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EDITORIAL Open Access
Changing computational research. The challenges
ahead
Cameron Neylon1,2*, Jan Aerts3, C Titus Brown4, Simon J Coles5, Les Hatton6, Daniel Lemire7, K Jarrod Millman8,
Peter Murray-Rust9, Fernando Perez8, Neil Saunders10, Nigam Shah11, Arfon Smith12, Gaël Varoquaux13 and
Egon Willighagen14
The past year has been an interesting one for those inter-
ested in reproducible research. There have been great
examples of replicability [1,2] in research communication,
and examples of horrifying failure of reproducibility (as
described in [3]) with serious questions being raised on the
ability of our current system of research communication to
guarantee, or even encourage, that published research be
reproducible or replicable.
When we launched the call for papers for Open

Research Computation in late 2010 we saw a clear need for
higher standards. Computational research should stand out
as an exemplar of just how reproducible research can be,
yet it falls short more often than not. With modern com-
putational tools it is entirely possible to provide packages
which allow direct replication of results. It is possible to
provide data and code in the form of a functional virtual
machine image along with automated tests to ensure
everything is working as expected. But alongside this we
can support the reader’s ability to modify and re-purpose
tools, to run them against new data, indeed to support
efforts to deliberately break the system to identify its lim-
itations. In short, to do what we are supposed to do as
scientists – replicate, reproduce, and test the limits of our
models and understanding.
We deliberately set the bar high, because we felt it

should be high, and because we felt that current standards
were, in general, not high enough. Over the past year com-
mentaries [4-6] have supported these principles, recogniz-
ing that there are serious problems – but few have actually
backed up those words with actions. As with data, so with
code, journal statements requiring that it be available often
lack substance – how is it to be made available – and
policies generally lack teeth.
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As we looked at papers for ORC we set higher stan-
dards. We demanded that testing of the code be
described. We required that we be able to fork the rele-
vant code before formal acceptance of the paper. We
looked hard at the documentation. Are the papers and
the code being published today perfect? No. Are they an
improvement over the average? Absolutely. Indeed a big
part of that improvement is in ensuring that those
imperfections can be identified, and worked on for the
future.
But arguably we may have set the bar too high. Creating

code and documentation to the level that we wanted to
see is hard work. And the bottom line is that relatively few
groups or projects are willing to put in that work, particu-
larly for publication in an, as yet unproven, journal. So we
struggled to get submissions at the level we wanted. And
here we ran into the second problem.
In approaching our goals in the form of a journal we

made an implicit compromise. We wanted to do some-
thing radical, but we did it in a form that was familiar
and conventional. This was a deliberate tactical move.
But problems arise from the straightjacket that a con-
ventional journal form creates. The first is the issue of
indexing. To get indexed requires a journal to publish in
each month of a calendar year. If you’re trying some-
thing new this isn’t so straightforward.
In the end we have decided to fold ORC into another

BMC journal, Source Code in Biology and Medicine, as a
thematic series. This has a lot of advantages. It means
there is less pressure to immediately get the submission
numbers up, making it possible to take a longer term ap-
proach, and adapt over time as interest, demand and stan-
dards change. We can pull papers in from across the
BMC portfolio and offer the “badge” of ORC certification
as an extra bonus. In this way we get most of the advan-
tages of a journal but avoid many of the pitfalls. But part
of our strategy was the thinking that the journal could
have a high Journal Impact Factor (JIF) if a reasonable
Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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proportion of papers, being highly used tools, got signifi-
cant numbers of citations. But you only get JIF’s for indi-
vidual journals – not for collections of papers. And re-
publishing articles that have “already been published”
(whatever that means in a web based world) is a definite
no-no.
Many of us have felt for a long time that the construct

of the journal places artificial constrictions on what we
can do in research communication. The restrictions
placed on what counts as a journal, what is allowed in a
journal, by indexing services are a real drag on
innovation. This raises the question of what is required
to place innovation at the heart of the system we use to
communicate research. How can we build the systems
and infrastructure that we use in a way that actively
encourages innovation?
In part, the answer lies with the papers that we are

publishing today, and that we will continue to review for
acceptance into this thematic series. Show our working,
use open tools, enable others to replicate and to fork
our work and our tools and our systems. Embed within
those systems the measures of reputation and use and
re-use that support the most successful open source pro-
jects and arguably also the research projects that are
most successful at using the web as a resource.
Raising the standards of computational research is an

important task, and one that we will continue to pursue
by identifying and celebrating papers describing code
that reaches those high standards that we have set. But
equally we hope to keep learning from the process about
what we can apply both to research more generally be-
yond pure computation and to the process of communi-
cating that research.
We need more than just reproducible computational re-

search, we desperately need a step change in our expecta-
tions and in the incentives for communicating research in a
reproducible form more generally. We need educators and
the materials to support them in raising awareness and ex-
perience. And we need the development of policy and stan-
dards that help us move towards a world where
reproducibility and replicability are minimum standards
not aspirations. ORC will not be doing this as a separate
journal, but through the thematic series we will continue to
promote the principles and the lessons we can learn. The
problems are real and we need to tackle them.

Author details
1Science and Technology Facilities Council, Didcot, Harwell Oxford, UK.
2Public Library of Science, San Francisco, USA. 3Leuven University, Heverlee,
Belgium. 4Michigan State University, East Lansing, MI, USA. 5University of
Southampton, Southampton, UK. 6Oakwood Computing Associates Ltd,
Surrey, UK. 7LICEF Research Centre, Montreal, QC, Canada. 8University of
California, Berkeley, USA. 9University of Cambridge, Cambridge, UK. 10CSIRO,
Sydney, Australia. 11National Center for Biomedical Ontology, Stanford, USA.
12Adler Planetarium, Chicago, USA. 13INRIA, Saclay, France. 14Maastricht
University, Maastricht, Netherlands.
Received: 2 May 2012 Accepted: 28 May 2012
Published: 28 May 2012

References
1. Brown CT, Howe A, Zhang Q, Pyrkosz AB, Brom TH: A single pass approach to

reducing sampling variation, removing errors, and scaling de novo assembly
of shotgun sequences. [http://ged.msu.edu/papers/2012-diginorm/].

2. Brown CT: Our Approach to replication in computer science. [http://ivory.
idyll.org/blog/apr-12/replication-i.html].

3. Begley CG, Ellis LM: Drug development: raise standards for preclinical
cancer research. Nature 2012, 483:531–533.

4. Ince DC, Hatton L, Graham-Cumming J: The case for open computer
programs. Nature 2012, 482:485–488.

5. Peng RD: Reproducible research in computational science. Science 2011,
334:1226–1227.

6. Stodden V: Trust your science? Open your data and code. Amstat News 2011,
July, 21–22 [http://magazine.amstat.org/blog/2011/07/01/trust-your-science/].

doi:10.1186/1751-0473-7-2
Cite this article as: Neylon et al.: Changing computational research. The
challenges ahead. Source Code for Biology and Medicine 2012 7:2.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Author details
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice




