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Abstract 
 
Workflows systems are steadily finding their way 

into the work practices of scientists. This is 
particularly true in the in silico science of 
bioinformatics, where biological data can be 
processed by Web Services. In this paper we 
investigate the potential of evolving the users’ 
interaction with workflow environments so that it more 
closely relates to the mode in which their day to day 
work is carried out. We present the Data Playground, 
an environment designed to encourage the uptake of 
workflow systems in bioinformatics through more 
intuitive interaction by focusing the user on their data 
rather than on the processes. We implement a 
prototype plug-in for the Taverna workflow 
environment and show how this can promote the 
creation of workflow fragments by automatically 
converting the users’ interactions with data and Web 
Services into a more conventional workflow 
specification. 

 
1. Introduction 

 
Bioinformatics is a discipline in which e-Science 

can, and is, making a big difference [1-3]. The field is 
still relatively new, but can be characterized as being 
carried out in an almost completely in silico 
environment, and by the need to access and analyze 
potentially very large datasets that are stored in many 
different repositories [3]. Bioinformatics emerged as a 
response to the need to detect scientifically important 
signatures buried in the ever increasing amounts of 
biological data. As such, the early tools of 
bioinformaticians were bespoke and produced using 
high level programming languages such as Perl. The 
favored way of making these tools accessible were as 
scripts running on servers that were accessed with 
forms embedded in Web pages. As bioinformatics has 
become more important to the life sciences as a whole, 
the way in which bioinformaticians interact with 

biological data and analytical tools has moved beyond 
the cottage industry scale. 

In this paper we focus on the approaches taken by 
two related projects, myGrid and its workflow 
environment, Taverna [1,4], and myTea1. We identify a 
strong potential for extending the Taverna workflow 
environment so that it is possible for a user to conduct 
two modes of bioinformatics work:  
1. A routine process-based mode in which a task is 

well defined by the desired outcome (data-
signature) and the steps necessary to get to that 
outcome, e.g. an annotation pipeline  

2. An investigative data-oriented mode in which the 
overall outcome is unknown at the outset, and the 
connections between the steps are governed by the 
data outcome of each step. 

The first mode has clearly identified use cases [5, 6] 
and is well supported by workflow environments such 
as Taverna. The second mode, characterized by the 
myTea project, is less well-served by mainstream e-
Science platforms, though examples like [7, 8] exist. 
We show that the concept of a data-oriented mode is 
not only an intuitive mode of interaction for 
bioinformaticians, but that it can also be seen as the 
pre-processing that leads to workflows. 

To validate the concept, in the second half of this 
paper we describe the specification and development of 
a Taverna plug-in, the Data Playground. This plug-in, 
which applies principles required to perform the second 
mode of work, is designed to encourage the user to 
experiment by running data through available and 
appropriate Web Services. It also features the ability to 
“record” a set of tasks performed on some data, which 
can be subsequently automatically converted into a 
conventional process model workflow. 

 
2. Background 
 

Many workflow environments have been developed 
including Taverna [1], DiscoveryNet [9], Triana [10] 

                                                           
1 http://www.mytea.org.uk 
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identified, a process of post hoc rationalization is 
needed to validate the results. Subsequently the process 
can be formalized, which is a prerequisite for workflow 
description. 

 
Figure 2: The ad hoc cycle of experimentation that 

precedes identification of interesting data-
signatures and potential workflow specification.  
 

2.2. Work practice evolution 
 
The creation of workflow environments has initiated 

an evolution of work practice for bioinformaticians 
who are aware of their existence. The original Taverna 
use case targeted a cohort that had achieved a very 
clear understanding of their own task and goals, but 
perhaps through a lack of any viable alternative. These 
scientists would have exhaustively optimized their 
work practice of retrieving data and processing it 
through web pages. However, a significant amount of 
bioinformatics is performed in modes that do not have 
such well defined goals. The introduction of such users 
to a workflow environment like Taverna can be 
counter-intuitive.  

As workflow environments and Web Service 
components have been developed and evolved, so have 
the available possibilities for the work practices of 
bioinformaticians. The approach of the myTea project 
was to provide a data management environment, 
providing the bioinformatician with direct access to 
Web Services to retrieve and process data. This was 
designed to be a much more intuitive introduction to an 
advanced interface environment that would reproduce 
the effects of interacting with a Web page, but with the 
benefits of recording the details of the action that are 
not possible through a Web page.  

The two approaches are at extremes in terms of what 
the user is trying to achieve; Taverna as it stands 
supporting a well defined task and outcome, myTea 
supporting ad hoc experimentation with little or no 
predetermined plan or intended result. The evolution of 
intermediates of these extremes should support a 
spectrum of bioinformatics practices with the potentials 
being demonstrated with new technologies. As 
experience with these technologies increases, the 
demand for support for different work practices along 
the spectrum will increase. 

