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(a) You are taking a walk in your city. (b) Suddenly, you feel several strong 
tremors and notice that everything 
around you is shaking. 

(c) A siren sounds with a loudspeaker 
announcement: "Attention! The city 
has been hit by an earthquake. Please 
seek safety." 

Figure 1: Crisis Scenario. This comic board introduced our participants to the assumed crisis scenario of our study, an earthquake. 
We individualized the first comic (Figure 1a) by replacing your city with the participant’s city. 

Abstract 
Using smartphone apps during crises is well-established, proving 
critical for efficient crisis response. However, such apps become 
futile without an Internet connection, which is a common issue 
during crises. The ongoing 6G standardization explores the capabil-
ity to provide local cellular connectivity for areas cut off from the 
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Internet in crises. This paper introduces to the HCI community the 
concept of cellular island connectivity in isolated areas, promising 
a seamless transition from normal operation to island operation 
with local-only cellular connectivity. It presents findings from a 
survey (𝑁 = 857) among adult smartphone users from major Ger-
man cities regarding their smartphone usage preferences in this 
model. Results show a shift in app demand, with users favoring 
general-purpose apps over dedicated crisis apps in specific scenar-
ios. We prioritize smartphone services based on their criticality, 
distinguishing between apps essential for crisis response and those 
supporting routines. Our findings provide operators, developers, 
and authorities insights into making user-centric design decisions 
for implementing island-ready 6G communication. 
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CCS Concepts 
• Computer systems organization → Availability; Reliabil-
ity; Fault-tolerant network topologies; Cloud computing; Peer-
to-peer architectures; • Computing methodologies → Self-
organization; • Human-centered computing → Empirical stud-
ies in HCI; • Information systems → Distributed storage; So-
cial networking sites; • Networks → Cloud computing; Mobile 
networks; Public Internet; Data center networks; Logical / virtual 
topologies. 
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1 Introduction 
For the past 20 years, the use of social media during emergencies 
and natural disasters has dramatically increased [92], thus receiving 
substantial attention within the research fields of Human-Computer 
Interaction (HCI) and Computer-Supported Collaborative Work 
(CSCW). As more and more people own a smartphone and carry it 
with them at all times [28, 105], smartphones have become a central 
tool for users to cope with crisis scenarios. While social media and 
dedicated crisis apps have been well-researched in the community, 
e.g., by [33, 109], the role of other general-purpose smartphone 
apps in crisis response has not received much attention [101]. To 
motivate further efforts in this field, our first research question is: 

RQ1: Which apps do citizens prefer to use for crisis-specific 
use cases? 

One area of concern for smartphone apps during crisis response 
is that Internet outages often accompany crises, but many smart-
phone apps require an Internet connection for full functionality. 
For example, the resilience strategy of the German federal network 
agency considers natural disasters, large-scale cyber attacks, and 
destruction during armed conflicts as threat scenarios for telecom-
munications networks [12]. In such scenarios where crisis-struck 
areas are also affected by Internet outages, users cannot use smart-
phone apps that require Internet connectivity. Furthermore, cellular 
services, such as emergency calls, telephony, and cell broadcasts, are 
unavailable as they require connection to the cellular core network 
that is most likely hosted outside the affected area. 

With the upcoming standardization of the sixth-generation tech-
nology standard for cellular networks (6G), there are proposals 
to distribute the core network, primarily to achieve low latencies 
[19, 21, 72, 82]. However, decentralizing 6G also increases the prob-
ability that crisis-struck areas have a core network in proximity, 

which operators could use to maintain local cellular Internet con-
nectivity within the affected area. Section 3 defines such areas as 
islands, as they form a self-contained network isolated from the 
outside Internet, and introduces the conceptual model of island con-
nectivity. We envision users on islands using their smartphone apps 
locally, giving them access to crisis-relevant apps and letting them 
communicate with friends on the island. Other apps and services, 
however, would not be available on islands, e.g., smartphone apps 
that require remote server connections and telephony with people 
outside the island. Considering the findings of our narrative review 
[85], understanding the user-smartphone interaction on islands 
with local cellular connectivity is an unstudied research problem. 
We contribute to this field with our second research question: 

RQ2: Which apps do citizens prefer to use in isolated areas 
with local connectivity? 

We designed and conducted a survey (𝑁 = 857) to understand 
smartphone usage with island connectivity and answer research 
questions RQ1 and RQ2. Section 4 discusses our study design 
and sample representative of general adult smartphone users in 
major German cities. Our findings indicate that there is demand 
for general-purpose apps in crisis response, e.g., users prefer mes-
sengers and news apps for communication and information. We 
studied which apps users prefer with island connectivity, finding a 
demand increase for some apps, e.g., messengers, news, and crisis 
apps, and a demand decrease for others, e.g., sports, shopping, and 
travel apps. Section 5 describes our findings in detail. 

Putting the vision of island connectivity into practice poses many 
challenges and involves many stakeholders: Storage and compute 
capabilities must be available in a distributed manner, app devel-
opers must adapt their backend communication infrastructure to 
equip smartphone apps for island operation, and mobile network 
operators (MNOs) must prepare 6G to transition into island oper-
ation when a crisis-struck area is disconnected from the Internet. 
These efforts must be either justified by user demand or regulated 
by authorities. For instance, the resilience strategy of the German 
federal network agency requests that "citizens should be able to use 
a certain range of basic services even in the event of widespread 
[outages]" [12]. While they name emergency calls and cell broad-
casts, they do not regulate how to prioritize apps when faced with 
limited capacity. Our third research question addresses this gap: 

RQ3: How should operators prioritize smartphone services 
in isolated areas with local connectivity? 

We construct a smartphone service typology for island connectivity, 
i.e., systematically classifying smartphone apps and cellular ser-
vices according to their criticality for crisis response on islands. Our 
typology, discussed in detail in Section 6, distinguishes smartphone 
services that are crucial for crisis response, e.g., making emergency 
calls, receiving cell broadcasts, and using messengers, and those 
that enable crisis routines, e.g., finance apps, social media, and 
telephony. We compile our survey results and the typology into de-
sign implications that support stakeholders in making user-centric 
design decisions while realizing island-ready 6G communication. 

https://doi.org/10.1145/3706598.3714324
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2 Related Work and Research Gap 
This section reviews related user studies and highlights research 
gaps in prior work that we address in our work. 

2.1 App Usage During Crises 
The first decade of crisis informatics research had a strong emphasis 
on social media, providing qualitative empirical case studies [83], 
identifying usage and role patterns [91, 104], designing algorithms 
for processing big crisis data [18, 54], and evaluating open source 
and social media analytics systems for enhanced situational aware-
ness [3, 59, 60]. Many quantitative representative surveys examined 
citizens’ usage patterns, perceived usefulness, and expectations to-
wards social media in crises [93] and compared perceptions across 
European countries, North America, and China [94, 113]. 

However, considering the narrow focus of crisis informatics, re-
searchers have suggested looking beyond social media [103]. While 
general-purpose apps and social media sometimes include function-
ality for community-oriented crisis response [109], multiple official 
so-called crisis and warning apps have been established across 
various countries of the Global North [47]. These often provide 
location-based warnings and tips on how to behave before, during, 
and after an emergency, and sometimes facilitate communication 
with emergency services [26]. Existing qualitative representative 
surveys with German citizens show increasing adoption of crisis 
apps, highlighting their perceived usefulness and the importance of 
different functionalities [45]. Researchers have examined the moti-
vation and usability factors for using crisis apps [36, 108], including 
nudging approaches to enhance preparedness [46]. However, con-
sidering the findings of our narrative review [85], there is a lack 
of research examining the citizens’ preferences for different apps 
for crisis-specific use cases. We contribute to this area by studying 
which apps citizens prefer to use for crisis-specific use cases and 
testing the demand for non-crisis apps during crises (RQ1). 

2.2 Communication Networks During Crises 
Existing studies on social media and crisis apps often lack attention 
to the underlying infrastructure requirements, such as energy and 
telecommunications, which are especially important in isolated 
areas. Not least, the 2021 Ahr Valley flooding showcased the so-
ciotechnical complexity of warnings in a developed country like 
Germany. On the one hand, the acute warning period was too short; 
on the other hand, communication and electricity infrastructure 
failed during the floods and thus impaired further crisis communi-
cation and rescue operations [35]. Data from an online survey with 
citizens reveals that 35 % of the respondents from the federal state 
of North Rhine-Westphalia and 29 % from Rhineland-Palatinate did 
not receive any warning, highlighting the importance of effective 
administrative decision-making processes and resilient warning 
systems. Of those warned, 85 % did not expect severe flooding, and 
46 % reported a lack of situational knowledge on protective behavior 
[111]. Another representative survey revealed that German citizens 
demand behavioral instructions (83 %), information on the reason 
for the failure (80 %), and the expected outage duration (78 %) from 
the respective infrastructure provider [58]. 

2.3 Related Notions of Island Connectivity 
The idea of islands has a long history in networking and disaster 
research [17, 84]. Our interpretation of an island is that a region 
affected by a crisis and simultaneously disconnected from the out-
side Internet can maintain local Internet connectivity for users, e.g., 
to app servers hosted on the network edge, allowing users to con-
tinue using general-purpose apps on their smartphones. Section 3 
elaborates on the conceptual model of island connectivity. In the 
following, we distinguish island connectivity from related notions. 

A central problem of modern ICT for crisis communication is 
their dependence on centralized infrastructures [56]. Thus, it is 
essential to harden centralized infrastructures against natural haz-
ards [67] and explore decentralized crisis communication. Related 
proposals exist to enhance the resilience of cellular networks, e.g., 
with self-organizing small cell networks [119] or network-in-a-box 
approaches [88]. These approaches are often limited to a specific 
part of the cellular network or require time to set up during a cri-
sis. In contrast, island connectivity considers the entire 6G system, 
and we envision that island-ready 6G can seamlessly switch to 
island operation in case of a crisis. While related work studied 
decentralized and disruption-tolerant networks in smart rural ar-
eas [53, 68], the prevalence of Internet of Things (IoT) devices will 
be exceptionally high in smart cities, including uncrewed aerial 
vehicles (UAVs), smart cars, smart lanterns, and smartphones, for 
the establishment of multi-hop networks [49, 106]. Since applica-
tions and services will need to switch between different modes 
of centralized and decentralized operation, probably with varying 
functionalities available, HCI has to ensure a seamless user experi-
ence during these transitions [42]. Yet, we did not find any study of 
citizens’ preferences regarding different app categories in isolated 
areas embracing the potential of island connectivity. To fill this gap, 
we investigate which apps users prefer to use in crisis-struck areas 
isolated from the Internet (RQ2). 

2.4 Practical Aspects of Island Connectivity 
Putting the vision of island connectivity into practice poses many 
challenges and involves many stakeholders. App developers must 
adapt their backend communication infrastructure to ready smart-
phone apps for island operation. MNOs must prepare 6G to transi-
tion into island operation when a crisis-struck area is disconnected 
from the Internet. These efforts must be either justified by user 
demand or regulated by authorities. To our knowledge, the user 
demand for islands is an unstudied research problem. Thus, the 
research community lacks an understanding of which app cate-
gories citizens prefer to use in isolated areas. Furthermore, authori-
ties should regulate how MNOs prioritize smartphone apps when 
faced with limited capacity. However, no existing regulation guides 
MNOs in this endeavor [12]. We address this gap by constructing a 
smartphone service typology (RQ3). 

In summary, our study contributes to understanding citi-
zens’ smartphone usage in crisis-struck isolated areas, moti-
vating the demand for general-purpose apps for crisis-specific use 
cases (RQ1), reporting the demand for smartphone apps in isolated 
areas with local connectivity (RQ2), and suggesting prioritization 
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Figure 2: Internet Infrastructure in Germany. A beige line 
shows the German border, blue triangles highlight known 
physical interconnection facility locations, e.g., point of pres-
ences (PoPs), Internet exchange points (IXPs), or cable land-
ing sites, and purple lines show the routes of submarine 
cables and the assumed terrestrial cable routes, following 
roadways, rails, and power lines [6, 31]. 

of smartphone services for these scenarios (RQ3). Section 3.4 com-
plements our review of prior work by distinguishing our island 
connectivity model from related concepts. 

3 The Conceptual Model of Island Connectivity 
In this section, we introduce the conceptual model of island con-
nectivity, which is our study’s specific application area. 

3.1 Background: Internet Connectivity 
The Internet is a network of networks that builds a physical and 
logical graph around the globe [14]. The physical Internet com-
prises infrastructure nodes, e.g., Internet exchange points (IXPs), 
colocation centers, and point of presences (PoPs), connected by 
fiber conduits, e.g., terrestrial long-haul and submarine cables [6]. 
The Internet Protocol (IP) suite defines abstraction layers to enable 
logical end-to-end connections while abstracting from the concrete 
physical connections in use, e.g., allowing end-to-end communica-
tion between hosts based on IP addresses [75]. 

When users open a smartphone app that requires Internet con-
nectivity to connect to an app server, the app usually stores the 
server’s domain name or IP address. The smartphone first connects 
to a 4G/5G base station to establish a connection to the app server, 
from where the user data is augmented with control plane data and 
sent to the MNO’s core network [1]. If the core network success-
fully processes the control plane data, e.g., handling authentication 
and session management, the user data proceeds to the Internet. 
Alternatively, smartphones can connect to the Internet via a Wi-
Fi router. On the Internet, the user data is routed toward the app 
server’s IP address until it reaches its destination. 

Current cellular networks have a mostly central architecture with 
limited core network gateways per country, which can cause path 

inflation [118], i.e., a diversion from the shortest route due to the 
requirement of passing the core network. Path inflation is especially 
pronounced if the app server is hosted on the local network edge 
close to the user but the closest core network gateway is remote. 
The physical Internet backbone in Germany is considered critical 
infrastructure and, therefore, is not publicly available [13]. However, 
Figure 2 visualizes how the Internet Geographic Database (iGDB) 
[6] interpolates connections between known Internet infrastructure, 
assuming that cables are often installed along existing networks 
such as roadways, rail, and power lines [31]. 

3.2 Islands: Crisis-Struck Areas Isolated From 
the Internet 

The communication infrastructure is generally expected to be re-
silient against outages. Still, cellular network outages are actively 
considered in the resilience strategy of the German federal net-
work agency [12], and previous outages have isolated individual 
areas [74]. Another complication is that user traffic has to traverse 
the core network before being forwarded to the Internet, but the 
chances of a cellular core network being available in the affected 
area are negligible due to the low geo-redundancy of cellular core 
network gateways [118]. These gateway locations of the German 
MNOs, i.e., 1&1 AG, Deutsche Telekom AG, Telefónica Deutschland 
Holding AG, Vodafone GmbH, are unknown. Still, observations from 
other countries [98] suggest only a handful of gateways per MNO 
exist in Germany. As a result, users in affected areas likely cannot 
use 4G/5G connectivity to reach these servers despite the locally 
intact physical Internet and servers being available on the local 
network edge. We aggregate the notion of a crisis-struck area that 
is isolated from the outside Internet in the definition of islands: 

An island is a crisis-struck area isolated from the outside 
Internet, preventing citizens from using smartphone apps that 
require an Internet connection to remote servers. 

Several terms exist in the literature to describe deviations from 
regular operation. This paper uses the term crisis as a hypernym 
for crises, emergencies, catastrophes, and disasters [32]. Islands can 
be of various shapes and sizes, ranging from small rural areas to 
major cities. One example is the 2021 flooding in Western Europe, 
where the floods destroyed fiber links installed under roads and 
bridges and, thus, disconnected large parts of the Ahr Valley from 
the Internet for days to weeks [74]. While satellite connectivity 
has successfully been used in crisis-struck areas to provide citizens 
with Internet access, the achievable bandwidth with a few satellite 
links is insufficient to reconnect an entire region to the Internet [78]. 
Another common approach is microwave transmissions, closing the 
gap of broken fiber links with point-to-point directional antennas 
[27]. However, their applicability depends on the type of failure 
responsible for the isolation, and setting up directional antennas 
can take several days. 
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3.3 Island Connectivity: Local Fall-Back 
Cellular Networks 

With multi-access edge computing, operators increasingly aim to 
move content and computational power closer to the user by host-
ing servers on the network edge, e.g., co-located with IXPs or in a 
data center within the user’s proximity [8]. These advances reduce 
latency as Internet traffic destines within the user’s proximity in-
stead of being routed to a remote data center. Still, they do not fully 
apply to cellular network users due to path inflation [62, 118, 120]. 
With 6G on the horizon, there are proposals [19, 21, 72, 82] to tackle 
the bottleneck of path inflation by distributing core network func-
tions, e.g., co-located at suitable Internet nodes or generally within 
the data centers of major cities. 

