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Figure 1: Opportunistic nudges enable lightweight migration between devices: (a) capturing a photo on a phone causes (b) a

nudge to appear on nearby devices; (c) interacting with it on another device (d) shares content and migrates the task to that

device.

ABSTRACT

Using multiple devices to exploit their strengths and mechanics for

a task is referred to as “migration.” However, re-establishing context

upon moving from one device to another can be cumbersome. We

propose opportunistic nudges as a way to more seamlessly share

content between personal devices. Opportunistic nudges appear in

the bezel when a device migration occurs and can be interacted with

to quickly share files and applications. However, if the user ignores
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them, they automatically disappear after some time. We explore the

design space of opportunistic nudges through rapid prototyping

and develop a preliminary design space consisting of four stages.

Focusing on six design parameters of the Visualization stage, we

gather feedback on the concept through an exploratory user study.

Results show that opportunistic nudges can be an effective way to

reduce the transaction costs of sharing content between devices.
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1 INTRODUCTION

Our daily activities with information technology rely on the capa-

bilities and strengths of multiple devices. For example, capturing

a photo or video on a phone but editing it on a laptop. Moving

between devices for related tasks is referred to as migration [8, 40].

However, migrating to other devices can be cumbersome, especially

when context needs to be re-established, like re-opening the same

files or applications after switching to the new device. Yuan et al.’s

exploration of multi-device usage patterns [40] revealed that re-

establishing context within a personal device ecology is something

users expect to “just work” without requiring much time or effort.

In other words, migration should be a seamless experience where

the devices are responsible for re-establishing context.

The possible need to migrate to another device can be sensed

through hardware; picking up, moving, unlocking, or touching an-

other personal device all suggest that the user’s attention and focus

is shifting away to another device. Some prior work has focused

on technical systems to share files, applications, or panels between

devices (e.g., [9–11, 17, 26, 36, 38]). Apple’s Continuity features

allow users to share documents, applications, device functional-

ities, and clipboards between their Apple devices [6]. However,

prior work suggests that users are largely unaware of how such

sharing capabilities work and how they can be leveraged to im-

prove their workflows [8, 32]. Apple’s Handoff Continuity feature,

which allows users to re-open applications across devices, provides

awareness of the possibility to migrate in the form of an icon in

the Dock or App Switcher interface [5]. Providing awareness is

limited to this specific feature, but there are other ways migration

can occur between devices, and different ways awareness can be

provided.

To explore these possibilities, we formalize the interface con-

struct of opportunistic nudges as a way to share content and func-

tionality across personal devices (Figure 1). They are opportunistic
as they recognize that the user has performed an action that would

likely lead to task migration. Opportunistic nudges may be con-

sidered a new type of notification as they provide awareness of

an opportunity to share content when migrating devices, however,

we believe nudge is more appropriate as they are designed to en-

courage users to share content across devices [37]. The nudging

is done by automatically performing most of the steps needed to

share content. Presenting the content right as the migration occurs

lowers the transaction cost of sharing content, enabling immediate

usability [23] of the shared content. By making sharing easy to

access, we believe this will encourage users to use migration for

more efficient cross-device task workflows. Opportunistic nudges

are triggered by actions performed by the user that can be sensed,

like picking up, moving, or tilting a device. They appear in the bezel

of all devices within a personal device ecology and can take on dif-

ferent visual representations, like a gradient, icon, or thumbnail.

When a nudge appears, the user can choose to interact with it to

share content across devices. However, if they choose to ignore the

nudge, it slides off the screen or fades away automatically after a few

seconds.

We explore the design space of opportunistic nudges through

rapid prototyping and a series of demonstration applications fo-

cused on four key scenarios: (1) capturing content on one device to

be used on another; (2) ad hoc sharing of a device’s screen during a

meeting; (3) moving content to touch- or pen-enabled devices when

such input is required; and (4) sharing text and image selections

across devices through a shared clipboard. Through our exploration,

we created a preliminary design space for opportunistic nudges and

discuss core considerations for timing and animation, position and

placement, and appearance. Using the key scenarios, we conducted

an exploratory user study. Results show that opportunistic nudges

are viewed positively due to their ability to eliminate steps for shar-

ing content across devices and their ability to provide immediate

visual feedback of sharing possibilities upon migrating devices. We

contribute:

• a preliminary design space of cross-device opportunistic nudges

that both organizes findings from related work and guides our

prototyping to test and explore a range of nudging techniques

and their interaction properties;

• implementation of a range of opportunistic nudge interaction and

feedback techniques geared towards example scenarios such as

content creation, ad hoc sharing, “pick up to mark up” content by

leveraging specific input capabilities on another device at-hand,

and sharing clipboard content;

• evaluation insights that demonstrate opportunistic nudges elim-

inate steps required to share content across devices, reducing

the transaction costs of sharing; and that immediate feedback is

desirable and highly sought after.

2 BACKGROUND AND RELATEDWORK

Our work relates to challenges using multiple devices, micro-

mobilities, notifications, and examples of visual nudges.

2.1 Challenges Using Multiple Devices

Migration involves using multiple devices to accomplish a task,

such as reading an email on a phone but replying on a laptop [40].

However, re-establishing context, like re-opening files and appli-

cations after migrating to a new device, can be frustrating [27, 34].

