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Abstract. Despite a progressive approach to open acceaset®, Social Science does not
routinely capture and re-use its research proceddss is a barrier to inter-disciplinary

research. The public health problem of obesityhviti$ interwoven social, behavioural and
biomedical factors, illustrates the need for moharable research processes facilitating
insights across disciplines. Within this broad needhave identified the central requirement
to support secondary research from large surveys as the Health Surveys for England — a
requirement that generalises to other social rebeapics. We present the e-Laboratory (e-
Lab) architecture, for bringing together datasetsestigators and methods around specific
guestions and packaging the research process ist@mmable entity — the Research Object
(RO). The Obesity e-Lab project is using obesityesch questions and communities to
generate a variety of ROs supporting, for examipli@rmation mapping between different

survey years, transformation of child body massxdeasures into research-ready forms,
and geo-visualisation of obesity measurements amdefs. Our collaborators are building e-
Labs in other disciplines including biology, heatitiences and chemistry. By participating in
a programme of building different but interoperableabs, Social Science could stimulate
and sustain new research with other disciplinespering, importing and coproducing ROs.

Introduction

Social research takes place in a range of setthngs, in and around social science. For the
deepest insights and impacts social science neettsnnect with research processes in other
disciplines and settings, for example medical nesgaeconomic policy making or local
healthcare provider decision making. This connact®impeded by the lack of sharing of
reproducible packages of research, incorporatingh bdata and processes for data
transformation and analysis. Social Science hasgeter, led the way among disciplines in
the curation of datasets for broad (if not quiteergpaccess to researchers from different
disciplines and organizations.

The obesity epidemic provides an example of oneh smoblem which requires more
realistically complex research that combines spcibehavioural, biomedical and
environmental perspectives in ways that might otise take place in silos. Clinically,



obesity is a condition of excess fat tissue whigh lead to the development of major chronic
diseases, such as diabetes and cancer (Kopelman 1898). The rapid rise in obesity
prevalence therefore poses an important public tineahallenge. Although clinical
interventions aimed at reducing excess fat in olwediziduals are known to be effective,
there are not yet any known effective interventidosreduce the obesity burden at a
population level (Canoy & Buchan, 2007). Factorshsas diet and physical activity are
considered ‘proximal’ determinants of obesity hede factors are generally embedded in a
social context within which certain ‘obesogenicfefityles may perpetuate (McPherson,
Marsh, & Brown, 2007). However, research in obesdsely crosses academic disciplines.
Some of the important research questions tenddoine expertise in biology, medicine and
social science yet the opportunities for collabweatesearch can be limited. Researchers may
be unfamiliar with the research community of othesciplines, lack awareness of relevant
data sources or have less understanding of theetiea concepts underpinning the data
collected by other disciplines. Furthermore tHeastructure required to support collaborative
working with other disciplines may be lacking.

The e-Laboratories initiative is building a geneairchitecture to improve access to research
data, as well as supporting the sharing of mettaodk expertise. This architecture has the
potential to support a wide range of social rededopics. The Obesity e-Lab (ObE) is
specialising this approach for the communitieshiépues and data sources used in obesity
research with a focus on secondary analysis otlargveys, such as tiealth Survey for
England (HSE). The obesity research community is divenseluding social scientists and
epidemiologists, as well as government and Natibteallth Service (NHS) analysts. Our aim
is to support better use of resources both by ieduome of the difficulties associated with
working with large surveys and by promoting collediton and sharing of practices to help
provide answers to obesity-related questions.

In this paper, we review the issues associated thighsecondary use of existing data, in

particular survey data, and consider previous gitero support researchers in the sharing of
data, methods and expertise. We then describeotieepts and architecture of e-Laboratories
(e-Labs) and Research Objects (ROs), and discysdenmentation progress in Obesity e-Lab

project thus far. We conclude by considering tieire development and challenges of the
Obesity e-Lab.