A higher geo-redundancy of core network gateways would im-
prove latencies and the chances of islands having a core network 
available. As a result, island users could use crisis-relevant cellular 
services, i.e., making emergency calls, receiving cell broadcasts, 
and contacting close ones on the island by text or phone call. In 
addition, a core network on the island facilitates cellular Internet 
connectivity, thus enabling users to use smartphone apps for crisis 
response. In this context, app servers must be deployed within the 
island’s boundaries, aligning with the multi-access edge computing 
trend. To this end, we distinguish local and remote connections, the 
former staying within the island’s bounds, while the latter destine 
at a server outside the island. We distinguish two operation modes 
of the cellular network: normal operation in non-crisis times and 
island operation, providing island connectivity on islands. 

Island connectivity enables users on an island to use the 
cellular network within the island’s bounds, facilitating the use 
of cellular services (e.g., emergency calls and cell broadcasts) 
within the island and access to servers on the islands’s network 
edge (e.g., multi-access edge computing). 

With island connectivity, users can access the cellular network 
within that island’s boundaries, i.e., they can use apps with app 
servers hosted on the local edge but not apps with remote app 
servers; they can communicate with friends on the island but not 
with friends outside the island. One requirement of island connec-
tivity is an intact power supply, another critical infrastructure that 
can fail during natural disasters or be affected by dedicated cyber 
attacks. The German federal network agency reports that many 
MNOs already have emergency and backup power systems. Still, 
these are often severely limited, providing only a few hours of 
electricity. For the future, it recommends considering renewable en-
ergies as on-site backups and for end users to have a mobile power 
supply in stock to recharge mobile devices in crisis scenarios [12]. 
Implementing the recommendations from these guidelines ensures 
that island users can use island connectivity when available [1]. 

The realization of island connectivity poses various challenges 
to operators, developers, and authorities. To our knowledge, the 
HCI community has not studied the user-smartphone interaction 
in the specific application area of islands with local cellular connec-
tivity. This paper aims to understand citizens’ smartphone usage 
on islands and derive design criteria for apps and 6G to facilitate 
user-centric design decisions while realizing island connectivity. 

3.4 Distinction from Related Technical 
Concepts 

The design principles underlying the Internet are simple and mostly 
unchanged since its inception [75], as the principles of routing, reli-
ability, and resolution allowed the Internet to grow from a few 
computers to today’s global scale. Originally, the Internet was 
island-ready due to the mostly static configurations and its decen-
tralization, but over time, lost its island capabilities since essential 
functions, e.g., domain name resolution, were centralized. Some 
technical concepts propose to re-integrate decentralized capabili-
ties into the Internet, e.g., peer-to-peer systems as application layer 
overlays [96], content delivery networks (CDNs) [86], the decen-
tralized web [90], and campus networks [97]. Out of these concepts, 
only campus networks are related to the cellular network. Campus 
networks are private wireless communication networks connecting 
the users of an organization in a dedicated geographical area, e.g., 
a university or an industrial site [22]. The main objective of 5G 
campus networks is to use the advantages of cellular connectivity, 
i.e., higher speed and lower latency. Campus networks are designed 
for static settings, i.e., the operator registered the campus network 
with the authorities and got permission to operate the campus 
network in a specified frequency band in a specified geographic 
area. In addition, only a pre-defined set of SIM cards can connect to 
the campus network. As such, the concept of campus networks is 
clearly distinct from island connectivity by two factors: First, island 
connectivity applies to the public cellular network and should be 
usable for all users. Second, island-ready 6G communication can dy-
namically switch from normal operation to island operation when 
a core network replica detects a disconnection from the outside 
Internet. Nevertheless, non-public networks can benefit from the 
advances of island connectivity, e.g., when multiple campus net-
works hosted at different sites that are usually connected through 
the Internet become isolated due to outages. 

3.5 Relevance of Island Scenarios 
The limited period of island scenarios, infrastructure requirements, 
and recent proposals for alternative technologies to recover connec-
tivity provoke the question of how relevant island connectivity is 
for the research community. First, information and communication 
technology (ICT) is a critical infrastructure [9, 24, 25], underscoring 
the crucial value of connectivity for crisis response. In particular, 
the cellular network plays a pivotal role in crisis response, providing 
Internet connectivity, emergency calls, and cell broadcasts. 

We argue that island connectivity can have a critical impact 
during the first few days of a crisis or even across multiple 
months in the case of a large-scale conflict, such as in the 
ongoing Russo-Ukrainian War, where critical infrastructures are 
operational targets by cyber or physical attacks [102, 117]. Past 
crises underscore the scenario’s plausibility and that alternative 
recovery means do not suffice to reconnect entire areas. Under-
standing how citizens prefer to use their smartphones on islands is 
crucial to supporting the ongoing development of 6G. Operators, 
developers, and authorities face many challenges in implementing 
this vision, and contributions from the HCI community can help 
facilitate user-centric design decisions. 
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4 Method 
Six researchers and one designer were involved in the design phase 
of this study, cooperating in multiple workshops to combine knowl-
edge from the fields of resilient cellular networks, HCI, and CSCW. 

4.1 Material 
Our goal was to study the user-smartphone interaction in island 
connectivity. We realized early in the design phase of our study that 
the novelty and complexity of island connectivity as a conceptual 
model might be hard to grasp. To avoid overloading participants, 
we decided to fix a concrete example for islands in our study. Thus, 
our survey investigates smartphone usage in major German 
cities, simplifying the abstract concept of island connectivity to the 
concrete instantiation of local connectivity in an isolated urban area. 
We motivate this choice by the increasing share of the worldwide 
population living in urban areas, as 71 % of the German population 
lived in metropolitan areas in 2022 [29]. In addition, cities play 
a central role in the Internet, and most of the physical Internet 
infrastructure aligns around cities [6]. As such, cities are prime 
candidates to host replicas of the distributed 6G core network, 
which aligns with the concept of resilient cities [51, 61, 121]. 

4.2 Questionnaire Design 
Section A holds a full translated transcript of the questionnaire. 
It comprises five parts that incrementally familiarize participants 
with our study scenario. 

Part 1: Consent and Screening. We informed participants about 
the procedure and goals of the study before they gave their informed 
consent to participate in our study. We collected age, gender, ed-
ucation, income, and federal state (Q1-Q5) to steer recruitment 
towards representativity. To recruit citizens with prior smartphone 
experience, we screened whether the participants had lived in a 
major German city for at least one year and owned a smartphone 
during that time (Q6). For eligible participants, we collected the 
city name and the time the participants lived there (Q7-Q8). Partic-
ipants confirmed they had owned and used a smartphone during 
that time (Q9). We implemented the city name into the subsequent 
questions to tailor the questionnaire to the participant, e.g., for par-
ticipants who had lived in Berlin, the caption of the comic depicted 
in Figure 1a said: "You are taking a walk in Berlin ." 

Part 2: Everyday Smartphone Usage. We asked the participants to 
estimate their daily smartphone screen time in hours (Q10), guiding 
them to find the corresponding Android and Apple iOS statistics. 
We studied everyday smartphone usage with positional voting [99], 
where participants chose a subset of 23 categories and positioned 
the chosen app categories by their daily usage frequency (Q11). 
There is no generally accepted smartphone app categorization in 
the literature, so we based our categorization on the Apple App 
Store [7]. We refined it to fit the survey’s scope by splitting the Social 
Networking category into Social Media and Messengers, combining 
Photo and Video and Graphics and Design into Creativity, introducing 
categories for Crisis and Web Browsers, and omitting Business apps, 
Developer Tools, Kids, Lifestyle, and Safari Extensions. 

(a) On your way home, you want 
to let your friends know that you 
are okay. As you have no signal, 
you cannot send the message. 

(b) Even sending via Wi-Fi from a 
nearby restaurant does not work. 

(c) A siren sounds again with a 
loudspeaker announcement: "At-
tention! The city has been discon-
nected from the Internet. There-
fore, communication is currently 
not possible." 

(d) The mobile network opera-
tor was able to partially restore 
the network, so communication 
within the city is possible again, 
but not to the outside. 

(e) At home, you want to use the 
restored connectivity to inform 
your friends within the city that 
you are okay. 

Figure 3: Local Connectivity Model. This comic board intro-
duced our participants to the conceptual model of local con-
nectivity in isolated cities. The message in Figure 3a trans-
lates to "I’m fine!". The text in Figure 3d translates to "A few 
hours later." 
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Part 3: Crisis Smartphone Usage. We used a comic board (Fig-
ure 1) to introduce the assumed crisis scenario, an earthquake in 
the participant’s hometown. We asked the participants to hypo-
thetically answer the remaining survey with this crisis scenario 
in mind. Comicboarding [80] is a technique to break down com-
plex information when co-designing with children. We chose comic 
boards to explain the study scenario to our non-expert study sam-
ple, anticipating the complexity of the local connectivity model in 
isolated cities. To study RQ1, we chose seven crisis-specific use 
cases (Q12) and asked which apps participants would use to handle 
them: Receiving warnings (U1), getting safety tips (U2), contacting 
emergency services (U3), looking up information (U4), communi-
cating to others (U5), navigating in the city (U6), and distracting 
themselves (U7). We chose these use cases because they were well-
established in related work: [45, 93, 95] study U1 - U5, [101, 115] 
study U6, and [101] studies U7. Each participant was assigned three 
of the seven use cases at random to reduce their effort, resulting in 
348 to 388 answers per use case (median 364; IQR 19.5). 

Part 4: Crisis Smartphone Usage with Island Connectivity. We 
showed a second comic board (Figure 3) to introduce island con-
nectivity into the study scenario: Internet connectivity is recovered 
but limited to the participant’s city, i.e., communication is only 
possible within the city, and content is available if hosted on local 
servers within the city but not from remote servers hosted outside 
the city. We showed a video (38 s) to clarify the scope and limits of 
island connectivity. We provided an alternative video description 
for participants unable to watch videos or encountering technical 
problems. We asked participants to answer the remaining question-
naire hypothetically, assuming the crisis was ongoing for several 
days with local connectivity. For RQ2, we repeated the positional 
voting category for smartphone usage in isolated cities (Q13). 

Part 5: Control Variables and Data Quality. We collected the fol-
lowing control variables (Q14-Q17): Prior experience with crises, 
prior experience with cellular/landline Internet outages, prior activ-
ity in relevant emergency forces, e.g., as a firefighter, police officer, 
or first responder, and the affinity for technology interaction (ATI) 
scale [37] with an implemented instructed response item (IRI) [77]. 
Finally, participants could indicate technical issues and additional 
comments in open statements (Q18-Q19). The survey ended with 
a self-reported single item (SRSI) UseMe [15] (Q20), informing the 
participants that the survey was an integral part of our research and 
asking them if we should consider their responses for our studies. 

After evaluating the results of our survey, we augmented the 
findings of RQ1 and RQ2 with applicable technology standards 
[1] and resilience strategies [12] to construct a smartphone service 
typology for island connectivity (RQ3). 

4.3 Data Analysis 
We used the statistical software R 4.4.1 [89] and an alpha level of 
0.05 for the quantitative data analysis. We corrected for multiple 
tests with the Bonferroni method [2] to evaluate significant as-
sociations. We used the well-known Borda count [76] to analyze 
our participants’ positional voting results. We used inductive cod-
ing for the open statements (Q18 - Q19) and all "Other" responses. 
Two researchers independently constructed initial codebooks and 

merged them through discussions. Two researchers deductively 
coded all questions according to that codebook, reaching satisfac-
tory inter-coder reliability (mean Krippendorff’s Alpha = 0.9985, 
minimum 0.997) [65]. We solved the remaining coding differences 
through discussions. We generally report absolute and relative 
numbers to classify our results. We report median values and the 
inter-quartile range (IQR) as these statistics are more robust against 
outliers. We report the effect sizes for tests to find significant and 
relevant associations. Upon acceptance of this paper, we will re-
lease a replication package that contains the survey dataset, 
our evaluation scripts, and the coding system for readers to 
verify, reproduce, and replicate our findings. 

4.4 Recruitment and Study Sample 
We chose GapFish to handle recruitment because they are an ISO-
certified panel provider cooperating with more than 500 000 pan-
elists from Germany, Austria, and Switzerland [40]. In coordination 
with GapFish, we aimed to recruit a representative sample of smart-
phone users in major German cities based on age, gender, education, 
and income. To avoid effort for unfitting participants, GapFish in-
vited panelists over 18 who owned a smartphone and lived in a 
German city with more than 100 000 citizens. We collected demo-
graphic information early in the survey (Q1-Q5) to avoid effort for 
participants who did not fit the quotas. Of the 2187 participants 
who started the survey, 986 participants completed the question-
naire. After removing participants who failed SRSI UseMe (𝑛 = 64), 
failed the IRI (𝑛 = 58), stated invalid education (𝑛 = 4), stated an 
invalid major city (𝑛 = 2), or commented hate speech (𝑛 = 1), we 
report 𝑁 = 857 participants. Table 4 describes our study sample 
regarding demographic and control variables. The depicted cate-
gories simplify the identification of semantic groups, e.g., younger 
participants or participants with medium technology affinity. 

Representativity. We recruited a study sample representing 
smartphone users from major German cities with the following 
limitations: Our study sample does not include participants under 
18 or over 69 and has a smaller share of participants with low or 
high education compared to the German population. GapFish only 
distinguished male and female panelists in their database, so we 
could only steer gender representativity regarding men and women. 
Still, four participants openly identified as non-binary. All partici-
pants were panelists who had lived in a major German city for at 
least one year and had owned a smartphone during that time. We 
acknowledge these deficits and argue that our study sample is 
representative of adult smartphone users in major German 
cities considering the above limitations. 

Significant associations. We found significant associations be-
tween our demographic and control variables using Pearson’s chi-
squared test [87] after correcting for multiple tests with the Bonfer-
roni method [2]. Income and education showed a significant asso-
ciation ( 𝜒 2 (6) = 136.94, 𝑝 < 0.001, 𝑉 = 0.28) as did age and screen 
time ( 𝜒 2 (4) = 98.2, 𝑝 < 0.001, 𝑉 = 0.239). These associations rep-
resent medium effect sizes, according to Cohen [20]. We found 
further significant associations with small effect sizes between age 
and education ( 𝜒 2 (4) = 33, 𝑝 < 0.001, 𝑉 = 0.139), citizen duration 
and age ( 𝜒 2 (4) = 67.6, 𝑝 < 0.001, 𝑉 = 0.119), citizen duration and 
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screen time ( 𝜒 2 (4) = 27, 𝑝 < 0.001, 𝑉 = 0.126), and gender and 
technology affinity ( 𝜒 2 (4) = 19.7, 𝑝 < 0.001, 𝑉 = 0.107). 

4.5 Biases and Limitations 
Naturally, every study has limitations due to the decisions made in 
the design process. In the following, we motivate selected design 
decisions and discuss which biases and limitations they might cause. 

Study sample. We hired an ISO-certified panel provider to re-
cruit and compensate suitable participants. While recruiting only 
panelists to complete our questionnaire might introduce a bias 
against non-panelists, it facilitated steering our study sample to-
wards representativeness for smartphone users from major German 
cities regarding gender, age, education, and income, thus preventing 
sampling and selection biases [11, 48]. Only participants who had 
lived in a major German city for at least one year and had used 
a smartphone during that time could complete our questionnaire. 
This screening might introduce a survivorship bias [34] against 
Germans who have not lived in a major German city for at least 
one year and German citizens who have not owned a smartphone 
during that time. We opted to screen out these groups to align the 
sample with our study subject, smartphone usage in isolated cities. 

Questionnaire design. We ordered the questionnaire to incremen-
tally familiarize participants with our study subjects to avoid ques-
tion order bias [100]. Considering the risks of survey time fatigue 
[70], we determined the dependent variables Q11 - Q13 as early as 
possible, showed each participant only three random of the seven 
use cases in Q11, and included two comic boards [80] and a video 
before Q13. On average, it took participants 12 min 38 s (median 
10 min 26 s; IQR 6 min 11 s) to complete our survey. We recorded 
many outliers, with the fastest completion taking 2 min 24 s and the 
slowest completion 10 h 43 min 20 s. Following the suggestions of 
[41], we did not remove speeding participants. We implemented a 
combination of single-choice and multiple-choice selections, num-
ber inputs, positional voting, yes/no questions, Likert scales, and 
open statements to mitigate extreme or neutral response biases 
and an acquiescence bias [81]. Only Q15 used an unbalanced scale, 
but for this question and, generally, where possible, we provided 
"No answer" or "Other" options to mitigate a conformity bias [66]. 
We used neutral, non-leading questions and explanations to avoid 
anchoring biases [112]. Interviewing the general public about a 
complex research scenario can introduce a cultural bias [50], so 
we used comic boards [80] to convey complex information, an ex-
planatory video, and feedback from the pilot study (Section 4.6). We 
hosted the questionnaire with LimeSurvey [73] to ensure accessi-
bility on various end devices and provided alternative descriptions 
for the video and comic boards to mitigate technical biases [30]. 

