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Rektor Sveučilišta u Rijeci:

Prof. dr. sc. Pero Lučin

RIJEČ REKTORA

Poštovani čitatelji,

pred vama je četvrti godišnjak Znanstvenog kolokvija Sveučilišta u Rijeci kojim želimo dokumentirati 
izrečenu znanstvenu misao i prezentirati najnovija znanstvena i umjetnička postignuća i rezultate pri-
kazana kroz ciklus predavanja u sklopu Znanstvenog kolokvija koji se počeo održavati u Kampusu 
Sveučilišta u Rijeci u jesen 2010. godine, a nastavio u akademskoj godini 2011/12, 2012/13 i 2013/14. 

Ove godine želim istaknuti da je Sveučilište u Rijeci uvažavajući sva iskustva u provedbi Strategije 2007. 
– 2013. i analizirajući sve promjene koje se očekuju u razdoblju 2014. – 2020. donijelo novu Strategiju 
Sveučilišta u Rijeci za to novo razdoblje. Kako bi najbolje odgovorilo na potrebe vlastita razvoja, regije 
u kojoj djeluje te cijele Hrvatske, rasprave su pokazale da je na Sveučilištu u Rijeci potrebno napraviti 
nekoliko ključnih iskoraka u sljedećem strateškom razdoblju: transformirati Sveučilište u istraživačko 
sveučilište s visokom razinom istraživačke aktivnosti, osigurati samoodrživi rast, ubrzati transformaciju 
Sveučilišta u sveučilište III. generacije te identificirati i razviti ključne elemente za pametnu specijalizac-
iju. Sveučilište u Rijeci želi u potpunosti preuzeti vodeću ulogu u društvenom i gospodarskom razvoju 
tako da organizaciju i istraživačke aktivnosti podigne na razinu koja karakterizira istraživačka sveučilišta 
s visokom razinom istraživačke aktivnosti. Podizanje je istraživačke razine jedan od stupova nacionalne 
strategije za izlazak iz krize, gospodarski rast, stvaranje radnih mjesta i cjelokupni razvoj društva.

Projekt Znanstveni kolokvij Sveučilišta u Rijeci zamišljen je kao vrhunski znanstveni događaj kroz koji 
akademska zajednica i građani Rijeke imaju prigodu upoznati eminentne hrvatske, europske i svjet-
ske znanstvenike. Naravno, Kolokvij je posebno usmjeren prema mlađim istraživačima i studentima 
riječkog Sveučilišta kao poticaj i smjernica u promišljanju osobnog razvoja ali i razvoja Sveučilišta opće-
nito. Kolokvij nije monodisciplinaran i nije prostorno ograničen na Sveučilišni kampus na Trsatu iako 
mu je to najčešća lokacija zbog težnje uprave Sveučilišta da Kampus oživi kao kulturni, akademski i 
znanstveno-istraživački centar Rijeke i Sveučilišta u Rijeci u kojem se susreću studenti, znanstvenici 
i umjetnici svih područja znanosti i umjetnosti. S istim ciljem je i nastala ova najnovija publikacija koju 
Sveučilište izdaje po četvrti puta kao “papirnato” i digitalno izdanje. Siguran sam da će ova publikacija 
postati i ostati stalna edicija e-knjižnice Sveučilišta u Rijeci i nadam se da će prerasti u još ambiciozniji 
projekt. I kroz ovaj Projekt želimo pridonijeti da Rijeka bude grad u koji se dolazi istraživati, stvarati znan-
je, učiti, pokretati poduzeća temeljena na stvorenom znanju i grad u kojem se kvalitetno živi. U tom nam 
smislu predstoje značajna ulaganja u ljude na Sveučilištu, nastavnike, znanstvenike, mlade istraživače, 
studente i sve zaposlenike, te daljnji značajan razvoj infrastrukture.

Znanstveni kolokvij Sveučilišta u Rijeci jedan je od načina kojim se doprinosi profiliranju riječkog 
Sveučilišta kao istraživačkog te internacionalizaciji grada Rijeke i razvoju njegove privrede. Zbog toga 
pozivam sve nastavnike, suradnike i studente da i dalje aktivnim sudjelovanjem podržavaju Znanstveni 
kolokvij te u još većem broju podupru ostvarenje ključnog strateškog cilja našeg Sveučilišta, a to je 
istraživačko sveučilište.
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RIJEČ UREDNIKA

S velikim zadovoljstvom najavljujemo da će krajem ove 2014. godine započeti projekt “Druga faza 
kampusa Sveučilšta u Rijeci”. Naime, riječki program razvoja Sveučilišnog kampusa predstavlja sve-
obuhvatan projekt s ciljem povećanja sveučilišnih kapaciteta i kvalitete u obrazovanju, znanosti i istra-
živanju, te povećanja standarda života studenata i boljih ishoda učenja. Projektni su ciljevi definirani 
i analizirani u kontekstu harmonizacije s EU i državnim okvirom u pogledu znanosti i istraživanja te 
obrazovanja. 

Projekt je, zbog svoje sveobuhvatnosti, osmišljen kroz tri zasebne faze izgradnje. Prva faza izgradnje 
je završena, a obuhvaćala je obnovu dvaju objekata (u kojima danas djeluju Akademija primijenjenih 
umjetnosti i Znanstveno-tehnologijski park Sveučilišta u Rijeci) i izgradnju četiri potpuno nova objekta 
(Studentski centar, Filozofski i Učiteljski fakultet, Građevinski fakultet, zgrada Sveučilišnih odjela). Svi 
navedeni objekti su izgrađeni, opremljeni i u uporabi.

U drugoj fazi izgradnje Kampusa graditi će se 18 objekata i prateća infrastruktura, koja je nužna za 
svakodnevno funkcioniranje objekata i kvalitetan rad zaposlenika i studenata na Kampusu. Izgradnja 
objekata omogućit će i povezivanje novih sastavnica sa sastavnicama koje već djeluju na Kampusu, 
znatno poboljšati studentski standard i kvalitetu života na Kampusu te stvoriti preduvjete za poveziva-
nje Sveučilišta s ostalim istraživačkim i obrazovnim centrima u Hrvatskoj i svijetu. Time će se uvelike 
popraviti životni standard sadašnjih i budućih studenata našeg Sveučilišta. U isto će vrijeme aktivnosti 
projekta omogućiti integriranje Sveučilišta u buduće reforme i razvoj novih projekata kao i ojačati 
znanstveni i obrazovni potencijal i suradnju sa sveučilištima u Hrvatskoj, zapadnom Balkanu, Europi i 
svijetu. Druga faza započinje sa gradnjom tri objekta studenskog smještaja početkom 2015.

U tijeku je realizacija projekta Sveučilišta u Rijeci – “Istraživačka infrastruktura za laboratorije na kam-
pusu Sveučilišta u Rijeci” (Research Infrastructure for Campus-based laboratories at University of 
Rijeka) vrijedan gotovo 24 milijuna eura iz strukturnih fondova Europske Unije za nabavu znanstve-
no-istraživačke opreme. Kroz realizaciju Projekta promicati će se i provoditi interdisciplinarni istraži-
vački rad, kroz interdisciplinarne programe studiranja, te prijenos znanja ostvarenog putem tehnološ-
kih inovacija. Kao posljedica toga, standardi sveučilišnog studija biti će značajno poboljšani zajedno s 
uvjetima za znanstveni rad, a u svrhu izgradnje modernog informacijskog sustava gdje će Sveučilište 
biti integrirano i umreženo s ostalim nastavno-obrazovnim centrima diljem svijeta, te će se značajno 
popraviti životni standard sadašnjih i budućih studenata. Istovremeno, projektne aktivnosti će pomoći 
u integraciji Sveučilišta koja je preduvjet za daljnji razvoj novih programa, uz jačanje znanstvenog i 
obrazovnog potencijala i suradnje s drugim sveučilištima u Hrvatskoj, zapadnom Balkanu, Europi i 
drugdje u svijetu. Po završetku Projekta, Sveučilište u Rijeci će imati potreban potencijal da postane 
regionalni lider u Nano-Bio-Info-konvergenciji te važan čimbenik u primijenjenom istraživanju u polju 
građevinarstva, značajno pridonoseći nacionalnom obrazovanju i R&D smjernicama povezanih s po-
većanim brojem građevinskih inženjera do 2020. godine. 

U želji da doprinese daljnjem znanstvenoistraživačkom razvoju našeg Sveučilišta Kolegij kampusa 
Sveučilišta u Rijeci potaknuo je održavanje znanstvenih kolokvija Sveučilišta u Rijeci. Time je zapo-
čet ciklus znanstvenih predavanja u ak. god. 2010./2011., a nastavljen u ak. god. 2011./12., ak. god. 
2012./13. i ak. god. 2013./14., s ciljem prezentacije aktivnosti i djelovanja naših i stranih vrhunskih 
znanstvenika. Namjera je da se kroz znanstvena predavanja koja su otvorena za znanstvene diskusi-
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je, prijedloge i komentare, akademska zajednica i javnost bolje upozna s znanstvenim dostignućima 
u zemlji i šire s dodatnim ciljem da potakne dolazak i upoznavanje akademske zajednice i javnosti sa 
prostorom i životom na Kampusu.

U akademskoj godini 2013./2014. održano je 19 znanstvenih kolokvija međunarodno priznatih i po-
znatih znanstvenika i umjetnika. U ovoj je knjizi dan prikaz događanja na svakom Kolokviju kroz živo-
topise predavača, sažetke njihovih predavanja, prikaze prezentacija (izostale su za pojedina preda-
vanja zbog korištenja filmova i drugih suvremenih tehnologija), prikaze objavljenih radova predavača 
koji su istovjetni ili najbliži temi njihova predavanja na Znanstvenom kolokviju, te CD na kraju knjige sa 
svim spomenutim materijalima u elektroničkom formatu. Sažeci predavanja, životopisi i prezentacije 
dobiveni su od pozvanih predavača i u knjizi se nije ulazilo u njihov sadržaj. Priložene su i fotografije 
snimljene na samom događaju, a po obavljenom predavanju pozvani su predavači dobili potvrdnice 
(certifikate) Sveučilišta u Rijeci. 

Ovom se prilikom zahvaljujemo pozvanim predavačima na odazivu, znanstveno-nastavnom osoblju 
Sveučilišta u Rijeci, svim mladim istraživačima i znanstvenicima, studentima i zainteresiranoj javnosti 
na dolascima, prijedlozima i podršci. Molimo vas da nas poduprete u nastojanju da se ova okupljanja 
nastave i dalje i ostanu tradicija. Stoga vas pozivamo na Znanstvene kolokvije Sveučilišta u Rijeci u 
ak. godini 2014./2015. čiji će naglasak biti stavljen na teme koje će pridonijeti kvalitetnijoj realizaciji 
spomenutog projekta “Istraživačka infrastruktura za laboratorije na kampusu Sveučilišta u Rijeci” i 
lakšem ostvarenju ciljeva zacrtanih u Projektu.

Veselimo se Vašem dolasku i unaprijed zahvaljujemo na sudjelovanju i doprinosu koji će nam pomoći 
da u budućem djelovanju budemo još kvalitetniji i učinkovitiji.

Prorektor Sveučilišta u Rijeci:

Prof. dr. sc. Nevenka Ožanić



UNIVERSITY OF RIJEKA SCIENTIFIC COLLOQUIUM 2013 / 2014

9

ZNANSTVENI KOLOKVIJ
I.

Gost predavač / Lecturer: 

PROFESSOR MIRANDA FRICKER, PH.D. 

Department of Philosophy, University of Sheffield, U.K.

E-pošta: m.fricker@sheffield.ac.uk 
Vrijeme i mjesto: 19. studenoga 2013.
zgrada Filozofskog fakulteta, Kampus Trsat

KRATKI ŽIVOTOPIS PREDAVAČA / SHORT CURRICULUM VITAE:

Miranda Fricker bavi se etikom, epistemologijom, socijalnom filozofijom i feminističkom filozofijom. Od 
1995 do 2012 predavala je na Birkbeck Sveučilištu u Londonu, a trenutno predaje na Sveučilištu Shef-
field. Obnašala je više akademskih funkcija (koordinatorica za diplomske studije, pročelništvo, mjesto 
prodekana) kao i funkcija u raznim upravnim i izvršnim odborima Sveučilišta Birkbeck i Sheffield. Članica 
je uredništva vodećih filozofskih časopisa (Episteme, International Journal for the Study of Skepticism, 
Hypatia, International Journal of Philosophical Studies, The Philosopher’s Magazine) i recenzentica je za 
više od dvadeset filozofskih časopisa. Objavila je jednu samostalnu knjigu (Epistemic Injustice: Power 
and the Ethics of Knowing (OUP, 2007) i dvije u koautorstvu: Reading Ethics: selected texts with inter-
active commentary, u koautorstvu sa S.Guttenplanom, (Wiley-Blackwell, 2009) i The Cambridge Com-
panion to Feminism in Philosophy, u koautorstu sa J. Hornsby (CUP, 2000), preko dvadeset izvornih 
znanstvenih radova, dvadesetak stručnih radova i desetak prikaza. Često sudjeluje u javnim nastupima 
i okruglim stolovima koji teže promicanju filozofije ili se bave aktualnim temama feminističke i socijalne 
filozofije. Sudjelovala je na preko šezdeset znanstvenih konferencija. Njeno područje istraživanja uključu-
je spoj epistemologije i etike, posebno pitanje epistemoloških i etičkih aspekata svjedočanstva i pitanje 
grupnog svjedočanstva. Trenutno je predsjednice Mind Association udruge.

TEMA PREDAVANJA / TOPIC OF LECTURE:

KOJA JE SVRHA KRIVNJE? OBJAŠNJENJE UTEMELJENO NA PARADIGMI

WHAT’S THE POINT OF BLAME? A PARADIGM BASED EXPLANATION

SAŽETAK PREDAVANJA / PRESENTATION ABSTRACT:

When we hope to explain and perhaps vindicate a practice that is internally diverse, philosophy faces a 
methodological challenge. Such subject matters are very likely to have explanatorily basic features that 
are however not quite necessary conditions. This prompts a move away from analysis to some other 
kind of philosophical explanation. This paper proposes a *paradigm based explanation* of one such 
subject matter: blame. First, a paradigm form of blame is identified—‘Communicative Blame’—where this 
is understood as a candidate for an explanatorily basic form of blame. Second, its point and purpose in 
our lives is investigated and found to reside in its power to increase the alignment of the blamer and the 
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wrongdoer’s moral perspectives. Third, the hypothesis that Communicative Blame is an explanatorily ba-
sic form of blame is then tested out by seeing how far other kinds of blame can reasonably be understood 
as derivative, especially in respect of blame’s point and purpose. Finally, a novel worry about blame is 
raised. 
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ZNANSTVENI KOLOKVIJ

Gost predavač / Lecturer: 

PROFESSOR ALAN THOMAS, PH.D. 

Professor of Ethics at Tilburg University, The Netherlands

E-pošta: a.thomas@uvt.nl 
Vrijeme i mjesto: 27. studenoga 2013.
zgrada Filozofskog fakulteta, Kampus Trsat

KRATKI ŽIVOTOPIS PREDAVAČA / SHORT CURRICULUM VITAE:

Alan Thomas is Professor of Ethics at Tilburg University. His research areas include moral, social and 
political philosophy, and the problem of consciousness. He was previously senior lecturer and head of the 
department of philosophy at the University of Kent, a Visiting Research Scholar at the University of British 
Columbia, and a Visiting Research Professor at the Murphy Institute, Tulane University.

He is currently working on two monographs: Republic of Equals: Pre-distribution and Property-owning 
Democracy and The Verdict of Reasons. The former defends an implementation of Rawls’s conception of 
justice as fairness in the context of a broader political philosophy that draws on themes from the republi-
can, as well as the liberal, traditions. The latter is a defence of moral particularism and a critique of both 
moral generalism and impartialism. It emphasises the role of first personal thinking in ethics.

Alan Thomas has supervised MA and doctoral candidates to completion at the University of Kent, the Uni-
versity of London and Tilburg University. He has been an external examiner of doctoral theses at Reading 
University, Melbourne University, London University, and Sheffield University.

He was an associate Editor for the journal Mind from 1990-93 and has refereed papers for Dialectica, 
Mind, Phenomenology and the Cognitive Sciences, Philosophy, Politics and Economics, Res Publica, 
Philosophical Quarterly, Philosophical Papers, Ethical Theory and Moral Practice, the Kantian Review, 
the Journal of Moral Philosophy, the Journal of Philosophical Research, Contemporary Political Theory, 
Synthese, South African Journal of Philosophy, Canadian Journal of Philosophy, and the European Jour-
nal of Philosophy. He has reviewed manuscripts and proposals for Oxford University Press, Cambridge 
University Press, Basil Blackwells, Acumen Press, Polity Press, and Edinburgh University Press. He has, 
in addition, worked as an REF consultant.

Member of the Association for the Scientific Study of Consciousness, American Philosophical Associa-
tion, British Philosophical Association.

TEMA PREDAVANJA / TOPIC OF LECTURE:

ZAŠTO PREREDISTRIBUCIJSKI EGALITARIZAM?

WHY PREDISTRIBUTIVE EGALITARIANISM?

II.
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SAŽETAK PREDAVANJA / PRESENTATION ABSTRACT:

The term “pre-distribution” is increasingly being used by politicians, policy makers, journalists and the-
orists of all kinds. Does it mark out a distinctive position or is it the re-packaging of old ideas marketed 
under a new slogan? In this lecture the origins of predistribution in the work of Hayek and Rawls will be 
explained.
Predistributive forms of egalitarianism are not a “second best” form of egalitarian ideal for tax and spend 
socialists who cannot raise any money from tax and so have none to spend. Nor are they the only forms 
of egalitarianism realistic for those theorists who accept merely the basic liberal freedoms and a principle 
of fair equality of opportunity. That which is distinctive of the view is both its method and its commitment 
to an integrated ideal of a fully just society. 
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'Rawls, Adam Smith, and an Argument From Complexity To Property Owning 

Democracy' 

Alan Thomas 

Tilburg University 

 

This paper foregrounds one argument in Rawls’s work that is crucial to his case for 

one, determinate, form of political economy: a property owning democracy. Section 

one traces the evolution of this idea from the seminal work of Cambridge economist 

James Meade; section two demonstrates how a commitment to a property owning 

democracy flows from Rawls’s own principles; section three focuses on Rawls’s 

striking critique of orthodox welfare state capitalism. This all sets the stage for an 

argument, presented in section four, from the complexity of economic interactions to 

the strategy of making markets fair in the only feasible way that they can be made fair, 

namely, by rigging their consequences. Section five concludes by asking whether any 

scheme of this general type is feasible for a society such as ours.  

 

1 Rawls and Meade 

David Schweickart has described A Theory of Justice as a form of “Keynesian 

capitalist liberalism”. [Schweickart, 2011] However, if we define a capitalist society 

as one where people who do not own capital work for wages paid to them by 

capitalists (those who exclusively hold property and other forms of capital), then 

Rawls’s conception of a property owning democracy would involve the rejection of 

capitalism. James Meade, the proximate influence on Rawls’s ideas, was indeed a 

Keynesian. However, given a working definition of a capitalist society it seems that 

liberal Keynesianism can be taken in a direction that is anti-capitalist.  

PRILOG
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 Meade’s version of a property owning democracy emerged when he sought 

new avenues for egalitarianism with the achievements of the Attlee government of 

1945 already in the past. His aim was to combine Keynesian demand management 

with the public ownership of natural monopolies and a property owning democracy. 

Meade proposed educational reform, a publicly funded unit trust, and state investment 

funds to supply a basic income. In a break with the policies of the then Labour 

government, Meade believed that welfare state redistribution was a threat to overall 

economic efficiency. Furthermore, relying on trade unions to redress the balance 

between labour and capital generated constant inflationary pressure. Meade’s indirect 

strategy for redressing this balance was to rely on market prices to protect individual 

liberties and economic efficiency, but to increase the bargaining strength of labour by 

giving workers capital: 

 

If private property were much more equally divided we should achieve the mixed 
citizen – both worker and property owner at the same time – to live in the ‘mixed 
economy’ of public and private enterprise. The ownership of private property 
could then fulfill its useful function of providing a basis for private enterprise and 
for individual security and independence without carrying with it the curse of 
social inequality as it now does. [Meade, 1948/9, pp. 2-3] 
 

Rawls’s adaptation of Meade’s ideas contains a cleaner break with welfare state 

capitalism. In the first edition of A Theory of Justice Rawls states that: 

 

The aim of the branches of government is to establish a democratic regime in 
which land and capital are widely though not presumably equally held.  Society is 
not so divided that one small sector controls the preponderance of productive 
resources.” [Rawls 1971, p 280] 

 

The branches of government dealing with the economy are the Allocative branch that 

deals with externalities, competition and anti-trust. The Stabilisation branch is the 

most Keynesian branch of government, concerned with demand management and full 
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employment. The Transfer Branch ensures the payment of a decent social minimum 

compatible with economic efficiency overall, via a negative income tax. Finally, the 

Distributive Branch raises money for transfer and for the regulation of the top end of 

distributions via a flat rate expenditure tax and the imposition of inheritance tax. 

The upshot, then, is this: in Rawls’s ideal property owning democracy, 

markets operate in a context structured pervasively by fairness. The state intervenes 

not only to supply public goods and to counter negative externalities but also to 

impose adjusted procedural justice. Some effects are the unintended outcomes of 

intended behaviour; the “invisible hand” part of Rawls’s view is that the market, of its 

nature, decentralises economic power and protects freedom of occupational choice. It 

does the former by protecting free association and free equality of opportunity and 

does the latter by giving rise to differential earnings [Rawls 1971, p. 272]. 

The main difference between Rawls’s and Meade’s version of property 

owning democracy, then, concerns the role of progressive taxation. In the first edition 

of A Theory of Justice, Rawls states that steeply progressive taxes may very well be 

justified “given the injustice of existing institutions”. [Rawls, 1971, p. 279] But in 

ideal theory the role of progressive taxation is minimal. Equally striking is the 

residual “invisible hand” role played in both Meade’s and Rawls’s ideal by markets, 

an important point to which I will return below. In order to explain why progressive 

taxation plays such a marginal role in the ideally just society we need a better grasp 

on how a property owning democracy is justified by Rawls’s principles working as an 

interlocking group. It is to that subject that I now turn.  

 

2 How Does the Case for a Property Owning Democracy flow from Rawls’s 

Own Principles? 
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Which of Rawls’s principles make the case for a property owning democracy? All of 

them, but in different ways: one of the most interesting aspects of Justice as Fairness 

is that in his comparison of a property owning democracy and welfare state capitalism 

to the detriment of the latter, Rawls interprets the build up of private concentrations of 

wealth permitted in welfare state capitalism as a potential threat to basic liberty. In his 

earlier work, Rawls had indeed conceded that on any view that has permissible 

inequality, the equal basic liberties would be of different worth to different people. 

But that thought was not troubling if people had a broadly comparable fair value in 

their political liberties: their ability to hold office and to participate, broadly, in the 

political determination of office. The political liberties, here, are the gatekeeper for 

the liberties as a whole. [Thomas, 2012] Martin O’Neill has objected that this 

argument is overdone: there are a variety of insulation strategies that a liberal 

democracy can pursue that can prevent accumulations of private wealth influencing 

the political process. So if Rawls objects to welfare state capitalism not because of 

bad effects that it brings about directly, but on the grounds of a general exposure to a 

political risk that it does not prevent, that part of his argument is implausible. [O’Neill, 

2011]  

 This is not the place to discuss my disagreement with O’Neill in any detail, 

but in fact I think that Rawls was not only right to emphasise this argument, but also 

that he needed to do more within the ambit of his own theory to address it. [Krouse 

and McPherson, 1988, pp. 86-7] The measures he actually suggests to protect the fair 

value of the political liberties are disappointingly thin. My answer, unsurprisingly, is 

that Rawls is here demonstrating that his first principle of equal basic liberty, if it is to 

be implemented in conjunction with the fair value proviso for the political liberties, 

demands implementation in a property owning democracy. The latter is the only way 
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to prevent the concentration of private wealth that will lead to illegitimate interference 

with the political process. [Thomas, 2012] 

 What of the first part of the second principle, governing equality of 

opportunity? Here the case for a property owning democracy is even clearer when one 

notes that “property” in this phrase is standing in for capital as a whole, and human 

capital counts as a form of capital. Fair equality of opportunity requires an adequately 

funded and free public education system that brings everyone’s marketable talents up 

to their full potential given that education is a public good not likely to be promoted 

in an unconstrained capitalist market. This measure, if fully implemented, would have 

a transformatory effect on the labour market by substantially increasing the supply of 

qualified labour, thus reducing the unearned rents currently accruing to the limited 

supply of particular occupations. [Krouse and McPherson, 1988, p. 92]  

 I think it is important to bear in mind this restructuring of the labour market by 

the full implementation of measures genuinely to protect the fair value of the political 

liberties, liberty as a whole and fair equality of opportunity as this will form the 

context for the introduction of the difference principle.1 The distinctive way in which 

Rawls makes the labour market fair, namely, by rigging the context in which it 

operates has been very insightfully highlighted by Paul Smith: 

 

The idea that the equalization of property ownership would transform the labour 
market, by equalizing bargaining power and eliminating the economic coercion to 
accept drudge jobs at low pay and thus forcing employers to make all jobs 
attractive, all things considered, is crucial to Rawls’s idea that, in a competitive 
labour market located in a just basic structure, income inequalities would tend just 
to compensate the costs of different jobs, that is, tend to equality, all things 
considered. [Smith, 1998, p.225] 

 

                                                        
1 I agree with both Freeman and O’Neill that the difference principle does not solely regulate income, 
but ranges over wealth, too. See Freeman [2007] and O’Neill [2011]. 
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Smith believes that this explains some of the distinctive features of Rawls’s 

egalitarian strategy: 

 

Economic equalization is more likely and reliably to be effected, as Rawls thinks, 
by institutions and policies that equalize bargaining power than by an egalitarian 
ethos restraining the exercise of unequal bargaining power (and egalitarian 
institutions and their distributional results are what, if anything, could produce an 
egalitarian ethos. [Smith, 1998, p. 227] 

 

I will say more about this Rawlsian strategy and its underlying rationale below. But 

the basic idea is so to structure the labour market that what looks like the introduction 

of special incentives under the difference principle works under a set of macro-

economic arrangements that make such incentives tend to be merely compensatory.2 

This is crucial to any response to the concern that introducing such incentives 

encourages motivations within individuals that run counter to justice and lead to 

Rawls’s theory as a whole becoming unstable. [Smith, 1998; Cohen, 2008; Thomas, 

2011] 

 This takes me back to my original points about lexical ordering; the case for a 

property owning democracy is over-determined. I would argue that it is required 

directly by the first principle, but, even if it were not and it only arrived on the scene 

with the principle of fair equality of opportunity, these two prior principles would be 

threatened by an unconstrained difference principle that did not operate in a context 

structured by the dispersion of capital implemented in a property owning democracy. 

That is why, in spite of G. A. Cohen’s disdain for the traditional Marxist argument 

that liberalism guarantees only a formal equality that is then undermined by 

substantial material inequalities, his own critique of Rawlsian incentives can naturally 

                                                        
2 “Although in theory the difference principle permits indefinitely large inequalities in return for small 
gains to the less favoured, the spread of income and wealth should not be excessive in practice, given 
the requisite background institutions”, [Rawls, 1971, p. 536] 
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be extended in that way. The introduction of the difference principle would rebound 

to undermine the first principle. That is why, then, in order to resist Cohen’s well-

known critique of Rawls, we ought to see all three principles as operating as a 

connected package, as being mutually reinforcing, and making an over-determined 

case for a property owning democracy.  

 So much, then, for the positive case for a property owning democracy from 

within Rawls’s own ideas. But was he right? Was he right, in particular, about the 

normative superiority of a property owning democracy to the welfare state capitalism 

with which we are most familiar?  

 

3 The Rejection of Welfare State Capitalism 

Rawls’s critique of welfare state capitalism runs as follows: 

Welfare-state capitalism … rejects the fair value of the political liberties, and 
while it has some concern for equality of opportunity, the policies necessary to 
achieve that are not followed. It permits very large inequalities in the ownership 
of real property (productive assets and natural resources) so that the control of the 
economy and much of political life rests in few hands. And although, as the name 
“welfare-state capitalism” suggests, welfare provisions may be quite generous and 
guarantee a decent social minimum covering the basic needs, a principle of 
reciprocity to regulate economic and social inequalities is not recognized. [Rawls 
2001, pp. 137-8] 

 

I think there is an interesting mix here of normative issues with a critique of existing 

social arrangements. The normative issue highlights the ambivalence of the 

republican values that underpin the idea of a property owning democracy and that  

have made it attractive across the whole range of the political spectrum. 

Underpinning the idea of a property owning democracy is a republican 

connection between the holding of private property, in the specific form of capital, 

and virtue. Because the connection here is vague, it has been left open to various 

different interpretations, and these help to classify the “Left wing” and “Right wing” 
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appropriations of the ideal of property owning discourse. Aristotle’s view was that the 

secure holding of private property underpinned the values of self-sufficiency. 

Throughout the history of political philosophy some traditions have justified private 

property via its connection to personal flourishing, but in the specific case of holdings 

of capital the connection is, rather, with security of status and the qualities of mind 

that that security of status, in turn, permits. That aspect of the ideal clearly extends 

through to Meade and to Rawls. One aspect of “security” that is particularly worthy of 

note is not simply the positive benefit to the worst off involved in holding property 

but also the security that it affords them in protection from the debt that is a standing 

risk for those wholly dependent on income. In our own, far from Rawlsian, societies it 

is the worst off who are disproportionately vulnerable to chronic debt at punitive 

interest rates. The worst off, here, include not just those receiving welfare payments, 

but also the “working poor”. As James Baldwin famously remarked, “‘anyone who 

has ever struggled with poverty knows how extremely expensive it is to be poor”.  

 This is a case where we need to attend to the difference between actual world 

and ideal world theorizing. One line of criticism of welfare state capitalism is that it 

encourages long-term welfare dependency and the formation of a welfare underclass. 

That critique seems harsh in a currently existing, unjust, society where those who are 

worst off, and receiving benefits, are usually in that position through no fault of their 

own. Given that these people are without fault, it is harsh to impose workfare regimes 

justified by the fact that long-term welfare dependency leads to de-skilling and social 

exclusion. However, those sympathetic to Rawls’s views take it that the proper object 

of comparison is a just society that has implemented his principles in the form of a 

property owning democracy. Above the level of the payment of the social minimum 

required solely to make a citizen a fit subject of distributive justice at all, what role is 
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there for a welfare state in such an arrangement? Rawls sees none other than social 

security in its core sense. He believed that there was no intrinsic good to welfare state 

arrangements as such and that the wider context in which they operate is unjust 

because it permits concentrations of wealth in private hands.  

 Unjust and, I would add, politically dangerous. There are clearly many ways 

in which a society might refuse to make a democratic transition to a society that is just 

by Rawls’s lights. But I think Rawls is right to worry about a society containing an 

unholy electoral alliance between the very wealthy, and a larger group of the 

comfortably well off, who take their consciences to be eased by the existence of 

widespread and even well funded welfare state provision. Rawls’s ideal of a society 

of free and equal citizens is not compatible with a existence of a generation upon 

generation underclass of marginalized and excluded citizens who are not contributing 

members of any co-operative scheme for mutual advantage, nor likely ever to be so, 

even if they are recipients of a decent social minimum. (This is Rawls’s charge that 

welfare state capitalism involves the “neglect of a principle of reciprocity”.3) The 

worst off under welfare state capitalism live in a society that is both structurally 

unjust and structurally unlikely ever to become just.   

