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1 Introduction tools to support multiple biologists, valuing reuse andeaec
sibility over individual solutions to particular problems

In this document, we describe the approaches for com-
puter systems development that we have used along sev3 Software Development in Biology
eral years in a biology research institute. We had to cope
with highly evolutive and diverse needs, in a context where
the frontier between computer scientists and "end-usars” i Having installed scientific software for 8 years at the Pas-
sometimes blurred. In order to develop more flexible systemsteur Institute, and having taught biologists how to usedhes
and to empower these specific users, we have tried to develogcientific tools, | have observed that software developriment
a participatory culture, by organizing workshops, conduct the field of academic research in biology follows two main
ing interviews, as well as developing end-user programmingpaths:
tools. We first describe the context of these activities vith
the Institut Pasteur..We_then reporton char.actenstlcstbf S « large-scale projects like bioperl [37], and development
ware development in bioinformatics. We finally devote the in important bioinformatics centers such as Blast at
last part of this document to two examples of projects. NCBI [1]:

e local development, by biologists who have learned basic
2 Context programming but who are not professional developers.
These biologists either have to deal with everyday tasks
of managing data and analysis results, or have to model
The Institut Pasteur, in Paris, France, is a non-profit pri- and test scientific ideas.
vate foundation “dedicated to the prevention and treatment
of diseases through biological research, education and pub
lic health activities”. Founded by Louis Pasteur in the 1880
the Institut Pasteur is a world-renowned research laborato
attracting researchers from approximately 60 countrids.
is also a teaching institution, with over 200 doctoral stu-
dents and visiting researchers who participate in 15 diplom
courses. e Software activity is very dynamithe researcher cannot
always wait before testing new scientific ideas for a pro-
fessional software developer to produce a prototype or
software adaptation.

These two lines often merge since local developers dis-
tribute software they programmed for their own research via
| public repositories. Biological software development tiees
following characteristics:

The Information Technology (IT) department installs, de-
velops and maintains scientific software for biologists, in
cluding support for scientific databases and network infras

tructure. It also runs continuing-education courses oersci e The majority of programs are developed by domain ex-
tific software and programming for the biologists.  In addi- perts: professional developers having a computer sci-
tion, some members of the IT department pursue their own ence background rather participate to more technologi-
research, in bioinformatics and even human-computer-inter cal projects.

action . From the biologists’ perspective, the IT departiigen

primarily a service for dealing with local technical proimg e Software production is not the goahumerous ready-

and email accounts. However, some also collaborate on spe-  made tools are available. In scientific research, software
cific IT projects. Because the center does not have sufficient is often created only to test new ideas rapidly, thus its
resources to provide "programmers-for-hire” for each dviol production does not always follow typical software en-
gist, the IT department seeks to create more general-peirpos gineering life-cycles.



e Software is recycledbiologists who program are often 4.3 Programmability for the Scientific User
more likely to recycle existing program chunks rather
than creating and re-using well-designed modules, even

though this sometimes leads to carrying on out-of-date  End-user programming tools are however limited, and bi-
and over-sized data structures. ologists very often need to build a piece of software to ad-

dress a specific problem. But, even when they find a local
developer to help them [12], they cannot build new software
4 End-User Software Development everytime a simple feature is missing in the software they us
As [11] explains, users should be able to modify or extend
tools they already use and find useful. Software mechanisms
4.1 Typical Problems are required that help cope with unanticipated changes [23]
These should provide:

In order to illustrate the need for end-user development
[8] [24] in the context of biology and bioinformatics, let us
show some typical examples (see also [7]). Below is a list of
real programming situation examples, drawn from intergiew
with biologists, news forum, or technical desk. These situa
tions happened when working with molecular sequences, i.e
either DNA or protein sequences (a sequence is a molecule
that is very often represented by a character string, coathos
of either DNA letters — A, C, T and G — or amino-acid letters
— 20 letters). e a programming environment directly available from the
data analysis environment. This eliminates switching
from one mode to another: programming becomes just
another type of using.

e explicit and documented areas that users can change,

e tools designed for non-professional programmers that
associate user interface elements with system features
(for example, a class would be associated with a win-
dow and its methods would be available for editing by a
menu). This helps to reduce the cognitive distance be-
tween the code and the user interface [29].

e scripting: search for a sequence patténenretrieve all
the corresponding secondary structures in a database

e parsing: search for the best match in a database similar- s . . . . .
ity search reporbut relative to each subsection 4.4 Biok: a Biological Interactive Object Kit

e formatting: renumber the positions of a sequence from

-3000 to +500 instead of O to 3500 Biokis a prototype of a programmable environment for bi-

ological data analysis. Ihiok, the basic building block for
« variation: search for patterns in a sequermesept re-  Poth using and programming igeaphical objectthat corre-
peated ones sponds to a biological entity, such as a 3D molecule, a protei
or DNA sequence, an alignment, or to more general objects
e finer control on the computation: control of the order in needed in scientific analyses such as plots. Interactidm wit

which multiple sequences are compared and aligned ~ graphical objects is available either by direct manipolatr
with an associated shell to run objects’ methods.

e simple operations: search in a DNA sequence for the

characters other than A, C, T and G Biok uses a language called XOTcl [30], which is an

object-oriented scripting language and uses TK as a grabhic
toolkit. As a Tcl extension, XOTcl is a full-fledged program-
As illustrated by these examples, unexpected problemsminglanguage. XOTcl provides reflective language function
may arise at any time. However, these scenarios involvealities which proved to be extremely efficient in the desi§n o
rather simple programmatic manipulations, without any al- biok by enabling us to weavasingandprogrammingas two
gorithmic difficulty or complex design. An important rea- levels of interaction on the user side, directly availalbderf
son why programming is needed here is that the function, al-the menus of any graphical object. Our hypothesis isitlgt
though easy to program, or even already implemented somedifficult to program a little not only in the sense of program-
where inside the program, has not besplicitly featured in ming occasionally but also in the sense of programming
the user interface of the tool. crementally{22]. This is made possible in XOtcl, where the
code of a class can be dynamically changed at the method

level.
4.2 End-User Programming in Biology Research o .
One of the central tools dfiok is a spreadsheet special-

ized in displaying and editing sequences aligments (Figure
Scientific users often use spreadsheets and local easy td, back window). As in many other scientific research areas,
use database systems to manage their data. They also develmsualization is critical in biology. Several graphicainf:
small use-once scripts to automate simple tasks, whenevetions, ortags are available ibiok. A tagis a mechanism that
they had the possibility to attend an introductory program- highlights some parts of an object. For instance, segménts o
ming course or when they know a local developper who can protein sequences showing a specific property, such as a high
help to deal with potential bugs. hydrophobicity, can be highlighted in the spreadsheet.



ticular issue, others are general discussions. Partitspeso-

ally bring examples of their work and we create paper mock-
ups to illustrate and work through design ideas. We also con-
duct video brainstorming sessions [25], in which partioiga
are videotaped as they act out how they would interact with
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ALY i imtw(’j@u P Our own research projects have led us to observe, inter-
[ 2rom | fzomon | 1 view and videotape numerous biologists in their laboratori
We have conducted over 65 interviews over the past seven
Figure 1. Tag editor (front) and alignment editor years: Approximately 30 were dedicated to the research on
(back). In the tag editor, the top part displays a end-user programming [20], 20 have been recently organized
field to enter parameters for this tag, if needed. for the design of Mobyle [19]. 15 additional interviews fo-
The part below contains a superclass chooser cused on an augmented laboratory notebook research project
and an editor for the code to define tag values. [28]. We asked for volunteers who were willing to be inter-
The middle part is a tool to associate graph- viewed in their laboratories. We sometimes asked them to
ical attributes to tag values. The bottom part arrive at a time when we could videotape them as they per-
displays a short description of the tag. The po- formed specific activities relevant to the project, suchers p
sitions associated with the various tag values forming certain on-line analyses. In some cases, other mem-
are highlighted in the alignment editor. In this bers of the lab joined in to show us their work, either similar
example, a tag showing transmembrane seg- or in contrast to the original person being interviewed. We
ments (in blue) is extended by a sub-tag high- consider both in situ observation and interviews to be an on-
lighting small patterns around them (in red). going activity and observations from one project are often

relevant to other projects.

