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Global society is in the throes of a revolution in the means by which information and
knowledge are acquired, stored and communicated, which have always been powerful
drivers of human material and social progress. Cost reduction and increased flexibility as
consequences of replacement of analogue by digital systems, that permit any device with
its own power source to collect non-trivial information about its environment, have been
the drivers of this revolution. It has been mediated through four key capabilities: high
rates of data acquisition; ever increasing data storage capacity; ever increasing computa-
tional power; and the growth of the world-wide-web and the ubiquitous communication
devices that interrogate it.
This phenomenal growth in the amount and variety of available data has brought the

AI learning algorithms that were developed decades ago into their own, for we are now
able to feed their voracious appetites for data at rates that were formerly impossible.
They are able to reveal hitherto inaccessible but profound relationships in nature and
society on all scales from the molecular to the cosmic and in all areas of human concern,
from fundamental business practices to the efficient delivery of health systems to global
sustainability. There are few areas of individual, commercial, social or political action to
which these developments are not relevant. The high rates at which data can be acquired
by sensors and ingested and analysed by machine learning algorithms is now also the
basis of autonomous systems able to make judgements once thought to be the exclusive
prerogatives of humans, and indeed to act on those judgements.
The greatest novel dimension for science lies in enhancing understanding of complex

systems. During the 50-60 years since the development of the modern high performance
computer, we have become increasingly adept at analysing the dynamics of complex, cou-
pled systems, such that integrated modelling is now the norm. In principle we now also
have the capacity to characterise complexity by integrating data from a variety of sensors
that contribute data from different perspectives that relate to the same complex phe-
nomenon. The capacity to model complex system dynamics coupled with identification
of deep patterns in system states is a powerful new tool in the scientific armoury. However,
except for across relatively narrow disciplinary ranges, such as in modern weather fore-
casting, this is currently impossible because of the different standards and inadequate
or incompatible vocabularies and ontologies used in compiling data. The International
Science Council’s (ISC) Committee on Data for Science and Technology (CODATA) is
currently developing a decadal programme, together with ISC unions and associations,
to work on this crucial priority for interdisciplinary data integration. These capacities
will also be vital in addressing the UN Sustainable Development Goals (SDGs), such as
in understanding the complexities of cities as organisms, where most global population
growth is located, in understanding the vectors of infectious disease or in evaluating
sustainable routes to increased agricultural productivity.
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If science is to exploit this potential, it must break out of the siloes within which
individuals and groups tend only to have access to a limited range of data reflecting
their own disciplinary focus. We have the choice, either to maintain a system were we
only have access to that data which we “own”, or to develop one where we have access
to a much wider range of the data from many disciplines, and which is the necessary
pre-requisite to address many of the complexities of this world. I argue that the latter
offers the greatest global public good. However, it is a route that is inimical to deeply
engrained practices amongst scientists and their institutions, where data that is generally
acquired from publicly funded research is deemed to be “owned” by scientists or by
their institutions. The public good argument should take precedence, with scientists and
institutions moving from a model of ownership to one of access, as has been argued by
Science International†.
As the new paradigm of “Open Science” develops, it begs the question: open to whom?

Open data and open access publishing still only represent, scientists talking to other
scientists, albeit more efficiently. I argue that science must become a public enterprise that
engages actively with business, policymakers, governments, communities and citizens, as
a knowledge partner, not as a unique source of wisdom, in jointly framing questions and
jointly seeking solutions rather than an enterprise conducted behind closed laboratory
and library doors or one that is only found in the publicly incomprehensible pages of
scientific journals. Without this development science will fail to contribute its unique
insights to a changing society.
The web is a crucial part of the infrastructure for open science. It has created a globally

networked society that enables unprecedented access to data and information by a great
diversity of public and private actors in the creation and use of knowledge. However,
although the web may be ethically neutral, its uses are not. A decade ago, it was expected
that the web would be a democratising force, enabling debate and engagement between
different social actors and inhibiting the creation of knowledge monopolies. The reality
has been different. Major web platforms and social media have fostered the development
of “echo chambers” in which we are confronted only with material to which we are
personally sympathetic. The web has proven to be indifferent to falsehood and honesty,
and a powerful enabler of “alternative facts” in a so-called “post truth society”. It has
been the essential weapon in an environment where interest groups energetically question
the credibility and authority of scientific evidence and the trust that science should be
afforded.
Further profound issues for society arise from the digital revolution in the reality and

potential of autonomous systems powered by AI for: the future of work, cyber-crime and
cyber-warfare, the imminent possibility for brain implants, the dangers of privatisation
of data and knowledge as data is increasingly valued as feedstock for voracious machine-
learning systems, whether and how we create global governance for the data needed to
support management towards planetary sustainability, and in analysing the potential
existential threat AI might pose to the human role on the planet. The temptation for
many scientists is to take the ethically neutral stance of focussing on discovery without
considering use. It is now fundamentally important that we do not take the position
that these problematic issues are for government and their agencies alone. We in the
natural sciences should be working with our social science colleagues to address these
issues in a holistic fashion. The opportunity to do so lies in the frame created by the new
International Science Council, and should be grasped.
Scientific exploitation of the digital revolution is inevitably faster in those states with

well-funded science systems, with the potential to create yet another global north-south

† Note the principles set out in the Science International Accord, Open Data in Big Data
World, endorsed by over 120 major scientific bodies worldwide.
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knowledge divide. But there are promising moves to avoid this outcome. Collaboration
between ISC, CODATA and major African institutions has led to the concept of an
African Open Science Platform, to be launched at Science Forum South Africa in
December 2018. The Platform’s mission is to put African scientists at the cutting edge
of contemporary, data-intensive science as a fundamental resource for a modern society.
Its building blocks are:
• a federated hardware, communications and software infrastructure, including policies

and enabling practices, to support open science in the digital era;
• a network of excellence in open science that supports scientists & other societal

actors in accumulating and using modern data resources to maximise scientific, social
and economic benefit.
This may only be the beginning. A parallel development to create a similar platform

for the ASEAN group of countries† is being led by the ISC regional office for the Asia-
Pacific, and discussions are under way about possible creation of a Latin America and
Caribbean Platform, with profound and exciting possibilities of a creative and influential
south-south scientific enterprise.

† ASEAN – Indonesia, Thailand, Singapore, Malaysia, Philippines, Vietnam, Myanmar,
Cambodia, Brunei, Laos

https://doi.org/10.1017/S1743921319005544 Published online by Cambridge University Press

https://doi.org/10.1017/S1743921319005544

	The Digital Revolution, Open Science and Development


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 150
  /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 400
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


