz et al. 2007), which allows for 

social comparison and as such, also addresses our second DP (i.e., to allow for comparison with 

comparable others). Therefore, we designed DF1, the consumption display, in accordance with 

both, DP1 and DP2, and visualized resource consumption in a simple, two-colored bar chart 

that showed one’s own and comparable other’s resource consumption of the previous month. 

Since we thus have only one design option for the first DF, we implemented an additional DF 

for the first evaluation cycle. DF2, “evaluative standard” of the goal, also refers to DP2 as well 

as to DP4 (i.e., to provide a UI that allows for goal setting) and is designed to enable individuals 

to set themselves a goal for their future resource consumption. More specifically, under 

consideration of DP2 (i.e., to allow for comparison with comparable others) there are two 

design options for the evaluative standard of such a self-set goal: It can either be self-referencing 

(e.g., “I want to consume 10% less than I did last year”) without any direct link to one’s relative 

performance, or other-referencing (e.g., “I want to consume 10% less than other households 

do”) which incorporates one’s relative performance (e.g., Elliot et al. 2011; Harkin et al. 2016). 

For the first evaluation cycle, we implemented both design options. 

4.4.3 Evaluation – Cycle 1: Experimental Evaluation of Design Features 

The demonstration and evaluation of our initial two DFs are based on previous research (see 

Wendt et al. 2021 for details) that conducted a lab-in-the-field experiment in order to investigate 

the previously described DFs. Specifically, participants from 152 private households were 

asked to report their heating behavior which was then translated into their heating intensity and 

displayed via a web UI. In a subsequent step, participants could set themselves a goal for the 

upcoming four weeks that was either self- or other-referencing. They received feedback on the 

attainment of their goal at the end of the study period. To assess goal attainment and behavioral 
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changes, heating intensity reduction was measured as the dependent variable and motivation 

(i.e., chosen reduction goal) as a mediating variable. 

Based on the experiment, two key insights for the design of DF1 and DF2 could be derived: 

 irst, the experiment confirms that having a consumption display with information on one’s 

own and comparable others’ resource consumption motivates individuals more strongly to 

reduce their resource consumption than only being provided with transparency on one’s own 

resource consumption (i.e., control group). Secondly, when it comes to a goal’s evaluative 

standard, self-referencing goals are particularly well suited for better-than-average performing 

households, while other-referencing goals motivate worse-than-average performing individuals 

even more to set themselves an ambitious goal. 

However, the experiment primarily shows how the DFs affected individuals’ resource 

consumption, rather than why, which will be focus of the following design-evaluation cycles to 

better understand the activation of different goal frames. In order to refine the DFs for the next 

design-evaluation cycle, participants were asked for their feedback on the displayed 

consumption information which led to adjustments with regard to the consumption context (i.e., 

heating) and the further application of other-referencing goals.  or the experiment, “heating 

intensity” was displayed as the measure for individuals’ heating energy consumption. As an 

intensity in relative numbers is more complex to interpret than absolute numbers, we decided 

to switch the consumption context from heating energy to electricity consumption for the 

subsequent design-evaluation cycle to be able to display consumption data in absolute numbers. 

Moreover, even though other-referencing goals showed a more significant positive impact on 

resource consumption of worse-than-average performing individuals, we decided to proceed 

with self-referencing goals only. The experimental data shows that worse-than-average 

performers with an other-referencing goal set themselves an average reduction goal of 21%, 

whereas their peers with an self-referencing goal set themselves an average goal of 12% (see 

Wendt et al. 2021 for details). Even though this reflects higher motivation to improve for worse-

than-average performing individuals with an other-referencing goal, previous research indicates 

that reduction goals of 5-10% are difficult, yet realistic, while reduction goals of 20% are 

unlikely to be achieved long-term (Abrahamse et al. 2007; Loock et al. 2013). Specifically, high 

goals may be achieved once, but are unlikely to be achieved in the long run, ultimately leading 

to frustration and lower self-efficacy (Liu et al. 2019; Loock et al. 2013). Thus, we argue that 

self-referencing goals are potentially better suited in the long run, also for worse-than-average 

performing individuals and conclude the first evaluation cycle as follows: 
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Recommendation for DF1:  rovide transparency on one’s own and comparable others’ 

resource consumption to provide individuals with a reference point. 

Recommendation for DF2: Provide the opportunity to set self-referencing goals as they are 

easier to process than other-referencing goals and lead to more realistic goal choices. 

4.4.4 Development – Cycle 2: Refined Design Features Based on Evaluation 

During the second development cycle, the focus was on refining the existing DFs based on the 

feedback from the first evaluation cycle as well as adding further DFs that address particularly 

DP3 (i.e., provide UI that create a hedonic experience) and DP4 (i.e., provide UI that allows for 

setting a goal for future resource consumption). DF3, “goal incentive”, refers to the way the 

goal is motivated (i.e., incentivized). Previous research showed the significant impact of social 

influence on individuals’ sustainable behaviors (e.g., Abrahamse et al. 2007; Koo and Chung 

2014). Also, engaging in such behaviors with like-minded people positively impacts an 

individual’s motivation, particularly combined with gamification elements like goal setting 

(e.g., Lindenberg and Steg 2013; Shevchuk et al. 2019). To that end, Shevchuk et al. (2019) 

name collaboration and competition among individuals as impactful means to motivate a target 

behavior and Lindenberg and Steg (2013) emphasize that the normative goal frame can be 

strengthened by cues that indicate one is pursuing a common goal jointly with others. 

Accordingly, we developed two design options for the goal incentive (i.e., DF3) for the second 

evaluation cycle: The collaborative goal asked individuals to set themselves a goal in order to 

contribute to a collaborative energy consumption reduction goal with a group of comparable 

others. The competitive goal emphasized the discrepancy between an individual’s own and 

others’ current resource consumption and encouraged individuals to set themselves a goal in 

order to either keep their superior position or to self-improve and to close the gap towards the 

average. 

Moreover, we developed design options for D 4, a cue for the goal’s “reference group” which 

refers to the previously mentioned group of comparable others. According to Lindenberg and 

Steg (2013), the activation of environmental norms is strengthened when these norms are 

supported from significant others. To tap this potential, we developed two design options for 

the reference group (i.e., DF4), anonymous and familiar others, which were also provided 

during the second evaluation cycle. Anonymous others refers to households with comparable 

characteristics (e.g., geography, living space, number of household members) but who are not 

identifiable. Familiar others refers to households with comparable characteristics that are 

identifiable and known by the individual, for example neighbors or friends who use the same 
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mobile app and agreed to collaborate or compete with the individual. We also adopted the goal’s 

reference group for DF1, “consumption display”, and labeled comparable others’ resource 

consumption with the same reference group as the goal to ensure consistency. 

4.4.5 Evaluation – Cycle 2: Interview-Based Evaluation of Design Features 

For the second and third evaluation cycle, we opted for semi-structured interviews as the 

evaluation methods to obtain a better understanding of why different DFs impact individuals’ 

motivation to behave sustainably. During the second evaluation cycle, we conducted 20 

interviews with a convenience sample of participants from households in the author team’s 

social network, which is appropriate in the case of a homogeneous population (Neergaard and 

Ulhøi 2007). Details on the participants’ gender, age and housing situation (i.e., flat vs. house 

and rented vs. owned) can be found in Table 4-1. We introduced half of the interviewees to a 

collaborative setting fist, while the other half was initially provided the competitive scenario 

before switching perspectives. All interviews were conducted via a video-conferencing tool that 

allowed for screen sharing to provide interviewees with a visualization of our DFs. Specifically, 

we developed UI that looked like actual smart meter UI (e.g., app screens) to allow for best 

possible identification of the interviewees with the situation. Each interview started with an 

introduction to the context before presenting a UI that asked for personal information, such as 

gender, age, housing situation, and existence of particularly high resource consumers (e.g., air 

conditioner, electric car). The subsequent screen showed interviewees a visualization of their 

own and anonymous others’ resource consumption and asked them to set a self-referencing 

goal, either collaboratively or competitively. Following practices from previous research 

(Seidel et al. 2018), we asked the interviewees to speak aloud as they read and processed the 

screens and thought about a reasonable goal. Moreover, we asked questions about the reason 

behind the chosen goal, accompanying thoughts and emotions, and planned measures to achieve 

the goal. We then proceeded with a slightly adjusted screen, replacing the anonymous reference 

group with a cue for a familiar one and asked participants for any changes regarding their goal 

choice, thoughts, and emotions as well as for their preference. To conclude, we presented the 

alternative goal incentive and again asked for perceptional changes and preferences. All 

interviews were audio-recorded, transcribed and coded in order to conduct a qualitative analysis 

of the interviews (Saldana 2013). To this end, we used the three goal frames as the initial coding 

scheme for each design option and looked for evidence that one of the goal frames became focal 

as well as for patterns with regard to the activation of one or more of the three goal frames by 

particular DFs. 
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ID Gender Age Housing situation ID Gender Age Housing situation 

I01 Female 20-29 Flat – rented I11 Female 50-59 House - owned 

I02 Male 50-59 House – owned I12 Male 50-59 Flat – owned 

I03 Male 20-29 Flat – rented I13 Male 60-69 House – owned 

I04 Male 50-59 House – owned I14 Female 20-29 Flat – rented 

I05 Female 20-29 Flat – rented I15 Male 20-29 Flat – rented 

I06 Male 20-29 Flat – rented I16 Female 50-59 House – owned 

I07 Male 50-59 House – owned I17 Male 30-39 Flat – rented 

I08 Male 60-69 House – rented I18 Male 50-59 House – owned 

I09 Male 20-29 Flat – rented I19 Male 20-29 Flat – rented 

I10 Female 50-59 House – owned I20 Female 50-59 House – owned  

Table 4-1: Interview participants for evaluation cycle 2 

Based on the interview data, we were able to derive several key insights for the general goal-

design as well as for the preferred design options of DF3 and DF4. Generally speaking, the 

interviews confirm the coexistence of several goal frames for all design options of the goal-

related DFs, with the normative goal frame being focal for most interviewees, followed by 

hedonic and partially also gain goal elements. With regard to DF3, the interviews indicate that 

neither the collaborative nor the competitive design is superior or generally preferred. Instead, 

it depends on the personal preference of interviewees whether they perceive more enjoyment 

from collaboration or competition and thus whether the hedonic goal frame is compatible with 

the normative goal frame or not. In the case of a personal preference for collaboration, 

collaborative goals strengthen the normative goal frame by a strong perception of commitment, 

perceived accountability towards the other collaborators, and social pressure to contribute to 

the joint goal. These aspects weigh even stronger when DF4 is operationalized as familiar 

others. Familiar others also positively affect the hedonic goal frame, as knowing the 

collaborators affords a stronger team spirit, social reward when the goal is achieved, and social 

interaction to achieve the goal (e.g., encouraging each other or sharing best practices). However, 

knowing one’s collaborators can also cause negative social pressure as not achieving one’s goal 

is related to stronger negative feelings than in the case of anonymous others. In the case of a 

personal preference for competition, competitive goals strengthen the normative goal frame by 

the even more explicit social comparison and the perceived social pressure to perform better 

than the average. For individuals who enjoy competition, the hedonic goal frame is triggered 

by a competitive goal and perceived as a competitive spirit. However, in combination with DF4 

operationalized as familiar others, individuals have concerns about negative aspects of 

competition such as envy or resentment among competitors that are transferred from the smart 
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meter UI context into real world relationships. Therefore, for competitive goals, anonymous 

others are the preferred design option for the reference group. As such, we conclude the second 

design-evaluation cycle with design recommendations for DF3 and DF4:  

Recommendation for DF3: Offer individuals the opportunity to choose between a collaborative 

and a competitive goal incentive based on one’s personal preferences. 

Recommendation for DF4: Pair the collaborative goal incentive with a reference group of 

familiar others and the competitive goal incentive with a reference group of anonymous others. 

Gain goals were barely mentioned for both types of goal incentives and seem to remain in the 

cognitive background. Nevertheless, some interviewees mentioned environmental or monetary 

gains as a benefit of their goal or social gains as a result of having the lowest consumption level 

in a competitive setting. As such, we decided to include monetary incentives more explicitly in 

the next design-evaluation cycle. Moreover, the interviews revealed that the clarity of the design 

was not yet optimal, particularly regarding the visualization of the consumption display and the 

introduction of reference groups. 

4.4.6 Development – Cycle 3: Refined Design Features Based on Evaluation 

The third development cycle further refined the design of the existing DFs based on the 

feedback from the second evaluation cycle. Specifically, we enhanced the visualizations for the 

consumption display in terms of clarity, made the overall design more appealing, and added 

one introductory screen to avoid any misunderstandings regarding the reference group cues. 

Moreover, to analyze whether or not monetary incentives within the goal-design positively 

impact the gain goal frame compared to non-monetary incentives (i.e., collaboration and 

competition), we developed an additional design option for DF3 and designed a UI with 

monetary incentive cues. Figure 4-3 illustrates exemplary UI from the third evaluation cycle 

for (a) collaborative goal incentives and a familiar reference group, (b) competitive goal 

incentives and an anonymous reference group, and (c) monetary incentives. 
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Figure 4-3: Design options for the design feature “consumption display” (upper section) and 

“goal setting” (bottom section) with different goal incentives and reference groups 

4.4.7 Evaluation – Cycle 3: Interview-Based Evaluation of Design Features 

For the third evaluation cycle, we applied the same methodological approach as for the second 

cycle. We conducted another 10 interviews with a convenience sample of participants from 

households that were identified as potential users of smart meter UI (see Table 4-2 for details). 

The interviews were again conducted via a video-conferencing tool and followed the same 

procedure as described earlier. Each interviewee was provided with all three goal incentives to 

ensure for enhanced comparability when asking for participants’ preferred design option. To 

analyze the interview data, we transcribed and coded the audio-recorded interviews and started 

with the codes from the previous evaluation cycle. 

ID Gender Age Housing situation ID Gender Age Housing situation 

I21 Female 20-29 Flat –rented I26 Female 70-79 Flat – owned 

I22 Female 20-29 Flat – rented I27 Male 20-29 Flat – rented 

I23 Female 20-29 Flat – rented I28 Male 20-29 Flat – rented 

I24 Female 40-49 House – owned I29 Female 20-29 Flat – rented 

I25 Male 50-59 House - owned I30 Male 20-29 Flat – rented 

Table 4-2: Interview participants for evaluation cycle 3 
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Based on the analyses of the interview data, the design recommendations from the second 

evaluation cycle are confirmed. In addition, we derive another key insight for DF3, goal 

incentive: The additional design option for DF3 (i.e., monetary incentives) is generally well 

received as most interviewees appreciate that monetary units are less abstract and therefore 

more tangible than units for energy consumption (i.e., kilowatt hour). Monetary incentives 

primarily address the gain goal frame and bring it to the cognitive foreground. Yet, monetary 

goals tend to lead individuals to set overly ambitious goals, since reducing energy consumption 

in households usually results in comparably small monetary savings. Aiming for high monetary 

savings and thus selecting high goals can lead to non-achievement of goals and, in the long run, 

to frustration and dropout. As such, we conclude the third design-evaluation cycle as follows: 

Whereas monetary incentives as part of the goal setting artifact are not effective in promoting 

sustainable behavior over the long term, information about financial gains can still be integrated 

into smart meter UI to make consumption information more tangible than stating one’s energy 

consumption in rather abstract energy units such as kilowatt hour. 

4.5 Discussion 

Smart meter UI that provide goal setting as a design artifact are well-suited to engage 

individuals in sustainable resource consumption. However, previous studies on goal setting 

came to widely varying results with the induced reduction in resource consumption ranging 

from 2% to up to 30% which provides limited guidance on the optimal design of goal setting 

and goal-related DFs that can be reused in future projects (e.g., Abrahamse et al. 2007; Karlin 

et al. 2015; Loock et al. 2013). In order to address causes for such differences and to derive 

recommendations for effective goal design in smart meter UI, we set out to develop and evaluate 

design options for four goal-related DFs (i.e., consumption display, evaluative standard, goal 

incentive, and reference group). Applying a DSR approach and following the design research 

cycle proposed by Kuechler and Vaishnavi (2008) we designed and evaluated these DFs in a 

theory-based approach and derived design recommendations for DFs that motivate sustainable 

resource consumption by individuals. We find that with regard to the consumption display and 

evaluative standards, transparency on others and one’s own consumption as well as self-

referencing goals are the preferred design options with both strengthening the normative goal 

frame. When it comes to goal incentives, we find that it depends on an individual’s personal 

preference for either collaboration or competition whether or not the individual’s normative and 

hedonic goal frames are strengthened and aligned. Interestingly, this also correlates with a 

preference for either anonymous or familiar others as design options for a goal’s reference 
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group. Whereas individuals with a preference for collaboration prefer familiar others as 

collaboration partners, individuals in a competitive setting prefer anonymous competitors. 

4.5.1 Contributions to Theory and Practice 

Our study contributes to IS research and practice in several ways. First, we improve our 

understanding of how the design of goal-related DFs affects the way goal setting as a design 

artifact impacts individuals’ resource consumption. Previous studies agreed on the importance 

of goal setting as a motivator for sustainable behaviors (e.g., Loock et al. 2013; Wendt et al. 

2021). However, inconsistencies and deficiencies in prior study designs (e.g., mix of goal- and 

non-goal interventions, lacking information on goal-related DFs) do not allow for a conclusive 

assessment of the effectiveness of goal setting or conclusions for the optimal goal-design in the 

context of smart meter UI (e.g., Abrahamse et al. 2007; Loock et al. 2013). With the design and 

evaluation of four goal-related DFs in an instantiated prototype, we extend prior goal setting 

research and derive design recommendations for each DF. Thus, this study complements 

existing research on goal setting and improves our understanding of how to design goal-related 

DFs to allow for an effective goal-design for smart meter UI. 

