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Collocated Interaction with Wearable 
Devices: New Output Strategies

 

 

Abstract 

In this paper, we discuss the challenge to collocated, 

collaborative interactions that wearable devices pose. 

In particular, we examine the consequences of 

wearability on output strategies. Two major points are 

investigated: (1) since wearable devices are usually 

personal and worn on the user, it becomes harder to 

share the device with other people, making single 

device collaborative interaction harder; (2) the smaller 

size of wearable devices narrows the bandwidth and 

options for feedback. Implications from these major 

changes are also discussed in the context of Lundgren’s 

et al framework [5]. 
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Introduction 

The ubiquity of mobile devices, such as smartphones, 

has led to new habits and uses of technology. Among 

other habits is the use of the availability of mobile 

devices to share information in face-to-face contexts, 

also known as collocated interaction [5] Increasing 
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screen sizes further enables such interactions, as they 

facilitate sharing output. An increasing number of 

applications in work and leisure further promote the 

habit of sharing interactions.  

On the other hand, miniaturization allows the creation 

of very small devices with conversely high computing 

capabilities. The latest products such as Google Glass 

or iWatch are good illustrations of this trend of highly 

functional devices. However, from the user experience 

perspective, these devices result in quite different 

interactions as compared to mobile phones. They are 

directly worn on the user’s body, making them more 

private and their output exclusive to the wearer.   

Whether these indicate restrictions or drawbacks to the 

interaction is debatable, but it seems obvious that for 

wearable devices, collocated interaction between users 

would be harder to perform. Using Lundgren et al’s 

framework [5] as a reference, we analyze how 

wearable devices fit into the landscape of collocated 

interaction possibilities. We then offer insights arising 

from our own work in wearable devices on adapting or 

countering changes in collocated. 

Collocated Interaction with Wearable Device 

Lundgren et al’s framework for collocated interaction 

[5] presents four different perspectives: social, 

technological, spatial and temporal. Transitioning from 

a mobile, easily detachable  device such as a 

smartphone or a tablet to a device worn on a specific 

body site such as a smartwatch, ring or eyewear will 

impact collocated interaction most pertinently on the 

following aspects: the social (framing property), 

technological (information symmetry and information 

distribution properties) and spatial perspectives 

(movement property). 

Framing 

Collocated interaction with a mobile phone usually 

implies that users can either share the screen of the 

mobile phone or combine multiple screens to form a 

visual output. With the small size of watch displays, or 

the personal output of Google Glass, this will not be 

possible. Interaction will be thus more private than 

with mobile devices. Furthermore, it is more likely that 

the user will be constrained in terms of options for 

public sharing.  

On the other hand, providing that all the collocated 

users have a personal display, use of synchronized 

displays can replace sharing a larger display, even if 

this will probably degrade the quality of the output, 

both in terms of visibility (apparent size of the display) 

and resolution. Another alternative would be to use a 

projector for a shared display, but this is currently 

limited by the environment such as the ambient light 

and other factors such as vibrations and space. 

Information Symmetry 

The problem of sharing a common visual output with 

wearable devices also raises the problem of information 

symmetry. Symmetry for collocated interaction 

suggests that each user has an access to the same 

information, brought by the same output. However, 

among wearable computers there is no guarantee that 

each user will have the same apparatus with the same 

or similar affordances. The interaction will thus most 

likely become asymmetrical, especially for visual 

output. In the case of other modalities, such as sound, 

there can still be symmetry. 
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Information Distribution 

The disparity between users in terms of available 

output channels also has an effect on information 

distribution: people with limited (visual) output 

capabilities may have a more limited access to all the 

information. Differing modalities may also alter the 

nature of information distribution to occur more as 

unfolding or combined. 

Movement 

Wearable devices are designed to be used at any given 

time, including in mobile contexts, thus collocated 

interaction with wearable devices may be done more 

often on the go. 