The above projects all use participatory design workshops
to create and explore design ideas. We ask participants to
5 Software Development and Participatory bring specific examples of work artifacts, such as DNA se-
Design at the Institut Pasteur quences or analysis results. We also provide participants
with a variety of prototyping materials for creating mock-
ups of proposed software interfaces. The participants then
Before we proceed to the description of our participatory generate ideas and act out how they would like to, for exam-
design activies, this section first briefly introduce sofwva ple, visualize a DNA sequence or search for a pattern in their
development at Institut Pasteur, including our own prgject  data. Videotaping very short clips [25] forces particifsatat
think concretely in terms of interaction with the softwaoelt
. and provides a record that other participants can easilgnnd
5.1 Software Development at the Institut Pasteur stand. We sometimes replay videos from earlier workshops
as a source of inspiration, and on some occasions, the videos
have been used by programmers as a design specification for

Several biology research projects involve software devel'software that they then prototype and develop.

opment, which very often take place outside of the IT lab-

oratory. Typical developments includes databases dexdicat Many of the people who volunteered to be interviewed or
to the data related to the laboratory’s activities, ofterdea observed in their labs have also participated in partioigat
available for access through a Web server. Some laboratorie design workshops. The largest projebipk, has involved
develop systems for bench experiments automation. Most lo-a series of video brainstorming and prototyping workshops
cal software is dedicated to data analysis tools thoughesom over several years. Figure 2 shows the chronology of most
times including visualization features, or even involviteyy  of the workshops organized from 1996 to 2004, including the
published methods. campus-wide survey and other user studies, tied to the de-

Our own projects, developed in the IT center, include Web Velopment obiok We drew prototyping themes from brain-

interfaces systems [21][19], graphical tools [44], dat&sa storming sessions (figure 3) and from use scenarios, which

and prototypes for end-user development (see sections 4_5Jased on interviews and ob_servati_o_n. Each workshop in-
and 6). volved from 5 to 30 people, with participants from the Ingtit

Pasteur or other biological research laboratories, as agell
biology researchers who were students in our programming
5.2 Interviews and Workshops course.

We begin each project by visiting the biologists in their 5.3 Participants: Differing Perspectives
laboratories and interviewing them or videotaping them at
work. We then hold discussions, brainstorming sessions and
design workshops with groups of biologists, bioinformati-  We can identify three categories of participants in our par-
cians and computer scientists. Some meetings focus on a paticipatory design activities. The largest group are resear
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Figure 2. History of workshops.

ology and computer science. We see two types of bioinfor-
maticians: those who maintain a strong interest in biology
and seek to create tools that both they and other biologists i
the same research area can use, and those who are "seduced”
by the computer and turn their attention almost exclusitely
creating biological software tools. Bioinformaticianvban
advantage over computer scientists in that they deeplyrunde
stand the software problem from the user’s perspective. On
the other hand, in some instances, they define the problem
very narrowly, from their personal perspective, which nsake

it more difficult to provide more generally useful tools.

Figure 3. Prototyping a pattern-search and an
annotation scenario

biologists, "end-users” who have little or no training iropr
gramming. From their perspective, software is a tool fovsol
ing biology research problems, never an end in itself. We as-
sumed that they would value creating flexible tools, if only
because they might need to reuse them themselves, but thi€-1
was rarely the case. In one interview, for example, a biglogi
expressed both surprise and amusement that his colleague, a
bioinformatician, was strongly motivated to make his soft-
ware usable by others. In another group discussion, sever
biologists expressed frustration with the IT center’s celu
tance to write individual program solutions for them, finglin

it odd that the latter focus on creating general tools to leelus
by multiple biologists.