Moreover, with our DSR approach we provide a knowledge contribution that can be classified 

as an improvement (based on the framework proposed by Gregor and Hevner 2013), as our 

study provides a refined solution (i.e., design recommendations for goal-related DFs) to a 

known problem domain (i.e., motivating reduced resource consumption through smart meter 

UI). Specifically, we leverage GFT as kernel theory and provide prescriptive knowledge by 

formulating general DRs and DPs which served as a basis for the development and rigorous 

evaluation of goal-related DFs. By that, we also address the need for theory-based evaluations 

of goal-related DFs to increase our understanding of causes for and solutions to the varying 

effectiveness of goal setting in previous studies (e.g., Karlin et al. 2015; van Dam et al. 2010). 

As such, we provide a more nuanced understanding of how and why different design options 

for goal-related DFs are superior to others and derive design knowledge for the improvement 

of current goal-designs in terms of effectiveness, comprehensiveness, and reproducibility. 

In addition to this knowledge contributions, our study contributes to practice (i.e., the 

application environment of smart meter UI) and responds to calls for design- and impact-

oriented Green IS research (Gholami et al. 2016; Malhotra et al. 2013). Specifically, we 

contribute to design-oriented research (Österle et al. 2011; Winter 2008) which generally aims 

at designing better performing IS solutions, with benefits for practice as an important measure 

(Peffers et al. 2018). We extend existing research on sustainable behavior interventions in 
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households and provide design recommendations for the development and evaluation of DFs 

for smart meter UI that are particularly suited to motivate individuals to reduce their resource 

consumption. Thus, we reveal practical implications for providers and designers of smart meter 

UI in the context of goal setting. 

4.5.2 Limitations and Future Research 

As every research, this study has some limitations. First, our study is focused on a subset of 

goal-related DFs and limited to three design-evaluation cycles for evaluation and refinement. 

Hence, we encourage future research to conduct additional iterations of the DSR cycle to 

elaborate on additional goal-related DFs (e.g., rewards, leaderboards) as well as on non-goal-

related DFs (e.g., behavioral tips, notifications) that have also been mentioned by interviewees 

during our evaluation cycles.  

Second, the evaluation cycles took place in an experimental setting and by conducting semi-

structured interviews. Even though the set-up of the goal setting environment was designed as 

realistic as possible for both methodological approaches, we call for future research to validate 

our findings and to measure the induced effect on resource consumption in a field experiment, 

for instance, by providing participating households with a mobile app that is supplied by data 

from the households’ appliances.  

Third, our evaluations are based on feedback from German participants. Thus, further research 

might investigate whether cultural differences play a role in users’ preferences for certain goal-

related DFs. 

Moreover, the study was conducted in the context of households’ heating energy and electricity 

consumption. Future research could examine the impact of goal-related DFs in related contexts 

of sustainable behavior, such as reducing water consumption and waste production, or 

increasing the use of public transportation. 

  



86 Goal-Related Design  eatures Motivating Users’ Sustainable Resource Consumption 

  



ICTs Affording Business Model Innovation for SMEs 87 

 

Chapter 5: ICTs Affording Business Model 

Innovation for SMEs 

Title: Let’s Connect to Keep the Distance: How SMEs Leverage Information and 

Communication Technologies to Address the COVID‑19 Crisis (2021) 

Authors: Charlotte Wendt, Technische Universität Darmstadt, Germany 

Martin Adam, Technische Universität Darmstadt, Germany 

Alexander Benlian, Technische Universität Darmstadt, Germany 

Sascha Kraus, Free University of Bozen-Bolzano, Italy 

Published in: Information Systems Frontiers (ISF), forthcoming (published online: 13 

October 2021) 

Abstract  

COVID-19 caused significant challenges for small and medium-sized enterprises (SMEs) in the 

event industry. To address these challenges, many SMEs leveraged information and 

communication technologies (ICTs), with some even emerging strengthened from the crisis. 

Drawing on the technology-organization-environment framework and technology-affordances-

and-constraints theory, we investigate the adoption of ICTs as a crisis response strategy in 10 

SMEs in the German business event (e.g., corporate events, conferences) industry. Our findings 

reveal that ICT adoption not only depends on rational decisions based on organizational, 

environmental, and technological characteristics, but also on these dimensions’ 

interrelationship and the specific ICTs’ affordances and constraints. Introducing readily 

available ICTs (e.g., video-conferencing) has significant potential in addressing physical 

distancing in the short and medium term, while more sophisticated ICTs (e.g., virtual reality) 

are more likely to gain importance in the long term. Thus, we expand our understanding of 

organizational technology adoption and ICT-enabled crisis response strategies in SMEs. 

 

Keywords: Technology-organization-environment framework, Technology-affordances-and-

constraints theory, Information and communication technologies, SME, Crisis response, 

COVID-19   
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5.1 Introduction 

Small and medium-sized enterprises (SMEs) in the event industry, such as live-communication 

agencies and conference organizers, bring people together and provide a space for 

communication and knowledge sharing, thus fulfilling the human need for interaction, 

connection, and relatedness (Getz and Page 2016; Seraphin 2020). Events offered by these 

SMEs attribute their popularity to the unique emotional and experience-oriented environment 

they create, which is often prevalent in business events (e.g., corporate events, conferences), 

the event industry’s main revenue source (Feuerbach et al. 2020; Richards and Jarman 2021). 

Accordingly, SMEs in the business event industry naturally provide a platform for networking, 

conversation, and the development of trust-based relationships among its customers (i.e., 

enterprises paying for attending their offerings), which is best realized in personal and physical 

locations or encounters (Richards and Jarman 2021).  

Given their high dependency on physical interactions amongst business people (Seraphin 

2020), it is not surprising that many SMEs in the business event industry were – and still are – 

severely affected by the economic consequences of the COVID-19 pandemic (Allied Market 

Research 2021; ICCA 2020). Measures taken by many governments to mitigate the spread of 

the virus (e.g., physical distancing5, travel restrictions, and wearing masks in public) limit 

physical interaction among people to the absolute minimum (Clark et al. 2020; Ferguson et al. 

2020; Kraus et al. 2020a) and forced SMEs in the business event industry to cancel or postpone 

a multitude of events. Moreover, many of its customers faced financial uncertainty themselves, 

which resulted in reduced participant numbers, additional event cancellations, and losses in 

revenues (GCB 2020). Consequently, the global event industry, which was valued at more than 

1 trillion USD in 2019, experienced a 30% decline in revenue in 2020 and there is a similar 

forecast for 2021 (Allied Market Research 2021; UFI 2021) creating an existential threat for 

many SMEs in the business event industry (Dimson et al. 2020). Despite these challenges, some 

SMEs have not only survived, but have become stronger, for instance by quickly switching 

from organizing in-person events to offering holistic support for virtual events and thereby, 

even increasing the size and diversity of their audiences (AirLST 2021). Understanding their 

 

5 Often referred to as “social distancing“. We refrain from using the term social distancing 

because ICT-based social interactions (e.g., video-conferencing) are not restricted by 

regulations related to the COVID-19 pandemic. 
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success factors is important to deriving insights for other SMEs in the business event industry 

to produce suitable responses to the current and future crises. 

Taking into account the COVID-19-related regulations, SMEs in the business event industry 

had two options: either adhering to physical distancing and related guidelines (e.g., wearing 

face masks) during physical events, or adopting information and communication technologies 

(ICTs) and thereby innovating their business models by transitioning to hosting virtual events. 

While the former has been successfully applied by some enterprises in other industries (e.g., 

supermarkets, retail, pharmacies), SMEs in the business event industry risk to forfeit their 

attractiveness for their customers because adhering to these guidelines removes significant 

event value due to the drastic reduction in emotional connection which is an integral part of the 

event (Dennis and Valacich 1999). For instance, physically attending a music festival or 

celebrating an enterprise’s anniversary while keeping a certain distance to one’s friends does 

not create an atmosphere conducive to building relationships and connections (Eagle et al. 

2009). Additionally, not being able to view the sales person’s facial expression behind the face 

mask while negotiating at a fair does not create the foundation of trust required to sign a contract 

that involves a substantial investment (Olivola et al. 2014; Oosterhof and Todorov 2008). 

However, the latter option also has challenges associated with it. Even though ICTs would be 

ideal for overcoming physical distancing constraints, the business event industry has largely 

been immune to digitization initiatives prior to the outbreak of the COVID-19 pandemic, with 

most initiatives limited to items such as the use of mobile applications as part of business events 

(Schreiber et al. 2019) or virtual reality environments offered for business-related team events 

(VArea 2020).  

Prior research on crisis response strategies has primarily focused on how crises encourage 

enterprises of different sizes and industries to adopt ICTs as well as to innovate their business 

models to overcome a crisis (e.g., Gkeredakis et al. 2021; Majchrzak et al. 2016; Wenzel et al. 

2020). However, finding and implementing an appropriate strategic response to the COVID-

19-induced crisis by adopting ICTs may require a tailored approach for SMEs in the business 

event industry, and thus warrants research attention as specified below. 

First, SMEs are known for experiencing significant challenges when adopting ICTs as they 

often struggle to attract and retain the required skills and expertise, and are usually less aware 

of available ICTs and their benefits (e.g., Chan et al. 2020; Thong 1999). Moreover, they often 

cannot afford expensive, customized ICT solutions as they generally have limited financial 

resources (Chan et al. 2020; Heidt et al. 2019). Additionally, these financial resources have 
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typically been depleted with the outbreak of the COVID-19 pandemic and the related decline 

in revenues that many SMEs in the business event industry have experienced (Dimson et al. 

2020; UFI 2021). However, using ICT adoption as a lever to innovate an SME’s business model 

requires financial as well as human resources (e.g., technological expertise) to handle 

substantial changes of the enterprise’s value proposition and value creation (Breier et al. 2021; 

Foss and Saebi 2017; Kraus et al. 2020b). Even though SMEs’ specific challenges related to 

ICT adoption are well-known, they are under-investigated by the majority of information 

systems (IS) scholars (e.g., Chan et al. 2020; Li et al. 2017). Therefore, it is currently unclear 

whether and how ICT adoption can promote what is normally a resource-intense innovation of 

an enterprise’s business model, and whether such a strategic response to the crisis is appropriate 

for SMEs in the business event industry. As such, we propose the following first research 

question: 

RQ1: How can ICT adoption serve as a strategic crisis response for SMEs in the business 

event industry to address the COVID-19-induced crisis? 

Second, one significant but under-explored aspect of ICT-enabled business model innovation 

(BMI) is the use of specific ICTs to overcome physical distances and to enable entrepreneurial 

activities in areas that have traditionally been dominated by physical interaction, such as the 

business event industry (Seraphin 2020; Yeoman 2013). Previous IS research has extensively 

studied the role of various ICTs in digital transformation and has also investigated how various 

ICTs have acted as facilitators to cope with societal and organizational challenges by examining 

the affordances and constraints of various ICTs (e.g., Majchrzak et al. 2016; Volkoff and Strong 

2013). For instance, Essén and Värlander (2019) investigated the impact of patient self-

registration services in hospitals on institutional change and Selander and Jarvenpaa (2016) 

researched the impact of social media on supporters of social movement organizations. In 

addition, technology and innovation adoption by organizations has been researched through the 

lens of the technology-organization-environment (TOE) framework (e.g., DePietro et al. 1990; 

Seethamraju 2015; Zhu et al. 2004). Yet, the COVID-19-specific environmental disruptions, 

arising from measures imposed by governments (i.e., mandatory physical distancing and travel 

bans) as well as from changing market requirements (i.e., lacking possibility to adhere to such 

guidelines without losing attractiveness for customers) are putting SMEs in the business event 

industry under enormous pressure to identify and implement appropriate ICTs. Thus, there is a 

lack of understanding what ICTs can be adopted by SMEs in the business event industry to 
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allow for BMI under high time pressure and to be able to connect event participants while 

keeping the required distance. Therefore, we ask the following second research question: 

RQ2: What ICTs are most promising for SMEs in the business event industry to adapt to the 

COVID-19-related physical distancing guidelines?  

To answer these research questions, we build upon previous research on strategic crisis response 

strategies (Kraus et al. 2020a; Wenzel et al. 2020) as well as on the TOE framework (DePietro 

et al. 1990) to investigate SME-specific internal and external factors that are required to 

successfully and sustainably adopt ICTs in response to the COVID-19-induced crisis. 

Furthermore, we draw on technology-affordances-and-constraints theory (Majchrzak et al. 

2016) as a theoretical lens through which we elaborate the benefits and obstacles of ICTs, 

thereby investigating their particular relevance for SMEs in the business event industry to 

connect people, whilst also adhering to physical distancing guidelines.  

Our findings contribute to existing research on organizational ICT adoption and ICT-enabled 

crisis response strategies as it relates to SMEs in three important ways: First, by uncovering and 

contrasting the affordances and constraints of the most promising ICTs in the context of 

physical distancing, we contribute to an enhanced understanding of the impact of such ICTs’ 

affordances and constraints on ICT adoption by SMEs. Second, by shedding light on the impact 

of disruptive environmental changes (i.e., the outbreak of a pandemic) on the TOE framework’s 

dimensions, we provide a better understanding of the dimensions’ characteristics and 

interrelationships, and thereby contribute to a more holistic view of the TOE framework in the 

context of SMEs. Third, we contribute to literature on ICT-enabled BMI as strategic crisis 

response by uncovering how SMEs respond to the crisis, taking into account their specific 

characteristics. Moreover, we reveal practical implications for SMEs in the business event 

industry by providing guidance on how to select appropriate ICTs for innovative event 

structures based on affordances and constraints, which is required to address the challenges 

associated with the current crisis and to be well prepared to overcome future crises.  

5.2 Theoretical Background 

5.2.1 ICT-Enabled Business Model Innovation as a Crisis Response Strategy 

According to previous research on crisis response strategies, innovating an enterprise’s business 

model is a promising approach to overcome a crisis in the long run and comprises measures 

such as alternative usage of resources, digitalization of workflows, and business model 
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adjustments (Kraus et al. 2020a; Wenzel et al. 2020). Such a “process of designing a new, or 

modifying the firm’s extant activity system”, is defined as BMI (Amit and Zott 2010, p. 2) and 

is crucial to generating long-term competitive advantage, adjusting to market changes or to even 

surviving in the market. Therefore, BMI is characterized by substantial changes in the 

enterprise’s value proposition and value creation (Breier et al. 2021; Kraus et al. 2020b), and 

requires active initiation of change which again involves financial and human resources as well 

as changes in existing behavior patterns (Foss and Saebi 2017; Goduscheit et al. 2021).  

Moreover, previous IS research explored the role of different ICTs in digital transformations 

and as a facilitator to cope with societal challenges of various kinds (see Majchrzak et al. 2016 

for an overview). In the context of the COVID-19 pandemic, previous research investigated 

how the induced crisis encouraged enterprises to adopt ICTs and how ICTs can be leveraged to 

enhance productivity and competitiveness to secure business continuity (Gkeredakis et al. 2021; 

Kraus et al. 2020a; Papadopoulos et al. 2020). Accordingly, ICT adoption enables enterprises 

to prepare for organizational and environmental challenges by shifting organizational practices 

to digital spaces, and by allowing for work continuity and acceleration of innovation 

(Gkeredakis et al. 2021; Papadopoulos et al. 2020).  

Yet, even though the role of ICT adoption in securing business continuity during crises is 

acknowledged, there is limited guidance for SMEs on how to prepare for ICT adoption, what 

barriers and drivers for adoption to consider and how to choose and sustainably implement ICTs 

(Gkeredakis et al. 2021; Papadopoulos et al. 2020). 

5.2.2 Technology-Organization-Environment Framework 

5.2.2.1 Technology-Organization-Environment Framework as an 

Overarching Framework for ICT Adoption 

To elaborate how ICT adoption can act as a crisis response strategy, a more nuanced 

understanding of ICTs and their adoption by SMEs is required, using the TOE framework. The 

TOE framework encompasses three distinct dimensions that influence an organization’s intent 

to adopt a technology, as well as the adoption process itself (DePietro et al. 1990): First, the 

technological dimension includes characteristics and availability of technologies that are either 

already used by an enterprise or generally available in the market. Second, the organizational 

dimension refers to descriptive characteristics such as the enterprise’s size, (slack) resources, 

managerial structure, and communication processes which can either foster or impede a 

technology’s adoption. Third, the environmental dimension comprises factors in the 
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enterprise’s periphery such as governmental regulations, characteristics of the enterprise’s 

industry, the market structure as well as the access to technology support infrastructure.  

The TOE framework has been studied in a variety of IS domains (Baker 2012; Zhu et al. 2004). 

For instance, it has been deployed to investigate the adoption of electronic businesses (Zhu et 

al. 2004) as well as to advance our understanding of the adoption of open systems (Chau and 

Tam 1997) and IS applications (Thong 1999). Figure 5-1 illustrates the TOE framework’s 

dimensions and frequently analyzed sub-dimensions. 

 

Figure 5-1: TOE framework applied to ICT adoption (DePietro et al. 1990; Thong 1999; Zhu 

et al. 2004)  

Given its properties, the TOE framework is highly suitable to be applied in our research as an 

overarching framework to investigate ICT adoption by SMEs in the business event industry in 

response to the COVID-19-induced crisis for two main reasons: First, our research investigates 

technology adoption on an organizational, rather than on an individual level. The TOE 

framework is one of the most popular and frequently employed concepts when investigating 

technology and innovation adoption on such an organizational level (Baker 2012; Zhu et al. 

2004). Second, our research comprises the COVID-19-induced changes in the environment of 

SMEs in the business event industry which also impacts the organizational and technological 

dimension. While other theories and frameworks with a focus on organizational technology 

adoption (e.g., the diffusion of innovation theory by Rogers 2003) concentrate on the 

intraorganizational context, the environmental dimension is an essential part of the TOE 

framework which makes it particularly suitable for our research.  