 

4 Rawls, Smith, Complexity and Markets 

I would like to take one step back from Rawls’s specific arguments to focus on an 

issue of argument strategy. There is a very interesting strategy in Rawls that does not 

focus on a property owning democracy in particular, but on a general way of 

implementing justice that is going to lead to a property owning democracy, or 

something very much like it. What I have in mind are those Rawlsian arguments that 
                                                        
3 “The least advantaged are not, if all goes well, the unfortunate and unlucky – objects of our charity 
and compassion, much less our pity – but those to whom reciprocity is owed as a matter of political 
justice among those who are free and equal citizens like everyone else.” Rawls [2001, p. 139]. 
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infer from the scale and complexity of a modern economy that the only realistic 

implementation of principle of justice can work only by structuring the context in 

which market transactions occur. 

          In Justice As Fairness Rawls contrasts his own ‘Ideal Social Process View’ 

with a libertarian “Ideal Historical Process View”.  [Rawls, 2001, pp. 52-55] Views of 

the latter general kind set up fair initial conditions, and rules for fair individual 

contracts, and assume that all outcomes over the long run are thereby made fair. 

[Rawls, 2001, p. 53] By contrast, Rawls argues that this view neglects the background 

conditions to individual agreements that may seem fair, but which are actually 

undermined by concentrations of wealth that are “likely” to undermine “fair equality 

of opportunity, the fair value of the political liberties, and so on”. [Rawls, 2001, p. 53] 

That is why, in order to “preserve these conditions”, we appeal to “pure procedural 

background justice”. (ibid.) This characterises an “Ideal Social Process View” of 

which Rawls claims justice as fairness is one version: 

 

Justice as fairness focuses first on the basic structure and on the regulations required 
to maintain background justice over time for all persons equally…we rely on an 
institutional division of labor between principles required to preserve background 
justice and principles that apply directly to particular transactions between 
individuals and associations. Once this division of labor is set up, individuals and 
associations are then left free to advance their (permissible) ends within the 
framework of the basic structure, secure in the knowledge that elsewhere in the 
social system the regulations necessary to preserve background justice are in force. 
[Rawls, 2001, p. 54, emphasis added] 

 

There is a deeper point about complexity underpinning this argument: I take it Rawls 

is implying we are not facing a realistic choice between, on the one hand, re-

structuring the context in which a market operates in order to make its effects fair, and 

the libertarian examination of each transaction in a market one at a time to reach the 
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same result. Our choice is a forced one: libertarianism faces an insuperable epistemic 

obstacle.  

 Geoffrey Brennan has recently argued that Adam Smith was right to identify 

the value created by exchange as generated by the underlying specialization of 

economic roles in society that exchange makes possible. [Brennan, 2009] This 

specialization, however, ineluctably enmeshes any individual in a highly complex 

network of mutual dependence. (Smith himself describes the network of relations in 

which a person stands in economic society as “exceed[-ing] all computation”. [Smith, 

1776/2008, I. 2.2]) Economic society, a “co-operative venture for mutual advantage”, 

is best explained as grounded in the specialization of roles that leads both to increased 

productivity and in progressive returns to scale. Smith also takes the differential 

talents and abilities involved in this system as endogenous: products of education and 

training.4 

The normative consequences that Brennan infers from these views of Smith 

are is that it is impossible to isolate individual productive contributions. The income 

that you derive from marketing your socialized talents is an output from a ramified 

network of complex social dependencies. He endorses Elizabeth Anderson’s remark 

that “every product of the economy is jointly produced by everyone working 

together”. [Anderson, 1999, p. 321] The problems that Brennan envisages are tracking 

through the voluntary consent of everyone involved in a transaction that is simply a 

node in a network of dependence.5 This line of argument seems to me supportive of 

                                                        
4 This is one way to deal with Krouse and McPherson’s objection that incentives will not tend to 
equality in a Rawlsian society when natural talents vary. [Krouse and McPherson, p. 93] 
5 Interestingly, also, Brennan infers that there can be no case for taxation based on this general 
dependence of any transaction on the particular kind of complex social order on which economic agent 
depends; while he concedes the plausibility of Holmes and Sunstein’s arguments that even libertarians 
should pay tax to support the legal system that makes transactions possible “it would fall well short of 
the total revenues that modern states actually appropriate”. [Holmes and Sunstein, 2000; Brennan, 2010, 
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the particular form that Rawls’s egalitarian strategy takes: it is simply not feasible to 

regulate individual market transactions because the very idea of an individual market 

transaction is a false abstraction. That is why Rawls believed that the only way to 

make a market fair is to make its effects fair and you achieve that goal by rigging the 

context in which that market operates.6 That is precisely how a property owning 

democracy works.  

I think a misunderstanding of this aspect of Rawls’s overall strategy lies 

behind G. A. Cohen’s critique of Rawlsian special incentives to which I have already 

adverted. Cohen takes this strategy to make Rawls a latter day Mandeville who, in 

this notorious ‘Fable of Bees’, seemed to imply that a commercially successful 

society that brought the greatest collective benefit to all would do so as the 

unintended collective effect of intentional behaviour by individuals that was greedy 

and selfish. I think that is a major interpretative mistake: the point is that if this 

macro-level restructuring of the market is the only feasible way to be an egalitarian 

then this is what being just involves. Individuals willingly participate in a political 

economy structured in this way and their motivations in marketing their labour 

presuppose this commitment to justice and do not discount it. [Thomas, forthcoming, 

2011b] That is reflected in the phrase in the quotation from Rawls where he notes that 

individuals are left free to pursue their permissible ends within a just structure. 

 This also leads on to another major point of convergence between Rawls and 

Smith, namely, externalities. Markets can have positive externalities that are not 

intended by any participant in the market; I   use the phrase “invisible hand” with 

caution given neo-liberal exploitation of Smith’s (misleading) use of this phrase. But 

Rawls, like Smith, clearly believes that markets involve a mix of externalities, 
                                                                                                                                                               
p. 11, fn 19] Smith thinks we should be grateful that there providentially is such an order, but the 
“trading nexus”, as Brennan calls it, is distinct from the state.  
6 See also Smith [1998], p. 227. 
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positive and negative, some intended, some not. In particular Rawls sees a connection 

between his first principle guaranteeing the basic liberties, plus equality of 

opportunity, and the operation of a suitably regulated market.  

I think this point is important as it has a bearing on the choice between a 

property owning democracy and liberal socialism. Rawls was clearly very interested 

in Mill’s ideas about political economy and, in particular, Mill’s sympathy towards an 

economy of worker owned firms. One of the major choice points in evaluating 

Rawls’s choice between property owning democracy and liberal socialism is whether 

the latter is superior to a property owning democracy as it offers greater democratic 

control over workplaces. Several critics of Rawls’s proposal for a property owning 

democracy focus on this point as decisively favouring a liberal socialist regime. 

Rawls was sympathetic to Mill’s idea that there was an educative function to 

exercising civic virtue in the workplace and the spread of democratic ideal into a 

place where, for good or ill, we spend most of our lives.  

 This line of argument seems to me flawed. Rawls is quite right to ask the 

question of why, if Mill was right, an economy ought not to be made up entirely of 

such firms given that they are such attractive places to work. The answer is to be 

found in the connection that Rawls makes between the regime of liberty guaranteed 

by his first principle and market externalities. It seems to me that Krouse and 

Macpherson are also correct that, if worker owned firms have positive externalities 

for society as a whole, there is a rationale for giving them tax breaks to encourage 

their further development and spread beyond the margins of a modern economy.7 

                                                        
7 Schweickart [2011] has an explanation as to why democratically managed firms remain marginal, 
namely, that they are more efficient than non democratically managed firms but do not need to grow in 
order to remain profitable as their metric of success is profit per worker, not net profits overall. The 
problem for his view is that Schweickart’s economic democracy proposes a “mixed” regime where 
only major industry sector players are worker managed and co-exist in open competition with non 
worker managed firms. But, by his own admission, this has to be an unstable contrast given that the 
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However, they were equally correct to emphasise that given competitive 

pressures and a regime of liberty, we can expect that some people will trade 

democratic control of their workplace for other benefits. Given that Rawls is a 

political liberal with sympathies for the Roman strand of republicanism (that Rawls 

calls “civic humanism”) then he is opposed to the idea the political participation is 

itself a privileged part of the good life. People do not have to lead lives in which 

political participation is one of their ends; they simply have to give their role as 

citizen a certain kind of priority when it comes to matters of public reason.  It does 

not matter, then, if a person works in a workplace that does not encourage democratic 

participation provided there is adequate compensation in the wider context of society 

as a whole. Clearly, neither the republican nor the political liberal wants people to 

work in workplaces that degrade their capacity for civic virtue, but it is not clear that a 

mixed economy of both worker managed and non-worker managed firms need have 

this result. Furthermore, there is another unintended externality in a property owning 

democracy noted by Paul Smith, namely, that employers are going to have to compete 

more strongly for employees given the increased supply of talented labour and the 

flattening out of incentives. Potential employees in a property owning democracy will 

not be attracted on to the market by drudge jobs, and as part of making jobs attractive 

workplaces will have to increase respect for autonomous decision making at work or 

make adequate financial compensations if they do not. 

 The connection that Rawls makes between a regime of liberty and the market 

via externalities explains why, as Krouse and Macpherson predict, we can expect a 

                                                                                                                                                               
latter are concerned with increasing profitability via constant expansion while the former are not. On 
any plausible evolution of economic democracy, major players will not remain major for long, and 
their competitors, on reaching a certain scale of size or economic importance, will have to be coerced 
by legal means to become worker managed. It is hard to see how that latter proposal is compatible with 
the basic liberties; in Rawlsian terms, the underlying problem is that Schweickart’s conception of 
economic justice is self-undermining and hence unstable.   
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property owning democracy to contain a mixture of firms of both kinds. I am not 

appealing here to competitive pressures as Rawls accepts Mill’s argument that a 

society as a whole could become a “stationary society” and not solely concerned with 

generation upon generation capital accumulation. Under a regime of liberty we can 

expect people to trade other values for the value of democratic control of his or her 

workplace and doing so does not, in my view, violate any of the norms of either 

political liberalism or civic republicanism. People do not want political participation 

all the time, nor even democratic control of where they work. If they elect to trade this 

value away, this is not to say that it is not a value, but that the regime of liberty 

established by Rawls’s first principle permits them to do so. There need be no overall 

dwindling of the stock of civic virtue if it is exercised elsewhere, notably in schools 

and in civil society.  

 Not only is this issue of worker ownership not a decisive choice point between 

a property owning democracy and market socialism, it also seems to me a point in 

favour of property owning democracy. This is because the secure control over capital 

given to each citizen in the latter might encourage people to take more risks in where 

they choose to work and, with their dependence on income from labour reduced, more 

likely to elect to work in a firm that gives them greater democratic control.8  

 

5 The Ambivalent Values of Property Owning Democracy 

                                                        
8 This might be particularly so in the socially owned, but worker managed, firms in David 
Schweickart’s “economic democracy” model where such firms have no labour costs, per se, as 
remuneration comes directly from profit via shareholding, where the number of shares held is set by 
the workers via the democratic control of reward intra-firm. [Schweickart, 2011] So if, for example, a 
firm fails to make a profit over a particular period of time, but short of the bankruptcy conditions 
Schweickart specifies, then workers of that firm receive no pay at all and are in effect paying the firm 
their labour costs. You might wonder why anyone would be in a position to do that if they did not have 
the security of capital holdings on an individual basis. This highlights the fact that in economic 
democracy, unlike a POD, workers depend wholly on income from labour for their livelihood; as 
Schweickart concedes this income will vary more widely in a solely economically democratic system 
than in a property owning democracy as a result of inter-firm competition and variation in profitability.  
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I would like to conclude by considering one important objection to the idea of 

property owning democracy and a positive proposal as a remedy for it. The objection 

is that since, realistically, all that can be meant by an expanded property owning 

democracy is either giving people a stake in owning their own housing or owning 

more shares, we are simply exposing everyone to the risks of the next financial crisis. 

It is salutary to note that the current financial crisis originated in politically motivated 

proposals to extend home ownership to those with poor credit ratings, in other words, 

a failed attempt at capitalisation. The problem, then, is this: capitalizing every citizen 

simply increases everyone’s exposure to the volatility of the stock market. 

 The first point to make is that this view significantly underestimates the role 

played in a property owning democracy by human capital. It ignores the way in which 

the operation of the principle of equality of opportunity requires the development of 

high levels of educated skills. So a property owning democracy is not just about home 

ownership and share ownership. But, even if it were, there is the question of whether 

the proposal to implement a property owning democracy just exposes all citizens to 

wider risk and, indeed, to the cyclical risks of unrestricted capitalism. 

 Part of the answer lies in that very word “unrestricted”; Rawls’s Allocation 

department is in the regulatory business and, since we are working here in ideal 

theory, it will be free from the pressures generated on the politics of regulation from 

the very concentrations of wealth that a property owning democracy seeks to pre-

empt.9 The role played by a failure of regulation in the recent financial crisis is a 

documented fact. The next response to this genuine concern is that part of Meade’s 

proposal was a publicly owned unit trust that spread share ownership across the whole 
                                                        
9 Alperovitz discusses this phenomeon of “regulatory capture”. [Alperovitz, 2011] He cites Woodrow 
Wilson “, "If the government is to tell big business men how to run their business, then don't you see 
that big business men have to get closer to the government even than they are now? Don't you see that 
they must capture the government, in order not to be restrained too much by it? Must capture the 
government? They have already captured it." [Wilson, 1913, p. 202] 
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of the stock market thus affording a degree of protection from its inherent risks.10 

However, my main response is simply that it is not clear who is going to do any better 

in hedging against capital volatility and that most of us are in this position already. 

Gar Alperovitz notes the large scale of many of the public employee pension funds in 

the USA, notably CALPERS, and Meade’s proposal bears a striking similarity to how 

the capital assets of some of us are already being managed and hedged against risk. In 

fact, I think focusing on pension provision is the most realistic way to take steps to 

make a property owning democracy a reality.  

 I would like to conclude with a positive proposal, aimed very much at the real 

world, that would take the first steps towards a property owning democracy. The 

United Kingdom saw some tentative steps in this direction with the introduction of  

the Savings Gateway and the Child Trust Fund, but both of these were abolished in 

2010. My proposal is much more ambitious and comparable to Ackerman and 

Alstot’s radical proposal for a no-strings payment of 80 000 US dollars to every 

eighteen year old. My proposal is similar, but in one way more restrictive and in 

another way more practicably fundable. A matured Individual Development Account 

in the USA is a way of “nudging” people to save by matching their savings with a 

contribution from a mixture of government, charity and private money. Interestingly, 

when the account matures its uses are restricted to pursuing post-secondary education, 

purchasing a first home, or starting or expanding a small business. 

In looking for a capital holding that is inalienable I think a good place to start 

is pension provision in most countries that do not allow you to sell your pension on 

the open market before maturity. The first step is to make a “public option” state 

pension legally compulsory for all. Most of us already hold an inalienable capital 

                                                        
10 Proposed also by Douglas Jay; see Jackson [2005] pp. 431-2. 
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holding, invested for us by various unit trusts operated by pensions schemes.11 This 

capital is, however, locked up until after retirement. My proposal is simply to remove 

the compulsory retirement age as part of a plan to upfront the potential benefits of a 

property owning democracy for all. So, at age 18, the state would give every citizen a 

capital advance on their state pension corresponding to Ackerman and Alstot’s 80 000 

US dollars. This capital advance, however, like a matured IDA would take the form of 

vouchers only usable for limited purposes. These might include, for example, paying 

education fees, funding enterprise start-ups, the purchase of a first property or, as a 

back up, re-investment in a standard annuity. The catch is that while Ackerman and 

Alstot simply require you to repay the money at death, this up front capitalization on a 

future asset will see that future asset reduced by an inflation-adjusted amount. In my 

proposal, you are being up fronted part of your own underlying pension asset in the 

belief that you will be adequately compensated by the increased security and 

opportunities it brings you over the course of your lifetime before you elect to receive 

your pension. The cautious can simply convert their capital vouchers straight back in 

to an investment annuity either partly or in full. The less cautious will have all the 

benefits of a capital holding at a time when it can still make a difference to whether 

they ever start a business or own property. (It will also afford them a degree of 

protection from unserviceable debt.) In combination with the full implementation of 

Rawls’s principles, this measure will both make a property owning democracy a 

practical reality and also address the pressing question of how a measure like this is to 

be funded.12  

 
                                                        
11 This is, as is usually the case in this debate, returning to an old idea as the proposal for a universal 
state pension fund was itself one of the ideas put forward by revisionary socialists such as Douglas Jay 
and Richard Crossland; see Jackson [2005], p. 52. 
12 I am grateful for helpful comments on this paper to Kathryn Brown, Thom Brooks, Sean Gould, 
Annabelle Lever, Martin O’Neill, Stuart White, Thad Williamson and Bert van de Ven. 
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action-outcome contingency is stochastic and unstable. 
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Humans are capable of correcting their actions based on actions performed in the past,
and this ability enables them to adapt to a changing environment. The computational field
of reinforcement learning (RL) has provided a powerful explanation for understanding
such processes. Recently, the dual learning system, modeled as a hybrid model that
incorporates value update based on reward-prediction error and learning rate modulation
based on the surprise signal, has gained attention as a model for explaining various
neural signals. However, the functional significance of the hybrid model has not been
established. In the present study, we used computer simulation in a reversal learning
task to address functional significance in a probabilistic reversal learning task. The hybrid
model was found to perform better than the standard RL model in a large parameter
setting. These results suggest that the hybrid model is more robust against the mistuning
of parameters compared with the standard RL model when decision-makers continue to
learn stimulus-reward contingencies, which can create abrupt changes. The parameter
fitting results also indicated that the hybrid model fit better than the standard RL model
for more than 50% of the participants, which suggests that the hybrid model has more
explanatory power for the behavioral data than the standard RL model.

Keywords: reinforcement learning model, reversal learning, learning rate, decision making, value

INTRODUCTION
One of the fundamental questions in a study on decision making
is how animals and humans select actions in the face of reward
and punishment and how they continually update their behav-
ioral strategies according to changes in the environment. The
theories of reinforcement learning (RL) have provided a powerful
theoretical framework for understanding such processes (Sutton
and Barto, 1998). RL theories postulate that actions are chosen
to maximize expected rewards based on value functions, which
are subjective estimates of future rewards. The value functions
are continually updated based on the reward prediction error,
which is the mismatch between the expected and actual rewards.
Based on this concept, the prediction error quantified in the the-
ories of conditioning, such as the Rescorla-Wagner (RW) model
(Rescorla and Wagner, 1972), has helped to explain the choice
behavior of humans and animals (Daw and Doya, 2006; Corrado
and Doya, 2007). The RW model was originally proposed as a
classical conditioning model in which the animal is assumed to
learn the associative strength between cues and outcome from the
prediction errors. This model uses the prediction errors to drive
the change of associative strength. The association between the
cues and outcome will be strengthened if the error is positive,
whereas this association will weaken or might become negative
if the error is negative. In the RL literature, the update rule of

associative strength has been used to update the value function,
which is used for action selection.

In contrast to the RW model, the Pearce and Hall (PH) model
(Pearce and Hall, 1980) utilizes the prediction error to control
the emphasis placed on the cues in subsequent trials, which indi-
cate the amount of information that will be obtained from the
cues. Large prediction errors will increase the amount of attention
devoted to the cues that accompanied the errors, thereby facilitat-
ing subsequent learning. Small prediction errors will weaken the
attention and hamper learning. In the PH model, “attention” is
modeled as a learning rate; thus, the prediction errors are used to
update the learning rate, whereas the R-W model used a constant
learning rate.

According to a number of neuroscientific studies, although
the dopaminergic system reports the reward prediction error
(Schultz, 1997), the amygdala reports the attention signal that
is modulated by the reward prediction error, as predicted by
the PH model (Roesch et al., 2010; Li et al., 2011). Thus, the
learning signals of the RW and PH models likely coexist in dif-
ferent regions of the brain. A hybrid model that incorporates
updates in the reward-prediction error in the RW model and
updates in the learning rate in the PH model were proposed
and explained for neural activities in the striatum, which is a
major target of dopaminergic projection and neural activities in
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the amygdala (Li et al., 2011). In the hybrid model, the quan-
tity of value updating in a trial is determined by the product of
the prediction error and the learning rate, the quantity of which
can be controlled by a constant parameter, thereby enabling
the decision maker’s behavior to dynamically adapt to the task.
In contrast to the hybrid model, the product of the prediction
error and the constant learning rate in the RW model deter-
mine the amount of action value updating, and thus any action
based on the RW model is inflexible to adapt to a change in the
reinforcement contingencies in some cases. However, in the PH
model, the amount of action value updating is determined by the
product of the reward value itself and the learning rate, which
only depends on the prediction error that occurred in the prior
trial; therefore, the PH model would result in unstable behavior
when the decision maker receives a punishment. The mecha-
nism of the hybrid model is supported by some evidence from
a different perspective. Several Bayesian approaches (Kakade and
Dayan, 2002; Courville et al., 2006; Preuschoff and Bossaerts,
2007) suggested that after a surprising event, animals should
pay more attention to stimuli and that these events provoke the
animals into learning faster. These studies provided a norma-
tive interpretation for the mechanism that is assumed in hybrid
models.

Although in a classical conditioning task, neural correlates
of the learning signals assumed in the hybrid model have been
found (Li et al., 2011), in a complicated instrumental learning
task with human participants, the functional significance of the
hybrid learning algorithm remains unexplored.

In the present study, we used computer simulations to inves-
tigate a functional role of the hybrid model in a probabilistic
reversal learning task. The probability learning task is widely
used across species to understand decision making mechanisms.
In the probabilistic reversal learning task, a decision maker is
required to have two types of conflicting abilities to maximize
their reward. First, he/she must be able to discriminate the differ-
ence in rewards between the good and bad options as quickly as
possible, i.e., he/she should be sensitive to the difference between
the two options. This action includes the ability to switch pref-
erence when the good option changes. Second, once the decision
maker detects the good option, he/she should choose that option
consistently even if he/she occasionally receives punishment, i.e.,
he/she should be slightly insensitive to the difference between
the two options. If the hybrid model can exactly describe the
dynamic changing of these abilities in this complicated deci-
sion making task, the performance based on a hybrid model
would be better than that based on a standard RL model in
some cases. Additionally, in contrast to Li et al. (2011), which
applied the hybrid model to a classical conditioning task that
without an action selection, the present study provide a RL model
for an instrumental learning task based on the hybrid model
Thus, our model includes the action selection rule described
in Equation 2. Furthermore, by using a statistical model fit to
human behavioral data, we assessed whether the hybrid model
provides a better explanation for human decision-making behav-
ior compared with the standard RL algorithm based on the
RW model.

COMPUTER SIMULATIONS
METHODS
Reversal learning task
An alternative choice task, a reversal learning task, was used
for the computer simulations. In this task, the decision makers
are presented with two response options. Rewards and losses,
which could be obtained for an option, were distributed proba-
bilistically and varied in frequency. Rewards and losses were set
independently of the decision makers’ previous choice. After the
decision makers learn to choose the correct response in multiple
trials using action feedback, the action-outcome contingency is
reserved without explicit instruction. At that point, the decision
makers cannot receive the expected feedback, which was used in
previous trials to cue the decision makers to adapt their internal
representations to reflect the reversal. Therefore, reversal learning
relies on the flexibility of the action switching for an alternative
response when the prior action is no longer rewarding. The rever-
sal learning task has been induced in a trial-by-trial probabilistic
manner in various studies (Cools et al., 2002; O’Doherty et al.,
2003).

The task comprised 160 trials. During the first 80 trials, one
option is an advantageous option, in which the reward/loss fre-
quency ratio was 70:30, whereas the other option is a disadvanta-
geous option, in which the reward/loss frequency ratio was 30:70.
The contingencies were reversed in the last 80 trials. To investi-
gate the functional role of learning algorithms under a different
task difficulty, we manipulated the reward/loss frequency ratio,
which determines how difficult it is to distinguish a good choice,
according to three levels (the reward/loss frequency ratios in the
three levels are 80:20, 70:30, and 60:40; easier tasks have a higher
ratio).

REINFORCEMENT LEARNING MODELS
RL involves learning predictions of the future reward that will
be obtained by performing a particular action. Many differ-
ent varieties of RL algorithms exist. In this study, we compared
how a standard Q-learning model and hybrid model described
decision makers’ choices. A Q-learning model, which is a stan-
dard RL model, updates action values based on the RW model
(Watkins and Dayan, 1992; Sutton and Barto, 1998). The Q-
learning model represents the estimated action value of each
action (selecting one option) as Q-values. Let Qa(t)(t) denote the
Q-value for option a (t)(a(t) = 1, 2) in trial t. The Q-values are
updated according to the action and resulting outcome. Let a(t)
(=1,2) denote the option chosen by the decision maker in trial
t. the Q-value corresponding to the selected target is updated
as follows:

Q(a(t + 1))(t + 1) = Qa(t)(t) + a
(
R(t) − Qa(t)(t)

)
, (1)

where the Q-value corresponding to the unselected target does
not change. Here, α is the learning rate that determines the degree
of the update and R(t) is the reward value of the choice during
trial t, which is equal to 1 if the reward is provided in trial t and is
equal to zero if punishment is provided.
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Given a Q-value set, a choice is made according to the soft-max
function, where the probability of choosing option 1 is as follows:

P(a(t) = 1) = 1

1 + exp [−β (Q1(t) − Q2(t))]
, (2)

where P(a(t) = 2) = 1 − P(a(t) = 1). Here, β is the degree
of stochasticity in making the choice (i.e., the explo-
ration/exploitation parameter). The hybrid model differs
from the Q-learning model only in updating the rule of action
values. Whereas Q-learning treats the learning rate as a constant,
the hybrid model incorporates learning rate modulation, as
proposed by Pearce and Hall (1980), as well as Rescorla-Wagner’s
error-driven value update rule. In the hybrid model, the Q-value
corresponding to the selected option is updated as follows:

Q(a(t + 1))(t + 1) = Q(a(t + 1))(t) + α(t)
(
R(t) − Q(a(t))(t)

)
, (3)

α(t + 1) = η
∣∣R(t) − Q(a(t))(t)

∣∣ + (1 − η)α(t), (4)

Trial t’s learning rate α (t) depends on prediction errors of past tri-
als but not that of the current trial. η is a constant parameter that
controls the level of influence from past trials to the current learn-
ing rate. A choice is made based on a soft-max function, which is
the same as in the Q-learning model (Equation 2).

We used computer simulations to compare the average rewards
gained by the standard Q-learning model and hybrid model when
performing the reversal learning task. In the simulations, for
the hybrid model, three parameters were systematically varied as
follows: (a) the initial learning rate: α0 (α(1) = α0), (b) the explo-
ration/exploitation parameter: β, and (c) the level of influence of
past trials to current learning rate: η. The range of the initial value
of the learning rate α0 varies from 0 to 1 with a 0.05 step. The ini-
tial value of β ranges from 0 to 50 with a 1.0 step. The value of
η ranges from 0 to 0.1 with a 0.01 step and from 0.1 to 1 with
a 0.1 step. The hybrid model in which η = 0 corresponds to the
standard Q-learning model. Thus, the standard Q-learning model
only differed from the hybrid model in that there is no parameter
η. The values of α0 and β have the same ranges as in the hybrid
model.

RESULTS
In the computer simulation, we compared the proportions of
the advantageous choice of the standard Q-learning model and
hybrid model. The results depicted in Figure 1 illustrate that there
is not a substantial difference between the hybrid model and stan-
dard Q-learning model in a good parameter set, such as region
(ii) (α0 = 0.65, β = 25). However, the hybrid model outperforms
the standard Q-learning model (η = 0) in a mistuned param-
eter situation, e.g., when the learning rate is relatively low and
the exploration/exploitation parameter is relatively high, such as
region (i) (α0 = 0.15; β = 45) or the learning rate is relatively
high and the exploration/exploitation parameter relatively high,
such as region (iii) (α0 = 0.95; β = 45). Typical time series of
model behavior (the choice probability, learning rate, and actual
choices) are described in Figure 1B. When the Q-learning model
executes the task with a mistuned parameter, such as region (i)
(α0 = 0.15; β = 45) and because the learning rate takes a constant

value in the Q-learning model, α is the same as α0 and remains
at a low value during the entire trial. Thus, the model cannot
efficiently shift its action according to the situation, which leads
to poor performance in the task. In another bad-parameter case,
such as region (iii) (α0 = 0.95; β = 45), the model shifts its pref-
erence excessively, depending almost solely on the last trial even
without changes in contingency, leading to poor performance.
In contrast, the hybrid model can improve these situations by
appropriately modulating the learning rate.

As shown in Figure 1B, the degree of learning rate changes
increased with increases in the parameter η (in the range from 0 to
0.7), and the model’s performance was improved, particularly in
a mistuned parameter situation [e.g., regions (i) and (iii)]. This
situation occurred because the model can detect the reversal of
the good option more easily as the η value increased. Because η is
a parameter that captures the level of influence of previous trials
to the current learning rate, even if the model starts the task with
a bad situation, the situation is improved according to the degree
of past prediction error with an appropriate η value that leads
gradually to an optimal action. However, if η is too large, such as
η = 1, the action selection appears to be random, thereby lead-
ing to poor performance. When η = 1, the learning rate is similar
to the absolute value of the prediction error of the previous trial,
thus producing unstable actions.

We also investigated the performance of models for different
degrees of difficulty. Figure 2 indicates the proportion of param-
eter regions whose performance exceeds the median (across an
entire parameter set) of the standard Q-learning for different task
difficulty. The results indicated that the hybrid model did not nec-
essarily outperform the standard Q-learning model at the low
degree of difficulty (80–20%); however, the hybrid model out-
performed the standard Q-learning model at a high degree of
difficulty (60–40%).

MODEL FITTING IN THE REVERSAL LEARNING TASK
We conducted a statistical model fit to human behavioral data
from the same task that was used in the computer simulation.
The aim of the model fitting was to investigate whether the dual
learning signal, value update, and learning rate modulation mod-
eled by the hybrid model can explain human decision-making
behavior more accurately than the standard Q-learning model.

METHODS
Participants
Fifteen healthy normal participants participated in this study (all
of the participants were right handed; n = 6 females; age range =
20–25 years, mean = 21.2 years). The participants were pre-
assessed to exclude those with a previous history of neurological
or psychiatric illness. All of the participants provided informed
consent after the nature of the study had been explained. All of
the experimental procedures were approved by the Institutional
Review Board of the Department of Psychology, Graduate School
of Environmental Studies, Nagoya University.

Task description
The subjects participated in a simple probabilistic reversal learn-
ing task, in which the task structure was identical to the one
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FIGURE 1 | Simulation results of RL models. We used computer
simulations to compare the Q-learning model and hybrid model performing a
reversal learning task with 160 trials. To examine the model performance in
various learning settings, simulations were repeated for varying initial learning
rates α0 (0–1) and the exploration/exploitation parameter β (0–50) at different η

levels (0–1). (A) With the rate of advantageous choice across all combinations
of α0 and β at different η levels (seven typical levels: 0, 0.05, 0.1, 0.3, 0.5, 0.7,
1), particularly when η = 0, the model corresponds to the Q-learning model.
Each cell depicts the proportion of advantageous choice, which was computed
by simulating learning tasks 1000 times for each model. The resulting
2-dimensional plots were sufficiently smooth (Figure 1A), which suggested

that the estimated average values were reliable. The initial learning rate α0 is
varied on the y-axis, and the exploration/exploitation parameter β is varied on
the x-axis. The region (i) indicates a mistuned parameter situation (α0 = 0.15;
β = 45), the region (ii) indicates a good situation (α0 = 0.65; β = 25), and the
region (i) indicates a mistuned parameter situation (α0 = 0.95; β = 45).
(B) Typical time courses of the likelihood of choosing option 1 (the good
choice before the reversal occurs) and the learning rate, with the same
combination of α0 and β on the left-side panel. The learning rate curves
illustrate that the learning rate changes frequently as the parameter η value
increases. The likelihood of choosing option 1 curves indicates that the agent
can detect the reversal of the good option faster as η value increases.

that we had used for the computer simulation. Thus, the basic
design was described above, and the specific focus of the exper-
iment is described in this section. In each trial, the participants
were presented with two abstract line drawings on the left and
right sides of the screen (random left-right spatial position) and
were requested to select one drawing. One stimulus, defined as
the advantageous stimulus, led the participants to a monetary
reward (winning 30 JPY) with a likelihood of 70% and a mone-
tary loss (losing 30 JPY) with a likelihood of 30%; thus, choosing
the advantageous stimulus led to a cumulative monetary gain.

