W Prinz, M Jarke, Y Rogers, K Schmudt, and V. Wulf (eds ), Proceedings of the Seventh European
Conference on Computer-Supported Cooperative Work, 16-20 September 2001, Bonn, Germany, pp 399-418
© 2001 Kluwer Academic Publishers Printed in the Netherlands

When Worlds Collide: Molecular

Biology as Interdisciplinary
Collaboration

Vicki O’Day, Annette Adler, Allan Kuchinsky, Anna Bouch
University of California, Santa Cruz, USA; Agilent Technologies, USA;
University College London, UK

oday@calterra.com; [annette_adler, allan_kuchinsky] @agilent.com;
A.Bouch@cs.ucl.ac.uk

Abstract. The field of molecular biology I1s in a remarkably rapid period of change, as the
genome sequencing projects and new experimental technologies have generated an
explosion of data To analyze and draw insights from the vast amounts of information,
biologists use a new generation of bioinformatics software tools, often working closely
with mathematicians and computer scientists There are elements of both collision and
convergence In these interdisciplinary encounters ~ We conducted user studies with
biologists engaged in investigating the molecular basis of disease. We describe several
1ssues that anse 1n this collision/convergence of disciplines, drawing on the notion of
boundary objects in-the-making. We provide recommendations on building technology

for people whose work now sits at the crossroads of diverse and rapidly changing
scientific fields.

Introduction

The field of molecular brology 1s 1n a remarkably rapid period of change. One
notable characteristic of current genomics research is its increasing reliance on
computational tools, including genomic databases (public and proprietary), online
scientific literature, and data analysis software. This has led to immense interest
and 1nvestment in bioinformatics information and tools. In addition to this
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proliferation of information and tools in the genomics research community at
large, some molecular biologists are generating huge amounts of information in
their own labs using a new technology called DNA microarrays. Microarrays
allow biologists to simultaneously probe the activities of thousands of genes
under diverse experimental conditions, which is useful for investigating
relationships within and across families of genes. Microarray experiments can
produce terabytes of data, and it is simply not possible to analyze these data
without significant computational support. It is likely that even larger data sets
will arise as data are shared among many academic and industrial labs, just as
genomic and other databases arose from distributed efforts. One of the central
themes of computer-supported cooperative work (CSCW) is the study of
collaborative encounters, especially when new technologies are involved. We are
interested here in a collaborative encounter between disciplines, as biologists and
computational experts work together to solve hard biological problems.
Interdisciplinary collaboration raises challenging issues for practitioners and for
technology designers who wish to support their work.

Several years ago, a leader in the biotechnology industry declared that
“biology 1s now an information science” (Williams, 1995). More recently, an
article in the New York Times announced that “ all science 1s computer science.”
(Johnson, 2001) These are provocative claims, and most biologists probably
would not characterize the changes in their field in quite those terms. However,
these statements do point.to a' current tension for molecular biologists.
Information models are not new to biology, but the work of biologists 1s changing
through its contact with informatics (and vice versa). On the one hand, biologists
are clearly working on problems that emerge from biology; they want to identify
genes and understand how they function in living organisms. On the other hand,
1t is increasingly necessary to address these problems using information
visualization, statistics, and other techniques for manipulating large amounts of
data. But these techniques do not come ready-made for biological applications.
To provide effective computational support, computational experts have to
understand biological questions and work with biologists to try out new forms of
analysis, using real brological data. Biological systems have a different character
than computational or physical systems. They are less well-behaved; exceptions
are as common as rules. It 1s harder to make simplifying assumptions than 1t is 1n
the physical and computational sciences. Computational experts have to adapt
their approaches to the way living systems work. '

What makes an interdisciplinary encounter difficult (and interesting) is that it
involves different worlds, or different systems of meaning. People learn through
their disciplines to formulate and solve problems in particular ways. They learn
what counts—as a valid object of attention, a good method of analysis, or a
reasonable solution. In CSCW, we are accustomed to thinking about people’s
different (and possibly competing) activities, responsibulities, locations, and work
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styles But here we must also consider people's different ideas about what
information isand what makes it reliable and meaningful.

We emphasize here the interdisciplinary collaborations between molecular
biologists and what we call "computational experts,” but each of these categories
is diverse in itself. Molecular biologists work in different problem areas that
shape their perspectives in particular ways. Computational experts include (at
least) mathematicians, statisticians, and software developers, each with different
backgrounds and skills. These fields converge in bioinformatics and
computational biology and in industry terms such as "biocomputing,” which are
emblematic of the hybrid character of this work. However, a this time most
practitioners are till either biologists or computational experts, but not both. We
focus here on the challenge of collaborating across this significant disciplinary
boundary, while keeping in mind the many differences within each group.

In some settings, biologists and computational experts work together directly
on the analysis of experimental data, especially when the biologists are just
beginning to use computational packages. Later, it is more common for biologists
to encounter statistical methods and other computational techniques primarily
through data analysis software. That is, the tools act as intermediaries between
biologists and computational experts. Eventually, analytical techniques may
become a kind of black box—something a biologist knows how to apply and need
not understand in depth. But at this stage, biologists and computational experts
must build on one another's knowledge and intuitions to develop workable
methods for finding and interpreting patterns in biological data. Although the
title of our paper, refers only to worlds colliding, we see an interplay between
collision and convergence in the new biology.

The central question addressed in this paper is: How should technology be
designed for people whose work now sits at the crossroads of different
disciplines? This is a situation in which the technology mediates between
disciplines with different ways of looking at the world. What issues arise for
participants in an interdisciplinary collaboration? How do people collaborate
across disciplines when the ground is shifting on each side? To explore these
questions, we discuss interdisciplinary encounters between biologists and
computational experts. This discussion draws on a series of ethnographic
interviews with research biologists and microarray designers. The discussion is
lopsided in favor of biologists, since the issue of interdisciplinary collaboration
emerged through a set of interviews with biologists which were originally meant
to look at their particular technology uses and needs.

We find the notion of boundary object (Star & Griesemer, 1989, Bowker &
Star, 2000) to be particularly helpful in thinking through the issues raised in this
example. In our view, it is not a perfect fit for the objects we see migrating across
community boundaries, but that makes it even more interesting—it adds to our
understanding of the idea of boundary objects, as well as of the objects held in