However, the framework’s dimensions require adaptation to the specific environmental and 

organizational context to investigate ICT adoption by SMEs in the business event industry in 

the specific context of the COVID-19 pandemic. Specifically, the order of the three dimensions 

is adjusted to acknowledge that the pandemic affected the environmental dimension the most, 
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followed by the organizational dimension, while the technological dimension is the least 

affected: The environmental dimension (i.e., business event industry and its market) has been 

disrupted by changing circumstances. Still, it is unclear how this disruption affects ICT 

adoption, which will be explored in more detail as part of our analysis. By contrast, the 

organizational dimension (i.e., SMEs) describes the specific characteristics that are largely 

determined by the organizational size itself and will be outlined below, while the consequences 

of such characteristics on ICT adoption will form part of our analysis. With respect to the 

technological dimension (i.e., ICTs), technology availability was significantly impacted by the 

pandemic. To consider and to compare the impact of different types of ICTs, we introduce a 

technology’s affordances and constraints as a complementary concept to better understand the 

underlying causes of successful ICT adoption. 

5.2.2.2 Organizational Specificities of Small and Medium-Sized Enterprises 

Previous IS research emphasized the fundamental structural differences between SMEs and 

large enterprises and the impact of specific SME characteristics on technology adoption and 

related implementation barriers (e.g., Arendt 2008; Ballantine et al. 1998; Chang 2020). In this 

context, the digital divide refers to the fact that SMEs often lag opportunities to access and 

appropriately use ICTs due to the differentials in company size (Arendt 2008; Wielicki and 

Arendt 2010). The reason for this disparity lies in the SMEs’ internal characteristics which can 

be further divided into organizational and leadership characteristics, which are directly linked 

to SMEs’ small number of employees (Heidt et al. 2019). Organizational challenges typically 

comprise limited financial resources (i.e., a small asset base and general cash flow difficulties), 

lower formalization levels, multiple-role identities, and geographical insularity (e.g., Heidt et 

al. 2019; Riemenschneider et al. 2003). In addition, difficulties in accessing appropriate skills 

have been uncovered to be one of the main reasons why SMEs struggle to adopt and to take 

advantage of ICTs and as such, exacerbate the digital divide between SMEs and larger 

enterprises (Arendt 2008). 

However, organizational characteristics of SMEs typically also include a culture with flat 

hierarchies, short communication channels, fast decision-making, and high levels of trust 

(Cragg et al. 2011; Huang et al. 2010). Moreover, SMEs usually have less legacy information 

technology (IT) infrastructure than larger enterprises and can avoid investment costs of on-

premise solutions by accessing packaged solutions from third-party service providers (Huang 

et al. 2010; Seethamraju 2015). Thus, SMEs can adopt affordable or even free ICTs to minimize 

costs. For instance, Chan et al. (2020) examine how SMEs can use commonly available 
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technologies such as Skype and Google Cloud to develop business opportunities. The results 

demonstrate that such ICTs enable leading-edge SMEs to uncover industry patterns, engage 

with stakeholders, involve external resources, evaluate product performance and market needs, 

as well as upgrade internal processes. 

Many of the leadership characteristics of SMEs are typically shaped by the “influential role of 

owner-managers since they are often the prime and sole decision-maker in every operational 

and strategic business aspect all while being almost exclusively responsible for the survival of 

the enterprise” (Heidt et al. 2019, p. 1291). Such leadership characteristics comprise managerial 

skills, founder reputation, knowledge on IS and IT, attitude and values, as well as a strategic 

outlook (Heidt et al. 2019; MacGregor and Vrazalic 2005; Mahto and Khanin 2013). Therefore, 

the owner-manager’s characteristics can strongly determine an SME’s technology and 

innovation adoption behavior, its long-term strategy, and its investment decisions. 

5.2.3 Technology-Affordances-and-Constraints Theory 

The concept of affordances originates in ecological psychology (Gibson 1977) and has been 

successfully applied in IS research (e.g., Majchrzak et al. 2016; Markus and Silver 2008; 

Volkoff and Strong 2013). According to ecological psychology, individuals perceive the 

affordances of an ob ect, rather than the ob ect’s properties (Gibson 1977; Michaels and Carello 

1981). For instance, a person does not perceive a bench as a wooden construction, but as a place 

to sit or lay down, or in other words, the bench affords sitting to one person, while it affords 

lying down to another person. Similarly, technologies can be regarded as sets of affordances 

and constraints that are not necessarily identical for different actors which explains why a 

specific technology is used differently by different actors and in different contexts (Leonardi 

2011; Majchrzak et al. 2016). Accordingly, affordances and constraints describe the potential 

interaction between actors (i.e., organizations or individual technology users) and a technology 

(e.g., a particular ICT), and hence are relational concepts rather than properties of actors or 

technologies (Majchrzak and Markus 2013).  

Previous research applied the concept of affordances to different IS contexts to theorize ICT-

associated change in organizations (Majchrzak et al. 2016; Volkoff and Strong 2013). For 

instance, it has been deployed to investigate the affordances associated with the implementation 

of an enterprise system (Volkoff and Strong 2013), a videoconferencing technology (Li et al. 

2020), patient self-registration services (Essén and Värlander 2019), or scenario technique as 

an organizational strategy and foresight tool (Tiberius 2019). In doing so, research has shown 

that multiple affordances can be supported by one technology and that depending on an 
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individual’s goals, different individuals enact different affordances from one and the same 

technology (Leonardi 2011). Moreover, causes for technology implementation difficulties 

could be identified based on affordances: So-called constraints potentially deter technology 

implementation and arise from the absence or inappropriate actualization of a desired 

affordance or from individuals that are unwilling or unable to actualize an affordance (Volkoff 

and Strong 2013). 

However, there is limited understanding of the affordances and constraints of different ICTs 

that can be applied by SMEs in the business event industry to overcome physical distancing. 

5.3 Research Methodology 

5.3.1 Research Design 

To answer our research questions, we followed a key informant approach and conducted 

qualitative expert interviews with executives of ten SMEs in the business event industry (Huber 

and Power 1985; Lechner et al. 2006). The inclusion of multiple perspectives from different 

interview cases ensures robustness, allows for more generalizable findings and adds confidence 

to findings while facilitating the exploration of the “how” and “why” that underlies the observed 

phenomena (Eisenhardt and Graebner 2007; Miles and Huberman 1994; Yin 1994). 

Given the explorative nature of the research questions and the uniqueness of the COVID-19-

induced crisis, employing a qualitative research design is particularly suitable and commonly 

applied (see e.g., Kraus et al. 2020a; Li et al. 2017; Metzler and Muntermann 2020). It is the 

preferred strategy “when the investigator has little control over events, and when the focus is 

on a contemporary phenomenon within some real-life context” (Yin 1994, p. 1), as it is the case 

in our study context: Even though the theoretical background showed that extensive research 

on ICT-enabled BMI and ICT adoption exists (see section 2), the circumstances of the COVID-

19 pandemic and the related guidelines on physical distancing are unprecedented. Accordingly, 

a qualitative research methodology is used that is both, deductive and inductive, and aims to 

generate, elaborate and, test theories in order to extend existing theories (Kraus et al. 2020a; 

Lee et al. 1999). More specifically, the qualitative approach is applied to test and extend existing 

research on ICT-enabled BMI as a strategic crisis response, and on ICT adoption as a measure, 

to overcome physical distancing. To achieve this, we build upon previous research by adopting 

the TOE framework and technology-affordances-and-constraints theory as initial guides for the 

data collection and iterative data analysis (Eisenhardt 1989; Walsham 1995). 
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5.3.2 Sample and Data Collection 

We draw on purposive sampling, a non-random sampling technique that allows for deliberate 

participant choice based on the researchers’ assessment of potential participants’ knowledge or 

experience, as well as the participants’ willingness to contribute (Etikan et al. 2016; Kraus et 

al. 2020a; Li et al. 2017). Accordingly, we approached SMEs in the business event industry that 

provide primarily business-to-business (B2B) and in some cases, also business-to-consumer 

(B2C) services. We detected no crucial differences between SMEs with B2B focus compared 

to SMEs that serve B2B as well as B2C customers, so that we do not distinguish between them 

in the analyses.  

We constrained our sample to Germany-based SMEs, as the business event industry is 

dominated by local players and the severity and the timeline of the pandemic differed between 

countries. This also applies to measures that were taken by governments to manage the crisis. 

Germany was first confronted with COVID-19 cases in March 2020 and went straight into 

lockdown, leading to declining rates of infection and relaxation of measures during the summer 

months (Worldometer 2021). The first wave of infections was followed by a second, more 

severe one, starting in October 2020 which resulted in another lockdown of businesses and 

restrictions on public and private gatherings for several months (FAZIT Communication 2021). 

In addition, Germany has particular relevance in the global business event industry, as it ranks 

second worldwide in terms of hosting conferences and fairs (ICCA 2020). Every year, around 

180,000 exhibitors and 10 million visitors spend a total of 14.5 billion euros on trade show 

activities in Germany, making the event industry the sixth largest economic sector in Germany, 

employing more than 1.5 million people (Feuerbach et al. 2020). 

All interviews were conducted in November and December 2020 and therefore during the 

second lockdown in Germany. We selected our interview partners by screening the web for 

German-based SMEs in the business event industry that were already considering different 

ICTs (e.g., video-conferencing tools or virtual and augmented reality approaches) in their 

portfolio. Most of the interviewed SMEs focus on offering B2B events and were used for 

replication and extension reasons as well as to eliminate alternative explanations (Eisenhardt 

and Graebner 2007; Yin 1994). Moreover, half of the approached SMEs offer B2C solutions in 

addition to their B2B services which enabled analysis of diverse perspectives and for bias 

limitation (Eisenhardt and Graebner 2007). Details on each interviewee’s SME as well as on 

the interviewee’s position can be found in Table 5-1.  
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ID Event industry focus Customer 

focus 

Permanent 

employees 

(+ freelance 

staff) 

Revenues 

in 2019 

(rounded, 

in kEUR) 

Interviewee’s 

position 

B2B B2C 

E1 • Location owner 

• Event agency 

x x 14 350 Managing 

director, co-owner 

E2 • Event agency 

• eCommerce 

x x 40 8,000 Team manager 

E3 • Event agency 

• Congress/conference 

organizer 

x  5 500 Project manager, 

co-owner 

E4 • Fair/exhibition 

organizer 

x x 5 250 Managing 

director, artistic 

manager, co-

owner 

E5 • Live-communication 

agency  

• Fair/exhibition 

organizer 

x   5 750 Managing 

director, co-owner 

E6 • Event organizer x x 16 100 Project manager  

E7 • Live-communication 

agency 

• Technology and 

solution provider 

x  2 (+14) 150 Owner, co-

founder 

E8 • Live-communication 

agency 

• Congress/conference 

organizer 

x  12 (+12) 3,000 Managing 

director 

E9 • Live-communication 

agency 

• Congress/conference 

organizer 

x  40 (+15) 2,000 Managing partner 

E10 • Fair/exhibition 

organizer 

x x 4 250 Project manager 

Table 5-1: Overview of interviewees and their SMEs 

All interviews were conducted as semi-structured interviews which allowed for spontaneous 

reactions of the interviewer based on the interviewees’ statements (Myers and Newman 2007; 

Neergaard and Ulhøi 2007). We guaranteed interviewees’ full anonymity and offered them a 

report of the results. Due to physical distancing regulations, we conducted nine interviews via 



ICTs Affording Business Model Innovation for SMEs 99 

 

video-call, and only one face-to-face. Our interview guide followed the TOE framework’s three 

dimensions in an adjusted order. It contained a set of scripted questions that provided an overall 

guidance for the conversation but allowed for openness and flexibility (Myers and Newman 

2007). More specifically, the guide comprised questions including specific questions on the 

SME’s organizational structure and working model, on perceptions regarding the 

environmental dimension and COVID-19-related changes, and on the SME’s adoption of ICTs 

before and after the outbreak of the COVID-19 pandemic. Particularly with respect to the 

technological dimension, we attempted to obtain an accurate, undistorted view of the current 

situation by adding questions on specific and tangible ICT implementations, as well as current 

and potential future use cases. Guiding questions from our interview guide which were slightly 

modified or deepened over the course the interviews can be found in Table A1 in the appendix. 

5.3.3 Data Analysis 

We audio-recorded and fully transcribed all interviews (average length of 40 min) by following 

the transcription rules of a simple transcript (e.g., omission of non-verbal communication 

elements, approximation of dialect to standard language) (Dresing et al. 2015). Subsequently, 

two researchers coded the transcripts independently to avoid misinterpretation or coding bias. 

Interviews were analyzed with systematic coding procedures, using MAXQDA software, a 

commonly used tool to assist the coding and analysis process (Kuckartz 2014; Mayring 2014). 

We built on established recommendations for qualitative data analysis and applied both, 

deductive and inductive coding in a hybrid coding method (Saldana 2013). To do so, a 

provisional list of initial codes was determined beforehand based on the TOE framework’s 

dimensions and sub-dimensions (deductive) and extended in a data-driven first-level coding 

procedure (inductive). We proceeded with second-level coding by clustering codes into 

categories and sub-categories according to recurrent patterns (e.g., similarity), which were then 

linked with each other to elaborate themes and to investigate how they were interrelated, leading 

toward further refinement of our findings (Miles and Huberman 1994; Saldana 2013). Figure 

5-2 shows the adopted analysis procedure.  

 

Figure 5-2: Analysis technique applied to qualitative data from semi-structured interviews  
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Data analysis started after the first interview and continued after each interview until saturation 

was reached (i.e., no new insights are generated), which occurred after the ninth interview (e.g., 

Boddy 2016; Eisenhardt 1989; Morse et al. 2002). We conducted one additional interview to 

confirm that the termination criterion was achieved. 

5.4 Results 

Our study reveals three key findings, structured along the three dimensions that affect ICT 

adoption in organizations (DePietro et al. 1990). Starting with the most affected dimension (i.e., 

environment), followed by the other dimensions (i.e., organization and technology), the insights 

within each dimension are presented by specifying and expanding their respective sub-

dimensions (see Table 5-2 for an overview) and can be summarized as follows: 

(1) Environment: Disruptions in the environment create impetus for ICT-enabled virtual 

events  

(2) Organization: Building on their organizational strengths, SMEs can adopt ICTs to 

innovate their business model in response to the crisis 

(3) Technology: Readily available ICTs are clearly preferred over more sophisticated 

solutions for short and medium term BMI 

Finding 1 and 2 provide insights that are required to answer our first research question. Both 

findings suggest that ICT adoption is an appropriate and promising crisis response strategy for 

SMEs in the business event industry to address the COVID-19-induced crisis. On the one hand, 

the crisis caused disruptions in the SMEs’ environment that fostered the need for and acceptance 

of ICT-enabled events. On the other hand, the organizational characteristics of SMEs facilitate 

the rapid innovation of their business model and thus, the adoption of ICTs in their value 

creation process. Finding 3 relates to our second research question by contrasting readily 

available and more sophisticated ICTs based on their affordances and by indicating that readily 

available ICTs are most promising for SMEs in the business event industry to adapt to the 

COVID-19-related physical distancing guidelines in the short and medium term. 

5.4.1 Finding 1 – Environment: Disruptions in the Environment Create 

Impetus for ICT-Enabled Virtual Events 

The environment that surrounds SMEs in the business event industry significantly influences 

ICT adoption, and has been disrupted by the COVID-19 pandemic. In all of our interviews, the 

substantial impact of COVID-19-induced governmental regulations on players in the business 
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event industry was emphasized. Specifically, mandatory physical distancing, banning of 

gatherings, and regulations on national and international mobility caused a collapse in demand 

resulting in event postponements and cancellations. As a result, SMEs in the business event 

industry had to reconsider the way they hosted events, for instance by adopting ICTs, leading 

to a shift towards virtual events in the market. 

With regard to industry characteristics, we observe a predominance of small players, high 

seasonality of events, and the lack of ability to make up the revenue for cancelled or postponed 

engagements. Nevertheless, the interviews reveal that despite the challenges the business event 

industry is facing, its key players are confident that events will always play a central role in 

social and business contexts.  

Moreover, we observe substantial changes in the business event industry’s market structure and 

customers. Players in the business event industry confirm that their suppliers and stakeholders 

(e.g., service providers, location owners) experience similar financial and existential challenges 

as themselves. In addition, the previously mentioned physical distancing guidelines inhibit 

stakeholder and customer interaction:  

“It’s also a challenge that now, when you give presentations to find new customers, it’s 

much more difficult to communicate on a personal level. We are still in the ‘people business’, 

where having the right chemistry plays a considerable role” (E5).  

Still, after a first wave of cancellations during the early stage of the pandemic, customers 

showed increasing interest in new, ICT-enabled events as an alternative for in person events. In 

this context, not only existing customers switched to new formats, but new customers could be 

acquired, and offering ICT-enabled events became essential to staying competitive in the 

market:  

“We have found new customers precisely because we now have this technology [virtual 

meeting and conference rooms] and are actively marketing it” (E5).  

For most customer segments, the trend towards more openness for ICT-enabled events is 

observed. Previous research showed that external shocks like the COVID-19 pandemic forced 

even resistant and late-adopting employees and managers to familiarize themselves with ICTs 

which provides such ICTs the opportunity to demonstrate their advantages once they are 

adopted (Kraus et al. 2020a). Insights from our interviews confirm this indication even though 

interview partners agree that the effect has not reached its full potential. The main reason is 

customer readiness which is described as heterogeneous, yet, critical for successful ICT 

adoption. Specifically, in settings where employees with different skill levels are required to 
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join a virtual event (e.g., corporate event, conference), resistance is either feared by 

management or observed during events. 

The interview partners agree that there was a comparably low level of digitalization of the 

technology support infrastructure within the business event industry prior to the outbreak of the 

pandemic (e.g., partially instable internet services or teams not equipped to connect virtually). 

The outbreak of the pandemic changed these circumstances for the better with new, affordable 

service offerings for ICTs becoming available. 

The lack of plannability is a frequently referenced phenomenon of the COVID-19 pandemic, 

increasing market uncertainty. Crises are known for their sudden and large impact as they are 

triggered by surprising and disruptive causes (Pearson and Clair 1998; Williams et al. 2017). 