6 Design of EUP and Visualization Tools
Interviews

Among a total of 65 interviews that were conducted in the
?ontext of various projects over the past seven years, &fout
Qvere dedicated to end-user programming. They were mainly
intended to collect use scenarios, or to observe biologssts
ing scientific software. Interviews were generally infoima
and open: we often just asked the biologists to act in front of
us a scenario of a recent bioinformatic analysis. Some of the
At the other extreme are computer scientists, who have lit- interviews have been videotaped or recorded, and annotated
tle or no training in biology, but are charged with the prable
of creating software tools for them. Unlike biologists, tite
ject of their work is the software they create. Although it's
difficult to say that it is only for creating software... teare
also computer scientists who have been “seduced” by biol-
ogy... W: true, but not necessary to say here. Isn't it easier
to teach oneself programming than biology? One can't get
a job as a biology researcher without the right diplomas, but
one can get a job programming without the right diplomas...
Their training leads them to value software flexibility ahd t
creation of generic tools that perform a variety of function
for diverse people with different needs.

Several of these interviews enabled us to observe biolo-
gists programming, either by using standard programming
environments and languages such as C or C++, or, very often,
scripting languages such as awk to parse large text filek, per
to write simple Web applications, or Python to build scripts
for analysing structural properties of proteins. We alse ob
served uses of visual programming environments such as Hy-
perCard or even visual programming languages. Khoros [34]
for image analysis or Labview [18], for instance, are used in
some laboratories, mostly due to their good libraries fou-dr
ing hardware devices, and image or signal processing rou-
tines. We also observed various people using spreadsheets

Bioinformaticians bridge the gap, with training in both bi- for performing simple sequence analyses.



During these interviews, we made several observations:

e Re-use of knowledg®#lost of the time, biologists prefer
using a technique or a language that they already know,
rather than a language that is more appropriate for the
task at hand, which is referred to as the assimilation
bias by [5]. A researcher had learnt HyperCard to make
games for his children, and used it in the laboratory for
data analysis, even though nobody else knew it and thus
was able to provide help. But the result was efficient
and he almost never had to ask to the IT Center for help
to find or install simple tools. Another researcher wrote
small scripts in the only scripting language she knew:
awk, although perl that is now often used and taught in
biology would have been much more efficient. In sum-
mary, as long as the result is obtained, it does not matter
how you get it. Similarly, a researcher tends to use a
spreadsheet instead of learning to write simple scripts
that would be be more suitable to the task.

e Opportunistic behaviar Generally and as described in
[27], biologists, even if they can program, will not do
so, unless they feel that the result will be obtained re-
ally much faster by programming. If this is not the case,
they prefer to switch to a non-programming methods,
such as doing a repetitive task within a word processor
or performing an experiment at the bench. There is no

use of computing tools [31]. For instance, an observed
scenario started by the search of a protein pattern pub-
lished in a recent paper. The user was looking for other
proteins than those referred to in this paper and that also
contained this motif. After an unsuccessful attempt -
the results were too numerous for an interactive analysis
- the researcher decided to use another program. This
attempt failed again because his pattern was too short
for the setting of this specific program. He then decided
to extend it by adding another one, also belonging to the
set of proteins mentioned in the paper. In the end, this
enabled a final iterative analysis of each result. This is
a brief summary that stands for many scenarios we have
observed, often resulting in many failures due to a prob-
lem with the program, or with the format of the data.

This typical behavior might both be a barrier to and a
reason for programming. It can be a barrier by prevent-
ing a user to think of a more efficient way to get a re-
sult (leading to an “active” user behavior as described
by [5]). However, at the same time, it can be a ground
for programming since programming could help to ra-
tionalize, a posteriorj such an exploratory behavior.
This, however, involves some kind of anticipation: for
instance, it might be a good place for programming in-
struments such as history and macro recording.

requirement nor any scientific reward for writing pro- 6.2 Workshops

grams. They are only used as a means to an end, build-

ing hypotheses.

e Simple programming problemBuring his or her every-

biok (section 4.4) has involved a series of video brain-

day work, a biologist may encounter various situations Storming and prototyping workshops over several years from
where some programming is needed, such as simple for-1996 to 2004. We drew prototyping themes from brainstorm-
matting or scripting (for extracting gene names from the ing sessions (Figure 3) and from use scenarios, which based
result of an analysis program and use them for a sub-On interviews and observation. Each workshop involved from
sequent database search) and parsing, or simple opera2 t0 30 people, with participants from the Institut Pasteur o
tions, not provided in the user interface, such a search-other biological research laboratories, as well as biokegy

sequence.