Secondary Research on Large Surveys

Secondary analysis is generally used to refer o ablditional analysis of survey data
originally gathered for other purposes. In the thi Economic and Social Research Council
(ESRC) requires that all data collected duringdberse of ESRC funded research is lodged
in the United Kingdom Data Archive (UKDA) (ESRC, @) and made available to other
researchers, and other similar projects encoutagpublication and sharing of survey data by
social scientists globally (King, 2009). This data then be used for secondary analysis.

These archives of pre-existing survey data reptesenassive potential resource for public
health researchers and social scientists. Howeyss, of these resources is not always
straightforward; a researcher wishing to carry setondary analysis faces a number of
challenges. First, they must identify the most appate data source to answer their particular
research question. The UKDA alone contains ove@05fatasets, and it can be difficult to get
a sense of what is available within each set. rOfisers pick datasets for reasons of
familiarity, for example because they are alreadyise within their department rather than
because they are confident they have identifiecdttiheect dataset (Freese, Forthcoming).



Having chosen one or more datasets the researalstrseiect the variables within the dataset
that are pertinent to their research questionsis @&n be no small undertaking, for example
the 2004 HSE questionnaire, a widely used publathalataset, contains approximately 1600
variables (UKDA, 2009). When browsing the list wériables for a dataset, naming

conventions do not always make the meaning of eactable apparent, and to properly

understand what a variable represents the reseamth&t consult the accompanying data
dictionary and the original questionnaire, oftetegmating information from several separate
documents. ldentifying appropriate variables nmegresent days or weeks of work.

Moving beyond data selection the researcher mustider other issues around the use of the
data, for example, the construction of derivedaladgs, harmonisation of a variable that has
been measured over several years so that they enayehningfully compared, how to apply
weights to surveys to account for sampling diffeesn[see (Dale, 2006) for a full discussion
of these issues]. The expertise and experienchéeofindividual researcher is a significant
factor in these operations, and it can be diffitmttnovice researchers to discover how others
have tackled these problems.

Replicability and Provenance

There is growing recognition within the social swe and epidemiological communities that
space limitations on journals, together with theréasing complexity of analyses, means that
authors often have to summarise their resultscandarely include for, example, all the steps
used to derive a variable or the procedures usagpply weights. This makes it difficult for
other researchers to replicate or develop the glati work — despite the fact that replicability
may be seen as a quality criterion for quantitates=arch (Bryman, 2004).

Traditionally, public health researchers and sos@éntists have used scripts, such as Stata
‘do files’ as a way of recording their work, forample documenting the creation of derived
variables and the steps and parameters used within analyses. These scripts provide a
useful aide memoir to the analyst in developingirthieinking about their research, and
become an important record of the steps taken #xhretheir eventual conclusion.
Increasingly, researchers are being encouragadbtoistheir scripts and raw data to journals,
both to allow verification or replication of theionclusions, and to allow other researchers to
build on past work (Freese, 2007). Advances irissiizgal analysis and visualization
technology are supporting increasingly complex ysesd, spread across multiple software
packages, so that analysts’ traditional methodseobrding their work, such as statistical
analysis scripts only record one piece of the jgsad are less effective. There is a need to
document the individual steps taken in the analydmch is not dependent on a single
statistical analysis package.

As well as providing a record of their thinking fibve researcher, the ability to re-run analyses
facilitates the verification of results for publiman and the sharing of data and analytical
methods which may be extended by other researcherssxample, working out the code to
produce specific table formats or graphs is timescming and the ability to benefit from
others experience is considered very valuable. dpm@oach also enables the researcher to
share their work and work collaboratively with atihesearchers.

Previous Work

The growth of e-Science in the UK during the lastatle has spawned the development of
technologies that allow sharing of resources palgity for complex data and computational



requirements (Hey & Trefethen, 2002). Amongst ghhologies developed include the Grid
framework (Stevens, Robinson, & Goble, 2003) a3 asthe Service Oriented Architectures
which typically provide a workflow tool for orcheation using Web Services (Fraser, 2005).
Advances in e-Science have also led to the devedopnof infrastructure supporting
collaboration and sharing within research. There a variety of terms usedVirtual
Research Environments (VRE), cyberenvironments (James & Robert, 2007; Liu, McGrath,
Myers, & Futrelle, 2007)ollaboratories — to describe infrastructure supporting collaborat
and sharing within researchA VRE provides infrastructure that helps to mandge
complexities present when working in distributedladmorations. It comprises a set of online
tools and other network resources interoperatirgufiport or enhance the processes of a wide
range of research practitioners within and acrassiginary and institutional boundaries.
VREs should support the processes of conductingareb; be based, where possible on
loosely-coupled tools and services; use open stdadand be accountable through the use of
appropriate logging services and provenance d&&&(2006).