However, the previously described effects of the crisis on the business event industry’s 

environment are not only of high impact but also have a low level of plannability with respect 

to their duration. Our interviews reveal a particularly strong perception of this pandemic as one 

consisting of a sustained lack of plannability. Even one year after the first COVID-19 cases 

were detected, there was still uncertainty about the pandemic’s course and sustainability of 

measures that were taken (e.g., unknown duration of lockdowns, uncertain mutation coverage 

by vaccination). Therefore, the environmental factors are even less controllable and make it 

practically impossible for individual SMEs to plan ahead. As one interviewee posits:  

“The uncertainty made the whole situation difficult. It was impossible to plan how long this 

Corona situation would last. Are we talking about three months? Are we talking about six 

months?” (E2). 

Due to these disruptive environmental changes, we find overarching optimism for long-term 

acceptance of hybrid events. Across all our interviews, there is an agreement that even though 

most events are forced into virtual formats right now, the future will not go back to purely 

physical events, but rather be dominated by ICT-enabled hybrid events. Such events combine 

the positive aspects of both, virtual events (e.g., greater range of audience, less travel efforts, 

higher flexibility) and physical events (e.g., deep personal exchange, informal interactions, 

emotional involvement):  

“We call it a smart interlink between the analog and virtual worlds […] In the future, you 

will always have a virtual extension, supplement, and expansion in the sense of a hybrid 

approach” (E9). 

However, the industry is still in its infancy with respect to adopting ICTs to ensure a seamless 

transition between both worlds. Interestingly, a switch to purely digital events once the battle 
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against the pandemic is won and restrictions are lifted for good is considered unlikely as ICTs 

are not able to fully replace real-life interaction between people:  

“I don’t believe that the future lies in purely virtual events like watching virtual soccer or 

concerts. For me, that’s always just an add-on. […] An event is, after all, a social act” (E4).  

5.4.2 Finding 2 – Organization: Building on their Organizational Strengths, 

SMEs Can Adopt ICTs to Innovate their Business Model in Response 

to the Crisis 

Based on the first finding and therefore, on the trend that the business event industry’s 

environment will continue to create impetus for virtual events in the short run and hybrid events 

in the long run, innovating an enterprise’s business model through ICT adoption is a promising 

strategic response for SMEs in the business event industry. Insights from our interviews confirm 

the existence of organizational challenges that SMEs typically face due to their small size: 

Human as well as financial resources are limited and as such, employees often have multiple-

role identities and SMEs usually have a smaller asset base than larger enterprises. Our 

interviews reveal that in addition to these known challenges, and also as a consequence of 

limited human and financial resources, SMEs lack a dedicated innovation department and have 

less capital and resources to opt for a trial and error mindset. As one interview partner 

comments:  

“SMEs cannot always be as open to many things as large companies, which can easily try 

things out or have departments that take care of innovations” (E6).  

This challenge became even more pressing since the outbreak of the pandemic and the increase 

in pressure to rapidly reinvent one’s business model. Moreover, SMEs have more difficulties 

in finding employees with the relevant skills and also in promoting their new solutions as their 

marketing is not as sophisticated as it is for most larger enterprises.  

However, there are some organizational advantages of SMEs that can offset their weaknesses 

when SMEs in the business event industry use them with foresight. These strengths comprise 

flat hierarchies, short communication channels, fast decision-making, and high levels of trust. 

Each of them is of great importance when it comes to ICT adoption in uncertain times. One 

interview partner highlights this aspect as follows:  

“We are good at reacting quickly and flexibly. We don’t have fixed structures and slow trains 

of thought that we have to stick to, we rather adapt right away” (E2).  
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The same interview partner describes how employees were quickly discharged from their 

previous area of responsibility (e.g., research on physical event locations) and assigned to tasks 

more urgently required to innovate the SME’s business model and to adopt ICTs (e.g., 

evaluation of platform and software solutions for virtual events). Such agility requires an open-

minded and trust-based culture, leveraging the benefits of multiple-role identities (i.e., broad 

skill-set with in a small team), but also certain managerial and leadership characteristics. Most 

interview partners report the existence of the earlier described influential owner-manager role 

who is often the prime decision-maker on operational and strategic level, and responsible for 

the SME’s survival. In multiple interviews we were able to verify the importance of managerial 

skills, IT and IS knowledge, strategic outlook, and a positive attitude for long-term success of 

SMEs, which in our case, is characterized by successful ICT-enabled BMI. Even though 

interviews revealed that many owners and managers found themselves confronted with 

existential fears during the early stage of the pandemic, they were able to overcome their state 

of shock and went immediately into constructive problem-solving. Such entrepreneurial spirit 

is a key requirement on the managerial level for successful ICT adoption and BMI. In this 

regard, it is not surprising that many interview partners describe themselves or their managers 

as individuals with an affinity for innovation and technologies, showing an intrinsic motivation 

to reinvent their businesses whenever it is required. One interview partner describes it as 

follows:  

“That is what drives us: We always have our finger on the pulse, we know exactly where the 

journey is going and are always at least two steps ahead of our customers” (E9). 

Dimension Existing thinking, 

including specifications 

for SMEs 

Extension for SMEs in the business event industry 

during COVID-19 

Environment The environmental level 

is characterized by: 

• Governmental 

regulations 

• Industry characteristics 

and market structure 

(incl. consumer 

readiness) 

• Technology support 

infrastructure 

• Market uncertainty 

We confirm that the environmental influences ICT 

adoption by demonstrating its impact in the context of 

COVID-19: 

• Governmental regulations on gatherings (e.g., 

physical distancing, wearing face masks in public) 

necessitate BMI and thus, exert a positive effect on 

ICT adoption 

• Customers’ increased health concerns and the lack 

of alternative events have a positive effect on 

customers’ openness to ICT-enabled virtual events - 

however, customer readiness (i.e., ability to use 

certain ICTs) is critical for successful development 

of ICT-enabled events 
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• Access to (externally) available, affordable, easy to 

use technology support infrastructure exerts a 

positive effect on rapid ICT adoption and 

acceptance by the industry and its customers 

• Market and environmental uncertainty are extremely 

high due to the lack of certainty around the duration 

of the pandemic, putting significant pressure on 

SMEs in the business event industry 

Organization SMEs are characterized 

by: 

• Small size, focused 

scope 

• Limited financial 

resources, limited 

access to skills and 

capabilities (multiple-

role identities) 

• Lean managerial 

structure, flat 

hierarchies, low 

formalization level 

• Efficient internal 

processes, fast 

decision-making, short 

communication 

channels, little legacy 

IT 

• Influential owner-

manager role 

• Culture with high 

levels of trust 

We build on the existing organizational characteristics 

of SMEs and their effect on ICT adoption by 

investigating the impact on the organizational 

dimension from environmental disruptions and thus, 

how both dimensions interact: 

• Governmental regulations and changing market 

needs in the SMEs environment cause a demand for 

adjusted business models and consideration of ICT-

enabled events 

• High levels of financial insecurity can result in 

employee layoffs or hinders new hiring, and as 

such, negatively affects the SMEs’ size and access 

to skills 

• Lean managerial structures and low formalization 

levels positively affect fast decision-making which 

is required during environmental disruptions to stay 

competitive 

• An innovative culture, openness to changing market 

demands and flexibility in terms of product 

offerings are key enablers to adjust to disrupted 

market environments 

• The influential owner-manager role is a key 

advantage - under the condition that owner-

managers are open to innovations and familiar with 

available ICTs 

Technology Technologies are 

characterized by: 

• Availability (internally 

/ externally) 

• Characteristics 

(complexity, 

compatibility) 

We confirm the relevance of technological 

characteristics on ICT adoption and unveil how they 

are affected by the environmental disruptions: 

• External availability is positively affected with more 

ICTs being offered by external providers 

• Complexity and compatibility are positively 

affected with more customers having the required 

infrastructure and skills to be supplied with ICT-

enabled events 

• Moreover, ICT adoption is not purely dependent on 

the ICT’s availability and characteristics, but also 

on the affordances and constraints it offers to SMEs 

and their customers (see Table 5-3 for details) 

Table 5-2: Summary of the study’s main findings along the dimensions environment, 

organization and technology 
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5.4.3 Finding 3 – Technology: Readily Available ICTs are Clearly Preferred 

Over More Sophisticated Solutions for Short and Medium Term BMI 

Based on our interviews, we distinguish between readily available and more sophisticated ICTs 

when evaluating their adoption potential by SMEs in the business event industry. To this end, 

we build upon the availability and technological characteristics of both types of ICTs and 

outline their respective affordances and constraints for SMEs in the business event industry 

and for the business event industry’s customers. 

Across all our interviews we identify predominantly use cases that are based on commonly used 

video-conferencing software and virtual meeting platforms (e.g., Zoom, Microsoft Teams) and 

leveraged for events that rely on live-streaming (e.g., conference talks), presentations (e.g., 

marketing events), or moderation of games and quiz-shows (e.g., team events). We summarize 

these solutions as readily available ICTs as they have already been market-ready and broadly 

available prior to the outbreak of the pandemic. Such use cases were implemented quickly in 

the early stages of the pandemic, after the first lockdown was announced, and have since been 

enhanced. One interview partner describes it as follows:  

“We sat down immediately [in April 2020] and evaluated what we could do remotely and 

online, and very, very quickly we released formats to the market that work completely from 

the home office” (E2).  

Most interview partners also describe potential future or already piloted use cases that comprise 

augmented or virtual reality. We summarize these solutions as more sophisticated ICTs because 

even though these ICTs are not completely new to the market, they are not as commonly used 

as the previously described readily available ICTs. However, our interviews reveal pilot use 

cases in which event participants use virtual reality glasses to attend team events (e.g., virtually 

travelling the world) and fairs (e.g., visiting exhibitors and their virtual stands). In addition, 

virtual reality meeting rooms can be provided to teams that work remotely or for interaction 

and networking at conferences. Moreover, other use cases enable participants to access the 

event via their web-browser or mobile phones to compensate for lacking hardware (e.g., virtual 

reality glasses). However, most interview partners agree that these use cases have not been 

implemented on large scale thus far:  

“We realized relatively quickly that the topic [virtual reality] is not yet suitable for the mass 

market, but rather for selected business-to-business areas, such as instructions and 

trainings” (E9). 
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As such, in line with previous research, an ICT’s internal and external availability as well as its 

characteristics (i.e., complexity and compatibility) have a significant impact on ICT adoption. 

However, whereas most scholars focus on organization-internal criteria for ICT adoption, we 

investigate ICT adoption in the context of virtual events offered by SMEs in the business event 

industry towards their customers which requires consideration of both stakeholder groups. This 

already points to the different ICTs’ affordances that a certain technology (i.e., readily available 

vs. more sophisticated ICTs) represents for an organization (i.e., SMEs in the business event 

industry) or individuals (i.e., event participants as the business event industry’s customers) with 

specific goals and characteristics. In the context of this study, the primary goal of SMEs in the 

business event industry in times of the COVID-19 pandemic is being able to offer events that 

allow participants to attend an event while simultaneously adhering to physical distancing 

guidelines. In addition, they want to bring affordable, reliable, as well as easy deployable and 

maintainable ICT-enabled events to the market to enable themselves to innovate their business 

models in the short and medium term. In addition, SMEs are looking for ICTs that allow for 

easy scalability and broad availability. Findings from our interviews reveal that players in the 

business event industry rely on ICTs that can support events with a wide range of participants, 

referring to a possibly high amount, as well as geographical spread, of participants. Event 

participants, on the other hand, are rather heterogeneous in terms of technology readiness and 

have different skill levels when it comes to ICT usage. However, their goals are to be well 

entertained at a low level of effort with regard to implementation, usage, and costs while being 

protected from the spread of the COVID-19 virus. These partially overlapping, partially 

differing goals, which are illustrated in Figure 5-3, lead to different affordances offered by 

readily available versus more sophisticated ICTs for both stakeholder groups (see Table 5-3 for 

an overview) and consequently, impact ICT adoption. 
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Figure 5-3: Goals of SMEs in the event industry and their customers with regard to ICT 

adoption during the COVID-19-induced crisis 

Both, readily available and more sophisticated ICTs, provide SMEs in the business event 

industry with the affordance of having access to a global market with potential customers all 

around the world (affordance (AF) 1, Table 5-3). In addition, they provide event participants 

with the affordance of decentralized connections and interactions with other participants around 

the world (AF 2), a notable affordance, also beyond the COVID-19 pandemic: 

“Decentralization will still be in demand [post-crisis] and will mainly come from companies 

that have several locations. Whenever we want to involve multiple locations or countries, 

online events will continue to be in demand” (E2).  

This is also related to the finding that SMEs and participants are both provided with the 

affordance of accessing sustainable events that are environment-friendly because no travel or 

catering is required (AF 3). Moreover, both benefit from the affordance of developing 

personalized events at a suitable level of effort, for instance by incorporating the customers’ 

corporate identity into the event layout (AF 4). 

For events that are based on readily available ICTs, we find that such solutions provide SMEs 

in the business event industry with the affordance of fast development and scaling of new events 

that comply with physical distancing guidelines and that come at a reasonable effort and price 

(e.g., for software, hardware) as they rely on existing or easy to install infrastructure (AF 5). In 

addition, as readily available ICTs are commonly used, SMEs in the business event industry 

have access to reliable external support offerings and in-house expertise and consequently, do 

not need to upskill their employees (AF 6). Moreover, such ICTs afford flexibility and help 

SMEs in the business event industry to be prepared for future pandemic-related measures (e.g., 

Goals of customers of the business 

event industr 

Have access to events, that

 Are entertaining

 Require low levels of effort 

(implementation, usage, and costs)

 Adhere to physical distancing 

guidelines

Goals of SMEs in the business event 

industr 

Offer ICT enabled events, that are 

 Adhering to physical distancing

 Affordable and easy to access for 

customers and SMEs themselves

 Reliable as well as easy to deploy and 

maintain for SME

 Scalable and broadly available

 ffordances  ffordances

Technologies  readil  available vs  more sophisticated ICTs 

 Availability (internal, external)

 Characteristics (complexity, compatibility)

ICT adoption



ICTs Affording Business Model Innovation for SMEs 109 

 

another lockdown on short notice) or other crises and market disruptions (AF 7). One interview 

partner highlights this aspect as follows:  

“Maybe there will be another virus, the next pandemic. In the future, you always must have 

a plan B, which means you have to know what happens if the event is canceled only two 

weeks in advance” (E9). 

For event participants, events that leverage readily available ICTs afford easy access to new 

events that comply with physical distancing guidelines and require low efforts and costs for 

installation and use (AF 8). Moreover, event participants can obtain entertainment in a way that 

is highly compatible with the average participant’s ICT-related skill set (AF 9). As most people 

already use such readily available ICTs to communicate in their private or business lives, event 

participants are often familiar with these ICTs:  

“The good thing about Microsoft Teams is that very many companies in Corona times 

already use it and therefore, many people already know the program and get along very well 

with it, which is why we very quickly got into this program” (E2).  

Finally, events that rely on readily available ICTs can usually be recorded and, as such, provide 

event participants reusable content that can be accessed and reused flexibly according to the 

individual’s requirements (A  10). As one interview partner comments:  

“Sustainability is meant also in the sense of content. Preparation is sustainable, because the 

content that exists as a result of a virtual event is sustainably available and not simply gone 

like a real event” (E9). 

Nevertheless, readily available ICTs also have constraints which arise from the absence of 

desired affordances and may hinder implementation. Such desired, yet not offered affordances 

for SMEs in the business event industry would enable existing SMEs to differentiate themselves 

and to create market barriers to entry for new players as well as to offer a diverse range of 

events. Neither is sufficiently provided by readily available ICTs as competitors and new 

entrants benefit from the identical advantages of these solutions (i.e., low effort and cost for 

software, hardware, and support). In addition, the downside of developing events that meet the 

average participant’s ICT-related skill level limits the variety of offered events. From the event 

participants’ perspective, readily available ICTs that offer mainly voice- and video-

transmission in combination with basic participant interaction (e.g., screen sharing, annotate 

tools, emojis for emotional reaction during a video conference) have the constraint of not 

affording an emotional interaction that is comparable to real-life interaction. 
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More sophisticated ICTs, on the other hand, can provide these affordances when they are 

properly implemented. For SMEs in the business event industry, sophisticated ICTs provide the 

affordance of a high market entry barrier that makes it more difficult for new players to enter 

the market due to comparably high costs, efforts, and required expertise (AF 11). Furthermore, 

events that rely on more sophisticated ICTs offer the possibility for SMEs in the business event 

industry to develop a greater variety of events which allows them to differentiate themselves 

more strongly from competitors (AF 12). Event participants have different goals and therefore 

different affordances that are related to events that rely on more sophisticated ICTs. For them, 

these ICTs provide the affordance of accessing immersive events (AF 13). This means that 

event participants can access events that allow for networking and exchange on a highly 

emotional level that is more comparable to physical interactions. Thereby, the previously 

mentioned constraint of readily available ICTs is addressed where participants can only 

communicate on a transactional level. The more an event is based on exchange of emotions 

(e.g., networking events, festivals, and sport events), the more important immersion and 

emotional involvement becomes and the more pronounced are the affordances of sophisticated 

ICTs. Furthermore, event participants can experience new and rather unusual events which 

afford high levels of satisfaction for participants looking for diversified entertainment and 

events that appeal to many senses (AF 14). For instance, while front seats in a physical event 

are limited and do not even exist in a video-conference, many participants of a virtual reality 

event can be provided a first row experience.  

Nevertheless, more sophisticated ICTs also come with constraints. Due to their sophistication 

and less experience with their implementation, more sophisticated ICTs cannot provide the 

affordance of easily accessible and reliable support and more often lack experience with 

incident management. As a result, concerns about security and privacy incidents can occur. 

Moreover, most SMEs in the business event industry do not have the required in-house 

expertise and therefore experience the constraint of being dependent on external providers. 

From the perspective of event participants, events that rely on sophisticated ICTs cannot 

provide the affordance of easy and inexpensive access as participants that lack the required 

infrastructure (e.g., virtual reality glasses) or expertise (e.g., knowledge how to use virtual 

reality glasses) cannot attend an event in the intended way which then inhibits scalability of 

such events from the perspective of SMEs. 