e Need for modifying tools rather than building from
scratch A frequent need for programming that we ob-
served is to make a variant or add a function to an ex-
isting tool. Designing variants for standard published
bench protocols is often needed in a biology laboratory.
For instance, when constructing a primer for hybridiza-
tion, itis often needed to adapt the number of washings
according to the required length and composition of the
primer, or to the product that is used. With software
tools, this is however unfortunately seldom feasible, but
it would be highly valuable since there are already many
existing tools that perform helpful tasks, and biologists
rarely want to build a tool from scratch.

Finding potential dimensions for evolution From the
very beginning of the design process, it is important to con-
sider the potential dimensions along which features may
evolve. Interviews with users help inform concrete use sce-
narios, whereas brainstorming and future workshops create
a design space within which design options can be explore.
As Trigg [43], Kjaer [17], [41] or [16] suggest, participayo
design helps identify which areas in a system are stable and
which are suitable for variation. Stable parts require func
tionality to be available directly, without any programmjn
whereas variable parts must be subject to tailoring.

For example, the visual alignment tool fiok vertically
displays corresponding letters in multiple related segasn
(Figure 1, back window). Initial observations of biologist
using this type of tool [21] revealed that they were rarely-fle
ible enough: biologists preferred spreadsheets or textredi
to manually adjust alignments, add styles and highlight spe
cific parts. It became clear that this functionality was aear
requiring explicit tailoring support.

e Exploratory use of tools There is a plethora of tools,
including new tools, for the everyday task of biologists,
and these tools are often specialized for a specific type
of data. This leads to a very interactive and exploratory

1A primer is a short DNA sequence used to generate the comptanye
DNA of a given sequence



Design of meta-techniques Scenarios and workshops are e They had trouble to understand, at a first sight, the vari-
important to effectively design meta-level features. Scers ous elements of the user interface and how they interact.
sometimes reveal programming areas as side issues. The goal

is not to describe the programming activity per se, but rathe

to create an analogy between the task, how to performit, and o They had the feeling that understanding the underlying
the relevant programming techniques. We identified several  podel would help.

types of end-user programming scenarios:

e Programming with example®©ne workshop participant  One of the the tasks of the scenario was to define a tag. The
suggested that the system learn new tags from examplesnly tool that the participants had for this was an enhanced
(tags are visualization functions). Another proposed a text editor, only providing templates and interactive chers
system that infers regular expressions from a set of DNA for the graphical attributes. This tool proved completaty u
sequences. These led to a design similar to SWYN [3]. usable and participants got lost. The tool was indeed too

programmer-centered, and difficult to use, and there was no

e Scripting one participant explained that text annota- ynified view of the tag definition. This led to another work-
tions, associated with data, can act as a “to do” list, shop shortly after this one, and after a long brainstorméssg s
which can be managed with small scripts associatedsjon, one participant built a paper-and-transparenciem®pr
with the data. type. We created an A3-size storyboard mockup and walked

through the tag creation scenario with the biologists. Hge t

e Command historya brainstorming session focusing on  ggijtor currently implemented iiokis a direct result of these
data versioning suggested the complementary idea ofyyorkshops.

command history.

Participatory approaches are also helpful when designing
language syntax [33, 9] or deciding on tgeanularity of
code modification. As observed during the previously de-
scribed workshop, the object-oriented architecture ared th
method definition task apparently did not disturb users that
much. In a previous workshop that we started by display-
ing a video prototype showing the main featurebiok, par-

We found prototyping workshops invaluable for address- ticipants tended to adopt the words “object” and “method”
ing such issues: they help explore which interaction tech-that were used in the video. Interestingly, one of them used
nigues best trigger programming actions and determine thethe term: “frame” all along the workshop in place of object,
level of complexity of a programming tool. For example, one probably because objectshik (and in the video prototype)
group in an alignment sequence workshop built a pattern-are most often represented by graphical windows. In object-
search mockup including syntax for constraints and errorsoriented programming terms, we found however that biolo-
(Figure 3). gists are more likely to need new methods than new classes.
Since defining new classes is a skilled modeling activity, we
designediok so that user modifications at the user level do
not require sub-classing. User-edited methods are peefdrm
within the current method’s class and are saved in directo-
ries that are loaded after the system. However, visualizing
tags required the user to create new classes, which lead us to
provide this as a mechanism in the user interface.

