SUMMARY

Mobile devices have become part of our everyday lives and can impact social interactions with friends and family. As digital
technology continues to improve, it has become commonplace in most homes. Mobile devices are a source of quick and endless
information while also connecting people all around the world [2]. Mobile devices have become essential for communication
and coordination between family members as they allow for planning of activities and exchange of information from anywhere
[26]. However, excessive use of mobile devices can have a negative impact on social interactions and diminishes the connection
between friends [29].

In this study, we target mobile device usage in the home. By focusing on the home, we can understand the practices of people in a
comfortable environment. Furthermore, by targeting the practices within the home, we can study how people act as a family when
mobile device practices are exposed. To better understand mobile device usage in the home, we employ research through design
and provocative design, and develop Tempus and frame it as a provotype. Tempus sparks reflection through provocation on mobile
device usage within the home. Using the two approaches in conjunction may lead to subtle mobile device practices being noticed.

Diverging from previous work, which designs primarily for Android devices, Tempus exploits that mobile devices rely on the
internet. Thus, Tempus is not platform-specific. Tempus lowers the network quality of all participating devices when a family
member uses their mobile device when together with other family members. Participants can restore the network quality by doing
a family activity and uploading a picture of this activity to Tempus. By collaborating on managing the network, the internet
becomes a shared resource.

Tempus is deployed in a three-phase field study over four weeks with three families. In the first week, Tempus logs whenever a
mobile device is used, both alone and together with other family members. In the second and third weeks, Tempus logs mobile
device usage and controls the internet. In the fourth week, Tempus goes back to just logging mobile device usage.

Our findings show that the internet as a shared resource worked as a provocative approach, as it sparked reflection from the
participants on their mobile device usage. Participants would consider if their mobile was important when the network quality
worsened or when they were together with their family. Furthermore, the family members enjoyed spending time together as a way
of regaining their network quality. While the family activities were mainly the same as before the study period, participants felt
that more thought went into the activity, and more family members participated. Finally, by measuring the mobile device usage
from the families before, during, and after Tempus was active, we could show the families how their mobile device practices had
changed. The quantitative data showed that total mobile device usage had decreased significantly. While some of the participants
had noticed some minor changes in mobile device practices, none had anticipated that usage decreased to such an extend. This
suggests that the participants subconsciously changed their mobile device usage practices throughout the study without noticing.

We show that employing the internet as a shared resource can help researchers understand mobile device usage and spark reflections
from the participants. We find that motivating the participants to spend time together, rather than only restricting access, positively
affected their time together without their mobile devices. Lastly, we show how quantitative data can support both the interview and
the qualitative data analysis. The quantitative data helped enrich the interview conversations, and we gained additional insight into
the effects of Tempus.
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ABSTRACT members being distracted, thereby negatively impacting social
Mobile devices have become part of our everyday lives and interactions [10].

can impact social interactions with friends and family. This . . . .
paper explores provocative design and non-use to create r-revious research in HCI has explored how mobile devices are

. . . . used within the home and how to change behavior related to
ections about when and how people use their mobile devices : , gy
in the home. Diverging from Bre\?ious work, which designs mobile device usage [5, 18]. The focus has been on alleviating

o ) . : some of the negative effects that may stem from using mobile

tp)_rototyp_es primarily for Andr0|d devices, we exploit that mo devices during social interactions. A lot of the research relies
ile devices rely on the internet. We study how people react n non-use to limit mobile device usage [5, 18, 19, 17, 20
when their internet becomes a shared resource by decreasing g9¢ 1o, =29, 19, L1, 24,

. . . 3]. These different forms of non-use include group-based
the network quality of the mobile devices whenever a person ; ; o i
uses their device in a family setting. We design and deploy intervention apps for limiting smartphone usage [20] and as

; ) sistance apps to mitigate smartphone distractions [19]. A lot
\tlc g elircvri)#]stﬁ:g\éoftgﬁqeingsa Egﬁqepﬁg?gges ?:%Eh%dg ;\Xg; fggé of the research looking to limit and understand mobile device
in the rst week, controls the network quality in the second \l;\;sage oncljy dﬁ}\_/eltops apps fqr ,?rr:drmd [5, :]8, 19t’h17’ 20, 2?]'
and third, and logs use again in the fourth week. We conclude € consider this to b€ a gap In the research as other operating

: : stems are also widely used. To differentiate from other re-
that the internet as a shared resource can create re ections oriy . .
. - earch, we use the internet as a provocative resource, where
mobile device usage. P

the family members have to share a network that changes in

quality. This leads us to the following research question:
Author Keywords

Mobile device usage; non-use; research through design; How does designing the internet as a shared resource affect
provocative design; explorative eld study. mobile device usage in the homé&W¥e make the internet a
shared resource by monitoring the families' internet to detect
mobile device activity, which we can do on any device with in-
INTRODUCTION ternet. When a family member uses their device while together

As digital technology continues toimprove, ithas become Com- i) iher family members, the network quality decreases for
monplace in most homes. It is a source of quick and endless

information while also connecting people all around the world the entire family. Smce farmly members can then impact each
[2]. Mobile devices have become important for communica- other's network quality, the_lnterney becomes a shared resource
tioﬁ and coordination between family members as they allow as they now_have to consider the" own an(_j othgrs‘ ability to
for planning of activities and exchange of information from access the Internet. We'do this with thg Intention to spark
anywhere [26]. However, excessive use of mobile devices can re ections on mol_)IIe glewce usage anc_j Increase time spent
h 2 ' o . A together as a family without mobile devices.

ave a negative impact on social interactions and diminishes
the connection between friends [29]. Mobile devices also in u- To spark re ection on the participants' mobile device usage,
ence how family members interact during social interactions.we use provocative design. We create a provotype called Tem-
The use of mobile devices may improve the quality of social pus to help create valuable insight and increase understanding
interactions between family members [27, 11]. Yet, the quality of the families' mobile device usage. We use research through
can also be reduced depending on how the devices are usedesign to help us understand what problems exist in the fami-
and in which context [10]. Mobile devices' in uence on the lies' current practices. We deploy Tempus in a four week eld
quality of social interactions is a wicked problem that is hard study at three different families to explore how designing the
to narrow down, and it does not have a solution that accountsinternet as a shared resource affects the families. The eld
for every aspect. study consists of three phases: The rst week Tempus logs
mobile device use, the second and third week Tempus controls
and logs the network quality, and the fourth week Tempus logs

looking up information, and boredom [27]. Checking the mobile device use again. We do a qualitative analysis, sup-

hone can be seen as problematic by other famil memberstported by quantitative data, of the conducted interview from
p L prot Ic Dy other. y he eld study. We then report on how the internet as a shared
when it is not urgent. Mobile device noti cations and other

; ) . X . resource sparked re ection on mobile device use.
disturbances from mobile devices can contribute to family

Some of the main reasons why family members use their
mobile devices in the home include checking noti cations,



This paper follows the work from our previous semester, of the entire family leads to richer conversations about when and
which a summary can be found in Appendix A. In that project, how to use mobile devices in the home.

we explored non-use of mobile devices through provocation

and gossip. This paper builds on what we learned from the pre-\opile Device Usage and Quality of Social Interaction

vious work, notably the need for a more provocative approach pjopile devices are used in different scenarios, such as when
than gossip. Furthermore, we expand on the technical founthe person is alone or is engaged in a social interaction. Us-
dation that determines mobile device use from the previous g mobile devices during social interaction might not detract
semester. from the quality of the interaction [27, 11]. However, Dwyer