Migratory interfaces [8] allow users to move applications [38], or

panels [10, 17] across devices. Many techniques exist like “throw-

ing” [11], portals [36], and trays [26], but they can be challenging

to discover and use.

Apple’s Continuity features synchronize application state and

device input across devices, allowing users to resume tasks as they

switch devices, and share functionalities across devices. These in-

clude: Handoff to re-open applications after switching devices [5];

Continuity Camera, Continuity Markup, Continuity Sketch, Univer-

sal Control, and Universal Clipboard to share camera, pen, mouse,

and keyboard capabilities, as well as clipboard state [1–4, 7]. How-

ever, users are often unsure how Continuity features could be inte-

grated into their existing workflows and many are unaware that

such features exist [32]. Brudy et al. [8] identify awareness as an

open challenge for multi-device interaction. Opportunistic nudges

are a way to share applications, panels, files, clipboards, and de-

vice functionalities across multiple devices, but they expand upon

Apple’s Continuity features by providing visual feedback after a

wider variety of sensed interactions. These properties can improve

https://doi.org/10.1145/3613905.3651037
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Figure 2: Opportunistic nudges consist of four stages: (a) the Context (e.g., two devices); (b) the Trigger (e.g., taking a photo); (c)

the Visualization (e.g., a thumbnail of the photo); and (d) the Action (e.g., clicking the nudge and dragging to copy the photo to

the laptop). Our work focuses on the Visualization stage.

awareness of multi-device capabilities by visually communicating

the potential sharing opportunities in the moment.

2.2 Micro-Mobilities for Sharing

Micro-mobilities are movements done with a physical object to

partially or fully show it to or conceal it from another person. In

multi-device ecologies, micro-mobilities can be used to enable more

nuanced sharing of content between people and their devices [30].

For example, Pass-Them-Around [28] leveraged spatial information

and tilt to ‘slide’ images to devices arranged in a circle; and Tracko

[25] allowed users to ‘pour’ content with their devices. AirConstel-

lations [29] used proximity, device orientation, and movement to

migrate windows and panels across a set of devices. Device grip and

the order in which different users hold a device suggest properties

related to sharing, like who owns the content being shared [39].

Opportunistic nudges leverage micro-mobilities as well as other

techniques, like capturing content, to initiate more nuanced sharing

across devices.

2.3 Interruptions with Notifications

Prior work on notifications shows that users are generally tolerant

of some disruptions if notifications contain useful information [24].

Identifying the optimal times to show notifications is important

to prevent excessive disruptions. Timing, content, and context can

all impact how likely a user is to respond to a notification, which

can be leveraged to issue notifications at opportune moments [31].

People may be more receptive to notifications when transitioning

between physical tasks [22] or just after completing a task, like

reading a text message [14]. Opportunistic nudges may have some

interruption potential [23]. However, because they are presented

when the user switches devices, a state of transition, they may be

less disruptive than traditional notifications.

2.4 Other Opportunistic Nudges

There are some examples of nudges in existing products. Taking a

screenshot on macOS or iOS causes the captured image to appear

along the bezel as a thumbnail, which can be interacted with to

open a photo editor. The Side-Channel menu [33] leveraged the tilt

of a digital drawing board to show a menu of command shortcuts

along the bezel of the device. Pre-touch sensing [20], grip [21],

and pens [19] can surface menus to suit the context of use and

assumed posture. All of these examples are opportunistic as they

take advantage of sensed actions to appear at optimal moments,

but they do not support migration as they are used on the same

device.

When considering existing opportunistic nudges for device mi-

gration, AirConstellations [29] featured several examples of ap-

plication windows ‘spilling’ over onto another device that appear

as devices are re-positioned. The Tilt-to-Preview technique [30]

used tilt to transfer files between side-by-side devices. Apple’s

Handoff feature nudges users to switch devices by displaying icons

of applications that are open on other devices at the bottom of

the screen (either in the Dock or App Switcher interface). With

Conductor [18], small icons (“cues”) appear along the left bezel of

nearby devices, which can be touched to pull content to the current

device.

These examples of existing opportunistic nudges feature several

key properties: they display information in a context-awaremanner;

they typically appear along the bezel after a sensed contextual cue;

interacting with the nudge simplifies migration; and they typically

disappear automatically after some time. Our work formalizes these

properties and identifies additional key design characteristics.

3 DESIGNING FOR OPPORTUNISTIC NUDGES

We created a rapid prototyping system to quickly explore different

nudges and their design properties, and externalize different design

scenarios [15]. The prototyping system is a Node.js application,

built with the Electron framework. It consists of a control panel

with several nudge-related parameters that can be adjusted. We

created a server running on a virtual machine hosted on Azure.

Using the server, we created a custom shared memory abstraction

to synchronize data across devices. Note that we use images to

mock up sharing panels and applications to quickly explore a wide

variety of scenarios. Consolidating findings from related work,

our rapid prototyping, and several group discussions, we create

a preliminary design space for opportunistic nudges. Our design

space has four stages:Context, Trigger , Visualization, andAction. We

are primarily focused on characterizing the Visualization stage, in

which there are six properties: timing, animation, which device,

screen location, appearance, and stages. Although this design

space is still a work-in-progress, it describes the basic structure of

opportunistic nudges and provides consistent terminology that can

be used and expanded upon in subsequent work.

3.1 Stages (Figure 2)

1. Context refers to the context of use before the nudge is displayed
to users such as the number of devices in a personal device ecol-

ogy, their sizes, their distances from each other, and situational

factors like location [12, 30, 35].
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Table 1: Groups of triggers that can be sensed from devices.