A scientific workflow is the description of a prasethat specifies the co-ordinated execution
of multiple tasks so that, for example, data angalgmnd simulations can be repeated and
accurately reported. Alongside experiment plansan@&rd Operating Procedures and
laboratory protocols, these automated workflowsosre of the most recent forms of scientific
digital methods, and one that has gained popularity adoption in a short time [workflow].
They represent the methods component of modermnasand are valuable and important
scholarly assets in their own right.

myExperiment (myExperiment, 2009) is a VRE for tbecial curation and sharing of
scientific research objects such as workflows. npdEdment.org has already gathered 900+
users worldwide and caught the imagination of ttiergific and the Web communities. To
date, myExperiment has primarily been used for gsharing of workflows and in silico
experiments, although additional content typessapported.

Web Portals provide web-based applications thatgnate information from a number of
different services or components, providing a edifpresentation for the user and supporting
features including single sign-on. Within a portal,portlet provides a self-contained
pluggable component. Portals provide collaboratibads for a VRE such as wikis, blogs and
shared calendars (Yang, Allan, & J, 2008) but dbprovide a generalised framework for
handling aggregations or composite objects reptegestages in a process

Our approach (the e-Lab) tackles the problem tHmoagocus on the work objects — also
known as Research Objects - that are created amipbuoh@ed in the course of scientific

investigation, along with the services that aredeeein order to support the creation,
manipulate and publication of those objects. Thg lterm vision of the e-Lab is to support
the sharing of objects bothithin and across collaboratories, with the research objects
encapsulating the shared content that may tresteleen VRES. The concept of Boundary

Objects, as a means of cross-discipline commupicatvas first identified by Star and

Griesemer (Star & Griesemer, 1989) two decadesqursly.

Research Objects represent aggregations of comieng with metadata describing the
content items and their relationships within thgragation. The Open Archives Initiative
Object Reuse and Exchange (OAI-ORE, 2009) definasdards for the description and
exchange of aggregated resources but does not aspects such as lifecycle or control over
the mutability of both aggregation and content genvhich are key to the management of
Research Objects.



Within myExperiment, Packs allow the aggregation of objects, and provide atigda
implementation of Research Objects. Current workerposing the myExperiment content
through data publication using the Resource DesonipFramework, building on common
metadata schema (FOAF, SIOC, Dublin Core) and saralimbd aggregation mechanisms
(OAI-ORE) will support the reuse of this contentside of myExperiment (De Roure et al.,
2009).

The e-Lab Approach

An e-Laboratory (or e-Lab) is a set of integratemnponents that, used together, form a
distributed and collaborative space for e-Scieroabling the planning and execution of in-
silico experiments - processes that combine dath womputational activities to yield
experimental results. The experiments are methetsen they are instantiated with
appropriate parameters, datasets and configurafidrey automate the capture of instrument
measurements, analyses and visualisations, andtfe@roross-linking automated pipelines of
computational processes (specialist programs, \Wawkf scripts) that draw upon pooled
materials such as datasets, models, parameter padib¢cation articles and the results of
analytical processes under controlled conditioneesé materials are accessed through
managed resources increasingly deployed as serWdeskbenches, or dashboards, are
typically web-browser based portals that give @udifaccess to these electronic materials or
rich applications. Logs automatically record th@vaemance of results arising from these
automated processes, including their configuration.

The methods and materials that in-silico scientisse are the e-Lab’s digital content;
scientific experiment data, scientific models anigoathms, scientific pipelines and
workflows, scientific publications, and metadatanetations and provenance information
related to all content and itself content). Theseapsulated bundles of digital content are
known in the e-Lab as Research Objects (ROs). R@ghe assets that an e-Laboratory
operates over. As such they can be linked, reglitatansferred, enhanced and elaborated by
multiple users, distributed widely and processetb inew forms and generated afresh.
Materials spawn and circulate between researchetrsother laboratories and into different
resources.