This paper is structured as follows. First, we explore related et al- [10] showed that mobile device use during social interac-
work on mobile device usage, research through design, andions can be problematic. They found that using smartphones
provocative design. Then we present the design process ofluring face-to-face social interactions makes the participants
Tempus and its technical aspects. We continue by introducing €€l distracted, and they report less enjoyment from the in-
our eld study and the ndings where we nd that the internet teraction. .Furth(_ermore, indirect negative side effects spawn
as a shared resource made the participants re ect on their own"om the distractions, such as boredom and worse mood. The
and others' mobile device usage and reevaluate the time theystudy suggests that pauses in conversations may arise during
spend together. We then discuss the implications of theseextended social interactions, allowing time for smartphone

ndings, and lastly, we present future work and limitations. ~ US€ that can negatively impact the interaction. Other studies
nd that smartphone use during social interactions can cause

MOBILE DEVICE USAGE IN THE HOME less positive social impressions [36] and lower relationship

As digital technology advances and more devices becomesatisfaction with a romantic partner [32]. These reported ef-
readily available, so does the amount of technology present infects all stem from smartphones' distractions, suggesting that
our homes. The ever-increasing number of features availableSmartphones can be a distracting element that prevents people
on mobile devices encourages more use, which takes timeffom fully engaging in social interactions [10].

away from other activities. Kawsar et al. [16] conducted oiher studies have found that smartphones can also improve
a study where they investigate mobile device activities and he quality of social interaction. Geng et al. [11] conducted
where and when these activities take place in the home. Theinree expioratory studies to understand smartphone usage dur-
authors found that the participants use mobile devices for aj,q social interaction. They found that although smartphone
W|d§~ array of daily activities. _The study alsp found that with usage can negatively impact the interaction, it may also im-
the increased number of devices available in the home, fewerpro\,e the interaction. They also found that smartphones can
disputes arise when deciding which family member has accessgyrich interactions as an interactive tool for people to engage
to a device. This indicates a shift in the family context, as \yith for example, by taking pictures. The study found that

family members having access to their own devices can createipteractions between people occurred more often and for a
moments of isolation in the home, as other family members longer period of time in those situations.

are distracted by their mobile devices [16].

Other studies have shown that mobile device usage in the homeNon-Use

mediates and shape interactions and relationships amongsthe use of technology is only one way to learn about inter-
family members. Oduor et al. [27] explored the frustrations actions between people and technology. Non-use is another
and bene ts of mobile device use in a social context within the way of exploring how people interact with technology. By
home. They nd that the main reasons for mobile device use exploring ways and reasons for people not using technology,
in the home are checking noti cations, looking up informa- we can learn about interaction and how researchers can use
tion, and boredom. The participants reported frustration when non-use as a research tool [34]. In HCI, non-use is de ned as
family members used their devices for non-urgent matters in not using computers, the internet, or as a form of resistance to
a social context. Mobile device use was accepted when ittechnology [33].

was considered urgent. Furthermore, the participants reporte
that mobile device use could also be viewed as bene cial, for
example, when looking up information relevant to the current
social context in the home.

dStudies in the HCI eld have shown that families want to re-
duce mobile device usage by deploying strategies to limit it
[27, 20, 19, 18]. Research has also shown that families want
to spend family time together in which they share a sense of
With the introduction of more mobile devices in the home, togetherness as this created more positive experiences [7]. In
research has found that it can negatively in uence social in- Oduor et al.'s [27] study, they also show several different strate-
teractions [16, 27]. To study this problem, Ko et al. [18] gies to limit mobile device usage and avoid con icts caused
developed the prototype "FamiLync", an app they used to ex-by mobile device use in a social context. By studying the
plore limiting strategies and non-use in a family. FamiLync participants' strategies, they gain an understanding of the par-
provides a way to view one's smartphone usage to increaseticipants' perspectives on problems with mobile device usage.
social awareness of smartphone usage and encourages non-udéese strategies included but were not limited to: reducing
by allowing the participant to set limiting goals. The authors the number of incoming noti cations and content, describing
found that FamiLync encourages the entire family to cooperate what they were currently during on the mobile device, and
to limit smartphone use, motivating parents and children to simply placing the mobile device in a location that made it
continue participating. This research highlights that engaging harder to notice the noti cations. Another study that explores



how to limit mobile devices is the study conducted by Ko et al. prompts electricity non-use by providing peacetime periods
[20]. Their prototype "NUGU", a smartphone app, explores during energy load peaks. By interviewing the participants
how limiting smartphone usage together as a group can in-on how they felt and interacted with these peacetime periods,
crease motivation by interacting with other group members.the authors nd that providing alternatives to energy practices
The authors found that people who use the group version ofcan help decrease energy consumption. In another study uti-
NUGU tend to do more diverse non-use activities, such aslizing RtD, Jensen et al. [14] used the concept of "hygge"
socializing or resting, as opposed to those who use the NUGUto explore desirability and sustainability in smart homes. By
alone version. The group users also set longer limiting goals designing the hygge probe, the authors nd that designing for
as they observe and learn from others in their group. Finally, desirable atmospheres, such as intimacy, can lower electricity
the authors nd that the group version participants have more consumption from lightning in the home. While the study
motivation to set limiting goals, as they are motivated by the focuses on lighting, they state that designing for intimacy is
support of their family or friends, who also participate. worth studying in designing for non-use technology practices.
To summarize, RtD can be a useful approach to gain insights
usage, we realized that many limit their study to only Android on complex problems, and it can be. used to create artifacts that
devicés [5, 17, 18, 19, 20, 23, 24]. This is an understandablehelp r_esearchers understand what is problemath about current
A practices or what can be improved. As such, artifacts created

necessity, as the A_ndro?d guidelines are less restrictive thanthrough RtD are used as research tools rather than nalized
Apple guidelines, since iOS does not give access to the oper-products

ating systems' information and only allows for a program to
run within its own environment [12]. As such, the previously
mentioned studies were not possible for Apple products.

When reviewing the literature about problematic mobile device

Provocative Design

In recent years, RtD has branched into other areas, such as
We have now explored mobile device usage in the home andprovocative design. Like RtD, provocative design explores
how it might affect social interaction. Furthermore, we ex- wicked problems by creating provocative prototypes to ques-
plored non-use of mobile devices. Mobile devices are im- tion norms and beliefs of a concept [9]. Different approaches
portant to coordination and communication between family have been suggested to design for provocation. Bardzell et
members. However, they can also be distracting and impact soal. [1] propose designing provocative prototypes using three
cial interactions negatively. It is a complex problem that does dimensions: conceptual, functional, and aesthetic. An exam-
not have a solution that solves every aspect of the problemple of how to design with these dimensions can be seen in
Instead, it is necessary to understand mobile device usage anthe work by, Raptis et al. [30] develops the prototype "The
how it might affect social interactions. In the following sec- box" to challenge energy-consuming practices in households.
tion, we describe approaches for understanding and exploringThey use RtD and provocative design to create The box and

such complex problem areas. challenge the idea that electricity is always available and cheap
when the participants have to wash their clothes. Jensen et
RESEARCH THROUGH DESIGN al. [13] found that The box generates strong re ections on

the participants' energy consumption practices, to the point
where they re ect beyond the prototype. The authors further
argue that provocative prototypes must be deployed in the eld
Research through Design (RtD) is used as a design approactio properly observe their impact. This argument agrees with
in multiple research elds to explore and understand a problem the previously discussed theme of RtD bene ting from being

area. In RtD, research is conducted by utilizing a designed deployed in the homes of participants.