Thebioktag editor design (Figure 1, front window) had to
consider the following issues: Must programming be avail-
able in a special editor? Must it require a simplified pro-
gramming interface? Should the user interface be interfeti
Should it be accessible via graphical user interface menus?

One jof the participatory design workshops was organized
in the Winter of 2001 with five biologists to work on thék
prototype. Among the participants, four had followed a pro-
gramming course, and programmed from time to time, but
not in Tcl, except one who had programmed in Visual Tcl.
Before the workshop, interviews had been conducted with
discussions about the prototype, and participants wetteasen
small Tcl tutorial by email. The aim of the workshop was to
experiment the prototype and get familiar with it through a
scenario (instructions were provided on a Web page). They

had to play with graphical objects, and define a simple tag. Setting a design context for tailoring situations Our ob-

T_he issues that would arise durl_ng this part would then beservations of biologists showed that most programming situ
dlsqussed and re-prototyped durlng‘ a seci)nd part. The SC€5tions correspond with breakdowns: particular eventsecaus
nario had also spontaneously been “tested” by one of the pary,qers 16 reflect on their activities and trigger a switch - pr
ticipants who brought some_feedback about it. A_Ithough the gramming [26]. Programming is not the focus of interest,
workshop was not directly aimed at properly testing the pro- jy  rather a means of fixing a problem. It is a distant, re-
totype, the participants behaved as if it was, and this dgtua

S i < flexive and detached “mode”, as described in [46], [36] or
brought some insights on the design of the prototype - briefly [13]. While end-user programming tools may seek to blur the
and among the most important ones:

border between use and programming [10], it is important to

take this disruptive aspect into account, by enabling pnogr

e The participants were somewhat disturbed by a too mingin context Developing and playing through scenarios
large number of programming areas: formula box, shell, are particularly useful for identifying breakdowns andwis
method editor, ... alizing how users would like to work around them.



on a common architecture. Likewise, the BioMoby [45] and
myGrid [40] projects aim to develop Web services and on-
tologies.

34 v'- iy Lf 7.1.2 Mobyle project
¥ 11; H
i Our project, called Mobyle, still in the design phase, lie
- o - both on previous software developments, such as Pise, a Web
T T interface generator for programs on Unix [21] and on avail-

able components, such as bioperl or biopython. In particula
we intend to integrate the BioMoby project and to start with
G-Pipe, atool to build workflows, developed by external con-
tributors on top of Pise.
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One of the main objectives of this project is however, with

a participary design approach [14], to address the follgwin
Figure 4. Analysing biological data: a plot dis- isfues: baty anapp 14 o

plays the hydrophobicity curve of a protein se-
guence, that is simultaneously displayed in a
3D viewer. Structural properties of the protein,
namely transmembrane segments, are simul-
taneously highlighted in the two protein rep-
resentations. The user, by selecting parts of e Are actual use problems addressed or even identified at
the curve, can check to which hydrophobicity all in these technological approaches?

peaks these segments might correspond.

e Do these technologies solve the problems that actually
arise in the combination of tools and in the setting of
software protocols for the biologists?

In the following, we describe the studies, interviews and
workshop, that we have conducted at the Pasteur Institute in
order to get a deeper view on these issues.