To summarize, perceptions of an ICT’s affordances encourage SMEs from the business event 

industry and event participants to engage themselves in events that rely on such an ICT, while 
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perceptions of an ICT’s constraints can result in its re ection. Given the common usage of 

readily available ICTs by employees of SMEs in the business event industry, but also by 

potential event participants, readily available ICTs’ affordances are currently outweighing those 

of more sophisticated ICTs while readily available ICTs’ constraints are less of a hindrance 

than those of more sophisticated ICTs. In line with previous research that indicates that 

perceived barriers of an ICT have a greater influence on ICT adoption than its perceived benefits 

(Chau and Tam 1997), readily available ICTs have the higher adoption potential by SMEs in 

the business event industry and their customers. Nevertheless, as familiarity with ICTs and the 

goals of the involved stakeholders evolve over time, more sophisticated ICTs’ affordances are 

likely to gain importance and in this way, become superior in the future. 

ICT 

 ffordances   F  for…  

… SMEs in the business event 

industry 

… customers of the business event 

industry (i.e., event participants) 

Both categories 1. Access to a global market with 

customers all around the world 

2. Decentralized interaction with 

participants around the world 

3. Access to environmental-friendly events due to less travel and catering 

4. Development of personalized events at a suitable level of effort 

Readily 

available ICTs  

(Video-

conferencing 

software and 

web-based 

communication 

platforms) 

5. Fast development and scaling of 

new events that comply with 

physical distancing guidelines  

6. Access to reliable external support 

offerings and in-house expertise  

7. Flexibility and readiness for 

potential future pandemic-related 

measures (e.g., another lockdown 

on short notice) or other crises 

8. Easy access to new events that 

comply with physical distancing 

guidelines at low efforts and costs 

for installation and use 

9. Entertainment with a high 

compatibility with the required 

ICT-related skill set  

10. Reusable content that can be 

accessed flexibly (recordable 

sessions)  

More 

sophisticated 

ICTs 

(Virtual and 

augmented 

reality) 

11. High market entrance barriers due 

to high costs, efforts, and required 

expertise 

12. Development of a greater variety of 

events to differentiate from 

competitors 

13. Access to immersive events that 

allow for networking on an 

emotional level while complying 

with physical distancing 

guidelines 

14. New and a rather unusual 

experience 

Table 5-3: Affordances of readily available and more sophisticated ICTs 

5.5 Discussion 

The objective of our study was to answer the questions of how SMEs in the business event 

industry can leverage ICTs to address the COVID-19-induced crisis and what ICTs are most 

promising to adapt to physical distancing guidelines in an industry that has traditionally been 

dominated by physical interaction. Drawing on previous literature on ICT-enabled BMI and 
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ICT adoption in organizations, we address these two questions. We find evidence for the 

feasibility of ICT adoption as a strategic crisis response for SMEs in the business event industry. 

Those SMEs that responded to the crisis successfully managed to overcome typical challenges 

of SMEs by leveraging commonly available ICTs to innovate their business models and service 

offerings as well as by building on SMEs’ strengths with regard to fast decision-making, short 

communication channels, and influential owner-managers. Furthermore, by applying 

technology-affordances-and-constraints theory to readily available as well as more 

sophisticated ICTs, our research advances our understanding on why readily available ICTs’ 

affordances and constraints outweigh those of more sophisticated ICTs to address the COVID-

19-related physical distancing guidelines in the short and medium term. Besides, we outline 

how this might change in the long run. 

5.5.1 Research Contributions  

We contribute to the existing literature on organizational ICT adoption and ICT-enabled crisis 

response strategies applied by SMEs in three important ways: First and foremost, we provide a 

more nuanced understanding of how ICT adoption by SMEs is influenced by the affordances 

and constraints of certain ICTs that can be leveraged to mitigate the detrimental economic 

impact of mandatory physical distancing in environments that traditionally rely on physical 

interaction. Previous research has investigated the role of ICTs (e.g., self-registration services 

in hospitals or social media) in facilitating digitization and overcoming societal or 

organizational challenges (e.g., institutional change, support of social movement organizations) 

(e.g., Essén and Värlander 2019; Selander and Jarvenpaa 2016; Volkoff and Strong 2013). 

However, ICTs have usually been introduced as solutions that complemented rather than 

replaced physical interactions between people (i.e., employees and event participants). 

Furthermore, particular actors in different environments experience different affordances and 

constraints with the same ICT (Majchrzak et al. 2016). Therefore, by uncovering and 

contrasting the affordances and constraints of the most promising ICTs for SMEs and their 

customers in the context of physical distancing, we contribute to an enhanced understanding of 

the impact of such ICTs’ affordances and constraints on ICT adoption by SMEs. 

Second, we extend the TOE framework by investigating how crisis-induced environmental 

disruptions impact ICT adoption in SMEs. The TOE framework covers a variety of internal 

(i.e., organizational) and external (i.e., environmental) factors as well as characteristics of ICTs 

that are crucial for successful ICT implementation in organizations (DePietro et al. 1990). 

However, the TOE framework has largely been applied in stable and relatively slowly changing 
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environments, for instance, by looking at competition intensity and regulations in e-business 

environments (Zhu et al. 2004). Thus, the environment conditions have not made the significant 

effects on ICT adoption fully visible, such as in the case of market competition in SMEs’ 

environments and its effect on ICT adoption (Thong 1999) or market uncertainty’s effect for 

open system adoption (Chau and Tam 1997). We extend such previous research by investigating 

how the different aspects of the environmental, organizational, and technological dimension are 

impacted by the circumstances when a severe environmental disruption occurs, as has been the 

case with the COVID-19 pandemic. Moreover, with regard to the framework’s technological 

dimension, we extend the common approach of investigating technology characteristics and 

functionalities, such as technology readiness, compatibility, and complexity (e.g., Chau and 

Tam 1997; Thong 1999; Zhu et al. 2004). To this end, we contribute to research on ICT adoption 

in conjunction with the affordances and constraints that are provided by certain ICTs to SMEs 

and their customers. As such, by shedding light on the TOE framework’s dimensions in times 

of a crisis, we provide an enhanced understanding of the dimensions’ characteristics and 

interrelationships and contribute to a more encompassing view of the TOE framework in the 

context of SMEs. 

Third, we contribute to knowledge on the extent to which ICT-enabled BMI can be considered 

a strategic crisis response for SMEs in the business event industry. Whereas previous research 

on strategic crisis response studied different crisis intervention measures and how they can be 

applied by enterprises of different sizes and industries (Kraus et al. 2020a; Wenzel et al. 2020), 

we contribute to this research stream by shedding light on the under-investigated, yet crisis-

prone group of SMEs (Chan et al. 2020; Li et al. 2017). More specifically, we uncover how 

SMEs leverage readily available ICTs to innovate their business models despite the 

organizational and managerial challenges (e.g., lacking financial and human resources, 

multiple-role identities, geographical insularity) that they are typically facing. Therefore, we 

uncover important insights for crisis response strategy literature on how SMEs respond to the 

crisis, considering their specific characteristics. 

5.5.2 Practical Contributions 

Our results are of considerable interest for practitioners (i.e., executives of SMEs in the business 

event industry) who strive to leverage ICTs to innovate their business models in a way that 

allows for virtual events which adhere to physical distancing but also ensure customer 

acceptance. Whereas ICTs are usually advertised by their functionalities and benefits, previous 

research indicated that perceived barriers of an ICT have a greater influence on ICT adoption 
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than its perceived benefits (Chau and Tam 1997) and that such perceptions differ for different 

actors (Majchrzak et al. 2016). Thus, executives of SMEs in the business event industry are 

well advised to evaluate available ICTs not only with respect to affordances (i.e., perceived 

benefits such as broader range of customers or reduced efforts due to less travel activities), but 

also to constraints (i.e., perceived barriers such as lack of emotional interaction between 

customers or lack of reliable support offerings). Moreover, they are counselled to take their own 

as well as their customers’ perspective. By doing so on a regular basis, SMEs in the business 

event industry may be able to select appropriate ICTs for innovative events, which is required 

to emerge strengthened from the current crisis and to be well prepared to tackle any future 

crises. 

Lastly, by highlighting the interrelation between an enterprise’s or an individual’s goal and their 

perceived affordances and constraints of different ICTs, our findings offer valuable insights for 

key players in the business event industry with regard to their long term success in the market. 

The previously described goals of SMEs in the event industry and their customers may change 

in the long run: As soon as physical distancing is not mandatory any longer, customers are 

likely to ask for an increasing share of (physical) interaction during events. Similarly, SMEs in 

the business event industry will aim to satisfy their customers’ needs, but also to differentiate 

themselves from their competitors and new market entrants. Considering these dynamically 

changing goals, SMEs in the business event industry are urged to reevaluate the affordances 

and constraints of more sophisticated ICTs regularly to strengthen their market position and to 

offer their customers immersive experiences. As such, our findings are valuable to support 

SMEs in the business event industry within and beyond the COVID-19-induced crisis. 

5.5.3 Limitations and Directions for Future Research 

As every research, also our study is not without limitations. First, the results are based on a 

sample of expert interviews that is limited in size and located exclusively in Germany. Even 

though Germany is one of the leading countries when it comes to hosting business events, SMEs 

from different countries have experienced different impacts from the COVID-19 pandemic or 

have been impacted by other governmental regulations which may result in them perceiving 

and weighing the affordances and constraints of ICTs differently. Therefore, to improve 

generalizability of our findings, we call for future research to investigate ICT adoption by SMEs 

in the business event industry in different geographical contexts.  

Second, our findings are based on interviews that took place during the second wave of 

infections of the COVID-19 pandemic. While our findings provide insights on the affordances 
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and constraints of different ICTs in the short and medium term, we can only hypothesize how 

perceptions will change in the long run and whether different ICTs are preferred once the 

pandemic is under control and governmental restrictions are lifted for good. Thus, we encourage 

research to investigate whether and how affordances and constraints of readily available and 

more sophisticated ICTs change over time and how this impacts ICT adoption by SMEs in the 

business event industry. 

Third, this study demonstrated the affordances and constraints of ICTs in their function to 

overcome physical distancing and to allow for virtual events that connect event participants 

whilst also allowing for physical distance. Once physical distancing regulations are released 

and hybrid or fully physical events are allowed, event participants might still be worried about 

the infection risk of highly infectious diseases in crowded spaces which are typical for business 

events. Hence, we encourage scholars to combine insights from our study with findings from 

research on ICT-provided crowding information (Adam et al. 2020) which could be a great 

measure to indicate participants of business events preference towards highly versus less 

crowded areas and as such, to minimize infection risks also with regard to future pandemics. 
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5.6 Appendix 

Table A1. Guiding interview questions for semi-structured interviews that were modified or 

deepened according to the respective interview partner 

Key area  Guiding questions 

(1) Enterprise / 

interviewee profile 

Please provide a short description of your enterprise, its business model 

and your role. 

(2) Organizational 

dimension (SME)  

What are typical characteristics of SMEs?  

From your experience, what are advantages and disadvantages of SMEs 

compared to larger enterprises? 

(3) Technological 

dimension (ICTs) 

What technologies, particularly ICTs, are used by your enterprise, 

internally but also with regard to customer interaction? 

How are new ICTs introduced to your enterprise? What are typical 

challenges or barriers when implementing ICTs? 

What are drivers for ICT implementation and adoption in your enterprise? 

What are use cases for virtual or augmented reality solutions?  

What are benefits of virtual and augmented reality compared to other 

ICTs? What are barriers for their implementation? 

(4) Environmental 

dimension (market, 

industry and 

COVID-19) 

What are drivers for innovation and ICT adoption in your industry? 

How did COVID-19 affect your enterprise and the way it is operating? 

How did COVID-19 affect the market in which your enterprise operates 

and its key players? Did the competitive situation, customer segments or 

partnerships change?  

How did COVID-19 affect the adoption of ICTs by your enterprise’s 

environment? 

(5) Future 

perspective 

How do you think will the industry and also your enterprise be operating in 

two to five years?  

What ICTs do you expect to stay? What ICTs do you expect to become 

less relevant? 
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Abstract  

Immersive technologies (ImT) provide affordances for small and medium-sized enterprises 

(SMEs) in the manufacturing industry, such as the enhancement and recreation of aspects of 

the physical world. These affordances are critical due to changes in the SMEs’ environment 

including increasingly virtualized collaboration and digitization of work practices. However, 

the adoption of ImT by manufacturing SMEs is still low. Drawing on the Technology 

Affordances and Constraints theory, and applying a Strategy-as-Practice approach, this study 

researches the adoption of ImT as a strategic response to environmental changes in German-

based manufacturing SMEs. The findings reveal the critical role of constraints of ImT, which 

act as hindrances to implementation. Specifically, realizing the affordances of ImT requires 

consideration of, and responses to, the constraints manufacturing SMEs experience, including 

the constraints associated with the providers of ImT. Thus, this paper expands the understanding 

of the factors which influence implementation and strategizing of ImT in SMEs. 

 

Keywords: Technology-organization-environment framework, Technology-affordances-and-

constraints theory, Information and communication technologies, SME, Crisis response, 

COVID-19   
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6.1 Introduction 

Immersive technologies (ImT), including virtual reality (VR) and augmented reality (AR) 

technologies, are increasingly important to intentionally change or enhance an individual’s 

perception of the reality (Milgram and Kishino 1994; Steffen et al. 2019) and to create an 

immersive and personalized experience (International Data Corporation 2020; Winkler et al. 

2020). While consumer use cases comprise the majority of global spending on ImT, business 

use cases (e.g., in manufacturing) show strong compound growth rates in excess of 90%, with 

US $8 billion forecasted to be invested in training and industrial maintenance use cases in 2024 

(International Data Corporation 2020). The current demand growth is based on ImT’s value to 

enterprises, consisting of affordances which include enhancement or recreation of the physical 

world’s positive aspects, reduction of the negative aspects, or the creation of aspects that do not 

exist in the physical world (Elliott et al. 2015; Shin 2017; Steffen et al. 2019). ImT “change the 

ways we learn, accomplish tasks, and interact with the world” (Steffen et al. 2019, p. 684) and 

deliver improved business performance through enhanced collaboration outcomes and cost 

efficiencies. More specifically, employees in manufacturing settings can receive information in 

their field of view by ImT, allowing for hands-free usage and therefore supporting tasks that 

benefit from virtual guidance (Kammler et al. 2019). However, the enterprise adoption rate of 

ImT is still low. Prior literature indicates factors which hinder adoption and are on both the 

adopter and provider side: Adopting ImT requires that relevant infrastructure and hardware is 

provided by the adopting enterprise, and that employees are familiar with ImT and their features 

(Berg and Vance 2017; Steffen et al. 2017; Steffen et al. 2019). With respect to the providers, 

many ImT are still considered immature as they often have technological weaknesses (e.g., 

insufficient precision of gesture tracking) or are inconvenient for users (e.g., poor ergonomics 

and wearability) (Berg and Vance 2017; Kammler et al. 2019). 

Factors that inhibit adoption, hereafter referred to as constraints, are of particular relevance for 

small- and medium-sized enterprises (SMEs) or enterprises that fall into the comparable 

category of family-owned firms (Kraus et al. 2020a). These enterprises account for the majority 

of enterprises worldwide across all industries, including manufacturing (European Commission 

2019a; Kraus et al. 2020a). For the sake of clarity, both SMEs and family-owned firms will be 

denoted by the term SMEs, as there is substantial overlap (IfM 2021). Even though family firms 

have more employees and annual turnover than SMEs typically have (IfM 2021), they share 

many characteristics on organizational and managerial levels (Kraus et al. 2020a; Xi et al. 

2015). More specifically, both SMEs and family-owned firms typically face limitations 
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regarding financial resources and access to a broad range of capabilities, have a flat hierarchy, 

have greater flexibility in decision making, and have a strong owner-manager role (Heidt et al. 

2019; Kraus et al. 2020a; Xi et al. 2015). These organizational characteristics significantly 

impact an SME’s adoption of technology (Chan et al. 2020; Heidt et al. 2019; Kraus et al. 

2020a), particularly when technologies are implemented as a strategic response to 

environmental changes such as a shift towards virtual work forces (Eckhardt et al. 2018). This 

requires the strategy’s acceptance by those who ‘do’ the strategy internally (i.e., management 

and employees), as well as those who are external stakeholders (i.e., customers and suppliers) 

(Eden et al. 2018; Jarzabkowski et al. 2007; Peppard et al. 2014). SMEs are less likely to be 

aware of existing ImT and their respective affordances in the manufacturing context due to 

limited financial resources and often smaller information technology and research departments 

(Chan et al. 2020; Heidt et al. 2019). Well-known ImT affordances that have been analyzed for 

enterprises of different sizes and from different industries (Steffen et al. 2019), do not 

necessarily apply to manufacturing SMEs. Furthermore, while most research on ImT has 

focused on the affordances (Elliott et al. 2015; Shin 2017; Steffen et al. 2019), this is only one 

viewpoint and omits constraints which potentially hinder technology adoption (Volkoff and 

Strong 2013). Prior research indicates that such constraints cause individuals to change aspects 

of their environment or the applied technology (Leonardi 2011). Consequently, not only 

affordances but also constraints, and responses that address the constraints, should be 

considered when studying adoption of ImT. Therefore, this study investigates the following 

research questions: 

RQ1: What affordances are provided by ImT to manufacturing SMEs? 

RQ2: What constraints associated with ImT impact the adoption of ImT by manufacturing 

SMEs? 

RQ3: How can manufacturing SMEs and providers of ImT respond to existing constraints of 

ImT? 

Our study extends previous research focused on the affordances of ImT (Steffen et al. 2019) 

and applies a Strategy-as-Practice (SaP) approach (i.e., an activity-based approach bringing 

human actions into the centre of strategy research (Jarzabkowski and Spee 2009)) to investigate 

affordances that are specific to manufacturing SMEs. To achieve this, interviews were 

conducted with providers of ImT and with SMEs that already use or are considering the 

adoption of ImT in manufacturing contexts. By combining the provider and adopter 

perspectives, the study contrasts the affordances of ImT with their constraints and analyzes the 
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responses of providers and adopters who address the respective constraints as a strategic 

response.  