Data quality. We opted for an online survey to gather knowl-
edge from a broad study sample and focus on quantitative results. 
Ensuring data quality in online surveys can be challenging because 
participants might be inattentive while filling in the survey, not un-
derstand the study subject, or face technical issues. We anticipated 
these challenges during in our study design by equipping the ques-
tionnaire with an SRSI UseMe and an IRI, which led to the removal 
of 122 inattentive participants. In addition, we implemented comic 
boarding and an accessible explanatory video with a transcript and 

description. While one participant (P162) acknowledged that the 
study subject "was visionary and hard to empathize with," other 
participants described the questionnaire as "easy to follow" (𝑛 = 5), 
positively mentioning the structure, video, and comics (𝑛 = 5). 
At the end of the survey, we asked participants if they had faced 
technical issues. 98.95 % did not describe technical problems, and 
five participants (0.58 %) had issues sorting the app categories in 
Q11 and Q13. Four participants (0.47 %) had technical issues with 
the video, one of which (P402) mentioned that it was "great there 
was a description below the video." One participant (P60) proposed 
expanding Q16 with options for prior and retired emergency forces 
and hospital staff, which we suggest for future surveys. 

4.6 Ethical Considerations 
We tested our survey in a pilot study with 𝑁 = 29 participants. 
Their valuable feedback led to several improvements, including a 
shorter survey length, more precise questions, and clarifications. 

We adhered to local ethical and legal standards while designing, 
conducting, and evaluating this study. Our university’s institutional 
review board reviewed and approved this study. GapFish compen-
sated the panelists for their participation in our survey. As stated 
in the survey, we did not report participants who failed the IRI or 
self-reported with the SRSI UseMe to GapFish. Despite GapFish 
recruiting only adult panelists, two participants reported an age 
under 18 and were excluded before completing the questionnaire. 
We collected demographic information in clusters to protect par-
ticipants’ privacy. We informed all participants about the survey’s 
purpose and data collection while adhering to the General Data 
Protection Regulation. We warned participants that the survey’s 
subject included crises, which might be a sensible topic for them. 
Participants agreed to consent before starting the survey, and they 
could abort their participation at any time without explanations. 

5 Results 
This section reports our survey results, addressing each research 
question individually. We supplement our findings with quotes 
from the open statements to highlight interesting aspects. 

5.1 App Demand for Crisis-Specific Use Cases 
Our first goal is to understand which apps citizens intuitively prefer 
to use for crisis-specific use cases (RQ1). Notably, the list of use 
cases covered by our study is not exhaustive, and other use cases 
might yield different results. We decided to include U1 - U7 because 
related work [45, 93, 95, 101, 115] studied similar use cases but not 
with a focus on citizens of major German cities. 

Immediately after introducing the crisis scenario with the comic 
board depicted in Figure 1, we showed each participant three of the 
seven use cases. We asked them which apps they would use in these 
scenarios. Table 1 visualizes the results with a row per use case (U1 -
U7). On average, participants selected 2.03 app categories per use 
case (median 1.67; IQR 1.67). The most often selected app category 
across the 857 · 3 = 2571 votes was crisis apps, selected 1066 
times and scoring highest for receiving warnings (U1) and getting 
safety tips (U2). For the remaining use cases, participants preferred 
other apps over crisis apps: News apps for looking up information 
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Table 1: App Demand for Crisis-Specific Use Cases (RQ1). This heat map depicts the seven use cases (U1 - U7) and the ten most 
selected app categories. For each use case, it shows the percentages for the top three app categories, where bold text highlights 
the most preferred app category. The bottom row 𝑀𝑐 shows the mean frequency of how often a category 𝑐 was mentioned 
across all use cases. The rightmost column 𝑀𝑢 shows the mean number of categories selected for use case 𝑢. 
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𝑀𝑢 None 

Warnings (U1) 380 65 % 27 % 42 % 2.12 5 % 
Safety tips (U2) 356 61 % 39 % 27 % 2.28 5 % 
Emergency call (U3) 375 48 % 37 % 13 % 1.56 16 % 
Information (U4) 348 53 % 32 % 60 % 2.42 2 % 
Communication (U5) 364 22 % 72 % 35 % 1.88 6 % 
Navigation (U6) 388 20 % 14 % 66 % 1.64 3 % 
Distraction (U7) 360 37 % 27 % 27 % 2.42 9% 

𝑀𝑐 367.29 41 % 35 % 29 % 19 % 15 % 14 % 9 % 7 % 4 % 3 % 
1 The following app categories did not make the top 10 regarding 𝑀𝑐 and were omitted in the heat map for better readability (in descending order according to 𝑀𝑐 ): Utilities, Games, 
Education, Books, Health & Fitness, Medical, Travel, Finance, Food & Drink, Creativity, Productivity, Shopping, Sports. 

(U4), messengers for communication (U5) and distraction (U7), 

and navigation apps for navigating in the city (U6). While crisis 
apps scored highest for contacting emergency services (U3), many 
participants preferred emergency calls for this use case, selecting 
"No app" or using the "Other" option to describe telephony (16 %). 
Overall, this highlights that it takes more than crisis apps to serve all 
crisis-specific use cases and that users prefer using general-purpose 
apps in crisis scenarios. 

5.2 App Demand on Islands 
For RQ2, we focus on two app types: Apps that our study sample 
ranked high in island operation and apps with strong trends from 
island operation to normal operation. Our questionnaire featured 
two positional voting questions to learn about the participants’ app 
demands in normal operation (Q11) and island operation (Q13). 
In this context, normal operation refers to a non-crisis scenario 
with global Internet connectivity, and island operation refers to 
the scenario where only island connectivity within the island is 
feasible. Notably, many methods exist to compute ranks from po-
sitional votes. We used the Borda count [76], a widely recognized 
and straightforward method, as it generally produces a broadly 
acceptable consensus based on individual rankings. Since using a 
different method could yield different results, we also publish our 
raw data to enable other researchers to apply alternative methods. 
Table 2 compares the positional voting results of all apps in normal 
and island operation, and Figure 4 takes a closer look at the vote 
distribution for apps with strong trends. 

Apps with Unchanged Demand In Island Operation. Ten apps 
scored in the same rank for normal operation (Table 2) and island 
operation (Table 2) or with a difference of one rank. Table 2 does 
not show arrows for these apps for better readability. Messengers 
scored highest in both operation modes. Most participants ranked 

messengers near Rank 1 in Q11 and Q13, resulting in a density peak 
at the lower left corner of Figure 4a. From RQ1, we understand that 
citizens prefer messengers to communicate with other people for 
communication and distraction. However, island connectivity limits 
communication to people in the city. For example, P457 commented, 
"As I do not have any friends or acquaintances in Düsseldorf, [. . . ] 
I would not want to communicate with anyone within the city in 
that scenario." We found similar unchanged but low demands for 
creativity apps, causing the density peak in the upper right corner 
of Figure 4b. Most participants who voted for creativity apps in 
Rank 23 in Q11 voted for them in Rank 22 in Q13. Apps related 
to weather, navigation, entertainment, music, utilities, reference, 
games, and health & Fitness showed a similarly unchanged demand. 

Apps with Increased Demand in Island Operation. Five apps scored 
higher for island operation than normal operation. As a crisis-
specific medium, crisis apps climbed 18 ranks from normal oper-
ation to island operation. This is reflected in Figure 4c, where a 
density peak in the bottom-right corner indicates that crisis apps 
were voted near Rank 1 in island operation but near Rank 23 in 
normal operation. However, the second peak in the top-right corner 
indicates a share of our study sample with low demand for crisis 
apps regardless of the operation mode. We observe a trend of partic-
ipants moving from Ranks 6 - 10 in normal operation to Ranks 1 - 5 
in island operation, visible as a white area in Figure 4c. This trend 
suggests that participants who occasionally use crisis apps in their 
daily lives use them more frequently on islands, which aligns with 
our findings regarding RQ1 reporting high demands for crisis apps 
to receive warnings and safety tips, contact emergency services, 
and seek information. We found weak positive demand changes for 
apps related to news, food & drink, books, and medical. 
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(a) Messengers. 
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(b) Creativity apps. 
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(c) Crisis apps. 
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(d) Shopping apps. 

Figure 4: Positional Voting Distribution for Apps with Strong Trends. Each figure compares the vote distribution of the app 
demand in normal operation (Q11) and island operation (Q13) in a bivariate kernel density estimation (KDE) plot [110]. The 
annotated density peaks underscore strong trends identified in Table 2. For instance, the soaring demand for crisis apps in 
island operation compared to normal operation (Figure 4c) causes a density peak in the lower-right corner, as participants 
voted for crisis apps near Rank 23 (low demand) in Q11 and near Rank 1 (high demand) in Q13. Participants who prefer not to 
use crisis apps in normal nor island operation account for the smaller density peak in the upper-right corner. 

Table 2: App Demand on Islands (RQ2). This table compares 
how apps ranked in normal operation (Table 2) and island 
operation (Table 2). Dotted arrows indicate trends of two 
ranks or more, and bold blue arrows highlight strong trends. 

(a) Q11: Normal 
Operation 

App Category 

1 Messengers 
2 Social Media 
3 Web Browsers 
4 Weather 
5 News 
6 Shopping 
7 Navigation 
8 Entertainment 
9 Music 

10 Finance 
11 Utilities 
12 Reference 
13 Productivity 
14 Games 
15 Food & Drink 
16 Travel 
17 Health & Fitness 
18 Education 
19 Books 
20 Sports 
21 Crisis 
22 Medical 
23 Creativity 

(b) Q13: Island 
Operation 

App Category 

1 Messengers 
2 News 
3 Crisis 
4 Social Media 
5 Weather 
6 Web Browsers 
7 Navigation 
8 Entertainment 
9 Music 

10 Utilities 
11 Reference 
12 Finance 
13 Food & Drink 
14 Games 
15 Productivity 
16 Books 
17 Health & Fitness 
18 Medical 
19 Shopping 
20 Education 
21 Travel 
22 Creativity 
23 Sports 

Apps with Decreased Demand in Island Operation. Eight apps 
scored lower for island operation than normal operation. The de-
mand for shopping apps plummeted the most, described by the 
density peak in the upper-left corner of Figure 4d. Most participants 
who voted for shopping apps in the top-10 ranks in Q11 moved to 
the lowest ranks in Q13. Similarly, shopping apps show a secondary 
peak as some participants showed no demand for shopping apps at 
all. Social media, web browsers, finance, productivity, education, 
travel, and sports apps showed a similar demand decrease. 

Apps with High Demand in Island Operation. Three apps com-
plement the top-5 ranks for island operation besides the aforemen-
tioned messengers and crisis apps. News apps climbed from Rank 
5 in Q11 to Rank 2 in Q13. From RQ1, we understand that our 
participants prefer news apps for looking up crisis-relevant infor-
mation as well as receiving warnings and safety tips. The increased 
demand in island operation underscores the importance of news 
apps for islands. Social media descends from Rank 2 in normal 
operation to Rank 4 in island operation, as the use of social media 
is limited to the island in island connectivity. The results of RQ1 
show that participants primarily prefer social media for communi-
cation and distraction. We find different demands for messengers 
and social media among our study sample, which confirms our 
design decision to split Apple’s Social Networking app category into 
Social Media and Messengers, as the demands of these app categories 
seem to differ on islands. Weather apps can play a crucial role in 
crisis-struck isolated areas, especially considering natural disasters. 

5.3 Smartphone Services Typology for Island 
Connectivity 

Our contribution to RQ3 is a smartphone service typology for 
island connectivity. In this context, smartphone services general-
ize the functionality provided by smartphone apps and services 
of the cellular network. We construct this typology by combining 
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Figure 5: Smartphone Service Typology for Island Connectivity 
(RQ3). This prioritization organizes smartphone services in 
tiers based on their criticality for islands. Tier 0 contains 
vital services for islands, Tiers 1 - 2 focus on immediate crisis 
response, and Tiers 3 - 4 focus on crisis routine. 

the fieldwork-informed knowledge from our survey with practice-
informed design knowledge from authorities [12, 16] and applicable 
technology standards [1]. Figure 5 visualizes how the typology clas-
sifies smartphone services into five tiers, prioritizing how critical 
the included services’ availability is on islands. The typology is 
based on our findings for research questions RQ1 and RQ2, which 
we augment with demographic tendencies observable in our study 
sample. Figure 6 depicts a selection of tendencies and Table 3 shows 
the median ranks of all categories by semantic groups. While Tiers 
0 and 1 focus on the immediate crisis response, distinguishing para-
mount smartphone services and crucial apps, Tiers 2 and 3 consider 
cities in crisis routine, identifying required enablers and apps for 
day-to-day crisis life. Tier 4 is about citizens’ well-being during 
crises, discussing the potential of nice-to-have apps during crisis 
recovery. In the following, we discuss each tier individually: 

Tier 0: Crisis-Critical Cellular Services. Making emergency calls 

and receiving cell broadcasts are central pillars of the German 
federal network agency’s resilience strategy [12]. European and 
federal laws regulate the availability of emergency calls and cell 
broadcasts, e.g., users can make emergency calls without money 
on their account and use another MNO’s network [79], highlight-
ing its crucial importance for crisis response. The results of our 
survey support this assessment, as despite not having asked about 
it explicitly, 16 % of the participants reported they would not use 
smartphone apps but telephony to make an emergency call. The 
services of Tier 0 should be the absolute minimum that every MNO 
maintains on islands. 

Tier 1: Services for Immediate Crisis Response. We found that 
messengers are the most demanded app category on islands, cov-
ering crisis-specific communication and distraction use cases. Com-
municating with close ones affected by the crisis can alleviate 

stress and avoid extensive movement through the crisis-struck area 
[4, 107]. Messengers show similar rank distributions for all consid-
ered variables (Table 3). All semantic groups in our study sample 
showed similarly high demand for messengers (median Rank 2), 
e.g., see Figure 6 to compare rank distributions of groups based on 
age and education. Our participants preferred news apps to look 
up information. While providing access to global or generally exter-
nal newspapers is hard, if not infeasible, at least local newspapers 
should be available on islands. As the name suggests, crisis apps 
are dedicated to crisis scenarios, including islands. While we classify 
cell broadcast as a Tier 0 service, which is paramount to broadcast-
ing urgent information to all citizens, crisis apps can provide more 
detailed warnings and additional information about the crisis [47]. 
Similarly to messengers, the rank distribution of news and crisis 
apps shows minimal variance between semantic groups with me-
dians around Rank 3. Navigation apps can help citizens navigate 
isolated areas depending on the crisis. Local map data can be hosted 
on the island, and local crisis scenarios usually do not affect GPS 
satellites. Furthermore, should GPS be unavailable, e.g., due to a 
targeted cyber attack, the radio-based positioning of 6G can be uti-
lized [10]. These apps become especially useful when augmented 
with crisis-relevant details, e.g., available and blocked roads, water 
sources, or places with Wi-Fi connectivity [42]. Medical apps can 
be vital for patients relying on dedicated apps, e.g., monitoring 
insulin for diabetes patients. Maintaining the availability of medical 
apps can prevent crisis-unrelated emergencies of patients, avoiding 
additional stress on first responders [52]. We observed several ten-
dencies regarding medical apps in our study sample: Participants 
with a short or medium residence time (median Rank 8) and younger 
participants (median Rank 9) showed lower demands for medical 
apps compared to participants with long residence times (−6 ranks), 
and older participants (−4 ranks), respectively. Reference apps can 
provide crisis-relevant information for citizens, e.g., how to filter 
water or prepare food without electricity [69]. 

Tier 2: Services with Critical Purpose. Finance apps give citizens 
access to their finances, which is a critical infrastructure in many 
countries [114]. Our study does not find an increased demand for 
finance apps on islands. Still, payment apps and, ultimately, the crit-
ical infrastructure of finances must be available on islands to enable 
an organized day-to-day crisis life, which poses substantial chal-
lenges as we elaborate in Section 6.2. We observe higher demand 
for finance apps in high-income and medium-income participants 
(median Rank 7, both) than low-income participants (−4 ranks). 
Telephony enables citizens to make phone calls within islands and 
is another enabler of crisis routines [101]. 

Tier 3: Services for Crisis Routine. Our survey shows a high de-
mand for social media and weather apps on islands. Since the 
terrorist attacks of 9/11, the HCI and CSCW communities have 
observed an increasing use of social media in crises [92]. Related 
studies investigated use cases for social media during crisis re-
sponse, e.g., to organize community efforts [104] or to use media 
from crisis-struck regions as input for situational awareness [116]. 
As such, individual use cases for social media during crisis response 
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exist even though social media’s primary purpose is in crisis rou-
tine. Weather apps have become an integral part of our everyday 
lives, not necessarily opening the weather app itself but reading 
snippets of weather information on lock screens, info panels, or 
menu bars. Food & drink and shopping apps might not seem as 
crucial for crisis routines as other apps. However, food supply is 
a critical infrastructure in Germany, and shopping apps can mean 
shops offering crisis-relevant equipment. 