The other stimulus, which was defined as the disadvantageous
stimulus, led the participants to a reward with a likelihood of 30%
and to punishment with a likelihood of 70%. Thus, the disadvan-
tageous stimulus led to a cumulative monetary loss. The task was
constituted using 5 blocks.

Each block consisted of 160 trials. After 80 trials of a block, the
contingencies were reversed. Once the reversal occurred, the par-
ticipants had to choose a new advantageous stimulus. A different
stimulus was used in each block; thus, the participants had to
start learning from scratch in every block. The paradigm used
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FIGURE 2 | Proportion of parameter regions in which the performance
exceeds the median of the standard Q-learning for different task
difficulties. The proportion is defined as the fraction of the parameter set
of α0 and β with a rate of advantageous choice that is larger than the
median (across parameter combinations of α0 and β) of that of the standard
Q learning rate (η = 0). The task difficulty is a measure of how difficult it is
to distinguish a good choice from a bad choice; in this case, it took three
levels (reward/loss frequency ratios of 80:20, 70:30, and 60:40; easier tasks
have a higher ratio).

here is based on that used in previous studies of probabilis-
tic reversal learning (Ohira et al., 2011). The participants were
advised that the task was a gamble for each trial, and they were
provided no explicit instructions for the reversal of stimuli and
reward/punishment. Additionally, the participants were told that
money paid for experimental participation would be adjusted
according to the gambling performance. The EEG data were also
recorded during the task; however, we did not focus on the brain
activity in the present study. Thus, we only reported the results
using the behavioral data.

At the end of the experimental session, the participants were
fully informed concerning the purpose of the experiment and
were thanked for their participation and performance. Although
the participants were told that they would receive money accord-
ing to their performance, all of the participants were paid
1000 JPY for their participation.

Behavioral index
The response bias was defined as the rate of selection of the advan-
tageous stimulus during the first and last 80 trials of the task,
which is before and after the reversal occurred, respectively. The
response bias was calculated for each participant.

Parameter fitting
We adopted the maximum-likelihood approach to fit the model
parameters to the participants’ choice behaviors. To exclude the
effect of learning the task structure over blocks, only the date from
the first block (160 trials) was used for the model-based analysis.
If the participant’s choice for the tth trial is (t), the likelihood is
given by P(a(t)), which is computed from the soft-max function
shown in Equation 2. The log-likelihood for the entire trial is as
follows:

L =
T∑

t = 1

InP(a(t)), (5)

where T denotes the total number of trials, which was 160 in our
experiment. We computed this log-likelihood by initializing the
Q-values at zero and updating the Q-values based on the actual
participant’s choice data. The fmincon function in MATLAB was
employed to find the parameter set that produced the highest
log-likelihood. To compare the goodness-of-fit of the two models
with the best-fit parameters, we computed Akaike’s information
criterion (AIC), as shown in the following equation:

AIC = −2L + 2k, (6)

where k is the number of free parameters (two for the standard
Q-learning model, three for the hybrid model). The smaller AIC
values indicated a better model. We also computed another model
selection criterion, the Bayesian information criterion (BIC),
which is shown in the following equation:

BIC = −2 log L + k log N, (7)

where N is the total number of data points (Schwarz, 1978).
These measures consider the number of free parameters in each
model, which includes a penalty that increases as a function of the
number of adjustable parameters, as shown in Equations 6 and 7.

RESULTS
Behavioral index
The response biases were 70 ± 4% before reversal occurred
(mean ± s.e.m. for participants) and 61 ± 4% for after reversal
occurred. No significant difference was observed between the first
and last 80 trials.

Model-based analysis of choice behavior
We compared the goodness-of-fit of the standard Q-learning
model and hybrid model. A single parameter set was estimated
for all of the participants to obtain a stable estimator (Daw, 2011).
The hybrid model is more complex than the standard Q-learning
model, and the standard Q-learning model is a special case of the
hybrid model, i.e., the standard Q-learning model can be rep-
resented by setting η = 0 in the hybrid model. First, we used
the classical likelihood ratio tests of the null hypothesis that the
improvement in fit of the more complicated model (the hybrid
model) relative to the simpler model (the standard Q-learning
model) was expected by chance. The likelihood ratio test is a sta-
tistical test that is used to compare the fit of two models, one of
which (the null model) is a special case of the other (the alterna-
tive model). For example, in this study, the standard Q-learning
model (the null model) is nested in the hybrid model (the alter-
native model) by setting η = 0. The two competing models were
separately fitted to the data, and the log-likelihood was recorded.
The test statistic is twice the difference in these log-likelihoods.

We also used the AIC and BIC to measure the goodness-of-
fit. The parameter estimates and AIC and BIC measures for the
standard Q-learning model and hybrid model are summarized in
Table 1. The hybrid model yielded a significantly better fit than
the standard Q-learning model at the likelihood ratio test [χ(1) =
47.8; p < 0.001]. Additionally, the hybrid model exhibited a bet-
ter fit than the standard Q-learning model when considering the
AIC and BIC results (Table 1, Figure 3).
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We have not only estimated a single parameter set for the par-
ticipants as a whole but also fit these models separately to each
individual participant’s behavior and individually performed like-
lihood ratio tests on the data likelihoods (Table 2, Figure 3). The
results indicated that the hybrid model fit better than the standard
Q-learning model for 9/15 participants at p < 0.05 and exhib-
ited such a trend at p < 0.1 for an additional participant. The
AIC and BIC were also computed for each individual participant.
The hybrid model was significantly better than the standard Q-
learning model in terms of the AIC [paired-sample t-test, t(15) =
2.06, p < 0.05]. The BIC results indicated that the hybrid model
was better than the standard Q-learning model [paired-sample
t-test, t(15) = 1.81, p < 0.1].

Table 1 | Model fit results (group fit).

Model LL AIC BIC α(α0) β η

Q-learning −1379 2762 2773 0.114 2.584 –

Hybrid −1366 2739 2756 0.018 2.601 0.004

Shown are negative log-likelihood (−LL), AIC, BIC, and maximum-like maximum-

likelihood parameter estimates for the standard Q-learning model and hybrid

model with parameters fit to the entire group.

Notably, however, in the group fit results, α (α0) is much
larger in the Q-learning model than in the hybrid model. This
situation is reversed in the individual fit results. The following
reasons may explain this difference. First, because parameter α(α0

for the hybrid model) is bounded within the range [0,1] and
the estimated values were near zero, the variance among indi-
viduals forces the estimated value to have a bias toward positive
large values, i.e., the greater the individual variance, the greater
the population mean of the estimated value. Additionally, as the
standard deviation of α0 forthe hybrid model was larger than that
for standard Q-learning, the hybrid model may have a larger value
of α0 for individual fit due to this bias.

DISCUSSION
In the present study, we investigated the functional significance of
the hybrid learning algorithm using computer simulations with
a reversal learning task. We also addressed the question as to
whether features that are described by the hybrid model can be
confirmed by actual human behaviors using the statistical model
fit for human behavioral data.

The computer simulation results indicated that an agent
cannot adjust its behavior effectively based on the standard
Q-learning model when the agent starts the task with several
inappropriate parameters (e.g., region (i), in which the decision

FIGURE 3 | Goodness-of-fit of the standard Q-learning model and hybrid model with parameters fit to the entire group (A,B), with parameters fit to
individual participants (C,D). (A,C) AIC scores of the two models. (B,D) BIC scores of the two models. The error bar indicates SD.

Table 2 | Model fit results (individual fit).

Model −LL AIC BIC α(α0) β η

Q-learning −84 ± 23 173 ± 47 179 ± 47 0.08 ± 0.04 6.98 ± 12.12 –

Hybrid −78 ± 28 162 ± 56 172 ± 56 0.18 ± 0.35 7.2 ± 12.18 0.07 ± 0.12

Shown are negative log-likelihood (−LL), AIC, BIC, and maximum-like maximum-likelihood parameter estimates for the standard Q-learning model and hybrid model

with parameters fit to the individual subjects.
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maker cannot efficiently shift his/her action according to the sit-
uation due to the low learning rate, and region (iii), in which
the decision maker shifts his/her preference excessively due to
the high learning rate when η = 0, as shown in Figure 1). These
situations can be improved in the hybrid model by updating its
learning rate. Of interest is how the hybrid model can modify the
performance when an agent starts the task using inappropriate
parameters, such as regions (i) and (iii) in the learning process.
As we mentioned previously, different types of conflicting abil-
ities are required to perform this task effectively: (i) the ability
of option discrimination and (ii) the ability to choose the good
option consistently, even when occasionally receiving punish-
ment. The computer simulation results suggest that the standard
Q-learning model with a constant and large learning rate updates
the value function considerably, which enables the decision maker
to discriminate the difference of rewarding probabilities between
the efficiency of options but makes it impossible to maintain the
good option. If a decision maker has a small learning rate with the
standard Q-learning model, the value function will be updated
slightly, and the small learning rate enables the decision maker to
obstinately maintain an option while being aware that switching
to the good option becomes more difficult over time. Thus, the
decision maker faces a trade-off between these requirements. The
learning rate parameter determines the balance between these two
functions. Thus, the standard Q-learning model is vulnerable to
bad tuning of the initial parameters. In contrast, the hybrid model
utilizes the prediction error to control the learning rate and can
hence more flexibly update the value function; even the initial
learning rate was maintained at some extreme value. Therefore,
the behavior based on this process is perceived to be more robust
against the mistuning of parameters and can work in a wider field
of parameters than the standard Q-learning model.

In the present study, we compared the two models at three dif-
ferent degrees of task difficulty and defined the difficulty by the
similarity in reward probability between two options. A smaller
difference indicates that it is more difficult to reconcile the trade-
off. For example, in a difficult condition (reward/loss frequency
ratio of 60:40), there is not a considerable difference between a
good and bad option in terms of reward contingency, and deci-
sion makers will frequently encounter a loss even when they only
choose the good option. Therefore, when the decision makers are
placed in a volatile environment, if the learning rate is set at a high
constant value, then the higher updating of decision value will be
frequently increased by punishment, making the behavior unsta-
ble. If the learning rate is set at a small constant value, then the
discrimination will become more difficult. Hence, the superior
performance of the hybrid model may become more pronounced
in a difficult condition. In accordance with this speculation, the
present results indicated that the hybrid model outperformed the
standard Q-learning model more significantly for a task with a
high degree of difficulty (60–40%) compared to a task with a
low degree of difficulty (80–20%) (Figure 2). These simulation
results reveal that the hybrid model is preferable over the stan-
dard Q-learning model, especially in an environment in which it
is difficult to discriminate a good option.

Additionally, the statistical model fit data indicated that the
hybrid model has more explanatory power than the Q-learning

model for the behavioral data. However, the estimated value
of parameters is not the same with the optimal parameter sets
obtained by the computer simulations. Thus, the participants’
performance was not necessarily based on an optimal hybrid pro-
cess. Nevertheless, the results of the model comparison suggest
the existence of a dual learning mechanism involving the value
update and learning rate modulation that are described by the
hybrid model in the human’s action selection.

In a previous study, Erdeniz and Atalay (2010) used a com-
puter simulation to investigate the performance of a neural
network model called the attention-gated reinforcement learn-
ing (AGREL) model in a probabilistic reversal learning task. The
AGREL model is an algorithm that includes two processes: (1)
a feed-forward process that relates the effect of unexpected out-
comes on learning and (2) a feedback attention process that
relates the effect of top-down attention on updating weights.
These processes respectively correspond to the processes of value
update based on reward prediction error and learning rate mod-
ulation based on the surprise signal, which is described in the
hybrid model. Thus, the hybrid model could be expected to have
an effect similar to that in the ARGEL algorithm when using a
probabilistic learning task and a reversal learning task. Although
Erdeniz and Atalay (2010) showed that the AGREL model can
quickly adapt to the change in reinforcement contingencies,
they did not systematically investigate the influence of param-
eter tuning. The present study showed the robustness against
the mis-tuning of parameter settings in the hybrid model. More
specifically, we found that the standard RL model can also adapt
the dynamic change in the reinforcement contingencies within a
certain range of parameter settings. However, the hybrid model
yields comparable performance for a broad range of parameter
settings to that of the standard RL model. Furthermore, Erdeniz
and Atalay (2010) indicated that a possible beneficial effect of the
utility of the AGREL model for fitting behavior data is required
in future experiments. As mentioned above, in the present study,
the statistical model fit data suggested that the hybrid model
has more explanatory power than the Q-learning model for the
behavioral data.

The physiological correspondence of the hybrid model in the
action selection task remains unclear. Li et al. (2011) indicated
that BOLD responses in the bilateral amygdala correlated with
the learning rate in the hybrid model and that autonomic reac-
tivity, such as skin conductance responses (SCRs), might directly
reflect learning rate modulation in a Pavlovian reversal-learning
task. One interesting future direction is to investigate whether the
relationship between the associability and physiological activities
suggested by Li et al. (2011) can also be observed in an action
selection task using a model-based analysis, as we conducted in
the present study.

Furthermore, in the present study, we used a reversal learning
task in which the reversal occurred only once. Whereas this task
design was simple and has been adopted in many studies (Butter,
1968; Rolls et al., 1994; McAlonan and Brown, 2003; Tsuchida
et al., 2010), the extent to which the functional role of the hybrid
model, which was revealed in the present study, can be applied
to the general learning process remains unclear. This functional
role may depend on the frequency of reversal and the type of
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reinforcement schedule: the factors can modulate the volatility of
circumstances. A previous work (Behrens et al., 2007) reported
that the learning rate of human decision makers became higher
in a volatile condition than in a stable condition. A challenge for
the future is to clarify the general function of the hybrid model
in different tasks, including those in which the reward probabil-
ities follow a random walk method or those in which the reward
magnitude varies along with the reward probability in which the
expected reward must be learned.
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Abstract OBJECTIVES: This study aimed to examine one of biological correlates, pro-
inflammatory cytokine, in rejection of unfair financial offers in the Ultimatum 
Game (UG), where the division of a sum of money is proposed and the player can 
accept or reject this offer.
METHODS: Nineteen participants played 20 trials of the UG as responders, and 
they were proposed unfair offers in a half of the trials. Baseline levels of several 
pro-inflammatory and anti-inflammatory cytokines, subjective happiness, and 
depression of them were measured.
RESULTS: Participants with higher levels of the pro-inflammatory cytokine, 
interleukin (IL)-6 rejected fewer unfair offers. This effect of IL-6 levels on 
decision-making was independent from other pro-inflammatory cytokines, anti-
inflammatory cytokines, subjective happiness, and depression.
CONCLUSIONS: These results suggested that chronic higher levels of IL-6 might 
affect functions of neural regions related to decision making, and thus can modu-
late rejection of unfair offers.
 

InTrOdUcTIOn

One of important topics in behavioral economics 
is to examine individuals’ tendencies of respond-
ing to unfair allocation of resource in an eco-
nomic game which is known as The Ultimatum 
Game (UG: Güth et al. 1982). The UG is a simple 
negotiation game where two players are given the 
opportunity to split a sum of money. One player 
(proposer) makes an offer as to how this money 
should be split between the two. The other player 
(responder) can either accept or reject this offer. If 

it is accepted, the money is split as proposed, but 
if it is rejected, neither player receives anything. 
The standard economic solution to the UG for 
the responder is to accept any positive offer, even 
the smallest sum of money, on the reasonable 
grounds that any monetary amount is preferable 
to zero. However, in actuality, people normally 
reject unfair offers that are lower relative to those 
for their opponents; offers of less than 20–30% of 
the total have a greater than 50% chance of being 
rejected (Bolton & Zwick 1995; Güth et al. 1982). 
Behavioral and economic theories have argued 
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that such a rejection is done due to inequity aversion 
(Fehr & Gintis 2007) or to an emotional motivation of 
reputation maintenance (Yamagishi et al. 2009). We are 
specifically interested in biological mechanisms that 
determine such decision-making in the UG.

A neuroimaging study revealed that the anterior cin-
gulate cortex (ACC) exhibit activation to unfair offers, 
and activity of the anterior insula was positively corre-
lated with rejection rates of the unfair offers (Sanfey et 
al. 2003). These results suggest that processing includ-
ing conflict monitoring (ACC) and affectively negative 
responses with representation of physiological states 
(insula) might influence decision-making in the UG. 
Interestingly the association between insular activity 
and rejection was observed for unfair offers delivered 
by real persons but not for unfair offers done by a com-
puter algorithm. This suggests that rejection of unfair 
offers is based on inter-personal emotions. Another 
lesion study indicated that damage of the orbitofrontal 
cortex (OFC) which is critical for emotion regulation 
was linked with increased rates of rejection (Koenigs 
& Tranel 2007), suggesting that rejection might be 
interpreted as failure of down-regulation of emotional 
impulsivity to provoking unfairness.

Here, we explored roles of peripherally circulating 
cytokines as a physiological factor that can potentially 
affect decision-making in the UG. Peripheral pro-
inflammatory cytokines, which are immune signaling 
molecules that promote systemic inflammation, such as 
tumor necrosis factor (TNF)-α and interleukin (IL)-6, 
reach the brain via leaky regions in the blood–brain bar-
rier, active transport molecules, and afferent nerve fibers 
(Raison et al. 2006; Dantzer et al. 2008). Brain regions 
related to the UG as described above, the anterior 
insula and ACC, are thought to be involved in afferent 
input of peripheral physiological states including cyto-
kine signals (Craig 2002; Critchley 2005), which may 
play critical roles in decision-making (Damasio,1994). 
Indeed, recent neuroimaging studies directly revealed 
that peripheral IL-6 increased by vaccination modu-
lated activity of the anterior insula and ACC (Harrison 
et al. 2009). On the basis of those previous findings, we 
examined whether pro-inflammatory cytokines and 
anti-inflammatory cytokines that can regulate pro-
inflammatory cytokines could affect decision-making 
in the UG. Additionally, we tested whether effects of 
cytokines on decision-making are mediated by chronic 
positive and negative affective states, subjective happi-
ness and depression, which have been previously asso-
ciated with levels of pro-inflammatory cytokines and 
inflammation (Steptoe et al., 2008; Dantzer et al. 2008).

METHOdS
Participants
Nineteen volunteers (right-handed male Japanese uni-
versity undergraduates; age range, 18–20 years; mean 
age, 19.16 years, SD = 0.60) participated in the study. 

All participants were healthy and were not taking any 
medications. The participants reported that they had 
no past history of psychiatric or neurological illness. 
None of them knew about the UG and other economic 
game tasks and theories. They gave written informed 
consent in accordance with the Declaration of Helsinki. 
This study was approved by the Ethics Committee of 
Nagoya University.

Affective states
Before the UG task, participants’ happiness was mea-
sured by a subjective happiness scale (Lyubomirsky & 
Lepper 1999). This scale contains Likert-type 4 items 
with 7 points: validity and reliability of a Japanese ver-
sion of this scale have been verified (Shimai et al. 2004). 
Additionally their levels of depression were measured 
by a validated Japanese version (Furukawa et al. 2008) 
of a psychological scale called K6 (Kessler et al. 2002). 
The K6 contains Likert-type 6 items with 5 points.

The Ultimatum game (UG)
Participants were required to act as responders to mon-
etary offers for 10 different stake sizes that had been 
submitted by other male students who had acted as pro-
posers in former sessions, while the proposers and the 
offers were actually set by the experimenter. They were 
instructed that if they accepted the offered amount, they 
would receive it: otherwise they would receive nothing. 
They were further told that both they and proposers 
would be paid the total amount of gain according to 
their decisions in overall sessions.

Participants played 20 games with 20 different pro-
posers. There were 10 fair offers ranging at 40–50% of 
the stake and 10 unfair offers ranging at 10–27% of the 
stake. The stake itself ranged from 200 Japanese Yen 
(JPY: 100 JPY corresponded about to 1.20 USD) to 4000 
JPY. Each participant received identical offers but the 
order of offers was randomized among participants. 
The offers were displayed on a PC monitor. After a 2-s 
stake size notification, an offer was presented for 6 s and 
participants could make their responses (acceptance or 
rejection) by pressing a button without time restriction. 
Debriefing after the experimental sessions revealed that 
none of the participants had doubts about the experi-
mental manipulation and believed that offers had been 
given by real persons.

Measurement of cytokines
After the experimental sessions of the UG task, partici-
pants’ blood samples were collected in serum-separator 
tubes and centrifuged at 4000 × g for 20 min; the serum 
was separated and then stored at –80 °C until analysis. 
Serum levels of pro-inflammatory cytokines such as 
IL-6, TNFα, and IFN-γ and anti-inflammatory cyto-
kines such as IL-2, IL-4, and IL-10 were determined by 
a BD™ Cytometric Bead Array (Human Th1/Th2 Cyto-
kine Kit II; BD Biosciences, San Diego, CA) according 
to the manufacturer’s instructions.
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Statistical analyses
Influences of concentrations of cytokines, subjective 
happiness, and depression on decision-making in the 
UG task were examined in the following three stages 
of analyses. First, correlations between concentration of 
each cytokine, scores of happiness, and rejection rates 
of fair and unfair offers were calculated (p<0.05). Con-
sidering influences of possible outliers, both Pearson’ 
coefficient and Spearman’s rank correlation coefficient 
which are more robust for outliers were calculated. 
Second, regression analyses were separately conducted 
for rejection rates of fair and unfair offers with concen-
trations of the cytokines and scores of happiness and 
depression as independent variables (p<0.05). Third, 
mediations of happiness and depression in possible cor-
relations between cytokines and decision-making were 
tested. Specifically, if at least one correlation between a 
cytokine and an index of decision-making, and also at 
least one correlation between happiness or depression 
and the same index of decision-making were signifi-
cant, a mediation analysis was conducted by using the 
score of happiness or depression as a mediating variable 
(p<0.05). If the correlation between the cytokine and 
decision-making was significantly reduced by adding 
scores of happiness or depression in the regression 
model and if the scores of happiness or depression sig-
nificantly correlated both with the cytokine and with 
decision-making, happiness or depression was inter-
preted to mediate the association of the cytokine and 
decision-making.

rESULTS

Similar to previous studies including ours (Haselhuhn 
& Mellers 2005; van’t Wout et al. 2006; Osumi & Ohira 
2009), participants rejected 57.89% (SD = 31.37%) of 
unfair offers on average. Naturally, this was greater 
than rejection of fair offers (2.11%, SD = 6.31%), t(18) 
= 8.41, p<0.001.

Lower rejection rates of unfair offers significantly 
correlated with higher concentrations of a pro-inflam-
matory cytokine: IL-6 both in Pearson’s and Spearman’s 
coefficients (Table 1, Figure 1). None of the other cyto-
kines significantly correlated with decision-making. 
Also, none of anti-inflammatory cytokines significantly 
correlated with levels of IL-6 (r(17) = –0.07–0.25, ns). 
Subjective happiness but not depression also showed a 
significant negative correlation with rejection rates of 
unfair offers. Happiness and depression did not corre-
late (r(17) = –0.07, ns). Not surprisingly, rejections of 
fair offers were not related to cytokine levels, subjec-
tive happiness, and depression because of very small 
rejection rates. Regression analyses further confirmed 
these results (Table 1): higher IL-6 levels were signifi-
cantly related to lower rejection rates of unfair offers 
(adjusted R2 = 68, F(8,10) = 5.85, p<0.01) but not those 
of fair offers (adjusted R2 = 0.20, F(8,10) = 0.56, ns), 

suggesting that baseline level of IL-6 determined deci-
sion-making for unfair offers independently from other 
pro-inflammatory and anti-inflammatory cytokines 
and subjective happiness. The regression analysis also 
revealed that depression was negatively related to rejec-
tion rate of unfair offers but not fair offers (Table  1). 
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Fig. 1. Relation between concentration of IL-6 and rejection rate of 
unfair offers.

Tab. 1. Relations among rejection rate of fair and unfair offers in 
Ultimatum Game and cytokines, happiness, and depression.

Pearson’s r Spearman’s ρ

Fair Unfair Fair Unfair

IL-6 –0.37 –0.72** –0.41 –0.68**

TNF-α –0.28 –0.43 –0.22 –0.43

IFN-γ 0.09 0.13 0.02 0.17

IL-2 –0.21 0.01 –0.13 0.02

IL-4 0.26 0.19 0.28 0.19

IL-10 0.07 –0.23 0.09 –0.15

Happiness –0.05 –0.52* 0.02 –0.48*

Depression –0.40 –0.26 –0.36 –0.33

Regression β

Fair Unfair

IL-6 –0.44 –0.71**

TNF-α 0.01 0.07

IFN-γ 0.07 0.00

IL-2 –0.05 0.26

IL-4 0.49 0.34

IL-10 –0.24 –0.02

Happiness 0.34 –0.27

Depression –0.43 –0.49*

Pearson’s and Spearman’s correlation coefficients and beta 
coefficients in regression analyses are shown. *p<0.05; **p<0.01
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Finally, mediation analyses indicated that the associa-
tion between concentrations of IL-6 and rejection rates 
was significantly reduced by adding neither scores of 
happiness nor scores of depression in the regression 
models, and that correlations between IL-6 and happi-
ness and depression were not significant (r(17) = 0.36, 
ns; r(17) = 0.00, ns, respectively). Thus it was suggested 
that happiness and depression did not mediate the 
influence of IL-6 on rejection, and IL-6, happiness, and 
depression independently affected decision-making in 
the UG.

dIScUSSIOn

Our findings demonstrated a critical role of inflam-
mation in accounting for individual differences of 
economic decision-making. Specifically, higher levels 
of the pro-inflammatory cytokine IL-6 were associated 
with lower rejection rates of unfair offers in the UG. 
There are numerous findings that pro-inflammatory 
cytokines including IL-6 can affect neural plasticity and 
neurogenesis, and thus can modulate higher-ordered 
cognitive functions such as learning and memory (for 
a review, Yirmiya & Goshen 2011). The present study 
expanded such previous findings to a domain of eco-
nomic decision-making.

Modulation of decision-making shown in the pres-
ent study was not considered as acute effects of IL-6 
increased by infection or injury but more chronic dis-
positional effects of baseline levels of IL-6, because even 
the highest value of IL-6 in our samples was within the 
normal range and much smaller than values usually 
observed during infections. Thus, our findings suggest 
that chronically higher levels of IL-6 probably produce 
more cytokines such as IL-1β in the brain, and in turn 
can affect structural and functional neural mechanisms 
underlying economic decision-making.

As described above, the degree of activation of the 
anterior insula correlated with higher rejection rates 
of the unfair offers (Sanfey et al. 2003), and acute 
increase of pro-inflammatory cytokines by vaccination 
enhanced activation of the anterior insula (Harrison 
et al. 2009). These findings seem to contradict to the 
present finding that higher IL-6 levels were linked with 
lower rejection rates of unfair offers. However, the term 
of activation in neuroimaging studies means reactivity 
of neural responses, specifically, a difference between 
neural activity during a task and that at baseline. Thus 
one possible interpretation for the ostensibly inconsis-
tent findings might be that chronically higher levels of 
IL-6 could produce higher baseline activity of the ante-
rior insula and lead to blunted neural reactivity to input 
of unfairness. Another possibility might be that IL-6 
could chronically enhance activity of the OFC which 
regulates emotions (O’Connor et al. 2009) and inhibit 
emotional rejection of unfair offers. These neural 
mechanisms of effects of IL-6 on decision-making will 
be explored in future neuroimaging studies.

Our result that higher subjective happiness was sig-
nificantly related to lower rejection rates of unfair offers 
seems inconsistent with a recent finding that individu-
als with trait positivity showed increased rejection rate 
of unfair offers (Dunn et al. 2010). Although approach 
emotions with positive affective tones such as pride and 
activeness have been associated with greater rejections 
as shown in the study by Dunn et al. (2010), positive 
emotions with less approach tendencies such as happi-
ness might be rather linked with less rejections. This 
interpretation was in part supported by the linkage 
between higher depression, which is a negative emotion 
with less approach tendencies and reduced rejections of 
unfair offers revealed by the regression analysis in this 
study. This result is consistent with a previous report 
(Harlé et al. 2010). These finding suggest that non-
approach emotions, regardless to their affective valence, 
might lead to lower levels of rejection of unfair offers in 
the UG. More importantly, our data indicate that effects 
of IL-6 on decision-making were not mediated by hap-
piness and depression, suggesting that IL-6 might 
directly influence brain functions underlying economic 
decision-making and its effects might be independent 
from subjective affective states.

Dispositional higher concentration of testosterone 
(Burnham 2007), administration of testosterone (Zak et 
al. 2009) were previously associated with higher rejec-
tion rates of unfair offers. Because testosterone levels are 
negatively correlated with IL-6 levels (Martos-Moreno 
et al. 2006) and testosterone inhibited expression of IL-6 
gene (Bellido et al. 1995), it seems reasonable that tes-
tosterone and IL-6 show opposite effects on decision-
making in the UG. Reduced available cerebral serotonin 
caused by acute tryptophan depletion was also linked 
to more rejection of unfair offers (Crockett et al. 2008). 
Relationships between central serotonin and IL-6 are 
not fully understood, thus whether serotonin and IL-6 
can affect decision-making in the UG either indepen-
dently or in an interactive way should be examined in 
future. In addition, oxytocin was linked to generosity 
in proposers in the UG (Zak et al. 2007). It is interest-
ing to examine effects of oxytocin on responders’ deci-
sions and interplays with pro-inflammatory cytokines 
because oxytocin has an anti-inflammation role (Gut-
kowska & Jankowski 2012).

Limitations in the present study should be recog-
nized. First, the sample size was the minimum and thus 
the observed correlation between IL-6 and rejection 
of unfair offers might be due to outliers (Figure   1). 
Though significance of Spearman’s rank correlation 
coefficient which is relatively robust for outliers in part 
supports validity of the correlation, the present findings 
must be tested using larger samples. Second, character-
istics of the sample were restricted to young male Japa-
nese people. The generalizability of the current findings 
should be further tested for sexes, different ages, and 
ethnicity. Third, relationships between IL-6 and other 
physiological mediators such as testosterone, serotonin, 
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and oxytocin, and interplays of those mediators to 
determine decision-making in the UG should be exam-
ined. Nonetheless, despite the limitations the present 
study preliminarily indicates that baseline levels of IL-6 
are associated with reduced rejection rates of unfair 
financial offers.
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Abstract 
Heritage or conservation-led regeneration has now become an accepted and recognised approach 
to the conservation, economic and social development of historic areas. The benefits of re-using 
the existing building stock, however, can be much wider and should not be confined to strictly 
‘heritage’ areas or those perceived as having a ‘historic’ character.  Reuse and adaptation 
contributes to regeneration and sustainability at many levels.  The paper will consider benefits 
ranging from tangible environmental benefits to less tangible benefits such as place identity and 
social cohesion.  It is not possible, feasible or desirable to conserve and reuse all buildings that 
have been passed down to us, and part of the renewal process is through new buildings.  There 
are nonetheless lessons to be learnt for designing buildings that have the capacity and flexibility for 
future adaptation. 
 
