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ABSTRACT 
Despite eforts towards pervasive, high-speed broadband connectiv-
ity, users worldwide continue to experience a persistent multinet-
work reality–a reality of intermittent Internet access over multiple 
networks of varying capacities across space and time. In this late-
breaking work, we investigate the challenges users face while using 
diferent Internet-based services and the mitigating strategies they 
adopt to overcome those challenges in a multinetwork reality. In 
addition, we also investigate how users envision software-based 
interventions that might augment their existing strategies and help 
them better manage their activities in a multinetwork reality. Finally, 
based on our fndings from a qualitative analysis of semi-structured 
interviews, we explore a two-dimensional design space defned by 
cognitive and resource costs and discuss directions for future work. 
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1 INTRODUCTION 
As the Internet and daily activities of our lives intertwine, the 
need for pervasive broadband Internet connectivity becomes in-
creasingly apparent. However, despite signifcant eforts, resources, 
and the emergence of cutting-edge wireless communication tech-
nologies over the years (e.g., satellite constellation networks, 5G, 
WiFi), achieving pervasive broadband connectivity remains a holy 
grail in modern telecommunications due to a multitude of fac-
tors [7, 8, 10, 11, 37–41]. As a result, a signifcant portion of the 
world’s population (including economically developed countries) 
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access the Internet using multiple types of network connectivity, 
often with intermittent coverage and inconsistent performance ca-
pabilities [7, 8, 10, 11, 37–39, 41]. Living in a reality of intermittent 
Internet access over multiple networks across space and time, or 
multinetwork reality, often brings unique challenges to users and 
can force them to adopt mitigating strategies. 

Users experience an increasingly multinetworked reality as broad-
band and Internet of Things deployment eforts seek to expand 
network coverage and capacity with a myriad of technologies, in-
cluding fber optic cables, 5G with millimeter wave capabilities, 
and low-powered radio [1–3, 13, 21, 22, 26, 28, 29, 32, 36, 42, 44]. 
Particularly in periurban areas, users must navigate livelihoods 
that expect certain levels of network connectivity while traversing 
spaces that may not always provide connectivity that matches these 
expectations. For instance, a business consultant living in an area 
that only supports DSL connectivity at home may not be able to 
take client meetings via Zoom during times when others are using 
her home Internet; she must either schedule bandwidth-intensive 
work to take place when there are fewer demands on the network or 
mobilize to a space where her mobile broadband has enough capac-
ity to enable the call. For billions of people, the negotiation between 
network capacity and the requirements of work, social connection, 
and entertainment is a fundamental reality [9, 24, 30, 31, 33, 34]. 
However, there are currently very limited tools to support users 
in explicitly managing these negotiations. Moreover, as evidenced 
by years of long-standing digital divide issues worldwide, uneven 
deployment of varying capacity network connectivity is likely to 
be a persistent norm [8, 23, 24]. 

In this work, we focus on interviewing individuals who navigate 
multinetwork realities in Flagstaf, AZ, to answer the following 
research questions: 
RQ1: What existing practices do users adopt to manage online 
tasks in multinetwork environments? 
RQ2: Based on existing connectivity management practices and 
challenges, what opportunities exist for tools that can explicitly 
assist users navigating through multinetwork environments? 

2 RELATED WORK 
Our work relates to two bodies of research: (1) characterizations of 
how people in the Global North and South manage their information 
needs and online activities without ubiquitous, high speed Internet 
connectivity; and (2) user-facing techniques for managing network 
resources. 

