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Abstract 
In an effort to create toolkits to support the design and 
development of cross-device applications, we have 
been prototyping and evaluating a number of 
application concepts that support interactions between 
multiple collocated people using multiple devices. We 
created experience prototypes of two such concepts 
and tested them by enacting scenarios with users. We 
observed several challenges in designing for collocated 
multi-device experiences, most notable in directing 
people’s attention from one device to another at the 
right time and in making cross-device activity 
understandable to all participants in a social setting. 
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Introduction 
Our group has been building toolkits to simplify the 
design and development of cross-device experiences, 
including mobile collocated interactions. One of our 
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goals is to incorporate a set of practical design 
principles and patterns of mobile collocated interactions 
into our toolkits, so that practitioners who are not 
expert on this topic can still create useful, usable, and 
delightful user experiences. To this end, we have 
prototyped and evaluated a number of applications that 
support mobile collocated interactions to explore the 
design space and uncover the issues and challenges 
involved. 

In this position paper, we describe two such 
prototypes. The first allows people who are traveling in 
the same automobile to plan their itinerary by passing 
information between devices and combining their 
devices’ I/O resources. The second prototype allows a 
small group of collocated people to use their mobile 
devices to play card games. By observing users’ 
reactions to our prototypes, we detected several design 
issues associated with embodied social interaction using 
multiple devices. In particular, we observed challenges 
in directing the user’s attention to the appropriate 
device at the right time and in making their cross-
device activity understandable to others in a social 
setting.  

Design and Research Approaches 
One of the focus areas in our research is impromptu 
interactions between multiple users through their 
devices, which brings about a number of design 
challenges. For example, some of the users may be 
unfamiliar with the mechanics of any particular cross-
device interaction. Also, users might not be familiar 
with the devices collocated with them in order to 
effectively identify, associate, and make use of those 
devices. To surface and confront these challenges, we 
adopted the methods of experience prototyping [1] and 

user enactments [4] to guide our prototyping and 
evaluation efforts.  

According to IDEO designers Buchenau and Suri [1], 
experience prototyping emphasizes “the experiential 
aspect of whatever representations are needed to 
successfully (re)live or convey an experience with a 
product, space or system.” The focus is not on 
prototyping the technology but on understanding the 
overall user experience, which includes both 
technological and everyday objects, social settings, 
user motivations, physical spaces, and potentially other 
human actors. Therefore, in experience prototyping 
designers often simulate certain aspects of the 
experience using props, make-believe directions, and 
Wizard-of-Oz techniques to elicit rich feedback from 
users.  

Experience prototyping goes hand-in-hand with the 
user enactments method [4]. In such an enactment, 
the researcher makes the participant an actor in an 
experience and asks them to act out a scenario using 
the prototype. This method is particularly well suited to 
evaluating novel technologies to uncover users’ 
perceptions of their value and social appropriateness 
before the systems are fully implemented.  

Collocated Multi-device Travel Planning 
The Travel Planning Concept  
The Travel Planning concept involves cross-device 
interactions between a driver and a passenger on a 
road trip when they need to make changes to their 
travel plans. We created an experience prototype based 
on a scenario in which the participant is the passenger 
in a car on a wine tasting trip with Jack (the driver) and 
two other friends who are in another car. They get a 

Two Modes of Cross-
Device Interactions in 
the Travel App Concept 

  

 
Figure 1: The passenger can 
“clone” the view on his/her phone 
to the HUD so the driver can take 
a peak at the pictures.  

 
Figure 2: The passenger can 
“extend” the UI to another phone 
so he/she can dedicate one view 
(e.g., the search results) to a 
particular screen. 



 

message from the other car suggesting they stop for 
food, with a link to details about the proposed 
restaurant. The participant “casts” photos of food from 
her phone to the car display (which we called “cloning”) 
so that Jack can participate in the discussion. Jack 
doesn’t like the restaurant, so they search for other 
options. At Jack’s suggestion, the participant uses his 
phone as a second display to show a list of potential 
choices while using their own phone to read the details 
about the restaurant selected on the list (which we 
called “extending”).  

Testing the Experience Prototype 
We invited 4 participants to act out this scenario with 
real devices but simulated software using the Wizard-
of-Oz technique. To enhance the enactment, we 
conducted it in a minibus used as office décor in our 
office building (see figure 3). We put a 9-in tablet 
computer on the dashboard to serve as the car display. 
Given the lack of tools for rapidly prototyping cross-
device interactions and time constraints, we designed 
static mockups and created a Wizard-of-Oz tool using 
Firebase1 that allowed the first author to remotely 
display the presentation of mockups on the devices 
from his seat in the back of the bus. After the 
enactments we interviewed the participants. All 
sessions were video recorded. 