Tier 4: Services for Crisis Well-Being. Music apps play a cen-
tral role for citizens seeking distraction from the crisis [122]. In 
our sample, younger adults had a higher demand for music apps 
during crises (median Rank 5) than middle-aged adults (−2 ranks) 
and older adults (−7 ranks). Entertainment apps for TV shows or 

movies, books for reading, and games for gaming are further 
sources of distraction [43]. While our survey found little demand 
for creativity apps and education apps on islands, their availabil-
ity can benefit crisis routine. Among our study sample, we observe 
high demand for education apps among younger participants and 
participants with low technology affinity (median Rank 4, both) 
compared to older participants (−5.5 ranks) and participants with 
high technology affinity (−4 ranks), respectively. Further, we ob-
served a tendency linking lower demand for education apps with 
lower education (Table 3). 

Limitations of this Classification. The above typology omits some 
apps for different reasons. Web browsers stand out from all other 
apps from a technical perspective, considering that web browsers 
give users access to the World Wide Web with a virtually infinite 
number of servers [75]. Notably, our system model does not distin-
guish app-based and web-based Internet traffic. Island operation 
assumes that app servers on the network edge are available for users 
even when an island is disconnected from the outside Internet. The 
same holds for web servers, i.e., web pages with a web server hosted 
on the island will be available while web pages hosted on remote 
web servers will not. Website operators can change their backend 
communication infrastructure similar to app operators, enabling 
the use of their websites on islands. Therefore, the availability 
of apps and websites is somewhat equivalent on islands, making 
web browsers orthogonal to our classification. However, consider-
ing the enormous number of websites and the limited capacity of 
edge servers, island-ready websites will be feasible only for a few 
website operators and most interesting to local content providers 
such as local newspapers or communities. Productivity apps and 

utilities usually work offline and would be available to island users 
if downloaded before the crisis. The applicability of travel and 
sports apps with island connectivity is limited as no information 
from the outside Internet is available. 

5.4 Qualitative Findings 
App Prioritization. Three participants commented that not all 

app categories are equally important in crisis scenarios. One par-
ticipant (P136) commented, "Several considered apps will never 
have a practical use nor will they be used during a crisis." Similarly, 
P902 found the available app categories "too many and in parts 

absurd," asking, "Why should I read a book or listen to music during 
an earthquake?". This statement contrasts our observed need for 
distraction during crises, as 27 % preferred music apps for distrac-

tion (RQ1). In addition, music stayed on Rank 14 while books 
gained three ranks from normal to island operation (RQ2). P475 
demanded that "priorities should be set, since, e.g., games and apps 
for ordering food should be considered low-priority/useless," which 
indicates demand for the smartphone service typology we propose 
for island connectivity (RQ3). 

Non-App Technologies. Thirteen participants (1.52 %) used the 
"Other" option of Q12 to indicate they preferred telephony over 
apps for the use cases of emergency calls (𝑛 = 7), information 
(𝑛 = 1), communication (𝑛 = 4), and distraction (𝑛 = 1). This is 
complemented by the comments of four participants who "only 
use [their] smartphone for phone calls, SMSes, and utilities" (P148). 
Similarly, two participants criticize the overreliance on apps and 
smartphones, commenting that "one should never solely depend 
on smartphones" (P121) and regretting the shift away from tradi-
tional landline phones that were equipped to function during power 
outages (P742). These comments suggest prioritizing telephony 
higher than Tier 2 in the smartphone service typology (RQ3), po-
tentially as a vital Tier 0 service. However, the small share of par-
ticipants preferring telephony over general-purpose apps and the 
large share preferring general-purpose apps during crisis response 
motivate us to prioritize Tier 1 apps over telephony services. 

Scenario Realism. Three participants commented that the earth-
quake scenario is implausible in Germany, to which one participant 
(P384) added that "flooding would be a better-suited example." This 
indicates that geographic factors should be considered when priori-
tizing apps for crisis scenarios. Six participants found the described 
island operation doubtful; e.g., one participant (P69) stated, "The 
described scenario is wrong because the Internet does not work 
locally." These comments suggest that some participants were inat-
tentive while reading the survey or did not understand the study 
subject, as the main idea of island connectivity is maintaining local 
Internet connectivity, which the questionnaire explains elaborately. 

6 Discussion 
This section positions our findings relative to prior work and dis-
cusses the practical implications for operators, developers, and 
authorities towards island-ready 6G communication. 

6.1 Contextualizing Our Findings 
Considering our German sample, we found demand for other apps 
than crisis apps for crisis-specific use cases (RQ1). While crisis 
apps were most demanded for warnings (U1), safety tips (U2), and 
emergency calls (U3), participants preferred messengers for com-
munication (U5) and distraction (U7), news apps for looking up 
information (U4), and navigation apps for navigation (U6). These 
results support the findings of related work that dedicated crisis 
apps enjoy an increasing relevance for warnings, safety tips, and 
emergency calls and that crisis apps are perceived as more helpful 
sources for crisis communication than other channels. While in 
2019, social media was still perceived as a quite or very helpful (50 %) 
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(a) Rank distribution of groups based on age (Q1). 
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(b) Rank distribution of groups based on education (Q3). 

Figure 6: Rank Distribution Tendencies of Semantic Groups. This figure compares the app demand of semantic groups based on 
age (Figure 6a) and education (Figure 6b). Each figure features box plots to show the app demand in island operation (Q13) of a 
group (e.g., younger adults or participants with high education) for a selected app (e.g., messengers or crisis apps). Table 3 gives 
an overview of all considered variables. 

information source [44], this perception decreased considerably 
until 2021 (only 28 %) in line with an increasing fear of false infor-
mation disseminated through social media (54 % in 2019 vs. 76 % in 
2021) and concerns about their reliability during emergencies (38 % 
in 2019 vs. 48 % in 2021) [93]. Furthermore, in both cited studies, 
messengers were the most used type of social media to search for 
and share information. This change in social media perception and 
use aligns with our findings that not social media but crisis, mes-
sengers and news apps were mentioned among the most important 
sources for warnings, safety tips and information. However, this 
work’s novel contribution compares use cases with general-purpose 
apps [109], highlighting the critical complementary roles of news 
and messenger apps. 

In isolated areas with island connectivity (RQ2), German citizens 
report high demands for messengers, news apps, crisis apps, and 
social media apps. The demand for crisis apps was exceptionally 
high compared to normal operation, while the demand for shopping 
and travel apps dropped the most. Thus, being informed about the 
ongoing event alongside social exchange via messengers and social 
media constitutes essential smartphone-based activities in an island 
setting, emphasizing the need to provide them with decentralized lo-
cal cellular connectivity [49, 106]. We assume that leisure activities 
such as entertainment, music, and gaming are still among important 
coping and distraction strategies, which, however, the widely avail-
able types of gaming, personal computers, and television devices 
[57] might fulfill. Overall, while prior user research examined the 
impact of infrastructure outages [35, 111], social media [94, 113], 
and warnings apps [36, 108] in crises, this work extends upon them 
by considering the concept of island connectivity. 

We develop a smartphone service typology for island connectiv-
ity (RQ3) that combines smartphone apps and cellular services into 
tiers ordered by the criticality of their availability. Our typology 

gives recommendations to MNOs, app operators, and authorities, 
e.g., to maintain emergency calls and cell broadcasts before minis-
tering telephony and to prioritize the availability of messenger apps 
on islands over social media apps. These align with the resilience 
strategy of the German federal network agency that demands MNO 
to ensure essential services with the highest priority [12]. They 
also describe that MNOs should prioritize smartphone apps when 
the cellular network faces limited capacity, which aligns with appli-
cable resilience definitions [51, 61]. We complement these general 
suggestions with a concrete typology that enables stakeholders to 
prioritize smartphone services. 

6.2 Design Implications 
We combined the crowd-sourced understanding gained from our 
survey with practice-informed knowledge of applicable standards 
and federal guidelines to derive a smartphone service typology. 
With the ongoing development of 6G, local connectivity on islands 
is still a vision, and many challenges remain to be solved by MNOs, 
smartphone app developers, and authorities. While the vision of 
island connectivity aligns well with the decentralized web [90] and 
local-first software [64], we emphasize that the realization of 
islands and island connectivity poses non-trivial challenges 
for many stakeholders and requires a substantial review of 
current standards. Proposing solutions to these challenges is out-
side the scope of this paper, but we outline design implications for 
selected involved parties in the following. With these, we support 
stakeholders in making user-centric design decisions during the 
realization of island connectivity as a part of 6G communication. 

Towards Island-Ready 6G. The vital requirement to realize the vi-
sion of island connectivity in crisis-struck areas is the distribution 
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of the core network. Equipping every major city with a core net-
work replica would improve resilience and maximize synchroniza-
tion efforts and costs [21]. A trade-off could be to equip each metro-
politan area with a core network replica or to co-locate each Internet 
gateway with a complete core network instance. The cellular net-
work should be able to transition into and out of island operation. 
When an area is disconnected from the outside Internet, the core 
network replica should detect the isolation and enter island op-
eration. Alternatively, Internet connections could follow a local-
first approach [64] and access fallback to the Internet only when 
the requested content is unavailable on the local network edge. 
The availability of critical smartphone services should be priori-
tized depending on the crisis and the cellular network’s capacity. 
Ideally, users could use all smartphone apps on islands, but MNOs 
might have to prioritize available services due to limited capac-
ity. In that case, the smartphone service typology (RQ3) suggests 
making Tier 0 cellular services the main priority. At the same time, 
the availability of apps in Tiers 1 - 4 should be prioritized with 
descending priority, e.g., enabling citizen-to-citizen communication 
with messenger apps before enabling entertainment apps whose 
primary use case is distraction. 

Towards Island-Ready Smartphone Apps. Our findings regard-
ing RQ1 indicate that users would like to continue using general-
purpose apps during crises, in addition to or instead of dedicated cri-
sis apps. Therefore, apps should be available in island-ready 6G with-
out requiring users to download a separate app version for island 
operation. Ideally, apps should be able to transition into island 

operation immediately when the area is disconnected from the 
outside Internet, which likely requires changes to the commu-
nication design of how apps connect to remote servers. Multi-
access edge computing and local-first communication patterns 
[64] could play a central role in this endeavor, e.g., the app on 
a user’s smartphone could connect to an app server on the lo-
cal network edge, which (a) forwards traffic to a remote app 
server in normal operation or (b) enables local use of the app 
in island operation. For island operation, one specific challenge 
is ensuring security and privacy, as many apps rely on central-
ized trust infrastructure and identity providers, making it im-
portant to explore local or decentralized authentication methods. 
For messengers, which were most important to our participants 
overall, stronger emphasis needs to be placed on ensuring confi-
dential end-to-end encrypted (E2EE) communication without re-
quiring access to centralized authentication systems. Considering 
that the challenges of local connectivity will impact user interac-
tion, apps in island operation should be user-friendly, i.e., how to 
announce the transition into island operation, how to establish trust 
locally, and how to explain to users the limitations of island connec-
tivity for that app [42]. When the Internet connection is recovered, 
apps should be able to transition out of island operation, which 
likely requires the application of disruption-tolerant networking 
principles [38, 39, 71]. 

Towards Island-Ready Regulations. We envision that smartphone 
apps and 6G will be island-ready, supporting citizens during cri-
sis response. Enabling island users to download smartphone apps 

requires a distributed crisis app store on each island. To this end, 
app stores could be distributed similarly to app servers, providing 
a selection of apps and content suitable for potential crisis sce-
narios. Distributed app stores would further facilitate considering 
geographic factors when preparing a set of crisis-relevant apps 
for crisis scenarios. The responsibility for these app stores is an 
open problem, as is their content. On the one hand, the threat sce-
narios differ for each city, so the criticality of apps can also vary 
from city to city. This observation aligns with one participant’s 
statement (P384), criticizing that "the scenario earthquake is implau-
sible for Bremen. [. . . ] A more suitable example would be flooding." 
For example, the Tier 3 app category weather apps should include 
tide forecasts for areas close to the sea, while areas in the moun-
tains need rain and snow forecasts. On the other hand, managing 
app stores inflicts a lot of effort on municipalities, and leaving dis-
tributed crisis app stores under the authority of app operators or 
network providers might scale better. 

Towards Island-Ready Users. Although our sample is limited to 
adult smartphone users from major German cities, previous re-
search has identified different national risk cultures [23]. State-
oriented risk cultures emphasize the state’s responsibility for crisis 
prevention and management. Individual-oriented risk cultures de-
scribe that citizens assume their duties of being informed, prepared, 
and aware concerning risks. Fatalistic risk cultures are character-
ized by low confidence in their respective individual and state 
problem-solving potentials. While an appropriate level of both 
citizen and state preparedness and response capabilities is neces-
sary, it seems essential to examine educational, political, and techno-
logical measures to prepare users and policymakers for the scenario 
of island connectivity. This shapes transparency of smartphone 

service prioritization to mitigate potential frustration upon the 

unavailability of functionality and trust into critical infrastructure 

resilience, including the expected outage durations [58]. 

6.3 Outlook and Future Work 
In this paper, we have introduced the concept of island connectivity 
in crisis-struck areas to the HCI community. We acknowledge that 
this concept is visionary, and future work needs to solve many 
challenges before its realization. 

Future HCI research. Our survey studied how adult smartphone 
users (over 18 and under 70) from major German cities prefer us-
ing smartphones in isolated cities. We decided to screen out other 
groups to align our study sample with our study subject. Never-
theless, insights from groups under-represented in our study can 
complement our findings very well, and we explicitly encourage fu-
ture surveys that build upon our findings by studying other samples, 
e.g., participants from rural areas or from other countries. Upon 
acceptance of this paper, we will publish a replication package to 
facilitate such future studies. Our goal was to understand users’ 
preferences about smartphone usage on islands with a focus on sta-
tistical and quantitative evaluation. Future qualitative studies can 
help refine our quantitative and statistical findings. Interviewing 
experts from app development, MNOs, and authorities can augment 
our user-centric findings with insights from other involved parties. 
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Surveys closer to real-world crisis scenarios, e.g., conducted in an 
affected area during crisis response, can support or contradict our 
findings. Connecting HCI research with one of the few available 
crisis-related datasets [5, 63] can create valuable insights. 

Future 6G research. The design implications discussed in Sec-
tion 6.2 give a first glance at the challenges left to be solved by 
future work. Most importantly, including distributed core networks 
in 6G is a paramount enabler of local connectivity in isolated areas. 
Future research can support app developers in making their smart-
phone apps island-ready by identifying suitable communication 
patterns for a swift transition into island operation. 

7 Conclusion 
The work reported in this paper makes two central contributions: 
Introducing the conceptual model of island connectivity and con-
ducting the first survey (𝑁 = 857) of user preferences regarding 
smartphone usage on islands with local-only connectivity. With 
the upcoming standardization of 6G, it is crucial to understand 
the user perspective of island connectivity to support operators, 
developers, and authorities in making user-centric design decisions 
while realizing island connectivity. 

We describe how 6G can facilitate island connectivity for crisis-
struck areas and introduce the concept of island connectivity. We 
apply statistical and quantitative methods to learn that users pre-
fer apps other than crisis apps for some crisis-specific use cases, 
e.g., messengers for communicating with other citizens and news 
apps to look up information (RQ1). App demands differ greatly in 
isolated areas compared to everyday life (RQ2). While news and 
crisis apps surge in demand, shopping and travel apps plummet. 
These findings are based on our survey whose design we describe 
in detail, proactively considering biases and limitations. We com-
bine our survey’s insights with applicable standards to develop a 
smartphone service typology (RQ3), organizing apps in tiers with 
descending criticality for isolated cities, distinguishing between 
apps crucial for crisis response and apps enabling crisis routine. 
From this classification, we derive implications for mobile network 
operators, app developers, and authorities, facilitating user-centric 
design decisions in the realization process of island-ready 6G. 

Acknowledgments 
This work has been co-funded by the Federal Ministry of Education 
and Research of Germany in the projects Open6GHub (grant num-
ber: 16KISK014) and CYLENCE (grant number: 13N16636), and by 
the LOEWE initiative (Hesse, Germany) within the emergenCITY 
center [LOEWE/1/12/519/03/05.001(0016)/72]. We thank the partic-
ipants of our pilot study and the anonymous reviewers for their 
helpful suggestions, which helped improve this work. We thank 
Lea Holaus for the comics (Figures 1 and 3), Alexander Heinrich for 
supporting the qualitative data analysis, and Sebastian Perrig and 
Nicholas Scharowski for the helpful discussions on survey design. 

Availability 
We provide artifacts to verify, reproduce, and replicate our findings: 
With this paper, we publish our survey dataset and evaluation 
scripts [55] to verify and reproduce our results and the LimeSurvey 
survey structure to replicate our study. 

