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Abstract. This paper examines the question of how to uncover patterns from 
the process of designing cross-modal collaborative systems. We describe how 
we use activity patterns as an approach to guide this process and discuss its  
potential as a practical method for developing design patterns. 

1 Introduction 

A key challenge in the design of interactive systems is how to leverage existing de-
sign knowledge. Design patterns play a role in addressing this challenge by capturing 
and communicating reusable design knowledge on how to map requirements to design 
solutions. In the field of human-computer interaction (HCI), design patterns have 
received increasing attention and sets of patterns have been published for a variety of 
application domains (e.g. [4, 14]). Similarly, a number of studies within the area of 
computer-supported cooperative work (CSCW) have addressed the question of how to 
use design patterns to document successful design knowledge, some of which have 
generated patterns that can be readily employed to develop practical solutions [2]. 

We are interested in the design of interactive systems that support collaboration be-
tween individuals who use different sets of modalities to interact with each other. 
Such differences can arise because of permanent sensory impairments or due to the 
capabilities of the technology used by each collaborator and the context of their inter-
actions with it; we refer to group interactions in these settings as cross-modal collabo-
ration. In this paper, we focus on exploring the process by which design patterns for 
cross-modal collaboration can be identified. We describe how we used an approach 
based on activity patterns [10] to uncover design patterns from two phases of a typical 
design process. First, we exemplify the application of activity patterns by reflecting 
on the evaluation phase of a cross-modal tool that supports collaboration between 
visually impaired and sighted coworkers. Second, we outline how activity patterns 
can be used to capture insights from a participatory design workshop that we con-
ducted with visually impaired audio producers and musicians in order to understand 
their work process and gather requirements about how to design technology that could 
contribute towards increasing their inclusion in their workplace. 
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2 Cross-Modal Collaborative Interaction 

Despite significant progress in the use of audio and haptics in multimodal interaction 
design, research into cross-modal collaboration has so far remained sparse. Initial 
investigations have nonetheless identified a number of issues that impact the effi-
ciency of collaboration in cross-modal settings. For example, an examination of col-
laboration between sighted and visually impaired individuals on an interactive puzzle 
game highlighted the importance of providing visually impaired collaborators with a 
continuous display of the status of the shared game [15]. Providing collaborators with 
independent views of the shared space, rather than shared cursor control, was also 
found to improve orientation, engagement and coordination in shared tasks. In another 
study [12], a multimodal system combining haptic devices with speech and non-
speech auditory output was used to examine collaboration between pairs of visually 
impaired users on graph reading tasks. Results showed that the use of haptic mecha-
nisms for monitoring activities and shared audio output improves communication and 
promotes collaboration. Although scarce, the literature on cross-modal collaboration 
has therefore started to generate insights into the knowledge that is needed to come up 
with effective designs to support interactions involving individuals with differing 
perceptual abilities across various domains. We propose to use design patterns as a 
means to capture such knowledge so that it can be effectively leveraged. 

3 Design Patterns 

The concept of design patterns originated from the field of urban architecture as a 
systematic approach to capturing solutions to architectural design problems [1]. Each 
pattern would characterise a given problem in terms of its context, a set of conflicting 
forces that are at play, a solution to the problem and the consequences of its applica-
tion. Particular attention is given to the presentation of patterns as a clear and generic 
set of instructions so that they can be applied in new situations. A critical aspect of 
design patterns is that they are cross-referenced. Each pattern refers to higher level 
patterns describing further context and lower level patterns that could be used to re-
fine the solution. This hierarchical organization structures a collection of patterns into 
a meaningful network and results in what is called a pattern language [7]. The notion 
of pattern language has also been used to emphasise that patterns should support a 
“lingua franca” amongst all the parties involved in a design process [9]. Patterns in 
this case can be used as a common vocabulary to improve communication of design 
expertise between stakeholders [4]. Indeed, design patterns have been shown to have 
a considerable potential as a method to support participatory design activities [6].  