artifact as a research tool to explore that area of interest. TheAnother rovocative desian approach suagested by Mogensen
design should draw out what is problematic or unknown about P gn app 99 y Mog

the current subject, rather than being a solution [35]. RtD often [25] is provotyping_. Provotypes intend to expose exp_eriences
deals with wicked problems, which are unique problems that from current practices instead of focusing on how to improve
suffer from real-world constraints and which have no solution them. Mogensen suggests that by provoking through con-
[31]. Problematic mobile device usage can be categorizedCrete experience, provotypes can help create new practices
as a wicked problem since it is both dif cult to de ne and based on current ones. Bruun et al. [5] use RtD and provoca-

solve. There is no exact solution to this problem that solves tive design to develop the provotype "Pup-Lock. Pup-Lock

all aspects. Problematic mobile device use depends on thea/lenges mobile device usage in the participants' homes by
context where it is used and how it is used. By utilizing allowing family members to enforce a 30-minute lockdown

RtD, researchers can develop an artifact to help explore ando.f the participants’ smartphones. They found that providing a

- ; s visualization of time spent on the smartphone is not enough to
understand what is problematic about this wicked problem [6]. reduce smartphone uzage. Instead thgy suggest that a ghange

Previous research has used RtD to understand energy usage expectation of smartphone use is required, as the partici-
in people's homes. By utilizing RtD, these studies gain in- pants must re ect on their use habits. By enforcing lockdown
sights into how people think about their energy consumption periods, Pup-Lock generates re ection from the participants.
by deploying designed artifacts in the participants’ homes. They state that provocative design is favorable as it pushes
For example, Katzeff et al. [15] studied households' electric- the participant to re ect by locking them out of their phones
ity load balancing through their probe "Peacetime" to chal- instead of simply notifying them about how much they use
lenge the role of householders as energy managers. Peacetimtheir devices. Through interviews with the participants about

Understanding how people use their mobile devices in their
homes, and in which context, is a complex task.



how they used and thought of Pup-Lock, the authors gainedthe traf c from the router to the mobile device and vice-versa,
valuable knowledge on smartphone usage. For example, durmeaning the router and mobile device are unaware of the third
ing lockdowns, the participants noticed how they could give party. The third party can then read and control all network
full attention to their family members, in contrast to when their communication between the router and mobile device. Tempus
smartphones were unlocked. A common theme from both theworks as a third-party between the router and mobile devices,
study of Raptis et al. [30], and Bruun et al. [5] are that the which allows it to monitor and control network communication
developed provocative artifact use unfamiliarity as part of the to and from the mobile devices. By not forwarding traf ¢ to
design. The box diverges from mainstream design by making the mobile devices, Tempus can simulate bad internet quality.
the artifact a bulky box that looks retro and industrial. Pup-
Lock integrates strangeness and defamiliarization as part of
the design; hence the design becomes unfamiliar in the home.
and the participants are more prone to re ect [3].

Conceptual Representation of Tempus

To show how we use the approaches of RtD and provocation,
we create a conceptual representation of Tempus. Tempus
In summary, RtD and provocation can spark re ection on a achieves provocation by lowering the network quality for all
subject by deploying a designed artifact in a eld of study. participating devices on the network and using LEDs to rep-
With a properly designed artifact that is unfamiliar in its con- resent the network quality. Due to technical limitations, de-
text, the re ection can go beyond the artifact's scope, creating scribed later in this section, Tempus only considers it a family
more valuable insight and understanding of the area of inter-setting when the participants are near Tempus, meaning when-

est. ever two or more participants are physically close to Tempus.
To restore network quality, the family must engage in a fam-
DESIGN PROCESS ily activity and upload a picture of the activity. We do this

with the intent to make the family re ect on alternatives to
using their mobile devices. The internet essentially becomes a
shared resource, as such, the family must spend time together
if they want to spend time on their mobile devices. We create
user stories to help explain how a family member can worsen
the network quality and how a family can restore the network
quality. An example is provided in Figure 1.

As shown in the related work, the subject of understanding
mobile device practices is complex [10, 11, 27]. In this study,
we target mobile device usage in the home. By focusing on
the home, we can understand the practices of people in a com
fortable environment. Furthermore, by targeting the practices
within the home, we can study how families respond when mo-
bile device practices are exposed. Finally, by studying people
in a group, such as a family, the participants are more likely to We develop Tempus to provoke for non-use of mobile device
be motivated to participate and engage with the study [19, 20,usage when family members are together near Tempus. We
18]. facilitate this provocation by placing Tempus in the most fre-
guented rooms of the participants’' home, such as the living
oom or kitchen, essentially creating a non-use zone. Fur-
hermore, Tempus introduces some uncertainty to the family
members, as those outside the non-use zone are also affected
when Tempus changes the network quality.

To study mobile device usage in the home, we must consider
where and how the usage practices can be problematic. Wetr
agree with previous research that not all mobile device usage
is bad, but rather how and when mobile devices are used
should be studied and re ected upon [11]. We target mobile

device usage in a family setting, as we only intend to challenge
mobile device practices when people are together rather thanComponents of Tempus

challenging general mobile device usage. We de ne a "family Tempus consists of three parts: a physical design, a controlled
setting", as two or more family members together at home. WiFi, and a web interface.

We develop Tempus, as a provotype, to better understand moThe physical design is a wooden box with a LED display.
bile device usage in the home through RtD and provocative We design the wooden box to look minimalistic and simple
design. We believe that using the two approaches in conjuncto t into the participants' homes as part of the decoration.
tion may lead to subtle, mobile device practices being noticed. The LED display is a Micro:bit that consists of a 5x5 array
Tempus challenges the mobile device practices in the home byof LEDs connected to a Raspberry Pi that runs the software
provoking the participants in a setting where they otherwise of Tempus. The LED display represents the current network
feel relaxed and secure. We hope that this intrusion of the quality. When all 25 LEDs are turned on, it represents the
home sparks re ections and emotions from the participants. best network quality, and for every fth LED turned off, the
network quality worsens. Tempus uses a switch, an access
point, and a set of powerline adapters if no ethernet outlet
is near the desired location of Tempus. The Raspberry Pi

As previously mentioned, many studies pertaining to mobile

devices only consider devices using Android. Considering this

?;gé? ;nemrgts)ﬁ:gzgvicgego\k;\l}g s:g'tcr?;[' r\rlwvgsltor?]i;gi)lrevé?\//?cte(:)s mo_nitors the network traf ¢ vig the switch _vvith port m'irror.ing

use the internet, which cah be both monitored and hacked Weactlvated. The R_aspberry Piand t_he Mlcro:b_lt reside N the

design Tempué to be provocative by controlling the netwbrk wooden box, while the access point and S-W'tCh are hidden
> . . LS away. An example of Tempus is shown in Figure 2.

quality of mobile devices. Tempus takes inspiration from Man-

in-the-middle attacks [37], which is when a third-party inserts Tempus creates its own WiFi to control the network quality of

a device in-between the network communication of two parties, mobile devices. When Tempus detects that a mobile device

such as a router and mobile device. The third party forwards is used in a family setting, it lowers the network quality of



Figure 2. Example of Tempus. Left picture shows Tempus with hard-
ware hidden away, and the right picture shows Tempus with the Rasp-
berry Pi, switch, and access point.

Figure 3. Example of the network blocking process.

Figure 1. 1) Two people are together, without their mobile devices, and

Tempus is not affected. 2) One person uses their mobile device, so Tem- ok from the participants' perspective. Tempus blocks the
pus lowers the network quality for all devices. 3) A third person notices

the bad network quality and complains to the original two people. 4) To internet longer and mee often as the LEDS are turned off
restore the network quality, they do a family activity. 5) They upload a to represent a worsening of network quality. We refer to

picture of the activity to Tempus. 6) Tempus restores the network, and ~ Whalen's paper [37] to get a quick overview of the area of
the person is reconsidering whether they should use their mobile device network exploitation.
during social interaction.