Group Explanation Example

Adding or removing a device Changing the number of devices present. A device powers on/off.

Repositioning relative to others Changing the distance, position, or rotation relative to others. Moving a device closer to another.

Repositioning relative to itself Changing the orientation of a device relative to itself. Tilting or rotating a device.

Input and interaction Interacting with the main user interface of a device. Using a keyboard or touchscreen.

2. Trigger refers to initiating the display of a nudge [16], much like

connection actions that initiate cross-device sharing [23]. For

opportunistic nudges, this is through a sensed device property.

We define two types of triggers: discrete triggers (e.g., turning
a device on/off, docking/undocking a pen) and continuous trig-
gers (e.g., device tilt, distance between two devices). Continuous

triggers may allow for more nuanced sharing, similar to micro-

mobilities [30]. Triggers can be further categorized into four

groups (Table 1).

3. Visualization refers to the nudge appearing. We discuss this in

detail in the following section.

4. Action refers to interactions the user can perform with the nudge

after it appears, like tapping or dragging to move content, or

inking directly on the nudge to quickly sign a document. These

may serve as ways to accept content that has been shared [23].

3.2 Visualization Properties

Six properties characterize key characteristics for the nudge Visu-
alization. They relate to (1) how the nudge appears on the screen;

(2) where it appears; and (3) how it looks.

3.2.1 How the Nudge Appears (Figure 3).

• timing describes how long the nudge takes to (1) appear onto

the screen; (2) stay on the screen in its neutral state; and (3)

disappear if there is no interaction. All three together make up

the full duration to interact with the nudge.

• animation describes how the nudge appears onto and disappears

from the screen. Fading in and out may be less distracting, but

sliding in and out may be better mapped to the motion dynamics

of certain triggers.

The timing and animation is subject to a Goldilocks Effect:

the animation should be captivating enough to grab the user’s

attention but not too captivating that it becomes annoying or dis-

ruptive. Similarly, the nudge should persist long enough for the

user to interact with it, but not so long that it becomes distracting

or annoying if the user does not want to interact with it. Prior work

suggests that fading on the screen quickly (500ms), persisting for

Figure 3: Three stages of timingmake up the opportunity to

interact. The animation can be mapped to motion dynamics

of the trigger.

Figure 4: Combining which device and screen location

creates several possibilities for where along the bezel a nudge

should be placed.

a few seconds (3s) and then slowly fading out (3s) strikes the best

balance [33].

3.2.2 Where the Nudge Appears (Figure 4).

• which device is on which device the nudge is placed. There are

two types of devices during a migration: a source device, which
is the device that contains the application, panel, or file that is

shared through the nudge; and one or more target devices, which
are devices that will receive shared content [17].

• screen location is the location of the nudge on the screen.

Locations that are device-agnostic have no dependencies related

to other devices (e.g., always appearing in the top right corner),

but locations that are device-dependent will cause the nudge to
appear closest to nearby source or target devices (e.g., appearing

along the left bezel of the target device if the source device is to

the left).

Placing a nudge on the source device can serve as a ‘confirmation’

and be beneficial when sharing content with devices that are further

away. But placing the nudge on target devices maymakemore sense

when target devices are nearby, so the content can immediately

be interacted with on the device the user intends to use next. A

device-agnostic screen location can make it easier and faster for

people to interact with nudges and can be optimized to better suit

the layout of other applications. In contrast, a device-dependent

screen location can better convey which device is the source or

target device when there are more than two devices in the device

ecology.

3.2.3 How the Nudge Looks (Figure 5).

• appearance is the visual style of the nudge, like a gradient

‘glow’ effect, and other representations of the content (e.g., icon,

thumbnail, or entire files, menu items, or applications).

• stages is the number of appearances the nudge will transition

between; for example, starting with an ambient glow and then dis-

playing a thumbnail. Transitioning between stages occurs as the
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Figure 5: Different appearances convey more or less detail

and may be suitable for Contexts. Multiple appearances can

be used when there are multiple stages, acting as feedfor-

ward for a continuous Trigger.

user continues to perform the trigger-mapped action, meaning

multi-stage nudges are only compatible with continuous triggers.

Some appearances are not ideal for smaller devices (e.g., thumb-

nails or entire menus and applications), and similarly, others are

ideal in public spaces where privacy is a concern. Having multiple

stages can act as feedforward, providing additional awareness of

the possibility for migrating but requires more time and effort from

the user.

4 EXEMPLAR SCENARIOS

We explored four common and compelling scenarios for using

opportunistic nudges. All represent cases where people would want

to migrate devices or use multiple devices at once, and were created

using our rapid prototyping system.

4.1 Content Creation

This scenario is focused on moving content that was captured on

one device onto another for additional processing. Once someone

captures content on one device, they move this source device closer

to another target device to Trigger a nudge to appear with a fade

animation. The nudge is placed on the target device (which de-

vice) and the screen location is dependent on that of the source

device. There are two stages and therefore two appearances: a

gradient glow when the source device is further away, and a thumb-

nail or application when the source device is closer to the target

device. The user can perform an Action on the nudge, like a drag

and drop to move content to the target device. The Trigger could
also be pressing a button to capture content, a binary trigger. The

captured content appears right away on the target device, without

a preliminary gradient visualization (i.e., single stage and appear-

ance). This could be beneficial in cases where the user is working

in creativity applications like video or photo editing software on

their laptop and needs to capture media in the spur of the moment

with their phone (Figure 6a).