References 
[1] 3GPP. 2023. System architecture for the 5G System (5GS), Technical Specification 

(TS) 23.501, version 18.4.0. Technical Specification. 3rd Generation Partner-
ship Projec (3GPP). https://portal.3gpp.org/desktopmodules/Specifications/ 
SpecificationDetails.aspx?specificationId=3144 

[2] Hervé Abdi. 2007. Bonferroni and Šidák corrections for multiple comparisons. 
Encyclopedia of measurement and statistics 3, 01 (2007), 2007. 

[3] Firoj Alam, Ferda Ofli, and Muhammad Imran. 2020. Descriptive and visual 
summaries of disaster events using artificial intelligence techniques: case studies 
of Hurricanes Harvey, Irma, and Maria. Behaviour & Information Technology 39, 
3 (2020), 288–318. Publisher: Taylor & Francis. 

[4] Hadi Alizadeh, Ayyoob Sharifi, Safiyeh Damanbagh, Hadi Nazarnia, and Mo-
hammad Nazarnia. 2023. Impacts of the COVID-19 pandemic on the social 
sphere and lessons for crisis management: a literature review. Natural Hazards 
117, 3 (2023), 2139–2164. 

[5] Flor Álvarez, Lars Almon, Patrick Lieser, Tobias Meuser, Yannick Dylla, Björn 
Richerzhagen, Matthias Hollick, and Ralf Steinmetz. 2018. Conducting a large-
scale field test of a smartphone-based communication network for emergency 
response. In Proceedings of the 13th Workshop on Challenged Networks. ACM, 
New Dheli, India, 3–10. 

[6] Scott Anderson, Loqman Salamatian, Zachary S Bischof, Alberto Dainotti, and 
Paul Barford. 2022. iGDB: connecting the physical and logical layers of the 
internet. In Proceedings of the 22nd ACM Internet Measurement Conference. ACM, 
Madrid, Spain, 433–448. 

[7] Apple Inc. 2024. Categories and Discoverability - App Store. https://developer. 
apple.com/app-store/categories/ [Accessed 2024-09-12]. 

[8] Bahareh Bahrami, Mohammad Reza Khayyambashi, and Seyedali Mirjalili. 2023. 
Edge server placement problem in multi-access edge computing environment: 
models, techniques, and applications. Cluster Computing 26, 5 (2023), 3237–3262. 
Publisher: Springer. 

[9] BBK. 2024. Informationstechnik und Telekommunikation. https: 
//www.bbk.bund.de/DE/Themen/Kritische-Infrastrukturen/Sektoren-
Branchen/Informationstechnik-Telekommunikation/informationstechnik-
telekommunikation_node.html [Accessed 2024-09-12]. 

[10] Ali Behravan, Vijaya Yajnanarayana, Musa Furkan Keskin, Hui Chen, Deep 
Shrestha, Traian E. Abrudan, Tommy Svensson, Kim Schindhelm, Andreas 
Wolfgang, Simon Lindberg, and Henk Wymeersch. 2023. Positioning and Sensing 
in 6G: Gaps, Challenges, and Opportunities. IEEE Vehicular Technology Magazine 
18, 1 (2023), 40–48. 

[11] Jelke Bethlehem. 2010. Selection bias in web surveys. International statistical 
review 78, 2 (2010), 161–188. Publisher: Wiley Online Library. 

[12] BNA. 2022. Resilience of Telecommunications Networks. Technical Re-
port. Bundesnetzagentur (BNA). https://www.bundesnetzagentur.de/ 
SharedDocs/Downloads/DE/Sachgebiete/Telekommunikation/Unternehmen_ 
Institutionen/Strategiepapier_Resilienz_eng.pdf?__blob=publicationFile&v=2 

[13] BNA. 2024. Informationsplattform Schienengüterverkehr (ISA). https://isa. 
bundesnetzagentur.de/home/#/ [Accessed 2024-09-12]. 

[14] Robert Braden. 1989. Rfc1122: Requirements for internet hosts-communication 
layers. Technical Report. RFC Editor. 

[15] Florian Brühlmann, Serge Petralito, Lena F. Aeschbach, and Klaus Opwis. 2020. 
The quality of data collected online: An investigation of careless responding 
in a crowdsourced sample. Methods in Psychology 2 (2020), 100022. https: 
//doi.org/10.1016/j.metip.2020.100022 

[16] BSI. 2023. ZwiBACK-Studie: Zwischenfälle in Bezug auf Bedenken und 
Achtsamkeit bei der Cybersicherheit. Technical Report. Bundesamt für 
Sicherheit in der Informationstechnik (BSI). https://www.bsi.bund.de/ 
SharedDocs/Downloads/DE/BSI/Publikationen/Studien/ZwiBACK/ZwiBACK-
Studie.pdf?__blob=publicationFile&v=3 

[17] Patrice Calégari, Frédéric Guidec, Pierre Kuonen, and Daniel Kobler. 1997. Par-
allel island-based genetic algorithm for radio network design. J. Parallel and 
Distrib. Comput. 47, 1 (1997), 86–90. 

[18] Carlos Castillo. 2016. Big crisis data: social media in disasters and time-critical 
situations. Cambridge University Press, New York, US. 

[19] Songyan Chen, Junjie Chen, and Hongjun Li. 2024. Joint optimization of UPF 
placement and traffic routing for 5G core network user plane. Computer Com-
munications 216 (2024), 86–94. https://doi.org/10.1016/j.comcom.2023.12.029 

[20] Jacob Cohen. 1988. Statistical Power Analysis for the Behavioral Sciences. L. 
Erlbaum Associates, New York, US. 

[21] Marius Corici, Hemant Zope, Hauke Buhr, Christian Scheich, and Thomas 
Magedanz. 2024. Shortcuts: A Simple Mechanism for Reducing the Data Path 
Delay in Beyond 5G and 6G Networks. In 27th Conference on Innovation in 
Clouds, Internet and Networks (ICIN). IEEE, Paris, France, 47–51. 

[22] Marius-Iulian Corici, Fabian Eichhorn, Roland Bless, Michael Gundall, Daniel 
Lindenschmitt, Bastian Bloessl, Marina Petrova, Lara Wimmer, Ronny Kreuch, 
Thomas Magedanz, et al. 2023. Organic 6G networks: Vision, requirements, and 
research approaches. IEEE Access 11 (2023), 70698–70715. 

https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3144
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3144
https://developer.apple.com/app-store/categories/
https://developer.apple.com/app-store/categories/
https://www.bbk.bund.de/DE/Themen/Kritische-Infrastrukturen/Sektoren-Branchen/Informationstechnik-Telekommunikation/informationstechnik-telekommunikation_node.html
https://www.bbk.bund.de/DE/Themen/Kritische-Infrastrukturen/Sektoren-Branchen/Informationstechnik-Telekommunikation/informationstechnik-telekommunikation_node.html
https://www.bbk.bund.de/DE/Themen/Kritische-Infrastrukturen/Sektoren-Branchen/Informationstechnik-Telekommunikation/informationstechnik-telekommunikation_node.html
https://www.bbk.bund.de/DE/Themen/Kritische-Infrastrukturen/Sektoren-Branchen/Informationstechnik-Telekommunikation/informationstechnik-telekommunikation_node.html
https://www.bundesnetzagentur.de/SharedDocs/Downloads/DE/Sachgebiete/Telekommunikation/Unternehmen_Institutionen/Strategiepapier_Resilienz_eng.pdf?__blob=publicationFile&v=2
https://www.bundesnetzagentur.de/SharedDocs/Downloads/DE/Sachgebiete/Telekommunikation/Unternehmen_Institutionen/Strategiepapier_Resilienz_eng.pdf?__blob=publicationFile&v=2
https://www.bundesnetzagentur.de/SharedDocs/Downloads/DE/Sachgebiete/Telekommunikation/Unternehmen_Institutionen/Strategiepapier_Resilienz_eng.pdf?__blob=publicationFile&v=2
https://isa.bundesnetzagentur.de/home/#/
https://isa.bundesnetzagentur.de/home/#/
https://doi.org/10.1016/j.metip.2020.100022
https://doi.org/10.1016/j.metip.2020.100022
https://www.bsi.bund.de/SharedDocs/Downloads/DE/BSI/Publikationen/Studien/ZwiBACK/ZwiBACK-Studie.pdf?__blob=publicationFile&v=3
https://www.bsi.bund.de/SharedDocs/Downloads/DE/BSI/Publikationen/Studien/ZwiBACK/ZwiBACK-Studie.pdf?__blob=publicationFile&v=3
https://www.bsi.bund.de/SharedDocs/Downloads/DE/BSI/Publikationen/Studien/ZwiBACK/ZwiBACK-Studie.pdf?__blob=publicationFile&v=3
https://doi.org/10.1016/j.comcom.2023.12.029


CHI ’25, April 26–May 01, 2025, Yokohama, Japan Janzen et al. 

[23] Alessio Cornia, Kerstin Dressel, and Patricia Pfeil. 2016. Risk cultures and 
dominant approaches towards disasters in seven European countries. Journal 
of Risk Research 19, 3 (2016), 288–304. Publisher: Taylor & Francis. 

[24] Cybersecurity and Infrastructure Security Agency. 2024. Communications 
Sector. https://www.cisa.gov/topics/critical-infrastructure-security-and-
resilience/critical-infrastructure-sectors/communications-sector [Accessed 
2024-09-12]. 

[25] Cybersecurity and Infrastructure Security Agency. 2024. Information Technol-
ogy Sector. https://www.cisa.gov/topics/critical-infrastructure-security-and-
resilience/critical-infrastructure-sectors/information-technology-sector [Ac-
cessed 2024-09-12]. 

[26] Irina Dallo and Michèle Marti. 2021. Why should I use a multi-hazard app? 
Assessing the public’s information needs and app feature preferences in a 
participatory process. International journal of disaster risk reduction 57 (2021), 
102197. Publisher: Elsevier. 

[27] GC Deepak, Alexandros Ladas, Yusuf Abdulrahman Sambo, Haris Pervaiz, Chris-
tos Politis, and Muhammad Ali Imran. 2019. An overview of post-disaster 
emergency communication systems in the future networks. IEEE Wireless 
Communications 26, 6 (2019), 132–139. Publisher: IEEE. 

[28] Destatis. 2024. Ausstattung privater Haushalte mit Informations- und 
Kommunikationstechnik - Deutschland. https://www.destatis.de/DE/Themen/ 
Gesellschaft-Umwelt/Einkommen-Konsum-Lebensbedingungen/Ausstattung-
Gebrauchsgueter/Tabellen/liste-infotechnik-d.html#115502 [Accessed 
2024-11-07]. 

[29] Destatis. 2024. Großstadtregionen im Wandel. https://www.destatis.de/ 
DE/Themen/Querschnitt/Demografischer-Wandel/Aspekte/demografie-
grossstadtregionen.html [Accessed 2024-09-12]. 

[30] Don A Dillman, Jolene D Smyth, and Leah Melani Christian. 2014. Internet, 
phone, mail, and mixed-mode surveys: The tailored design method. John Wiley & 
Sons, Hoboken, US. 

[31] Ramakrishnan Durairajan, Paul Barford, Joel Sommers, and Walter Willinger. 
2015. InterTubes: A study of the US long-haul fiber-optic infrastructure. In 
Proceedings of the 2015 ACM Conference on Special Interest Group on Data Com-
munication. ACM, London, United Kingdom, 565–578. 

[32] Frances L. Edwards. 2022. Crisis, Emergency, Disaster, and Catastrophe Defined. 
In Global Encyclopedia of Public Administration, Public Policy, and Governance, 
Ali Farazmand (Ed.). Springer International Publishing, Cham, 2793–2797. https: 
//doi.org/10.1007/978-3-030-66252-3_2878 

[33] Kathrin Eismann, Oliver Posegga, and Kai Fischbach. 2016. Collective behaviour, 
Social Media, and disasters: a Systematic literature Review.. In ECIS. Association 
for Information Systems, Istanbul, Turkye, 1–20. 

[34] Dirk M. Elston. 2021. Survivorship bias. Journal of the American Academy of 
Dermatology 10 (2021), 1–2. https://doi.org/10.1016/j.jaad.2021.06.845 

[35] Alexander Fekete and Simone Sandholz. 2021. Here comes the flood, but not 
failure? Lessons to learn after the heavy rain and pluvial floods in Germany 
2021. Water 13, 21 (2021), 3016. Publisher: MDPI. 

[36] Diana Fischer-Preßler, Dario Bonaretti, and Kai Fischbach. 2022. A protection-
motivation perspective to explain intention to use and continue to use mobile 
warning systems. Business & Information Systems Engineering 64, 2 (2022), 
167–182. Publisher: Springer. 

[37] Thomas Franke, Christiane Attig, and Daniel Wessel. 2019. A personal re-
source for technology interaction: development and validation of the affinity for 
technology interaction (ATI) scale. International Journal of Human–Computer 
Interaction 35, 6 (2019), 456–467. Publisher: Taylor & Francis. 

[38] Wei Gao and Guohong Cao. 2011. User-centric data dissemination in disruption 
tolerant networks. In 2011 Proceedings IEEE INFOCOM. IEEE, Shanghai, China, 
3119–3127. 

[39] Wei Gao, Guohong Cao, Arun Iyengar, and Mudhakar Srivatsa. 2011. Supporting 
cooperative caching in disruption tolerant networks. In 2011 31st International 
Conference on Distributed Computing Systems. IEEE, Minneapolis, USA, 151–161. 

[40] GapFish GmbH. 2024. GapFish – Knowing what really matters. https://gapfish. 
com [Accessed 2024-09-12]. 

[41] Robert Greszki, Marco Meyer, and Harald Schoen. 2015. Exploring the effects 
of removing “too fast” responses and respondents from web surveys. Public 
Opinion Quarterly 79, 2 (2015), 471–503. Publisher: Oxford University Press US. 

[42] Steffen Haesler, Ragnark Mogk, Florentin Putz, Kevin T. Logan, Nadja Thiessen, 
Katharina Kleinschnitger, Lars Baumgärtner, Jan-Philipp Stroscher, Christian 
Reuter, Michele Knodt, and Matthias Hollick. 2021. Connected Self-Organized 
Citizens in Crises: An Interdisciplinary Resilience Concept for Neighborhoods. 
In CSCW ’21 Companion: Conference Companion Publication of the 2021 on 
Computer Supported Cooperative Work and Social Computing. ACM, Virtual 
Event, USA, 62–66. https://doi.org/10.1145/3462204.3481749 

[43] Yunita Astriani Hardayati and Mustikasari Mustikasari. 2019. The implemen-
tation of relaxation and distraction techniques on adolescents experiencing 
anxiety in earthquake prone areas. International Journal of Nursing and Health 
Services (IJNHS) 2, 3 (2019), 9–15. 

[44] Jasmin Haunschild, Marc-André Kaufhold, and Christian Reuter. 2020. Sticking 
with Landlines? Citizens’ and Police Social Media Use and Expectation During 

Emergencies. In Proceedings of the International Conference on Wirtschaftsin-
formatik (WI) (Best Paper Social Impact Award). AIS Electronic Library (AISel), 
Potsdam, Germany, 1–16. https://doi.org/10.30844/wi_2020_o2-haunschild 

[45] Jasmin Haunschild, Marc-André Kaufhold, and Christian Reuter. 2022. Per-
ceptions and Use of Warning Apps – Did Recent Crises Lead to Changes in 
Germany?. In Mensch und Computer - Tagungsband. ACM, New York, 25–40. 
https://doi.org/10.1145/3543758.3543770 

[46] Jasmin Haunschild, Selina Pauli, and Christian Reuter. 2023. Preparedness 
Nudging for Warning Apps? A Mixed-Method Study Investigating Popularity 
and Effects of Preparedness Alerts in Warning Apps. International Journal on 
Human-Computer Studies (IJHCS) 172 (2023), 102995. https://doi.org/10.1016/j. 
ijhcs.2023.102995 

[47] Andrin Hauri, Kevin Kohler, and Benjamin Scharte. 2022. A comparative assess-
ment of mobile device-based multi-hazard warnings: Saving lives through public 
alerts in europe. Technical Report. ETH Zurich. 

[48] Douglas D. Heckathorn. 2011. Comment: Snowball versus Respondent-Driven 
Sampling. Sociological Methodology 41, 1 (2011), 355–366. https://doi. 
org/10.1111/j.1467-9531.2011.01244.x _eprint: https://doi.org/10.1111/j.1467-
9531.2011.01244.x. 

[49] Michael Heise, Martin Pietsch, Florian Steinke, Maximilian Bauer, and Burak 
Yilmaz. 2022. Optimized UAV Placement for Resilient Crisis Communication 
and Power Grid Restoration. In 2022 IEEE PES Innovative Smart Grid Technologies 
Conference Europe (ISGT-Europe). IEEE, Novi Sad, Serbia, 1–5. https://doi.org/ 
10.1109/ISGT-Europe54678.2022.9960494 

[50] Joseph Henrich. 2015. Culture and social behavior. Current opinion in behavioral 
sciences 3 (2015), 84–89. Publisher: Elsevier. 