We use variables to determine how long and often the network

should be blocked. To determine the values of these variables,
the created WiFi. Tempus looks for mobile device use in one-we create six different levels of network quality represented
minute intervals. If Tempus detects that a mobile device is usedby the LED display. The levels represent the experiences
during this interval, it logs the usage and then does nothingwe want Tempus to provoke. Tempus should gradually get
for four minutes before another one-minute detection interval. more provocative until the participants nd the internet almost
This cycle continues inde nitely. Tempus does nothing for unusable. For the values to properly represent the intended
four minutes for two reasons. Firstly, it ensures that when experiences, we must consider the difference between loading
a participant brie y interacts with their mobile device, the a webpage and watching a video. When opening a webpage, a
interaction is only counted as a single-use. Secondly, it ensuresdevice loads the entire webpage once. When watching a video,
that the LEDs do not turn off too fast. the device continually receives data, which is stored in a buffer

. . . .to ensure a smooth viewing experience. This buffer stores a
Because Tempus needs to determine a family setting automatlfew seconds of video that can be watched without internet

cally, we assume that the participants keep their mobile de\”Cesaccess. If the internet is blocked regularly, for short durations,

near them when at home. With this assumption, Tempus US€Shen loading a webpage is affected more than a video. as the
Bluetooth Received Signal Strength Indication (RSSI) to de- video alreagy has Iga%ed the data. Instead, if the intérnet is

termine if a participant uses their mobile device in a family bl : : :

. . , . . ocked irregularly for long periods, then a video may not
setting. Tempus considers it a family setting when the RSSI enoug% datgin the t?u?fer. With this in mind, Te?/npus
values of at least two devices are within a given threshold, uses short blocks when there are many LEDs active, meaning

which varies depending on the home. Tempus controls the, o qjte are affected, while videos might not. When there
network quality of participating mobile devices by blocking are few LEDs active, the blocks are longer, and videos might

the internet traf ¢ in short intervals. This blocking is achieved

by rerouting all traf ¢ to/from mobile devices through the stutter regularly.
Raspberry Pi and then not forwarding the traf c. When the We tested the six levels with our families and friends until we
network traf c is not being forwarded, the internet does not found values that corresponded to the intended experiences.



Level | Intended experience participant must re ect on how and when they use their device
&) No change since using the device in a family setting decreases the network
4 | barely notice a slower network quality for everyone. Furthermore, we design Tempus to be
3 I notice a slower network now and then visually provoking. We believe that the decreasing number of
2 | often notice a slow network lit LEDs provides a sense of slowly degrading network quality.
1 | very often notice a slow network Since the LEDs are always active, it creates the illusion that
0 I nd the network almost unusable the network quality is a constant factor. However, the change
Table 1. Levels of network quality and the experiences they should pro-  IN nNetwork quality is only in effect when Tempus blocks the
voke. network. Another dilemma for the participants is how they
upload an image of a family activity. The participants are only
Level | Active LEDs | Block time | Pause timg told that they must upload a picture of something they consider
5 21-25 0 None a family activity. Since a picture that depicts a family activity
4 16-20 5-10 180 - 240 has to be uploaded, it may feel like Tempus is validating the
3 11-15 10-20 150 -210 pictures; however, this is not the case. The pictures uploaded
2 5-10 10-25 120 - 180 are inserted into the front page gallery to create a picture diary
1 1-4 15-35 100 - 160 where all family members can view them. This makes it so
0 0 20 - 45 90 - 150 that if a participant "cheats" by uploading a picture that does

Table 2. Active LEDs, the corresponding level and the block and pause ~ NOt depict a fam”)’_setth, they may worry about how Tempus
values (in seconds). The block and pause times represent the intervals — and the other family members react.

for which Tempus blocks access to the internet and the subsequent pause . . .
before the next block. In summary, deploying Tempus in a household introduces

strangeness and uncertainty to the family members. Tempus'

_ _ _ i different components work together to provoke the participants
The different levels and their associated experiences are shownig re ect on their mobile device habits.

in Table 1. Tempus blocks network access for an amount of
time corresponding to the active LEDs, represented in Figure 3.r|ELD STUDY

The time values corresponding to each network level are shownTg explore how the internet as a shared resource affected
in Table 2. For example, if there are 14 active LEDs, then the participants' mobile device usage, we conducted a four
Tempus is at network quality level 3. Tempus then blocks \eek eld study. The study was conducted in the participants'
the internet for 10 - 20 seconds. After Tempus has nished homes, where Tempus was placed in a room that the family
blocking the internet, it pauses for 150 - 210 seconds, meaningfrequented. The families were interviewed before and after the
it does not block the internet during this time. After Tempus  g|d study. We used the eld study to explore the following:
nishes its pause, it once again reads the number of active Firstly, how the participants reacted to Tempus lowering their
LEDs and blocks the internet according to the level. network quality. Secondly, how the participants acted when

The participants must upload a picture to a website to in- Tempus encourag_eq then:l to do_ activities together. Finally,
crease network quality. Tempus hosts the website on the localt0 explore the participants’ re ections and challenges on the
network, which means that it is always available even when intérnet becoming a shared resource.

network connectivity is blocked. The website provides two .
functionalities: the participants can upload a picture to in- Participants

crease network quality and see a gallery of uploaded pictures] '€ families participated in the study. The families all lived
in North Jutland and were recruited through our social network.

We decided to use pictures to show how mobile devices canAll families had at least a 50 Mbps internet connection, which
enrich family time while also creating uncertainty about how was more than enough for their usage. Thus, the families did
and if Tempus veri es the pictures before restoring LEDs. not perceive the internet as a shared resource.

Tempus does not verify whether the uploaded activity is a . . o . .
family activity; instead, it is left to the participants to decide When selecting families, two criteria were considered. Firstly,
what they consider a family activity. Tempus restores LEDs the families had to live in North or Mid Jutland since we valued
based on an algorithm when an image is uploaded. The a|gojace-to—face interviews and the possibility to visit thgm if Tem-
rithm introduces some uncertainty to Tempus as the numberPUs caused unintended problems. Secondly, to increase the

of LEDs restored is random to some degree. The algorithm chance of the family seeing the internet as a shared resource,
considers the currently active LEDs, the title of the image they the family had to have at least three members with a mobile

uploaded, and how many devices are near when the image i€/€vice. The type or manufacturer of the family's mobile de-
uploaded. On average, 10 - 13 LEDs are restored. vices was irrelevant since Tempus was not platform-speci c.

Table 3 shows the anonymized name, age, and occupation for

Provocative Aspects of Tempus the participants in the three families

When designing Tempus as a provotype, we must consider howFamily A consisted of two parents (Anna and Anton) and
it can challenge beliefs and provoke the participants to re ect their son (Albert). All of them had smartphones, but Anna
on their current mobile device practices. However, Tempus only used her iPad at home. They used their mobile devices
should not be too provocative to the point of being rejected for YouTube, podcasts, emails, calendars, internet browsing,
in the home. By making the internet a shared resource, eachetc. The parents both expressed that they used their mobile



Family Anonymised name Age Occupation

Anna 52 Housewife
A Anton 51  Program manager
Albert 24  Student
Beate 51  Shop assistant
B Bob 50 Self employed
Bella 15 Student
Bailey 12 Student
Cecilie 49 Social and health
c Assistant
Carsten 51  Danish military
Clara 19 Student
Table 3. Participating families Figure 6. Placement of Tempus in family C's home