Introduction 
The existing building stock includes a broad range of buildings from highly significant historic 
buildings where conservation is the essence to buildings that are less important in their own right 
but contribute to the character of an area. Existing buildings, whether they are of great historic 
significance or not, form a significant part of the real estate asset with opportunities for change and 
reuse.  Pressures on land and increasing density in city centre locations can result in buildings 
being demolished and replaced every 50 years, and as often as every 20 years in places of rapid 
urban change.  Furthermore, the ‘development’ process is often seen in the context of new build, 
while policies that encourage building on inner city brown-field sites can also increase the pressure 
for demolition and replacement. In many cases, demolition and new build is seen as a more 
straightforward option for development than reusing the existing assets.  Added to this is a 
misconception that new build is more economical than adapting an existing building.  Another 
emerging argument against reuse is that a new building would be more energy efficient than an 
existing building.  
 
The reasons for keeping, maintaining and reusing existing buildings are manifold. The benefits of 
reuse range from the intangible benefits of heritage to society and cultural identity to measurable 
economic and environmental advantages.  The potential and value of the existing building stock 
has to be recognised as part of sustainable development.  Sustainable development concerns not 
only environmental targets but also economic, social and cultural ones. In recent years there has 
been a growing body of literature, studies and reports supporting the value of historic and existing 
buildings in building sustainable communities.  The purpose of this paper is to review this literature 
and the evidence base that it presents to evaluate the economic, environmental and social benefits 
that can be derived from the imaginative and efficient reuse of the existing building stock. 
 

PRILOG
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Conservation-led regeneration 
Although the role of heritage as a significant player in urban and area based regeneration has 
been recognised since the late 1970s, particular policies and initiatives in this respect are much 
more recent.  A 1998 report by English Heritage set out the concept of conservation-led 
regeneration, re-defining its own role in this field, including in establishing working partnerships 
with the Regional Development Agencies.1  Regeneration itself has been identified as a growth 
industry.2  The focus English Heritage’s work, which is outlined in its annual Heritage Counts3 
reports, has often focused on the revitalisation of high streets and businesses and where economic 
benefits and job creation can be demonstrated. Heritage-led regeneration is also a term that is 
interchangeably used with conservation-led regeneration and now accepted as a recognised 
approach to regeneration (Figure 1).  There are numerous examples where the heritage assets of 
a town or urban area have played a major role in urban regeneration.  Grainger Town in 
Newcastle-upon-Tyne has become one of the most cited examples of heritage-led regeneration.4  
Started in 1993 and completed in 2003 the regeneration of this historic quarter in the heart of 
Newcastle is often held up as a best-practice example of heritage-led regeneration and the 
benefits it can bring to a community and the economic development of a city. Championed by 
English Heritage and Newcastle City Council, the Grainger Town regeneration project was largely 
funded by national and regional regeneration agencies, including English Partnerships, and private 
investors.  The project was developed through a Gateway methodology which is currently being 
applied to a number of European towns through the INHERIT project with European Union Interreg 
funding.5 
 

 
Figure 1: Heritageled  regeneration  in Norwich,  overseen  by Norwich HEART,  the Norwich Heritage, 
Economic and Regeneration Trust 
 
Heritage-led regeneration has also played a role in the revitalisation and redevelopment of post-
industrial waterfronts such as in Baltimore, Washington and Cape Town in South Africa. 6  Large 
clusters of industrial buildings are both a major challenge and opportunity for reuse and the 
regeneration.  Previously referred to as non-heritage7, it is only in the 1980s and 1990s that 
industrial structures were recognised as having ‘heritage’ value and discernible character.  
Industrial buildings are often robust by nature and offer various opportunities for imaginative 
adaptive reuse from office buildings to loft apartments.8 Some of the earliest successful 
conversions of industrial buildings in New York’s Soho and the docksides of London have proven 
how trendy, unique and desirable environments can be generated through adaptive reuse (Figure 



UNIVERSITY OF RIJEKA SCIENTIFIC COLLOQUIUM 2013 / 2014

55

3 
 

2).  Like with any real estate, location plays a part in options available for regeneration too and 
areas with large numbers of former industrial buildings in economically depressed parts of north 
England will be more difficult to regenerate.  It is not surprising that a larger proportion of historic 
buildings registered as being at risk are found in depressed inner-city locations.9  Nonetheless, 
schemes that are imaginative in design and integrated in approach prove the added value existing 
buildings can bring to regeneration even in challenging situations.  Projects such as Bradford’s Salt 
Mills for example have created an alternative destination from the heritage asset, successfully 
combining residential, arts, leisure and retail uses.  The social and economic benefits of such 
projects are clearly visible.  Furthermore the better use of town centres increases safety and 
supports social cohesion, while reducing the demand for building on out of town green field sites 
and increased transport infrastructure. 
 

 
Figure 2: A combination of adaptive reuse, extensions and new buildings at Butlers Wharf in London 
 
Heritage-led regeneration is concerned with area-wide strategies where the economies of scale, 
grants and budgets, partnership schemes, infrastructure and urban realm works are considered.  It 
is, however, often more difficult to make the case for the reuse of individual buildings, especially in 
the confines of the planning and development control process.  It is important to balance the 
economic value for individual buildings with the regeneration benefits being achieved at area 
level.10  However, alongside the contribution a building makes to a district or neighbourhood, there 
are explicit sustainability benefits that can be measured for the individual building as well.  
 
Intangible and social benefits of reuse 
Regeneration is about change and conservation is often defined as the management of change11.  
Good urban revitalisation not only involves diversifying economic activities but also harnessing the 
heritage value and preservation of the social fabric.  In a 2005 study, Randell Mason argues that 
although the field of historic conservation maintains a strong research agenda in techniques and 
theory, this is not being supported by research and understanding into the benefits of cultural 
heritage conservation.12 The intangible values of cultural heritage are almost impossible to 
calculate in monetary terms and it has to be recognised that conservation is also in the ‘public 
good’.13  Historic buildings add value to a place through their variety, character and a sense of 
familiarity which will increase its use and improve safety. Even in a relatively modest environment 
historic buildings contribute to the character of a street and townscape, and help define a sense of 
place (Figure 3). 
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In regeneration projects heritage buildings can also be a focal point, a familiar and well-loved 
building or even a landmark with a distinctive identity.  Such buildings attract tenants or occupiers 
seeking distinctive buildings,14 which may also be seen as a way of expressing a business’ brand 
identity.  As communication technologies dictate work practices, ‘the relationship between work 
and place grows increasingly arbitrary’15, adding value to distinguishable spaces over those that 
are standard or mundane in character. Changing working practices in the information age also 
means more choice, especially in where people choose to work.  As wireless technology allows 
office workers to work from hotel lobbies and coffee shops, an attractive environment has become 
an important consideration for a more mobile workforce. A historic building, place or environment 
can often provide the desired unique or character laden setting, thus not only providing intangible 
benefits but also making sound financial sense as well (Figure 4). Amongst a jungle of high-rise 
office blocks in Shanghai or Beijing, small pockets of preserved historic buildings, often converted 
into cafes and bars, have become popular destinations. This is also an indication that there will be 
economic benefits in maintaining and reusing historic buildings. 
 

 
Figure 3: Old wine stores  in Paris have been converted to shops creating a desirable shopping  location 
amidst new higher rise buildings  
 

 
Figure 4: A café in an old ice factory in Sweden provides a unique and popular environment for nearby 
office workers  
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Buildings are not just conserved for posterity and their survival relies on them having a relevant 
new use.  Time has proven that there is a viable new use for most buildings and over the years 
some very imaginative solutions have emerged16, and it is often a case of finding uses and 
occupiers that suite the type and style of building. Depending on the condition of the existing 
building adaptive reuse may require substantial intervention and upgrading of facilities. However, 
where a proposed intervention outweighs the character and value of the building then it probably 
isn’t the most appropriate new use for that building or building type.  Landmark projects such as 
those undertaken in Ancoats in Manchester have illustrated the local and city-wide benefits of 
creative adaptation of historic buildings.  
 
Tangible (measurable) benefits of reuse  
In the realm of politics there will always a demand to quantify the benefits of conservation and 
regeneration.  Numerous studies have now proven that maintaining and reusing buildings can be 
as cost effective as replacing them with a new structure.17 An Investment Property Databank 
survey of 2002 on office buildings in reused buildings confirms that investment in an existing 
building produces equal returns to new build with the added advantage of being ‘green’.18 The 
actual variance will always be case specific depending on both the quality and the size of the 
building.  In areas of rapid development like in China where the replacement of a single storey 
traditional dwelling with a high-rise office development in a city centre that is becoming highly 
densified, the economic argument is most likely to be in favour of the new.  But in most cases it is 
about striking a balance between the social and economic benefits of maintaining existing buildings 
and the level of intervention, change and new build that will be necessary to help achieve 
regeneration objectives.  Shaw points out that ‘one of the arts of large-scale conservation [is] to 
know when to allow demolition and when to fight for preservation’.19 
 
Whether the effects are measured directly as commercial returns or indirectly, historic preservation 
‘tends to yield significant benefits to the economy’.20 The economic benefit is in terms of value 
added to not only the property in question but also to those in its vicinity.  Studies in the US and the 
UK have shown that property values increase in areas designated for protection.21 In addition there 
are the benefits felt in the wider regional economy, through increased inward investment due to the 
attractiveness and increased safety of a place or the benefits of a growing tourism economy.  
These also translate into positive social benefits. 
 
Architecturally, re-using existing buildings can also create exciting spaces in what Latham 
describes as creative reuse.22  Existing buildings can be seen as a vast resource and opportunity 
for creative thinking.  Each building is different and requires its own unique solutions, where ‘the 
balance between the existing building and the new use is variable dependent upon character, 
condition and the needs of the use’.23  Where customising solutions to existing buildings may be 
seen as an additional cost, added value is achieved through the unique character of the spaces 
(Figure 5).   
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Figure 5: The practice studio of  the London Symphony Orchestra  is a unique space created within  the 
shell of St Luke’s church 
 
Reuse and environmental sustainability 
In terms of energy consumption re-using or adapting an existing building also has a number of 
tangible environmental benefits.  Using the existing stock reduces the use of new materials and the 
environmental impacts and CO2 emissions connected to their production, while the embodied 
energy of the existing material is preserved and not wasted.  Furthermore the substantial wastage 
from demolition that would otherwise go to landfill is also avoided, especially given that currently 
24% of waste in the UK is building waste.24 
 
A recent study by the Empty Homes Agency found that refurbishing an existing house gave off 15 
tonnes of embodied CO2 compared to the 50 tonnes given off by a newly constructed house, a 
saving of 35 tonnes of CO2.  While newer houses with better insulation are expected to make up 
for the higher carbon emissions from the construction phase through lower operational emissions, 
this could take as long as 50 years to achieve.25  In another study BRE has found that in the case 
of offices, refurbishment is always environmentally more beneficial and cheaper than demolition 
and rebuilding as long as air conditioning is not used.26 
 
A study of the wide portfolio of buildings held by the Ministry of Justice estate has revealed that 
pre-1900 buildings use the least energy and less energy even than buildings built between 1990 
and 2000.27  The same study also identified buildings built between 1940 and 1960 as being some 
of the poorest performers as well as the most difficult to refurbish or upgrade.  This highlights the 
concern that some of the most inefficient building stock in terms of energy use and adaptability are 
those built in the immediate post-war period up to the 1960s.  Problems are further compounded 
by building materials that have failed (e.g. on flat roofs) or have proven to be a health hazard, such 
as asbestos.  This renders a large segment of buildings as poor performers and often ready for 
disposal following a life span of little more than 50 years.   
 
In recognition of environmental benefits of retaining rather than replacing existing buildings there 
have been a number of studies evaluating the environmental performance of existing buildings and 
identifying ways in which improvements can be made.  Historic buildings come in all shapes, sizes 
and types and the practicality and affordability of solutions will depend on building type and use.  
Interventions will always have to be case specific rather than generic as a number of these current 
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studies have identified.28  In a joint project with the Royal Borough of Kensington and Chelsea, 
BRE has demonstrated ways in which a Victorian terrace house can be adapted for lower energy 
use through a series of relatively simple measures.29 
 
Another parallel study undertaken in 2007 by the RICS and Cyril Sweett has investigated how the 
sustainability performance of existing commercial buildings (offices, hotels, retail and industrial 
uses) can be improved.30 The study identifies a wide range of improvements that are feasible for 
the given building type.  Most notable interventions involve upgrading glazing, draught proofing, 
adding roof, floor and wall insulation (cavity wall) and switching to low energy lighting.  Shading 
devices are also identified as a means of reducing unnecessary heat gain.  Other improvements 
are dependent on building type and users but include measures that improve the performance of 
heating and cooling systems, zoning energy use, better control of lighting and sanitary fittings that 
reduce water consumption.  It is also possible to adapt existing buildings to use renewable sources 
of energy with additions such as solar panels, wind turbines or photovoltaic cells. 31  
 
A major challenge will be the cost of an improvement and its short and long-term value to the 
occupant in terms of savings.  The cost of installation may also be prohibitive, especially in 
situations where access is difficult.  The RICS report also points out the need to design new energy 
saving additions or alterations with sensitivity and understanding of the existing building fabric and 
structure.  Building stock constructed in the 1960s and 1970s continues to be the most challenging 
in terms of reuse, refurbishment and improvements to energy performance.  Even a cursory 
overview of recent planning applications in London shows that consent is being sought for the 
demolition and replacement of buildings from this period than any other. 
 
Another obstacle to refurbishment and reuse in the UK has been the way VAT is applied to 
construction projects.  Whereas a new build project will be zero rated for VAT purposes, work 
considered refurbishment or conservation is taxed at the full rate of 17.5%32, adding a substantial 
cost to a project and weighting decisions against reuse.33  Despite numerous national and 
international campaigns including by the Council of Europe, the government continues to uphold 
these regulations, which will continue to make it a prohibitive factor for refurbishment.  
 
Conclusion 
Both qualitative and empirical studies have presented a strong case for the social, economic and 
environmental benefits of retaining and reusing existing buildings. This is not a conservationist 
approach, but a call for imaginative interventions that will not only make existing buildings suitable 
for current day uses but also better environmental performers.  Retaining and reusing existing 
buildings is an essential part of sustainable development. 
 
Despite studies that prove the sustainability benefits of reuse, there are a number of key issues 
that need to be recognised.  Most notably: 

• The piecemeal approach to development means each building is considered individually 
rather than in the context of a greater whole (neighbourhood, city). 

• Increases in land costs and pressures for densification marginalise low-rise existing 
buildings. 

• A large stock of buildings built between 1940 and 1970 are poor in quality, inflexible in 
design and poor energy performers. 

• The way in which VAT is charged favours new build over refurbishment. 
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In order to harness the potential that existing buildings offer in terms of social, economic and 
environmental sustainability certain shifts in thinking need to be made at all levels.  At national 
level it remains paramount that VAT regulations are adjusted in favour of refurbishment and reuse 
is supported with financial incentives and grants (e.g. for upgrades to better energy performance 
levels).  At local planning level a holistic approach needs to be taken to regeneration and 
sustainability through strategic planning, thus identifying the potential of buildings to be reused 
within these frameworks. Furthermore the reuse of an individual building has to be seen as part of 
a larger area based strategy including improvements to the surrounding urban landscape and 
amenity space.  The environmental value of retaining the existing stock and the potential that 
exists to improve its performance need to be recognised by all players in the development process 
and developers have to learn to readjust the perception of risk associated with developing existing 
buildings.  Finally architects need to recognise the creative potential of reuse. 
 
One the common characteristics of buildings that have been successfully reused time and time 
again are their inbuilt flexibility to be changed and adapted. It is essential that in designing and 
building new and sustainable buildings, architects and engineers are designing with flexibility and 
ability for future changes in mind. 
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Legal Aspects of Personalised Medicine 

Outline 

I. Introduction 
II. Concept and Appearance of PM 
III. Access to Health Care Systems 
IV. Data Protection 
V. Final Observations 

I. Introduction 

1. Personalised Medicine is a somewhat glittering generality, and it is a phrase which seems to 
have the effect to divide the world – at least the world of those persons who work for, and within, 
public health systems, pharmaceutical industries, health professions and the health science and 
health media in a broad sense. To one part of them, it gives rise to very high-flying expectations: 
That personalised medicine is a key element that can make the efforts to provide effective health 
care become true. In this sense, personalised medicine is an important instrument to achieve 
better efficiency of medical measures, both in an economical as well as in a medical perspective. 
To the other part, it is not much more but an empty promise, a dream which will one day, like a 
balloon with two much air, simply burst. The scepticism is based on the difficulties to implement 
progress through personalisation of medicine, but even to a greater extent on the fear that 
personalised medicine will lead to a considerable rise in health care expenditure. In this view, it is 
rather a new strategy of providers, namely of the pharmaceutical industry, to advertise and 
marketise their products. 

 
2. Whether the hopes or the fears are well founded, is a question which very much depends in 

the first place on our understanding of Personalised Medicine. Before we can assess a certain 
phenomenon, be it new or not, we have to make clear what we are speaking about. Therefore, my 
first point will deal with the concept of Personalised medicine (II.). After this rather short 
observation, I will come to the legal questions which might be brought up by the introduction of 
personalised medicine as defined before. There are two different set of those questions: one 
concerns the access to markets and to public health systems (III.); the other one is about data 
protection (IV.). 

Before I start, I should add that my observations are mainly drawn from the participation in an 
interdisciplinary project which has been founded by the German Ministry for Education and 
Science and which has brought together researchers from three different disciplines, medical 

PRILOG
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ethics, economics and law. The main findings of this project are based on our experiences with 
the German health care system, but I will try to present them in a more general way, in order to 
allow for some general conclusions. 

II. Concept and Appearance of Personalised Medicine 

1. What is Personalised Medicine? A systematic review of the literature being published over 
the last years and based on PubMed has led to the following result: “Personalised Medicine seeks 
to improve tailoring and timing of preventive and therapeutic measures by utilizing biological 
information and biomarkers on the level of molecular disease pathways, genetics, proteomics as 
well as metabolomics.“ 

The main elements of this concept are: information, based on biomarkers or other biological 
information, on the one hand and a health care measure on the other. Both elements have to be 
combined with each other in order to improve the effects of the health care measure. The main 
ways to do so are to change the procedure in which respective measures are being realised or to 
target health care measures to certain individuals. 

In this regard, Personalised Medicine has nothing to do with a person as such, or to put it in 
other words, it has nothing to do with the personality of a patient. It is about a specific biological 
predisposition which can be found in a specific person. This is why we have chosen the term 
individualised health care instead of Personalised Medicine, although the bulk of the medical 
literature quite obviously would use both terms in the same way. And in a more technical but less 
appealing way Personalised Medicine can be regarded as a strategy of stratification: Because it 
aims at detecting sub-groups of patients which benefit from a certain measure.  

As a result, two points need to be stressed: On the one hand, the concept is somewhat 
restricted. Personal preferences are not taken into account, and the very interesting questions of 
whether medical treatments can be improved by more and better communication between the 
medical personnel and patients is cut down to the question how far the consent of patients is 
needed in order to gather the information necessary for Personalised Medicine. On the other 
hand, Personalised Medicine can cover a broad range of medical interventions. It may be used in 
order to prevent people from a certain illness. In this sense it can be seen as a specific preventive 
measure. And it can consist of the combination between diagnostics and a therapeutic measure. 
This measure as such may consist in a specific medical method or in the mere prescription of a 
drug. 

 
2. If we look at the current situation, it becomes clear that the state of Personalised Medicine is 

a rather limited one. By far most of its applications cover pharmaceutical therapies, and the main 
field to which these therapies belong is oncology. In its present core, Personalised Medicine is a 
pharmacogenomical instrument. This is why Personalised Medicine is tightly combined with the 
fight against cancer and has gained much attention last year in the context of the WHO’s 
predicament that our globe is facing a ‘tidal wave’ of cancer. It is not by chance, that James 
Watson, co-discoverer of the double helix and nobelist, wrote an article in the New York Times 
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in 2009 under the heading: ‘To Fight Cancer, Know the Enemy’. And some oncologists even 
state that ‘the concept of Personalised Medicine demands that every cancer has to be treated 
uniquely’. This level of individualism is far from being realistic at the moment. But it is evident 
that medical treatment tailored according genetic information becomes more and more important 
in the fight against cancer and some other diseases. Personalised Medicine probably has the 
capability to develop further and to cover a much broader field of applications. Yet, it is already 
there – which leads to the question how it can get on the markets and to the patients. 

III. Access to Health Care Systems 

1. As far as the access to the market in general and the public health care systems in particular 
is concerned, there are two points worth to be mentioned.  

First, the simple fact that Personalised Medicine in most cases consists of a combination of a 
diagnostic measure and a pharmaceutical causes difficulties for many public health care systems. 
The background for these difficulties that there are certain pathways into the systems which differ 
from one member state of the EU to another, albeit the existing EU legislative framework on 
medicinal products as the centralized Community authorization procedure established by 
Regulation No. 2309/93, the Directive 2001/83 on the Community code relating to medicinal 
products for human use, or the Council Directive 89/105/EEC relating to the transparency of 
measures regulating the prices of medicinal products for human use and their inclusion in the 
scope of national health insurance systems which is under revision at the moment. Those 
pathways do, generally speaking, concentrate on one type of medical measure: be it a medical 
product, a pharmaceutical or a particular method of treatment. 

If we take Germany as an example, the access of a pharmaceutical to the market has to be 
granted on the basis of the law on pharmaceuticals (Arzneimittelgesetz). In order to gain this 
marketing authorization, a pharmaceutical has to be beneficial in terms of health and, therefore, 
to fulfil certain requirements concerning therapeutic efficacy, safety and quality. For patent 
protected drugs, it is up to the producer to set up the marketing prize – which is, by the way, an 
important factor for marketing within the EU as some member states take these prize tags as a 
referential basis for their prize regulation. In order to enter the statutory health care insurance, no 
further admission is necessary. According to the existing rules, drugs which have received market 
authorisation automatically become part of the benefits package of the insurance system. Yet, 
there is a specific procedure of benefit assessment in order to regulate the prize of the 
pharmaceutical. 

Up to now, no similar provisions exist for companion diagnostics. Some argue that these 
diagnostics would have to be dealt with as integral part of the respective drug, but this is not 
common opinion and especially not be followed in practice. That leads on the one hand to the 
problem that the combination as such is never subject to an assessment of the competent 
authorities – although diagnostics can be rather complex in not only few cases, and the 
prescription of the drug concerned is always closely linked to the results of the diagnostics. Or as 
the US-American FDA has put it: “The specific challenges for any particular set of products 
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depend in part on the nature of their relationship to each other.” This is why in the USA the 
regulatory framework has recently undergone changes. The draft of a Regulation on in vitro 
diagnostic medical devices as proposed by the European Commission also addresses companion 
diagnostics. 

On the other hand, the separation of companion diagnostics and companion drugs regarding 
the access to the health care system also means that diagnostics do not receive a specific tariff 
position on the list of medical treatments. This may seem to be a simple technicality, but it means 
that the companion diagnostics, though a necessary measure in order to apply the pharmaceutical, 
will not be paid for – at least when the patient does not stay in a hospital. Also with respect to 
reimbursement, it is quite clear that a procedure is needed which pays attention to the 
combination of two otherwise separated medical measures. 

 
2. Second, also the evaluation of an individualised treatment or pharmaceutical may lead to 

new problems. Today, most health care systems follow the idea of evidence-based medicine. The 
necessary evidence can be derived from testing which follows certain standards. As a rule, the 
assumption that a pharmaceutical or other therapy is effective has to be based on a sufficient 
number of cases. But Personalised Medicine reduces the cases: as we have seen, it tries to target a 
therapy by means of stratification. The existence of sub-groups of patients also means that there 
are sub-groups of indications. In turn, this may not only raise the sheer number of studies needed 
in order to prove the effectiveness of a given therapy, but also make the burden of proof more 
difficult. Whether this is the case or not, is disputed – and it only becomes a legal problem in an 
indirect way and as far as the legal requirements refer to the standards of evidence-based 
medicine. 

IV. Data Protection 

1. Specific legal questions are at stake when it comes to data protection. This is very obviously 
an issue with Personalised Medicine as the respective measures are based on individual biological 
information, and on genetic information in most cases. Also in this respect, two different aspects 
need to be mentioned. The first deals with the protection of the right to privacy in the context 
with individual medical measures, the second with the collection of data for the purpose of 
further research. 

As far as the first point is concerned, it is essential to notice that most applications of 
Personalised Medicine rely on genetical information. Those information have to be qualified as 
personal data which may only be used if the person whose data are concerned has given his or her 
consent. The use of genetical data is strictly limited under the existing laws. This concerns the 
collection of data as well as further processing. Furthermore, most jurisdiction draw a distinction 
between genetic data in general and those genetic variants that are inherited. The use of the latter 
data falls under even stricter requirements and is subject to stricter prohibitions than the former 
ones. 

Future legislation will have to take two aspects into account. As we have seen, Personalised 
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Medicine is often used to combat diseases in a more effective way, and to this end, it will in 
many cases need to identify acquired genetic disorders and the specific features of tumor cells. 
When those examinations become more and more common and widespread than today, we might 
have to rethink the vulnerability of the respective genetic data in order to make health care 
systems more effective. On the other hand, advanced Personalised Medicine – especially when it 
is used for preventive care – will also deploy new diagnostic procedures which supposedly reveal 
which individuals are more likely to develop a severe disease in the course of their lives and 
therefore will have to deal with information in the genetic hereditary property. 

Let me give you an example which is taken from an case study that has been modelled and 
calculated through by the economists in the framework of our before mentioned interdisciplinary 
project. For some variants of colorectal cancer, we know that a specific genetic predisposition 
can lead to the outbreak of the disease. If persons who have already felt ill were tested, those with 
the said genetic predisposition can be identified. And if, in a second step, it was also possible to 
identify the close relatives of these index persons, the relatives could undergo a testing procedure 
and in case they also show the same genetic predisposition, measures could take place preventing 
the relatives from falling ill. The costs of this preventive Personalised Medicine varies according 
to the testing procedure. Yet, the overall cost-benefit-analysis shows that its efficiency depends 
mainly on the condition that it is possible to identify more than one relative in average. This leads 
to the first question whether those suffering from the particular variant of colorectal cancer can be 
subject to the obligation to undergo testing. The second question is under what circumstances 
they might be obliged to disclose information about the names of their relatives. And the third 
question is whether these relatives have a right to not be informed, a right to ignorance, or a right 
not to know about their genetic predisposition. All three questions are highly relevant but 
sometimes difficult to answer from a legal point of view, and they might gain more attention in 
the forseeable future. 

 
2. As far as further research is concerned, the information collected in the course of medical 

treatments have to be stored in order to allow for new examinations in the future as we have to 
assume that our knowledge will keep on increasing. Both the right to research as the right to 
privacy have to be considered in order to shape a consistent, open and appropriate legal basis for 
the so-called biobanks. 

The challenges can be summarised by a quotation taken from a report for the German 
Parliament: “One question for politics and society is whether the basic conditions shaped by 
existing law are sufficient to ensure the protection and at the same time the appropriate use of 
what are extremely personal data stored in biobanks. The objective would have to be both not to 
endanger the protection of the donors’ samples and data, while at the same time providing the 
opportunity for the optimal exploitation of these materials and data in terms of their ‘ethically 
sound’ use.” 
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V. Final Observations 

Let me resume my observations in the following, very preliminary way: Personalised 
Medicine will raise new legal questions or will, at least, shed new light on those questions which 
are generally relevant for the provision of health care. At this stage of our knowledge, it is not 
easy to come to clear results. We still have to understand and to identify the legal implications of 
Personalised Medicine and its possible meaning for the development of any legal order. This 
appears to be of little help. Yet, it is a first and necessary step for further research. And research 
is, to a considerable extent, the art to ask the right questions. 
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KRATKI ŽIVOTOPIS PREDAVAČA / SHORT CURRICULUM VITAE:

Filmski producent. Dobitnica Oscara za kratkometražni animirani film “A Greek Tragedy” (1986.), nomin-
irana za Oscara za dugometražni animirani film “Jester Till” (2003.), filmovi u konkurenciji u Cannesu, Ber-
linu, Veneciji. Stručni procjenitelj za Europsku komisiju, EACEA, u segmentu razvoja medija i animacije.

TEMA PREDAVANJA / TOPIC OF LECTURE:

RAST, ŠIRENJE I PUCANJE BALONA? O STARIM I NOVIM NAČINIMA STVARANJA - UZLAZNE I 
SILAZNE STRATEGIJE I KAKO PREŽIVJETI NA SUVREMENOM MEDIJSKOM OKRUŽENJU

BOOM, BUBBLE, BURST? OF OLD AND NEW WAYS OF CREATION/PRODUCTION - TOP DOWN 
OR BOTTOM UP AND HOW TO SURVIVE ON A 360° CROSS MEDIA PLATFORM 

SAŽETAK PREDAVANJA / PRESENTATION ABSTRACT:

In 1986, at the Oscars, I was sitting next to JOHN LASSITER . I presented the animated short film“A 
Greek Tragedy”, he presented “Luxo Jr”. I won the Oscar. He developed Pixar Movies, now integrated 
in The Walt Disney Company, together with Marvel and (in the next future) Lucasfilm, “creating an un-
precedented and unparalleled collection of the world’s greatest brands and creative content, along with 
tremendous growth potential for the foreseeable future.”, as they stated in their annual financial report of 
2013 together with a 6.636 billion net income).

I am a producer since 1978, mainly film, but also art exhibitions and theatre, produced films with no-
budget, low budget and some budget...The films were shown in all the big festivals, Cannes, Berlin, 
Venice...

I am an expert/assessor for the European Commission/EACEA – Media for development of animation 
films and series. Since more then 10 years now I judge the potential for production and distribution of 
European animation projects. 

VI.
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What did I do wrong? And did I do wrong? How come I wasn’t able or willing– in Europe, in Belgium, in 
Flanders, to set up a big studio as did Lassiter? 

Europe against the USA? Art films against commercial films? How come not one film in Europe can be 
made without state subventions? Where is our public? 

What has changed over all this years? And, if I could start all over, knowing what I do know now, having 
at my disposal light and cheap material, new distribution facilities, and a 360° crossmedia platform, how 
would I – how would you - shape production – film, theatre, performance, exhibition....? 
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BOOM BUBBLE BURST?1 
  
 

 
“With the advent of the cinema,  the world has become visible in a radically new way.” 

Harun Farocki2 
 

This is a personal reflection about filmmaking after a thirty-year career as a 
European/Belgian independent film producer, my main characteristic being "not 
interested in making a lot of money, but in bringing the message." A (sadly) wrong or, if 
you like, impossible setup in film land.  
My journey through Filmland started in 1977. 
The questions I asked myself after this 37 year journey are – roughly - about old and new 
ways of creation / filmproduction:  
In old times the big choice for a producer was between “hand’s on” and “author’s final 
cut”.  I was no  “hands-on” producer (top-down),  controlling everything. I gave the final 
cut to the author.  Was I right?  Why?3 
In 1986,  at the Oscars,  I was sitting next to JOHN LASSETER4,  we were both 
nominated in the category “short animated film”.  I presented “A Greek Tragedy”,  (1) 
he presented “Luxo Jr”5 
I won the Oscar. 
 