4.2 Ad Hoc Sharing

This scenario is focused on sharing content on one device onto

another device during a meeting for others to view. To Trigger the
nudge, the user tilts the source device forward, toward the target

device. Tilt is mapped to the nudge animation, meaning the nudge

slides up or down to reveal more or less of itself for larger and

smaller tilt angles. The nudge can either be the source or target

device, depending on how close the devices are (which device),

and the screen location is dependent on that of the source device

when placed on the target device. The nudge appears in one stage

and its appearance is a thumbnail image. The user can perform a

drag Action to share content with the target device. This could be

useful during an in-person or remote meeting, when an attendee

wants to share brainstorming artifacts, notes, sketches, or other

annotations on their tablet with their collaborators in the moment

(Figure 6b).

4.3 Pick Up to Mark Up

This scenario is focused on moving documents or applications to

another device when specific input capabilities are required but

unavailable on the source device. Picking up the target device will

Trigger the nudge to appear with a fade animation in a single

stage. The nudge is placed on the target device (which device)

and its screen location is dependent on that of the source device.

The appearance resembles the entire document ‘spilling’ over

the edge of the screen [29]. The user Actions include pulling the

document out to reveal a smaller ‘preview’ of the document in the

bezel, or pulling it to the center of the screen to reveal the full-

sized document. This could be useful for quick inking activity, like

reading a document on a laptop but signing it on a tablet, or to

share tablet inking activities with a large display that is further

away during a meeting (Figure 6c).

4.4 Sharing Clipboard Content

This scenario is focused on sharing clipboard content across multi-

ple devices. The nudge will Trigger after issuing a copy command

with a keyboard shortcut or by pressing a UI element. The nudge

animation is a fade, and will appear in a single stage. The ap-

pearance is a small thumbnail preview of the copied content. We

consider when the nudge is placed on both the source and target de-

vices (which device), but the screen location is agnostic of that

of the source device. This could be useful when merging smaller

sketches created on a tablet when on the go with a larger, stationary

drawing board; or when copying links or passwords across devices

[40].

5 STUDY

We conducted an exploratory study based on first impressions to

gather feedback on opportunistic nudges and to better understand

user preferences of different Visualization properties. We recruited

7 participants within our organization (4 men, 3 women) across the

following age ranges: 18-29 (2), 30-39 (3), 40-49 (1), 50-59 (1). All

participants were screened for owning at least 2 devices. To have

a wider range of Situations, Triggers and Visualizations, we tested
multiple variations of opportunistic nudges for some scenarios

(Appendix A.1). We set up multiple stations within a large room.

Each stationwas focused around one exemplar scenario or variation.

Each station involved pairs of devices varying in their form-factor

and placement in the room. For the Content Creation variations,

the participant watched three videos of the variations on a large

screen due to technical constraints.
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Figure 6: Prototyped scenarios: (a) content shared through device proximity; (b) ad hoc sharing with tilt; (c) sharing documents

and applications when a touch- or pen-enabled device is picked up; and (d) sharing clipboard content after a copy command.

5.1 Procedure

The participant tried each scenario and variation and the order was

randomized. The experimenter did not demonstrate or explain in or-

der to observe first impressions; rather, the experimenter instructed

participants to pick a device or start completing an action as they

would normally and probed them to talk aloud as to what they

noticed what they thought was happening. The experimenter then

worked with the participant to customize the nudge design using

PowerPoint. After setting a parameter (e.g., nudge size), the exper-

imenter replayed the nudge experience multiple times, allowing

the participant to iteratively adjust their design. The entire study

lasted around 90 minutes. Participants received $40.

5.2 Results

Overall, opportunistic nudges were positively received. Participants

valued the way opportunistic nudges bridged multiple devices to-

gether, e.g., “I want this. It is already there [on the other device] like
it just should be” (P1). This is encouraging, as it suggests that the
nudging technique would be successful at encouraging people to

take advantage of the strengths of multiple devices. Some partici-

pants noted that they had very established setups for some of these

scenarios, such as sending themselves files and snippets over cloud

storage or through messaging applications. But multiple partici-

pants commented on the uncertainty of their existing methods,

e.g., “I do not know when it is gonna be there, so I wait, I am just
waiting because it may arrive soon but sometimes [it doesn’t]” (P5),
which aligns with prior work [8, 32]. As such, opportunistic nudges

were valued for the immediate visual feedback they provided, e.g.,

“we are used to [having] immediate feedback when we work, do things
on computers and this is what I would expect” (P1).

5.2.1 Nudge Design in PowerPoint. Participants commented on sev-

eral key factors and for some properties, their designs converged.

For animation, all participants used a slide animation and for

position, five participants believed it should be device agnostic,

which may have been preferred as participants would have been

familiar with these mechanics from native device notifications. For

which device, the preferences were more varied. Three partici-

pants wanted the nudge to appear on the device they are interacting

with or holding, regardless of whether it was the source or target.

Another three participants thought it depended on either the task

or the type of devices being used. For appearance, five participants

preferred a thumbnail image. Six participants preferred nudges with

multiple stages.