Family C consisted of two parents (Cecilie and Carsten) and
their daughter (Clara). All of them had smartphones, and
Cecilie regularly used an e-reader. We did not include the
e-reader since, once downloaded, the books reside on the
e-reader, making the network quality irrelevant. They used
their devices for Facebook, Instagram, news, streaming, etc.
Both parents expressed that they use their mobile devices a
lot, especially when they have the day off. Figure 6 shows
the placement of Tempus in family C's home. Due to the liv-
ing room's layout, Tempus could only be placed near Clara's
bedroom or the parent's bedroom. Because Tempus uses Blue-
tooth to determine nearby devices, Tempus would consider
the devices residing in those rooms as nearby. Since Clara
was more likely to be in her room alone, we placed Tempus
devices a lot. Albert did not live with his parents, but he lived near the parents' bedroom. This placement meant that the
nearby and visited 2-3 times a week; thus, the family partly participants were considered near Tempus when they were in
ful lled the second criteria for selecting families. Figure 4 the living room, the parent's bedroom, or near the dining table.
shows Tempus' placement in family A's home. This placement

meant that the participants were considered near Tempus whenst,dy Design

they were in the living room or near the dining table. When reviewing literature about non-use of mobile devices,

Family B consisted of two parents (Beate and Bob) and their W& reallz_ed_that many studies are limited to only qualitative
two daughters (Bella and Bailey). All of them had smart- OF quantitative data [5, 17, 18, 19, 20, 23, 24]. Furthermore,
phones, and Bailey also used an iPad. They used their device®NlY @ few of these considered mobile device habits before
for TikTok, Snapchat, Instagram, news, Facebook, etc. They@nd after the study. We believed that we could support the
all expressed that they used their smartphones a lot, and Beatélu@litative data gathered from interviews with quantitative
stated that they use them too much. Figure 5 shows Tempusdata to compare mobile device usage before, during, and after
placement in family B's home. Like Family A, the participants the eld study. As such, the eld study consisted of three
were considered near Tempus when they were in the living Phases to facilitate this usage comparison:
room, including the dining table. 1. A one week preliminary measurement phase to collect data
about the participants' mobile device usage in the home.
(pre-measurement)

Figure 4. Placement of Tempus in family A's home

2. Atwo week intervention phase, where Tempus controls the
network and continues to log.

3. Aone week measurement phase to collect data about mobile
device usage after the participants experienced Tempus.
(post-measurement)

We conducted semi-structured interviews before the deploy-
ment of Tempus. The purpose of the interviews was to get an
initial understanding of the families' mobile device usage. Be-
fore the rst measurement phase, the families were introduced
to how Tempus worked. We disabled the families' WiFi and
Figure 5. Placement of Tempus in family B's home created a new WiFi with the same network name (SSID) and



password. Because the SSID and password were identical, thesould tell us the stories behind the pictures that they found
families' devices connected automatically. Thus, the family interesting, including why they did the activities and what
could use the internet like they always had, apart from the the pictures showed. When showing the graphs, we rstly
intended disruption caused by Tempus. We encouraged theshowed them graphs of each participant's individual mobile
families to contact us if they had any problems or concerns device usage in a family setting. We then asked them if they
about Tempus and contacted them several times during thecould make sense of these anonymous graphs. Following this,
eld study to ensure everything was working as intended. we showed them a graph of the family's total mobile device
usage during a family setting, and shared the family's average
mobile device usage during family settings for the three phases.
By presenting the participants with pictures and graphs, we
believed that the participants would engage in a sensemaking
process similar to the ndings of Kurze et al., and talk openly
about their experiences and thoughts concerning when and
why they had used their mobile devices.

Tempus controlled the network quality constantly for two
weeks in the intervention phase, which meant that Tempus
could affect the families' school or work life. We believed that
interfering with work and school was too provocative. Anton
and Bob seldomly used their mobile devices for work, and
both stated that they would switch to 4G if necessary. The rest
of the participants did not use their mobile devices for work

or school. All interviews were audio-recorded. The interview guide can
be found in Appendix B. The gathered data consisted of
Measurement phases 4 hours and 30 minutes of transcribed audio interviews, 56

In the measurement phases, Tempus logged when the partiactivity pictures with titles, and 84 days of recorded logs.
ipants used their mobile devices in the home, either aloneTo analyze the gathered data, we used thematic coding with
or together with other participants. The purpose of the pre-grounded theory, and emergent coding in NVivo [22]. Two
measurement phase was to gather data about the participantsf the authors read through the data individually before they
mobile device usage before the intervention phase. In the poststarted coding the data. The two coders separately coded
measurement phase, Tempus gathered the same data after thiee entire data set twice and then discussed the codes. By
intervention phase, which allowed us to explore and compare comparing the codes, categories were created, which resulted
mobile device usage before, during, and after the interventionin six themes.
phase.

FINDINGS
Intervention phase The collected data tells stories about each family throughout
Tempus controlled the network in the intervention phase and the study. The activity pictures present a rich view of what the
turned LEDs off when the family used mobile devices in a families did when they put away their mobile devices. Family
family setting. During this phase, Tempus logged when it A uploaded 22 pictures of their family activities. The pictures
turned an LED on or off. Logging data about the LEDs allowed mostly showed the activity rather than the faces of people
us to deduce when the family wanted to restore the networkinvolved in the activity, and the activities mainly consisted of
quality, either because the internet was too slow or because ofwalks. Family B uploaded 10 pictures of their family activities.
the number of unlit LEDs. Additionally, Tempus continued to  All but one picture was centered around the children doing
log data about mobile device use, which facilitated comparison some activity. Family C uploaded 24 pictures of their family
with the two measurement phases. activities. These pictures mainly showed the family eating,
for example, during breakfast or dinner. The pictures for each

After the post-measurement phase, we conducted a nal |nter—family is shown in Appendix D, E, and F, respectively.

view with all family members. We included both parents and
children to encourage discussion among the family membersin this section, we present the six themes identi ed from our
Two people conducted the interview: one to interview and four week eld study. All the quotes have been translated from
one to help with follow-up questions or to clarify what was Danish to English. We describe how the internet being a shared
said. We created the interview guide using the information resource affected the participants and sparked re ections on
presented by Patton [28]. The interview guide focused on how their own and other family members' mobile device usage.
the participants acted regarding their mobile device usage andWe nish by explaining how Tempus in uenced the time the
the activities they had done. Furthermore, it focused on what family spent without their mobile devices.

the participants re ected on regarding their mobile device

usage, both alone and together with the family. Finally, the Living with the Internet as a Shared Resource

interview guide also focused on how the participants reacted The participants expressed how the network quality and the
to the changing network quality and Tempus' changing LEDs. LEDs provoked them to see the internet as a shared resource.
All participants expressed that the network quality provoked

'n.fﬁitrﬁd t:ytK;”Z? ekt illb[ztlg’ v;/en(]eﬁd%ndrﬁ]d tn]e intltzrvitevc\j/ gui%e them, but there was a tendency to focus more on the LEDs.
wi € pictures taken by the family during the eld study a Maintaining Tempus' LEDs became a part of the families'
graphs of the logged anonymous data. Kurze et al. studied how

. A ; everyday life. Carsten from family C stated that Tempus had a
participants, both individually and collectively, try to make ntrolling effect on their daily lives
sense of presented anonymous sensory data. The authors cal® '
this behavior sensemaking. When we interviewed the family, "It has controlled much of my life for 14 days. Because |
we asked them if they wanted to share some of their pictures always look at it [Tempus], how much is there left [LEDs
with us on a provided tablet. We asked the participants if they  left]."



Clara from family C described a situation where the number happened. The interviews showed that the participants only
of lights started to decrease once her parents came homeswitched to 4G when they needed to do something they found
suggesting that she was aware that her parents started usingnportant, such as opening NemID and ordering food for the

their mobile devices together, and as a result worsened thefamily.

internet quality.

"I remember an evening where | was home alone. It was
just my boyfriend and I, and when you came home, it [the
LEDs] really started getting used."

The participants clearly understood the relation between LEDs
and network quality, but they often uploaded activities inde-
pendently of their experiences with worse network quality.
Carsten from family C said that the LEDs were something
concrete and visual that affected them more than the internet

"So it [the internet] has affected us, but what affects us the
most is that you can see the dots [LEDs] and how much
there is left. It has made an impact. And when you browse
BT [Danish news site], ohh, now a dot disappeared just
because | was looking. Such things come to mind."