He developed Pixar Movies, and finally integrated it in The Walt Disney Company, 
together with Marvel and Lucasfilm, “creating an unprecedented and unparalleled 
collection of the world’s greatest brands and creative content, along with tremendous 
growth potential for the foreseeable future”,  as they stated in their annual financial 
report of 2013, together with a 6.636 billion net income. 
I remained an independent European producer6,  and produced films with no-budget, 
low budget and some budget... The films were shown at all the big festivals, Cannes, 
Berlin, Venice... Always hoping that an independent film production could rival a 
mainstream film production but never making any money,  never reaching the “bigger 
audience”. 
I am an expert/assessor for the European Commission/EACEA - Media for 
development of animation films and series. Since more then 10 years now I judge the 

stribution of  European animation projects.  potential for production and di

                                                        
1 John Maynard Keynes’ definition of capitalism 
2 http://farocki-film.de 
3 Cfr. On this subject: Katherine Thomson-Jones, Continuum International Publishing Group, London-
N.Y., 2008 (www.continuumbooks.com) 
4 http://en.wikipedia.org/wiki/John_Lasseter 

5 http://en.wikipedia.org/wiki/Luxo_Jr 

6 What’s an “independent production”?  A professional film production produced  outside of the major 
film studio system.  Usually made with considerably lower film budgets than major studio films.  Generally, 
their marketing is characterized by limited release, (…) Often screened at local, national, or international 
film festivals.  Limited distribution (theatrical and/or retail release).

PRILOG
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Very few of them made a commercial career.  
Why this huge difference between Europe and the USA? Why American filmakers build,  
are capable of building, worldwide empires and  not one film in Europe can be made 
without state subventions?  Are there exceptions? 
 
Examples of my films:   
The future of ’36 – about Spanish anarchisme (2)  
Exit Exil – aka The Madonna of the Dump (3) 
Osveta (4) 
“Guerilla” films,  made outside every system,  years of begging to assemble the (small) 
budgets and lots of -very important at that time and now a bit lost-, engagement.  
 
What has changed over all this years?  And, if I could start all over,  knowing what I do 
know now,  having at my disposal light and cheap material,  new distribution facilities,  
and a 360° crossmedia platform,  how would I -how would you students of the 
university- shape production/film, theatre, performance, exhibition....?7 
 
 “We can hardly imagine what will be the impact of the rapid spread of digital culture, 
although there are interesting historical parallels. The historical geographers Hans 
Knippenberg and Ben de Pater published a year or twenty ago a nice concise book about 
the unification of the Netherlands since 1800.  In it they focused on how a modern 
country arose out of the patchwork of fields on the wings of industrialization, the advent 
of modern transport, media and other means of communication. While local and 
regional peculiarities - language, dress, religion, traditions - disappeared, a more or less 
homogeneous culture and society was born."8 
 
The big city, and motion pictures were born,  at the same time as capitalism: boom... 
bubble ....burst... 
 
 “At the period this technical torrent was emerging from industrial enterprise (beginning 
of the 19th century), a crowd of human beings began to gather about the machine. A 
great number of individuals were necessary to service it;  an equally great number were 
required to collect about it to consume its products. (...) With this development came the 
hitherto unknown phenomenon of the big city. At the beginning, the big city engendered 
no particular technique;  people were merely unhappy in it. (...) Somewhat later,  as big 
city life became for the most part intolerable,  techniques of amusement were developed. 
It became indispensable to make urban suffering acceptable by furnishing amusements,  
a necessity which was to assure the rise,  for example,  of a monstruous motion-picture 
industry.”9 
 
From the start of the motion-picture industry,  authors and independent producers have 

rnishing monster.  been battling this amusement-fu

                                                        
7 In a first, Min Byung-woo's "Cats and Dogs", a romantic comedy made with an iPhone 4S, will screen in 
cinemas in the Asian country in December, 29/11/2013, 
http://www.hollywoodreporter.com/news/south-korean-feature-film-shot-660708 

8 Frank van Vree, De Groene Amsterdammer, 19.08.10, (blz 47) 

9

 

 Citation :  Jacques Ellul,  The technological society, Vintage, 1964, (blz. 113-114) 
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I lived the golden era of the author’s film... with the French mouvement of the 
“Nouvelle Vague”,  François Truffaut, Jean-Luc Godard and many others.  We had “art 
houses” where our independent productions could be shown ... and although there was 
always a big shortage of money and investors,  national subventions and coproductions 
were – though complicated- possible.  
The technological society becomes more and more homogeneous and standardized, the 
motion picture industry more and more mainstreamed.  And here we are back at the 
beginning:  John Lasseter understood this,  and builded an empire on high quality 
mainstream films,  and I’m still a (proud) member of the battling independent 
producers... 
But where do we go from here?  Where do the students who are now sitting on the 
university and filmschool benches go to?  
Thus the following question:  
How to avoid this standardization / mainstreaming of (film)culture in the future? How 
will author’s film survive on a 360° cross media platform?  
 
We went from the brothers Lumière to the selfie,  we saw film, on the basis of the 
changes in technique, evolve from instinctive imagery to conscious manipulation 
("mainstreaming10") and back (the instinctive use of the image by the general public :the 
Arab spring and the selfie).  
We live in an exciting tipping point: on the one hand, anything is possible -the first 
smarthphone film has been screened in the cinemas- but on the other hand 
filmproduction is more controlled than ever.  Not like before,  by investors/banks (USA) 
or grant-providers (Europe), but by the general public (Netflix).  
What the public wants to see, it will get : more than ever. Digitization does (or can) 
control our private life, google (can & does) store every of our data and analyze our 
consumption so the big moguls can deliver more of the same. 
The new “buzzwords” at this moment are “cross-media”,  as in “360° crossmedia 
platform” and “transmedia storytelling”, “co-creation”, ...  all part of the new digitised 
world.  
 
At the beginning the term “Cross-Media” was often explained as something that includes 
the distribution of content (e.g. music, text, pictures, video etc.) amongst different media. 
One frequently used combination is television, newspapers/magazines,  mobile devices 
and Internet. 
 
In the current media-landscape consumers control the use of media; they decide when 
and where they wish to access specific media and content.  Best example here is the US 

                                                        
10 Mainstreaming: Mainstream viewers, watch movies, either like them or don't, but do not care enough 
about the process to think up any theoretical framework involving movies.  There are elements of theory 
vaguely peppered in their thoughts, but most people think through examples, what they've seen.  This 
could be one reason that movie reviews are the most popular and nearly exclusive form of movie writing in 
America.  Film theory has been mostly needlessly relegated to academia.  Academia hasn't helped the 
problem by making film theory needlessly esoteric.  Movie reviews and famous reviewers, however good, 
become a distraction from deeper film writing and become the final frontier for most readers. - See more 
at: http://www.whatisgreatcinema.com/2012/08/the-state-of-mainstream-film-
criticism.html#sthash.9gTdtQAG.dpuf 
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company Netflix.11  With 50 million viewers backing them, Netflix will become one of 
the main producers worldwide.12 
The use of different media does not necessarily lead to a cross-medial concept. However, 
if the different media are used in such a way that their qualities are used to the fullest, 
and the possibility of participation of the target group is present, one could call it a cross-
medial concept. 
  
“To make a great film you need three things: the script, the script and the script…” 

(Alfred Hitchcock) 
 
Cross media storytelling?  
Crossmedia is a communication tool including a story that encourages you to switch 
from one medium to another, and back. 
The result is added value to the concept in two ways: on the one hand the depth of the 
story increases (which leads to more benefits for the user), while on the other hand, the 
chance of making a cross-over to another medium is increased due to the interesting 
story. 
The crossmediasector itself defines the term as follows: “The crossmedia-sector provides 
multimedia products and services by using radio, television, Internet, mobile devices, 
print and events simultaneously along each other.” This implies that the cooperation 
between companies and specialists is part of the concept of crossmedia as well. 
 
Distribution of crossmedia concepts passes through different channels : multichanneling. 
 
Conclusion ? 
I don’t have the answers,  but one thing I know:  we have to go on defending author’s 
films,  it is as necessary as an independent newspaper/site for our democratic and artistic 
life.  The production in this digitized world is a lot easier and cheaper. The bottleneck 
and the main question to answer is:  how to distribute these films? And second 
important point is: how to reach our public?  Or maybe the last question is the answer to 
the first one:  as soon as there is an audience,  there will be distribution...  
 
So as far as I’m concerned,  the key here is  education,  schools,  media literacy.  
 

                                                        
11 Netflix is the world’s leading Internet television network with over 50 million members in more than 40 
countries enjoying more than one billion hours of TV shows and movies per month, including original 
series. For one low monthly price, Netflix members can watch as much as they want, anytime, anywhere, 
on nearly any Internet-connected screen. Members can play, pause and resume watching, all without 
commercials or commitments.  

12 Netflix communication:  Reflecting the increasingly global nature of the Netflix service, we now have 
original series in production around the world, involving some of the best storytellers working in television 
and film today.
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Graduate engineer (1988), PhD in hydrology (1994), habilitation and associate professor for hydrology 
(2004) at the institute for water management, hydrology and hydraulic engineering (IWHW-BOKU). His 
scientific expertise is related to hydrological modelling and model development in the field of soil water, 
groundwater and surface water processes. He developed and applied river basin models for process 
study analysis, climate change impact and flood warning purposes. He also did research in field monitor-
ing of runoff formation and snow processes in alpine environments.

TEMA PREDAVANJA / TOPIC OF LECTURE:

PROGNOZA OTJECANJA, UPOZORENJE NA POPLAVE I UTJECAJ PROMJENE KLIME NA OTJE-
CANJE

RUNOFF FORECASTING, FLOOD WARNING AND CLIMATE CHANGE IMPACT ON RUNOFF PRO-
CESSES 

SAŽETAK PREDAVANJA / PRESENTATION ABSTRACT:

The presentation will address the topics (1) runoff forecasting and flood warning and (2) climate change 
impact on runoff processes. A brief introduction in hydrological modelling, the data demand and the model 
reliability will be given. A certain focus is on the importance and potential of flood warning in the frame of 
integrated flood risk management systems. Climate change impact on hydrology is addressed by means 
of Austrian case studies. Both surface runoff and cryosphere processes are mentioned. The presentation 
will end up with a critical review regarding the potential and limitations of climate change impact studies 
and figures out hard and soft facts of climate change projections.

VII.
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1 Introduction

Rainfall-runoff models consider many processes which need 
to be parameterized according to the basin characteristics 
found at that specific place. Due to the limited amount of 
information regarding data availability, a unique parameter 
calibration of the models is difficult and can lead to different 
parameter combinations yielding similar results. A signifi-
cant disadvantage of having more than one ideal parameter 
set producing satisfactory results is that this makes the im-
pact assessment of changes of external forcings (e.g. climate 
changes, land use changes) difficult. 

One way to deal with this is to reduce the complexity of 
the models so that there are fewer parameters to calibrate. 
In this context it was decided to avoid using and developing 
more and more complex models, bu to try simplifying them 
by focusing only on the most relevant processes. GRAYSON 
& BLÖSCHL (2000) coined the term Dominant Processes 

Concept (DPC), comprising the identification of the dom-
inant processes and, as a second step, the development and 
use of models that focus on these processes. SIVAKUMAR 
(2004) summarizes that the main ideas behind the formula-
tion of the DPC were: 1) the recognition that “trying to 
model everything” is a difficult, if not impossible, task 2) 
the many observations suggesting that only a few processes 
dominate the response in a specific catchment and 3) the 
insight (gained through modeling) that simple models with 
a few dominating parameters, can lead to good results and 
can capture the characteristics that determine the hydro-
logical response of a specific catchment. 

It is important to notice that the dominating processes 
might be different at varying locations in a catchment and 
also vary depending on the season, characteristics of rain 
and other factors. MASSMANN & HOLZMANN (2012a, 
2012b) showed a method how to identify dominant pro-
cesses and their temporal sequences. Also the objective of 

Development and test of a modular hydrological model  
concept with different degrees of complexity

H. Holzmann and C. Massmann

Entwicklung und Test eines modularen hydrologischen Konzeptmodells  
mit unterschiedlicher Komplexität

Zusammenfassung
In den letzten zwei Dekaden wurde weltweit eine Vielzahl hydrologischer Modelle entwickelt. Die meisten davon 
verwenden zur Beschreibung der hydrologischen Prozesse eine starre Modellstruktur mit der Annahme der Repräsen-
tativität für alle raumzeitlichen Skalenbereiche. Die Interpretierbarkeit der Modellergebnisse hinsichtlich der realisti-
schen Wiedergabe einzelner Prozesseigenschaften ist jedoch aufgrund der eingeschränkten Verfügbarkeit beobachteter 
Systemdaten schwierig, da die Modelle zumeist nur anhand von integrierenden Abflusswerten validiert werden. Daher 
wird angenommen, dass einfachere Modellstrukturen unter Berücksichtigung dominanter Prozesse durchaus gleich-
wertige Ergebnisse liefern können und zudem die Anzahl der Modellparameter reduzieren. Im Rahmen eines For-
schungsprojekts wurde ein modulares Konzeptmodell entwickelt, welches selektiv die Hinzunahme oder die Vernach-
lässigung einzelner Subprozesse unter Berücksichtigung der Datenverfügbarkeit und der Gebietseigenschaften 
ermöglicht. Im Beitrag werden die Simulationsergebnisse eines konventionellen Modells mit zwei Realisationen des 
modularen Modells (einfach und komplex) verglichen. Dabei konnte eine Gleichwertigkeit der Ergebnisse gezeigt 
werden. Der Vorzug des modularen Modells ist die Möglichkeit zur individuellen Anpassung der Modellstruktur unter 
Berücksichtigung der Datenverfügbarkeit und der Vereinfachung der Parametererfordernisse.

Schlagworte: Modulares Modell, hydrologische Modellierung, flexibles Modelldesign, dominante hydrologische 
Modelle.

PRILOG
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the model application determines what kind of processes 
might be relevant since it is expected, for instance, that the 
processes involved in the production of discharge during 
low water periods will differ from the dominating processes 
during floods.

2 Objectives and Methods

Since 2010, the Austrian Academy of Sciences has been fi-
nancing the project “development and testing of a modular 
conceptual hydrological model to identify dominating hy-
drological processes”. The applied project aims at the devel-
opment of a model concept that considers a flexible model 
design based on variable dominating processes. The process 
variation can be due to changing processes in time (environ-
mental feedback), to spatial basin characteristics (e.g. hy-
drogeology) or to varying perspectives and different varia-
bles of interest. Similar concepts have been introduced by 
VAN DEN BOS et al. (2006), FENICIA et al. (2011) and 
KAVETSKI & FENICIA (2011). The objective of the ongoing 
project is to test the dynamic model concept with observa-
tion data of experimental basins in different scales. Tests 
have been carried out with data from lysimeter, irrigation 
plots, small and medium sized basins. Comparable investi-
gations in different basin scales have been reported in BROC-
CA et al. (2011). This current paper describes preliminary 
results for the mean sized basin Jalovecky creek in Slovak 
Republic.

The modular hydrological model BOKU-Modmod consid-
ers different flow and storage processes listed in table 1.

Table 1: Processes of the modular model BOKU-Modmod and corre-
sponding IDs

Tabelle 1: Verfügbare Prozesse mit Kennziffer im modularen Modell 
BOKU-modmod

ID  Sub-Process
1 ... snow/glacier  6 ... plant available water storage 
2 ... interception 7 ... mobile soil water storage
3 ... single linear storage 8 ... groundwater storage
4 ... API storage 9 ... linear storage cascade
5 ... split function 10 … delay function

These sub-processes correspond to particular fluxes and 
state variables which can be monitored in nature for provid-
ing observation data of experimental basins to the modeler. 
In terms of water fluxes these modules take into account 
water storage and release (snow/glacier accumulation and 
melt, interception, soil water and groundwater storage), 
water division into surface and sub-surface flow (split func-
tion) and delay processes with respect to routing and flow 
propagation (storage cascade, delay function). An anteced-
ent precipitation module (API storage) keeps track of the 
moisture state conditions and affects the proportions into 
which the runoff is separated by the split function. In the 
first test phase only a lumped version of the model has been 
applied so far. This can be justified by the small size of the 
test domains. 

Summary
Many hydrological models have been developed in the past two decades. Most of them used a fixed design to describe 
the variable hydrological processes assuming to be representative for the whole range of spatial and temporal scales. 
This assumption is questionable as reported by MCDONELL et al. (2007). But it was also evident that model applica-
tion and the interpretation of results are limited by data availability to identify the particular sub-processes, since most 
models were calibrated and validated only with discharge data. Therefore it can be hypothesized that simpler model 
designs, focusing only on the dominant processes, can achieve comparable results with the benefit of fewer parameters. 
In the context of a research project a modular model concept was developed that allows the integration and neglection 
of hydrological sub-processes depending on the catchment characteristics and data availability. In this paper a compa-
rison between a conventional HBV-type hydrological model and a modular concept with (1) simple and (2) complex 
process representation will be discussed. It could be shown that a flexible model design – and even the simple concept 
– can reach equivalent performance compared to the conventional model type. The main benefit is the individual 
adaptation of the model structure with respect to data and process availability and the option for parsimonious model 
design.

Key words: Modular model, hydrological modeling, flexible model design, dominant processes.
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The BOKU-Modmod model was written in Fortran source 
code. New and updated process modules can easily be inte-
grated in the model concept. If the modeler applies the full 
range of processes and options, the number of required pa-
rameters will reach approximately 25. This means there 
would not be a big difference to existing models like the 
conceptual model BOKU-HBV, an HBV-type model devel-
oped by HOLZMANN & NACHTNEBEL (2002). But the ob-
jective is to focus primarily on the dominant processes and 
select a reduced sample of modules. 

The model can be interlinked with external parameter 
optimization procedures for instance the PEST software 
(see Watermark Numerical Computing, 2010), which al-
lows the automatic calibration of any model with input and 
output files in an ASCII format. Furthermore the Gauss-
Marquardt-Levenberg nonlinear estimation technique – 
which was used in our study –, the global methods CMA-ES 
and SCE (“shuffled complex evolution”) are also imple-
mented in PEST. 

In the following section the comparison between the 
BOKU-HBV-type model (version 1) and the flexible 
BOKU-Modmod with a simple (version 2) and a complex 
(version 3) representation is described. The test basin 
Jalovecky Creek is located in the High Tatra mountains. The 
basin area is approx. 22.2 km2, the elevation ranges from 

800 to 2200 m a. s. l. Discharge is observed at the outlet of 
the basin. The meteorological input (precipitation and air 
temperature) is observed in different locations in daily and 
hourly time steps and is interpolated to the gravity point 
(precipitation) and elevation bands (temperature) respec-
tively. A more detailed description of the basin is given in 
HOLKO & KOSTKA (2010) and DÓSA et al. (2011).

Figure 1 (a) shows a simple representation of the hydro-
logical behavior of Jalovecky creek basin. Rainfall and snow-
melt form the input for the hydrological system. A split 
function separates water flow into fast and slow compo-
nents. The division is related to the moisture state condition 
computed by the API (antecedent precipitation index) 
module driven by the rainfall input. The API module was 
integrated to enable an external estimation of moisture state 
conditions independently from the selected configuration 
of the model. Figure 1 (b) exhibits the logical structure by 
means of a hierarchical flow scheme, which is built by the 
interactive input generation module, where the user has to 
define the relevant processes.

In addition to the simple model (version 2), version 3 
integrates interception – considering both canopy and litter 
layer –, plant available water storage and mobile soil water 
storage, generating interflow and saturation excess flow. The 
scheme of version 3 is shown in figure 2.

Figure 1: (a) Simple process representation with the BOKU-Modmod model considering antecedent precipitation index, melt and split into slow 
(groundwater) and quick (linear storage) runoff. (b) Logical design considering tree and string hierarchy

Abbildung 1: (a) Einfache Prozessbeschreibung anhand des BOKU-Modmod-Modells unter Berücksichtigung des Vorregenindex, der Schnee-
schmelze und einer Trennfunktion zwischen langsamem (Grundwasser) und raschem Abfluss (Linearspeicher). (b) Logischer Modell-
aufbau mit Baum- und Stranghierarchie
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3 Results and Discussion

The described model simulations are carried out in lumped 
mode, but snowmelt and accumulation are modeled for  
100 m elevation bands. The snowmelt module is uniformly 
applied for all three model versions using a time variable day 
degree method. The numbers of the parameters used in the 
model versions are given in Table 2.

Table 2: Number of parameters of the applied models
Tabelle 2: Anzahl der Parameter der angewandten Modelle

Model type  Number of parameters

BOKU-HBV 18
BOKU-Modmod (simple) 7
BOKU-Modmod (complex) 16

Data time series are available for the period of 2002 to 2007. 
Skipping the initial warm-up period, which was considered 
to last 6 months, the calibration was carried out including 
the years 2002 to 2005, whereas the remaining years 2006 
and 2007 were used for validation. The performance criteria 
were mean squared error (MSE), determination factor R2 
and the Nash-Sutcliffe criteria (NSC). The results can be 
seen in the following table:

Generally performance of all three models is satisfactory, 
indicated by determination factors from 0.79 to 0.88 and 
Nash-Sutcliffe values ranging from 0.63 to 0.78. The cali-
bration phase performs better but also the validation phase 
is acceptable. The ranking exhibits best values for BOKU-
HBV, second for the complex BOKU-Modomod and third 
for the simple BOKU-Modmod model. The temporal ac-

Figure 2: Complex process representation of Jalovecky creek basin with the BOKU-Modmod-BOKU model considering antecedent precipita-
tion index, melt, interception, split into slow (plant available soil water, mobile soil water, groundwater) and quick (linear storage) 
runoff

Abbildung 2: Komplexe Prozessbeschreibung des Jalovecky-Einzugsgebiets unter Berücksichtigung des Vorregenindex, der Schneeschmelze, der  
Interzeption, einer Trennfunktion zwischen langsamem (pflanzenverfügbares Wasser, mobiles Bodenwasser, Grundwasser) und  
raschem Abfluss (Linearspeicher)

Table 3: Model performance of BOKU-HBV and BOKU-Modmod simple and complex
Tabelle 3: Modellgüte der angewandten Modelle (BOKU-HBV, BOKU-modmod einfach, BOKU-modmod komplex)

Model type  calibration   validation
  MSE R2 NSC  MSE R2 NSC
BOKU-HBV 0.06 0.88 0.78 0.08 0.85 0.68
BOKU-Modmod simple 0.17 0.85 0.72 0.10 0.79 0.63
BOKU-Modmod complex 0.17 0.86 0.74 0.09 0.82 0.65
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cordance for the validation phase can be seen in Figure 3. 
Some little difference in the temporal behaviour of the 
model simulations is the better performance of BOKU-
HBV for peak flow events. 

The presented results are based on a pure automatic cali-
bration procedure which minimizes the square error using 
the PEST software. In next steps some further analysis and 
plausibility tests of the balance components and state condi-
tions by means of expert knowledge can potentially result in 
some further improvement of the model performances.

4 Conclusions and perspective

The presented results show that modular model concepts 
can have a performance equivalent to the conventional 
HBV-type model. There are some initiatives to establish this 
kind of flexible models in the hydrological community. The 
real advantage and expected benefit of such concepts are  

(1) the potential to validate model results with respect to 
sub-process state conditions like soil moisture content, pi-
ezometric head, surface and sub-surface hillflow compo-
nents, (2) to integrate expert knowledge of experimental 
hydrologists for a-priori parameter estimation, (3) to vali-
date sub-modules by means of integrative observation data 
like remote sensing or geophysical observations providing 
state conditions of representative domains (not only point 
data), and (4) to keep parameter variability small and to 
evolve towards parsimonious model structures.

For further investigations, the following questions will be 
of primary importance: How to define a proper and satisfy-
ing model structure which fulfills the requirement to be “as 
simple as possible and as complex as necessary”. In this 
context the combination of mathematical methods to iden-
tify dominant processes and the expertise of experimental 
hydrologists will be important. A second point is how to 
enable a flexible model design also for the temporal evolu-
tion. As dominant processes vary in time, the model struc-

Figure 3:  Hydrographs for the observed and simulated discharge using three models: the BOKU-HBV model, the BOKU-Modmod model with 
a simple structure and the BOKU-Modmod model with a complex structure

Abbildung 3: Ganglinien des beobachteten und simulierten Abflusses der drei Modellversionen (BOKU-HBV, BOKU-modmod einfach, BOKU-
modmod komplex)
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ture should consider this aspect. Observation data of ex-
perimental basins will therefore form an important base for 
identification and interpretation of state conditions and 
processes in the hydrological cycle. 
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Abstract:

Snow cover and glaciers are the most important long-term forms of water storage and, hence, the main sources of runoff
during the ablation period for many alpine headwater basins. We therefore investigated the application of the conceptual,
distributed hydrological precipitation runoff evapotranspiration hydrological response unit model (PREVAH) to the alpine
glacierized headwater basin of the Upper Salzach (593 km2, 5% glacierized) river in Austria. Hourly meteorological data from
17 stations for a 6-year period were available for the calibration and validation of the hourly runoff simulations. Multi-criteria
validation included hourly discharge, snow covered area (SCA), and glacier mass balances. SCA maps were generated from
optical satellite images for six dates. These maps were compared to simulated maps of SCA to (1) calculate differences in
SCA, (2) calculate altitudinal differences, and (3) show the ability to accurately model snow cover on different aspects. The
differences between observed and simulated SCA for glacierized areas were between 1 and 9% during June and July, and
between 10 and 36% during August and September observations. In general, the model overestimated SCA, which is the
result of PREVAH not including redistribution of snow by wind or avalanches. The temporal variability of the simulated
mass balance agreed well with observations from surrounding glaciers. Nash-Sutcliffe Efficiency Criteria (R2) of the hourly
discharge simulations were between 0Ð83 and 0Ð89 with the exception of the extreme summer of 2003 which had an R2 of
0Ð74. Contributions of glacier melt (firn/ice melt) to annual total runoff were between 1 and 4%. Again, the exception was
2003, when glaciers contributed 15% of the annual runoff and 60% to the August runoff alone. Copyright  2008 John Wiley
& Sons, Ltd.

KEY WORDS glacier melt; glacier mass balance; snow melt; SCA remote sensing; water balance of high elevation sites
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INTRODUCTION

The hydrological response at the outlet of a water-
shed depends on all processes superposed in the basin
(Blöschl, 2005). Hence, there is great interest in devel-
oping distributed hydrological models to separate hydro-
logical processes and to quantify all major sources con-
tributing to runoff. Methods are also needed to separately
validate all contributing processes as well as the inte-
grated basin response (e.g. runoff). Snow and glaciers are
the primary long-term storage units that define the runoff
regime of the Upper Salzach River in Austria. Several
hydroelectric power plants on the main Salzach River are
fed with meltwater from this glacierized basin. In order to
guide water management strategies, as well as flood and
low flow forecasting studies, there is a need for hydrolog-
ical models that take the contribution of snow and glacier
melt into account. Owing to the complex interactions of

* Correspondence to: Gernot R. Koboltschnig, International Research
Society INTERPRAEVENT, Department of Water Management, Provin-
cial Government of Carinthia, Flatschacher Straße 70, 9020 Klagenfurt,
Austria. E-mail: gernot.koboltschnig@ktn.gv.at

hydrological processes and the huge diversity of sources
contributing to stream runoff in glacierized alpine basins,
techniques to cross-check and validate these processes are
in great demand.

Parajka et al. (2007) investigated a multiple-objective
calibration method in regional water balance modelling.
They compared the traditional single objective calibra-
tion approach using only daily runoff with a multiple-
objective calibration approach using both daily runoff
and snow-cover data. They concluded that the latter
method performed slightly poorer in terms of runoff
simulations but significantly better in terms of snow-
cover simulations. Assessing the accuracy of intermediate
predictands is not altogether novel. A multi-response,
multi-criteria evaluation of a distributed physically based
model has already been studied by Anderton et al. (2002).
In this case, model results were validated by compar-
ing simulated outlet discharge, soil moisture reserve
and phreatic surface level with observations. Hunt et al.
(2006) presented a study where groundwater data, lake
stage and base flow observations were used for the model
evaluation. Schäfli et al. (2005) described a conceptual

Copyright  2008 John Wiley & Sons, Ltd.
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glacio-hydrological model with daily resolution for the
glacierized Rhone catchment in Switzerland in which
simulated glacier melt was validated using glacier mass
balance observations in the basin. Braun and Aellen
(1990) presented a study where direct glacier mass bal-
ance measurements of the Aletsch Glacier (Switzerland)
were employed as a basis for an additional performance
criterion for runoff modelling. They compared single
point mass balance observations at different elevations
with simulation results.

Our study was carried out using the conceptual dis-
tributed hydrological (Precipitation Runoff Evapotran-
spiration Hydrological response unit model (PREVAH)
Gurtz et al., 1999) to simulate the basin response of the
Austrian Upper Salzach River at 1-h time intervals. We
describe the results of a multi-criteria validation method,
in which observed discharge hydrographs at the catch-
ment outlet are used to calibrate the main model storages
and melt parameters. Simulated glacier mass balance, cal-
culated using simulated ablation and accumulation, was
validated by comparing it with mass balance observations
from two surrounding glaciers, which are the two closest
with mass balance records. Optical satellite observations
were used to derive the SCA (similar to Blöschl et al.,
2002; Letsinger and Olyphant, 2007) at different points in
time to compare simulations with observations (similar to
Cazorzi and Dalla Fontana, 1996) and to recalibrate the
internal snow accumulation storage. An accurate simula-
tion of SCA at glacierized sites is crucial to guarantee a
proper simulation of the area of exposed, snow-free ice.

Parajka and Blöschl (2006) evaluated the Moderate
Resolution Imaging Spectroradiometer (MODIS) snow-
cover product with a pixel size of 500 m (Hall et al.,
2002) over Austria to analyse the spatial and temporal
availability of SCA data. They concluded that the average
cloud cover over Austria is 63%. This may significantly
restrict the applicability to hydrological modelling, but,
on cloud-free days the accuracy of classification is good
with an average of 95%. Given the scale of our study area,

satellite observations with a higher spatial resolution than
daily MODIS imagery were of interest.

The aim of this article is (1) to present the calibration
process for the hourly hydrological model using observed
runoff and SCA data, (2) to demonstrate a method to
spatially validate SCA using different techniques, (3) to
assess the basin water balance with a special focus on the
contribution of glacier melt to total runoff to demonstrate
a possible future scenario with no glaciers and (4) to
validate simulated glacier mass balance using observed
glacier mass balance data. We also simulated the hot
and dry summer of 2003 (Beniston, 2004) where extreme
glacier melt was observed. The main interest was to work
out and understand what could happen in the future if
glaciers disappear.

In this study, the term glacier melt refers to the sum of
firn and ice melt. Although PREVAH is able to separate
snow melt from the glacier surface, it is accounted for in
the total snow melt of the entire basin.

STUDY AREA

The Upper Salzach basin, with its outlet at Mittersill
(47°190N, 12°280E, mean flow 24 m3/s), is situated in the
north of the Hohe Tauern region in the central Alps of
Austria (Figure 1). The catchment, which is 593 km2, is
divided geologically into a phyllite and schist zone in the
north and a gneiss zone in the south. Five large tributaries
enter from the glacierized southern part of the catchment.

