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Abstract

When combined with realtime knowledge of user context and goals, haptic feedback can contribute
to the need for transparent, appropriately salient information display in information-rich pervasive
environments. Designed with respect for human perceptual and attentional limits, it can serve as a
“background” communication channel by freeing visual resources, and being naturally suitable for
low-attention processing. In this paper, we describe opportunities, tools and research results in
support of such functionality — including user-centred stimulus design mechanisms minimizing
attentional load while optimizing cognitive resources, and emerging indications of approach
scalability and best learning practices.

1. Introduction

Users can be overwhelmed by the glut of data available in pervasively augmented environments,
where we tend to multitask in the presence of many and uncoordinated information sources. When
networked information can be screened or triaged for relevance to a user’s current tasks, goals and
physical situation, there arises an opportunity to optimize the user’s attentional resources by
managing display channel and signal salience according to importance and context. The haptic
sense, comprising taction (perceived via the skin) and proprioception (body forces and motions),
has special properties which make it a promising candidate for this. We use it in the physical world
to collect information in intuitive, transparent ways, both independently and in co-operation with
other senses; yet it is underutilized in contemporary computer interfaces. Handheld devices provide
opportunities for haptic display — delivered for example as tactor waveforms, by a vibrating screen
and felt through a stylus, or by the motion of a force-feedback knob.

Haptic icons are brief tangible stimuli with associated meanings, composed by varying the control
parameters of a given haptic display: e.g. for vibrotactile voice coils and piezos, these have
included vibratory frequency, amplitude, duration, waveform and rhythm, combined in various
ways. To be viable, users must be able to quickly learn associations and remember them over time.
Emerging results from our group and others suggest that this is a feasible goal [1, 4, 8, 14, 15, 17],
but underscore the need for careful design. Application creators require mechanisms to ensure that
sets of stimuli (underlying haptic sensations, independent of meaning) are perceptually
distinguishable and to control their salience. We further require means of choosing meaning-
stimulus matches to create learnable icons; and finally, in a longer view it is important to be aware
of the scheme’s ultimate scalability.

In the following, we suggest possible roles for haptic signalling in pervasive computing
environments, then summarize recent developments towards several technical challenges.
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2. Haptic Icons in Pervasive Environments

Haptic feedback can play a variety of possible roles in environments where networked, context-
dependent information is continually available, and visual attention is not. We focus here on
envisioning the contributions of information-loaded, icon-like communication; other interesting
roles, such as force-feedback workspace constraints or literal haptic rendering of visualized
information, are beyond our scope. We require as a starting point a haptic display in contact with
the skin, with the hand being the most sensitive.

Events and User-To-User Communication: Signals transmitted by the system to the user vary in
overall criticality and relevance to the user’s current task. Event notification, or user monitoring of
ongoing status, can be transmitted by specific haptic feedback which is salience-adjusted according
to the need for urgent user attention as well as likely interest level based on context. Likewise,
asynchronous inter-user communication varies and can be treated in the same way — for example,
with a specific icon being associated with a close co-worker [2], and signal salience adjusted for
context-determined criticality of a given incoming communication. Dedicated, task-specific inter-
user communication can also be set up using a protocol (e.g. in collaborative turn-taking [3], sports
team-member awareness, or medical service team needs).

Control Identity: Multipurpose control/displays located in vehicle cockpits, on mobile handheld
devices and throughout homes, workplaces and public spaces, have replaced manual controls of the
past in response to embedded computing and function proliferation; but their multiple functions and
often modal (state-dependent) interfaces can be disorienting and hard to use. Even when graced
with a spacious graphic display (e.g. on a high-end car dashboard) the user’s vision is often
occupied elsewhere, and any screen can get cluttered. Haptic icons can indicate information like
current interface mode, available functions and most-common command gestures, allowing users to
navigate such spaces more automatically and we hope ultimately, without visual input [4, 7].

Content or Service Identity: In a similar way, the identity or contents of data or available services
encountered or searched in augmented environments via a handheld device (e.g. large-screen shared
displays, laptops or wireless handhelds, RFID or barcode-tagged objects and locations [11]) can be
indicated with haptic icons [9]. Haptics can also offer augmentation of both handheld [7] and large
display workspace navigation and browsing.

Media Browsing: Video and audio data which has been annotated using automatic [10] or manual
logging or combination thereof requires an interface to make use of the annotation layer; other
complex data-visualization environments have similar challenges with more relevant data than can
be displayed visually. Browsing either a linear stream [13] or in a 2D or 3D projected space with
either a fixed or handheld device is an opportunity for informative haptic annotations.

3. Progress towards Technical Challenges for Usable Haptic Icons

Perceptual Distinctiveness of Stimulus Set: A vocabulary of haptic icons is based on a soundly
produced set of underlying stimuli. Current commodity haptic display technology — which can be
compared historically to a few pixels of monochrome graphic display — constrains this design
space. Stimuli are ultimately matched with meanings according to either a semantic (stimulus
characteristics suggest meaning), or abstracted approach (more systematic and therefore more
scalable, but with open questions about learnability). Either way, we must understand the structure
by which people perceive and categorize the raw stimuli, and how this changes under workload.
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Figure 1: A 2D MDS perceptual map of a set of 84 user-distinguishable haptic distributed as desired, their

stimuli, varying in rhythm, frequency and amplitude. The map revealed control parameters can be
previously unsuspected user categorizations based on rhythm evenness [17]. . .
adjusted. Having access to

this representation of the user’s organization is invaluable for meaning assignment and predicting
learning patterns [7, 16].
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Verifying Performance under Stress: Our goal is for users to process haptic icons without explicit
effort; haptic signals may be suited to deliberate hiding from conscious attention [5]. Perceptually
adjusted, meaning-matched icons that will be used in the presence of distractions therefore need to
be further tuned according to the response they elicit in representatively distracting test
environments. Some stimuli are intended to be intrusive; i.e. constructs whose importance over-
rides other tasks. We have developed abstracted test environments that capture key elements of the
intended use, including workload [3, 6, 15].

Learning Haptic Icons: Current foci are to ascertain (a) whether users can more easily learn
semantically or arbitrarily associated haptic icons; and (b) the upper limits on learnable set sizes,
given sufficient learning time. For the first, we have found indications that users do employ
mnemonics to learn icons, but the same model does not work for everyone and furthermore, users
can invent mnemonics themselves that help to learn even arbitrary associations. In a recent
surprising result, we found that users were able to recall such arbitrarily chosen meanings for a set
of 10 learned icons after a 2-week interval with the same accuracy (87%) as for associations they’d
chosen themselves [4]. In terms of scalability, we have recently extended both our MDS
methodology and largest distinguishable set size to support a rhythm-based set of 84 elements [16],
which in ongoing work we are deploying in a longitudinal study to determine how many stimulus-
meaning combinations users can learn.
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4. Conclusions

We have outlined the need and some potential roles for informative haptic signalling in pervasive
environments, posed in the context of its most accessible, portable and versatile form factor:
vibrotactile or miniaturized force feedback in a handheld display. Our high-level goal is to reduce
overall user cognitive and sensory load. Exploiting new opportunities for information triage and
contextualization delivered by this field in combination with our emerging knowledge of haptic and
multimodal processing, we can appropriately manage the intrusiveness and comprehensibility of
individual demands on individuals’ attention. Achieving this requires a holistic and cognitively
driven, user-centred design process.
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