
www.manaraa.com

Economic aspects of information security: An emerging
field of research

Lawrence A. Gordon & Martin P. Loeb

Published online: 23 December 2006
# Springer Science + Business Media, LLC 2006

Abstract This paper chronicles the development of eco-
nomics of information security as an academic area of
research. It also describes the contributions of the papers in
the special section of this issue devoted to the topic.
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1 Introduction

By the end of the 1990s, the Internet was already part of
everyday life and the popular media featured stories on
computer viruses and information security breaches. With
this backdrop and our longstanding interests in economic
modeling and analysis of managerial accounting topics
such as capital budgeting and incentive compensation, we
began to explore the area of information security. Our initial
focus was on the following three related research questions:
(1) how much should an organization spend on information
security, (2) how should an organization allocate their
information security budget to specific security activities,

and (3) what is the economic cost of information security
breaches? As we began our research related to these issues,
we were surprised to find the paucity of academic literature
applying or developing rigorous economic analysis to
problems of information security. There was, however, an
increasing realization among both computer security pro-
fessionals and academicians that the provision of effective
information security requires attention to economic incen-
tives in conjunction with technical solutions (such as the
improved firewalls and intrusion detection systems).

In late 2001, while our initial paper (Gordon & Loeb,
2002) addressing information security investments was
under review, we became aware of a then recent conference
paper by Ross Anderson, a security engineering professor
at Cambridge University. That paper, by Anderson (2001),
lucidly explains the crucial role economic incentives play in
the computer security arena. We soon got in touch with
Ross and he invited us to join himself, noted economist Hal
Varian and five other distinguished scholars (L. Jean Camp,
Li Gong, Andrew Odlyzko, Bruce Schneier, and Doug
Tygar) to form the Program Committee organizing the first
Workshop on Economics and Information Security (WEIS).
Ross and Hal served as program co-chairs for that first
WEIS held at Berkeley in May of 2002.1 The Workshop,
for the first time, brought together scholars and security
professionals with diverse backgrounds, but with a com-
mon interest in economic aspects associated with informa-
tion and computer security. Among the topics covered by
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presentations at this first workshop were liability, cyber
insurance, information security investments, externalities,
security metrics, free-riding, price discrimination, privacy,
information sharing and incentive compatibility. In addition
to presentations by the Program Committee members
Anderson, Camp, Odlyzko, Schneier, and ourselves (to-
gether with Bill Lucyshyn), the program featured separate
presentations by two doctoral students, Alessandro Acquisti
and Stuart Schechter who would join the WEIS Program
Committee in years to come.

The second WEIS was held in 2003 at the University of
Maryland, and we had the pleasure to host that event. The hot
topic of the time was Microsoft’s trusted computing
initiative, and the workshop included a presentation by a
senior executive from Microsoft, as well as scholarly papers
on the topic.2 The 2004 WEIS was hosted by Andrew
Odlyzko and Bruce Schneier at the University of Minne-
sota’s Digital Technology Center.3 The 2005WEIS was held
at Harvard’s Kennedy School and hosted by L. Jean Camp4

and the 2006 WEIS was held at Cambridge University and
was hosted by Ross Anderson.5 The 2007 WEIS is
scheduled to be held at Carnegie Mellon (and hosted by
Alessandro Acquisti and Rahul Telang).

In addition to the establishment and growth of WEIS,
there are other indicators of the increased interest in research
on economic aspects of information security. Publication of a
collection of papers in book form, Camp and Lewis (2004),
is another indication, as is the publication by McGraw-Hill
of our own book, Gordon and Loeb (2006). Moreover, for
three consecutive years, we, together with Bill Lucyshyn,
have organized a one one-day forum on “Financial
Information Systems and Cybersecurity: A Public Policy
Perspective” that we hold at the University of Maryland.
Finally, we note that the first Workshop on the Economics
of Securing the Information Infrastructure (WESII) was
held in Arlington, Virginia in October 2006.6

The three papers in this Special Section are representa-
tive of the variety of research being done in the emerging
area of information security economics. The first paper in
this section, Hausken (2006), uses economic modeling to
assess the relation between the optimal level of information
security investment and the vulnerability of an information
set under differing returns scenarios. The analysis repre-

sents both a robustness check and an extension of the early
Gordon and Loeb (2002) information security model.

Hausken (2006) makes the case that the probability of an
information security breach, similar to various other
phenomenon, is best modeled using a logistic function that
exhibits increasing returns and then decreasing return to
investment. With such a logistic information security
breach function, the optimal investment level jumps
discretely from zero at a critical vulnerability level and
continues to increase in vulnerability. Hence, the invest-
ment response to increasing vulnerability of the information
set, differs from the optimal response for the security
breach functions studied by Gordon and Loeb (2002).
Moreover, the optimal level of information security
investment could well exceed the 37% (1/e) level that was
found for specific classes of security breaches by Gordon
and Loeb. Hausken also examine the effect of other return
assumptions on the optimal information security investment
level and on the relation between that level of investment
and the initial vulnerability level. The paper shows how the
nature of returns is a critical factor in providing guidance on
information security investments.