Wyche et al. characterize a “deliberate interaction” style that is 
used by individuals in Nairobi, Kenya to accommodate challenging 
Internet infrastructure. This involves users making time to go to 
public Internet cafés and deliberately planning out online time in 
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order to maximize its use. In 2017, Dye et al. examined how Internet 
users in Havana leveraged WiFi hotspots to increase access to the 
Internet across space and time [19]. This body of work points to how 
connectivity can render “spaces into places” and how community 
eforts can be leveraged to extend connectivity beyond space and 
time by allowing users to connect to Internet services and interact 
with content on each others’ behalf. Other notable works by Dye 
et al. also highlighted how users adopt mitigating (often unconven-
tional) strategies when Internet connectivity is not pervasive and 
unconstrained [15–18, 25]. Finally, an exploratory interview study 
by Erickson and Jarrahi examines how mobile knowledge do the 
work of infrastructuring to articulate gaps between diferent infor-
mation infrastructures in New York City and South Carolina [20]. 
Importantly, they reify observations by Dourish and Bell [14] and 
Chalmers et al. [4] that “seams” between infrastructures can be 
generative for the users who navigate through them, and lead to 
innovative, problem-solving practices. 

Our work also relates to system design work that proposes user-
facing techniques for managing network capacity [6, 44]. Chetty 
et al. deployed uCap with users in the United Kingdom, South 
Africa, and India [6]. Through deployment, Chetty et al. reveal 
that designing network management tools that align with users’ 
everyday interactions with their home network is a substantial 
design challenge with signifcant space for improvement, especially 
surrounding the challenges of coordinating the social aspects of 
resource management. More recently, Vigil-Hayes et al. examined 
user responses to interfaces that helped translate network capacity 
to application capabilities [44]. This work highlights the general 
need for tools that help users navigate through networks of various 
capacities over space and time, but it does not explore users’ existing 
strategies for accomplishing this nor how software tools might 
facilitate these strategies. 

3 METHODOLOGY 
We used a qualitative analysis of interview data to answer our 
research questions. The interviews were semi-structured and all of 
the questions were open-ended in nature. In an efort to maximize 
candid responses from the participants, we asked unscripted and 
open-ended follow-up questions whenever appropriate. 

3.1 Recruitment & Data Collection 
We posted paper fyers in public places (e.g., cofee shops, libraries, 
marketplaces) around Flagstaf to recruit potential participants. We 
also reached out to colleagues and acquaintances from work living 
in Flagstaf through a word-of-mouth approach who were known 
to have experienced Internet connectivity issues. Ultimately, we 
recruited seven adult participants living in or around the city of 
Flagstaf for the interviews. 

We allowed each participant to attend the interview individu-
ally in person at a convenient public place or via private Zoom 
meetings. Author MH conducted all interviews individually. Out 
of the seven participants, four participants attended their inter-
views in person, and three attended their interviews virtually via 
Zoom. All interviews were audio recorded for transcription pur-
poses after receiving explicit approvals from the participants via 
IRB-approved consent forms. At the end of each user interview, the 

participants completed an online survey containing demographic 
and technology usage questions. 

3.2 Participant Demographics and Technology 
Habits 

Table 1 presents demographic information associated with the in-
terview participants. First, the mean age of the participants (Female 
= 2, Male = 5) is 30.14 years, with a standard deviation of 11.19 
years. The participants came from diverse racial backgrounds – one 
(P1) identifying as American Indian or Alaskan Native (AI/AN), 
two (P2 and P4) identifying as White (Caucasian), two (P3 and P7) 
identifying as Asian, and two (P5 and P6) identifying as of some 
other race, ethnicity, or origin. At the time of the interviews, all 
the participants were either enrolled in a college degree program 
(undergraduate or graduate) or had completed a college degree 
program (undergraduate or graduate). In terms of place of living, 
the participants also varied widely. For example, while two of the 
participants (P1 and P2) were living in mostly rural areas, three 
(P4, P5, P6) were living in mostly urban areas, one (P3) in a subur-
ban area, and one (P7) in a completely urban area. As the city of 
Flagstaf and most of its surrounding areas lie in a high-altitude 
mountainous region, the landscape, geography, and population den-
sity can vary substantially across a relatively small area. All seven 
interview participants described themselves as frequent internet 
users - becoming online at least once or twice within an hour for 
any purpose. 

3.3 Data Analysis 
We primarily used descriptive statistics for analyzing the survey 
responses. We analyzed the interview data with a grounded theory 
[35] approach. First, Author MH transcribed each interview in 
verbatim from the audio recordings. After that, they developed open 
codes from the interview transcripts. These codes were reviewed 
by Author MV who made suggestions to the original coder for 
additional codes or sought clarifcation on any of the existing open 
codes. Next, both authors derived axial codes collaboratively based 
on the open codes developed in the previous stage. 