Designing User Interactions for Device Association  
To make the cross-device features work in the Travel 
Planning concept, the user must first associate the 
source device with the destination devices in a casting 
session. We considered two methods. The first is to 
present a list of destination devices when the user taps 
                                                   

1 Firebase. https://www.firebase.com/ 

on the “cast” button on the source device. This is 
similar to the solution used by many commercial 
products, such as Apple AirPlay and Google 
Chromecast. However, this method might not be usable 
when there are many devices in the space or the 
devices are labeled with indecipherable model numbers 
(e.g. AW52331). In impromptu collocated interactions it 
is likely that one or both of these will be the case, so 
we opted for an alternate method that breaks the 
device pairing into two steps. In this approach, the user 
first initiates a casting session on the source device and 
then taps a button on the destination device to receive 
the content. However, our user study revealed design 
issues with this approach relating to the user’s mental 
model and attention. 

All 4 participants failed to realize that they needed to 
tap the cast button on the destination device to 
complete the association with the source device. It 
appeared that this approach did not match our 
participants’ mental model of casting, despite the fact 
that we introduced this device association method in 
the beginning of each session. For example, P1 said he 
was confused when Jack asked him to show pictures of 
the food on the car display (i.e., the tablet): 

“I wasn’t sure [if] I was [supposed] to identify it on 
Jack’s phone or go directly to the tablet first. So my 
first thought was which interface I was working with 
directly at this point.” 

P1 later said that he would prefer to choose the 
destination device from a list on his phone, perhaps 
reflecting a tendency to fall back on familiar interaction 
patterns in times of confusion, and a preference to 
keep his focus in one location. 

 
 

 
Figure 3: We conducted user 
enactments for the Travel 
Planning concept in a minibus, 
with the participant playing the 
role of the passenger. Here the 
participant has “cloned” content 
from her phone to the vehicle 
console display (tablet), and then 
“extended” content from her 
phone to a second phone 
borrowed from the driver to use 
additional screen real estate for a 
information seeking task.  

 

 



 

In addition to the mental model issue, the cue on the 
destination device was too subtle to direct the 
participant’s attention toward it. After the participant 
initiated a casting session from the phone, the cast 
button on the car display switched from white to 
yellow, indicating that it was awaiting confirmation. The 
cue was not only subtle but also outside the 
participants’ field of vision, as they were usually looking 
down at the phone at that point.  

In contrast, participants’ success rate improved when 
they were extending their phone’s screen to the phone 
borrowed from the driver. In this case, the participants 
generally held the driver’s phone next to their own 
(either in their other hand or on their lap), so it was 
within their field of view. In addition, the destination 
device displayed a more prominent notification of the 
casting request (see figure 4). As a result, all the 
participants tapped the “confirm” button on the receiver 
device without prompting. 

We draw a few lessons from these observations. First, 
when introducing a cross-device interaction, it is 
important to provide prominent cues at every step of 
the process to signal where to direct one’s attention. 
Second, because the user’s field of view is limited, 
visual cues should be provided on both the source 
device and destination devices. Doing so will help 
capture their attention regardless of their gaze and it 
will provide continuity in the cross-device action. 
Acoustic and haptic cues might also be used to provide 
guidance on devices outside of the user’s field of view. 

We observed similar issues relating to directing users’ 
attention in our second cross-device prototype designed 
for playing cards. 

Playing Cards Together Using Mobile Devices 
The Card Game Concept  
The Card Game concept explores the idea of using 
multiple devices to play cards. Each player sees their 
cards on their personal device, and another device is 
placed on the table to show the common cards (e.g., 
the draw and discard piles). We created an initial 
experience prototype and tested it using the enactment 
method discussed earlier. We then followed up by 
building a functional prototype and have done some 
preliminary testing of that. The following describes both 
prototypes and how we tested them, followed by 
lessons learned from the testing. 

Testing the Prototypes  
In our initial enactment testing, we invited each of 4 
participants to imagine that they were in an airport 
lounge with two companions (played by team 
members) playing a game of “Crazy Jokers” (similar to 
the card game Crazy Eights). The participant played 
using a phone, while one team member played with a 
smartwatch and the other used a phone. A tablet was 
placed face up on the table to show the draw and 
discard piles (see Figure 5). 

As with the Travel Planning concept, we simulated the 
user’s experience by creating a series of mockups that 
represented a particular predetermined game sequence 
- one for the participant’s phone and another for the 
tablet. A team member remotely advanced the 
mockups based on the players’ actions. The participant 
could swipe a card forward to move it from their device 
to the table’s discard pile. They could also swipe in the 
direction of another player to pass a card, and swipe 
toward themselves to receive a card. Our team 
members also swiped from their phone and smartwatch 

 
Figure 4: When the participant 
“extends” their phone UI to 
another phone, the destination 
device shows this notification.  