The findings contribute to research on affordances and constraints of ImT, as well as 

strategizing in manufacturing SMEs in two important ways. Firstly, by uncovering and 

contrasting ImT’s affordances and constraints for manufacturing SMEs, this research 

contributes to a more holistic understanding of the enabling and inhibiting factors for the 

adoption of ImT. Secondly, by considering SMEs’ specific characteristics and dependence on 

ImT providers, the study enhances the understanding of the adoption of ImT as a strategic 

response and contributes to a more encompassing view of SaP in SMEs. Moreover, the study 

identifies practical implications for executives of manufacturing SMEs who consider adoption 

of ImT as a strategic response to environmental changes by providing an overview on 

affordances, potential constraints, as well as the respective responses, that can be taken by the 

SMEs themselves and providers, to successfully adopt ImT. 

6.2 Theoretical Foundations 

6.2.1 Immersive Technologies 

ImT such as VR, AR, and virtual assistants, have been discussed since the 1960s (Berg and 

Vance 2017; Sutherland 1968) but have recently received more attention due to the release of 

more affordable devices (e.g., head-mounted displays from suppliers like HTC and Oculus) 

(Winkler et al. 2020). Generally, ImT incorporate “a set of technologies that enable people to 

immersively experience a world beyond reality” (Berg and Vance 2017, p. 2). Critical to ImT 

is the interaction of individuals with their virtual environment which is enabled by technologies 

such as movement and gesture recognition algorithms, real-time computing, as well as hardware 

including controllers, goggles, and haptic devices (Berg and Vance 2017). Whereas AR 

technologies enhance certain aspects of an individual’s real world environment by means of 

virtual objects, VR technologies can enable individuals to be fully immersed in a virtual world 

and completely forget about their real world environment (Milgram and Kishino 1994; Winkler 

et al. 2020). However, boundaries between both are blurring, and VR and AR are complemented 

by Mixed Reality (Milgram and Kishino 1994; Steffen et al. 2017). Consequently, ImT cover a 

whole virtuality continuum that connects completely real to virtual environments (Milgram and 

Kishino 1994). Accordingly, different ImT present different degrees of virtuality, depending on 

aspects such as the user’s awareness of the surrounding world or whether the user is interacting 

with virtual or real objects (Milgram and Kishino 1994; Steffen et al. 2017). 
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Many different manufacturing applications for ImT have been identified, including product 

design and development, communication and collaboration across disciplines or in virtual 

settings, decision-making, as well as training and learning environments (Berg and Vance 2017; 

PwC 2016). Specifically, ImT are particularly relevant in situations or for tasks with high 

information density (e.g., maintenance tasks of service technicians) (Kammler et al. 2019), for 

activities that are impossible or dangerous to practice in physical reality (e.g., emergency 

scenarios) (Brooks 1999; Steffen et al. 2019), or when hands-free instructions are required (e.g., 

assembly tasks performed by one technician alone) (Kammler et al. 2019). 

6.2.2 Strategy-as-Practice as an Overarching Lens 

SaP is an activity-based approach concerned with the day-to-day activities of managers and 

other actors within and related to the organization, thereby “bringing human actors and their 

actions and interactions to the centre stage of strategy research” (Jarzabkowski and Spee 2009, 

p. 70). According to SaP research, strategy is “a situated, socially accomplished activity, while 

strategizing comprises those actions, interactions, and negotiations of multiple actors and the 

situated practices that they draw upon in accomplishing that activity” (Jarzabkowski et al. 2007, 

p. 7-8). In doing so, strategy and strategizing are often viewed through the activities undertaken 

at different levels (i.e., institutional, organizational, and actors) from a processes and content 

perspective (Jarzabkowski et al. 2007). 

SaP is a useful approach to examine situations in which the strategy is emergent and evolving 

in response to changing environmental, organizational and technological needs (Jarzabkowski 

et al. 2007; Peppard et al. 2014). The strategic response to environmental changes (e.g., 

digitization of work practices and COVID-19-related travel restrictions) can result in the 

decision to adopt ImT. According to SaP, strategic decisions require organizational level 

commitment (i.e., organizational strategy) but also comprise implications on the institutional 

level (i.e., customer and supplier strategy), and on the level of individual actors within that 

organization (i.e., actors’ routines and activities) who make sense and give sense to other 

organizational actors (Jarzabkowski et al. 2007). These dynamics are heightened in an SME 

environment where strategy and practice are often intertwined and indistinguishable. 

6.2.3 Technology Affordances and Constraints Theory 

Even though the concept of affordances originates in ecological psychology (Gibson 1977), it 

has been transferred successfully to IS research (Majchrzak and Markus 2013) and has since 

then been applied to different technologies such as enterprise systems (Volkoff and Strong 
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2013), video-conferencing tools (Li et al. 2020), and also ImT (Steffen et al. 2017; Steffen et 

al. 2019). Affordances are “the possibilities for goal-oriented action afforded to specified user 

groups by technical ob ects” (Markus and Silver 2008, p. 622). Technologies are often 

perceived by actors (i.e., individuals, groups, or enterprises) as sets of affordances and are 

perceived differently depending upon the actor’s goals and abilities as well as the technology’s 

features (Leonardi 2011; Steffen et al. 2019). Generally, affordances of ImT include enhancing 

or recreating positive aspects of the physical world, diminishing negative aspects, or creating 

aspects that do not exist in the physical world, thereby supporting collaboration and 

communication, and allowing for physical interaction with digital objects (Steffen et al. 2019). 

More specifically in manufacturing environments, ImT can afford engineers spatial cognition, 

accelerated feedback loops (Elliott et al. 2015), or immersion, presence, and empathy in 

learning environments (Shin 2017). 

Constraints are the counterpart to affordances and typically arise from the absence of a desired 

affordance, from affordances that are inappropriately realized and thus not perceived as an 

affordance, or from individuals who are unwilling or unable to realize an affordance (Volkoff 

and Strong 2013). Therefore, constraints potentially deter technology adoption, cause 

implementation difficulties or, in other words, cause the actor to perceive “that [the technology] 

constrains their ability to carry out their goals” (Leonardi 2011, p. 153). In IS research, 

constraints have been examined less frequently than affordances, but are, at times, addressed 

indirectly when discussing ‘disadvantages’, ‘tensions’ or ‘weaknesses’.  or example, Kammler 

et al. (Kammler et al. 2019) elaborated on the disadvantages and weaknesses of AR in 

mechanical engineering, such as blurry visuals and limited field of view, which can also be 

analyzed as the constraints of AR for technicians. 

6.3 Research Methodology 

6.3.1 Research Design 

To answer the research questions, this study employed a qualitative exploratory case study 

design, which is particularly suitable to develop an accurate picture of the situation and its 

implications and to elaborate a new framework or theory (Sarker et al. 2018; Yin 1994). For 

this purpose, a key informant approach was utilized and expert interviews were conducted with 

executives and project managers of 7 SMEs that offer or promote ImT, as well as 10 

manufacturing SMEs that are interested in, or have already adopted, ImT in their manufacturing 

environments (Huber and Power 1985). The inclusion of multiple perspectives enabled broader 
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exploration of the research questions and the underlying “how” and “why” of the observed 

phenomena as well as more generalizable findings (Eisenhardt and Graebner 2007; Yin 1994). 

Consequently, a qualitative approach was applied to extend existing research on affordances 

related to ImT and to investigate simultaneously occurring constraints to better understand 

strategic responses that enable the adoption of ImT in manufacturing SMEs. 

6.3.2 Sample Description and Data Collection 

The interviewees were determined by purposive sampling, a non-random sampling technique 

that utilizes the intentional selection of participants based on the researchers’ assessment of the 

potential participants’ experience, knowledge, and willingness to contribute (Etikan et al. 2016; 

Kraus et al. 2020a). Specifically, the interview partners were identified by conducting a web-

search for SMEs that either offer or apply immersive systems in a manufacturing context (see 

Table 6-1 for details). The study is focused on manufacturing SMEs with German headquarters 

as many are known as ‘hidden champions’ that operate in a global market and rely on interaction 

with internal and external stakeholders in different geographies. Such interaction is increasingly 

virtualized, for instance to minimize travel efforts or to improve employee acquisition and 

satisfactions (Eckhardt et al. 2018; Steffen et al. 2019). 

ID Focus  Employees Revenues [m EUR] Interviewee position 

I01 Provider 1 - 9 1 - 5 MD 

I02 Provider 10 - 49  n/a PM 

I03 Provider 1 - 9 n/a MD 

I04 Provider 10 - 49  1 - 5 MD 

I05 VR/AR research 10 - 49 n/a Researcher 

I06 Adopter 10 - 49 n/a DM 

I07 Adopter 50 - 99 10 - 50 DM 

I08 Provider 20k - 24k > 1,000 Sales employee  

I09 Manufac. 

association 

500 - 999 n/a DM 

I10 Adopter 10k - 14k > 1,000 DM  

I11 Adopter 5k - 9k > 1,000 Chief Sales Officer 

I12 Adopter 5k - 9k > 1,000 Innovation manager 

I13 Adopter 1k - 4k > 1,000 PlM 

I14 Adopter 500 - 999 100 - 500  2 MDs 

I15 Adopter 10k - 14k > 1,000 MD 

I16 Adopter 100 - 249 10 - 50 PlM 

I17 Adopter/ consultant n/a n/a PM 

MD = Managing director, PM = Project manager, DM = Department manager, PlM = Plant manager 

Table 6-1: Overview of interview partners 
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All of the interviews took place between November 2020 and January 2021 and were conducted 

via video-call. The interviews were conducted in a semi-structured manner which allowed the 

natural views of the interviewees to be captured (Myers and Newman 2007; Neergaard and 

Ulhøi 2007). The interview guide’s scripted questions incorporated openness and flexibility 

(Myers and Newman 2007), and comprised the dimensions of the organization (i.e., SMEs’ 

characteristics, specificities and goals), the ImT (i.e., their features, affordances, and 

constraints) and the SMEs’ environment (i.e., industry and market trends). The guiding 

questions for each dimension were slightly tailored to the respective group of interview partners 

(i.e., providers vs. adopters). 

6.3.3 Data Analysis 

The audio-recorded interviews were transcribed, following the established approaches for 

qualitative data analysis. Two researchers independently conducted thematic coding, using the 

methodology of data reduction, data display and conclusion drawing (Miles and Huberman 

1994). During data reduction, interviews were analyzed with systematic coding procedures, 

using the NVivo software to assist with the coding and analysis process. Building on technology 

affordances and constraints theory which states that a technology’s affordances and constraints 

rely on the actors’ goals and abilities, the list of initial codes contained the pre-defined 

categories “goals”, “affordances” and “constraints” per actor. Moreover, codes for ImT 

affordances were determined in advance based on previously researched affordances of ImT 

(deductive), which were extended by sub-affordances, constraints, and responses in a data-

driven coding procedure (inductive) (Saldana 2013). Subsequently, the codes were clustered 

into categories and sub-categories according to recurrent patterns and linked to each other, 

enabling analysis of themes and their interrelations, leading toward refinement of the findings 

(Miles and Huberman 1994; Saldana 2013). This was an iterative process with further episodes 

of data reduction occurring to validate the themes and elaborate on the clusters (Miles and 

Huberman 1994). During the data display stage, the data was visualized through the hierarchy 

of codes and categories that were created in NVivo to refine the emerging SaP-based 

framework. Throughout the final stage, conclusions were drawn by noting patterns and 

elaborating on causal flows and propositions (Miles and Huberman 1994). Data analysis started 

after the first interview and continued after each interview until no new insights were generated 

(i.e., saturation was reached) (Boddy 2016). 
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6.4 Results 

Providers of ImT and manufacturing SMEs (i.e., ImT adopters) are focused on increasing the 

adoption rate of ImT. Figure 6-1 depicts the strategic decision stages related to ImT adoption, 

which in turn impacts the actual implementation of ImT. Specifically, there are two strategy 

loops, one for ImT providers and one for manufacturing SMEs whose goals initiate the loops 

while the ImT’s affordances act as a motivator to complete the process. Within each loop there 

is an analysis of the constraints and the associated responses. The results reveal how the goals 

of manufacturing SMEs can be achieved by realizing the affordances of ImT and what role 

constraints and respective responses from providers and manufacturing SMEs play in this 

context. 

 

Figure 6-1: Affordances and constraints of ImT and responses by providers and adopters  

6.4.1 Goals for Manufacturing SMEs 

Manufacturing SMEs considering the adoption of ImT do so in pursuit of four main goals. 

Firstly, they aim to enhance internal collaboration, trainings, and knowledge transfer. 

Interviews reveal that manufacturing SMEs are looking for ways to improve how employees 

interact with their globally dispersed colleagues, including in machinery development, set up, 

and maintenance. Previously, employees were required to undertake significant travel or deal 

with language barriers and work across different time zones. However currently, SMEs are 
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looking for technology-based ways to enable efficient employee collaboration and knowledge 

transfer. 

Manufacturing SMEs also aspire to enhance external collaboration (e.g., with customers and 

suppliers) and customer experience. They want to overcome the physical limitations and costs 

often associated with external collaboration. Specifically, machinery planning and installation 

is often a key event where onsite presence is required to set up the machine and to transfer 

knowledge about its use. Also, there are often questions or troubleshooting required to maintain 

the machinery once it is commissioned. 

Moreover, manufacturing SMEs consider ImT adoption to keep their business profitable and 

up and running. Like other SMEs, manufacturing SMEs are cost conscious and aim to reduce 

costs associated with their operations, thus increasing business profitability. These costs are 

often significant when expertise is required which is not located on site, or when large amounts 

of information need to be easily and rapidly accessible to keep a production line online.  

Finally, the environmental conditions have changed over the course of the COVID-19 

pandemic, resulting in SMEs aiming to adhere to physical distancing guidelines and to 

facilitate remote work. COVID-19 has had significant effects on the ability of manufacturing 

SMEs to effectively and efficiently continue production. Specifically, numerous governments 

have required enterprises to ensure physical distancing and released strict travel restrictions that 

have caused the need to adjust, for instance when installing and maintaining machinery: “What 

got a huge boost with this remote support […]  eople can’t travel because the planes don’t fly, 

but they still have to maintain the machines, repair them, put them into operation, assemble”  

[I01]. 

6.4.2 Affordances of Immersive Technologies 

Numerous affordances are provided by ImT to achieve the previously mentioned goals. 

Specifically, there are four key themes for manufacturing SMEs: 

ImT afford manufacturing SMEs’ employees to create aspects that do not exist in reality by 

simulating environments and thus, enabling collaboration and interaction in immersive reality. 

The capacity to forecast responses, or even incidents, also affords the opportunity to conduct 

risk-free testing and avoid costly mistakes. Typically, ImT also afford overcoming the space 

time linearity, for instance by identifying bottlenecks in the manufacturing floor. This is also 

an approach to assist in sales activities, affording customers to remotely interact with their 

future products early on (e.g., during the product development). The customer can walk through 
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a virtual show room, virtually loading the machine, and simulating the production process. The 

ImT also afford product adjustments based on customer feedback.  

Moreover, ImT afford the potential to diminish negative aspects of the physical world by 

reducing the physical risk associated with working in a real-world environment. Especially in 

the manufacturing environment, simulating situations with ImT affords risk reduction to those 

undertaking work in potentially hazardous settings. As an example, “engineers can be trained 

on a machine they have never used before by […] seeing in AR how the machine fundamentally 

works. Then they already have an initial education and know how to handle the machine” [I04]. 

ImT afford the enhancement of positive aspects of the physical world, especially with AR 

when objects can be superimposed over the physical reality. This is often vital in manufacturing 

contexts to afford efficient collaboration and communication. Related use cases have gained 

significant attention by ImT providers due to the increased need for remote collaboration 

between different enterprises and organizational functions, especially when they are 

geographically separated. In the case of commissioning and remote maintenance, the service 

technician may be located in Europe, while the client, located in a different country, requires 

real-time assistance. ImT can also afford the bridging of language barriers using visual 

communication. Moreover, ImT assist manufacturing SMEs’ employees in filtering 

information and afford the provision of context-specific information that is relevant to the 

current situation. For example, an AR-enabled phone held over a broken machine can provide 

instructions to the mechanic on adjustments required which affords simplification and counters 

the information overload that is created in the physical world: “ eople came to us and said that 

they have been working here for 5 years, but have never figured out why they are setting certain 

parameters on the machine. With the help of [ImT], we were able to teach them why it needs to 

be done” [I05]. 

Moreover, ImT can afford to recreate existing aspects of the physical world, including the 

emotional interactions among people. More specifically, ImT can help in cases of geographical 

separation where close interaction is essential (e.g., interactive team settings, team building 

tasks). Particularly in the manufacturing context, there is also the physical interaction with 

digital objects where the ability of ImT to recreate objects affords interaction with their digital 

twins: “We create a digital twin and you can basically see your production on this system before 

the machine is built” [I11]. In this way, ImT also afford reduced resource costs (e.g., costs of 

the employees’ time or travel expenses) as they enable remote commissioning and maintenance. 

ImT also afford advanced learning and training environments. For instance, service team 
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members can be virtually trained on machines, with the advantage of a multi-sensory, safe, and 

realistic training experience. 

6.4.3 Constraints of Immersive Technologies and Corresponding Responses 

In order to unleash the affordances of ImT and thus, to achieve their goals, manufacturing SMEs 

have to consider potential constraints (i.e., hinderances to adoption). Specifically, constraints 

can be related to technological, environmental, organizational, and actor readiness. The first 

two require responses from ImT providers, while the latter two require responses from the 

manufacturing SMEs themselves. 