5.2.2 Summary. Our conclusion from participant feedback is that

most attractive qualities of opportunistic nudges were (1) elimi-

nating steps for migration and (2) providing immediate visual

feedback after switching devices. Weaker aspects mostly focused

on the design of the nudges. Nudge design can be optimized based

on participant feedback, like focusing on sliding animations, de-

vice agnostic positions, and thumbnail appearanceswith multiple

stages, enabled by continuous Triggers.

6 DISCUSSION

Our work shows that opportunistic nudges are a promising way

to provide awareness of how multiple devices can work together.

Our preliminary design space outlines key considerations for op-

portunistic nudges and provides terminology that can be used.

Feedback from participants suggests that they are valuable. That

said, this is a preliminary investigation, and more work is needed

to further understand other elements of design, such as identifying

key characteristics for the Context, Trigger , and Action stages. In

addition, reflecting on the preliminary design space may lead to

additional characteristics to consider [13].

Nudges could facilitate sharing between devices owned by mul-

tiple people. This has additional implications for privacy, which

would impact the design of the nudge; the nudge would likely have

to always be shown on the source device, and additional informa-

tion of the target device, like who the device belongs to, would

have to be represented in the nudge as well. Other forms of context

could be used as well to suggest sharing content between devices,

like the user’s history of using applications and devices, or their

personal calendar. Authoring tools could allow users to map a wide

variety of triggers to multi-device experiences [16]; users could

use these additional forms of context to form “routines” for device

migration, much like Amazon Alexa Routines. Our current study

was limited in the number of participants, scenarios, and time spent

using opportunistic nudges, so a longitudinal study with a wider

range of tasks and more participants could reveal more benefits and

design challenges. Opportunistic nudges could also be compared to

other visual prompts, like standard operating system notifications,

to better understand public perceptions.

7 CONCLUSION

We presented opportunistic nudges as a way to share content be-

tween devices upon migration. Through rapid prototyping, we

created a design space consisting of four stages and six factors



Opportunistic Nudges CHI EA ’24, May 11–16, 2024, Honolulu, HI, USA

and implement multiple design variations focused around four key

scenarios. We gathered feedback on the concept and design of op-

portunistic nudges and found that they were positively received as

they eliminate steps for migration and provide immediate visual

feedback.

ACKNOWLEDGMENTS

We thank Daniel Vogel for his advice and feedback.

REFERENCES

[1] Apple. 2023. Continuity Camera: Use iPhone as a webcam for Mac. https:

//support.apple.com/en-ca/HT213244. Accessed 2023-11-09.

[2] Apple. 2023. Copy and paste between devices from your Mac. https://support.

apple.com/en-ca/guide/mac-help/mchl70368996/13.0/mac/13.0. Accessed 2023-

11-09.

[3] Apple. 2023. Insert sketches with Continuity Sketch onMac. https://support.apple.

com/en-ca/guide/mac-help/mchl74e7c6df/13.0/mac/13.0. Accessed 2023-11-09.

[4] Apple. 2023. Mark up files on Mac. https://support.apple.com/en-ca/guide/mac-

help/mchl1fd88863/13.0/mac/13.0. Accessed 2023-11-09.

[5] Apple. 2023. Pick up where you left off with Handoff on Mac. https://support.

apple.com/en-ca/guide/mac-help/mchl732d3c0a/13.0/mac/13.0. Accessed 2023-

11-09.

[6] Apple. 2023. Use Continuity to work across Apple devices. https://support.apple.

com/en-ca/guide/mac-help/mchl1d734309/mac. Accessed 2023-11-09.

[7] Apple. 2023. Use one keyboard and mouse to control Mac and iPad. https://

support.apple.com/en-ca/guide/mac-help/mchl412faecf/13.0/mac/13.0. Accessed

2023-11-09.

[8] Frederik Brudy, Christian Holz, Roman Rädle, Chi-Jui Wu, Steven Houben,

Clemens Nylandsted Klokmose, and Nicolai Marquardt. 2019. Cross-Device Tax-

onomy: Survey, Opportunities and Challenges of Interactions Spanning Across

Multiple Devices. In Proceedings of the 2019 CHI Conference on Human Factors in
Computing Systems (Glasgow, Scotland Uk) (CHI ’19). Association for Computing

Machinery, New York, NY, USA, 1–28. https://doi.org/10.1145/3290605.3300792

[9] Frederik Brudy, David Ledo, Michel Pahud, Nathalie Henry Riche, Christian

Holz, Anand Waghmare, Hemant Bhaskar Surale, Marcus Peinado, Xiaokuan

Zhang, Shannon Joyner, Badrish Chandramouli, Umar Farooq Minhas, Jonathan

Goldstein, William Buxton, and Ken Hinckley. 2020. SurfaceFleet: Exploring

Distributed Interactions Unbounded from Device, Application, User, and Time.

In Proceedings of the 33rd Annual ACM Symposium on User Interface Software and
Technology (Virtual Event, USA) (UIST ’20). Association for ComputingMachinery,

New York, NY, USA, 7–21. https://doi.org/10.1145/3379337.3415874

[10] Bin Cheng. 2012. Virtual Browser for Enabling Multi-DeviceWeb Applications. In

Proceedings of the Workshop on Multi-Device App Middleware (Montreal, Quebec,

Canada) (Multi-Device ’12). Association for Computing Machinery, New York,

NY, USA, Article 3, 6 pages. https://doi.org/10.1145/2405172.2405175

[11] Raimund Dachselt and Robert Buchholz. 2009. Natural Throw and Tilt Interaction

between Mobile Phones and Distant Displays. In CHI ’09 Extended Abstracts on
Human Factors in Computing Systems (Boston,MA, USA) (CHI EA ’09). Association
for Computing Machinery, New York, NY, USA, 3253–3258. https://doi.org/10.