The Data Playground lies within this spectrum as a 
workflow development support environment that 
provides a more intuitive method of specifying 
workflows by allowing the user to experiment with the 
effect of using Web Services on data. 

 
3. Requirements for the Data Playground 

 
The Data Playground concept draws on existing 

advantages inherent in the Taverna environment, and 
some of the more intuitive aspects for users outlined by 
the myTea project. The key requirements for a Data 
Playground environment are outlined below. 

 
3.1. Service discovery 

 
The Data Playground should support the discovery 

and navigation of Web Services based on the data that 
the user has focused on. It is prudent to remember the 
complexity of modeling bioinformatics analysis. In the 
absence of a well characterized set of tasks from which 
conventional workflow design can be initiated, there 
are a large number of options available to the 
investigator that depend on both the data at hand and 
the analyses that can be performed on that data. Also, 
the huge quantities of biological data available to a 
bioinformatician come in many different types and 
formats. 

In a space of so many possibilities, modeling or 
anticipating how a bioinformatician might behave 
could get unmanageable very quickly. Instead the 
system needs to guide the user to what moves it would 
be possible and sensible for the user to make. Different 
types of data are compatible with different types of 
analyses. Data contained in results from analyses have 
a similar diversity. To navigate these requires the user 
to a) be able to discover available Web Services, b) 
ascertain if the purpose of the process is desirable and 
c) be informed as to what formats the inputs and 
outputs of the Service are. 
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3.2. A data-oriented interface 

 
The Data Playground should support the more 

intuitive mode of interaction by promoting a data-
centric view. 

The concept presented here relies on access to Web 
Services through the workflow environment, but in a 
way that is driven by the user interacting with some 
familiar biological data. Consequently, the user should 
experience a more intuitive ability to invoke particular 
Web Services to transform or analyze the data.  

Taverna specializes in support for modeling the 
processes that make up a workflow. Workflow 
development presents a rather static view of processes 
by attempting to produce a pre-determined outcome. 
For a bioinformatician in an exploratory work mode, it 
is possible to take data and attempt to identify 
interesting signatures within that data by using Web 
based bioinformatics resources. The transformations 
between data types and formats are achieved manually 
or also through predominantly Web-based tools.  

It is important that this data-centric methodology 
does not require some prior knowledge of the desired 
outcome, and the user has the freedom to explore the 
possibilities of moving the data through the appropriate 
processes. This is in stark contrast with the traditional 
static view of processes in a workflow environment. 

 
3.3. Workflow specification support 

 
The Data Playground should include features that 

improve the transition from ad hoc data-oriented 
experimentation to process oriented workflow 
description. 

It is not the aim for the user to require a priori 
knowledge of what components the workflow might 
end up having or even what the main outputs of the 
workflow might be. However, subsequent to the user 
having made informed, ad hoc decisions about running 
data through a set of processes in the Data Playground, 
they may realize that a certain combination of 
processes was useful, and that it is likely that this 
combination of processes will be useful again. As such 
they will want to convert a set of processes from the 
data-oriented playground view to the standard process 
oriented Taverna view. This should be as automated as 
possible so as to not put up any unnecessary barriers of 
comprehension to the user. 

 

 
 
4. Data Playground prototype plug-in 

 
To validate the requirements of the Data 

Playground, we have implemented a prototype plug-in 
for Taverna, as seen in Figure 3. The plug-in supports 
the services provided by the BioMoby project. The 
Taverna workbench has already been extended with the 
BioMoby framework, enabling the use of their 
semantic discovery components. BioMoby Web 
Services have typed semantic descriptions that can be 
exploited as being unambiguous with respect to each 
other [12], making  it necessary for the user to specify a 
BioMoby type for any data that they bring into the 
system. Web Services “in the wild” typically have not 
been designed to work together. The adoption of 
BioMoby meant we could avoid the complication of 
format transformation services (known as “shims”) 
between services.  

Taverna lacks a dedicated data manager, meaning 
that the user has to have some external interaction with 
a data repository or locally stored files that contain 
data. In a full implementation of a Data Playground this 
could have implications for the integrity and the 
provenance of data.  

Finally, we captured the users’ actions as an active 
process rather than a passive one. Ideally, the Data 
Playground would passively monitor and record all 
user activity such that a workflow could be defined 
based on a successful outcome. The specification of a 
method for picking out the appropriate subset of 
processes from a very noisy history of all processes is 
non-trivial, as seen in systems like [13,14,15], and we 
were not sure it was even required.  