6.4.3.1 Technological readiness. The interviews revealed three constraints related to 

technological readiness. Hindering characteristics (i.e., complexity and compatibility) of 

ImT are often mentioned as a constraint for manufacturing SMEs when considering the 

adoption of ImT. Currently many solutions based on ImT require dedicated infrastructure and 

hardware, which hinders rapid installation and adoption as SMEs often cannot afford such 

investments. Many respondents would prefer solutions that run on existing devices (e.g., mobile 

phones), rather than requiring purchase of additional specialist equipment. In addition, VR 

solutions often require a connection to a computer and a physical power supply, which hampers 

their portability. Also, data security and privacy concerns can be a key constraint for 

manufacturing SMEs that are considering implementing ImT, as ImT solutions often contain 

sensitive data and content about the SME and its products. Concerns that the data transferred 

between the different parties may not be secure and the lack of SME-internal expertise to ensure 

data security itself, constrain adoption of ImT. In addition, when using ImT, the data is often 

provided to others in real-time, raising concerns about the continuous surveillance and 

monitoring of employees, whether intentional or not. Furthermore, the interviews indicate weak 

form factors, such as discomfort for employees wearing devices when using ImT (e.g., glasses 

or helmets), constrain ImT adoption: “At some point the health and safety unit asks whether 

employees can wear such heavy glasses for so long” [I14]. 

To address these constraints, the study indicates three responses that providers of ImT should 

take. Firstly, they should focus on the development of simple product features to reduce the 

complexity to adopters. Also, the implementation of ImT themselves by SMEs should be easy 

and compatible with existing hardware, for instance by leveraging devices such as tablets and 

smartphones. Secondly, providers of ImT should focus on GDPR compliance with respect to 

their solutions to proactively address data security concerns. Providers should also enhance 

form factors to improve convenience for, and thus acceptance by users of ImT. Providers of 
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ImT should not only work on software improvements and new functionalities, but also on the 

wearability and comfort. 

6.4.3.2 Environmental readiness. This research identified three constraints related to 

environmental readiness. Many manufacturing SMEs experienced significant infrastructure 

and bandwidth challenges when they attempt to use ImT. Specifically, unstable internet 

connection and insufficient bandwidth constrain manufacturing SMEs employees’ use of ImT 

for remote collaboration or maintenance, as employees are not able to establish a stable 

connection with their international colleagues. Enterprises with limited financial resources, 

such as SMEs, are often using regular internet connections, as opposed to dedicated high speed 

connections with built in redundancies that larger enterprises have access to: “You need 5G and 

the associated infrastructure. This is an important issue in general, and with VR and AR, the 

infrastructure must be available” [I03]. Moreover, legal and safety concerns are a key 

constraint that can hinder the adoption of ImT. Employee safety is a key concern for the 

manufacturing industry. In addition, technology unavailability is referenced as a constraint for 

the adoption of ImT, as most solutions manufacturing SMEs can afford are off the shelf and not 

necessarily tailored to their specific use cases. 

To address these constraints, providers of ImT should develop data-light solutions that match 

the existing infrastructure of most manufacturing SMEs. Some ImT solutions may include too 

many features for the adopting SMEs, that would favor data-light and thus, more reliable 

solutions, given their infrastructure situation. Moreover, ImT providers should enhance 

security controls and lobby governments to revise laws. Providers of ImT have to enhance 

the security provided to SMEs by improving solutions technologically and by urging 

governments to revise regulations that cover potential security issues of ImT. Governments also 

play a key role in providing the required internet and bandwidth for SMEs. 

6.4.3.3 Organizational readiness. Regarding organizational readiness, the study reveals three 

major constraints. Many interview partners expressed concerns about the lack of required data 

and content that is needed to effectively establish ImT solutions. Specifically, the simulated 

environments often require the user to capture the content from the real world, generate the 

data, and map it into a 3D model. This is a constraint for manufacturing SMEs, which often 

have little programming and graphical experience, or cannot afford the acquisition of these 

skills on a contract basis. Strongly related to this is the financial constraint that also causes 

considerable tension within SMEs, as they do not have large budgets to spend on innovations. 

This often pushes SMEs towards solutions which are off the shelf and low-tech, but at a lower 
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price point and ideally easier to implement and maintain. Moreover, lacking foresight and 

strategic planning hinders ImT implementation. Manufacturing SMEs that decide on investing 

in ImT are required to analyze the full spectrum of benefits that can be provided, even though 

it can take several years to see significant benefits from the implementation: “Many people in 

companies, especially the decision-makers, have NO idea about the technology, have never 

tried it themselves or have never come across VR or AR in their training” [I03].  

The aforementioned data- and content-related constraints can be addressed by manufacturing 

SMEs developing a more conscientious approach to data, and also by building internal skills. 

Manufacturing SMEs are advised to invest in the collection, preparation and processing of 

machine data and related content to have sufficient data for virtualization and augmentation. 

Moreover, agile decision making was mentioned as a response by SMEs as it enables them to 

overcome organizational constraints and make use of ImT rapidly. The lack of corporate 

structures and processes in SMEs often creates an environment that is very receptive and 

appreciative of innovations once an investment decision is made. Moreover, SMEs are often 

characterized by a flexible work mindset and the ability to enhance and extend it to their 

manufacturing environment. As such, decisions can be made rapidly and tailored to the SME’s 

individual circumstances, usually without time-intense communication cascades. Furthermore, 

SMEs should consider investments in ImT to address the trend in ImT that is gaining 

momentum in manufacturing. However, given their limited resources, the investment must be 

validated by a strong business case and provide a clear advantage over low-tech options such 

as video-conferencing tools. 

6.4.3.4 Actor readiness. The study indicates two constraints in the context of actor readiness. 

Firstly, manufacturing SMEs may experience resistance to change by their employees when it 

comes to the implementation of new technologies in general and the use of ImT in particular. 

Employees may experience difficulties in using ImT in a way that complements existing 

processes, resulting in concerns that must be addressed: “You definitely need at least one or two 

who are 1000% convinced of it […] and can then take over the lead and convey the enthusiasm 

to the other employees” [I08]. Secondly, a lack of relevant skills related to ImT is a constraint 

for the set up and uptake of affordances of the associated ImT. Employees of SMEs are often 

required to fulfil many roles, including business critical functions, and do not have the skills, 

nor the time to obtain the technical skills to identify, implement, and maintain ImT.  

In order to address the constraints, manufacturing SMEs can consider the following three 

responses: Firstly, there should be a strong focus on merging new solutions with existing 
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processes. Existing processes are already embedded and understood by the organization, and 

enhancing these processes is much more likely to be positively received by employees than a 

process redesign. Secondly, due to the often lack of ImT skills in manufacturing SMEs, they 

should consider outsourcing of solution development to external providers. There is already 

a strong reliance on providers to implement the ImT, usually as an off the shelf solution, rather 

than establishing in-house capabilities to develop and manage a customized solution internally. 

Thirdly, manufacturing SMEs can train and up-skill their employees in the use of ImT to 

increase their familiarity with these solutions. This requires not just traditional systems training, 

but also safety and risk assessment due to the system’s ability to alter the employees’ reality. 

6.5 Discussion 

ImT provide great opportunities for manufacturing SMEs, especially for remote collaboration 

and maintenance. To answer our research questions, this research examines the affordances 

provided by ImT to manufacturing SMEs, how the constraints of ImT may hinder their 

adoption, and how manufacturing SMEs and providers of ImT can respond to such constraints. 

The research questions are addressed by drawing on prior literature on the affordances of ImT, 

viewing this as an example of an activity-based approach which puts a strategic decision into 

practice. Thus, the research confirms the previously described affordances of ImT and further 

specifies them for SMEs in a manufacturing context, taking manufacturing SMEs’ 

organizational and managerial characteristics into account. Additionally, the conceptualization 

of constraints is expanded to include them as inhibiting factors for technology adoption along 

the four dimensions of technological, environmental, organizational, and actor readiness. In 

addition, this research outlines the responses that can be taken by providers of ImT and 

manufacturing SMEs to address the respective constraints, taking advantage of the ImT’s 

affordances. 

6.5.1 Research Contribution 

The findings make two significant contributions to existing research on ImT’s affordances and 

constraints, and provide insights into how SMEs strategize in the manufacturing industry: 

Firstly, they provide a more nuanced understanding of affordances and constraints that impact 

the adoption of ImT in manufacturing SMEs as a strategic response to environmental changes. 

Prior research has identified a variety of affordances of ImT which are applicable for different 

use cases and actors (Kammler et al. 2019; Steffen et al. 2019). However, different actors (e.g., 

enterprises of different sizes) experience different affordances and constraints with the same 
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technology (Leonardi 2011). Moreover, the affordances of ImT have mostly been studied in 

isolation, largely omitting constraints that may occur at the same time and are known to hinder 

technology adoption (Leonardi 2011; Volkoff and Strong 2013). Therefore, by uncovering and 

contrasting the affordances and constraints of ImT for manufacturing SMEs, this research 

contributes to a better understanding of the driving and inhibiting factors for the adoption of 

ImT by manufacturing SMEs. 

Secondly, this research extends SaP literature by investigating the adoption of ImT by SMEs 

as a strategic response to environmental changes. SaP is an approach that examines the link 

between strategy and the actions by individual actors (Jarzabkowski et al. 2007; Jarzabkowski 

and Spee 2009). This study extends the existing research by examining SMEs, which show a 

strong blend between strategy and practice, often making them indistinguishable due to SMEs’ 

flat hierarchy, comparably lean organizational structure, and fast response to emerging trends 

and technologies (Heidt et al. 2019; Kraus et al. 2020a; Xi et al. 2015). This is also the case 

with the adoption of ImT which represents an institutional shift that SMEs need to respond to. 

Moreover, this research expands SaP’s core focus on enterprise-internal actors to include the 

role of the providers of ImT and incorporate constraints which inhibit the realization of the 

affordances associated with the strategy (i.e., use of ImT) regarding providers, and the adopting 

SMEs. By examining strategizing in SMEs, including the consideration of their specific 

characteristics and their tight interrelation to their providers, this research provides a better 

understanding of the adoption of ImT as a strategic response, and contributes to an enhanced 

view of SaP in SMEs. 

Moreover, the results are of considerable interest for practitioners (i.e., manufacturing SMEs’ 

executives) who are responsible for strategizing and the adoption of ImT. While ImT are usually 

characterized by their functionalities and affordances, prior research indicates a technology’s 

constraints have a significant influence on its adoption (Leonardi 2011; Volkoff and Strong 

2013). Thus, manufacturing SMEs’ executives should evaluate ImT not only in terms of the 

affordances (e.g., collaboration and communication enhancement), but also in terms of the 

constraints regarding environmental and technological readiness, as well as their SMEs’ 

organizational and actor readiness. By doing so, manufacturing SMEs can identify the required 

responses to address the existing constraints and take advantage of the ImT’s affordances. 

Lastly, this study provides a practical set of affordances, constraints, and responses which are 

relevant for manufacturing SMEs to improve the organizational adoption of ImT. This research 

provides an overview of constraints and responses that can be considered by manufacturing 
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SMEs to evaluate the implementation of ImT in their organization. Thus, SMEs can implement 

the responses suggested by their peers in this study if they experience any of the constraints 

identified in the study. Additionally, SMEs can discuss the reasons for the differences in their 

orientations and successes in overcoming constraints by reviewing the responses identified in 

this study.  

6.5.2 Limitations and Future Research 

Despite its contributions, this study is not without limitations. Firstly, the interview sample was 

limited in size and restricted to SMEs with German headquarters. Future research should 

investigate the affordances and constraints of ImT in manufacturing SMEs in other geographies. 

We also call for further research to validate the responses of SMEs and providers to identify 

additional constraints and provide more detailed guidance to address them. The results of this 

study could also be extended by a longitudinal study, analyzing the effect of responses on the 

ImT adoption after overcoming the constraints. 

Furthermore, future research should investigate ImT adoption in industrial contexts that extend 

beyond manufacturing. Affordances in areas such as virtual training, learning, and collaboration 

are important for SMEs in all industries. Understanding the industry-specific constraints and 

identifying the corresponding responses could help SMEs in different industries to adopt ImT 

effectively. 

6.6 Conclusion 

Manufacturing SMEs can strongly benefit from affordances of ImT adoption, enhancing 

internal and external collaboration, reducing their travel efforts, and ultimately minimizing 

costs. However, adoption rates are still low, and prior research has focused on the investigation 

of affordances rather than on constraints and respective responses to the constraints. Building 

on technology affordances and constraints theory and SaP, the research extends existing 

research on technology adoption and uncovers four areas of constraints that inhibit the adoption 

of ImT by manufacturing SMEs. Moreover, the study reveals the responses that can be taken 

by manufacturing SMEs and ImT providers to address these constraints and ultimately take 

advantage of the affordances of ImT. 
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Chapter 7: Contributions and Conclusion 

Digital technologies are increasingly impacting all areas of life and digitally transforming 

society and industry by blurring the line between physical and digital worlds. This thesis is 

motivated by the transformative potential of digital technologies to address challenges faced by 

society (e.g., achieving sustainable health and sustainable resource consumption) and industry 

(e.g., maintaining competitiveness or surviving in disrupted environments). At the same time, 

this thesis acknowledges the importance of taking a sociotechnical perspective when evaluating 

the potential of digital technologies to obtain a good understanding of the interaction between 

both, technical components (i.e., digital technologies and their characteristics, availability, and 

potential use cases) and social components (i.e., individuals, society, and organizations and 

their specific needs, abilities, and constraints). Against this backdrop, this thesis addresses two 

overarching research questions focusing on (1) how digital technologies enable individuals to 

improve their decision-making and adapt their behavior to approach societal challenges through 

societal DT, and (2) how digital technologies enable SMEs to innovate their business model to 

address business challenges as they undergo organizational DT. 

To answer these research questions, five studies have been published in five journal articles and 

conference proceedings, with three of them answering the research question situated in the 

societal context, and two approaching the organizational context. The results of the first three 

studies demonstrate that digital technologies allowing for timely access to decision-relevant 

information (e.g., crowding levels at locations, resource consumption intensity in private 

households) enable the design of IS artifacts that improve individuals’ decision-making and 

motivate more sustainable behaviors. In doing so, two pressing sustainability challenges of 

society can be addressed through societal DT: achieving more sustainable health through more 

balanced crowding levels to reduce the risk of pandemic spread, and achieving more sustainable 

resource consumption to achieve the sustainable development goals by motivating reduced 

resource consumption in private households. The results of the fourth and fifth study 

demonstrate that digital technologies allowing for virtualized interaction and collaboration 

(e.g., ICTs, immersive technologies) enable SMEs to innovate their business model by refining 

their products and processes and establishing new ways of working. In this way, existential 

concerns can be averted and also SMEs that previously operated predominantly in analog mode 

(e.g., the event industry, manufacturing SMEs) can embark on the path of DT. 
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With their results, the five articles provide answers to the two overarching research questions. 

Taken together, they contribute to research and theory and provide practical implications, which 

are discussed in more detail below (Chapters 7.1 and 7.2). In addition, the limitations of this 

thesis are presented and directions for future research are outlined (Chapter 7.3) before a 

conclusion is drawn (Chapter 7.4). 

7.1 Contributions to Research and Theory 

The contribution of this thesis to research and theory is threefold with more details on each 

contribution being provided in the following sub-sections. To summarize, this dissertation 

contributes to research on DT of the society by providing a more nuanced understanding of how 

digital technologies blur the line between physical and digital worlds in a non-work context 

(e.g., health, resource consumption), thereby shaping individuals’ decision-making and 

behaviors. Moreover, this thesis contributes to research on DT in an organizational context by 

shedding light on how digital technologies are used in an organizational context to afford 

business model innovation in traditionally non-digital business environments (e.g., the event 

industry, manufacturing SMEs). In addition, this thesis contributes to theory by extending 

construal level theory and providing a more encompassing view of technology affordances and 

constraints theory. 

7.1.1 Contributions to Research on Societal Digital Transformation 

This thesis provides a more nuanced understanding of the role of digital technologies in 

enabling DT in society. It thereby contributes to research on user behavior and decision-making 

in digital environments (e.g., Chen et al. 2011; Thies et al. 2016; Turel et al. 2020) and answers 

to calls for research for a “deeper, contextualized understanding of how digital technologies 

shape individuals’ behavior and interactions, and what consequences such developments entail 

for individuals, organizations, and society” (Matt et al. 2019, p. 315). Given recent 

technological advances that facilitate the collection, transmission, analysis, and retrieval of vast 

amounts of data, individuals can get access to tailored data sets through IS artifacts (e.g., DSS, 

smart meter UI). However, our understanding of how such digital technologies, that link the 

physical and digital world, shape individuals’ behaviors and decision-making is still limited 

(e.g., Matt et al. 2019; Qureshi et al. 2021; Turel et al. 2020). To that end, the first three articles 

of this thesis investigate how timely access to decision-relevant data through an IS artifact (e.g., 

crowding levels, resource consumption intensity) and design features of IS artifacts (e.g., 

timeliness or goal-frame-stimulating cues) impact individuals’ decision-making and behaviors. 
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Specifically, the first study highlights crowding information (CI) as an increasingly prevalent, 

yet under-investigated contextual information that can be provided by IS artifacts such as a DSS 

to assist users’ decision-making. Moreover, the study sheds light on how temporal cues (i.e., 

timeliness of CI) as a design feature for DSS impact the way individuals process CI. Prior 

studies situated in digital choice environments mainly analyzed how demand-related 

information affects quality perceptions (e.g., Li and Wu 2018; Thies et al. 2016) and how 

temporal cues referring to static information affect perceptions and behaviors (e.g., Chen et al. 

2011; Huang et al. 2018; Li and Wang 2019). This thesis goes beyond those findings and 

contributes to research on user behavior and decision-making in digital environments by 

enhancing our understanding of how timeliness of dynamically changing CI shapes users’ 

information processing and therefore influences users’ decision-making. 

The second article investigates how relative performance (i.e., performing better or worse than 

others) and a goal’s evaluative standard (i.e., a goal referring to one’s own previous or others’ 

performance) as design features for Green IS artifacts influence individuals’ motivation (i.e., 

setting a goal for one’s future resource consumption) and behavior (i.e., one’s actual resource 

consumption). Previous IS research on goal setting stressed the importance of goal setting as a 

lever to motivate individuals to reduce their resource consumption (Abrahamse et al. 2007; 

Graham et al. 2011; Loock et al. 2013). However, goals usually referred to one’s own previous 

consumption level (i.e., self-referencing goals). This thesis corroborates the important role of 

goal setting, but departs from previous studies by accounting for new goal-related design 

features (i.e., relative performance, evaluative standards of goals) which are increasingly 

available due to digital technology-enabled access to various households’ consumption data. 