1145/1520340.1520467

[12] Anind K Dey. 2001. Understanding and using context. Personal and ubiquitous
computing 5, 1 (2001), 4–7.

[13] Graham Dove, Nicolai Brodersen Hansen, and Kim Halskov. 2016. An Argu-

ment For Design Space Reflection. In Proceedings of the 9th Nordic Conference
on Human-Computer Interaction (Gothenburg, Sweden) (NordiCHI ’16). Asso-
ciation for Computing Machinery, New York, NY, USA, Article 17, 10 pages.

https://doi.org/10.1145/2971485.2971528

[14] Joel E. Fischer, Chris Greenhalgh, and Steve Benford. 2011. Investigating Episodes

of Mobile Phone Activity as Indicators of Opportune Moments to Deliver No-

tifications. In Proceedings of the 13th International Conference on Human Com-
puter Interaction with Mobile Devices and Services (Stockholm, Sweden) (Mobile-
HCI ’11). Association for Computing Machinery, New York, NY, USA, 181–190.

https://doi.org/10.1145/2037373.2037402

[15] William Gaver. 2011. Making spaces: how design workbooks work. In Proceed-
ings of the SIGCHI Conference on Human Factors in Computing Systems (<conf-
loc>, <city>Vancouver</city>, <state>BC</state>, <country>Canada</country>,

</conf-loc>) (CHI ’11). Association for Computing Machinery, New York, NY,

USA, 1551–1560. https://doi.org/10.1145/1978942.1979169

[16] Giuseppe Ghiani, Marco Manca, and Fabio Paternò. 2015. Authoring Context-

Dependent Cross-Device User Interfaces Based on Trigger/Action Rules. In Pro-
ceedings of the 14th International Conference on Mobile and Ubiquitous Multimedia
(Linz, Austria) (MUM ’15). Association for Computing Machinery, New York, NY,

USA, 313–322. https://doi.org/10.1145/2836041.2836073

[17] Giuseppe Ghiani, Fabio Paternò, and Carmen Santoro. 2010. On-Demand Cross-

Device Interface Components Migration. In Proceedings of the 12th International
Conference on Human Computer Interaction with Mobile Devices and Services
(Lisbon, Portugal) (MobileHCI ’10). Association for Computing Machinery, New

York, NY, USA, 299–308. https://doi.org/10.1145/1851600.1851653

[18] Peter Hamilton and Daniel J. Wigdor. 2014. Conductor: Enabling and Un-

derstanding Cross-Device Interaction. In Proceedings of the SIGCHI Confer-
ence on Human Factors in Computing Systems (Toronto, Ontario, Canada) (CHI
’14). Association for Computing Machinery, New York, NY, USA, 2773–2782.

https://doi.org/10.1145/2556288.2557170

[19] Ken Hinckley, Xiang ’Anthony’ Chen, and Hrvoje Benko. 2013. Motion and

Context Sensing Techniques for Pen Computing. In Proceedings of Graphics
Interface 2013 (Regina, Sascatchewan, Canada) (GI ’13). Canadian Information

Processing Society, CAN, 71–78.

[20] Ken Hinckley, Seongkook Heo, Michel Pahud, Christian Holz, Hrvoje Benko,

Abigail Sellen, Richard Banks, Kenton O’Hara, Gavin Smyth, andWilliam Buxton.

2016. Pre-Touch Sensing for Mobile Interaction. In Proceedings of the 2016 CHI
Conference on Human Factors in Computing Systems (San Jose, California, USA)

(CHI ’16). Association for Computing Machinery, New York, NY, USA, 2869–2881.

https://doi.org/10.1145/2858036.2858095

[21] KenHinckley, Michel Pahud, Hrvoje Benko, Pourang Irani, François Guimbretière,

Marcel Gavriliu, Xiang ’Anthony’ Chen, Fabrice Matulic, William Buxton, and

Andrew Wilson. 2014. Sensing Techniques for Tablet+stylus Interaction. In

Proceedings of the 27th Annual ACM Symposium on User Interface Software and
Technology (Honolulu, Hawaii, USA) (UIST ’14). Association for Computing Ma-

chinery, New York, NY, USA, 605–614. https://doi.org/10.1145/2642918.2647379

[22] Joyce Ho and Stephen S. Intille. 2005. Using Context-Aware Computing to Reduce

the Perceived Burden of Interruptions from Mobile Devices. In Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems (Portland, Oregon,
USA) (CHI ’05). Association for Computing Machinery, New York, NY, USA,

909–918. https://doi.org/10.1145/1054972.1055100

[23] Leila Homaeian, James R. Wallace, and Stacey D. Scott. 2022. Handoff and

Deposit: Designing Temporal Coordination in Cross-Device Transfer Techniques

for Mixed-Focus Collaboration. Proc. ACM Hum.-Comput. Interact. 6, CSCW2,

Article 301 (nov 2022), 23 pages. https://doi.org/10.1145/3555192

[24] Shamsi T. Iqbal and Eric Horvitz. 2010. Notifications and Awareness: A Field