3.4 Statement of Positionality 
Our research team includes two researchers with a combined re-
search experience of 14 years in computer networking and the 
digital divide using mixed methodologies including quantitative 
empirical analysis and qualitative methods [27, 42–44]. The frst au-
thor was solely responsible for conducting interviews. Both authors 
were involved in analyzing the data. Interview data were interpreted 
against Internet policies, standards, and rights acknowledged by 
US national (FCC) and international (ITU) entities. The frst author 
identifes as an educated, Southeast Asian male and a temporary 
resident of Flagstaf. He acknowledges that his self-identity and 
positionality may have infuenced the interview process. 

3.5 Limitations 
Our work faced two signifcant limitations that we plan to address 
in our future work. First, a short recruitment period led to a small 
sample size of n = 7. Second, with this sample size, we believe even 
though we reached a saturation point in discovering the challenges 
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Participant code 
Age 

(in years) Gender Race Occupation Place of Living 

P1 37 Female 
American Indian 
or Alaskan Native 

Food delivery Mostly rural 

P2 51 Male White Digital Accessibility Specialist Mostly rural 

P3 26 Male Asian 
Research 
assistant Suburban 

P4 26 Female White 
Healthcare 
assistant Mostly urban 

P5 18 Male Other Retail service 
assistant Mostly urban 

P6 21 Male Other Not stated Mostly urban 

P7 32 Male Asian 
Postsecondary 

teaching 
Completely urban 

Table 1: Participant code and demographic information of the interview participants 

and coping mechanisms, we did not reach a saturation point in 
unearthing user visions for software-enabled supports in multinet-
work realities. 

4 RESULTS 
In this section, we present and explore the themes that emerge 
as answers to our research questions around mitigation strategies 
that users employ to manage multinetwork challenges (RQ1) and 
opportunities for new tools to better support and assist users as 
they navigate through and work in multinetwork environments 
(RQ2). 

4.1 Existing Strategies for Managing 
Multinetwork Logistics 

Faced with the challenges of living in multinetwork environments, 
the participants adopted mitigating strategies to get on with their 
everyday online activities. The primary mitigation strategies re-
volved around committing extra resources to establish a failover 
network connection, mobilizing to spaces with better connectivity, 
and prioritizing and scheduling certain tasks to take place during 
times when network quality was expected to be high. 

To deal with unreliable network performances of their primary 
Internet connectivity (often home broadband connections), partici-
pants reported maintaining and using a backup connectivity plan 
when required as a failover. 

“I prefer WiFi...if that doesn’t happen...then, I connect to my mobile 
Internet.” (P7) 

A few participants also mentioned using public WiFi as their 
backup connectivity plan in case of emergencies – from McDonald’s 
WiFi to elementary school WiFi. 

“We actually drive to the elementary school out here, sit in the 
parking lot and use their WiFi [when their home Internet does not 
work].” (P2) 

Participants used mobilization tactics to overcome network con-
nectivity troubles–traveling to public places with WiFi or moving 
to an area with better quality mobile broadband. One of the partici-
pants mentioned using mobile broadband as his primary means of 
being online and the need to mobilize for better connectivity. 

“[Sitting in his car parked in a parking lot]...So, now [I have moved] 
towards [downtown area to] take this Zoom call...Because I don’t have 
very good Internet at home.” (P6) 

Whether they were relying on mobile broadband or mobiliz-
ing to a diferent location to use a WiFi hotspot, participants also 

mentioned using previous knowledge about connectivity across 
space and time to make decisions about where they would move 
to if they needed to fnd a better connection. This illuminates an 
important knowledge about the landscape that people living in 
multinetworked environments must internalize over time through 
experience. Conversely, it reveals how individuals new to any area 
may be particularly vulnerable to the challenges of navigating 
through the seams between spaces of connectivity without inter-
nalized knowledge of connectivity in the area. The mobilization 
and failover tactics also reveal the fnancial burden associated with 
these coping mechanisms. Mobile data plans that have data caps suf-
fcient for every day use can be expensive, particularly in the United 
States [5]. Likewise, the time, mileage, and fuel costs associated 
with driving to fnd the nearest point of connectivity represents tan-
gible resource costs that individuals must negotiate as they search 
for connectivity alternatives. 