Carsten was not the only participant to relate the LEDs to
the network quality. It was also the case in Family A and B

Tempus provoked the participants through the LEDs and by
controlling the network quality, which in combination, made
them feel like the internet was a shared resource.

Collaboration

The families saw maintaining the network quality as a joint
project, and everyone took part in it. They regularly kept an
eye on the LEDs, which made them upload pictures based on
the remaining active LEDs. The fact that participants were
aware of Tempus' LEDs suggests that they wanted to maintain
the network quality even when they did not experience a worse
network quality. Anton from family A compared looking at
Tempus to watching the weather forecast or looking outside
to see if it rains, referencing how checking for active LEDs
became an everyday routine. Beate from family B even went
as far as to compare it to an animal that needs feeding.

"Imagine if the internet went out, right? Imagine if they

where they never let the number of lit LEDs reach zero because ~ could not do anything on it [the internet]. Yeah, | do not

they worried what would happen. As Anton putAtre you
aware how dependent you are on the internet? Therefore it
should not get all the way to zercCecilie from Family C also
described, how the LEDs were a central topic of conversation
in her family. The LEDs were generally discussed a lot in all
the families.

"We have been keeping an eye on it. It has been a very
big topic of conversation."

While there was a focus on the LEDs, the network quality
also provoked the participants, which was especially evident
in family A, as mentioned by Anton.

"But | quickly realized that if my internet... If the WiFi
is slow, then | would have taken it straight to the garden
and dug a hole for it."

Only Anton expressed that Tempus' changing network quality
provoked him to such an extend. Nevertheless, it made Anton
sometimes put his smartphone away.

"If the goal was to bother us so much that we put that
trash [smartphone] away and started spending time on
something else, then it succeeded."

Similarly, the other participants said that if they experienced
problems with the network quality, they often put their phones
away and did something else. This was evident in family B,

know; it is probably like an animal that needs feeding."

The strategies that the families adopted to maintain the network
quality were somewhat different. The most obvious way to
maintain it was to upload pictures when deemed necessary by
the families. This strategy was used by all families but with
different approaches. When family B saw that too many LEDs
were missing, they did an activity and uploaded the pictures
shortly after. In comparison, family A and C focused more
on taking pictures whenever they did something together and
uploading them when needed. Another approach was that
families A and C would plan ahead. If the families knew that
someone would be alone for some time, they would upload
a picture so the person could use their mobile device without
disturbances. Finally, family C thought a lot about not using
their smartphones to conserve LEDs, as described by Carsten.

"I certainly had focus on it. | have not always taken. ..
yeah, | have certainly thought about it many times - try
to conserve the dots [LEDs] a little."

The families' desire to maintain the LEDs made them pay
attention to Tempus throughout their everyday life. The fam-
ilies also collaborated to keep the LEDs lit, using different
strategies.

Re ections on Own Mobile Device Usage
All the families described how Tempus provoked them to

where Beate believed she had read more and that Bailey wase ect on their mobile device usage, both alone and together

more creative with nding activities to do without her phone.

"You [Bailey] became a bit more creative in the period,
and it still holds. Doing something instead of using a
phone. [...] Butif | come down to her room now, then it is

not the phone she sits with. [...] Now she started making
many nger rings, and then the iPad runs a tutorial."

Several participants were aware that they could avoid the
varying network quality by switching to 4G, yet this rarely

as a family. Furthermore, all participants believed they used
their own mobile devices slightly less throughout the study.
The participants said that they mainly re ected on their mobile
device usage during the two week intervention phase, but
some also re ected on it in the post-measurement phase. Only
Cecilie said she re ected on her mobile device usage, because
of Tempus, during the pre-measurement phase. In general,
the participants did not see their mobile device usage as a
problem. Nevertheless, Tempus made them reconsider if they



really needed to use their mobile devices or if they could just previously sit with their smartphones when the family drove
put them away and do something else. Cecilie from family C somewhere.

described this when she talked about how Tempus made her *[...] You used to use it [smartphones] in the car. That

think. time we drove to Tversted, it did not even come out of the
"Yes, | think so. Also, how much time | spent on the phone. pocket. You looked out the window for once."
;I'hha(iq | thought arg [should I really do that]. Yes, | did Similarly, Anna from family A noticed that Anton did not pull

out his phone in situations where he used to before the study.
Cecilie, in particular, got annoyed at herself when she realized

how much time she had spent on her phone. "[...] You [Anton] did not pull out your phone when we

played games, or when we sat on a bench and such. You
"But sometimes | think | sit and play games too often [on do not pull it out like you might have used to do. So |
the phone]. I get so annoyed with myself afterward if | actually think so [believe Anton has used it less]."

have spent much time on it because it is nothing. Then
I have spent an hour on it, and then what? It is not
something that makes you smarter.”

Family C joked a lot about each other's mobile device usage
and who was responsible for lowering the network quality.
During the interview, Clara and Carsten discussed who used
Family C was the family that used their mobile devices the their phone more during the evening, thereby removing LEDs.
most together during the study. Despite this, they were not
annoyed by Tempus. Instead, they believed that the re ections
Tempus sparked were good for them, as described by Carsten.

Clara: "Yeah, you are also good at sitting and using
your phones during the evening. | am not alone in that."
Carsten'Yeah, but there are some who are better than
"But | think it has done something for us. | believe we others."

have thought more about it [phone usage]. | believe that.
Maybe not regarding activities, that is probably like usual,
it has not changed our lives in 14 days. But regarding
phones and using them, then | believe it has changed. At
least you think more about it."

Family B also re ected on who was responsible for consuming
the most LEDs. When asked whether they noticed which
family member consumed more LEDs, Beate described how
everyone except oneself was responsible for removing them.
The families mainly reconsidered the mobile device use when We knew that. It was everyone but oneself.
their use was unimportant. When the participants experiencedThe participants' joked about each other's mobile device
bad network quality, they would consider if the task was im- overuse, and some believed that the other family members
portant. If it were deemed unimportant, the participant would used their mobile devices less.

put away their device. In contrast, if the participants found the

task important, such as reading work emails, they continued sypconscious Non-Use of Mobile Devices

using their mobile devices. Anton from family A re ected Most of the participants believed that they used their mobile
on his phone usage when he described that he did not segjevices slightly less during the intervention phase, but none
his phone usage as a pastime, making him continue using hisealized how much they had reduced their usage. The graphs in
phone. Figure 7 show the number of times Tempus identi ed mobile

"l use my phone a lot. | do that already, and | do not expe- device use in a family setting for each day of the eld study.

rience it as a pastime. | believe it is much like education. 1 he green columns represent the pre-measurement phase, the
I would call it that." blue columns represent the intervention phase, and the red
columns represent the post-measurement phase. Graphs for
Tempus made the participants re ect on their mobile device each mobile device use can be seen in Appendix C.
usage. As a result, some participants put away their mobile . )
devi%es when they thought tF;\at thStask \I/?/as unirr):portant. TemWhen we asked the families whether they had felt any differ-
pus even made some participants annoyed at themselves dugce in their mobile device usage after the pre-measurement
to their usage. In contrast, other participants continued to usePhase; the answers were mixed. Family A thought they had

their mobile devices when they considered the task important. USed it almost the same amount, family B thought they had
used it slightly less, and family C thought they had used it

somewhat less. Despite this, when we mentioned the graphs,

Re ections on Other Family Members' Mobile Device Us- Cecilie jokingly responded withl feared that’, suggesting

age that she was unsure if they had used it less.

