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1 Introduction

In biology research, software evolves rapidly and users’
needs are highly diverse. Facilitating this type of software
evolution in context requires two primary considerations:
the technical issues involved in the layered opening of the
tailoring space to the user at run-time, and the method-
ological issues based on user-centered design studies. This
paper describes the latter: our design approach and how it
helped to build a flexible environment for biological data
analyses.

2 Context

The aim of my work was to build an environment for
biological data analyses, biok [LZ03] that explicitly ac-
counted for problems I observed through interviews with
biologists. As of today, biologists already have plenty of
tools, including several hundreds of Web tools, to analyze
their data. However, users still have difficulties conducting
their analyses. Typical problems, such as those described
in [CFL*03] involve a combination of heterogeneous tools,
requiring the development of simple scripts that perform
some parsing and glueing. In addition users often need to
apply a simple operation that is not provided by the tool.
For example, they may search a DNA sequence for charac-
ters other than A, C, T and G. They may also be interested
in slight variations in how a computation is specified, such
as searching for a common pattern in a set of sequences
but excluding those that are repeated several times within
a given sequence.

3 Approach

As [Eis95] notes, developing new tools with an extended
set of functionalities is just a short-term solution, since
new needs show up all the time, and generally lead to
even more complex tools. In order to address this type of
problem, I chose to investigate general software flexibility
principles, adapted for end-user programming within the
user interface. These principles, described in [LZ03], rely
on a full reflexive architecture based on XOtcl dynamic
introspection features. The main goal of our technical
choices are to open the tailoring space, or meta-level space,
as much as possible, while helping the user to understand
and manipulate the code.

4 Tailoring as repair

I believe that opening the tailoring space, even though a
general technical solution, does not help if used alone. It is
commonly acknowledged that the design of a tool, i.e. not
only how it is structured but how it is designed, and how
the design process has been conducted, plays an impor-
tant role in its actual and potential adaptation to the user
needs. Central features and tailoring are dual concerns
with respect to design: the more a tool is adapted to the
user needs, the less tailoring it intrisincally needs. Like-
wise, there is a concern that tailoring techniques could be
offered to users in quickly developed commercial software
to overcome flaws in the tool, i.e. “this tool is not perfect,
but feel free to tailor it”.

I videotaped biologists using existing tools and I ob-
served which main functions they sought when visualis-
ing their data. Such observations brought information on
what not to leave to tailoring. I also organized several
workshops where biologists brainstormed features needed



in an alignment editor, and built prototypes for some of
these features. From these observations and workshops, I
got direct requirements for the tool, and, as described in
the next section, a better understanding of the tailoring
space.

5 Design for flexibility

Designing a tailorable system requires finding potential di-
mensions for evolution and a sound meta-technique design
[SKW97].

5.1 Finding potential dimensions for evo-

lution

The potential dimensions along which base-level features
can evolve must be investigated from the begining of the
development process on. Interviews help the designer to
acquire knowledge about various concrete situations of
use. Likewise, brainstorming and future workshops create
a design space along which design choices can be made
and potential variations can be detected. As Trigg [Tri92]
and Kjaer[KM95] suggest, participatory design helps to
both identify areas in the system that can be considered
as stable, and areas that show the potential for variation.
Stable parts require functions that must be directly avail-
able, without any programming, whereas variable parts
must be available to tailoring.

I created an alignment visualization tool in biok that
vertically displays corresponding letters in multiple related
sequences. During interviews, I observed how biologists
actually use this type of tool. (I conducted a software
review that describes more than 40 of them [Let01].) Bi-
ologists often rejected such tools because they lacked some
critical feature, often a basic one such as the choice of a
’gap’ character. The tools were also rejected because they
were not flexible enough. Biologists preferred to use a
spreadsheet or a text processor to manually fix an align-
ment, to add styles to highlight some parts of the align-
ment, or to put free text within columns. Observing users
working on this type of flexible support provided me with
information on the potential dimensions where flexibility
might be needed.

5.2 Design of meta-techniques

A sound design, based on scenarios and workshops is also
required for meta-level features.

5.2.1 End-user Programming Scenarios

Programming scenarios emerged as side-problems in sev-
eral occasions. In these situations, the goal was not for
the participants to describe a programming activity, but

it was possible, as a designer, to make an analogy between
the task, or the way to perform it, and programming tech-
niques.

e Programming with examples: during the workshop
addressing the definition of tags, a participant sug-
gested a system that is able to learn a new tag from
examples; a system able to infer regular expressions
from a set of sequences has also been proposed, lead-
ing to something similar to SWYN [Bla00].

e Scripting: annotations, e.g text associated to data,
are sometimes “to do” lists that could be managed as
small scripts associated with the data.

o Command history: a brainstorming focusing on data
versioning addressed the complementary idea of com-
mand history.

