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Abstract. Seamful design is a novel approach to Ubiquitous and Mobile Com-
puting systems that reveals and exploits inevitable technical limitations and
boundaries as well as their effects on seamless interaction rather than hiding
them. In this paper we want to introduce its general ideas, point out common
seams on the mobile phone platform and show how people might accommodate
to seams and use them for their own advantage as useful features of an applica-
tion. We apply the approach to seamful design to our own location-based mo-
bile game called Tycoon and incorporate different seams into its gameplay for
better interaction and usability through the exploitation and appropriation of
these seams.

1 Introduction

Despite the efforts of seamless design, integration and interaction, Ubiquitous Com-
puting systems still have technical limitations and boundaries. Especially devices and
applications for mobile communication and computing suffer from patchy network
coverage, fluctuating signal strength, deviations in positioning and the generally lim-
ited resources provided by mobile devices. Their users experience these limitations
indirectly as sketchy and slow mobile internet access, variations in the quality of
speech transmission or even loss of a connection in cold spots in network coverage.
The concept of seams and seamful design is a rather new approach to Ubicomp
systems whose design is usually ruled by the notion of seamlessness. Both seamless
and seamful design are inspired by Mark Weiser’s vision of Ubiquitous Computing
and the idea of “literally visible, effectively invisible” [1] tools that don’t intrude on
the user’s consciousness but let him focus on a task and not the tool itself (see [1]).
Chalmers and MacColl point out that “this notion of invisibility has been translated
into requirements for seamless integration of computer system components, as well as
the interactions supported by those components” [2]. As a result, seamless design
knits the different heterogeneous and distributed components of Ubicomp systems
tightly together in order to hide the complexity of its infrastructure. It comprises both
seamless integration of different components as well as seamless interactions with
them through the entity they form. Adjoining GSM-cells and their infrastructure for
example form a ubiquitous system that allows mobile communication. The invisible



handover between different cells provides seamless interaction with this system
through its different cells and components when people use their mobile phones.

Seamful design on the other hand is supported by Mark Weiser’s recommendation
of seamful systems with “beautiful seams” which don’t sacrifice the uniqueness of its
heterogeneous components for the goal of a “lowest common denominator” (see [3]).
Instead different parts of a system are seamfully integrated and still provide seamless
interaction with the whole system while retaining their individual features.

We want to turn our attention to such seams in mobile applications and show how
to take advantage of them through seamful design. The “Bill”’-game [4] already
showed how to turn the seams in a mobile application supporting GPS and 802.11
into helpful features of a game, how seamful design can drive its gameplay and how
players exploit them to succeed in a game. We would like to extend the ideas of seam-
ful design to applications for mobile phones, explore which seams occur on this plat-
form and apply the approach to seamful design to our own seamful multiplayer-game
called “Tycoon”. Thus we try to evaluate the benefits of exploiting seams on this plat-
form — especially in cell-based positioning and network coverage - for better game-
play, usability, interaction and appropriation.

In the following sections we give a short introduction to our understanding of
seams and seamful design, provide examples of seams in mobile applications and de-
scribe how we try to incorporate them into the design for our own seamful game for
mobile phones.

2 Seams and Seamful Design

Just as seamless design refers to both the tight joints between infrastructure-
components and the overall experience of smooth, seamless interaction, the idea of
seams comprises the technical cracks and bumps in these joints as well as their effects
on the users’ experience. Seams can be seen as deviations in actual use from a no-
tional ideal of technological continuity or uniformity including discontinuities in
technologies themselves and discontinuity between what actually happens and what
the system observes. They are mostly caused by technical limitations and constraints
of the underlying infrastructure. They come to the users’ attention as these interact
with a supposedly seamless system and reveal themselves as uncertainties, ambigui-
ties or inconsistencies. Seams are most common in applications for mobile navigation
and communication where technical constraints include inaccurate positioning,
sketchy internet-access, local variations in signal strength (e. g. in tunnels), delays in
GSM networks or patchy network coverage. There they cause uncertainty about the
current position, disturbance or even temporary loss of mobile communication sig-
nals.

Contrary to seamless design, which tries to hide these constraints in Ubicomp sys-
tems with costly investments in better and more reliable infrastructure-technology,
seamful design embraces these inevitable limitations, reveals them, increases the
awareness for them and exploits its otherwise neglected yet useful information for
better interaction-design and user experience. In order to accomplish the goal of
“seamless interaction but seamful technology” Oulasvirta outlines seamful design as



“understanding which seams are important”, “presenting seams to users” and “design-
ing interactions with seams” [5].