Tempus did not only spark re ections on the participants' own Looking at the logs, it is clear that all families used their
mobile device usage but also their family's usage. The partici- mobile devices much less during the intervention phase and
pants joked with each other about their mobile device usageslightly less in the post-measurement phase. When we asked
and who was responsible for removing LEDs. Furthermore, family A if they could recognize the data in the graphs, An-
some participants said that they believed the other family mem-ton said: "No, | would have thought that we used [smart-
bers used their mobile devices less than before the study. Beatgphones] about the same amount in the blue period as we did
from family B told a story where Bella and Bailey looked out in the green period”Nevertheless, the family went from us-
the car windows during a family trip, whereas they would ing their mobile devices 34 times per day on average in the
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Figure 8. Left: (Family A) Still playing, who wins? Right: (Family B)
Washing cloth

whereas she said that she did not think about it during the post-
measurement phase. Despite this, all participants in Family
C used their mobile devices the same amount or less in the
post-measurement phase compared to the pre-measurement
phase, which suggests that Cecilie subconsciously thought
about her mobile device usage in the post-measurement phase.

Overall the participants' used their mobile devices far less dur-
ing the intervention phase than they recalled, which indicates
that Tempus subconsciously made the participants reluctant to
use their mobile devices.

Quality Time without Mobile Devices

The families all expressed very positive experiences with the
family activities and stated that they did not use their mobile
devices during the activities, apart from taking pictures. Al-
though many of the activities were something that the families
would typically do, they described how Tempus motivated
them to do and participate in activities. Family A and B said
that Tempus made them do new activities or activities they had
not done for a long time, for example, playing board games, as
seen in Figure 8 (left). Furthermore, family C described how
Tempus made them more aware of doing activities together.
The most common word in the participants' titles was "hygge",
suggesting that the families enjoyed the activities. Examples

Figure 7. The graphs show the accumulated number of times Tempus  are shown in Figure 9.

detected mobile device use in a family setting for each of the three fami- . L. .
lies. Families B and C faked activities once during the eld study,

which means that they uploaded a picture of an activity they

did not do. However, both families put effort into taking a
pre-measurement phase to 16 times per day in the interventiorpicture that looked like a family activity. For example, family
phase. B decided to put their hands on some already folded washing
clothes and take a picture, shown in Figure 8 (right). When we
asked the family how they felt uploading such a picture, the
family said that it was something they enjoyed doing together.

Bob: “We had fun with it
Beate:*You had a lot of fun.”
Bob: “That was also something we did together”

Beate from family B described that she believed Bob worked
less from home, which could be one reason for their reduced
usage. However, Bob did not notice any difference himself.

Beate:"But | will say that you have worked less from

home compared to what you used to, maybe."

Bob: "I have said that | have not noticed that."

Similarly, family C put out a deck of cards on the table to

display a game taking place. Thus, despite trying to fake the

activity, the families did do something together, and they had
uch fun describing these fake activities.

Family C believed they used their mobile devices less, but they
were surprised that they went from an average of 134 times per
day in the pre-measurement phase to 27 times per day in th
intervention phase. Another interesting observation from fam-
ily C was that Cecilie believed she used her phone less in theAll families described situations where a family member par-
pre-measurement phase than in the post-measurement phageipated in an activity they normally would not have. Bob
Cecilie stated that she re ected on her mobile device usage durfrom family B said that the daughters came out of their rooms
ing the pre-measurement phas€here | also thought about  when the network quality was bad and that Bailey, speci cally,
it [not using the phone]. Because we also use it too much" often went to her parents and asked to do an activity.
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active, making it easier for the participants to determine the
current network quality and see how much they had used their
mobile devices.

Interestingly, the daughters from families B and C felt most
provoked by the network quality. We believe this stems from
the daughters spending more time in their rooms where they
could not see the LEDs.

Previous research has used lockout mechanics to limit partic-
ipants' mobile device usage and make them re ect on when
to use their mobile devices. Tempus' showed a similar effect
to the studies of Bruun et al. [5], Kim et al. [17], and Ko et
al. [19], in that forcefully restricting participants from fully
accessing their mobile devices can affect their mobile device
usage. More speci cally, we con rm that restricting mobile

Figure 9. Left: (Family B) Family hygge Right: (Family C) Morning device use limits the subconscious habits of checking the mo-
"hygge” bile devices for short periods, such as checking noti cations
or scrolling through social media. A poor network quality
"Itis like a re alarm. When the WiFi is bad, the children showed to have a similar effect as the input tasks presented by

Kim et al. [17], where a workload would make the participant
re ect on why they would use their device. In the cases where
In family B, Tempus also affected the activities the children usage was not deemed necessary, the participants would put
did with their guests. Beate described how Bailey and her away their devices. In our study, the participants would some-
friend had to do other things than being on the IPad becausetimes wait for the network quality to be restored. They would
of the network quality. essentially weigh the cost-bene t between waiting for the net-
work or putting the mobile device away. In summary, using the
internet as a provocative approach proved to affect the partici-
pants' mobile device usage. However, a gradually decreasing
internet quality can be hard to perceive for the participants.
Interestingly, the families positively described the activities, Hence a secondary provocation method is favorable, such as
even those they only did to increase the network quality. Fur- Tempus' LEDs. Furthermore, researchers can include many
thermore, the families' had fun with the activities and enjoyed more potential devices, and thereby participants, in the study
spending some quality time as a family. by designing prototypes that exploit the device's reliance on
the internet, in contrast to developing platform-speci ¢ apps.

come out of their rooms"

"[...] When you are a guest, and the network does not
work, then you are not on the internet either, and you do
something else."

DISCUSSION

This section discusses the implications of Tempus and how it
relates to work within the HCI eld and designing towards non-
use. The eld study aimed to explore whether the internet as a
shared resource would affect the participants' mobile device
usage and whether it provoked the participants to re ect on
their mobile device usage.

Family Time without Mobile Devices

Mobile devices have been shown to increase tensions in homes
when used in family settings. Blackwell et al. [4], Oduor et
al. [27], and Bruun et al. [5] found that families want to
reduce the interruptions stemming from technology when they
are together. Noti cations have been shown to distract peo-
Internet as a Provocative Approach ple from the family activity, while natural lulls in the activity

Using the internet as a provocative approach was motivated bycan create space for mobile device use [11]. We complement

- ; : - - these previous ndings by studying how the participants in-
the previous work, which directly targeted Android devices . ; . ) :
[5, 17, 18, 19, 20, 23, 24]. Diverging from these studies, we teracted with their mobile devices during the eld study. All

targeted the infrastructure of mobile devices, namely their Participating families indicated that mobile devices were not
reliance on the internet ' present during family activities, apart from taking pictures for