Specifically, this thesis incorporates insights from research on social comparison that show how 

transparency on one’s relative performance shapes individuals’ behavior (e.g., Alberts et al. 

2016; Allcott 2011; Lossin et al. 2016). By introducing a thus-far underexplored evaluative 

standard of goals (i.e., other-referencing goals) and interweaving the concepts of relative 

performance and goal setting, this thesis reveals how one’s relative performance influences 

which evaluative standard of a goal is more effective in motivating reduced resource 

consumption. As such, this thesis extends existing Green IS research on goal setting by 

demonstrating how the effectiveness of goal setting can be improved by a personalization of 

goal-related design features that takes a household’s relative performance into account.  

Building on these insights, the third article of this thesis presents two additional design features 

(i.e., goal incentives, goal reference groups) for Green IS artifacts and provides valuable 
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insights on how an individual’s preference for a particular goal incentive (i.e., collaboration vs. 

competition) is decisive for which reference group of a goal (i.e., familiar vs. anonymous 

others) is most effective. Prior studies on goal setting often showed inconsistencies in their 

designs (e.g., mix of goal- and non-goal interventions, insufficient information on goal design 

operationalization), not allowing for a conclusive evaluation of the effectiveness of goal-related 

design features in the context of Green IS artifacts (Abrahamse et al. 2005; Karlin et al. 2015; 

van Dam et al. 2010). By integrating theories from psychology (i.e., goal-framing theory, 

achievement goal theory, social comparison theory) into the design and evaluation process of 

various design features, this thesis addresses the need for theory-based evaluation of goal-

related design features and allows for an enhanced understanding of the varying effectiveness 

of different goal designs. Therefore, the second and third study complement existing research 

on goal setting by developing and empirically validating goal-related design features. In 

addition, they provide a deeper understanding of how the personalization of particular design 

features shapes the effectiveness of goal setting in Green IS artifacts and thus how digital 

technologies can be used to impact users’ behavior to address societal challenges. 

Taken together, the first strand of this thesis contributes to research on user behavior and 

decision-making in digital environments by demonstrating how access to decision-relevant 

information (e.g., crowding levels, resource consumption intensity) and design features that 

accompany such information (e.g., timeliness cues, goal-frame-stimulating cues) shape 

individuals’ behavior and decision-making. As such, this thesis highlights how an intentional 

or even personalized selection of design features can guide individuals’ decision-making and 

behavior in ways that enable addressing societal challenges, such as achieving more balanced 

crowding levels at locations or reduced resource consumption in private households. 

7.1.2 Contributions to Research on Organizational Digital Transformation 

Apart from its contribution to research on societal DT, this thesis provides a more nuanced 

understanding of the role of digital technologies in enabling business model innovation and thus 

contributes to research on DT and technology adoption in organizations (e.g., Vial 2019; 

Wenzel et al. 2020; Wessel et al. 2019). Compared to mere technology-enabled organizational 

transformation, which uses digital technologies to support the existing value proposition and to 

reinforce the organizational identity, a DT leverages digital technologies to redefine an 

organization’s business model (i.e., innovate products and processes), thereby renewing the 

organization’s identity and significantly changing interactions of internal and external 

stakeholders (Matt et al. 2019; Wessel et al. 2020). One significant yet under-explored aspect 
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of technology-enabled DT is the use of ICTs to overcome physical distances in industries that 

have traditionally been dominated by real-world interaction, such as the business event industry 

(Seraphin 2020; Yeoman 2013). A similarly relevant business context is the increasing use of 

immersive technologies in virtual trainings or maintenance settings in the manufacturing 

industry to allow for a more personalized and immersive experience and new ways of virtual 

collaboration (International Data Corporation 2020; Steffen et al. 2019). Previous IS research 

stressed the potential of digital technologies to facilitate DT and investigated how digital 

technologies can be used to address business challenges (e.g., Majchrzak et al. 2016; Volkoff 

and Strong 2013). However, to assess the suitability of a particular digital technology (e.g., 

ICTs, immersive technologies) for a specific organizational context, it is necessary to consider 

not only the technological component, but also the social component (e.g., SME’s management, 

employees, customers, and technology suppliers) (e.g., Alter 2013; Lee et al. 2015). This thesis 

sheds light on how a technology’s affordances and constraints together influence technology 

adoption in SMEs and thus, impact the success of SMEs’ DT. To that end, the fourth and fifth 

article contrast different technologies’ affordances and constraints for SMEs in two industries 

(i.e., ICTs for SMEs in the event industry, immersive technologies for manufacturing SMEs) 

from the perspective of different stakeholders (i.e., SMEs, customers, suppliers). This allows to 

better understand success factors for implementation and to derive responses to address existing 

constraints on an organizational, actor, environmental, and technological level. As such, this 

thesis contributes to research on DT in an organizational context by advancing our 

understanding of requirements and success factors for the adoption of digital technologies in 

SMEs. This is essential to transform previous non-IT business environments and to afford new, 

digitized business models that fit the SMEs’ goals and needs. 

Moreover, this thesis extends the TOE framework as an overarching lens to understand critical 

factors for technology adoption in organizations. The TOE framework encompasses an internal 

(i.e., organizational), external (i.e., environmental), and technological dimension that determine 

the success of digital technology adoption in organizations (DePietro et al. 1990). However, the 

TOE framework has been largely applied in stable environments where individual factors 

within the three dimensions change only slowly (e.g., Thong 1999; Zhu et al. 2004). This thesis 

goes beyond previous studies by providing insights on how disruptive environmental changes, 

such as regulatory measures due to the outbreak of the COVID-19 pandemic or changing 

requirements in virtual collaboration, influence the three dimensions of the TOE framework as 

well as their interrelation. Moreover, the technological dimension of the TOE framework 
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usually relates to a technology’s characteristics and functionalities (e.g., Thong 1999; Zhu et 

al. 2004). By extending the TOE framework’s technological dimension and considering digital 

technologies’ affordances and constraints from the perspective of different stakeholders, this 

thesis introduces a sociotechnical perspective to research on organizational technology 

adoption and accounts for both, technical and social components. Therefore, the second strand 

of this thesis contributes to a more nuanced understanding of technology adoption in SMEs by 

developing a more comprehensive view of the TOE framework’s dimensions that takes the 

specificities of SMEs, potential disruptions in an organization’s environment, and technology 

affordances and constraints into account.  

7.1.3 Contributions to Theory 

This thesis contributes to theory by providing a more nuanced understanding of construal level 

theory which is concerned with individuals’ cognitive processing of information. Construal 

level theory explains how an individual’s psychological distance from an event or object (i.e., 

how close or far away it is perceived in terms of aspects such as time or hypotheticality) alters 

one’s mental representation of it (Trope and Liberman 2010) and can be leveraged to better 

understand how “fit” between an IS artifact’s technical and social component can be achieved. 

Specifically, fit occurs when the psychological distance of a social actor’s goal matches the 

psychological distance of a message (i.e., contextual information) that is presented by the IS 

artifact. The psychological distance of the message can be altered through design features, such 

as temporal cues. To that end, previous studies already investigated how temporal cues for static 

or highly predictable information affect individuals’ behavior (e.g., Chen et al. 2011; Huang et 

al. 2018; Li and Wang 2019). This thesis goes beyond existing knowledge on temporal cues by 

unveiling timeliness as a prevalently used, yet under-investigated temporal cue that 

acknowledges the time-criticality of dynamically changing information (e.g., CI) and strongly 

impacts an individual’s temporal distance. Moreover, whereas prior studies examined different 

psychological distances mainly in isolation (see Huang et al. (2018) for an overview), this thesis 

provides a deeper understanding of the joint effect of two dimensions of psychological distance 

(i.e., temporal and hypothetical distance). As such, this thesis extends construal level theory by 

introducing timeliness as a new and highly relevant facet of temporal cues and by shedding 

light on the joint effect of two psychological distances that together influence individuals’ 

behavior. 

Moreover, this thesis contributes to technology affordances and constraints theory by providing 

a deeper understanding of the impact of digital technologies’ affordances and particularly 
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digital technologies’ constraints on technology adoption in organizations. Constraints 

potentially deter technology adoption and typically occur when a desired affordance is absent 

or inappropriately realized or when individuals are unwilling or unable to realize an affordance 

(Leonardi 2011; Volkoff and Strong 2013). However, constraints are less frequently studied 

than affordances, which describe the benefits a digital technology potentially provides to a 

social actor when being implemented in the intended way. This thesis addresses this rather one-

sided view and provides a more encompassing perspective on the affordances and the 

constraints of digital technologies that together impact the willingness of different stakeholders 

to adopt technologies. Moreover, this thesis reveals the importance of identifying responses to 

the existing constraints on an organizational, actor, environmental, and technological level, in 

order to take advantage of digital technologies’ affordances. As such, this thesis contributes to 

technology affordances and constraints theory by highlighting the critical role of digital 

technologies’ constraints, and by elaborating responses that are required to unlock digital 

technologies’ affordances and thus, to positively impact technology adoption in organizations. 

7.2 Practical Implications 

Beyond the contributions to research and theory, this thesis also provides valuable insights for 

policy makers and practitioners providing and designing IS artifacts to manage societal 

challenges in a societal DT. Moreover, it reveals practical implications for managers and 

executives of SMEs who consider adopting digital technologies to address business challenges 

in an organizational DT. 

7.2.1 Practical Implications for Managing Societal Challenges  

The first strand of this thesis reveals practical implications for policy makers looking for ways 

to manage societal challenges by leveraging digital technologies. In addition, recommendations 

are provided for designers of IS artifacts who aim at improving the IS artifact’s efficiency. 

Specifically, the first study showcases how policy makers can use an IS artifact (e.g., DSS) that 

provides up to real-time CI to facilitate even distributing of individuals among available 

locations (e.g., medical practices). This allows for individuals’ adherence to physical distancing 

measures during a pandemic or any other societal crisis, without infringing individuals’ 

personal freedom of choice. Such self-regulating mechanisms though displaying CI in general 

and timely (i.e., up to real-time) CI in particular, represent a powerful design feature to manage 

societal challenges such as a pandemic. However, also in non-pandemic situations, policy 

makers, DSS providers, and also location owners benefit from reduced overcrowding and more 
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even distribution of location visitors, as this allows for enhanced planning and service quality. 

To that end, particularly locations with hedonic appeal, where crowds typically attract people 

(e.g., bars, restaurants), can benefit from less overcrowding, resulting in reduced costs of 

congestion such as long wait times, and impaired service quality (Werner and Wendt 2021). 

The second and third study are among the first to provide actionable design recommendations 

for providers of IS artifacts (e.g., smart meter UI) and developers of related design features. 

Specifically, the results of this thesis advise providers and designers of IS artifacts to leverage 

digital technologies to personalize design features, for instance by accounting for individuals’ 

relative performance and their preference for a particular goal incentive (e.g., collaboration or 

competition). A personalized combination of different design features (e.g., relative 

performance combined with a goal’s evaluative standard or a goal incentive combined with the 

respective goal reference group) can substantially increase an individual’s motivation to behave 

in a sustainable way and thus, contributes to reaching the global sustainable development goals. 

Moreover, optimized designs of Green IS artifacts guided by the findings of this thesis not only 

facilitate significant impact for the protection of our environment, but also constitute a 

considerable contribution to private households’ emission and cost reduction. 

Taken together, by shedding light on how CI and temporal cues can be leveraged to address 

overcrowding at locations, this thesis answers recent calls for IS research to provide impetus 

that supports practitioners in managing societal challenges such as pandemics (e.g., Ågerfalk et 

al. 2020; Pan and Zhang 2020). Moreover, by highlighting the potential of personalized design 

features to promote sustainable behavior, this thesis answers to calls for Green IS research to 

go beyond conceptualization and to showcase how IS artifacts can facilitate a substantial impact 

to sustainability (e.g., Gholami et al. 2016; Malhotra et al. 2013; Zeiss et al. 2020). 

7.2.2 Practical Implications for Managing Business Challenges 

With the findings from the fourth and fifth article, the second strand of thesis provides 

implications for practitioners (e.g., executives of SMEs) who consider the adoption of digital 

technologies to initiate their organizations’ DT in order to manage business challenges. First, 

the results highlight the importance of not only taking affordances but also the constraints of 

digital technologies into account when considering technology adoption. Moreover, executives 

are advised to evaluate technology affordances and constraints from the perspective of different 

stakeholders. To that end, the results corroborate previous research that indicates that perceived 

barriers of digital technologies (i.e., constraints) have a critical influence on the technology’s 

adoption (Chau and Tam 1997) and that affordances and constraints of one particular 
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technology can be perceived quite differently by different actors (Majchrzak et al. 2016). In 

addition, executives of SMEs should carefully compare different available digital technologies 

based on their affordances and constraints to choose the solution that best fits their SMEs’ goals 

and organizational readiness. As digital technologies themselves as well as their affordances 

and constraints change over time, the assessment has to be repeated on a regular basis to be able 

to react to changes in organizational and actor readiness (e.g., skills, culture), environmental 

readiness (e.g., regulations, infrastructure), and technological readiness (e.g., compatibility, 

complexity). 

Overall, this thesis reveals practical implications for executives of SMEs on how to respond to 

business challenges and to an increased need for organizational DT by providing guidance on 

how to select and implement appropriate digital technologies based on their affordances and 

constraints. 

7.3 Limitations and Future Research 

Despite the previously described contributions to research, theory, and practice, this thesis is 

also subject to limitations which are outlined below. However, these limitations also provide 

valuable guidance for future research. 

The first limitation relates to methodology. This thesis employed various empirical approaches, 

including online and lab-in-the-field experiments to gather numerical data for quantitative 

hypothesis testing, and semi-structured interviews to gather non-numerical data for a qualitative 

investigation of mechanisms underlying the observed effects. However, the findings are still 

subject to methodological limitations, as participants were aware of the experimental setting 

regardless of the study design. Moreover, participants’ decision-making and behavior were 

captured at a single point in time or, in one case, twice over a four-week period. Therefore, I 

encourage future research to confirm robustness of the findings of this thesis in a longitudinal 

field study and additional rounds of interviews. This is important, because a longitudinal design 

in an individual’s real-world environment can show whether the observed effects translate into 

long term behavioral change and additional environmental influences can be taken into account 

(e.g., Benlian 2020; Karahanna et al. 2018). Similarly, as technology adoption in organizations 

is a transformational journey, a longitudinal study would allow for a more comprehensive 

understanding of how technology affordances and constraints change and how DT evolves over 

time (e.g., Leonardi 2011; Majchrzak et al. 2016; Wessel et al. 2020). In addition, deeper and 

more diverse insights into how technology affordances and constraints are impacting DT in 
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SMEs could be gained by interviewing multiple key informants per organization with different 

responsibilities and perspectives (e.g., Benlian 2013; Benlian 2014; Benlian and Haffke 2016; 

Toutaoui et al. 2022). 

Moreover, the studies of this thesis were informed by various theories from psychology to guide 

the development of hypotheses and the design of UI design features as well as to structure and 

analyze qualitative findings. Although this allowed for insights into how design features based 

on construal level theory (i.e., temporal cues) and goal-framing theory (i.e., goal-frame-

stimulating cues) effectively influence individuals’ behavior, it was beyond the scope of the 

conducted studies to account for additional design features that can be derived from these 

theories. Therefore, I encourage future research to investigate further design elements with a 

potentially positive influence on individuals’ behaviors, such as social cues (e.g., Burtch et al. 

2017; Roethke et al. 2020; Schneider et al. 2019). Moreover, future studies could investigate 

how the design features introduced by this thesis unfold in contexts other than individuals’ 

resource consumption (e.g., nutrition, sports) and how they can be leveraged to encourage more 

sustainable behaviors also in organizational contexts (e.g., Corbett 2013; Wendt et al. 2022). 

Similarly, when investigating the adoption of digital technologies in organizations, technology 

affordances and constraints theory was leveraged to evaluate the affordances and constraints of 

particular technologies for a particular group of actors. As such, I call for future research to 

extend this thesis’ findings by broadening the scope to additional technologies as well as to 

further relevant stakeholder groups. 

Lastly, this thesis is one of the first to investigate how SMEs use digital technologies to innovate 

their business model and to address business challenges through organizational DT. Despite 

many characteristics that are shared by SMEs across industries, there are also differences 

between industries, for instance with regard to the industries’ digital maturity, market stability, 

and customer needs. Therefore, the results and recommendations for executives should be 

treated with caution when being generalized or transferred to other industries. Consequently, 

future research may explore the generalizability of this thesis’ findings by investigating the 

affordances and constraints of digital technologies such as ICTs and immersive technologies 

from the perspective of additional industries.  
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7.4 Conclusion 

To conclude, this thesis is one of the first attempts to investigate the role of digital technologies 

in enabling DT in society and industry to address pressing societal and business challenges. As 

such, the first strand of this thesis provides a deeper understanding of how the intentional design 

of IS artifacts in general, and their UI’s design features in particular, influence individuals’ 

decision-making and behaviors. This provides insights into how digital technologies can be 

leveraged to motivate pro-societal behavior without restricting individuals’ freedom of choice. 

Moreover, the second strand of this thesis sheds light on how the stakeholder-specific 

evaluation of digital technologies based on their affordances and constraints enables SMEs to 

find and adopt digital technologies that allow them to innovate their business models and 

working modes. This enables SMEs to embark on a DT journey and thus, to address their 

business challenges in a dynamically changing environment. Both strands of this thesis 

highlight the crucial role of a fit between the technical component (i.e., digital technologies) 

and the social component (i.e., individuals, society, or organizations) that together form an IS 

artifact. As such, both strands contribute to a better understanding of DT in society and industry 

from a sociotechnical perspective. It is my hope that this dissertation will provide new impetus 

for future research on the role of digital technologies in enabling DT in business and non-

business contexts to address further societal and business challenges, and ultimately to use 

digital technologies to make the world a better, safer, and more sustainable place. 
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