Despite these limitations, this left plenty of scope to 
demonstrate the plug-in and validate the concept. 

 
4.1. Implementation 

The prototype contains several packages.  The 
Playground Model package is implemented through a 
series of extensions to the Java Universal Graph and 
Network (JUNG) Framework2. The User Interface 
package contains both a number of extensions to the 
JUNG visualization framework for the Playground 
Panel implementation and also the implementations of 
the additional user interface panels. Communication 
between the user interface and the Taverna Workbench 
is conducted through the set of defined Software 
Programmable Interfaces (SPIs). 

The visualization and interface to the model is 
implemented as an extension to the visualization 

                                                           
2 http://jung.sourceforge.net/ 
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meaning that the bioinformatician would be forced 
back to more conventional Web page interfaces. 

 
4.5. Semantic discovery 

 
Another key requirement for the Data Playground is 

that it is ‘smart’ in terms of the types of data. This 
means restricting the options for processes based on 
what analyses it would be sensible to perform given the 
type of data. In the prototype, this ability manifests 
itself through the “get processor details” function of 
BioMoby. Using this, the user can see which services 
are compatible based on the type of input and output of 
the selected service. In the case of the prototype this is 
only possible because of the typing system in 
BioMoby, but proves an extremely valuable operation 
to perform and even aids to highlight Web Services 
that the user may not have known were available for 
their analysis. Again, this only serves to encourage the 
user to explore the analysis options associated with 
their data. 

 
4.6. Record actions and convert to workflow 

 
The Data Playground includes a ‘Record’ function 

that, once activated, monitors and records the users’ 
activity. Once the user has settled on a set of processes, 
a new playground can be initiated and the record 
function can be activated by the user. The Data 
Playground then begins to store the processes that the 
user selects as they run their analyses. When the 
recording is stopped, the plug-in automatically converts 
the moves that the user made into a conventional 
workflow that can be saved and used like any other 
workflow. 

 
5. Playground experiences 

 
Four experienced Taverna users participated in a 

series of design and evaluation sessions giving direct 
feedback. A wider panel of a further 7 users and 
developers participated in an evaluation workshop, 
open discussion and completed questionnaires. 

Although only an experimental prototype, the 
approach was considered sufficiently promising by our 
evaluation panel of Taverna users and developers to 
warrant further investigation.  

Clearly, there is plenty of room for improvement. 
The lessons learned will feed into the next iteration of 
the Data Playground to better fit the specification. 
Also, as users are recruited, its functionality can be 
extended to better represent its desired mode of use. 

 
Passive vs Active recording. The prototype features a 

record function that has an active mode of 

operation. The conversion of a set of actions to a 
workflow proved both viable and intuitive. This 
was sufficient for a proof of concept design, but 
some serious consideration is needed for how to 
make this into a passive system that records all 
actions, yet can differentiate meaningful actions. 
Work by [15] is promising in this regard. Passive 
recording would mean that the user would not have 
to repeat a sequence of analyses that proved to be 
useful after the fact, and instead would be able to 
select from an overview of their past actions. 
Additional requested functionality such as pause 
and undo suggest that the active record and the 
passive mode are not mutually exclusive. 

 
Service compatibility. The Web Services were 

restricted to BioMoby Services because these are 
compatible and their signatures are semantically 
typed. Metadata will be needed for a much larger 
list of services. There is still a way to go before 
enough are sufficiently annotated so that a user can 
rely on a system to intelligently guide them [17]. 
myGrid has a full-time curator annotating the most 
popular Web Services with an ontology [16]; 
however, service providers need to contribute to the 
effort to improve scalability. An alternative is to 
enforce a stricter typing regime on the participating 
services, an approach adopted within systems such 
as DiscoveryNet [9], or within well-defined and 
managed scientific enterprises such as caBIG [2]. 
Techniques for identifying components needed to 
map between incompatible data, such as in [18] will 
also need to be incorporated.  

 
Service metadata through play. Many BioMoby 

service providers had poorly or incorrectly 
annotated their services. A side effect of the 
playground is that the attempted use of a service 
with data, the user may discover a more appropriate 
annotation for the service inputs. By providing the 
user with the mechanism to annotate the service 
with the available Moby object types we facilitated 
the gathering of further metadata about the service.  

 
Data management. Data in the prototype is transitory 

with respect to the processes, which means that the 
user has to retrieve or access some data that is 
remote to the Playground and type it before analysis 
can begin.  

 
Multiple instances. Users asked for the ability to run 

multiple instances of the playground. This may 
further encourage the type of experimentation that 
bioinformaticians are accustomed to by being able 
to compare the outcomes of multiple canvases and 
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