Another coping strategy that participants reported was task 
prioritization and scheduling. On constrained home broadband 
connectivity, one participant mentioned stopping all non-essential 
online activities when it was time for a scheduled essential online 
activity. 

“The days where I have Zoom visits [her daughter’s online counsel-
ing sessions]...I make sure nobody’s on the Internet at the time we’re 
gonna do our Zoom.” (P1) 

When network connectivity completely failed or was absent, a 
few of the participants mentioned postponing online activities for 
later or rescheduling them. 

“So, in some instances, I go for walks... Like I’ll be at Bufalo Park, 
using my phone and if I’m walking around the [poor mobile broadband 
connectivity] frustrated me to the point where I’ll just turn it of and...I 
would just save it for later.” (P5) 

In this case, the coping mechanisms employed have cognitive 
resource costs as users must keep track of what they wanted to do 
to make sure they come back to it later. Or, if users are prioritizing 
particular activities over others, there may be a cognitive burden 
associated with the decision making, e.g., deciding how to priori-
tize online activities, which activities to prioritize, communicating 
priorities with other members of the household. 

4.2 Opportunities for Software-enabled 
Supports in Multinetwork Realities 

Our second research question seeks to envision ways to identify 
opportunities for tools that assist and support the infrastructuring 
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that users do when they navigate through the “seams” between 
spaces of Internet connectivity [4, 14, 20]. To start addressing the 
question, we asked if interviewees could imagine software tools 
that might help them better manage their online activities in a 
multinetwork reality. Interviewees explicitly envisioned software 
features that would help them prioritize online tasks and reschedule 
tasks when necessary. 

Participants suggested that having tools that could explicitly 
convey the capabilities of an available connection would help them 
better prioritize among diferent tasks as they moved through a 
multinetwork environment. 

“If there was a status [showing] what I could be doing...Can I just 
read texts? Can I...scroll on Instagram? Can I watch YouTube videos? 
Can I take a Zoom call? [It] would be nice if [that information] was 
built into the applications.” (P6) 

Indeed, this same participant expanded further about the type 
of information that might be useful for an interface to provide– 
specifcally, making predictions about the amount of time to expect 
a task or activity to take given current network conditions: 

“I want to download something, and [the tool could] tell me how 
long it would take to download. So, if I hit that download button, [I 
would know] this will either take like 30 minutes to download or it’s 
going to take like 5 minutes to download...Having those times would 
be good because I’ve been trying to download something and then I 
ran out of time, and I have to go [reschedule/retry later].” (P6) 

Beyond what was explicitly envisioned by participants, our in-
terviews revealed clues to information that might assist users in 
deciding whether they wanted to engage in an activity, such as how 
frequently they might experience an application to “bufer” in a 
particular location (P3) or how “choppy” video interactions might 
be at a particular time and place (P1). 

However, tension must be balanced between increasing informa-
tion about the connection and adding to users’ cognitive burdens. 
For instance, one participant mentioned the need to hide or ab-
stract complex technical details and just present the users with the 
necessary information. 

“If I’m using Discord or something, I need that continuous data 
stream, right?...as a simple Internet user, my preference would be 
[that] I shouldn’t notice those facts.” (P3) 

Beyond providing information, our interviews revealed the need 
for tools to help manage the temporal logistics of poor connectivity. 
P4, who works as a healthcare assistant, noted some of the temporal 
dimensions of challenges with handling calls from patients. 