4 Uncovering Design Patterns 

In both software engineering and HCI, design patterns are often derived from a refer-
ence to existing design solutions and hence are the product of observation, trial and 
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chart, 3) drag the connection towards the second node using the computer mouse, and 
then 4) release the mouse to create the connection. Following the activity patterns 
approach, the actions of creating a connection between two nodes using the visual and 
non-visual editors can be represented as the two independent activity systems shown 
in Figure 3, which highlights a contradiction between the operational rules in the two 
activity systems; there is a mismatch between the interaction steps that each collabo-
rator has to follow in order to create a connection between two nodes on the chart. 
Modelling the collaborative action of creating a connection in this manner has there-
fore uncovered a potential design flaw – which manifests itself as contradictions – 
that could hinder collaboration. Addressing this design flaw could lead to a design 
pattern that can eliminate the issues raised by the contradictions. For instance, the 
potential design pattern could describe the need to reconcile the two mediating arte-
facts in this context by ensuring equivalence and consistency of interaction steps  
between the visual and non-visual modalities. 
 
Activity Patterns in the Requirement Phase. While we used the activity patterns 
approach to drive retrospective analysis of data gathered from evaluation studies, we 
used it in a second instance to drive the design process from its initial requirement 
phase. In a second project, we conducted a participatory design workshop (PD) with 
visually impaired audio producers, engineers and musicians in order to understand 
how they go about their work and what kind of difficulties they come across. Partici-
patory design activities generate a huge amount of data and patterns could help with 
the process of organising the themes that emerge from this data. Here too, the concept 
of contradictions can be a useful guide to identify the tensions that exist in activity 
systems constructed to model the scenarios described by workshop participants, and 
hence could lead to insights about design solutions that could resolve such  
contradictions. 

 

 
 
 
 
 
 

Fig. 4. Participatory design workshop with visually impaired and audio producers 

Scenario 1: Exchanging Formats between Colleagues. In a first scenario, while 
discussing his experience of working with sighted colleagues and clients, a visually 
impaired producer described his frustration with inaccessible plugins on digital audio 
workstations. The visually impaired producer explained how his work with sighted 
colleagues often involves exchanging projects back and forth in order to complete sub 
tasks involving the manipulation of audio captured using inaccessible formats or  
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relate to a higher level activity involving the organisation of collaboration between 
sighted and visually impaired stakeholders in sound production activities and the im-
pact of currently available tools on such organisation. Patterns can therefore be writ-
ten for different levels of activity and structured into a coherent pattern language, 
which can facilitate both the creation of new patterns and navigation of a patterns’ 
space to help readers find their way through the design knowledge material. 

5 Conclusion and Future Work 

The design of cross-modal collaborative systems presents a unique set of challenges 
because such systems must allow individual users to equally contribute to the shared 
tasks while accommodating their individual perceptual differences. To date, no re-
search has examined how to capture the knowledge required to design technology that 
makes cross-modal collaboration easier. Design patterns and pattern languages have a 
potential to facilitate the capture, presentation and communication of design knowl-
edge. We proposed that designers and application domain experts in cross-modal 
collaboration could benefit from using design patterns as a uniform representation for 
expert knowledge. To this end, we explored the question of how potential patterns can 
be uncovered from an iterative design process and suggested that activity patterns 
could be used as a structured method to address this question. We also described how 
the activity patterns approach matches the domain in which individuals with differing 
perceptual abilities work together to achieve a common desired outcome through the 
mediation of a cross-modal tool. 

One of the key benefits of using activity patterns to identify patterns is the concep-
tual tool of contradiction, which can be a useful guide for designers to identify the 
tensions that exist in their designs when used in context and modelled as activity sys-
tems. We exemplified how this approach was useful for us in the evaluation phase of 
a cross-modal collaborative tool as well as a technique for managing requirement data 
from participatory design workshops. We plan to use this approach to both generate 
and articulate an initial set of patterns to form a pattern language for designing cross-
modal collaboration, which we will then validate by applying the patterns in future 
design iterations and incorporating them in future participatory design activities.  
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