Rich metadata is needed in order to support seanchnavigation, (re)use, management,
exchange, integration and execution. In additiochgnetadata itself requires management.

Research Objects and Rich Publishing

ROs are the entities that an e-Laboratory: createses, accesses and manages; exchanges
with other e-Laboratories; publishes to extern&tssi deposits in external resources; and
displays through work- benches. The motivation béliROs (and the associated services that
produce and consume them) is to improve the curatacessibility and repeatability of
research.

A RO might be:
* A single workflow or collection of workflows witmstructions, examples and default
input data;

e Laboratory data from instruments, coupled with gled)log book entries;

« A collection of all the digital items associatediwbne experiment;

« Areproducible research article with the workfloarsd data required to reproduce the
results described in the article;



A RO may contain sufficient information to allow axperiment to beepeated including
execution/invocation of any services used in thpeement. Alternatively, the RO may be
replayed, showing the steps that were performed, but withoecessarily requiring an
execution environment for the services, workflowsapplications originally used in the
investigation. A RO may beepurposed, perhaps through the replacement of one servitte wi
another, in order to perform a related analysis.

Research Object Reuse and Exchange

ROs provide a standardised mechanism for the agtioegof resources, along with metadata
describing the bundle of data and analyses - famgte, a representation of thesearch
guestion that an analyst is hoping to answer, or the fa&t & result arises from the invocation
of a particular service.

Our implementation of ROs builds on the aggregatimechanisms defined in the Open
Archives Initiative Object Reuse and Exchange Spation [OAI-ORE]. ORE provides a
vocabulary and abstract model for describing aggeshresources, along with a number of
concrete serialisations of the model (in particilaRDF/XML). Our Research Object Upper
Model extends ORE and provides additional vocagulaiowing, for example, the
description of states in the RO lifecyctiaft, under review, published etc. These states then
restrict the transformations or operations thattb@m be performed on an RO, i.e. preventing
modifications on objects in@ublished state.

Particular RO domain schemas can be used to exheseé vocabularies and add additional
domain specific information to the aggregationsn#mber of standardised vocabularies are
emerging that will also provide vocabulary captgrkey aspects of the experimental process
(e.g. Open Provenance, SWAN/SIOC, OBO relationslogy)

This layered approach allows services to providmesdevel of functionality over ROs,
without necessarily having to understand the sped#tails of the relationships represented
within the RO. The standardised model also fatdgahe exchange of ROs between different
e-Labs.

The Obesity e-Lab Architecture

Within the Obesity e-Lab project, we are buildingystem to support users in navigating,
working with and collaborating around survey datd & the process, building ROs focused
on their particular obesity based research questigkn example research question might be
“Which areas of the North West of England havedtiolod obesity prevalence higher than
national estimates?”, the corresponding RO migtiuohe HSE data, locally gathered obesity
data from schools, scripts to perform weighting atiata analysis, and map based
visualizations.

Figure 1 provides an overview of the Obesity e-bBathitecture which is composed of four
underlying functional modulesariable selection, analysis scripts, visualization methods and
reference methods, which are presented to the user via a singlekinench’ style interface.
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Figure 1: The Obesity E-Lab Architecture

[

Variable Selection

In order to select appropriate variables from g@dasurvey, a user must navigate a list of
potential candidate variables, and review metasiath as the wording of the original survey
question or the method of calculation of a derivadable. Currently such information is

spread between several different documents. Qbedifb is using text-mining approaches
to link this information, allowing the researcherfind the complete variable definition in one
location.

The software will also aid users in searching meiffectively for variables. Rather than

browsing a long, flat list of variables, a faceta@wsing mechanism supports the user in
searching and filtering the data by different disiens, effectively reducing the space in
which users must search, for example, searchindiéang by year, category (e.g. ethnicity,

disease, lifestyle), derived or directly measured.