[51] Matthias Hollick, Anne Hofmeister, Jens Ivo Engels, Bernd Freisleben, Gerrit 
Hornung, Anja Klein, Michèle Knodt, Imke Lorenz, Max Mühlhäuser, Peter Pelz, 
and others. 2019. The emergency responsive digital city. In 2019 World Congress 
on Resilience, Reliability and Asset Management (WCRRAM). http://tubiblio.ulb.tu-
darmstadt.de/121649. WCRRAM, Singapore, 136–143. 

[52] Muzammil Hussain, Ahmed Al-Haiqi, AA Zaidan, BB Zaidan, Miss Laiha Mat 
Kiah, Nor Badrul Anuar, and Mohamed Abdulnabi. 2015. The landscape of re-
search on smartphone medical apps: Coherent taxonomy, motivations, open chal-
lenges and recommendations. Computer methods and programs in biomedicine 
122, 3 (2015), 393–408. 

[53] Jonas Höchst, Lars Baumgärtner, Franz Kuntke, Alvar Penning, Artur Sterz, 
Markus Sommer, and Bernd Freisleben. 2023. Mobile Device-to-Device Com-
munication for Crisis Scenarios Using Low-Cost LoRa Modems. In Disaster 
Management and Information Technology: Professional Response and Recovery 
Management in the Age of Disasters, Hans Jochen Scholl, Eric E. Holdeman, 
and F. Kees Boersma (Eds.). Springer International Publishing, Cham, 235–268. 
https://doi.org/10.1007/978-3-031-20939-0_12 

[54] Muhammad Imran, Carlos Castillo, Fernando Diaz, and Sarah Vieweg. 2015. 
Processing social media messages in mass emergency: A survey. ACM Computing 
Surveys (CSUR) 47, 4 (2015), 1–38. Publisher: ACM New York, NY, USA. 

[55] Leon Janzen, Florentin Putz, Kolja Straub, Marc-André Kaufhold, and Matthias 
Hollick. 2025. Survey Dataset: The User Perspective on Island- Ready 6G Commu-
nication. https://doi.org/10.5281/zenodo.14812894 

[56] Marc-André Kaufhold. 2024. Exploring the evolving landscape of human-centred 
crisis informatics: current challenges and future trends. i-com - Journal of 
Interactive Media 2 (2024), 155–163. https://doi.org/10.1515/icom-2024-0002 

[57] Marc-André Kaufhold, Julian Bäumler, and Christian Reuter. 2022. The Im-
plementation of Protective Measures and Communication of Cybersecurity 
Alerts in Germany - A Representative Survey of the Population. In Mensch und 
Computer 2022 - Workshopband (Mensch und Computer 2022 - Workshopband). 
Gesellschaft für Informatik, Darmstadt, 1–12. https://doi.org/10.18420/muc2022-
mci-ws01-228 

[58] Marc-André Kaufhold, Margarita Grinko, Christian Reuter, Marén Schorch, 
Amanda Langer, Sascha Skudelny, and Matthias Hollick. 2019. Potentiale von IKT 
beim Ausfall kritischer Infrastrukturen: Erwartungen, Informationsgewinnung 
und Mediennutzung der Zivilbevölkerung in Deutschland. In Proceedings of the 
International Conference on Wirtschaftsinformatik (WI). AIS, Siegen, Germany, 
1054–1068. https://aisel.aisnet.org/wi2019/track09/papers/4/ 

[59] Marc-André Kaufhold, Thea Riebe, Markus Bayer, and Christian Reuter. 2024. 
’We Do Not Have the Capacity to Monitor All Media’: A Design Case Study 
on Cyber Situational Awareness in Computer Emergency Response Teams. In 
Proceedings of the Conference on Human Factors in Computing Systems (CHI) 
(Best Paper Award) (CHI ’24). Association for Computing Machinery, New York, 
NY, USA, 1–16. https://doi.org/10.1145/3613904.3642368 

[60] Marc-André Kaufhold, Nicola Rupp, Christian Reuter, and Matthias Habdank. 
2020. Mitigating Information Overload in Social Media during Conflicts and 
Crises: Design and Evaluation of a Cross-Platform Alerting System. Behaviour 
& Information Technology (BIT) 39, 3 (2020), 319–342. https://doi.org/10.1080/ 
0144929X.2019.1620334 

[61] Ladan Khaloopour, Yanpeng Su, Florian Raskob, Tobias Meuser, Roland Bless, 
Leon Würsching, Kamyar Abedi, Marko Andjelkovic, Hekma Chaari, Pousali 
Chakraborty, Michael Kreutzer, Matthias Hollick, Thorsten Strufe, Norman 

https://www.cisa.gov/topics/critical-infrastructure-security-and-resilience/critical-infrastructure-sectors/communications-sector
https://www.cisa.gov/topics/critical-infrastructure-security-and-resilience/critical-infrastructure-sectors/communications-sector
https://www.cisa.gov/topics/critical-infrastructure-security-and-resilience/critical-infrastructure-sectors/information-technology-sector
https://www.cisa.gov/topics/critical-infrastructure-security-and-resilience/critical-infrastructure-sectors/information-technology-sector
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Einkommen-Konsum-Lebensbedingungen/Ausstattung-Gebrauchsgueter/Tabellen/liste-infotechnik-d.html#115502
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Einkommen-Konsum-Lebensbedingungen/Ausstattung-Gebrauchsgueter/Tabellen/liste-infotechnik-d.html#115502
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Einkommen-Konsum-Lebensbedingungen/Ausstattung-Gebrauchsgueter/Tabellen/liste-infotechnik-d.html#115502
https://www.destatis.de/DE/Themen/Querschnitt/Demografischer-Wandel/Aspekte/demografie-grossstadtregionen.html
https://www.destatis.de/DE/Themen/Querschnitt/Demografischer-Wandel/Aspekte/demografie-grossstadtregionen.html
https://www.destatis.de/DE/Themen/Querschnitt/Demografischer-Wandel/Aspekte/demografie-grossstadtregionen.html
https://doi.org/10.1007/978-3-030-66252-3_2878
https://doi.org/10.1007/978-3-030-66252-3_2878
https://doi.org/10.1016/j.jaad.2021.06.845
https://gapfish.com
https://gapfish.com
https://doi.org/10.1145/3462204.3481749
https://doi.org/10.30844/wi_2020_o2-haunschild
https://doi.org/10.1145/3543758.3543770
https://doi.org/10.1016/j.ijhcs.2023.102995
https://doi.org/10.1016/j.ijhcs.2023.102995
https://doi.org/10.1111/j.1467-9531.2011.01244.x
https://doi.org/10.1111/j.1467-9531.2011.01244.x
https://doi.org/10.1109/ISGT-Europe54678.2022.9960494
https://doi.org/10.1109/ISGT-Europe54678.2022.9960494
https://doi.org/10.1007/978-3-031-20939-0_12
https://doi.org/10.5281/zenodo.14812894
https://doi.org/10.1515/icom-2024-0002
https://doi.org/10.18420/muc2022-mci-ws01-228
https://doi.org/10.18420/muc2022-mci-ws01-228
https://aisel.aisnet.org/wi2019/track09/papers/4/
https://doi.org/10.1145/3613904.3642368
https://doi.org/10.1080/0144929X.2019.1620334
https://doi.org/10.1080/0144929X.2019.1620334
http://tubiblio.ulb.tu


The User Perspective on Island-Ready 6G Communication CHI ’25, April 26–May 01, 2025, Yokohama, Japan 

Franchi, and Vahid Jamali. 2024. Resilience-by-Design Concepts for 6G Com-
munication Networks. https://arxiv.org/abs/2405.17480 _eprint: 2405.17480. 

[62] Wolfgang Kiess and Ashiq Khan. 2014. Centralized vs. distributed: On the 
placement of gateway functionality in 5G cellular networks. In 2014 IEEE Global 
Communications Conference. IEEE, Texas, United Stated of America, 4788–4793. 

[63] Jooho Kim and Makarand Hastak. 2018. Social network analysis: Characteristics 
of online social networks after a disaster. International journal of information 
management 38, 1 (2018), 86–96. 

[64] Martin Kleppmann, Adam Wiggins, Peter Van Hardenberg, and Mark Mc-
Granaghan. 2019. Local-first software: you own your data, in spite of the 
cloud. In Proceedings of the 2019 ACM SIGPLAN International Symposium on New 
Ideas, New Paradigms, and Reflections on Programming and Software. ACM, New 
York, US, 154–178. 

[65] Klaus Krippendorff. 2004. Content Analysis: An Introduction to Its Methodology. 
Sage Publications, Inc., London, UK. 

[66] Ivar Krumpal. 2013. Determinants of social desirability bias in sensitive surveys: 
a literature review. Quality & quantity 47, 4 (2013), 2025–2047. Publisher: 
Springer. 

[67] Franz Kuntke, Lars Baumgärtner, and Christian Reuter. 2023. Rural Commu-
nication in Outage Scenarios: Disruption-Tolerant Networking via LoRaWAN 
Setups. In Proceedings of Information Systems for Crisis Response and Manage-
ment (ISCRAM). Department of Information Systems & Quantitative Analysis, 
Omaha, US, Omaha, US, 1–13. https://idl.iscram.org/files/kuntke/2023/2581_ 
Kuntke_etal2023.pdf 

[68] Franz Kuntke, Merve Bektas, Laura Buhleier, Ella Pohl, Rebekka Schiller, and 
Christian Reuter. 2023. How Would Emergency Communication Based on Lo-
RaWAN Perform? Empirical Findings of Signal Propagation in Rural Areas. 
In Proceedings of Information Systems for Crisis Response and Management (IS-
CRAM). Department of Information Systems & Quantitative Analysis, Omaha, 
US, Omaha, US, 1–8. https://idl.iscram.org/files/kuntke/2023/2586_Kuntke_ 
etal2023.pdf 

[69] Jeremy Lakeman, Matthew Lloyd, Romana Challans, Angus Wallace, Paul 
Gardner-Stephen, Milan Stute, and Matthias Hollick. 2017. A practical and 
secure social media facility for internet-deprived populations. In 2017 IEEE 
Global Humanitarian Technology Conference (GHTC). IEEE, San Jose, USA, 1–9. 

[70] Glyn Lewis and Simon Wessely. 1992. The epidemiology of fatigue: more 
questions than answers. Journal of epidemiology and community health 46, 2 
(1992), 92. Publisher: BMJ Publishing Group. 

[71] Feng Li and Jie Wu. 2009. MOPS: Providing content-based service in disruption-
tolerant networkks. In 2009 29th IEEE international conference on distributed 
computing systems. IEEE, Montreal, Canada, 526–533. 

[72] Yuanzhe Li, Xiao Ma, Mengwei Xu, Ao Zhou, Qibo Sun, Ning Zhang, and 
Shangguang Wang. 2021. Joint placement of UPF and edge server for 6G 
network. IEEE Internet of Things Journal 8, 22 (2021), 16370–16378. Publisher: 
IEEE. 

[73] LimeSurvey. 2024. LimeSurvey - Free Online Survey Tool. https://www. 
limesurvey.org/de [Accessed 2024-09-12]. 

[74] MASTD. 2021. Mobilfunk und Breitbandversorgung im Ahrtal weiter 
im Fokus. https://mastd.rlp.de/service/presse/detail/mobilfunk-und-
breitbandversorgung-im-ahrtal-weiter-im-fokus [Accessed 2024-09-12]. 

[75] James Mccauley, Scott Shenker, and George Varghese. 2023. Extracting the 
essential simplicity of the Internet. Commun. ACM 66, 2 (2023), 64–74. 

[76] Iain McLean, Arnold B. Urken, and Fiona Hewitt. 1995. Classics of Social Choice. 
University of Michigan Press, Michigan, US. 

[77] Adam W Meade and S Bartholomew Craig. 2012. Identifying careless responses 
in survey data. Psychological methods 17, 3 (2012), 437. Publisher: American 
Psychological Association. 

[78] François Michel, Martino Trevisan, Danilo Giordano, and Olivier Bonaventure. 
2022. A first look at starlink performance. In Proceedings of the 22nd ACM 
Internet Measurement Conference. ACM, Nice, France, 130–136. 

[79] Thea Palsgaard Møller, Annette Kjær Ersbøll, Janne Schurmann Tolstrup, Doris 
Østergaard, Søren Viereck, Jerry Overton, Fredrik Folke, and Freddy Lippert. 
2015. Why and when citizens call for emergency help: an observational study of 
211,193 medical emergency calls. Scandinavian journal of trauma, resuscitation 
and emergency medicine 23 (2015), 1–10. 

[80] Neema Moraveji, Jason Li, Jiarong Ding, Patrick O’Kelley, and Suze Woolf. 2007. 
Comicboarding: using comics as proxies for participatory design with children. 
In Proceedings of the SIGCHI conference on Human factors in computing systems. 
ACM, San Jose, US, 1371–1374. 

[81] Simon Moss. 2008. Acquiescence bias. http://www.psych-it.com.au/ 
Psychlopedia/article.asp [Accessed 2024-09-12]. 

[82] Shreyasee Mukherjee, Ravishankar Ravindran, and Dipankar Raychaudhuri. 
2018. A distributed core network architecture for 5G systems and beyond. In 
Proceedings of the 2018 Workshop on Networking for Emerging Applications and 
Technologies. ACM, Budapest, Hungary, 33–38. 

[83] Alexandra Olteanu, Sarah Vieweg, and Carlos Castillo. 2015. What to expect 
when the unexpected happens: Social media communications across crises. In 
Proceedings of the 18th ACM conference on computer supported cooperative work 

& social computing. ACM, Vancouver, Canada, 994–1009. 
[84] Francesco Palmieri, Ugo Fiore, Aniello Castiglione, Fang-Yie Leu, and Alfredo 

De Santis. 2013. Analyzing the internet stability in presence of disasters. In 
Security Engineering and Intelligence Informatics: CD-ARES 2013 Workshops: 
MoCrySEn and SeCIHD, Regensburg, Germany, September 2-6, 2013. Proceedings 
8. Springer, Regensburg, Germany, 253–268. 

[85] Guy Paré, Marie-Claude Trudel, Mirou Jaana, and Spyros Kitsiou. 2015. Syn-
thesizing information systems knowledge: A typology of literature reviews. 
Information & management 52, 2 (2015), 183–199. 

[86] Mukaddim Pathan, Rajkumar Buyya, and Athena Vakali. 2008. Content delivery 
networks: State of the art, insights, and imperatives. Content Delivery Networks 
9 (2008), 3–32. 

[87] Karl Pearson. 1992. On the criterion that a given system of deviations from 
the probable in the case of a correlated system of variables is such that it can 
be reasonably supposed to have arisen from random sampling. In The London, 
Edinburgh, and Dublin Philosophical Magazine and Journal of Science. Vol. 50. 
Springer, New York, USA, 11–28. 

[88] Matteo Pozza, Ashwin Rao, Hannu Flinck, and Sasu Tarkoma. 2018. Network-
in-a-box: A survey about on-demand flexible networks. IEEE Communications 
Surveys & Tutorials 20, 3 (2018), 2407–2428. 

[89] R Core Team. 2024. R: A Language and Environment for Statistical Computing. 
R Foundation for Statistical Computing, Vienna, Austria. https://www.R-
project.org/ [Accessed 2024-09-12]. 

[90] Aravindh Raman, Sagar Joglekar, Emiliano De Cristofaro, Nishanth Sastry, 
and Gareth Tyson. 2019. Challenges in the decentralised web: The mastodon 
case. In Proceedings of the internet measurement conference. ACM, Amsterdam, 
Netherlands, 217–229. 

[91] Christian Reuter, Oliver Heger, and Volkmar Pipek. 2013. Combining real and 
virtual volunteers through social media.. In Proceedings of the 10th International 
ISCRAM Conference. KIT, Karlsruhe, Germany, Baden-Baden, Germany, 780– 
790. 