Study of Alert Usage and Preferences. In Proceedings of the 2010 ACM Conference
on Computer Supported Cooperative Work (Savannah, Georgia, USA) (CSCW
’10). Association for Computing Machinery, New York, NY, USA, 27–30. https:

//doi.org/10.1145/1718918.1718926

[25] Haojian Jin, Christian Holz, and Kasper Hornbæk. 2015. Tracko: Ad-Hoc

Mobile 3D Tracking Using Bluetooth Low Energy and Inaudible Signals for

Cross-Device Interaction. In Proceedings of the 28th Annual ACM Symposium
on User Interface Software and Technology (Charlotte, NC, USA) (UIST ’15). As-
sociation for Computing Machinery, New York, NY, USA, 147–156. https:

//doi.org/10.1145/2807442.2807475

[26] Tero Jokela, Jarno Ojala, Guido Grassel, Petri Piippo, and Thomas Olsson. 2015.

A Comparison of Methods to Move Visual Objects Between Personal Mobile

Devices in Different Contexts of Use. In Proceedings of the 17th International
Conference on Human-Computer Interaction with Mobile Devices and Services
(Copenhagen, Denmark) (MobileHCI ’15). Association for Computing Machinery,

New York, NY, USA, 172–181. https://doi.org/10.1145/2785830.2785841

[27] Tero Jokela, Jarno Ojala, and Thomas Olsson. 2015. A Diary Study on Combining

Multiple Information Devices in Everyday Activities and Tasks. In Proceedings of
the 33rd Annual ACM Conference on Human Factors in Computing Systems (Seoul,
Republic of Korea) (CHI ’15). Association for Computing Machinery, New York,

NY, USA, 3903–3912. https://doi.org/10.1145/2702123.2702211

[28] Andrés Lucero, Jussi Holopainen, and Tero Jokela. 2011. Pass-Them-around:

Collaborative Use of Mobile Phones for Photo Sharing. In Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems (Vancouver, BC,
Canada) (CHI ’11). Association for Computing Machinery, New York, NY, USA,

1787–1796. https://doi.org/10.1145/1978942.1979201

[29] Nicolai Marquardt, Nathalie Henry Riche, Christian Holz, Hugo Romat, Michel

Pahud, Frederik Brudy, David Ledo, Chunjong Park, Molly Jane Nicholas, Teddy

Seyed, Eyal Ofek, Bongshin Lee, William A.S. Buxton, and Ken Hinckley. 2021.

AirConstellations: In-Air Device Formations for Cross-Device Interaction via

Multiple Spatially-Aware Armatures. In The 34th Annual ACM Symposium on User
Interface Software and Technology (Virtual Event, USA) (UIST ’21). Association
for Computing Machinery, New York, NY, USA, 1252–1268. https://doi.org/10.

1145/3472749.3474820

[30] Nicolai Marquardt, Ken Hinckley, and Saul Greenberg. 2012. Cross-Device Inter-

action via Micro-Mobility and f-Formations. In Proceedings of the 25th Annual
ACM Symposium on User Interface Software and Technology (Cambridge, Mas-

sachusetts, USA) (UIST ’12). Association for Computing Machinery, New York,

NY, USA, 13–22. https://doi.org/10.1145/2380116.2380121

[31] Abhinav Mehrotra, Mirco Musolesi, Robert Hendley, and Veljko Pejovic. 2015.

Designing Content-Driven Intelligent Notification Mechanisms for Mobile Appli-

cations. In Proceedings of the 2015 ACM International Joint Conference on Pervasive

https://support.apple.com/en-ca/HT213244
https://support.apple.com/en-ca/HT213244
https://support.apple.com/en-ca/guide/mac-help/mchl70368996/13.0/mac/13.0
https://support.apple.com/en-ca/guide/mac-help/mchl70368996/13.0/mac/13.0
https://support.apple.com/en-ca/guide/mac-help/mchl74e7c6df/13.0/mac/13.0
https://support.apple.com/en-ca/guide/mac-help/mchl74e7c6df/13.0/mac/13.0
https://support.apple.com/en-ca/guide/mac-help/mchl1fd88863/13.0/mac/13.0
https://support.apple.com/en-ca/guide/mac-help/mchl1fd88863/13.0/mac/13.0
https://support.apple.com/en-ca/guide/mac-help/mchl732d3c0a/13.0/mac/13.0
https://support.apple.com/en-ca/guide/mac-help/mchl732d3c0a/13.0/mac/13.0
https://support.apple.com/en-ca/guide/mac-help/mchl1d734309/mac
https://support.apple.com/en-ca/guide/mac-help/mchl1d734309/mac
https://support.apple.com/en-ca/guide/mac-help/mchl412faecf/13.0/mac/13.0
https://support.apple.com/en-ca/guide/mac-help/mchl412faecf/13.0/mac/13.0
https://doi.org/10.1145/3290605.3300792
https://doi.org/10.1145/3379337.3415874
https://doi.org/10.1145/2405172.2405175
https://doi.org/10.1145/1520340.1520467
https://doi.org/10.1145/1520340.1520467
https://doi.org/10.1145/2971485.2971528
https://doi.org/10.1145/2037373.2037402
https://doi.org/10.1145/1978942.1979169
https://doi.org/10.1145/2836041.2836073
https://doi.org/10.1145/1851600.1851653
https://doi.org/10.1145/2556288.2557170
https://doi.org/10.1145/2858036.2858095
https://doi.org/10.1145/2642918.2647379
https://doi.org/10.1145/1054972.1055100
https://doi.org/10.1145/3555192
https://doi.org/10.1145/1718918.1718926
https://doi.org/10.1145/1718918.1718926
https://doi.org/10.1145/2807442.2807475
https://doi.org/10.1145/2807442.2807475
https://doi.org/10.1145/2785830.2785841
https://doi.org/10.1145/2702123.2702211
https://doi.org/10.1145/1978942.1979201
https://doi.org/10.1145/3472749.3474820
https://doi.org/10.1145/3472749.3474820
https://doi.org/10.1145/2380116.2380121