People often accept seams, adapt to them and even exploit them. They might use
their knowledge about varying signal strength or sketchy network access in certain ar-
eas as an excuse for interrupting or dismissing a phone-call since such technical con-
straints are commonly accepted reasons for doing that. Seamful design now tries to
support and model this process by revealing and presenting information about seams
to users and thereby increasing their awareness for the influence technology can have
on user-interaction. Giving users the opportunity and freedom to explore seams and
exploit them in new ways may ultimately lead to the more general concept of design-
ing for appropriation. This aspect of seamful design allows users to interact with
seams individually, take advantage of the gaps and limitations in Ubicomp infrastruc-
tures and develop new patterns of behaviour around them in ways, that were not con-
sidered during the initial design of the system.

3  Seams in Mobile Phone Applications

We want to exploit three seams in mobile phone applications which we consider to be
characteristic for this platform: dynamic cell-coverage, expensive internet-access and
data-inconsistencies. These seams will guide the seamful design for Tycoon - our mo-
bile seamful game.

Mobile phone users are usually unaware of the cell or location area their phone is
using, since the handover between different cells is handled seamlessly. Fig. 1 shows
coverage and propagation of GSM-cells in an area of London based on samples of
cell-ids and their GPS-positions. Apart from not being visible, cells neither have fixed
boundaries or propagation nor share exact borders with adjoining cells. The coverage
of a cell is depending on many factors and their invisible boundaries and propagation
are rather dynamic and fluctuating. As Fig. 1 shows, cell-coverage has irregular
shapes and adjoining cells often overlap. These aspects can be a problem for location-
based mobile applications relying on cell-id positioning where users or the applica-
tion’s behaviour are dependent on knowing about the current location.

Mobile internet-access for cell phones via GPRS s still rather expensive. Yet it is
indispensable for synchronising data between mobile clients and a central server. De-
spite the above definition of seams, costly internet-connections are neither rooted in
technical limitations nor show themselves as uncertainties or ambiguities and may
therefore be considered as some kind of made-up artificial seam. Still they disrupt the
uniformity and continuity of a mobile application and we think that’s why they can be
treated as a considerable seam in mobile applications.

An immediate consequence of insufficient synchronisation between a server and its
clients are data-inconsistencies. They occur when individual, independent clients have
to synchronise data with a central server that maintains data which is globally shared
with several other clients. When one of these clients synchronises its local data with
the shared server and thereby updates globally shared data, local copies of the same
data on other clients become inconsistent with the updated, shared data.
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Fig. 1. Samples of cell-ids and their GPS-positions in London

4 How to play Tycoon

Tycoon is our approach to seamful design for a multiplayer-game for mobile phones
which tries to incorporate the seams mentioned above and use them to enhance its
gameplay. Tycoon is a location-based trading game with a simple producer-
consumer-cycle that uses the different GSM-cells of a service provider network
within a designated gaming-area, e. g. the centre of a city (see Fig. 1). Each of these
cells in the physical area is virtually mapped to either a producer or a consumer in the
game. The game uses the metaphor of a wild west scenario to communicate its central
mechanisms of collecting resources from producers which are called “mines” and us-
ing them to buy objects from consumers which are called “brokers™ and are named af-
ter cities or counties in California.

During the game players are travelling between the cells in the gaming-area,
collect local resources in mines by staying in them for some time, use them to buy
global objects from brokers and get credits for claiming them. Each mine produces an
unlimited amount of one of the three local resources in the game — gold, silver or
copper. They are called local resources because players can collect them inde-
pendently of each other and don’t compete for them. Each broker has a list of global
objects e. g. different buildings or estates in towns and counties that players can buy
with their local resources. There is only a limited number of global objects in the
game, each of them is unique (e. g. there is only one saloon in the city of Sacramento)
and players compete against each other for claiming them, since every global object
can only be claimed once by one player. Each global object has a combined price of
two local resources and a value in credits. Players have to enter a broker’s cell and
pay an object’s price in order to claim it and earn its value in credits in case that



price in order to claim it and earn its value in credits in case that object is still avail-
able. The objective of the game is to gather as many credits as possible. It ends when
all objects are sold and the player with the most credits wins.

5 Tycoon’s Approach to combine Gameplay and Seamful Design

Tycoon uses the unique cell-id of the current GSM-cell to tell players where they are,
help them navigate through the gaming-area and supervise their collecting of local re-
sources. Instead of providing players with a complete map of the area showing them
exactly where to find mines and brokers, we want them to start the game by having to
explore the area, gather their own knowledge about it and discover mines, brokers and
their locations themselves.