While information security policy and investment deci-
sions are naturally sensitive to the (marginal) benefits of
these decisions, there is a paucity of available data on such
benefits. The benefits of a security policy or security
investment are closely tied to the reduced frequency of
successful attacks resulting from such a policy or invest-
ment. In turn, the frequency of successful attacks is directly
related to the frequency of total attacks. The second paper
in this Special Section, Arora, Nandkumar, and Telang
(2006), presents and discusses a simple economic model of
attacker behavior, and then empirically examines how
frequency of attacks changes in response to changes in
disclosure and patching of software vulnerability. The data
used for the empirical analysis comes from honeypots—
computers connected to the Internet with the sole purpose
of collecting information on attacks and attackers. By their
very nature, the only traffic that honeypots have is
illegitimate traffic. Arora et al. find that published vulner-
abilities without patches get exploited more often than
either secret vulnerabilities or vulnerabilities that are
published with patches. Moreover, these results indicate
that attackers use public patch information to devise attacks
and, consequently, releasing patches may, at least in the
short-run, decrease social welfare.

The final paper in this section, Poindexter, Earp, and
Baumer (2006), uses experimental economics to shed light
on the costs and benefits faced by consumers when they
provide private information on an Internet site. The topic of
privacy and identity theft has captured the attention of
scholars, as well as that of the mass media and the general
public. In the past, surveys have been used as the primary

2 The agenda for WEIS 2003 (and links to the papers) can be found at:
http://www.cpppe.umd.edu/rhsmith3/agenda.htm
3 The agenda for WEIS 2004 (and links to the papers) can be found at:
http://www.dtc.umn.edu/weis2004/agenda.html
4 The agenda for WEIS 2005 (and links to the papers) can be found at
http://infosecon.net/workshop/schedule.php
5 The agenda for WEIS 2006 (and links to the papers) can be found at:
http://weis2006.econinfosec.org/prog.html
6 The agenda for WEIS 2006 (and links to the papers) can be found at:
http://wesii.econinfosec.org/workshop/program.php
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means of collecting data about the costs and benefits of
increased privacy protection. In responding to surveys,
participants do not face the type of costs and benefits that
they face when making real decisions. Hence, it would not
be surprising to find a survey respondent who claims that
privacy is extremely important to them, while at the same
time voluntarily providing extensive private information
through a customer loyalty program at the grocery store in
exchange for a small price discounts. Poindexter et al. describe
two sets of economic experiments designed to simulate real
economic decision-making. The first manually performed
experiment addresses costs and benefits of proving private
information in a job seeking scenario and was used to guide
the development of the second web-based experimental
environment. The results of the experiment show a surprising
degree of sensitivity by consumers to perceived changes in
risk caused either by a regulatory change in the environment
or the purchase of security enhancing technology.

We believe that the three papers described above provide
an important contribution to the growing body of literature
that links economics to information security. Accordingly,
we wish to thank R. Ramesh and H. Raghav Rao, the
editors of Information Systems Frontiers, for giving us the
opportunity to develop this Special Section of the journal.

References

Anderson, R. (2001). Why information security is hard—an economic
perspective. In Proceedings of 17th Annual Computer Security
Applications Conference, New Orleans, Louisiana.

Arora, A., Nandkumar, A., & Telang, R. (2006). Does information
security attack frequency increase with vulnerability disclosure?—
An empirical analysis. Information Systems Frontiers, 8(5).

Camp, L. J., & Lewis, S. (Eds.) (2004). Economics of information
security. Boston: Klewer Academic Publishers.

Gordon, L. A., & Loeb, M. P. (2002). The economics of information
security investment. ACM Transactions on Information and
System Security, 5(4), 438–457 (November).

Gordon, L. A., & Loeb, M. P. (2006). Managing cybersecurity
resources: A cost–benefit analysis. New York: McGraw-Hill.

Hausken, K. (2006). Returns to information security investment: The
effect of alternative information security breach functions on
optimal investment and sensitivity to vulnerability. Information
Systems Frontiers, 8(5).

Poindexter, J. C., Earp, J. B., & Baumer, D. L. (2006). An
experimental economics approach toward quantifying online
privacy choices. Information Systems Frontiers, 8(5).

Lawrence A. Gordon is the Ernst & Young Alumni Professor of
Managerial Accounting and Information Assurance at the Robert H.
Smith School of Business, University of Maryland and is also an
Affiliate Professor in the University of Maryland Institute for
Advanced Computer Studies.

Martin P. Loeb is a Professor of Accounting and Information
Assurance and a Deloitte and Touche Faculty Fellow at the Robert
H. Smith School of Business, University of Maryland. He is also an
Affiliate Professor in the University of Maryland Institute for
Advanced Computer Studies.

Inf Syst Front (2006) 8:335–337 337


	Economic aspects of information security: An emerging field of research
	Abstract
	Introduction
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