CHI EA ’24, May 11–16, 2024, Honolulu, HI, USA Joshi et al.

and Ubiquitous Computing (Osaka, Japan) (UbiComp ’15). Association for Comput-

ing Machinery, New York, NY, USA, 813–824. https://doi.org/10.1145/2750858.

2807544

[32] Dimitrios Raptis, Jesper Kjeldskov, and Mikael B. Skov. 2016. Continuity in Multi-

Device Interaction: AnOnline Study. In Proceedings of the 9th Nordic Conference on
Human-Computer Interaction (Gothenburg, Sweden) (NordiCHI ’16). Association
for Computing Machinery, New York, NY, USA, Article 29, 10 pages. https:

//doi.org/10.1145/2971485.2971533

[33] Hugo Romat, Christopher Collins, Nathalie Henry Riche, Michel Pahud, Chris-

tian Holz, Adam Riddle, Bill Buxton, and Ken Hinckley. 2020. Tilt-Responsive

Techniques for Digital Drawing Boards. In Proceedings of the 33rd Annual ACM
Symposium on User Interface Software and Technology (Virtual Event, USA)

(UIST ’20). Association for Computing Machinery, New York, NY, USA, 500–515.

https://doi.org/10.1145/3379337.3415861

[34] Stephanie Santosa and Daniel Wigdor. 2013. A Field Study of Multi-Device Work-

flows in Distributed Workspaces. In Proceedings of the 2013 ACM International
Joint Conference on Pervasive and Ubiquitous Computing (Zurich, Switzerland)

(UbiComp ’13). Association for Computing Machinery, New York, NY, USA, 63–72.

https://doi.org/10.1145/2493432.2493476

[35] Albrecht Schmidt, Michael Beigl, and Hans-W Gellersen. 1999. There is more to

context than location. Computers & Graphics 23, 6 (1999), 893–901.
[36] Stacey D. Scott, Guillaume Besacier, and Phillip J. McClelland. 2014. Cross-device

transfer in a collaborative multi-surface environment without user identification.

In 2014 International Conference on Collaboration Technologies and Systems (CTS).
Institute of Electrical and Electronics Engineers, Piscataway, NJ, USA, 219–226.

https://doi.org/10.1109/CTS.2014.6867568

[37] Richard H. Thaler and Cass R. Sunstein. 2008. Nudge: Improving Decisions about
Health, Wealth, and Happiness. Yale University Press, New Haven, CT, USA.

[38] Alexander Van’t Hof, Hani Jamjoom, Jason Nieh, and Dan Williams. 2015.

Flux: Multi-Surface Computing in Android. In Proceedings of the Tenth Euro-
pean Conference on Computer Systems (Bordeaux, France) (EuroSys ’15). Asso-
ciation for Computing Machinery, New York, NY, USA, Article 24, 17 pages.

https://doi.org/10.1145/2741948.2741955

[39] Dongwook Yoon, Ken Hinckley, Hrvoje Benko, François Guimbretière, Pourang

Irani, Michel Pahud, and Marcel Gavriliu. 2015. Sensing Tablet Grasp + Micro-

Mobility for Active Reading. In Proceedings of the 28th Annual ACM Sympo-
sium on User Interface Software and Technology (Charlotte, NC, USA) (UIST
’15). Association for Computing Machinery, New York, NY, USA, 477–487.

https://doi.org/10.1145/2807442.2807510

[40] Ye Yuan, Nathalie Riche, Nicolai Marquardt, Molly Jane Nicholas, Teddy Seyed,

Hugo Romat, Bongshin Lee, Michel Pahud, Jonathan Goldstein, Rojin Vishkaie,

Christian Holz, and Ken Hinckley. 2022. Understanding Multi-Device Usage Pat-

terns: Physical Device Configurations and Fragmented Workflows. In Proceedings
of the 2022 CHI Conference on Human Factors in Computing Systems (New Orleans,

LA, USA) (CHI ’22). Association for Computing Machinery, New York, NY, USA,

Article 64, 22 pages. https://doi.org/10.1145/3491102.3517702

A APPENDIX

A.1 Scenarios Tested

• Content Creation: revealing a glow and then a photo thumbnail

with proximity; revealing a photo thumbnail the moment the

photo is captured; and revealing the entire photos gallery when

a photo is captured.

• Ad Hoc Sharing: sharing from a tablet with a nearby laptop

during a remote meeting; and sharing from a tablet with a large

display further away during an in-person meeting.

• Pick Up to Mark Up: sharing a document as a smaller pre-

view; sharing a full-sized document; and sharing a whiteboard

application during an in-person meeting.

• Sharing Clipboard Content: sharing an image selection from

one tablet to another.
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