[92] Christian Reuter, Amanda Lee Hughes, and Marc-André Kaufhold. 2018. Social 
Media in Crisis Management: An Evaluation and Analysis of Crisis Informatics 
Research. International Journal on Human-Computer Interaction (IJHCI) 34, 4 
(2018), 280–294. https://doi.org/10.1080/10447318.2018.1427832 

[93] Christian Reuter, Marc-André Kaufhold, Tom Biselli, and Helene Pleil. 2023. 
Increasing adoption despite perceived limitations of social media in emergencies: 
Representative insights on German citizens’ perception and trends from 2017 
to 2021. International Journal of Disaster Risk Reduction 96 (2023), 103880. 
https://doi.org/10.1016/j.ijdrr.2023.103880 

[94] Christian Reuter, Marc-André Kaufhold, Stefka Schmid, Thomas Spielhofer, and 
Anna Sophie Hahne. 2019. The Impact of Risk Cultures: Citizens’ Perception 
of Social Media Use in Emergencies across Europe. Technological Forecasting 
and Social Change (TFSC) 148, 119724 (2019), 1–17. https://doi.org/10.1016/j. 
techfore.2019.119724 

[95] Christian Reuter, Marc-André Kaufhold, Thomas Spielhofer, and Anna Sophie 
Hahne. 2017. Social Media in Emergencies: A Representative Study on Citizens’ 
Perception in Germany. Proc. ACM Hum.-Comput. Interact. 1, CSCW (Dec. 2017), 
1–19. https://doi.org/10.1145/3134725 Place: New York, NY, USA Publisher: 
Association for Computing Machinery. 

[96] Matei Ripeanu. 2001. Peer-to-peer architecture case study: Gnutella network. 
In Proceedings first international conference on peer-to-peer computing. IEEE, 
Linköping, Sweden, 99–100. 

[97] Justus Rischke, Peter Sossalla, Sebastian Itting, Frank HP Fitzek, and Martin 
Reisslein. 2021. 5G campus networks: A first measurement study. IEEE Access 9 
(2021), 121786–121803. 

[98] John Paul Rula. 2017. Adopting a Gateway Centric View for Cellular Network 
Content Delivery. PhD Thesis. Northwestern University. 

[99] Donald G Saari. 2000. Mathematical structure of voting paradoxes: II. Positional 
voting. Economic Theory 15 (2000), 55–102. Publisher: Springer. 

[100] Howard Schuman and Stanley Presser. 1996. Questions and answers in attitude 
surveys: Experiments on question form, wording, and context. Sage, London, UK. 

[101] Lucy Simko, Harshini Sri Ramulu, Tadayoshi Kohno, and Yasemin Acar. 2023. 
The Use and Non-Use of Technology During Hurricanes. Proc. ACM Hum.-
Comput. Interact. 7, CSCW2 (Oct. 2023), 1–54. https://doi.org/10.1145/3610215 
Place: New York, NY, USA Publisher: Association for Computing Machinery. 

[102] Rishabh Singla, Shreyas Srinivasa, Narasimha Reddy, Jens Myrup Pedersen, 
Emmanouil Vasilomanolakis, and Riccardo Bettati. 2023. An Analysis of War 
Impact on Ukrainian Critical Infrastructure Through Network Measurements. 
In 2023 7th Network Traffic Measurement and Analysis Conference (TMA). IEEE, 
Napoli, Italy, 1–10. https://doi.org/10.23919/TMA58422.2023.10199005 

[103] Robert Soden and Leysia Palen. 2018. Informating crisis: Expanding critical 
perspectives in crisis informatics. Proceedings of the ACM on human-computer 
interaction 2, CSCW (2018), 1–22. Publisher: ACM New York, NY, USA. 

[104] Kate Starbird and Leysia Palen. 2011. " Voluntweeters" self-organizing by digital 
volunteers in times of crisis. In Proceedings of the SIGCHI conference on human 
factors in computing systems. ACM, Vancouver, Canada, 1071–1080. 

https://arxiv.org/abs/2405.17480
https://idl.iscram.org/files/kuntke/2023/2581_Kuntke_etal2023.pdf
https://idl.iscram.org/files/kuntke/2023/2581_Kuntke_etal2023.pdf
https://idl.iscram.org/files/kuntke/2023/2586_Kuntke_etal2023.pdf
https://idl.iscram.org/files/kuntke/2023/2586_Kuntke_etal2023.pdf
https://www.limesurvey.org/de
https://www.limesurvey.org/de
https://mastd.rlp.de/service/presse/detail/mobilfunk-und-breitbandversorgung-im-ahrtal-weiter-im-fokus
https://mastd.rlp.de/service/presse/detail/mobilfunk-und-breitbandversorgung-im-ahrtal-weiter-im-fokus
http://www.psych-it.com.au/Psychlopedia/article.asp
http://www.psych-it.com.au/Psychlopedia/article.asp
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1080/10447318.2018.1427832
https://doi.org/10.1016/j.ijdrr.2023.103880
https://doi.org/10.1016/j.techfore.2019.119724
https://doi.org/10.1016/j.techfore.2019.119724
https://doi.org/10.1145/3134725
https://doi.org/10.1145/3610215
https://doi.org/10.23919/TMA58422.2023.10199005


CHI ’25, April 26–May 01, 2025, Yokohama, Japan Janzen et al. 

[105] Statista. 2024. Number of smartphone users worldwide 2016-2028. On-
line. https://www.statista.com/statistics/330695/number-of-smartphone-users-
worldwide/ [Accessed 2024-11-07]. 

[106] Artur Sterz, Robin Klose, Markus Sommer, Jonas Höchst, Jakob Link, Bernd 
Simon, Anja Klein, Matthias Hollick, and Bernd Freisleben. 2023. Energy-
Efficient Decentralized Broadcasting in Wireless Multi-Hop Networks. Sensors 
23, 17 (2023), 7419. Publisher: MDPI. 

[107] Milan Stute, Max Maass, Tom Schons, and Matthias Hollick. 2017. Reverse 
Engineering Human Mobility in Large-scale Natural Disasters. In Proceedings of 
the 20th ACM International Conference on Modelling, Analysis and Simulation of 
Wireless and Mobile Systems (Miami, Florida, USA) (MSWiM ’17). Association 
for Computing Machinery, New York, NY, USA, 219–226. https://doi.org/10. 
1145/3127540.3127542 

[108] Marion Lara Tan, Raj Prasanna, Kristin Stock, Emma EH Doyle, Graham Leonard, 
and David Johnston. 2020. Usability factors influencing the continuance inten-
tion of disaster apps: A mixed-methods study. International Journal of Disaster 
Risk Reduction 50 (2020), 101874. Publisher: Elsevier. 

[109] Marion Lara Tan, Raj Prasanna, Kristin Stock, Emma Hudson-Doyle, Graham 
Leonard, and David Johnston. 2017. Mobile applications in crisis informatics 
literature: A systematic review. International journal of disaster risk reduction 24 
(2017), 297–311. Publisher: Elsevier. 

[110] George R Terrell and David W Scott. 1992. Variable kernel density estimation. 
The Annals of Statistics 20, 3 (1992), 1236–1265. 

[111] Annegret H Thieken, Philip Bubeck, Anna Heidenreich, Jennifer Von Keyser-
lingk, Lisa Dillenardt, and Antje Otto. 2023. Performance of the flood warning 
system in Germany in July 2021–insights from affected residents. Natural haz-
ards and earth system sciences 23, 2 (2023), 973–990. Publisher: Copernicus 
GmbH. 

[112] Amos Tversky and Daniel Kahneman. 1974. Judgment under Uncertainty: 
Heuristics and Biases: Biases in judgments reveal some heuristics of thinking 
under uncertainty. science 185, 4157 (1974), 1124–1131. 

[113] Houcai Wang, Li Xiong, Chengwen Wang, and Nan Chen. 2022. Understanding 
Chinese mobile social media users’ communication behaviors during public 
health emergencies. Journal of Risk Research 25, 7 (2022), 874–891. Publisher: 
Taylor & Francis. 

[114] Valentin Weber, Maria Pericàs Riera, and Emma Laumann. 2023. Mapping the 
World’s Critical Infrastructure Sectors. Technical Report. Forschungsinstitut der 
Deutschen Gesellschaft für Auswärtige Politik e.V. 9 pages. https://www.ssoar. 
info/ssoar/handle/document/91328 Publisher: DEU. 

[115] Leon Würsching and Matthias Hollick. 2023. Maintaining App Services in 
Disrupted Cities: A Crisis and Resilience Evaluation Tool. In NetMob ’23 Book of 
Abstracts. IMDEA, Madrid, Spain, Madrid, Spain, 141–142. http://tubiblio.ulb.tu-
darmstadt.de/140700/ event-place: Madrid, Spain. 

[116] Kerstin K Zander, Duy Nguyen, Milad Mirbabaie, and Stephen T Garnett. 2023. 
Aware but not prepared: understanding situational awareness during the century 
flood in Germany in 2021. International journal of disaster risk reduction 96 (2023), 
103936. Publisher: Elsevier. 

[117] Kateryna Zarembo, Michèle Knodt, and Jannis Kachel. 2024. Smartphone re-
silience: ICT in Ukrainian civic response to the Russian full-scale invasion. 
Media, War & Conflict 0, 0 (2024), 17506352241236449. Publisher: SAGE Publi-
cations Sage UK: London, England. 

[118] Kyriakos Zarifis, Tobias Flach, Srikanth Nori, David Choffnes, Ramesh Govin-
dan, Ethan Katz-Bassett, Z Morley Mao, and Matt Welsh. 2014. Diagnosing 
path inflation of mobile client traffic. In Passive and Active Measurement: 15th 
International Conference, PAM 2014, Los Angeles, CA, USA, March 10-11, 2014, 
Proceedings 15. Springer, Los Angeles, US, 23–33. 

[119] Haijun Zhang, Chunxiao Jiang, Rose Qingyang Hu, and Yi Qian. 2016. Self-
organization in disaster-resilient heterogeneous small cell networks. IEEE 
Network 30, 2 (2016), 116–121. https://doi.org/10.1109/MNET.2016.7437033 

[120] Zesen Zhang, Alexander Marder, Ricky Mok, Bradley Huffaker, Matthew Luckie, 
Kimberly C Claffy, and Aaron Schulman. 2021. Inferring regional access network 
topologies: Methods and applications. In Proceedings of the 21st ACM Internet 
Measurement Conference. ACM, Virtual Event, USA, 720–738. 

[121] Shiyao Zhu, Dezhi Li, Haibo Feng, Tiantian Gu, Kasun Hewage, and Rehan 
Sadiq. 2020. Smart city and resilient city: Differences and connections. Wiley 
Interdisciplinary Reviews: Data Mining and Knowledge Discovery 10, 6 (2020), 
e1388. Publisher: Wiley Online Library. 

[122] Naomi Ziv and Revital Hollander-Shabtai. 2022. Music and COVID-19: Changes 
in uses and emotional reaction to music under stay-at-home restrictions. Psy-
chology of Music 50, 2 (2022), 475–491. 

A Questionnaire 
We translated the transcript of the questionnaire from German to 
English. We did not provide the headlines and part descriptions 
during the survey. 

A.1 Part 1: Consent and Screening 

A.1.1 Age (Q1) . "How old are you?" ⟨"Under 18", "18-29", "30-39", 
"40-49", "50-59", "60-69", "70+"⟩ 

A.1.2 Gender (Q2) . "Which gender do you identify with?" 
⟨"Female," "Male," "Non-Binary," "Own description" with a text field, 
"Prefer not to disclose"⟩ 

A.1.3 Education (Q3) . "What is your highest educational qualifi-
cation?" ⟨"None (yet)," "Hauptschulabschluss," "Polytechnische Ober-
schule," "Mittlere Reife, Realschulabschluss," "(Fach-)Hochschulreife," 
"Bachelor," "Master," "Diplom," "Promotion," "Other qualification" with 
a textfield⟩ 

A.1.4 Income (Q4) . "If you add up all the incomes of your house-
hold, Which of the following income groups does your monthly net 
household income fall into (i.e., household income after deducting 
taxes)?" ⟨"under 1000 €", "1000 € to 1999 €", "2000 € to 2999 €", "3000 € 
to 3999 €", "4000 € to 4999 €", "5000 € and more", "No answer"⟩ 

A.1.5 Federal State (Q5) . "In which federal state do you cur-
rently live?" ⟨ "Baden-Württemberg", "Bavaria", "Berlin", "Bran-
denburg", "Bremen", "Hamburg", "Hesse", "Mecklenburg-Western 
Pomerania", "Lower Saxony", "North Rhine-Westphalia", "Rhineland-
Palatinate", "Saarland", "Saxony", "Saxony-Anhalt", "Schleswig-
Holstein", "Thuringia" ⟩ 

A.1.6 Citizen and Smartphone Ownership (Q6) . "Have you lived 
in a major German city (population at least 100.000) for at least 
1 year since 2008?" ⟨"Yes", "No"⟩ 

A.1.7 City Name (Q7) . "What is the name of the German city 
where you have lived for at least one year since 2008?" ⟨ "Aachen", 
"Augsburg", "Bergisch Gladbach", "Berlin", "Bielefeld", "Bochum", 
"Bonn", "Bottrop", "Braunschweig", "Bremen", "Bremerhaven", "Chem-
nitz", "Darmstadt", "Dortmund", "Dresden", "Duisburg", "Düsseldorf", 
"Erfurt", "Erlangen", "Essen", "Frankfurt am Main", "Freiburg im 
Breisgau", "Fürth", "Gelsenkirchen," "Göttingen", "Gütersloh", "Hagen", 
"Halle (Saale)", "Hamburg", "Hamm", "Hanau", "Hannover", "Heidel-
berg", "Heilbronn", "Herne", "Hildesheim", "Ingolstadt", "Jena", "Kaiser-
slautern", "Karlsruhe", "Kassel", "Kiel", "Koblenz", "Köln", "Krefeld", 
"Leipzig", "Leverkusen", "Lübeck", "Ludwigshafen am Rhein", "Magde-
burg", "Mainz", "Mannheim", "Moers", "Mönchen-Gladbach", "Mül-
heim an der Ruhr", "München", "Münster", "Neuss", "Nürnberg", "Ober-
hausen", "Offenbach am Main", "Oldenburg (Oldb)", "Osnabrück," 
"Paderborn", "Pforzheim", "Potsdam", "Recklinghausen", "Regens-
burg", "Remscheid", "Reutlingen," "Rostock", "Saarbrücken", "Salzgitter", 
"Siegen", "Solingen", "Stuttgart", "Trier", "Ulm", "Wiesbaden", "Wolfs-
burg", "Wuppertal", "Würzburg" ⟩ 

A.1.8 City Duration (Q8) . "How many years have you lived in 
this city since 2008?" ⟨Numerical input field⟩ 

A.1.9 City Smartphone Usage Confirmation (Q9) . "Have you 
owned and used a smartphone during this time?" ⟨"Yes", "No"⟩ 

https://www.statista.com/statistics/330695/number-of-smartphone-users-worldwide/
https://www.statista.com/statistics/330695/number-of-smartphone-users-worldwide/
https://doi.org/10.1145/3127540.3127542
https://doi.org/10.1145/3127540.3127542
https://www.ssoar.info/ssoar/handle/document/91328
https://www.ssoar.info/ssoar/handle/document/91328
http://tubiblio.ulb.tu-darmstadt.de/140700/
http://tubiblio.ulb.tu-darmstadt.de/140700/
https://doi.org/10.1109/MNET.2016.7437033
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A.2 Part 2: Everyday Smartphone Usage 

A.2.1 Daily Smartphone Screentime (Q10) . "Please estimate 
your average daily smartphone screen time in hours." (Hint: By 
screen time, we mean the time you actively use your smartphone. 
For example, Apple smartphones offer these values via the ’Screen 
Time’ function. On newer Android smartphones, this function is 
called ’Digital Wellbeing.’) ⟨Numerical input field⟩ 

A.2.2 App Usage in Everyday Life (Q11) . "Please sort the follow-
ing app categories according to the frequency with which you use 
apps from these categories. Sort in descending order, i.e., the most 
frequently used app category should come first, and the least used 
app category should be last. If you never use certain app categories, 
you do not have to include them and can ignore them. However, 
you must specify at least one category." (Hint: The apps in brackets 
only suggest the respective categories. The mouse can move the 
elements between the left and right lists. A double-click moves an 
element to the other list.) ⟨positional voting of app_categories⟩ 

A.3 Part 3: Crisis Smartphone Usage 

A.3.1 Crisis Introduction (Comic) . "Below is a short comic board 
that introduces you to the scenario of this survey. When we mention 
major cities, please think of the_city." The comic board as depicted 
in Figure 1. 

A.3.2 App Demand for Crisis-Specific Use Cases (Q12) . "In the 
previous comic, an earthquake was introduced as an example 
of a crisis. For the following crises, please indicate which apps 
you would use. The categories are the same as in Q11. Multiple 
answers are possible." (U1) "You want to receive warnings about 
the crisis. Which apps would you use?" ⟨app_categories, "Other" 
with a text field, "No app," "No answer"⟩ (U2) "You want to receive 
tips on how to stay out of danger in the event of a crisis. Which 
apps would you use?" ⟨app_categories, "Other" with a text field, 
"No app," "No answer"⟩ (U3) "You want to contact an emergency 
service (but calling 112 is not possible). Which apps would you 
use?" ⟨app_categories, "Other" with a text field, "No app," "No 
answer"⟩ (U4) "You want to search for information about the crisis. 
Which apps would you use?" ⟨app_categories, "Other" with a 
text field, "No app," "No answer"⟩ (U5) "You want to contact and 
communicate with other citizens. Which apps would you use?" 
⟨app_categories, "Other" with a text field, "No app," "No answer"⟩ 
(U6) "You want to navigate in the_city. Which apps would you 
use?" ⟨app_categories, "Other" with a text field, "No app," "No 
answer"⟩ (U7) "You want to be distracted from the crisis. Which 
apps would you use?" ⟨app_categories, "Other" with a text field, 
"No app," "No answer"⟩ 

A.4 Part 4: Crisis Smartphone Interaction with 
Island Connectivity 

A.4.1 City Isolation Introduction (Comic) . "The following comic 
builds on the previous scenario and expands on it, continuing the 
earthquake scenario in the_city." The comicboard as depicted in 
Figure 3. 

