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Abstract. Web site providers currently have to deal with the growing
range and increased diversity of devices used for web browsing. It is not
only technically challenging to provide flexible interfaces able to adapt
to the large variety of viewing situations, but also costly. We discuss the
idea and challenges of adopting a crowdsourcing model in which end-
users can participate in the adaptation process with the goal of enabling
a much wider range of use contexts to which applications can adapt.

1 Introduction

Nowadays, web-based services are accessed from a wide range of devices with
very different characteristics, not only in terms of screen size and resolution, but
also supported input and output modalities. It is becoming increasingly difficult
and also cost intensive for web site providers to cater for the large variety of
client devices used today. We believe that the only feasible way to address this
challenge is to adopt a crowdsourcing model in which end-users can become
involved in the adaptation of web interfaces for different devices and preferences.
To achieve this, we have started to address the technical challenges of designing
a model, architecture, language and runtime system capable of supporting the
dynamic definition and deployment of web site adaptations in a safe and efficient
manner [I]. In this paper, we focus on the crowdsourcing principles underlying
the approach and discuss how they relate to previous research on context-aware
and adaptive interfaces and the many new forms of human computation [2].
We start by discussing different approaches to adaptation in Sect. 2l We then
characterise our crowdsourcing approach in Sect. [}l and discuss how we aim
to improve user participation, quality control and aggregation of contributions.
Finally, Sect. [ outlines remaining challenges and our ongoing research efforts.

2 Adaptation Approaches

In a recent study, we have shown that the majority of web sites today still use
a fixed layout designed for a resolution of 1024x768 pixels despite the fact that
average screen settings are much higher than that [3]. Rather than thinking of
more flexible layout solutions, a number of web sites nowadays come in several
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special versions. However, the employed adaptations are typically designed for
only a certain class of devices, e.g. for touchphones or tablets. The same is true for
most of the advanced algorithms that promote automatic adaptation techniques,
as these typically require substantial server-side processing [4], or only work for
very specific scenarios, e.g. desktop-to-mobile adaptation [5]. The new approach
for devices such as the iPhone or iPad is to provide special browser support, e.g.
by enabling gestures for zooming and automatic scaling of the viewport, but this
means that the problem is treated as a matter of input technique rather than
an interface design issue and also requires user intervention.

Research in web engineering has focused on languages and model-driven ap-
proaches to support context-awareness and adaptivity in applications [6l7]. A
second stream of research has looked at different abstraction levels of the user
interface to be able to adapt to multiple user, platform and environment con-
texts [8]. The authoring of adaptive and multi-modal user interfaces has also
been the subject of extensive research [9]. The suggested development processes
typically start from some kind of domain or task model and logical descriptions
of the interface. This is then followed by subsequent transformation steps to
generate the final interface for a particular context of use. However, all these
approaches rely on developers to specify the required forms of adaptation, which
is almost impossible with the diverse and rapidly evolving range of settings.

Our new idea was to adopt a crowdsourcing model in which system developers
provide an initial interface and adaptive features of the system can evolve at run-
time with the help of users [I]. A number of interesting systems have been built
to demonstrate the potential benefits of using crowdsourcing techniques. For ex-
ample, Soylent [10] is an extension of Microsoft Word that allows users to create
tasks related to the document, such as shortening of paragraphs or proof-reading,
to be carried out by other users. Another useful system is HelpMeOut [11] which
recommends potential solutions for compiler errors and runtime exceptions that
other programmers have also encountered. While many crowdsourcing solutions
tend to build on external services such as Amazon’s Mechanical Turlﬁ, our goal
was to embed crowdsourcing mechanisms into applications in order to provide
end-users with the tools to collectively solve problems such as the lack of adaptiv-
ity. To achieve this, we first had to develop visual tools for end-users to be able to
design new adaptations directly in the browser and then extend the common web
application architecture with several components so that adaptations can also be
shared between users and even across sites (Fig. [[). Popular examples of crowd-
sourcing platforms with somewhat similar goals are programmableweb.com and
userscripts.org, where already large communities of active users maintain shared
collections of web mashups and augmentations.

3 Crowdsourcing Approach

For a characterisation of our approach, we will use the taxonomy proposed by
Quinn and Bederson [2].
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Fig. 1. Architecture showing two clients that contribute and consume web site adapta-
tions for small-screen devices using the adaptation operations provided by the toolkit
and server-side components for sharing and deployment of crowdsourced adaptations

Motivation. User motivation and participation can depend on many factors.
Our intention was to provide end-users with simple, visual tools for customising
directly the final interface according to the viewing situation without the need to
understand the underlying languages or models. This makes it easy also for non-
technical users. We expect a major effect on motivation by letting users see that
the interface can improve through their actions and, similar to [12], by letting
them know that other users can so benefit as well. Also, what to them may seem
like a personalisation of the interface will in fact describe an adaptation for a
particular use context when it is shared with the crowd. Even if only a few users
share the adaptations created on their devices, then already many others using
the same devices can directly benefit. Along the lines of Quinn and Bederson,
this would mean that motivation in our approach is primarily guided by implicit
work and a very light form of altruism.

Quality. In our crowdsourcing model where the viewing quality of a web site
is primarily regulated by end-users, quality control may involve a number of
schemes where we have given the highest priority to defensive task design. The
main idea was to provide adaptation operations concerning only those aspects of
the design that are directly related to the viewing context, such as size and po-
sition of web site elements, rather than content or functionality [I]. To increase
the quality of adaptation scenarios, we capture precisely the context in which
the adaptation process takes place by collecting all kinds of context information
related to the device and the user. Finally, the recommender system used by
our platform to determine the best-matching adaptations for a given context is
complemented by a review and rating system. This enables multilevel review and
a reputation system corresponding to [2], where system administrators, or pro-
moted users, have a bigger say so that their approval or rejection have significant
impact on the ranking and therefore the deployment of adaptations.

Aggregation. Also important for our crowdsourcing approach is the the idea
of iterative improvement. Depending on the individual viewing situation and the
current quality of adaptations, participating users may come up with whole new
designs or only provide minor improvements over the original layout or other
user-adapted versions. We support this by building on an adaptation technique
that uses cascading stylesheet definitions and server-side components that are
capable of managing different versions of adaptations for the same context [1].
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4 Conclusion

Given the large variety of devices used for web browsing, we have started to
explore a crowdsourcing approach to support web site providers in the design of
flexible interfaces and to enable a much wider range of use contexts to which ap-
plications can adapt. As a first step, we developed a platform and visual toolkit
for crowdsourced adaptations of web interfaces, which we discussed in this paper.
We are currently carrying out extensive technical evaluations of this approach
when it is applied to a number of existing web sites and used by a larger group
of users. In particular, we are experimenting with different sharing and ranking
modes for the controlled definition and deployment of new adaptations. This is
important for cases when really a crowd of users contribute with web site adap-
tations and several different sets of adaptations have been defined for the same or
similar contexts. The data we are collecting can provide interesting insight into
adaptation requirements, help us improve both the underlying methods and the
overall crowdsourcing approach and potentially lead to new web design patterns
and guidelines for the wide variety of devices and platforms available today.
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