The study area was selected because it has almost
no influence from hydropower dams or from water
diversion that could affect the natural runoff regime.
Another advantage is that the mass balance of two nearby
glaciers (Figure 1, Sonnblickkees and Goldbergkees) is
being monitored (Slupetzky, 1989; WGMS, 2003, 2005,
2007; Hynek and Schöner, 2004). The mean annual
precipitation of the Upper Salzach basin is 1749 mm
and the mean annual runoff is 1443 mm. Precipitation
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Figure 1. Location of the Upper Salzach watershed (area with solid outline and contour lines) with the outlet at Mittersill (MI) at 780 m a.s.l. Mount
Großvenediger (GV) at 3666 m a.s.l. is the highest peak in that area. Dark grey areas indicate glaciers, whereas the two arrows indicate glaciers with
mass balance observations. Rings, dots and crosses show meteorological stations within and outside the basin (types of stations are defined in the

legend). Single letters indicate IDs of stations, which refer to Table II
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is up to 800 mm higher in the southern part of the
Upper Salzach basin (climate normal period 1961–1990;
Kling et al., 2005, 2006). The climate may be described
as an inner alpine climate with a distinct diurnal air
temperature variation, sunny during the winter period but
with frequent clouds of vertical development during the
summer period. The mean annual air temperature at the
station ‘Zell am See’ (Figure 1(f)) is 6Ð9 °C (Auer et al.,
2001).

On the basis of an aerial photograph from September
2003 (ASL, 2003), 32Ð8 km2 of the basin is covered by
glaciers. This corresponds to a glacierization percentage
of 5Ð3%. Glaciers can be found starting at an altitude of
2200 m a.s.l. (Figure 2). The maximum basin elevation
is 3666 m a.s.l. The land cover of the Upper Salzach
watershed is dominated by coniferous forests as well
as grassland and rocky areas (Table I). Urban areas and
meadows can only be found in lower elevations.

Meteorological stations inside and outside the water-
shed operated by different agencies were used to generate
the model input with a high temporal resolution of 1 h.
Air temperature and precipitation were observed at most
stations (Figure 1, Table II). Elevations of meteorologi-
cal stations range between 766 and 3155 m a.s.l. Hence

Table I. Absolute and relative land-cover distribution of the
Upper Salzach basin

Land cover Area (km2) Fraction of entire
basin (%)

Urban area 6 1
Meadows 40 7
Bush 3 0Ð5
Coniferous forest 180 30
Mixed forest 1 0Ð5
Grassland 131 22
Rock 105 18
Rock with sparse vegetation 91 15Ð5
Glaciers 33 5
Wetlands and lakes 3 0Ð5∑

593 100

a very good altitudinal distribution of observations was
available for modelling. Only two elevated stations south
of the basin were useable because of major differences
between climate in the valleys on the north and south
sides of the main alpine ridge. (Auer et al., 2002). The
southeastern border of the catchment (Figure 1) lies on
the main ridge of the Alps, which generally divides the
northern from the southern part of Austria. In the winter
period, frequent foehn winds can cause differences of up
to 25 °C in the air temperature between valleys in the
north and in the south.

Table II. Meteorological stations within and outside the Upper
Salzach catchment. The first column refers to the station ID

shown in Figure 1

ID Station Owner Elevation
(m a.s.l)

Observed
parameter

a Krimml ZAMG 1009 T, P, S, Vw

b Rudolfshütte ZAMG 2304 T, P, S, Vw, G,
RH

c Hoher Sonnblick ZAMG 3106 T, P, S, Vw, G,
RH

d Uttendorf ZAMG 803 T
e Schmittenhöhe ZAMG 1973 T, P, S, Vw, G,

RH
f Zell am See ZAMG 766 T, P, S, Vw

g Pass Thurn HD 1200 T
h Stuhlfelden HD 780 T
i Mittersill HD 790 P
j Eselrücken LWD 2450 T, RH
k Kreuzspitze LWD 3155 T, RH, Vw

l Durlaßboden AHP 1432 T, P
m Högmoos AHP 980 T, P
n Mooserboden AHP 2038 T, P
o Gerlos/Gmünd AHP 1640 T, P
p Schwarzach AHP 600 T, P
q Zillergrund/Plattkopf AHP 2500 T, P

The column ‘owner’ shows the abbreviation of the carrier (ZAMG,
Central Agency of Meteorology; HD, Hydrological Service; LWD,
Avalanche Warning Service; AHP, Austrian Hydro Power). The column
‘observed parameters’ shows the parameters which have been observed
at the station (T, air temperature; P, precipitation; S, sunshine duration;
Vw, wind speed; G, global radiation; RH, relative humidity)
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Figure 2. Distribution of the area of the watershed at the Upper Pinzgau at intervals of 100 m. Light grey indicates the glacierized fraction

Copyright  2008 John Wiley & Sons, Ltd. Hydrol. Process. 22, 3950–3964 (2008)
DOI: 10.1002/hyp



88

ZNANSTVENI KOLOKVIJ SVEUČILIŠTA U RIJECI 2013 / 2014

RUNOFF MODELLING OF THE GLACIERIZED ALPINE UPPER SALZACH BASIN 3953

METHODS

The hydrological model PREVAH

The hydrological model, PREVAH (Figure 3), was
originally developed with the intent to provide a sound
temporally and spatially distributed estimation of the
water balance elements for catchments with complex
topography (Gurtz et al., 1999; Zappa and Kan, 2007).
PREVAH has been adopted to study runoff generation
processes at plot- and catchment-scales (Gurtz et al.,
2003); to compute the seasonal water balance of an alpine
catchment using different approaches to compute snow
melt (Zappa et al., 2003); and to investigate the contri-
bution of glacier melt to the discharge of high alpine
catchments (Klok et al., 2001). Spatially distributed val-
idation of snow-cover simulation is presented in Zappa
(2008). Zappa and Gurtz (2003) adapted PREVAH for
plot scale simulation of soil moisture and evapotran-
spiration at a location in the investigated basins. Water
fluxes and stores, estimated using both locally observed
and spatially interpolated meteorological forcing, com-
pared well with observed soil moisture and latent heat
fluxes, demonstrating the skill of the model’s simple soil-
vegetation atmosphere-transfer scheme.

HRU CONCEPT

The standard spatial discretization of PREVAH relies
on the aggregation of grid elements into hydrological
response units (HRUs) (Ross et al., 1979; Flügel, 1997;
Kouwen et al., 1993). HRUs are clusters of grid elements,
representing areas of the basin where similar hydrological
behaviour is expected. There is no flow between HRUs
but they are all connected to the basin outlet. The most
important rule for generating HRUs is to group together
grid elements that are located in the same meteorological

subunit (e.g. the same range of elevation), that have
a similar aspect, that fall under the same land use
classification and that have similar soil properties (Gurtz
et al., 1999; Zappa, 2002). The equilibrium line of the
glacier has also been considered in order to define if grid
cells are part of either the accumulation or the ablation
area of the glaciers (Klok et al., 2001). The HRU-specific
spatial information is stored in a table and loaded into
PREVAH during the model initialization (Figure 3). The
size of a HRU is smaller where the ensemble of the
characteristics of the soils, land surface and topography
shows a higher spatial variability. Therefore, HRUs have
a dynamic resolution. The selection of a suitable element
size for the discretization of units in hydrology has
been discussed by Wood et al. (1988); Blöschl et al.
(1995) and Reggiani et al. (2000). Blöschl et al. (1995)
concluded that there is no evidence for one universal
size of an REA (representative elementary area) or one
‘optimum element size’ and the question of how to
parameterize may be more important than the question
of an optimum scale at which to parameterize.

A parameter set is defined for each HRU using infor-
mation derived from a Digital Elevation Model (DEM),
soil maps (plant-available soil field capacity, soil depth,
hydraulic conductivity) and digital maps of land use and
land surface characteristics. Additional specific parame-
ters concerning the vegetation canopy (e.g. albedo, root-
ing depth, leaf area index, and minimum stomatal resis-
tance) are assigned to determine evapotranspiration. Non-
vegetated surfaces (snowpack, glaciers, rock, large water
bodies, and urban areas) are parameterized separately
(Gurtz et al., 1999). Meteorological information (e.g. air
temperature, precipitation and radiation) can be interpo-
lated using schemes similar to those of Garen and Marks
(2001) and Klok et al. (2001).

Spatial information
Elevation, Aspect,

Landuse, Slope, Soil
Properties, ...

GIS - Grids

PREVAH
HRU-Table

Interpolated meteorology
precipitation, air temperature,
global radiation, water vapour
pressure, sunshine duration

1 hour
or

1 day

Viviroli et al. (2007)

Viviroli et al. (2007)

Zappa and Gurtz (2003)

Zappa et al. (2003)

Viviroli et al. (2007)

Gurtz et al. (2003)

Evapotranspiration

Precipitation correction

Site adjustment of radiation
and temperature

Snowmelt / Icemelt

Interception

Soil moisture

Runoff generation

Figure 3. The flow chart of the PREVAH modules, including the assimilation of physiographic and meteorological information and the raster or
table-oriented model outputs (Viviroli et al., 2007)
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RUNOFF GENERATION AND MELT MODULE

The runoff-generation module is based on the concept
of the HBV-model (Bergström, 1976; Lindström et al.,
1997; Gurtz et al., 2003) and adapted to a spatially dis-
tributed application (Zappa, 2002). PREVAH calculates
melt on the basis of three linear storages of snow, firn
and ice (Baker et al., 1982; Hock and Nötzli, 1997). As
there was no improvement of model performance by sim-
ulating firn and ice melt separately, we decided to use the
same melt and storage parameters for firn and ice (simi-
lar to Schäfli et al., 2005). The time constants associated
with storage in linear reservoirs of snow and glacier
(firn/ice) melt (K1 and K2) are listed in Table III. Higher
storage coefficients are associated with SCAs compared
to exposed ice areas, where a faster through-flow can
be observed (Jansson et al., 2003). The translation time
tROUT accounts for the delay in the water routing through
snow or firn/ice. It was calibrated for snow and firn/ice
melts separately. PREVAH offers the use of different
approaches concerning snow and firn/ice melt. In a com-
parison Zappa et al. (2003) showed that the implemented
snow accumulation and snow melt modules provide reli-
able estimates of snow water equivalent in an alpine
basin. Owing to the abundance of air temperature mea-
surements (Figure 1, Table II), the advanced temperature-
index approach considering potential solar radiation after
Hock (1999) was applied:

M D
{(

1
nTMFSNOW/ICE C RMFSNOW/ICE Ð I

)
Ð T

0
: T > T0 : T � T0 �1�

where M is the calculated melt rate (mm h�1),
TMFSNOW/ICE is the melt factor for snow or firn/ice (mm
d�1 K�1), RMFSNOW/ICE is the radiation melt factor for
snow or firn/ice (mm W�1 m2 K�1 h�1), I is the poten-
tial clear-sky direct solar radiation at firn/ice or snow
surface (W m�2), T is the air temperature (°C), T0 is
the threshold temperature for snow or firn/ice melt, and
n is the number of time-steps per day, in this case, 24 h
(for parameters, see Table III). The melt factors for snow

and firn/ice are empirical coefficients and I is a calcu-
lated value following Hock (1999). The melt factor for
snow was defined as a sinusoidal function with an annual
maximum (TMFmax) on 21 June and an annual minimum
(TMFmin) on 21 December (Zappa et al., 2003). Table III
shows TMFmin and TMFmax. Snow accumulation happens
simply due to precipitation and regionalized air tempera-
ture, and is parameterized by TGR and TTRANS (Table III).
TGR is the temperature where 50% of the precipitation
falls as snow, and TTRANS is a temperature range in which
a mixture of the solid and liquid phases of precipitation is
possible (Zappa et al., 2003; Viviroli et al., 2007). Water
vapour pressure, global radiation, wind speed and sun-
shine duration are used to calculate evapotranspiration
(Penman, 1956; Monteith, 1965).

The most sensitive tuneable parameters of PREVAH
are the adjustment factors for snowfall and rainfall
(PKOR, SNOKOR, TGR, TTRANS, T0; see Table III), the
parameters of the snow melt and glacier melt modules
(TMFSNOW/ICE CRFR, RMFSNOW/ICE; see Table III; Zappa
et al., 2003), the non-linearity factor which is controlling
the soil moisture recharge (Zappa and Gurtz, 2003) and
the parameters of the runoff generation module (Gurtz
et al., 2003). A distributed hydrological model with a
conceptual snow and runoff generation like PREVAH
requires calibration and validation. The automatic cal-
ibration procedure, implemented in PREVAH, relies on

the maximization of an acceptability score, based on nine
different objective functions, which have been derived
from the comparison between the observed and the sim-
ulated hourly discharges (Zappa and Kan, 2007). The
functions test the overall agreement between observa-
tion and simulation and combine equations from Nash
and Sutcliffe (1970); Legates and McCabe (1999) and
Zappa, (2002). An overview of the calibration rou-
tine is given in Zappa and Kan (2007) and presented

Table III. Calibrated model parameters for the Upper Salzach basin

Parameter Symbol Value Units

Precipitation correction solid, liquid PKOR, SNOKOR 10, 50 (%)
Threshold temperature for rain/snow TGR 0Ð36 (°C)
Transition temperature for rain/snow TTRANS 1Ð17 (°C)
Threshold temperature for snow melt T0 0Ð80 (°C)
Min., max. melt factor for snow TMFmin, TMFmax 0Ð42, 2Ð20 (mm d�1 K�1)
Refreezing coefficient for snow CRFR 0Ð64 —
Radiation melt factor for snow, glacier (firn/ice) RMFSNOW, RMFICE 0Ð00007, 0Ð0003 (mm W�1 m2 K�1 h�1)
Melt factor for glacier (firn/ice) TMFICE 2Ð40 (mm d�1 K�1)
Storage time for snow, glacier (firn/ice) melt K1, K2 10, 3 (h)
Translation time for snow, glacier (firn/ice) melt tROUT�S, tROUT�I 8, 4 (h)
Storage coefficient for surface runoff, interflow K0H, K1H 27, 113 (h)
Storage coefficient for baseflow, quick baseflow K2H, CG1H 2333, 921 (h)
Percolation rate CPERC 0Ð1644 (mm)
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in the PREVAH model documentation (Viviroli et al.,
2007), which can be downloaded after registration from
http://www.hydrologie.unibe.ch/PREVAH/index.htm.

Model application at the Upper Salzach watershed

A DEM of 10-m resolution was available (ASL, 2003).
For modelling purposes, the DEM was re-sampled to a
resolution of 150 m ð 150 m. The study area was cov-
ered by a raster of 214 ð 203 cells. This corresponds
to 26 434 cells within the watershed. The separation
into HRUs was done, using the classification shown in
Table IV. Five sub-basins were defined using an auto-
matic basin delineation process. Each sub-basin was sub-
divided into 100-m elevation bands, which were further
sub-divided into nine aspect classes (four primary and
four secondary aspects (45° bands) and one additional
class for flat areas) (Viviroli et al., 2007). These units
were then classified according to land-cover type, using
the ten classes defined in Table I, and finally, the cri-
terion ‘covered by glacier’ (‘yes’ or ‘no’) was used. All
150 m ð 150 m cells of the raster which cover the Upper
Salzach basin with the same cell-class value for all the
five criteria (sub-basin, elevation band, aspect, land cover,
and glacier) are assigned to the same HRU. This resulted
in 1571 HRUs. The mean area of one HRU is 0Ð38 km2.
The separation into HRUs corresponds to a reduction of
calculated units by a factor of 17 compared to a fully
distributed model. Meteorological Units (MUs) were also
defined based on sub-basin and elevation bands (the first
and second criteria in Table IV). There were 109 MUs.
Meteorological input data were interpolated to each MU.
In all 17 meteorological stations with hourly observations
were used in the interpolation, 16 stations with air tem-
perature and 12 stations with precipitation (Table II and
Figure 1). Only three stations measured global radiation.
An altitude lapse rate approach was used to interpolate
air temperature, and an inverse distance weighting (IDW)
approach was used for all the other input variables. The
air temperature lapse rate was set to 0Ð6 K/100 m based
on the long-term mean lapse rate between a station in the
valley and one higher up. Explicit elevation gradients for
precipitation were not used because some precipitation
gauges at higher altitudes were available (Figure 1). Auer
et al. (2000) showed that observed winter glacier mass
balances correlate quite well with seasonal precipitation
from totalizing rain gauges close to the nearby Hoher
Sonnblick observatory, but precipitation measurements
underestimate observed snow accumulations. Owing to
this good correlation it was possible to apply an objective
method for precipitation correction for our study, but the
underestimation was not explicitly corrected. However,
precipitation in the PREVAH model tends to increase
with altitude because separate linear correction factors
were used for solid and liquid precipitation (Table III;
Viviroli et al., 2007). Generally, the correction factor for
solid precipitation is greater than the correction factor for
liquids (Sevruk, 1986), and the share of solid precipitation
increases with altitude.

Table IV. Topographical and land-cover classification for HRU
(hydrological response unit) generation

Class Number of classes

Sub-basins (third order) 5
Elevation bands of 100 m 28
Aspect 9
Land cover 10
Glacier 2

Model calibration

The model was calibrated in a two-step procedure
using observed discharge and satellite derived snow-
cover distribution. A 3-year period, starting on 1 October
1999, and ending on 30 September 2002, was defined as
the calibration period. In general, 3 years may be a short
period for the model calibration but we decided to split
the total of 6 years of available runoff hydrographs in a
way that the extreme summer of 2003 was not part of
the calibration period. The PREVAH model was auto-
matically calibrated by optimizing the objective Nash
and Sutcliffe (1970) criteria, using hourly runoff data
from the gauging station at the basin outlet at Mittersill
(Figure 1). The simulated snow-cover depletion, using
the parameter set from the automatic calibration, was
compared to observations derived from satellites. Within
the entire calibration and validation period, six satel-
lite images (LANDSAT TM and ASTER L1B) with cell
resolutions of 30 m ð 30 m and 15 m ð 15 m, respec-
tively were available for SCA analysis during the ablation
period. This small number of satellite images is due to a
return period of 16 days to view the same location and
possible cloud cover. Satellite observations during peri-
ods with snow cover at low altitudinal zones could not be
evaluated because extensive forest cover obscured snow
on the ground (similar to Barrett et al., 2001). SCA cor-
rection methods for forested areas (e.g. Dressler et al.,
2006) were not applied. Each pixel in each image was
classified into one of the following four classes: ‘no
snow’, ‘snow’, ‘firn’, and ‘ice’ (Vollmann, 2007). From
this classification the SCA was derived. All analyses were
done on the same cell size of 150 m ð 150 m, re-sampled
from the original images.

Simulated SCA (based on the parameter set of the
automatic calibration) was slightly smaller than observed
SCA. By manually increasing the correction factor for
solid precipitation (SNOKOR) from 44 to 50%, the agree-
ment between observed and simulated SCA (see the
first row in Figure 6) as well as the model performance
and the volume error for the hourly runoff simulation
became better. The Nash-Sutcliffe Efficiency Criteria
(R2) increased by 0Ð02, and the volume error was reduced
by half. On the basis of the knowledge and experience
gained from research in the small basin of the Gold-
bergkees (Koboltschnig, 2007; Koboltschnig et al., 2007;
Koboltschnig et al., in review), storage parameters for
snow and firn/ice, as well as the glacier (D firn/ice) melt
parameters, were optimized manually.
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Model validation

The model was validated for another 3-year period
starting on 1 October 2002, and ending on 30 September
2005. The parameter set in Table III was used. PREVAH
was re-initialized for this simulation to reset internal snow
storage. If this was not done, internal snow storage would
accumulate and exceed 10 000 mm because the model
does not include metamorphosis of snow to firn and ice
and redistribution of snow. Given this level of modelled
inter-annual snowpack accumulation over a short period,
the model would predict a consistent and large positive

glacier mass balance if manual intervention was not
employed.

Simulated glacier mass balance

The annual mean net specific balance of a glacier
bn (m w.e.) was computed from PREVAH model runs
by splitting bn into mean specific net accumulation
cn (m w.e.) defined as the accumulation area’s annual
mass gain divided by the total glacier area, and mean
specific net ablation an (m w.e.), defined by the ablation
area’s annual mass loss gain divided by the total glacier
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Figure 4. Runoff simulation results (grey) versus observations (black) at the basin outlet during a period of 3 years of calibration from October 1999
until September 2002. Model performances are shown separately at each plot. Detailed results are shown in boxes
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Figure 5. Runoff simulation results (grey) versus observations (black) at the basin outlet during the period of 3 years of validation from October
2002 until September 2005. Model performances are shown separately at each plot. Detailed results are shown in boxes

area (Equations (2) and (3); Hoinkes, 1970; Kuhn and
Herrmann, 1990).

bn D cn C an �2�

cn D Cn

S
and an D An

S
�3�

where Cn is the net accumulation (m3 w.e.), An is the
net ablation (m3 w.e.), and S is the glacier area (m2).

The mean net ablation An was calculated from the model
based on Equation (4) by cumulating hourly glacier melt
values m�t� (m in m3 w.e. and t in hours) from the
beginning of glacier melt tbegin until the end of the balance
year tend.

An D
tend∑

tbegin

m�t� �4�

The net accumulation Cn was determined with Equa-
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tion (5) as the remaining snow accumulation across the
glacier at the end of the balance year minus the snow
accumulation of the previous year because the model does
not include metamorphosis of snow to firn from one year
to the next year. Also, the transformation of firn into ice
was not modelled (similar to Schäfli et al., 2005), which
would only cause problems if several years are modelled
in one model run.

Cn D
n∑

iD1

[acc�i, tend� � acc�i, t0�] �5�

where acc is the snow accumulation of each HRU (m3

w.e.), n is the number of HRUs, t0 is October 1st of
the previous year (start of the hydrologic year), and tend

is September 30th (the end of the hydrologic year). As
PREVAH does not simulate snow redistribution by wind
or avalanches the accumulation on the glacier surface
would have been underestimated. To avoid underestima-
tion, we also took the accumulation of the surrounding
glacier catchment into account. This snow accumulation
was transferred to the glacier surface. We defined this
glacier catchment area as the area where snow, which
should accumulate on the glacier surface, can poten-
tially originate (e.g. steep slopes at glacier margins where
snow would be redistributed by avalanches). The glacier
catchment area was determined using a hydrologic flow
accumulation algorithm (D1 —Tarboton, 1997) based on
DEM data.

RESULTS

Calibration and validation

R2 of runoff simulations for the calibration period were
between 0Ð83 and 0Ð86 (Figure 4) following the criterion

after Nash and Sutcliffe (1970). The maximum volume
difference for one water year was less than 50 mm,
which corresponds to less than C0Ð2% deviation from
the observed annual discharge (Figure 4 and Table VI).
The list of calibrated parameters can be seen in Table III.
R2 for the validation period were between 0Ð74 and 0Ð89
(Figure 5). The model results during the extreme summer
of 2003 (Zappa and Kan, 2007; Koboltschnig et al., in
review) were worse, but still at 0Ð74. The comparison
between observed and simulated SCA (Figure 6) shows
that they match well. Hence, the model was able to
simulate the processes contributing to runoff for an
extreme year, reasonably well.

Runoff

Hourly runoff was simulated for the gauging station
‘Mittersill’ (Figure 1, MI). The simulated hydrographs
for the three water years of the calibration period from
1999 to 2002 (Figure 4) correspond reasonably well
to the observations. The high-frequency variation in
the observed discharge originates from a hydro power
station about 21 km upstream of the basin outlet with
a designed flow rate of 14 m3/s. Hence, this effect
only appears during the low flow period. Deviations
from observed high flow discharges are probably mainly
due to missing or underestimated precipitation input,
although the peaks with the highest runoff in August
2002 were simulated very well. The first peak runoff on 7
August 2002 was underestimated by 18%, and the second
on 12 August 2002 was exactly matched. The model
slightly exceeded the observed runoff volumes, because
some runoff bypassed the gauge during the flood stage
(BMLFUW, 2006). In July of each of the years 2000,
2001, and 2005, the runoff tended to be underestimated.

03 Sept. 2004 10 Sept. 200424 Aug. 2003

20 June 2000 18 June 2002 28 July 2002

Figure 6. Observed (grey) versus simulated (white, underlying) SCA (snow covered area) during calibration (first row) and validation period (second
row)
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We suggest that the reason could be an underestimated
snow melt.

For the validation period, two extremes had to be
modelled: the hot and dry summer period of 2003
(Beniston, 2004; Schär and Jendritzky, 2004), and two
flood events in July and August of 2005. The event on
11 July 2005, was calculated as an event with an 80–100-
year return period (BMLFUW, 2006). The simulated
flood peak occurred 2 h too late at 24 : 00 (MET), and
was overestimated by 14% (263 m3/s). The simulation
of the flood event of 23 August 2005, almost met the
actual figure of the observation. The observed peak runoff
of 234 m3/s was simulated with 231 m3/s (see zoomed
bottom plot Figure 5). For these two events a snow melt
fraction of about 5% and a glacier melt fraction of 3%
were simulated. A typical event where a superposition of
snow melt and rainfall resulted in a flood flow happened
in June 2004 (Figure 5, medium hydrograph, zoomed
plot). The peak flow was only slightly underestimated and
the volume of the entire event was slightly overestimated
by 4%. The snow melt, including that from the glacier
surface, contributed about 50% of the total runoff.

Snow-cover depletion

Table V shows the basin-wide comparison, as well as
the comparison of the glacierized areas alone with SCA
in order to distinguish the ability of the distributed model
to simulate the evolution of the snow cover extent and the
glacier melt. By comparing the observed and simulated
SCA for the entire basin (Table V), the result shows that
the simulation always overestimates the observation (sim-
ilar to Turpin et al., 1999). The highest overestimation
was calculated for 18 June 2002, with SCA that exceeded
the observation by 93% (Table V). In Figure 6 the same
effect can be seen, but the elevation analyses showed a
deviation of only 100 m at lower altitudes. If snow is not
being redistributed in PREVAH, larger errors in snow
cover will always occur at high altitudes (Figure 7, left
plots). Ridges or steeper topography at higher altitudes,
where we expect snow to be blown away or redistributed
by avalanches remain covered by snow in the simula-
tions presented here. The column ‘SF’ in Table V shows
the absolute and relative area of ridges and steep slopes
(>45°), which were observed to be snow free, but were
simulated as snow covered. Subtracting the area of SF
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Figure 7. Left column: observed (grey, dashed) versus simulated (black) snow covered fraction (SCF) compared within each 100 m elevation band
of the basin. The dash-dotted line shows the area distribution of the entire Upper Salzach basin. Right column: comparison of observed (grey line)

and simulated (black area) SCA (snow covered area) by aspect class
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from the simulated SCA yields better agreement between
simulated and observed SCA. As far as the observations
during the ablation period in summer (June and July in
Table V) are concerned, the estimations of the SCA of the
glacierized surface came closer to the observations com-
pared to the SCA of the entire basin area. An increase in
the difference between observed and simulated SCA for
glacier surfaces, however, was noticed for observations
from September (Table V, Figures 6 and 7), where the
effects of new snowfall interfered with the snow melt.

The spatial plot of the observed versus the simulated
snow cover (Figure 6) shows typical SCA patterns, with
rugged terrain observed as snow free due to topographi-
cal effects. The simulation error appears to be quite large
in the elevation band plot (Figure 7, left plots) but this
should be seen in the context of the distribution of basin
area, where the fraction of basin area above 3000 m a.s.l.
is less than 2%. SCA observations for higher altitudes
between 2500 and 3400 m a.s.l. show highest relative
snow covers between 50 and 90% (Figure 7 left plots).
A maximum value of 95% can be observed as maximum
coverage for these altitudes due to topographical limita-
tions and immediate snow redistributions after snowfall
events. The smallest snow cover extent was observed on
24 August 2003, when the extremely ‘hot’ summer condi-
tions accelerated melting (Koboltschnig et al., in review;
Zappa and Kan, 2007). SCA was only underestimated,
by comparison with observations, on this date (Figure 6).
This result may be due to an underestimated snow accu-
mulation or an accelerated snow melt driven by reduced
albedo, which happened due to Sahara dust deposition in
November 2002 (Koboltschnig et al., in review).

Figure 7 (right column) shows the distributions of
simulated and observed snow cover in the Upper Salzach

basin by aspect for two dates. The main aspects of the
Upper Salzach basin are in the expositions from N to E
(31%), from W to WSW (14%), and S (10%). Nearly
all simulations have the shape of the observed polar
diagrams. The main differences appeared only in the
magnitudes. The observed and simulated shapes and areas
in the polar diagram for 28 July 2002, match quite well
(Figure 7, upper right). The largest differences between
observed and simulated snow cover can be seen for 10
September 2004 for NNE aspects. As there are a lot of
NNE slopes in the basin, this causes a large difference in
total snow cover. Southerly aspect classes always show
the smallest snow cover because of increased snow melt
due to a higher radiation input.

Glacier melt contribution and glacier mass balance

As the model simulated glacier melt (firn/ice melt) on
an hourly basis for all snow-free HRUs of the glacier, it
was possible to calculate the total contribution of glacier
melt to runoff by summing up the respective hourly val-
ues. During years when the glacier mass balance has
been observed to be zero or slightly above zero, e.g.
1999/2000 and 2003/2004 (Figure 9), simulated glacier
melt was 16 mm/a in the year 2000 and 19 mm/a for
2004 respectively (Table VI). This corresponds to a rel-
ative contribution to the annual runoff of 1% in the year
1999/2000 (Figure 8). The highest monthly contribution
in 2000 was 4% for the month of August and the high-
est daily glacier melt was 12% on 26 August 2000.
In 2004, the month with the highest glacier melt con-
tribution was August with 6%. On 19 August 2004, a
14% contribution from glacier melt was simulated. Much
higher fractions of glacier melt were calculated in the
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Figure 8. Simulated daily hydrograph at the gauging station Mittersill (grey) with contributing glacier melt (firn/ice melt, black) and observed daily
runoff (dashed line) for the years 1999/2000 and 2002/2003
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Table V. Comparison of the observed and the simulated absolute and relative SCA (snow covered area) of the entire Upper Salzach
basin and glacierized areas respectively on three dates during the calibration and three dates during validation period. Column ‘SF
(basin)’ displays the absolute and relative area of steep slopes and ridges, which was observed snow free, but simulated snow covered

Date SF (basin) SCA (basin) SCA (glacier)

(km2, %) observed (OBS)
(km2, %)

simulated (SIM)
(km2, %)

observed (OBS)
(km2, %)

simulated (SIM)
(km2, %)

20 June 2000 13 (2) 88 (15) 131 (22) 31 (96) 32 (97)
18 June 2002 17 (3) 80 (14) 154 (26) 32 (98) 32 (98)
28 July 2002 6 (1) 35 (6) 42 (7) 26 (80) 23 (70)
24 August 2003 0Ð3 (0) 4 (1) 1 (0Ð1) 4 (11) 0Ð2 (1)
03 September 2004 7 (1) 18 (3) 46 (8) 15 (45) 23 (71)
10 September 2004 7 (1) 12 (2) 40 (7) 11 (33) 23 (69)

climatically outstanding summer of 2003 (Koboltschnig
et al., in review; Schär and Jendritzky, 2004; Zappa and
Kan, 2007). The annual relative glacier melt contribu-
tion was nearly 15% (Figure 8), which corresponds to
a flow rate of 148 mm/a. Transforming this flow rate
to the glacier surface area of 32Ð8 km2, a specific vol-
ume loss rate of 2677 mm/a can be calculated. Glaciers
in the basin almost completely lost snow cover in the
summer of 2003 (see interpreted satellite image of 24
August 2003 in Figure 6). The modelled annual mean net
glacier mass balance of all glaciers in the Upper Salzach
basin was �2Ð6 m (Figure 9). Mass balance data from
two surrounding glaciers (Stubacher Sonnblickkees and
Goldbergkees, Figure 1) were used for comparison with
simulated mass balances. The annual mass balance of the
Goldbergkees was �1Ð8 m (Hynek and Schöner, 2004)
and at the Stubacher Sonnblickkees it was �2Ð87 m (Slu-
petzky and Wiesenegger, 2005; WGMS, 2005). At the
Stubacher Sonnblickkees the accumulation area occupied
only 1% of the total glacier surface area (Slupetzky and
Wiesenegger, 2005). The snouts of the observed glaciers
are between 160 and 320 m higher in altitude than the
glaciers in the simulated basin (Table VII).