“The Internet’s bad. I can’t tell how many voicemails I have and 
who’s been calling me, and I can’t call people back [on the Google 
Voice app]...I just need [to] be patient and wait till tomorrow and see 
if the Internet gets better. Or go to the ofce. But...my ofce closes 
at [5 pm] .......[and] I can’t go to a public space [sensitive nature of 
healthcare-related information]. I can’t go to the ofce [because it is 
closed].” (P4) 

A complement to information that conveys the impact of net-
work performance on application experiences also highlights a 
need for tools to help support the “rescheduling” or planning of 
networked tasks. Even with information about anticipated network 
performance, there is a mental load involved with constantly keep-
ing track of which tasks need to be done, when certain tasks can 

be done, and which ones need to be revisited later (as well as when 
and where that revisiting should occur). In Section 5, we describe 
a vision for a tool that might act as a task scheduling assistant for 
users facing multinetwork realities. 

Another opportunity for new tools that support users’ naviga-
tion through multinetwork environments are tools that help plan 
mobility through times and spaces with various connectivity capac-
ities. While none of the participants explicitly envisioned tools to 
support mobility, spatial inconsistency of network connectivity was 
a recurring theme in participants’ responses to questions regarding 
the challenges of living in a multinetwork environment. 

When accessing the Internet, the participants noticed variable 
connection quality and usability of diferent types of available net-
works across diferent times–ranging from mobile broadband to 
public WiFi. In a specifc case, sudden breakdowns of mobile broad-
band connectivity render a participant’s job tasks challenging (if 
not impossible) to complete. 

“When I’m in the middle of a [food] delivery and I need the infor-
mation [directions to the delivery address], and the information will 
go away because I don’t have the Internet or something...it just sucks.” 
(P1) 

Additionally, connectivity issues such as WiFi dead zones exist 
even in well-maintained public WiFi networks. These issues can 
noticeably afect an application’s performance. 

“There’s [a] few specifc spots...I don’t know why, I don’t get the 
Internet there. Sometimes they bufer the music app I use [music 
streaming apps], so the music app [stops working] in some part of the 
campus.” (P3) 

One of the participants also mentioned experiencing the unrelia-
bility of the campus WiFi in some instances, which motivates her 
to seek better alternatives elsewhere whenever necessary. 

“I could go to the library on campus, but I just don’t. Sometimes 
the [campus] WiFi is so bad.” (P4) 

A fnal, particularly salient example took place in the middle of 
the interview, when P6 he mentioned that he had to move from 
his apartment to a location near downtown to get better mobile 
broadband connectivity to support the interview (see Section 4.1). 

While participants did not explicitly envision tools to help as-
sist them with mobility through multinetworked environments, 
their existing mitigation strategies of moving to spaces (known or 
predicted) with connectivity as well as their ongoing challenges 
with dealing with changes in connectivity en route points to a sub-
stantial opportunity for new tools that seek to reduce the burden 
of mobilizing between spaces of connectivity. Tools that provide 
users with hints about where nearest connectivity coverage exists 
relative to a place of interest, how much it might cost (if not free), 
or whether they can expect to lose connectivity on a planned route 
can be extremely useful for reducing the impact of disconnection. 
In Section 5, we provide a vision for future tools that might assist 
with mobility through multinetworked environments. 

In addition to the spatial and temporal logistics and challenges 
associated with multinetwork realities, social dimensions also re-
quire management. When multiple people or family members share 
a constrained home broadband network, they often have to priori-
tize their activities. This requires increased transparency in home 
network management and planning for connectivity alternatives 
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Figure 1: Design space for future software tools that can 
help users navigate and manage their online activities in a 
multinetwork reality. 

for multiple people. In Section 4.1, P1 details how she “makes sure 
nobody’s on the Internet” so her home Internet connection does 
not experience congestion while her daughter engages with her 
scheduled counseling sessions via Zoom. In some cases, depending 
on the tasks’ urgency and network requirements, other household 
members might mobilize to an alternative point of connection (e.g., 
a cofee shop with WiFi). While there is a strand of work that fo-
cuses on home network resource management for multi-person 
homes [6], tools focused on managing the quality of connectivity 
for a family using a single home network do not sufciently address 
the challenges of managing mobility between diferent networks 
or scheduling online activities for multiple individuals based on 
connectivity and daily agendas. In Section 5, we discuss how tools 
addressing spatial and temporal logistics of multinetwork realities 
can be expanded to incorporate social (household) logistics. 

