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Abstract

Designing computing systems for frontline firefighting is an open challenge.
As of today, little computing support exists for such hazardous environ-
ments and designers struggle to build appropriate systems that fit the com-
plex configuration on the frontline.

Following Christopher Alexander’s understanding, design is about pro-
ducing living transformations of existing configurations, it requires a thor-
ough understanding of the situation on-site. Alexander introduces pattern
languages as a means to describe existing configurations and to make them
accessible for design, to link ethnography and design. This thesis there-
fore develops a pattern language of firefighters’ activities at the frontline to
transform the existing practice into a design space for computing support.

Grounded theory, as a qualitative method to identify patterns in empir-
ical data, and action research, as a framework that allows studying the
interaction between new technologies and existing practice, solidify the
methodology of pattern research and are applied to conduct and analyze
workshops with French and German firefighters at professional training fa-
cilities. Workshops comprise the observation of existing practice, the active
participation in firefighting exercises and the introduction of novel artifacts.

Linked up as a pattern language, 16 patterns describe the configuration
of frontline firefighting. The patterns detail how firefighters organize the
division of roles and tasks, how they deal with information in a dynamic
environment, how they form a social binding, improvise, provide safety
and prepare their work.

While similar individual patterns have been described for firefighting
and other high reliability professions, the pattern language, beyond these
aspects, provides an integrated perspective on the frontline work; it allows
developers to reflect technological concepts and supports the participatory
design process of ubiquitous computing systems.



Dutch Abstract: Het ontwerpen van computer systemen om de brandweer te hel-
pen bij de brandbestrijding is een enorme uitdaging. Op dit moment zijn er nog
nauwelijks ondersteunende computersystemen om effectief te helpen in de gevaar-
lijke situaties waarin de brandweer regelmatig terecht komt. Onderzoekers vinden
het uitermate lastig om goede ondersteunende computersystemen te ontwerpen die
passen bij de complexe omgeving waarin de brandweer zich vaak bevindt. Volgens
Christopher Alexander is ontwerpen in essentie het creéren van leefbare verande-
ringen van bestaande configuraties. Een goed ontwerp vereist daarom een gedegen
inzicht in de praktijk. Alexander introduceert patronentalen als een middel om in-
zicht te verkrijgen in bestaande configuraties zodat het mogelijk wordt om deze con-
figuraties te ontwerpen door verbindingen te leggen tussen etnografie en ontwerp.

Dit proefschrift ontwikkelt daarom een patronentaal voor de activiteiten van
brandweermensen bij brand om zo de bestaande praktijk te vertalen naar een ont-
werpruimte voor computerondersteuning. “Grounded theory” is gebruikt om pa-
tronen in de empirische gegevens te vinden en “Action research” is gebruikt als
raamwerk om de interactie tussen technologie en bestaande praktijk te bestuderen.
In professionele opleidingscentra zijn beide methoden toegepast om het gedrag van
Duitse en Franse brandweermannen in bepaalde werksessies te analyseren. In deze
werksessies werd de bestaande praktijk van brandweeroefeningen geanalyseerd en
werd de impact van de introductie van nieuwe voorwerpen bestudeerd.

Uit onze conclusies blijkt dat 16 verschillende patronentalen gezamenlijk de con-
figuratie van actieve brandbestrijding beschrijven. Deze patronen laten in detail
zien hoe brandweermensen zich organiseren en rollen en taken verdelen, hoe zj
omgaan met informatie in een dynamische omgeving, hoe zij sociale relaties vor-
men en hoe zij improviseren, veiligheid verzorgen en hun werk voorbereiden.

Hoewel eerdere studies vergelijkbare individuele patronen hebben beschreven
voor het bestrijden van brand en andere beroepen waar een hoge betrouwbaarheid
vereist 1s, 1s deze patronentaal unieck omdat het een integraal perspectief biedt op
het werken in de vuurlinie. Het biedt ontwerpers de mogelijkheid om technolo-
gische concepten te testen en ondersteund participatie in het ontwerpproces van
alomtegenwoordige computersystemen.
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This paper brings together the results from the ethnographic inves-
tigation and the introduction of the Digital Command Post system
at the Parisian Firefighters. With its focus on frontline navigation
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part of the patterns INDEPENDENT UNITS, MULTIMODAL ACTS,
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ing Empathy through Live Action Role-Playing, in Abstracts of the In-
ternational Conference on Information Systems for Crisis Response and
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Technology for Firefighting, in Extended Abstracts of the SIGCHI con-
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SIGCHI Conference on Human Factors in Computing Systems CHI’09.
2009, ACM: Boston, USA. p. 1279-1282.
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search activities.

Workshop Contributions

- Denef, S., A Pattern Language of Firefighting Frontline Practice to Inform
the Design of Ubiquitous Computing. Doctoral Consortium Intl. Confer-
ence on Ambient Intelligence. AMI'11. 2011. Springer. forthcoming

This note presents the research questions and approach of this thesis.
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Foreword by the Institute Director

At the Fraunhofer Institute for Applied Information Technology FIT we in-
vestigate human-centered computing to optimize the usefulness of informa-
tion and cooperation systems in their interplay with human work practice
and organizational processes.

The emergency management domain is a typical example. It is presently
characterized by its complex requirements and—to a large extent—the ab-
sence of I'T support on the frontline. As one key example, Fraunhofer FIT
has taken up the challenge to support first responders in firefighting. The
European project Wearl T@Work has performed research on wearable
computing systems for this domain, and developed both planning method-
ologies and initial artefacts for navigation. The BMBF project ‘landmarke’
has expanded the design towards a navigation support system for frontline
firefighters which also forms the technical kernel of the thesis by Sebas-
tian Denef. The European project SOCIONICAL investigates larger-scale
firefighting settings, and BRIDGE aims to support large-scale crises across
national and organizational boundaries.

Based on experiences in these projects, several doctoral theses at
Fraunhofer FIT have been investigating firefighter work practices with dif
ferent methodologies, and developing methodologies and specific solution
proposals for advanced technologies.

The thesis by Sebastian Denef makes two contributions. Firstly, by case
studies from his participation in three of the mentioned projects, it con-
tributes towards an improved empirical foundation for understanding fire-
fighting practice. Secondly, it takes a novel approach for human-centered
design processes, connecting ethnographic research with the design of I'T
systems. With the emergence of ubiquitous computing systems, traditional
approaches of capturing and modeling work processes often ignore a larger
social dimension that gains an increasing importance when computing be-
comes embedded into objects of everyday life. Understanding human prac-
tice and its relevance for the design of I'T systems is an open research ques-
tion that requires an interdisciplinary answer from social and engineering
sciences. Here, the development and use of pattern languages, as proposed
by Sebastian Denef, builds a promising bridge between ethnographic user
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studies, and the design of I'T systems, here specifically novel navigation
systems for firefighters.

The reader thus gains an in-depth perspective of the fascinating work
of frontline firefighters and the challenge of designing of I'T systems that
support their work; she also learns of an approach that connects our un-
derstanding of human practice with the task of I'T design and is therefore
relevant for the general challenge of human-centered design of computing

systems.
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A Note to the Reader

To support the reader, I added abstracts at the beginning of each chapter and
marked sentences bold that summarize the following paragraphs. Should
you want to read this work within less than an hour, you may choose to flip
through the pages and only read these abstracts and the sentences in bold.

This approach of writing is inspired by Christopher Alexander (1979)
who argued that for the designer an overall understanding is more valuable
than the knowledge of scattered details.
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