7 Design of Web Tools

7.2 Interviews
7.1 Distributed Computing in Bioinformatics

About 20 interviews have been organized during the last
two monthes. We first contacted biologists by telephone to
xplain our project. We choosed biologists having used the
asteur Institute Web server recently, as well as biolsgist
having a significant activity in bioinformatics. Intervisw
were informal: we just asked the biologists to play before
us a scenario of a recent bioinformatic analysis. All inter-
views have been videotaped. During these interviews, we
made several observations:

The development of computing tools for biology and ge-
nomics has increased at a fast pace to deal with huge genomi
data and the need of algorithms to discover their meaning. A
major part of these tools are available on the Web, either to
provide access to a database, or as a convenient user inte
face of a program. This situation leads to several problems
for the biologist, in particular to combine the use of selrera
tools: each requires a different data format leading to many
copy and formatting operations.

e Need for a stable and predictible set of known tools

Most of the time, biologists prefer to use a technique or a
language that they already know, rather than a language
that is more appropriate for the task in hand. Since work

7.1.1 GRID Computing and Web services

Electronic workbenches, such as the NCSA Biology Work- at the bench can sometimes result in unpredictable out-
bench [42] or W2H [35] aim to provide an environment to comes, biologists generally tend to prefer tools that they
help the blolog|St maintain his or her data and to find and control. For instance’ we observed bio'ogists who:
combine tools adapted to each type of data. These tools how-

ever do not provide minimal workflow or pipeline construc- — use outdated DOS programs, whereas they have
tion. Windows installed, or use outdated bioinformatics

package on Unix instead of their improved version
on the Web, not because they don't like the Web
but rather because they know the Unix version,

Important and dynamic projects illustrate the efforts cur-
rently made to provide tools for distributed computing amd i
tegration: biopipe [15] for building flexible pipelines dperl

[37] or biopython [6] for developing components, including — stay within a given Web server providing an ap-
remote execution and parsing ones. [38] describes techno- parently exhaustive set of tools, eventhough better
logical attempts to integrate various data sources angcssrv tools exist elsewhere.



Moreover, because Web tools tend to evolve unexpect-
edly, some biologists we have met prefer to install soft-

ware on their local computer. This way, they better con-

trol the changes.

Dealing with equivalent objects

It seems that biologists quite often maintain or have
to use several versions of “equivalent” objects, which
might be difficult to deal with. For instance:

— same data files in different formats: they have to be
kept, because tools for data (e.g sequence) format
conversiorchangethese data (see 7.3),

— software versions: we discussed with a biologist
who keeps several versions of a phylogeny infer-
ence program, just in case one of the features of an
older version has disappeared in the more recent
one,

— data: one of the biologists we met had to deal with
two versions of an annotated genome (mosquito);
the issue for him was not to lost too much time in
re-analysing the same data,

— file and printout: the same object, either biological
data, analysis result or software documentation, is
often kept in two (or more) forms, e.g on the disk
and on the paper.

e Interactive nature of some tasks

Analysis tasks supported by computer tools are not al-
ways automatic. Indeed, the biologist has either to
check the accuracy or significance of a result, such as
a score in a database homology search, and to decide to
carry on an analysis according to complex criteria that
are not possible to automate, or to extract subsets of data
before proceeding. Moreover, the biologist has often to
edit intermediate results, that are produced in a format
that is not recognized by other tools, and automating
such edition would require a little programming.

Anticipating
Constructing a pipeline is similar to a programming

— customization: some bioinformatics tools, such as
SeWer [2], enable the users to easily customize
Web forms; however, very few biologists actually
use them.

e Constructing and organizing results: annotation, clas-
sification, naming, assemblies

The vast majority of biologists we observed maintain a
quite organized record of their analyses. Their files are
carefully named after their content, the directories are
often organized in accordance with species, genes and
experiments names. The data, parameters and results
that matter for the research activity are often assembled
not only in the notebook, but also in Word files. Biolo-
gists also annotate printouts and keep them in classified
folders.

e Data flows

General flows of data belong to diverse categories: input
to output of a program, piping of an output to the input
of another program, reformatting, transforming, filter-
ing, extracting [39]. The most often used flow of data
we observed is however by copy-and-paste, and this is
not really supported by any smart tool [32].

e Search and Retrieval

Usually biologist do bibliographic work on a regular ba-
sis, but this is not the case with bioinformatics tools.
One would expect that biologists, belonging to a fast
evolving field, would try to discover the latest new tools
in order to improve their work. Only one or two of the
people we discussed with did a technological survey,
about 3 or 4 times a year.

However, this does not mean that search and discovery
tools, such as Google or Web service directories are not
needed: they are. But they tend to be rather used to find
an object (data or program) that has already been used.