Analysis Scripts

The Analysis Scripts module has two functions. stiyirit captures a detailed record of the
users’ research process — for example documentimghvadataset and year a user has selected,
and which variables they have downloaded, credtiegbeginning of a RO. Secondly the
module supports users in linking their analysishvaarticular variables. This may take the
form of statistical scripts, spreadsheets, psewdte©r notes. Linking variables with scripts
takes the user one step closer to an executableaR® provides a useful record of their
thinking. Moving beyond individual analysis, usees share scripts or expertise, either with
the wider Obesity e-Lab community or with a trustgup of colleagues. As these
annotations are associated with particular datagetariables, other users can find and make
use of this expertise.



Visualisation Methods

Researchers often want to complement traditionaltissical analyses with visual
investigations of their data, which can serve a Imemof different purposes, for example
geographic visualisation, hypothesis discoverytatigical process monitoring. Obesity e-
Lab will provide a library of visualisation methqdbeginning with the ADVISES geo-
visualisation application (Thew et al., 2009), {towa the user to incorporate graphical or
map-based analysis into their RO. By recordingdéaset in use and the chosen parameters
these visual analyses can be shared and re-run.

Reference Methods

The system will support the user in linking publica references to their analysis. This
would allow a user to link their analysis scriptagaper. For example, there are numerous
published definitions of ‘childhood obesity’, a eascher might wish to link their analysis
script with the paper defining the classificatirey have users. Similarly, users could link
analysis scripts with resulting publications, prbmg provenance for their work, as well as
helping other researchers build on their outputs.

System development

A working prototype system has been developed whpioides access to a cached subset of
four years of the HSE to a set of pre-registerezfaus The prototype focused on supporting
the browsing and selecting of data for analysisaridbles were pre-categorized by an
epidemiologist, allowing the end user to search lamavse for sets of related variables, and
the facility to compare variables between years prawided, for example to compare the
different ways ethnicity has been categorized dvee. Figure 2 shows a user searching for
geographic variables within the system, and extepdhe default search with their own
custom search terms. Having identified the vaesaldf interest the user is able to download a
chosen sub-set of the data to their desktop fahdéuranalysis. This prototype was a Adobe
Flex based web application, backed by a Java RE®ated interface to a MySQL database.

2006 1991-1992
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Figure 2. The Prototype — screenshot of the sdarattion

The primary aim of this prototype was to provid@erence for the technical team in working
with large surveys and as a working proof-of-concepiowever, the prototype has also



supported discussions with users about interfaseggdeand their requirements and will be a
component of our on-going requirements work.

Conclusions and Future Work

The obesity epidemic requires a response which gwalexpertise from diverse disciplines,
including social science, medicine and public headéisearch. Furthermore it requires the
collaboration of academic researchers and publaitinegesearchers based in the NHS. In
response the Obesity e-Lab project has developddspecialised the e-Lab architecture for
use in the domain of obesity research, supportioip individual researchers in accessing
survey data, and promoting sharing of expertise aoliboration within the research

community. A proof of concept prototype has allowedto test the selection, manipulation
and download of variables from the Health SurveyHogland dataset.

Having established technical proof of concept th@ggut is now working with academic and
NHS public health researchers to understand cumenking practices and investigate their
requirements. It can be particularly difficult fasers to state their requirements upfront when
involved in an innovative software project whicHlwhange their working practices (Thew et
al., 2009). Consequently we will work closely wiitiblic health researchers in iterative cycles
of requirements gathering, building and end-usstirtg, developing a shared vision of an e-
Lab, and allowing users to develop an understantoty of their requirements and of the
potential of the technology.

Supporting collaborative thinking and the sharirfigre@sources and expertise are important
features of this project. Research Objects proeigapsulations of research work, bundling
together the resources involved in an experimemt\astigation. The e-Lab approach helps
to promote sharing and reuse in a number of way&rstly it provides a common
infrastructure in terms of identified services thah operate over research objects. Secondly
it provides a common implementation of that infrasture and facilitates sharing of objects
across laboratories and institutions. The expeesrand learning from the Obesity e-Lab
project will feed into the larger programme of eébldevelopment.
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