A.4.2 City Isolation Introduction (Video) . "Please start the video 
if it does not start automatically. If this does not work either, there 
is a description of the video below the video." 

A.4.3 Video Transcript . "First, you want to send a message to a 
friend outside the city using a messenger app. The message is usu-
ally sent via the Internet. However, the earthquake disconnected 
the city from the Internet, so the message could not reach its desti-
nation. After the recovery measures taken by the mobile network 
operator, all apps on your smartphone are available for local use. 
Therefore, you can continue using your already installed apps to a 
limited extent, e.g., you can only navigate inside the city with your 
navigation apps, only read the local newspaper app but not global 
newspaper apps, or only communicate with citizens inside the city 
with your messenger apps, but not with people outside the city." 

A.4.4 Video Description . "You can see how a chat message, sym-
bolized by a letter, is to be sent to another city. However, the message 
cannot be sent because your city is disconnected from the Internet. 
You can then see that the mobile operator enables the use of your 
smartphone apps locally. This means, for example, that you can 
only use your navigation apps to navigate within the city, that you 
can only read your local newspaper app but not a global news app, 
or that you can only use your messenger apps to communicate with 
people within the city but not with people outside it." 

A.4.5 App Usage in Isolated Cities (Q13) . "The consequences of 
the earthquake have now lasted for several days. For this question, 
please assume that your apps work locally in the city, as the video 
explains. Apps from all categories are available in this way. Such 
local recovery measures are visions for the future that have not yet 
been implemented. To answer this question, please imagine that 
apps on your smartphone work locally, as shown in the comic and 
video. The categories are the same as for Q11 and Q12. Please sort 
the following app categories according to the frequency you use 
apps from these categories. Sort in descending order, i.e., the most 
frequently used app category should come first, and the least used 
app category should be last. If you never use certain app categories, 
you do not have to include them and can ignore them. However, 
you must specify at least one category." (Hint: The apps in brackets 
only suggest the respective categories. The mouse can move the 
elements between the left and right lists. A double-click moves an 
element to the other list.) ⟨positional voting of app_categories⟩ 

A.5 Part 5: Control Variables and Data Quality 
"The following questions are independent of the previous scenario 
and relate only to you as a person." 

A.5.1 Crisis Experience (Q14) . "Please indicate which of the fol-
lowing crises you have experienced." (Hint: We are not counting 
the COVID-19 pandemic as a crisis here.) ⟨"Earthquake," "Flooding," 
"Storm," ’Wildfire,’ "War," "None," "Not sure" with a textfield⟩ 

A.5.2 Internet Outage Experience (Q15) . "Please indicate which 
of the following Internet outages you have experienced." (Hint: 
Fixed network refers to your Internet access at home, e.g., via 
Wi-Fi.) "No Internet via fixed network but via cellular network." 
⟨"Never," "up to 1h", "up to 6h", "up to 12h", "up to 24h", "more than 
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24h", "Not sure"⟩ "No Internet via cellular network but via fixed 
network." ⟨"Never," "up to 1h", "up to 6h", "up to 12h", "up to 24h", 
"more than 24h", "Not sure"⟩ "No Internet via fixed network nor 
cellular network." ⟨"Never," "up to 1h", "up to 6h", "up to 12h", "up to 
24h", "more than 24h", "Not sure"⟩ 

A.5.3 Emergency Forces Experience (Q16) . "Are you currently 
working as an emergency worker, e.g., for the fire department, 
rescue service, police, or THW?" ⟨"Yes," "No," "No answer," "Other" 
with a textfield⟩ 

A.5.4 ATI Scale with IRI (Q17) . "The following is about your in-
teraction with technical systems. By ’technical systems," we mean 
apps and other software applications as well as complete digital 
devices (e.g., cell phone, computer, TV, car navigation). Please in-
dicate your level of agreement with the following statements." 
"I like to occupy myself in greater detail with technical sys-
tems." ⟨"Completely disagree," "Largely disagree," "Slightly disagree," 
"Slightly agree," "Largely agree," "Completely agree"⟩ "I like test-
ing the functions of new technical systems." ⟨"Completely dis-
agree," "Largely disagree," "Slightly disagree," "Slightly agree," "Largely 
agree," "Completely agree"⟩ "I predominantly deal with technical 
systems because I have to." ⟨"Completely disagree," "Largely dis-
agree," "Slightly disagree," "Slightly agree," "Largely agree," "Com-
pletely agree"⟩ "When I have a new technical system in front of me, I 
try it extensively." ⟨"Completely disagree," "Largely disagree," "Slightly 
disagree," "Slightly agree," "Largely agree," "Completely agree"⟩ "I 
enjoy spending time becoming acquainted with a new technical 

system." ⟨"Completely disagree," "Largely disagree," "Slightly dis-
agree," "Slightly agree," "Largely agree," "Completely agree"⟩ "It is 
enough for me that a technical system works; I don’t care how and 
why." ⟨"Completely disagree," "Largely disagree," "Slightly disagree," 
"Slightly agree," "Largely agree," "Completely agree"⟩ "Please indi-
cate ’Completely disagree’ here." ⟨"Completely disagree," "Largely 
disagree," "Slightly disagree," "Slightly agree," "Largely agree," "Com-
pletely agree"⟩ "I try to understand how a technical system ex-
actly works." ⟨"Completely disagree," "Largely disagree," "Slightly 
disagree," "Slightly agree," "Largely agree," "Completely agree"⟩ "It 
is enough for me to know the basic functions of a technical sys-
tem." ⟨"Completely disagree," "Largely disagree," "Slightly disagree," 
"Slightly agree," "Largely agree," "Completely agree"⟩ "I try to make 
full use of the capabilities of a technical system." ⟨"Completely dis-
agree," "Largely disagree," "Slightly disagree," "Slightly agree," "Largely 
agree," "Completely agree"⟩ 

A.5.5 Technical Issues Textfield (Q18) . "Did you have any techni-
cal problems answering the questions?" ⟨Text field⟩ 

A.5.6 Additional Comments Textfield (Q19) . "If you have any-
thing else you want to tell us, please use the text field below." 
⟨Text field⟩ 

A.5.7 SRSI UseMe (Q20) . "Please be honest: This survey is impor-
tant to our research. Should we use your answers for our studies?" 
(Hint: Do not worry; the answer to this question is only for our 
data analysis. We will not pass them on to GapFish or third parties; 
they will not affect your payment.) ⟨"Yes", "No"⟩ 
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Table 3: Rank Distributions by Variable and Group. For each variable, this table compares the median rank 𝑀𝑔 (𝑎) that app 
category 𝑎 has scored in group 𝑔. There is a row per group 𝑔, e.g., younger participants or participants with medium technology 
affinity, and a column per app category 𝑎, e.g., messengers or news apps. Our participants did not have to rank all app categories, 
and those that they left unranked are consequently not included in the median calculation. Note that our overall rank calculation 
in Table 2 uses the Borda count [76], which accounts for unranked apps during the calculation (e.g., for crisis apps, which many 
participants did not include). 
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Younger 2 3 2 4 6 6 6 7 5 6 7 7 7 10 10 6 8 11 11 4 11 12 12.5 
Middle-Aged 2 3 1 4 6 5 5 8 7 6 7 8 8 9 10 7.5 9.5 8 11 8 14 12 14 Age 
Older 2 3 1 4 5 5 4 8 12 6 10 9 10 11 9.5 5.5 13 7 14 9.5 12 16.5 12 
Men 2 3 2 4 6 5 5 8 6 5 8 7 8 10 10 8 8 8 12 6.5 13 13 12 
Women 2 3 2 4 6 6 6 7 6 7 6 8 8 10 9.5 6 10 10 10 7 11 12 16 Gender 
Non-Binary 3 4 4 4 9 3 8 4.5 8 5 4 6 3.5 2 1 2 9.5 
Low 2 3 1 4 5 5.5 4 6 6 5 5 14 9 8.5 10.5 6 10 5.5 8 11 11.5 16 13 
Medium 2 3 2 4 6 5 5 8 6 6 7 8 8 10 11 5 9 10 12 6 13 13 13 Education 
High 2 3 2 4 6 6 5 7 5 7 8 7 8 10 9 8 9 10 11 7 11 12.5 14 
Low 2 3 1 4 5 5 5 7 6 6 6 11 9.5 8.5 8 6 10 7 11 5 11 13 14.5 
Medium 2 3 2 4 6 5 5 7.5 6 6 7 7 8 9.5 10 6 10 10.5 10 7.5 11 12 12 Income 
High 2 3 2 4 6 6 6 8 7 7 8 7 7 11 10 7 8 9 13.5 6 14 14 14.5 
Medium 2 3 1.5 4 5.5 5 5 6 5.5 6 7 7 6 9 9 9 11 10.5 10 8.5 10.5 13.5 9 
Smaller 2 3 1 4 6.5 6 5 10 7 5.5 5.5 9.5 8 11 11.5 5 7.5 8.5 12 5 15 14 16 
Larger 2 3 2 4 6 5.5 6 8 8 6 9 8 9 9.5 10 12 9 9 12 9 12.5 10 12 

City Size 

Metropolis 2 3 1 4 5 5 5 7 5 6 6 7.5 7.5 9 8 6 10 10 8.5 5 11 15 15 
Short 2 2 2 5 7 4 5 7 5.5 8 7 10 8.5 10 8 7.5 16.5 15 12 4 10 14 12 
Medium 2 3 2 5 7.5 6.5 5 8 5 6 7 9 8 11 7.5 7 8 9 11.5 7 11.5 13 13 Residence Time 
Long 2 3 1 4 6 5 5 7 7 6 7 7 8 9 10 6 9 9 11 7 13 13 13 
Medium 2 3 1 4 5 5 5 7 7 6 7 8 9 11.5 10 5 9.5 8 14 6.5 14.5 13 15 
High 2 3 2 4 6 5 5 8 5 6 7 7 7 10 9 7 9.5 10 10 8 11 13.5 12 Screen Time 
Low 2 3 2 4 6 6 6 8 6 5.5 7 8 8 9 10.5 7 9 10 10 5 12 11.5 13 
Yes 2 3 3 4 6 5 5 11 6 5.5 13 7 8 19.5 11 7.5 3 15 12 5.5 15.5 16.5 18 Crisis Experience No 2 3 1 4 6 5 5 7 6 6 7 8 8 10 10 6 10 10 11 7 12 13 13 
L. Out.: Yes 2 3 2 4 5 5 5 8 4 4 7.5 6.5 6 8 10 4.5 10 9 11 6 11 11 13 
L. Out.: No 2 3 1.5 4 6 6 5 7 6 6 7 8 8 10 10 7 9 10 11 7 12 13 13 
C. Out.: Yes 2 3 2 5 6 6 6 11 6 5.5 8 7 8.5 10.5 12 4 8 9 11 3.5 14 11 13 
C. Out.: No 2 3 1 4 6 5 5 7 6 6 7 8 8 10 9 7 10 10 11 7 12 13 13 
L.+C. Out.: Yes 2 3 2 5 6 6 6 11 6 5 9 6 7.5 9 10 5 8.5 9 10 4 13 10 11 

Outage Experience 

L.+C. Out.: No 2 3 1 4 6 5 5 7 6 6 7 8 8 10 9 6 9.5 10 12 7 12 14 14 
Yes 2 3 3 4 6 5 5 11 6 5.5 13 7 8 19.5 11 7.5 3 15 12 5.5 15.5 16.5 18 First Responder No 2 3 1 4 6 5 5 7 6 6 7 8 8 10 10 6 10 10 11 7 12 13 13 
Low 1 3 2 4 5 5 4 7 5 5 8 6 7.5 10 10 5 8 13 8 4 14 12 13 
Medium 2 3 2 4 6 5 5 7 6 6 7 8 8 10 10 6 9 10 11 6 12 12.5 13 Technology Affinity 
High 2 3 1 5 6.5 6 5 8 7 6 6.5 7.5 9 10 9 9 10 8 12 8 12 14.5 15 
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Table 4: Study Sample Description. This table describes our study sample in terms of the variables derived from the 20 questions 
of our questionnaire. We depict demographic variables from Q1 - Q4 and control variables from the remaining questionnaire. 
Q6 and Q9 were simple confirmations, dependent variables Q11 - Q13 answered our research questions (Section 5), and we used 
the open-ended questions Q18 - Q20 to discuss data quality. We introduce categories for each variable to simplify discussions 
about individual groups. For numerical variables, we report the mean 𝜇, median 𝑀 , and the inter-quartile range (IQR). 

Variable Category Value Goal Sample Description 
(𝑁 = 857) 

18 yr to 29 yr 21 % 12 % (103) Younger 30 yr to 39 yr 19 % 20 % (174) 
40 yr to 49 yr 18 % 21 % (180) Middle-Aged 50 yr to 59 yr 24 % 26 % (225) 
60 yr to 69 yr 19 % 20 % (175) 

Age (Q1) 

Older ≥70 yr 0 % (0) 
Men Male 50 % 49 % (416) 
Women Female 50 % 51 % (437) Gender (Q2) 
Non-Binary Non-Binary 0 % (4) 
Low Low 26 % 13 % (109) 
Medium Medium 33 % 59 % (502) Education1 (Q3) 
High High 40 % 29 % (246) 

<1000 € 6 % 6 % (48) Low 1000 € to 1999 € 16 % 18 % (152) 
2000 € to 2999 € 22 % 24 % (202) Medium 3000 € to 3999 € 21 % 22 % (186) 
4000 € to 4999 € 22 % 16 % (135) 

Income (Q4) 

High ≥5000 € 14 % 14 % (122) 
Federal State (Q5) Our sample covers all 16 federal states2 . 

Smaller 100 000 to 199 999 13 % (138) 
Medium 200 000 to 499 999 22 % (201) Our sample covers 79 of the 82 German 
Larger 500 000 to 999 999 29 % (244) major cities City Size (Q7) 

Metropolis ≥1 000 000 32 % (274) 
Short <4 years 13 % (109) 
Medium 4-9 years 59 % (502) Residence Time (Q8) 
Long ≥10 years 29 % (246) 

𝜇 = 13.48; 𝑀 = 16; IQR = 3 

Low <3 h 41 % (348) 
Medium 3 h to 5 h 31 % (266) Screen Time (Q10) 
High ≥5 h 28 % (243) 

𝜇 = 3 h 44 min; 𝑀 = 3 h; IQR = 3 h 

Earthquake 14 % (122) 
Flooding 19 % (163) 
Storm 49 % (424) 
Wildfire 5 % (46) 

Crisis Experience (Q14) 

War 3 % (24) 
L Outage ≥6 h 25 % (213) 
C. Outage ≥6 h 14 % (116) Outage Experience3 (Q15) 
L.+C. Outage ≥6 h 13 % (113) 

First Responder (Q16) 3 % (28) 
Low 1 to 2.5 12 % (100) 
Medium 2.5 to 4.5 67 % (578) Technology Affinity (Q17) 
High 4.5 to 6 21 % (179) 

𝜇 = 3.68; 𝑀 = 3.67; IQR = 1.33; 𝛼 = .9 

1 "Low" is ⟨"None (yet)," "Hauptschulabschluss"⟩, "Medium" is ⟨"Polytechnische Oberschule," "Mittlere Reife, Realschulabschluss," "(Fach-)Hochschulreife"⟩, "High" is ⟨"Bachelor," "Master," "Diplom," "Promotion"⟩. 
2 6 % Baden-Württemberg (BW), 11 % Bavaria (BY), 16 % Berlin (BE), 1 % Brandenburg (BB), 2 % Bremen (HB), 8 % Hamburg (HH), 6 % Hesse (HE), 1 % Mecklenburg-Western Pomerania (MV), 5 % Lower 
Saxony (NI), 28 % North Rhine-Westphalia (NW), 3 % Rhineland-Palatinate (RP), 0 % Saarland (SL), 7 % Saxony (SN), 3 % Saxony-Anhalt (ST), 3 % Schleswig-Holstein (SH), and 2 % Thuringia (TH). 
3 "L." and "C." are abbreviations for "Landline" and "Cellular," respectively. 
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