7.3 Video Brainstorming Workshop

There were four groups of six biologists, and four design-

activity, and programming is by nature anticipating. ers. Among biologists, half were trained bioinformatician

Pipeline tools, of course, aim to help users. In spite haying a significant knowledge in computing. The work-
of this fact, users are often sceptical regarding sophisti- shop was co-organized with the leader of the project to build
cated but difficult to learn systems: they have to be able an augmented laboratory notebook [28], which has several

to anticipate the benefits that they will draw from them. jssyes in common with our project: organisation of work,
Users also need to anticipate their own needs, in orderpyilding of protocols, just to name a few.

to perform an action that will help them in the future. o ) )
Participants first freely put ideas on large paper sheets.

Then, 6 rough paper prototypes of selected ideas were video-
taped. The main topics developed by biologists were:

With respect to anticipation, we observed several type
of behaviours about:

— anticipating the utility of a software for use or

reuse, e reusing executed commands as a scril groups

played with the idea of reusing executed commands ei-
ther as an history, a macro or a script, although in a dif-
ferent way. The history or macro was either a simple
text file, or a colored list, where the user can remove,
edit or re-order commands, and attribute colors to them,
according to their importance. One group envisioned a

— bookmarking: biologist we met often decide not
to bookmark an online tool - they seemed to be
confident about the retrieval of the site,

— saving: biologists often save temporary results, or
alternative data formats,



kind of temporal strip where icons representing data andand an HCI researcher. Some prototyping work had been
programs appeared as the actions actually occurred.  prepared with a bioinformatics student. She built seveaal p
per and video prototypes, as well as some actual Web tools
to evaluate specific interactive features. We presenteskthe
prototypes at the beginning of the workshop, and after a
brief brainstorming session to elicit ideas. Main topicseve
searching for services, data extraction and filtering,onyst

of commands, presentation and visualization of analyses re
sults, pipelines building and customization. Each grodifi bu
from 1 to 2 video prototypes.

e using and defining a pipelineready-to-use analysis
pipelines are a popular idea among biologists, similar
to their bench protocols. Two groups, rather composed
of bioinformaticians, were interested in the definition of
pipelines by the end-user. One of them built a prototype
of a visual bench where programs and input data types
were connected together in a graphical editor. After ex-
ecution, clicking on a program’s outgoing link enabled
the user to access intermediate results. Like several ex-
isting tools, such as the Biology Workbench [42], Pise 8 Conclusion
[21], or BioMoby [45] this pipeline editor is data type
oriented: the user does only see compatible programs or
data types.

So, unlike the biologists interested in editable histories
of commands, this group prefer émticipatethe defini-

tion of a sequence of command by using a sophisticated
editor.

Participatory design workshops proved popular: despite
their busy schedules, many people voluntarily attended mul
tiple workshops. They viewed these as a valuable forum for
scientific exchange, ranging from simple tips and techrsque
for using particular software tools to deep exchanges of sci
entific ideas. Participatory workshops and prototypingvact
ities [4] also proved invaluable for building not only usapl
butusefultools.

e dealing with unwanted data transformation

[39] explains that bioinformatics tools can be classified
either as: filters, transformers, collections or forks. Un-  Participatory programming integrates participatory gesi
fortunately, transformers or filters often produce results and end-user programming. Participatory design is used for
that are not convenient for the biologists. For instance, the design of an end-user programmable tool, yet biologists
they truncate data names - and names are very imporprogramming artifacts also participate in the making of¢oo
tant for organisation and scientific matters - or they re- These artifacts are either produced by local developets, ob
move part of the transformed data without any notice. served during interviews, or they can be produced by end-
Two prototypes addressed this problem. One of themusers usindiok. As illustrated by the Web design example,
showed how to deal with name truncation by means of end-user programming issues can unexpectedly show up, at
menus to select among alternative names produced durieast in our domain, in the context of tools that are not diyec

ing the various steps. In this prototype, tags on a phy- related to end-user programming.

logenetic tree replacing the original names of species

could be changed at will by the user. Another prototype

dealt with the unwanted removing of a part of a database References
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