5 DISCUSSION & FUTURE WORK 
Multinetwork realities will likely persist for a considerable period 
as ISPs are more likely to focus new infrastructure development in 
areas that already have foundational telecommunications infrastruc-
ture available, leading to a “rich get richer” efect [8, 9, 23, 24, 44]. 
We can expect these digital inequities to be further aggravated 
by the continual emergence of new networked applications that 
require evermore bandwidth and latency guarantees to deliver ser-
vices adequately. Thus, it is useful to consider how to design tools that 
might better assist users in navigating multinetwork environments 
that are likely to persist long into the future. 

Related work has observed the persistent challenges that “in-
frastructuring” pose to network users [14, 20, 45] as well as the 
challenges associated with designing human-centered tools to sup-
port network resource management and knowledge [6, 44]. Both 

strands of work demonstrate a need for tools that help users inter-
act with networks and connectivity in their everyday lives but will 
potentially bring substantial design challenges. 
Tools Envisioned for Future Work. Our examination of oppor-
tunities for new tools that might help users with the work of in-
frastructuring and managing network resources leads us to map 
opportunities to a design space (shown in Figure 1) where design 
opportunities appear in spaces that minimize the cognitive load 
required for infrastructuring work while also minimizing resource 
costs (e.g., time and fnancial). Our fndings in Section 4.2 cued 
us to two prominent issues that we envision addressing through 
software-based intervention tools. First, the wide-ranging capabil-
ities of diferent networks in a multinetwork reality impose sig-
nifcant cognitive burdens on a user in the planning, performing, 
and (if required) rescheduling of various networked tasks. Con-
sequently, users in multinetwork realities often face the second 
issue of needing to mobilize for better connectivity for networked 
tasks while also juggling a plethora of temporal and spatial logis-
tical constraints in their daily lives. Thus, we plan on developing 
the following software tools for addressing these two issues in the 
future. 
Task Scheduling Assistant: The scheduling assistant will take a list 
of “to-do” networked tasks as input from a user and will predict 
the connectivity requirements for these tasks. As a user moves 
through their day, the assistant will monitor the available network 
connectivity and communicate to the user the suitability of a net-
work based on the diferent capability parameters (e.g., bandwidth, 
latency, jitter, SNR) for accomplishing the networked tasks from 
the to-do list through suitable UI design features without putting 
any unwanted cognitive burden on the user. The user will have the 
option to either perform a task on the selected network or schedule 
it to be performed at a later time on a suitable network with the 
help of the assistant. 
Connectivity Map and Route Planner: This tool might display a map 
of places with available hotspots around the user’s current location, 
coverage areas provided by mobile broadband networks, as well 
as diferent capability parameters of the networks (e.g., reported 
coverage footprint, bandwidth, latency, connectivity dead zones), 
costs associated with using the networks (e.g., free public library 
WiFi or complementary cofee-shop WiFi available with the pur-
chase of a cup of cofee), and temporal nature of the networks 
(e.g., available 24/7 or during certain business hours, any capability 
variance at certain times). With the help of route-planning func-
tionality, a user would be able to pre-plan and follow a mobilization 
route through points of network connectivities, enabling them to 
accomplish diferent networked tasks along the way as part of a 
seamless integration with naviagation of other spatial and temporal 
logistics. To support the social coordination dimension of navigat-
ing through multinetwork realities in a household unit, this tool 
might also support a community coordination feature that would 
allow members of a household living to coordinate the logistics. For 
instance, household members might be able to leverage this feature 
to coordinate their daily agendas and create a shared mobilization 
plan through and to points of connectivity–allowing them to pull 
their logistical resources (e.g., transportation, fnance) together and 
efciently use them in navigating activities in a multinetwork real-
ity. In a fashion similar to the works of Davidof et al., this feature 
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will also allow adult household members to coordinate spatiotem-
poral logistics among themselves if any dependent member of the 
household needs to mobilize to points of connectivity [12]. 
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