Whenever a player changes from one cell into another, an alert is triggered and he
gets a notification about him entering a new cell. Afterwards Tycoon displays the
name of the new cell (Fig. 2) in its GUI. This alert-mechanism provides interaction
with the seam of dynamic cell-coverage and is more flexible than a rather static map
of the gaming-area. It also improves the visualisation of cells’ boundaries and propa-
gation and decreases the players’ uncertainty about their location without revealing
too much information about it. Players can use their spatial knowledge about the gam-
ing-area to adopt their own strategies of how to move between cells and how to find
the most efficient tactics of which resources are needed to buy which available objects
and where to find them in nearby mines. They can also exploit ambiguities caused by
dynamic cell propagation and boundaries more effectively when they find a area
where adjoining cells overlap and flip after some time without moving.
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Fig. 2. The main screen of Tycoon’s GUI which is updated whenever a player crosses bounda-
ries between adjoining cells.

In order to cope with the seams of expensive internet-connections and data inconsis-
tencies, Tycoon encourages players to spend more time offline and synchronize their
local game-state (individual clients’ knowledge about available global objects) less
often with the game-server’s global game-state (the overall availability of global ob-
jects). Therefore Tycoon’s trading-mechanism features a simple economic model that



gives players an incentive to engage in extended offline-play and spend more time on
collecting a greater number of (more valuable) resources.

As mentioned before, global objects have a price in local resources and earn a
player a certain amount of credits for claiming them. Both values are related to each
other as the credit-values of objects rise with their prices in local resources. The local
resources have different values themselves which are indirectly expressed by the time
it takes to collect one unit of each one. Collecting a gold-nugget takes longer than col-
lecting a silver-nugget which again takes longer than collecting a copper-nugget. That
way the credit-value of a global object is also related to the time it takes to collect the
resources that are necessary to buy the object. But the values of resources and objects
as well as their prices don’t rise proportionally. The economic model is tuned in a
way so that the more time a player spends offline to collect more and more valuable
resources in order to afford more and more valuable objects the more credits per sec-
ond could he possibly earn than by collecting less resources for smaller, less valuable
objects during the same time. Additionally a player gets a discount for successfully
claiming several objects from a broker with the same request to the game-server. In
order to afford buying several objects, players have to spend even more time offline to
collect more and more valuable resources. The goal of this economic model is to give
players an incentive to spend more time offline between connections to the game-
server and collect local resources which is more profitable than spending less time
offline collecting less and less valuable resources for claiming less valuable objects.

But extended offline-play increases the danger of inconsistencies between the
game-server’s global game-state and a player’s local game-state which are different
views on the overall availability of global objects. Players can claim objects which
become no longer globally available but are still shown as available on other players’
clients. Since players can’t rely on getting constant updates of the global game-state
which would require regular expensive connections to the game-server, they have to
consider the growing probability of inconsistencies between local and global game-
state when deciding how much time they spend offline for collecting local resources.

This is where the gambling-feature of Tycoon comes into play: It recognizes these
inconsistencies in the gameplay and awards players not only for spending more time
offline but also for taking the risk of inconsistencies. Players are free to collect as
many local resources as they want but can only turn them into credits when they suc-
cessfully buy and claim global objects with them. The more time they spend offline,
the more profit is possible but the greater becomes the probability of inconsistencies
and missed claims. Players have to adopt their own individual strategies and consider
their chances of earning more credits during the same time against the risk of data in-
consistencies which is also dependent on their knowledge of where to find the re-
quired local resources to claim a desired object.

In order to soften the possible inconsistencies in the availability of global objects
between the game-server and the mobile clients, players can also ask the game-server
for an update on the overall availability of global objects anytime and anywhere, but
have to pay a certain charge of local resources for doing so since the update gives
them an advantage in the game.



6 Conclusion

As Ubicomp systems are still affected by seams we see seamful design as a rewarding
amendment to seamless design. Revealing and exploiting seams provide new views
on the design of Ubicomp systems other than seamlessness. Different ideas and ap-
proaches to the design of Ubicomp systems will be even more important as future
mobile devices and applications will offer more sophisticated and demanding services
e. g. for multimedia and entertainment, where seams in both technology and interac-
tion-design are even more likely to come to the users’ attention and affect their inter-
actions and experiences.
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