For August 2003, the simulation results showed that
glacier melt contributed 58% of total runoff. The max-
imum daily contribution was calculated as 69% for 13
August 2003. As there has been a very good accordance
between simulated and observed glacier mass balances in
2003 (Figure 9), the gap between simulated and observed
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water year
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Glaciers at Upper Salzach basin (sim)

Figure 9. Observed glacier mass balances of the Goldbergkees (following
Hynek and Schöner, 2004) and the Stubacher Sonnblickkees (WGMS,
2003, 2005, 2007) versus simulated glacier mass balances of the Upper

Salzach basin within 6 water years

runoff (lower diagram in Figure 8) and the worst of all
model efficiencies of 0Ð74 after Nash and Sutcliffe (1970)
could be a result of too little simulated snow accumula-
tion within the modelled basin during winter, and conse-
quently, an underestimation of snow melt, which should
contribute to runoff. The abrupt end of the glacier melt
contribution at the end of August 2001 and August 2003
(seen in Figure 8) is due to the first persistent snow cover
on glaciers.

There was good agreement between simulated and
observed time series of glacier mass balance (Figure 9).
Simulated mass balances only overestimated observed
mass balance in the first 2 years of the model run
(Figure 9) but mass balances of the following 4 years
were in good accordance with the observations.

Table VI. Simulated annual water balance and balance variables for all hydrological years

Water balance variable Water year

1999/2000
(mm)

2000/2001
(mm)

2001/2002
(mm)

2002/2003
(mm)

2003/2004
(mm)

2004/2005
(mm)

P (% snow) 1699 (52) 1764 (50) 1593 (41) 1318 (40) 1600 (45) 1593 (35)
Evapo 192 292 310 373 290 279
Q (% Qobs) 1462 (100) 1413 (100) 1305 (100) 1112 (84) 1274 (98) 1316 (100)
ICE 16 21 44 148 19 44
storage 67 67 19 �26 84 26
WB �6 15 4 7 2 12

P, precipitation with the percentage of solid precipitation in brackets; Evapo, actual annual evapotranspiration; Q, annual runoff with the percentage
of the observed runoff in brackets; ICE, annual glacier (firn/ice) melt;  storage D change of storage from one to the next water year; WB, annual
water balance (Equation (6))
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Table VII. Main components describing the observed and the simulated glaciers

Properties Stubacher
Sonnblickkees

Goldbergkees glaciers of the
Upper Salzach basin

Area (km2) 1Ð4 1Ð4 32Ð8
Mean elevation (m a.s.l.) 2790 2710 2820
Min. elevation (m a.s.l) 2520 2360 2200
Max. elevation (m a.s.l) 3030 3070 3558

Annual water balances

The classical water balance equation can be enhanced
by two storage components, the glacier melt and the
change of other storages (Equation (6)). Especially dur-
ing years with increased glacier melt, Equation (6) should
be used to calculate the water balance:

WB D P C ICE � Q � Evapo � storage �6�

P represents the precipitation, ICE the annual glacier
(firn/ice) melt, Q total runoff, Evapo the total evaporation
and storage the annual change of storages (e.g. remain-
ing snow cover at the end of the water year). Table VI
shows the water balances for the years from 1999 until
2005. The main differences in precipitation can be seen
between the ‘wet’ period of 2000/2001 and the ‘dry’
period of 2002/2003. The precipitation is between 1318
and 1764 mm. The amount of solid precipitation varies
between 35 and 52%. As mentioned before, the maximum
glacier melt occurred in 2003. Excluding runoff in 2002
and 2003, when simulated runoff underestimates observa-
tions, the discharge varies between 1300 and 1462 mm.
Hence, there is a maximum variability of precipitation of
446 mm, and of only 162 mm for runoff. The evapora-
tion had a variability of 181 mm. Glacier melt and storage
change cover the remaining value. Given that fact, it can
be seen that snow and glaciers play an important role as
long-term storage regulators at this basin scale.

CONCLUSIONS

Using the distributed hydrological model PREVAH, we
simulated hourly runoff, annual water balance, SCA, and
the glacier mass balance of the glacierized alpine basin of
the Upper Salzach. We showed that PREVAH captured
well the spatial distribution of snow melt on different
aspects and different altitudes as well as the temporal
distribution and seasonal evolution of snow melt. Sim-
ulated snow accumulation during winter showed some
weakness, which is due to the missing implementation of
snow redistribution by the wind and by avalanches in the
PREVAH model.

The most suitable and common method for the val-
idation of simulated runoff is to use hourly observed
discharge, which is a composite of all processes con-
tributing to runoff. However, it has to be kept in mind
that the contribution of single runoff sources varies sea-
sonally, and therefore, different combinations of runoff
sources have to be considered for validation. We adopted

a multi-criteria validation approach to separate the vali-
dation of different sources contributing to runoff. In this
context, remote sensing data are very helpful, but due
to the limited temporal availability of high-resolution
images, they can only be used on a larger time scale.
On the other hand, since the remote sensing data are spa-
tially distributed, various techniques were used in order
to analyse images, e.g. aspect differentiation, comparison
of simulated and observed SCA for elevation bands and
the comparison of SCA over the entire basin. Reliable
modelling of SCA is of major importance for capturing
the individual runoff contribution from snow and glacier
covered areas. Comparing simulated mass balances with
observed glacier mass balance data of two surrounding
glaciers outside the basin was another helpful way to
validate the hydrologic simulations based on cumulative
values. All hydrologic balance components except evap-
oration have been evaluated, allowing the annual water
balance to be calculated.

In order to achieve a more realistic snow-cover pattern,
snow redistribution by avalanches (Gruber, 2007) and
redistribution by wind (Hartman et al., 1999; Mott et al.,
in press) had to be parameterized. Currently, these
snow-cover processes are only feasibly simulated by
sophisticated physically based models, but due to a long
computation time new physically based approaches (e.g.
Mott et al., in press) are not yet suitable for multi-year
runs. Conceptual approaches, e.g. Gruber (2007), are only
based upon calculated slopes and seem to be quite easily
implemented in hydrologic models.
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April 1–3, 1985.

Slupetzky H. 1989. Die Massenbilanzreihe vom Stubacher Sonnblickkees
1958/59 bis 1987/88. Zeitschrif für Gletscherkunde und Glazialgeologie
25: 69–89.

Slupetzky H, Wiesenegger H. 2005. Glazialhydrologische Aspekte des
Jahres 2003 im “Hohe Tauern Einzugsgebiet” der Salzach. In
Mitteilungsblatt des Hydrographischen Dienstes in Österreich, Vol.
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in Paris.
After graduating in 2000 in theoretical philosophy magna cum laude from the University of Milan, where 
he pursued a doctorate in philosophy in 2003, discussing a thesis entitled The presentation clarity. Study 
on the nature of the form in the thought of Ludwig Wittgenstein , published in 2004 under the title The 
rite of the fleas. Wittgenstein morphologist, who won the Prix philosophical Castiglioncello IX, Section 
Antonella Musu young scholars. Also in 2003 he received the Diplôme d’études approfondies “Histoire 
et civilizations” at the EHESS in Paris with a memoire entitled Ludwig Wittgenstein et Aby Warburg: The 
presentative forms entre la philosophie de la pensée et l’histoire de l’art. From 2005 to 2006 she was the 
proprietor of a two-year research fellowship at the University of Milan. During the spring semester of 2010 
was a fellow at the Italian Academy for Advanced Studies in America at Columbia University in New York. 
He is a member of the scientific committee of the journal “Materials aesthetics” and the series “Discourse 
figure” in Mimesis editions. He is a member of the Italian Society of Aesthetics.

TEMA PREDAVANJA / TOPIC OF LECTURE:

PERFORMATIVNOST IKONIČKOG - VIZUALNA DIMENZIJA SLIKA 

THE PERFORMING IMAGE, OR HOW THE VISUAL DIMENSION IS ENACTED BY PICTURES 

SAŽETAK PREDAVANJA / PRESENTATION ABSTRACT:

This talk discusses the dimension of the visual in terms of its insight into how the human predisposition to 
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react in a sensible, emotional and pre-cultural way to the natural and historical world is only ever wholly 
actualized if our experience of it is artificially shaped. Painted images force us to investigate this dimen-
sion, since they function both as optical devices and as iconic artifacts. A case study drawn from vision 
paintings - Bellini’s St Francis - demonstrates how visibility is necessary but not sufficient for visuality. 
The picture enacts the response of its viewer by stimulating him or her to turn towards or even to touch 
what is virtually at hand and to enter into the space depicted on the canvas even if he or she knows the 
attempt will fail. Finally, our understanding of the visual dimension emerges from the dialectic between the 
“representational capacity” of the image with respect to the absent bodies recalled within the frame of the 
painting, and its “presentational power” with respect to their aesthetic qualities. The contribution of visual 
studies, phenomenology and the neurosciences provide the explanation for this dialectic, since all of 
these fields conceive of the act of seeing as an embodied experience: sight is not merely the sense of the 
image but also encompasses the sense of the metamorphosis that the image engenders in its beholder.
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KRATKI ŽIVOTOPIS PREDAVAČA / SHORT CURRICULUM VITAE:

Dr. Paul Michael Swiercz is a Professor and Chair of the Department of Management at The George 
Washington University in Washington D.C. Dr. Swiercz has published more than 35 refereed research 
articles. His case studies on Home Depot and Delta Airlines have appeared in six best-selling strategy 
textbooks. His case study -- Food Lion vs. the UFCW: Time for a Change? -- was selected for the Best 
Case Award by the 2002 Academy of Management. He presently serves as an outside reviewer and writer 
for cases published by the Harvard Business School Press. He has been interviewed by numerous news 
organizations including CNN and has taught courses and presented seminars in Argentina, Denmark, 
Latvia, Lebanon, Greece, Cyprus, France, Russia, Columbia, Germany, Trinidad and Brazil. Dr. Swiercz 
formerly served as editor of the journal Human Resource Planning and as director of the Strategic HRM 
Partnership Project at GWU. He developed the SWIF Learning (Student Written – Instructor Facilitated 
Case Writing) and co-developer of the Cognitive Intrusion of Work Scale (CIW). In his capacity as a 
consultant and trainer he has directed workshops for ATT, General Motors, Cornell University, Telecom 
Egypt, the State of Georgia, China Petrochemical Corporation, the Pentagon, and others. Dr. Swiercz is 
the founder and principal in the firm Executive Selection and Development International (ESDI) and de-
veloper of the workshop Strategic Business Thinking: A Skill Building Workshop for Competitive Thinkers.

TEMA PREDAVANJA / TOPIC OF LECTURE:

LJUDSKI RESURSI U SUVREMENIM STRATEŠKIM TEORIJAMA 

HUMAN RESOURCE IN CONTEMPORARY THEORIES OF STRATEGY 

SAŽETAK PREDAVANJA / PRESENTATION ABSTRACT:

Although strategic management has become a mature discipline by many measures much theoretical 
and methodological progress is still required to better explain the central questions of competitive ad-
vantage. In addition, as Strategic Management has continued to grow and evolve as a field the focus of 
research has become increasingly empirical and inclusive.
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If one marks the emergence of strategic management as a discipline as being coincident with the found-
ing of the Strategic Management Journal in 1980, it is possible to bring into focus topics that have come 
to define the field. Papers published in the early issues of SMJ were reflective of that era’s enthusiasm 
for rationale long-range planning in a post cold war, MNC dominated, emergent global economy. In the 
subsequent three decades the variables of interest to strategy researchers have grown to include major 
sub-domains such as (1) core strategy concepts - competitive advantage, organizational capabilities, and 
profit persistence; (2) strategic management phenomena – stakeholders, resource allocation decisions, 
inter-firm conflict and collaboration, strategic innovation and (3) theoretical streams – strategy evolution, 
cognitive aspects of strategy making, institutional theory, and top-echelons.

One of most recent sub-domains of interest to both strategic practitioners and theorists is human resourc-
es management. Evidence that human resource topics have entered the field is provided by the creation 
in 2010 of the Strategic Human Capital Interest Group within the influential Strategic Management So-
ciety. While few would argue with the premise that “talent issues” have always been part of the strategy 
conversation, most will agree that human actors within the enterprise have rarely been acknowledged a 
being of central concern.

This presentation will examine a selected group of both classic and contemporary theories and empirical 
research to assess the current state of the “human capital perspective” in contemporary strategy theory 
and practice. As part of the presentation, audience members will have an opportunity to discuss the 
substantive merits of current research streams and provide suggestions for topical and methodological 
domains that should be visited by future research.
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INVESTIGATING THE EMERGENCE OF COGNITIVE WORK:  TOWARD A NEW 

JOB CLASSIFICATION SCHEME 

 

ABSTRACT 

Job analysis and its by-product job classification are foundation tools for Human Resource 

Management.  Current job analysis techniques were developed a century ago.  In the interim 

dramatic change has occurred in the structure of the economy and the jobs that define it. This 

paper tests the proposition that a new category of work, i.e. “Cognitive Work,” has emerged. 

Thirty participants completed a coding exercise sorting thirty-nine job descriptions into one of 

three job categories.  Support was demonstrated for validity of this new classification scheme.  

The paper discusses limitations of this study and concludes with practical implications and 

suggestions for future research. 

Keywords: Job Analysis, Job Classification, Knowledge Worker, Cognitive Worker   
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INTRODUCTION 

 Since first introduced to management at the turn of the 20st Century (Ghorpade & 

Atchison, 1980), job analysis has become indispensable to both the theory and practice of 

Human Resource Management (HRM).  Job analyses are the basis for a core number of HRM 

processes (Aguinis, Mazurkiewicz & Heggestad, 2009; McEntire, Dailey, Osburn & Mumford, 

2006; Prien, Goodstein, Goldstein, Gamble, 2009; Sanchez & Levine, 2000; Singh, 2008) and 

are critical in legal matters concerning employee rights under the law (Ash, 1988; Brannick, 

Levine & Morgeson, 2007; Levine, Thomas & Sistrunk, 1988).  Due to the significant role job 

analysis plays, organizations are consistently advised to take the time to properly conduct up-do-

date job analyses (Aguinis et al., 2009). 

 A primary function of the job analysis is to generate the data required to create job 

classifications (Brannick et al., 2007; Cornelius, Carron & Collins, 1979; McCormick, 1979).  

Job analysis data is typically obtained via interviews, questionnaires, observations, diaries, 

incumbent self-reports and expert checklists (Ghorpade & Atchison, 1980).  Different job 

analysis methods (e.g. Position Analysis Questionnaire, Job Element Method, Functional Job 

Analysis and Critical Incident Technique) require different combinations of these techniques 

(Primoff & Fine, 1988; Singh, 2008; Van Wart, 2000).  Despite there being many different job 

analysis methods, what they have in common is the production of larger grouping of jobs in the 

form of job families, job clusters, job categories, and job ladders.  For example, the Dictionary of 

Occupational Titles (DOT) (US Department of Labor, Employment & Training Administration, 

1977) classifies 12,099 different occupations into 9 main occupational categories, 82 

occupationally specific divisions and 559 occupational groups through the use of job analysis 

(Lawrence, 1988). 
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Traditional job analysis and associated job classification models are based on three 

assumptions: a) that individual jobs are discrete and the building block for both organizational 

and broader labor market classification schemes, b) that jobs form into naturally occurring 

hierarchies and c) the notion that jobs remain constant over time (Singh, 2008).    

These assumptions have held sway for more than a century despite the fact that the nature 

of the modern economy, and the jobs that define it, has changed dramatically.  In 1870, 

approximately 50% of the United States (US) workforce worked in agriculture (Carter et al., 

2006).  At the start of the 21st Century agricultural jobs still dominated the US workforce, with 

41% of workers in the US employed on farms in 1900 (US Department of Commerce Bureau of 

the Census, 1976).  However, by 1950 only 12% of US workers were employed in agricultural 

jobs, and by 1970 there were only 2% of US workers were employed in agricultural jobs (US 

Department of Commerce Bureau of the Census, 1976).  In 1950, 34% of workers in the US, 

who were employed in nonagricultural jobs, worked in manufacturing jobs (Carter et al., 2006).  

But by as early as 1959, when Peter Drucker (1959) coined term “knowledge worker”, 

indications of what was ahead began to appear.  Most recently, the US Department of Labor 

(2010a; 2010b) reported there being 11,730,000 (9%) persons employed in manufacturing 

occupations, 90,445,000 (69%) persons employed in service-providing occupations and only 

1,091,000 (less than 1%) persons employed in farming, fishing and forestry occupations. 

Given the fast evolving character of the economy, HRM tools and practices are 

challenged to keep apace.  It is the purpose of this paper to contribute to that effort by testing the 

premise that a new “category” of worker has emerged as a defining element in the 21st Century 

economy.  Toward this end we begin with a brief history of job analysis and its outcomes, such 

as job classifications.  We then propose and report on an early effort to produce a new method of 
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classifying contemporary jobs.  This will be followed by an explanation of the study conducted, 

its associated results, a discussion of the findings, and their implications for the future. 

HISTORY OF JOB ANALYSIS 

 As noted, job analysis is the foundation for the majority of HRM activities (Aguinis et al., 

2009; McEntire et al., 2006; Prien et al., 2009; Sanchez & Levine, 2000; Singh, 2008; Thompson 

& Thompson, 1982).   A quality job analysis paves the way for effective organizational 

recruitment, selection, training, performance evaluations, promotions, job design and redesign, 

workforce planning and payroll classification (Brannick et al., 2007; Gael, 1983; Van Wart, 

2000).  Because it so dramatically influences the effectiveness of the organization’s HRM 

Department it is widely accepted that organizations need to take the time to properly conduct a 

job analysis for each job in the enterprise (Aguinis et al., 2009). 

Job analysis is the means by which the organization identifies a job’s essential functions 

(Felsberg, 2004; Gael, 1983; Levine, Ash, Hall & Sistrunk, 1983; Sanchez & Levine, 2000) and 

the knowledge, skills and abilities required to successfully perform the job (Thompson & 

Thompson, 1982; Van Wart, 2000).  It is the tool used to differentiate jobs, so that what people 

do at work can be properly explained, guided and assessed (Brannick et al., 2007).  Common 

elements of a good job analysis include a job’s roles, tasks, traits, work environment, standards 

and levels (Van Wart, 2000).   

Job analyses are of particular importance because the information collected is directly 

transformed into a job description (Ghorpade & Atchinson, 1980; McCormick, 1979; Prien et al., 

2009).  A job description is the brief document describing the essence of a job by stipulating its 

purpose, primary tasks, duties and responsibilities, performance objectives, and reporting 

relationships (Brannick et al., 2007; Heery & Noon, 2001a).   
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The idea of job analysis was first introduced very early in the Industrial Revolution by 

the French philosopher, art critic, and writer Denis Diderot (1713–1784), who used observation 

to perform a systematic task analysis to organize jobs in the fields of different trades, arts, and 

crafts, while working on his Encycloepedie (the project began in 1746 and did not end until 

1772) (Furbank, 1992; Primoff & Fine, 1988; Singh, 2008; Van Wart, 2000).  However, it was 

not until over 150 years later, in 1903, when the modern job analysis process first appeared in the 

management literature.  Frederick W. Taylor, the world’s leading proponent of Scientific 

Management, made it central to his studies (Primoff & Fine, 1988; Singh, 2008; Wilson, 2007) 

by naming “work analysis” as the first of his four key principles (Ash, 1988).   

Taylor’s job analyses were focused in the manufacturing and construction industries (Van 

Wart, 2000) and, more specifically, on time-motion studies aimed at improving work efficiency 

and effectiveness (Brannick et al., 2007). This sparked an interest in the field of job analysis 

which prompted Uhrbrock to compose the first book on the history of job analysis in 1922 (Ash, 

1988; Signh, 2008; Wilson, 2007; Uhrbrock, 1922).  Today there are numerous methods of job 

analysis, five of the most common are: Position Analysis Questionnaire (McCormick, Jeanneret 

& Mecham, 1972; McCormick & Jenneret, 1988), Job Element Method (Primoff, 1957; Primoff 

& Fine, 1988), Functional Job Analysis (Fine, 1955; 1988; Fine & Cronshaw, 1999), Critical 

Incident Technique (Flanagan, 1949; 1954), and Task Inventory (Christal, 1974; Christal & 

Weissmuller, 1988; Gael, 1983). 

Early forms of job analyses were of particular interest to the political reformers behind 

passage of the US Classification Act in 1923. Techniques developed as a consequence of this 

legislation required extensive job analysis (Primoff & Fine, 1988; Singh, 2008; Van Wart, 2000) 

and created now familiar labels such as department, position, employee, grade, class, service and 
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compensation.  This process was particularly influenced by the appointment of Ismar Baruch as 

Chief of the Division of Personnel Classification of the US Civil Service Commission (Baruch, 

1937; 1941; Johnson & Libecap, 1994). He and his new staff of HR professionals were charged 

with the responsibility to create a classification scheme for jobs based on their associated salaries 

as a means to determine comparable pay between jobs (Primoff & Fine, 1988).   

Levine et al. (1988) have observed that a job analysis, particularly in the public sector, is 

effectively the “legally mandated cornerstone upon which many human resource management 

applications must be built” (p. 340).  Although there are no specific federal laws that directly 

require the use of job analyses, there are important laws surrounding pay and personnel selection 

that require information which is generally inaccessible without conducting a proper job analysis 

(Brannick et al., 2007; Primoff & Fine, 1988; Sparks, 1988).  In order to ensure that an 

organization is properly complying with certain employment laws (e.g. Equal Pay Act, the Civil 

Rights Act and the American with Disabilities Act, Fair Labor Standards Act, etc.), it is in the 

organization’s interest to conduct thorough and accurate job analyses (Brannick, Brannick & 

Levine, 1992; Brannick et al., 2007; Thompson & Thompson, 1982).  For example, a job 

analysis can determine the “essential functions” of a job that are of importance in determining 

whether or not an organization is violating the American with Disabilities Act of 1990 (Brannick 

et al., 1992; Brannick et al., 2007; Wilson, 2007).  Similarly, a job analysis can help define what 

“equal work on jobs the performance of which requires equal skill, effort and responsibility”, 

which is of importance in assessing organizational compliance with the Equal Pay Act of 1963 

(Brannick et al., 2007; Levine et al., 1988).   

With respect to civil rights law, in Griggs v. Duke Power (1971), the Supreme Court 

established the principal of “job-relatedness” (Ash, 1988; Sparks, 1988).  Although the court did 
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not explicitly state that job analyses are necessary to establish job relatedness, their decision 

strongly implied the need for a job analysis to establish and adhere to valid selection procedures 

(Ash, 1988; Brannick et al., 2007; Thompson & Thompson, 1982).  This case set the precedent 

for the use of job analyses as support in later court cases surrounding employment practices.  

However, there are court cases (e.g. Kirkland v. New York State Department of Correctional 

Services, 1975; Jones v. New York City Human Resource Administration, 1975; Greenspan v. 

Automobile Club of Michigan, 1980) holding that simply conducting a job analysis does not 

necessarily mean that the organization is complying with the law. In order for a job analysis to 

withstand court challenge (e.g. Washington v. Davis, 1976; Guardians Association New York 

City Police Department v. Civil Service Commission of New York, 1980) the job analysis must 

follow the established Equal Employment Opportunity Commission’s (1978) “Uniform 

Guidelines on Employee Selection Procedures” (Brannick et al., 2007; Field & Holley, 1982; 

Thompson & Thompson, 1982).  A set of standards meeting these guidelines includes the job 

analysis being performed regarding the specific job for which candidates are being selected, the 

analysis being presented in written form, and the data being collected from multiple current data 

sources, including an expert job analyst (Ash, 1988; Levine et al., 1988; Thompson & 

Thompson, 1982).  Following these guidelines helps to establish the job analysis’ validity and 

enhances its value to an organization (McCormick, 1979).   

While essentially similar in most respects (Levine et al., 1983; Van Wart, 2000), different 

types of job analysis can lead to different results and associated job classifications and groupings 

(Clifford, 1996; Cornelius et al., 1979; McCormick, 1979).  Thus, an inappropriate technique or 

an inappropriately conducted analysis results in ineffective HRM practices and a waste of an 

organization’s resources (Aguinis et al., 2009, Sanchez & Levine, 2000).  Due to this, it is 
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important to define the purpose of the job analysis and then determine the appropriate method by 

which the jobs will be analyzed (Baruch, 1937; 1941; Gael, 1983; Levine et al., 1988; 

McCormick, 1979; Stutzman, 1983; Theologus, 1969; Wilson, 2007).  The most common 

methodologies focus on the human worker’s aptitudes and/or by the job’s tasks performed 

(Brannick et al., 1992; Cornelius et al., 1979; Dierdoff & Wilson, 2003; Hartman, Mumford & 

Muller, 1992; Pearlman, 1987; Stutzman, 1983; Wilson, 2007). 

The work- or task-based models concentrate on what the worker actually does.  It is this 

conventional approach that tends to be used more frequently (Cornelius et al., 1979; McCormick, 

1979; Prien, Prien & Gamble, 2004).  In task-based analyses, the worker’s tasks, equipment 

needed, machines used and work context is recorded, and proper analyses are based on these 

observations (Brannick et al., 1992; Brannick et al., 2007).  

In contrast, worker-based models focus on what characteristics the person doing the job 

must possess in order to successfully accomplish the work they are responsible for (Brannick et 

al., 1992; Brannick et al., 2007).  This type of model tends to look more into an individual’s 

knowledge and mental capabilities.  Worker-based models describe a job from the worker’s point 

of view, leading it to be a more subjective assessment in comparison to the task-based models 

(McCormick, 1979).   

MACRO JOB CLASSIFICATIONS AS AN ANSWER TO THE CHANGING ORGANIZATIONAL 

LANDSCAPE 

Whereas job analysis is a process of identifying the key components of a job, job 

classification is a process for clustering jobs in terms of their attributes as discovered via job 

analysis (Brannick et al., 2007; McCormick, 1979).  Absent a job analysis, an organization 

cannot move on to create job classifications because the job analysis data from individual jobs 
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needs to be compared and combined in order to produce the general job classifications 

(Cornelius et al., 1979).   

Job classifications act as the lens through which society views any specific job and 

attempts to understand the job’s required work behavior (Hartman et al., 1992).  Common job 

classifications are based on pre-selected criteria, such as tasks or general work activities, 

knowledge, skills and abilities (KSAs), worker behavior requirements, or lines of authority 

(Brannick et al., 2007; Pearlman, 1987).  As an example of such job classifications, The United 

States Equal Employment Opportunities Commission Job Classification Guide (1996) 

established nine job categories the government uses in their compliance assessments: officials 

and managers, professionals, technicians, sales, office & clerical, skilled craft workers, semi-

skilled operatives, unskilled laborers and service workers. 

Job families are another variation of job classifications efforts. As defined by the 

Dictionary of Human Resource Management (Heery & Noon, 2001b) a job family is a “set of 

jobs based around common activities but conducted at different levels of the organization” (p. 

187).  Job families group together different jobs that are in some sense interrelated (Pearlman, 

1983), often based on their inclusion of similar tasks and competencies (Prien et al., 2009).  Job 

families are a second level way to relate jobs to one another in comparison to the EEOC like job 

categories.  This categorization is done at much higher-level, aggregated, units of analysis than 

that of an individual job analysis or job description (Harvey, 1986; McCormick, 1979; Pearlman, 

1983). 

 Jobs can be classified at many different levels, from very specific and small classification 

groups (i.e. tasks, duty, position) to very broad and large classification groups (i.e. industry) 

(Brannick et al., 2007).  Similarly, before beginning the classifying process, one must determine 
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if the classification is to be either monothetic or polythetic.  Monothetic classifications consist of 

an exclusive set of characteristics that must be exhibited by each member of the group in order to 

be included, such that all items within the classification are in essence the same (Bailey, 1973; 

McCormick, 1979; Sokal, 1974; von Eye, Mun & Indurkhya, 2004).  In contrast, polythetic 

classifications group together items based on their overall similarity, such that not all items must 

be the same (Bailey, 1973; McCormick, 1979; Needham, 1975; Theologus, 1969).  These later 

classifications take into account many more variables and the members of the classification share 

a large percentage of the same characteristics (Sokal, 1974; von Eye, 2004).  Due to the nature of 

polythetic classifications, they are inherently more general than monothetic classifications, which 

encourage their wider use (McKelvey, 1978; Needham, 1975; Sokal, 1974). 

Traditional job analysis models are based on the assumption that jobs remain constant 

over time.  Although this may have been the case when the idea of job analysis was introduced, 

researchers have begun to acknowledge that this assumption no longer holds true (Singh, 2008).  

The changing nature of the way that work is conducted has led to complications in the job 

analysis process, such that it is financially prohibitive for organizations to keep up-do-date job 

analyses (Singh, 2008; Wilson, 2007).  Although, specific classifications can be quite useful, this 

is only in the rare instances when the unique characteristic that defines the classification is of 

particular interest (McKelvey, 1979). Specific or monothetic classifications are not the wise 

choice when analyzing the overall nature of a job or group of jobs.   

A possible solution to this problem of obtaining up-to-date job analyses is to base 

analyses on a broader, or more polythetic level, such as by the general characteristics required by 

a particular job rather than the specific tasks a job entails (Brannick et al., 2007).  Broad job 

classifications increase the range of the job allowing for greater managerial discretion in the 
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assignment of tasks (Van Wart, 2000).  This allows for a simpler job analysis. However, it also 

means jobs are not defined as well (Van Wart, 2000), creating room for greater ambiguity. 

 The changing nature of the workforce and organizational practices impacts how types of 

work are classified.  Hartman et al. (1992) concluded that in the future, the formation of general 

job groupings may prove useful due to their ability to span across alternative descriptive systems 

and thus hold a valuable purpose.  Introduced below is a new broad classification system that has 

been developed based on the cognitive requirements of individual jobs. 

TOWARD A COGNITIVE JOB CLASSIFICATION SCHEME  

At the turn of the twentieth century, males comprised the majority (81.9%) of the 

compensated workforce (United States Department of Commerce Bureau of the Census, 1976) 

and the jobs they held were typically on the floor of a manufacturing plant (Parker, Wall & 

Cordery, 2001).  In the 110 years since, we have witnessed a dramatic decrease in industrial 

work as a percentage of the economy and a dramatic increase in the workforce in the service 

sector (Osterman, 1997).  According to the US Department of Labor Statistics (2010a), in June 

2010, 11,730,000 (8.9% of employees in nonfarm industries) persons were employed in the 

manufacturing sector, whereas 90,445,000 (68.8% of employees in nonfarm industries) were 

employed in the service sector.  These numbers confirm the dominant position of the service 

sector in today’s economy.   

The service sector revolves around supplying customers/clients with intangible services, 

as opposed to tangible product goods.  As the service sector expanded, so too did the number of 

employees that many have begun to label “knowledge workers” (Parker et al., 2001).   

For the purpose of this research, we propose that that the label “service worker” is 

insufficient to the task of capturing and describing the substantive diversity of jobs included in 
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this category.  More specifically, we propose that there are three major categories of work type: 

Conventional, Knowledge and Cognitive.   

Conventional Work 

Conventional work consists of jobs that are often referred to as “blue-collar” or manual 

work, and are typically industrial jobs requiring physical labor or physical presence.  The 

conventional worker may be skilled or unskilled, but a college degree is typically unnecessary.  

The absence of a required advanced formal education is one of the major attributes 

differentiating conventional from knowledge or cognitive work.  For both knowledge and 

cognitive work, college degrees are most often a prerequisite for employment.  Conventional 

work composed the majority of the workforce beginning in the late 19th century and continued 

through the middle of the 20th century (Carter et al, 2006).  Importantly, it was the type of work 

that most defined the workforce when the job classification tools we continue to depend upon 

were invented and institutionalized. 