Figure 5: Enacting the card game 
concept. Participant (right) plays 
on a phone while team members 
(left) play on a phone and a 
smartwatch. Discarded cards 
appear on the tablet on the table. 
Another team member (far right) 
advances the mockups at the 
appropriate times. 



 

but in fact they did not have an interface on their 
devices. 

Subsequently we built a functional prototype called 
Croupier that allows participants to play the game 
Hearts, a four-person game that involves discarding 
cards to the table, picking up “tricks” (sets of cards), 
and passing cards to other players. We tested it by 
inviting pairs of participants to play with two team 
members. Again we used a tablet for the table device 
and the two participants used either a phone or a tablet 
to play their hands (see Figure 6). So far we have 
tested with two pairs, with each pair playing four 
rounds of the game. The participants were interviewed 
at the end, and the sessions were video recorded. 

Directing Users’ Attention 
As with the Travel Planning experience, we found that a 
key design issue involved directing the user’s attention 
to the right device at the right time. During the Crazy 
Jokers enactment, our team members made fairly large 
swipe gestures when pretending to play a card, 
enabling the participant to recognize when it was their 
turn. But with the functional prototype, the swipe 
gesture required only a subtle finger movement that 
was often outside the field of view of other players, 
who were generally looking down at their own devices. 
As a result, it wasn’t uncommon for players to miss 
each other’s actions and ask “have you played?” or 
prompt with “It’s Dan’s turn,” not realizing Dan had 
already played. 

Enabling Social Interaction 
Based on this feedback, we added cues to Croupier’s 
individual displays to make it clearer when others had 
played. However, this created an interesting tradeoff. 

The more players could understand each other’s actions 
by looking at their own device, the less they looked up 
at and interacted with each other. In one breath 
participants commented that the game “doesn’t seem 
very social,” and in the next they complained that it 
was awkward to lean across the table to see the game 
state on the tablet -- fully recognizing the 
contradiction. They wanted both to be able to do 
everything from their own device (which draws their 
eyes down) and to interact with each other (which 
requires looking up). 

The design challenge, then, is to provide enough cues 
on the personal device to interpret the game play while 
still guiding players’ attention to other devices (and 
people) in a way that encourages social interaction. 
Some participants suggested using audio cues and we 
are currently exploring the idea of a sound traveling 
from the source device to the destination device.  

Discussion 
The two application concepts explored here, Travel 
Planning and Card Game playing, revealed a related set 
of challenges when designing for embodied social 
interaction using multiple devices in a collocated 
setting. In both scenarios, users found it easier and 
more familiar to stay focused on one device, and our 
designs didn’t always provide sufficient cues to shift 
their attention to another device. In the Travel Planning 
concept, the cues needed to help the users develop a 
mental model of either cloning or extending content 
from one device to another. In the Card Game concept, 
the cues needed to help players detect the result of 
fairly subtle gestures on the part of other players. 

 
Figure 6: Croupier testing session 
in which two participants play 
with two of our team members. 
The participants, near right and 
far left, view their cards on a 
phone and a tablet, respectively, 
and a tablet on the table shows 
the cards being played.  

 

 
Figure 7: Croupier player (left) 
and table (right) interfaces. 
Players drag the card they want 
to play into the slot at the top of 
the screen. It fades out from 
their device and animates onto 
the table device from the 
appropriate direction, landing in 
its slot. 

 



 

Others have noted a similar problem of redirecting a 
user’s attention in a multi-monitor setting when content 
moves from one monitor to another that is outside their 
field of view. Hoffman, Baudisch and Weld [3] 
investigated the effectiveness of different visual cues to 
address this problem, for example by highlighting the 
target or showing a graphic trail from the current focal 
point to the target. However, these cues must be 
adapted to guide attention across multiple users’ 
mobile devices since the movements may be initiated 
by other actors, the devices may not be fully visible to 
all parties, and the mobile devices may change 
locations. 

Furthermore, glancing away from one’s device to 
another requires a small but meaningful cognitive 
effort, so the system needs to encourage users to do 
so. In the Card Game concept, although players had an 
appropriate model of each device’s role in the game, 
they still preferred to maintain focus on their own 
device, at the cost of an engaging social dynamic. The 
design challenge, then, is to provide enough cues for 
people to interpret the activity on other devices while 
also encouraging them to look away from their device 
when appropriate, particularly to detect and interpret 
other people’s behavior in a social setting.  

Conclusion 
These observations demonstrate the challenges of 
designing for embodied interaction [2,5] in which both 
the physical environment and the social dynamic 
contribute meaning to an interaction. Here we have 
discussed the complexity introduced when designing for 
interactions across multiple devices with multiple 
actors, namely directing people’s attention so they can 

detect and interpret cross-device activity in a social 
setting. 
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