Tempus. Some of the participants mentioned that they had in-
The eld study shows that changes in network quality can tentions of reducing their mobile device usage before the study.
spark re ections on mobile device usage. However, the partic- They also mentioned that unspoken rules already existed for
ipants tended to focus more on the LEDs. We found that the when mobile devices were not allowed. However, most partici-
participants would often observe Tempus' active LEDs to get pants stated that mobile device use during family activities felt
an overview of the network quality, and it is evident that the wrong or counterintuitive. The few participants who used their
LEDs made Tempus more provoking. One participant com- mobile devices during these activities mentioned that it was
pared the LEDs to the WiFi symbol, and another stated that he because of work or similar important matters, similarly to the
could more easily comprehend the LEDs than the changes in ndings of Derks et al. [8]. While tensions showed at varying
network quality. Furthermore, the participants did not always levels within the families, only family C mentioned that they
experience the decreasing network quality since the internetwould provoke each other about the usage. The family would
was blocked in intervals. In contrast, the LEDs were always joke about who had caused the LEDs on Tempus to disappear
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and comment on family members using their mobile devices interview and remember instances they might have forgotten
during dinner. Maintaining Tempus' network quality was seen to mention otherwise.
as a joint task by all participating families, and taking pictures
became part of their daily routine. We also found that the
younger participants encouraged the family to do activities FUTURE WORK AND LIMITATIONS
similarly to the ndings of Ko et al. [18], for example, when Based on the ndings, we see the potential for further research
Bailey and Bob faked the activity of folding clothes. using the internet as a shared resource for provocation towards
non-use. By observing or controlling a network, future work
can include any devices that require a network connection in
the study, such as smart TVs or voice assistants. Future work
might also explore a hard block of the network connection
instead of disrupting the mobile devices' network connection
in short intervals. Furthermore, we found that the families
reacted positively to doing activities to restore the network
quality for their mobile devices, which we can imagine being
further expanded. Finally, using quantitative data to support
Quantitative Data to Support Qualitative Data the qualitative data proved helpful in analyzing mobile device
While many studies about non-use rely on quantitative or qual- habits. Only three families participated in the study, which
itative data, we included logged anonymous data about thecauses some uncertainty with both the qualitative and quan-
participants' mobile device usage in the interview. Showing titative data. Therefore, we suggest that future work include
graphs of the participants' mobile device usage during the more families and increase the length of the three phases to
nal interview proved to be a valuable inclusion. It drew out increase the validity of the ndings.
qualitative data that otherwise would not have come up during
the interviews. This behavior con rms what Kurze et al. [21]
found in their study on people's sensemaking from sensor

data. Sensemaking includes presenting stories or using datgletermme when two people are in a family setting can be

as evidence for perceived behaviors. The same sensemakinﬁ]grzcg;tii; 2%?;3'28@' %ﬁrﬁ%mg& durcélrjnact)s ehﬁg\glgl.WAhr;tgn
occurred when our participants inspected the graphs. Despltehe used his phone alone. This was because Anna's tablet

the anonymous graphs, the participants started explaining out: A _
liers with stories and guessing whom the graphs belonged toVas recharging in the other room, where its RSSI value would

The graphs made the families talk among themselves and operﬁoan}gimeigﬁfﬁed&er?égfnhggﬁ;vmg :ﬁ?u-rr:r\?vglrjlf rtg Clj)iﬂi'der
up more, which led to data that we would not have gotten y 9. 9 9

otherwise. The same occurred when we asked the family tomore accurate positions of mobile devices uses other means,

show the pictures they took during the intervention phase. The SUCh. as V\gl;!tposnllro]nlrég usmgljztrl?hngulatloné Hk)c>¥veve][, th_'ls
participants talked about what the pictures showed and dis'rBe%Jgr?t?o?neé Ir?gv?/ hgrwvgﬁlrg.solrjtqetierqggr; é)rierr:c):rg Ic?srgl gf
cussed their experience with the given activities. Thus, having . t t th work dl pf th ber of
something concrete that the families could relate to or directly INternet access on the network, regardiess of the numboer o

speak about contributed to rich conversations that would not g)(zg\{len LI\EN?EI n'::;?'é%r:;%grei;’;’()srtzmﬁt u::ﬁ g;i ?T\aaqltllghpcatlg{r?
have happened otherwise. 9 Y,

regardless of the prototype.

In summary, the families seemed to enjoy both their time with-
out mobile devices and their time spent together. Thus, we
see that motivating family members to spend time without
mobile devices, rather than only restricting the usage, posi-
tively affects the time they spent together without their mobile
devices.

Some considerations must be mentioned in regards to the
technical limitations of Tempus. Using Bluetooth RSSI to

When making sense of the graphs, most of the participants

were surprised by the data presented to them. Most partici-

pants believed they used their mobile devices less during theCONCLUSION

intervention phase, but few expected a noticeable differenceln this study, we explored how the internet could be used
between the pre-and post-measurement phase. Some particks a shared resource to provoke towards non-use of mobile
pants even mentioned that they thought they used their mobiledevices. By utilizing research through design, we developed
devices more during the post-measurement phase since thethe Tempus provotype to challenge current mobile device
were free from restrictions. As was shown in the graphs on practices in the home. Tempus lowers the network quality
Figure 7, the participants tended to use their mobile devicesof all participating devices whenever a family member uses
together a lot less during the intervention phase than duringtheir mobile device while together with other family members.
the pre-measurement phase. Although the mobile device usParticipants can restore the network quality by doing a family
age increased after the intervention phase, it was signi cantly activity and uploading a picture of this activity to Tempus. The
less than during the pre-measurement phase. Using two ofsystem is unique in that it exploits mobile devices' reliance
the four weeks to gather measurement data has shown to ben the internet to increase the variety of mobile devices that is
valuable for analyzing the qualitative data. Without the logs, possible to study. We deployed Tempus in a four week eld
we would not have found that the participants subconsciously study consisting of three phases with three families. During
used the mobile devices less. In summary, the quantitative datathe rstweek, Tempus logged mobile device use. In the second
support the gqualitative analysis, both in analyzing the data andand third weeks, Tempus provoked the participants while also
conducting the interviews. In addition, presenting quantitative logging. In the nal week, Tempus once again logged mobile
data to the participants can make them open up more in thedevice use.
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Our ndings show that utilizing the internet as a shared re- [5] Anders Bruun, Rikke Hagensby Jensen, Jesper
source worked as a provocative approach, as it sparked re-  Kjeldskov, Jeni Paay, Camilla Mejlby Hansen, Katarina

ection from the participants on their mobile device usage. Leci Sakacova, and Mette Hyllested Larsen. 2020.
Participants would consider if their mobile device use was im- Exploring the Non-Use of Mobile Devices in Families
portant when the network quality worsened or when they were through Provocative Desigissociation for Computing
together with their family. Furthermore, the family members Machinery, New York, NY, USA, 813—-826ittps:
enjoyed spending time together as a way of regaining their net- //doi-org.zorac.aub.aau.dk/10.1145/3357236.3395428

work quality. While the family activities were mainly the same [6]
as before the study, participants felt that more thought went
into the activity, and more family members participated. Fi-
nally, by measuring the mobile device usage from the families
before, during, and after Tempus was active, we could show
the families how their mobile device practices had changed.
The quantitative data showed that mobile device usage had
decreased signi cantly. While some of the participants had
noticed minor changes in mobile device practices, none had
anticipated that their usage decreased to such an extend. This[7] Eleanor Chin Derix and Tuck Wah Leong. 2018. Days
suggests that the participants subconsciously changed their  of Our Lives: Family Experiences of Digital Technology
mobile device usage practices throughout the study without Use. InProceedings of the 30th Australian Conference
noticing. on Computer-Human Interaction (OzCHI '18)
Association for Computing Machinery, New York, NY,
USA, 332-337DOl:
http://dx.doi.org/10.1145/3292147.3292185

Peter Dalsgaard. 2010. Research in and through Design:
An Interaction Design Research Approach. In
Proceedings of the 22nd Conference of the
Computer-Human Interaction Special Interest Group of
Australia on Computer-Human Interaction (OZCHI '10)
Association for Computing Machinery, New York, NY,
USA, 200-203DOl:

http://dx.doi.org/10.1145/1952222.1952265

We have shown that employing the internet as a shared re-
source can help researchers understand mobile device usage
and spark re ections from the participants. We found that
motivating the participants to spend time together, rather than [8] Daantje Derks, Desiree Duin, and Maria Tims. 2014.

only restricting access, positively affected the time they spent Smartphone use and work—home interference: The
together without their mobile devices. Lastly, we showed how moderating role of social norms and employee work
guantitative data could support both the interview and the qual- engagementlournal of Occupational and

itative data analysis. The quantitative data helped enrich the Organizational Psycholog$8 (08 2014)DOI:
interview conversations, and we gained additional insight into http://dx.doi.org/10.1111/joop.12083

the effects of Tempus. [9] Anthony Dunne and Fiona Raby. 201Speculative
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