Improving Collocated Wearable Interaction 

Thus, collocated interactions with wearables will tend to 

have the following features: private, asymmetrical and 

limited information, most often consumed on the go, 

with fewer options for public sharing. While these do 

not constitute a drawback should the application of 

such interactions fall within this scope, this list forms a 

highly challenging set of features should an application 

or system require collocated collaboration from a 

wearable device.  

Possible instances where wearables face such a 

challenge are in health monitoring devices that need to 

communicate status [3] and data to other stakeholders 

[4] and devices that bridge initial strangers [1]. One 

common solution is to send data to the mobile phone 

application. From our own work with wearables we 

believe that there are at least three more avenues that 

bear exploring in response to this problem. They are: 

projectors, wearable personal displays, and using 

multiple output channels. 

Projection 

Projection is a good solution, but is not always usable 

depending on many external factors such as ambient 

light, movement, and the availability of a large 

homogenous surface to project.  

Ironically, the use of projection can swing the framing 

of information from private to public. Depending on 

the actual use scenario, this could be highly desirable 

or highly undesirable. Thus, a key consideration when 

using such an option is the issue of user control on the 

degree of sharing that occurs as a result of the 

projected display. 

Personal display 

Devices such as head mounted displays (e.g. Google 

Glass) can display a large quantity of information, but 

may result in socially awkward situations1. However, 

when the visual display is restricted to low resolution, 

low information density options we trade in distraction 

for loss of information. Currently, a good alternative in 

personal screens is the wristwatch, but current 

products tend to have a very small screen (less than 2” 

diagonal). Solutions such as Facet [6] propose to use 

multiple displays around the wrist, greatly increasing 

display surface. Overall, personal displays have the 

limitation of requiring one display per wearable user or 

per wearable device. One solution would be to consider 

the development of more adhoc personal displays. In 

that situation, it would be useful to simply throw the 

output of the system to a variety of possible displays, 

from public displays to a friend’s mobile phone.  

                                                 
1 http://www.businessinsider.sg/google-glass-ban-san-francisco-

2014-3/ 
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Multiple output channels 

Most of the information is transmitted to users in a 

visual way, namely using the display. On the other 

hand, wearable devices are always on the user, 

accessible and on contact with the skin (except 

necklaces), making these devices good for transmitting 

information using audio or haptic channels, even in 

mobile context. Due to low reception fidelity, such 

information is necessarily narrow in bandwidth, 

although our recent explorations indicate this may be a 

feature of the encoding of the information rather than 

of the actual medium. 

In our work on OmniVib [2] (Figure 1), we explored 

the ability of users to recognize spatiotemporal 

vibration patterns on different parts of the body. Our 

key finding were that more sophisticated recognition 

was possible if we encoded the vibration pattern with a 

relative point indicator.  

Another related question was the issue of haptic 

reception on the go – would physical motion of the user 

change the reception fidelity of the information? In a 

recent work [7], we developed five interactive rings 

with five different output channels: visual (Figure 2), 

audio, vibrotactile, thermal and “poke” (using a 

solenoid). We evaluated these five channels in five 

different postures: lying down, sitting, standing, 

walking and running. 

Our results suggest that the noticeability of each 

channel (except visual and thermal) is not affected by 

the posture. Furthermore, our experiments showed that 

the fastest responses happen when we used the 

vibrotactile and poke channels to convey information. 

Therefore, we believe that introducing multiple 

channels may reliably reduce the problem of 

constrained visual displays in wearable devices. In this 

endeavor, more creative exploration of the encoding of 

information may prove fruitful.  

Conclusion 

Using Lundgren et al’s [5] framework, we classified the 

main changes induced for collocated interaction by the 

transition between smartphones and wearable 

computers change of devices. We presented solutions 

to improve the transmission of information in wearable 

collocated interaction. 
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Figure 1. Hardware prototype used in 

OmniVib. The device has an average 

phone size and embeds a grid of 3 × 3 

vibration motors. 

 

Figure 2. Wearable ring emitting green 

light used in [7]. We evaluated how users 

would notice different kind of stimuli 

across level of physical activity. 
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