5.2.2 Design strategies for programming features

A prototyping workshop can help to design programming
tools, either by finding the interaction techniques that are
appropriate to trigger a programming action, or to de-
termine the complexity level for a programming tool. In
a prototyping workshop centered on sequence alignment
editors, one group built a mockup for pattern searching,
with a syntax allowing for constraints and a given number
of errors. In a subsequent workshop around a first version
of biok, biologists focused on the definition of new tags.
The tool provided, which required code editing, proved
too difficult to understand. After a long brainstorming
session, one of the participant built a prototype by using
transparencies on the overhead projector. Shortly after I
used a storyboard-mockup, composed of several A3 paper
sheets with screenshots, to play the tag creation scenario
in front of a few biologists. They interrupted from time
to time to sketch various solutions. More generally, the
tag editor in biok would not have been developed as it
is, without adressing the following issues: Must program-
ming be available in a special editor? Must it require a
simplified programming interface? Should the user inter-
face be interactive? Should it be accessible via graphical
user interface menus? As [PRMO1] or [dCdS03] suggest, a
participatory approach is also helpful when designing the
syntax of the language.

An important aspect that came from interviews and
workshops was the granularity of code modification. Ac-
cording to our observations, biologists more often need
new methods than new classes. New types of objects are
not that common in bioinformatics, and defining a new
class is a modelling activity that requires some experience.
Moreover, user modifications at the method level in biok
do not require sub-classing. Overloading occurs at system
load time: user-edited methods are performed within the
current method’s class and are saved in directories that



are loaded after the system. The visualization functions
through tags, however, really required for the user to be
able to create new classes, which is why the mechanism is
provided in the user interface.

Another workshop focused on how to specify the user’s
interactions with an algorithm, letting the user provide
input as the variant of the algorithm’s heuristic [[LZ03]].
Participants first specified the actual problem and then
developed a paper prototype. This led us to find the most
appropriate context and the interaction, i.e. how the user
could trigger the algorithmic variant. For example, the
user could manually highlight and thus specify an alter-
native within a previously-displayed result.

6 Setting a design context for tai-
loring situations

Interestingly, few prototyping workshops focused on pro-
gramming, per se. In an “ideal” workshop, we envisioned
that biologists would invent unanticipated programming
constructs or new kinds of expressions for existing con-
structs. Instead, we found that users are not primarily
interested in programming features. (See our rationale in
section 4.) In fact, the use of programming during work-
shops is questionned by some researchers [BG91], because
a modification takes too much time and causes inappro-
priate interruptions, or, when performed by a skilled par-
ticipant, excludes non-programmers from the design pro-
cess. Such situations happened when bioinformaticians,
who were skilled in computing, wanted to apply their
knowledge. One of them, instead of building a mockup fo-
cused on her scenario, built the whole GUI for the applica-
tion. Another one built a dataflow diagram for a command
history instead of the paper-based prototype to simulate
what happens in the user interface.

How then can participatory design workshops be useful
for in the context of EUD?

6.1 Participatory design

Participatory design is known to be useful to design strate-
gies addressing typical breakdown situations: in a work-
shop, the users can design workarounds when faced with a
problem. My interview observations showed that most
programming situations correspond to breakdowns. In
such cases, programming, rather than being the direct ob-
ject of interest, emerged as the only remaining means of
fixing a problem. This corresponds to a distant, reflex-
ive and detached “mode”, similar to what is described in
[Win95] or [Gre93].

Although end-user programming tools seek to blur the
border between use and programming [DLLO03], program-
ming is in fact not in the continuity of using, but instead

in a distance. This is why a particular event or unusual
situations may trigger a similar switch to programming
or tailoring. I refer here to [Mac91] showing in her study
about triggers and barriers to customize software, that
people often wait for unusual events to take the time for
this activity. The design of end-user programming envi-
ronments should take into account the disruptive aspect of
tailoring situations by enabling programming in context,
as we did in biok.

6.2 Reflexive distance and scientific users

It should be noted however that reflexive breakdown cor-
responds to a usual situation in the context of scientific
users. Reflection or rational distance indeed belong to
normal scientific activity. For example, biologists often
experiment in order to find the appropriate tool to get in-
teresting results. They usually describe such explorations,
at least partially, in their laboratory notebooks. A tool
supporting exploratory search and the reflection process
that occurs afterwards would be useful. Biologists could
reuse their most successful steps, provide comments on the
appropriate context of using particular tools, or evaluate
the quality of specific results. Biologist could record not
only what particular actions produced which results but
also why these actions were chosen.

7 Conclusion

This paper describes a design approach, illustrated in fig-
ure 1, that both seeks to reduce the need for tailoring
through user-centered methods at design time and to in-
crease the scope of the tailoring space at use time through
a reflexive software architecture.
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Figure 1: Tailoring need and space.

Three main reasons for rooting EUD tools and EUD
research in a design process were highlighted:

1. A sound and user-centred design should lower the
need for tailoring: no tailoring should be necessary
for central and critical features of a tool.

2. Meta-techniques development also needs a user-
centred design process, not only usability tests.



3. By highlighting tailoring as a breakdown situation
and not as a feature, participatory design practice
and theory provide a conceptual frame for EUD.
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