Knowledge Work 

As noted by a number of observers, the transition to a service dominant economy has led 

to an increase demand for knowledge workers (Bell, 1973; Cortada, 1998; Drucker, 1999; Janz, 

Colquitt & Noe, 1997).  An observation consistent with the popular Resource Theory of the 

Firm, where employee knowledge is treated as a unique organizational asset in that it can be 

used and reused, without being depleted, and it helps to define an organization’s competency 

(Mohrman, Finegold & Klein, 2002).  Organizations seek to leverage employee knowledge, both 

individually and collectively, as a means of increasing productivity and securing strategic 

differentiation (Blackler, 1995; Drucker, 1999).   
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Discovery of the knowledge worker began as early as the late 1950s when researchers 

began to recognize that brainpower was replacing human muscle power as the engine of firm 

success (Bell, 1973; Porat, 1998).  Accordingly, Peter Drucker (1959) coined the term 

“knowledge worker” to describe those who work with intangible resources.  He would later 

elaborate on this description of knowledge workers to define them as higher-level employees 

who apply theoretical and analytical knowledge, acquired through formal education, to develop 

new products or services (Drucker, 1999) and that these workers will come to dominate the 

workforce (Drucker, 2001).  Currently, knowledge work, using this broad and still emerging 

definition, stands as the fastest growing workforce sector (Cortada, 1998).   

Upon closer examination, many knowledge jobs, despite the requirement of higher 

intellectual preparation, often revolve around routinized processes. For example, an accountant 

routinely fills out itemized tax returns, or an information technology specialist repeatedly installs 

system software. Likewise, an airline pilot must follow a highly detailed checklist when flying 

the plane and coordinating with air traffic control.  Or, consider the role of a pharmacist, who 

must adhere to established compounding procedures to fill doctor ordered prescriptions.  The 

commonality among these jobs is that there are detailed protocols dictating how the employee 

must proceed; once learned, the primary responsibility of the employee is to follow the protocol.  

Employees in this group have little discretion; they are rewarded for reliable implementation, not 

creative invention.  

Cognitive Work 

To address the defining limitation of classic knowledge work, we introduce the term 

“cognitive worker” to capture jobs demanding a broader and more elastic response to the non-

physical demands of work. In contrast to routinized procedures of knowledge work, cognitive 
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work requires job incumbents to exercise cognitive fluidity and creativity to confront unknown 

and non-routinized tasks. Consider for example, a research scientist searching for new 

pharmaceuticals, or a university professor developing a new theory of workplace justice. 

In today’s society, organizations increasingly strive to gain competitive advantages 

through continuous innovation and creativity (Mohrman et al., 2002).  This has led to the 

importance of employees using their minds to overcome problems not before been seen.  In our 

formulation, a job labeled “cognitive” has three major components: a) the employee is required 

to have cognitive fluidity, b) the employee is expected to exhibit high-level thinking skills, and 

3) the job is such that it cannot be machine automated or routinized through protocol or 

procedure. 

Cognitive work requires employees to not only access a defined knowledge base, it 

requires that they rearrange and expand their personal knowledge to address novel situations.  In 

other words, the thoughts being processed in cognitive work make more stops during the 

cognitive process than that of knowledge work.  Instead of completing routine tasks with one's 

mind moving from point A to B to C to D, cognitive worker's minds are expected to be more 

fluid and may move from point C to Z to B to M to L to Y to A to D to T, before making a final 

decision.  In cognitive work, the employee’s mind is constantly engaged as it considers different 

options to reach with the best alternative to the problem.  They strive to come up with context-

sensitive and customized solutions to the problem at hand as opposed to a one-size-fits all 

solution (Martin, 2007).  Their work is highly idiosyncratic, the employee is expected to tailor or 

adapt potential solutions to unstable job requirements.   Additionally, evidence suggests that, due 

to these cognitive demands, this type of work spills over into the personal, home context of the 

individual.  Occasionally this may have adverse effects on the quality of rest and personal 
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domain interactions of cognitive workers (Ezzedeen, S. R. & Swiercz, P. M., 2003; 2007; 

Sonnetag, S. & Kruel, U., 2006).  

High-level thinking skills, involving the use of naturalistic decision making and 

integrative thinking, are required by cognitive work.  Naturalistic decision making describes 

experts making intuitive decisions based on cognitive skills developed on patterns formed from 

previous experiences (Kahneman & Klein, 2009; Lipshitz, Klein & Carroll, 2006).  The basis of 

naturalistic decision-making rests in the intuition of the decision maker and oftentimes a 

naturalistic decision maker is unable to articulate the process or rationale for their decision 

choice. This type of decision-making process rejects the idea of choosing amongst alternatives 

(Lipshitz et al., 2006).  Instead, naturalistic decision makers mentally evaluate options generated 

from their analysis of certain environmental cues related to past experiences; if they believe an 

option will work they implement it, otherwise they will modify it or go on to evaluate the next 

plausible option (Kahneman & Klein, 2009).  These integrative thinkers also take into account 

the less obvious and seemingly irrelevant factors, welcome complexity, and question how all 

factors impact each other.  Martin (2007) describes the integrative thinker's ability to assess 

relationships by holding multiple parts of the puzzle in their mind at once, as their having an 

opposable mind providing them with the ability to resist simplistic and innate ways of learning.   

Machines have replaced many human workers, particularly in industrial jobs.  Cognitive 

work, by definition  cannot be performed by a machine until machines become true thinking 

machines as defined by the Turing Test (Turing, 1950).  Currently, a machine cannot replicate 

the level of intelligence and brain use required of cognitive workers in accordance to this test.  

Since cognitive work revolves around the unknown, there are no fixed routines cognitive 

workers follow in any given situation.  Cognitive workers may not even be able to articulate the 
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process they are going through in their minds as they make decisions, and thus, machines cannot 

be programmed to think in the same way.    

Cognitive work requires an employee to consistently complete non-routinized tasks, these 

individuals are constantly using new knowledge and abilities to complete the tasks assigned to 

them, which increases the demand for the skill variety of their job as defined by Hackman and 

Oldham in their Job Characteristics Model (1975; 1980).  The level of task significance is also 

increased with cognitive work, due to its predominance in the service sector and its direct effect 

on other individuals.  As cognitive work is idiosyncratic and cognitive workers find themselves 

in a role such that they are the only one, or one of a few, that can effectively complete the task at 

hand.  This increases the employee’s ability to maintain task identity and feedback.  Since the 

cognitive worker is the only one dealing with the task, they complete the process from start to 

finish, and are accordingly the only one that the success/failure of the project will be attributed.   

Furthermore, because these tasks involve the employee tackling not previously experienced 

problems, there are no specific rules or processes they have to follow to complete them, which 

leads these jobs to have an increased level of autonomy.   

The aforementioned attributes of conventional, knowledge and cognitive work signify 

that there are substantive differences between these three different categories of work.  It is the 

appropriateness of this broad classification of jobs into three groups (Conventional, Knowledge 

and Cognitive) that is the focus of this study.  In line with the differences between these three 

types of work, we anticipate that jobs will be able to be classified, by their given job description, 

into one of these three categories and that there will be a consistency in how jobs are classified 

across different coders.   
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Hypothesis 1: Jobs will be classifiable as being either conventional, knowledge or 

cognitive. 

Hypothesis 2: There will be consistency in how jobs are classified across different 

coders. 

METHODS 

Research Design  

For this study, participants were given a packet containing thirty-nine 4x6 index cards, 

each labeled with a job title and job description obtained from the Occupational Information 

Network (2006).  They were also given three envelopes, each labeled with a description 

associated with a category of job labeled on it.  To minimize response bias, the three categories 

of jobs were identified as Folder Alpha, Folder Beta and Folder Gamma; respondents were not 

aware of the actual classification titles of conventional, knowledge and cognitive.   

Participants were instructed to carefully read the job descriptions and the job category 

definitions. They were then instructed to sort the thirty-nine job descriptions into the three 

categories of jobs, place the sorted index cards into the appropriate envelope and return to the 

researcher.     

Participants 

 In total thirty working professionals participated in this study.  Fourteen participants were 

Senior HR professionals and sixteen were younger professionals across a variety of occupations.  

This total sample was comprised of 17 females (56.67%).  The age breakdown of respondents 

was as follows:  four under the age of 25 years, twelve 25-30 year olds, seven 31-40 year olds, 

three 41-50 year olds and four 51-60 year olds.   
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Participant job titles varied widely, including Certification Officer, HR Administrator, 

HR Consultant, HR Director, HR Manager, HR Regulatory Analyst, HR Representative, Full-

time MBA Student, Law Clerk, Management Analyst, Personnel Analyst, Program Managers, 

Recruiters and Vice President of HR.  These jobs were housed in a variety of industries, 

including government (eight), health care (three), non-profit (three), finance (two), technology 

development (two) and one person working in each of the following industries: banking, 

consulting, distribution, education, energy, entrepreneurship, law, public relations, software, 

telecommunications, retail, and utilities.   

The tenure of participants in their jobs ranged from: four in their position for less than 

one year, fourteen for between one and three years, seven for between four and five years, one 

between six and ten years, two between eleven and twenty years and two for over twenty-one 

years.   

Regarding the educational background of respondents: one earned a Technical Level 

Certificate, seventeen earned an undergraduate diploma, eleven obtained a Masters and one 

obtained an EdD.  The amount of global experience among participants was also wide ranging: 

eleven people reported having no global experience, two having between four and twelve months 

global experience, four people having between one and three years global experience, and nine 

having more than three years global experience.   

Measures 

Job Descriptions:  Respondents were provided thirty-nine job titles and their associated 

job description1.  The thirty-nine jobs used in this study are presented in Table 1.    

                                                 
1Job descriptions are available from the authors. 
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-------------------------------------- 
Insert Table 1 about here 

-------------------------------------- 
Categories of Jobs:  Three categories of jobs were identified for analysis and testing:  

conventional, knowledge and cognitive, which were identified as Alpha, Beta and Gamma to the 

study’s participants.  The Conventional category (labeled as Alpha) was defined to participants 

as “Jobs in both manufacturing and service industries that typically require, but not always, 

manual labor. These jobs may be semi-skilled or unskilled. Formal advanced education is not 

required and on-the-job training tends to be of relatively short duration”.  The Knowledge 

category (labeled as Beta) was defined to participants as “Jobs that require employees to apply 

theoretical and analytical knowledge to formal routinized procedures.  These jobs require 

employees to accumulate, process, and interpret data and information within a specific subject 

area. They are particularly evident in situations where employees interact with people and/or 

intangible products”.  The Cognitive category (labeled as Gamma) was defined to participants as 

“Jobs that require employees to use intellect and high-level thinking skills to situations they have 

not previously experienced, in order to solve problems and complete non-routinized tasks.  This 

is done by the employee exploring all possible options to craft a context-sensitive and customized 

solution to the problem at hand.  These jobs are often highly idiosyncratic, such that they are 

often personalized to the specific individual doing the job.” 

Controls: Demographic variables including age, gender, education level, industry in 

which they work, the number years in their current job role, and the number of years of global 

work experience were controlled for during the analysis.  

To ensure participant anonymity, all names were removed from the returned information 

sheet and coded material and replaced with an identification number ranging from one to thirty.  
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All information sheets and coded materials were kept strictly confidential and were viewed only 

by the two researchers. 

RESULTS 

 The data collected was analyzed using the frequency statistic in SPSS and by calculating 

Fleiss’ kappa.  Fleiss’ kappa is a statistical measure of agreement between raters ranking items 

on a set nominal scale.  It is similar to Cohen’s kappa, except that whereas Cohen’s kappa can 

only be used assess inter-rater reliability between a pair of raters, Fleiss’ kappa works for any 

number of raters (Fleiss, 1971). This statistic allowed us to determine the amount of inter-rater 

agreement relative to how each job description was assigned to one of the three types of job 

categories.  Table 2 presents the breakdown of the number of coders, the associated percentage 

of total coders, and the estimate of classification agreement among coders (Fleiss’s kappa), per 

job title.   

As will be noted, there were six job descriptions in which all thirty coders were in 

complete agreement, five job description in which there was more than 80% estimated coder 

agreement, ten job descriptions had more than 60% estimated coder agreement, seventeen job 

descriptions had more than 40% estimated coder agreement, and one job description with 38.2% 

estimated coder agreement.  Each job was classified into one of the three categories with at least 

50% (fifteen) coders identifying it as belonging in that category.  

-------------------------------------- 
Insert Table 2 about here 

-------------------------------------- 

Fleiss’ kappa assesses the relative strength of inter-rater agreement for categorical data, 

above the level of agreement expected by chance.  The recommended level for Fleiss’ measure 

of agreement strength is between .8 and 1 for almost perfect agreement, between .6 and .79 for 
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substantial agreement, between .4 and .59 for moderate agreement and between .2 and .39 for 

fair agreement (Landis & Koch, 1977).  For this study, the kappa value assessing overall inter-

rater consistency of coder classifications of the thirty-nine job descriptions was .785.  With a 

Fleiss kappa of .785, this study reveals substantial agreement between coder classifications 

falling just short of the .8 threshold of the perfect agreement guideline. The high score 

nonetheless highlights the potential classification power of our three-category job classification 

scheme.   

As reported in previous research, job titles carry with them the capacity to communicate 

gender bias. Gender signals evident in job titles have led to an effort to create gender-neutral job 

titles to diminish false perceptions of the type and value of work being performed (Reskin, 1993; 

Strang & Baron, 1990).  Hall (1993) provided support to this with his study regarding the 

different connotations associated with a job title of “Waitress” in comparison to an employee 

with the job title of “Waiter”.  Stemming from this line of research, as a supplement to the 

primary study, the effect of gender was investigated.   

In the secondary study, the sample was divided in two groups. Three job descriptions 

were given to fifteen respondents in Group A and fifteen respondents in Group B with the goal 

of assessing the influence of gender signals in the job title.  Each sub-group respondent was 

asked to code the three additional gender loaded jobs. These job titles were Actor vs. Actress, 

Hair Stylist vs. Barber, and Office Secretary vs. Office Administrator.  Each pair of job 

descriptions had the same written description on the index card.  The only difference was that 

half of the sample received the first set of gender neutral job titles and the other half received the 

second set of gender-specific job titles.  Table 3 presents the classification breakdown between 

Actor and Actress, Table 4 presents the classification breakdown between Hair Stylist and 
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Barber, and Table 5 presents the classification breakdown between Office Secretary and Office 

Administrator.   

-------------------------------------- 
Insert Table 3 about here 

-------------------------------------- 

There was a larger (and moderate) level of agreement in the classifications of the job 

description when labeled “Actor” opposed to when it was labeled “Actress” (for which there was 

only a fair level of agreement).  Whereas the majority of coders (eleven, or 73.3%) classified 

Actors in the gamma category, the classification of Actress was much more varied with two 

(12.3%) coders classifying it as alpha, seven (46.7%, the majority) classifying it as beta and only 

six (40%) classifying it as gamma. 

-------------------------------------- 
Insert Table 4 about here 

-------------------------------------- 

 The level of agreement in the classifications of the job description labeled as either “Hair 

Stylist” or “Barber” was fair.  For both job titles the job description was classified by coders in a 

variety of all three of the possible categories.  There was more consensus of the job description 

being categorized as either alpha or beta, with the majority (eight, or 53.3%) in both instances 

classifying the job description as alpha.  Despite this, there was considerable variation among 

respondents in the way this job description was classified under each of the two job titles.  Of all 

the jobs included in the study, this job description produced the lowest estimated inter-coder 

agreement (.382). 

-------------------------------------- 
Insert Table 5 about here 

-------------------------------------- 
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 There was a moderate level of agreement in the classification of the job description when 

labeled “Office Secretary”, whereas there was a fair level of agreement when it was labeled 

“Office Administrator”.  There was consensus among coders that the classification of the job 

description, whether labeled as “Office Secretary” or “Office Administrator,” does not fall into 

the gamma category.  Despite this, there was discrepancy in where the majority of coders 

classified the different job titles.  When the job description was labeled “Office Secretary” the 

majority of coders (eleven, or 73.3%) classified it as alpha, whereas when the description was 

labeled “Office Administrator” the classification was split among coders as being classified as 

alpha (seven, or 46.7%) and beta (eight, or 53.3%).   

DISCUSSION 

In this paper, we developed a new three-category job classification scheme to investigate 

the continued utility of current job classification schemes in light of the dramatic structural 

change in the composition of the workforce.  Our goal was to assess the value in organizing jobs 

by way of this non-conventional job classification scheme, which categorizes job types as being 

conventional, knowledge or cognitive.   

Hypothesis 1 examined whether jobs could be classified as either conventional, 

knowledge or cognitive.  This hypothesis was strongly supported in the study.  Every coder was 

able to classify each job and associated description into one of these three classifications; no jobs 

were reported as being unclassifiable. 

Hypothesis 2 explored the consistency in how jobs were classified.  High levels of 

consistency were observed; the hypothesis was supported in the study.  Analyzing the estimate of 

agreement per job title, in accordance with the standard set forth by Landis and Koch (1977), 

there were six job descriptions with perfect agreement between coders, five job descriptions with 
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almost perfect agreement, ten jobs with substantial agreement and seventeen jobs with moderate 

agreement.  There was only one job description failing to meet the threshold for a fair strength of 

agreement between coders. 

Of the twenty-one job descriptions that were perfectly, almost perfectly or substantially 

classified with agreement, eleven were classified as conventional, seven as knowledge and three 

as cognitive.  The seventeen jobs with moderate agreement were classified with two as 

conventional, eight as knowledge, six as cognitive and one job description being split between 

knowledge and cognitive.  The job classified with only moderate agreement was classified as a 

conventional job.  Importantly, there was no job description that was not classified into one of 

the three categories with less than 50% of the coders’ support for it belonging to that category.   

It is interesting to note how the six job descriptions in which all thirty coders were in 

complete agreement, were classified as conventional (alpha) jobs.  Conventional work being the 

job category that was most consistently agreed upon by coders may indicate that this job 

category was clearly distinguishable from the knowledge (beta) and cognitive (gamma) job 

categories.  There were six job descriptions classified as a mixture of either conventional or 

knowledge, and fourteen job descriptions coded as a mixture of either knowledge or cognitive, 

and thirteen job descriptions that were coded as a mixture of all three classifications.  

It was expected that the most difficulty would occur when separating knowledge jobs 

from cognitive jobs, since both categories require higher cognitive demands, in comparison to 

conventional jobs.  The key distinction between knowledge and cognitive work is the indication 

that knowledge work revolves around completing routine processes, whereas cognitive work 

requires the development of unique or new processes to deal with non-routinely encountered 

situations.  Having fifteen jobs classified as knowledge and nine jobs classified as cognitive, with 
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at least moderate consistency, suggests that there is a noteworthy difference between these two 

job categories and that the development of the new cognitive work category has the potential to 

significantly influence both research and practice. 

The differences in how coders classified the three sets of job descriptions with gender 

influenced job titles calls attention to the possibility that coders may have relied more on the job 

title and their preconceived notions of what it entails than on the written job description 

provided.  It would be expected that if all respondents were basing their classifications solely on 

the job description and holding a blind-eye to the job title, that there would be more consistency 

between the way the two different job titles, yet same job descriptions, were classified.  This 

suggests that the study may have produced different results if job titles were excluded from the 

cards given to the coders and instead only the job descriptions were used. 

Limitations 

There are potential reasons that some job descriptions were classified with lower levels of 

agreement between coders.  First, there may have been problems with the implementation 

methodology used.  Instructions given to the coders were intentionally brief, opening up the 

potential for uncertainty of the coders on how to proceed.  Different interpretations of the 

instructions may have impacted the results and influenced the differences amongst the coders’ 

classifications.   Second, the three job categories may have been insufficiently articulated to the 

coders.  If coders found the job category definition to be ambiguous, they may have interpreted 

the category differently than their peer coders.  Again, this could have impacted their ability to 

place the job descriptions into consistent categories.   

 This study only used a selected thirty-nine job descriptions.  Considering there are 12,099 

different job titles listed in the Dictionary of Occupational Titles (US Department of Labor, 
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Employment & Training Administration, 1977), this is a very slim selection of jobs represented.  

Although we strove to choose a variety of jobs to well represent the workforce, if different job 

descriptions had been chosen for the study there could have been different results.   

Using a limited number of job descriptions also limits the generalizability of the study’s 

results and the ability to categorize all jobs into one of our three established job categories 

(Conventional, Knowledge, and Cognitive).  Similarly, having only thirty participants is a small 

sample size, which could also lead to a lack of generalizability to the greater population. 

Practical Implications and Future Research 

The relationships examined in this paper offer significant contributions to the literature in 

three primary ways.  First, following an extensive review of the job analysis literature, the 

“Cognitive Work” construct was introduced.  As this is a newly developed concept, it should 

continue to be explored and examined for the importance that it has in the organization, the 

workforce, the associated literature, and whether or not there is a need for enhanced specification 

of this work category. 

Second, with the introduction of cognitive work a new three-category job classification 

scheme was developed.  This new classification scheme allows for the recoding of an 

organization’s workers according to the type of mental requirements their job demands.  As 

suggested by the results this could have a significant impact on the presently over-populated 

category of service workers.  

Third, the proposed classification scheme would also allow researchers to compare 

classifications of workers in two different organizations within the same industry, across 

industries and across nations.  Doing this is often difficult when classifications are based on 

compensation, unions, or department because these classification schemes are not consistent 
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between organizations.  However, this new macro-level of job classification can be used globally 

and across organizations in a variety of industries.  

 There are several consequences of implementing this new classification scheme into 

organizations.  The American Society for Training and Development (2009) estimated that 

$134.07 billion was spent in the US during 2008 on employee learning and development.  This 

money would be better spent if the training and development programs were aligned with the 

type of work employees were doing on a daily basis.  To incorporate this classification scheme 

into organizations would imply an increase of investment in training and development, selection, 

and appraisal systems so that these HRM systems include cognitive workers.  Also along the 

lines of training, it could have implications for Executive Development and MBA programs as to 

what degree these students are trained as knowledge (technicians) and cognitive (leaders) 

workers. 

There are also implications the introduction of cognitive workers may have on work-life 

balance, the cognitive intrusion of work and managing part-time workers.  These potential 

implications should be explored in future research. 

This study was conducted in the US, and included only thirty respondents.  Such a 

limited group was targeted and used so that this could act as an initial study to see if the claims 

made were valid and if future research regarding this topic and the emergence of cognitive work 

is worthwhile.  In order to further evaluate the propositions made in this study, future research 

should be conducted using a much larger sample, perhaps via an internet survey or computer 

application which has the ability to target a much larger set of respondents. 

Finally, considering the level of global work experience by respondents and small sample 

size, these findings may not be valid globally.  There is a chance that these results are not as 
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applicable to the workforce in countries other than the US. In order to assess this, further 

research should be conducted across the globe. 
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TABLE 1  
Job Titles 

Actor/Actress Defense Lawyer Professional Coach 
Artist Education Financial Analyst Professor 

Automotive Technician Electrical Engineer Public Elementary School Teacher 
Building Design Architect Fashion Designer Real Estate Agent 

Building Maintenance Laborer FedEx Delivery Agent Registered Nurse 
Career Transitions Specialist Hair Stylist/Barber Retail Cashier 
Certified Public Accountant Hotel Bell Hop Retail Sales Floor Clerk 

Chief Executive Officers Library Assistant Security Guard 
Commercial Airlines Pilot Municipal Fire Fighter Sports News Anchor 

Computer Software Programmer Office Secretary/Administrator Statistical Research Analyst 
Creative Writer Parking Valet Taxi Driver 

Crime Scene Investigator Pharmacist Veterinarian 
Customer Service Representative Political Scientist Waiter 
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TABLE 2 
Coder Agreement by Job Title 

Job Title Alpha Beta Gamma Level of 
Agreement 

Building Maintenance Laborer 30 (100%) 0 (0%) 0 (0%) 1 
FedEx Delivery 30 (100%) 0 (0%) 0 (0%) 1 
Hotel Bell Hop 30 (100%) 0 (0%) 0 (0%) 1 
Parking Valet 30 (100%) 0 (0%) 0 (0%) 1 
Taxi Driver 30 (100%) 0 (0%) 0 (0%) 1 
Waiter 30 (100%) 0 (0%) 0 (0%) 1 
Retail Cashier 28 (93.3%) 2 (6.7%) 0 (0%) 0.871 
Retail Sales Clerk 28 (93.3%) 2 (6.7%) 0 (0%) 0.871 
CPA  0 (0%) 27 (90%) 3 (10%) 0.814 
CEO 0 (0%) 3 (10%) 27 (90%) 0.814 
Education Financial Analyst 0 (0%) 27 (90%) 3 (10%) 0.814 
Commercial Airlines Pilot 0 (0%) 25 (83.3%) 5 (16.7%) 0.713 
Computer Programmer 0 (0%) 25 (83.3%) 5 (16.7%) 0.713 
Library Assistant 25 (83.3%) 5 (16.7%) 0 (0%) 0.713 
RN 0 (0%)  25 

(83.3%) 
5 (16.7%) 0.713 

Career Transitions Specialist 0 (0%) 24 (80%) 6 (20%) 0.669 
Security Guard 24 (80%) 6 (20%) 0 (0%) 0.669 
Public Elementary Teacher 1(3.3%) 24 (80%) 5 (16.7%) 0.657 
Customer Service Rep 23 (76.7%) 7 (23.3%) 0 (0%) 0.63 
Political Scientist 0 (0%) 7 (23.3%) 23 (76.7%) 0.63 
Creative Writer 2 (6.7%) 5 (16.7%) 23 (76.7%) 0.607 
Statistical Analyst 0 (0%) 

0% 
22 (73.3%) 8 (26.7%) 0.595 

Sports News Anchor 3 (10%) 
 (10%) 

22 (73.3%) 5 (16.7%) 0.561 
Real Estate Agent 8 (26.7%) 21 (70%) 1(3.3%) 0.547 
Defense Lawyer 0 (0%) 10 (33.3%) 20 (66.7%) 0.54 
Crime Scene Investigator 0 (0%) 19 (63.3%) 11 (36.7%) 0.52 
Pharmacist 1 (3.3%) 20 (66.7%) 9 (30%) 0.52 
Professor 0 (0%) 11 (36.7%) 19 (63.3%) 0.52 
Building Design Architect 0 (0%) 12 (40%) 18 (60%) 

 (60%) 
0.503 

Office Secretary/Administrator 18 (60%) 12 (40%) 0 (0%) 0.503 
Automotive Technician 19 (63.3%) 10 (33.3%) 1 (3.3%) 0.497 
Electrical Engineer 4 (13.3%) 20 (66.7%) 6 (20%) 0.485 
Veterinarian 0 (0%) 15 (50%) 15 (50%) 0.483 
Fashion Designer 2 (6.7%) 10 (33.3%) 18 (60%) 0.457 
Professional Coach 1 (3.3%) 15 (50%) 14 (46.7%) 0.451 
Actor/Actress 2 (6.7%) 11 (36.7%) 17 (56.7%) 0.441 
Artist 3 (10%) 9 (30%) 18 (60%) 0.441 
Municipal Firefighter 9 (30%) 18 (60%) 3 (10%) 0.441 
Hair Stylist/Barber 16 (53.3%) 9 (30%) 5 (16.7%) 0.382 
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TABLE 3 
Actor versus Actress Classification 

 
Alpha Beta Gamma Level of 

Agreement 
Actor 0 (0%) 4 (26.7%) 11 (73.3%) .581 
Actress 2 (13. 3%) 7 (46.7%) 6 (40%) .352 

 
 

TABLE 4 
Hair Stylist versus Barber Classification 

 Alpha Beta Gamma 
Level of 

Agreement 
Hair Stylist 8 (53.3%) 5 (33.3%) 2 (13.3%) .371 
Barber 8 (53.3%) 4 (26.7%) 3 (20%) .352 

 
 

TABLE 5 
Office Secretary versus Office Administrator Classification 

 
Alpha Beta Gamma Level of 

Agreement 
Office Secretary 11 (73.3%) 4 (26.7%) 0 (0%) .581 
Office Administrator 7 (46.7%) 8 (53.3%) 0 (0%) .467 
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ZNANSTVENI KOLOKVIJ
X.

Gost predavač / Lecturer: 

PROFESSOR STACEY EFSTATHIOU, PH.D. 

Department of Pathology, University of Cambridge, Cambridge, U.K.

E-pošta: se108@cam.ac.uk
Vrijeme i mjesto: 27. lipnja 2014. 
zgrada Sveučilišnih odjela, Kampus Trsat

KRATKI ŽIVOTOPIS PREDAVAČA / SHORT CURRICULUM VITAE:

My interest in Virology was stimulated during my time as an undergraduate at Leeds University. Although 
registering for a degree in Botany I was fortunate to take a Microbiology module during my first year and 
was introduced to the field of Virology. Following completion of my degree I joined the Division of Virology 
at Cambridge University in 1982 and embarked on a PhD to investigate the structure of the latent herpes 
simplex virus genome. Following my PhD I worked as a postdoc with Professor Peter Wildy studying the 
pathogenesis of alpha and gammaherpesvirus before moving to the Institute of Medical and Veterinary 
Science, Adelaide in 1990. I returned to a lectureship in the Department of Pathology, Cambridge in 1993 
and have continued to investigate the pathogenesis of neurotropic and lymphotropic herpesvirus infec-
tions with a focus on latency.

TEMA PREDAVANJA / TOPIC OF LECTURE:

ISTRAŽIVANJE LATENCIJE HERPES SIMPLEX VIRUSA 1 POMOĆU TRANSGENIČNIH MIŠEVA 
REPORTERA

AN EXPLORATION OF HERPES SIMPLEX VIRUS LATENCY USING TRANSGENIC REPORTER 
MICE 

SAŽETAK PREDAVANJA / PRESENTATION ABSTRACT:

A characteristic biological feature of all members of the herpesvirus family is their ability to establish 
lifelong persistence in defined target cells of the host. In the case of herpes simplex virus, latency is es-
tablished in sensory neurones innervating the site of primary infection, which is followed by periodic reac-
tivation to facilitate transmission. In this talk I will summarize current understanding of the key molecular 
features of herpes simplex virus latency and consider strategies for visualising and enumerating latently 
infected cells using transgenic reporter mice. I will also consider how reporter mouse models have been 
used in studies of the function of the virus encoded latency -associated transcripts and how such models 
can be used to examine latency at the single cell level.
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ZNANSTVENI KOLOKVIJ
XI.

Gost predavač / Lecturer: 

PROFESSOR ANDREW WILLIAMS, PH.D.

ICREA Research Professor at UPF (Universitat Pompeu Fabra).  
Barcelona, Španjolska

E-pošta: andrew.williams@icrea.cat
Vrijeme i mjesto: 2. srpnja 2014. 
zgrada Filozofskog fakulteta, Kampus Trsat

KRATKI ŽIVOTOPIS PREDAVAČA / SHORT CURRICULUM VITAE:

Andrew Williams read Philosophy, Politics and Economics at the University of Oxford and was a graduate 
student at Nuffield College, Oxford and Harvard University. He then became a Junior Research Fellow at Je-
sus College, Oxford, and later taught at York, Reading and Warwick, where he was a Professor of Philosophy 
before joining ICREA in October 2009. He has also been a visiting professor in the Program in Ethics, Politics 
and Economics at Yale University and the Department of Philosophy at Harvard, and a Faculty Fellow in Ethics 
at the Kennedy School of Government at Harvard. His articles have been published in such journals as Ethics, 
Economics and Philosophy, Philosophical Quarterly, Philosophy and Public Affairs, and Utilitas.

TEMA PREDAVANJA / TOPIC OF LECTURE:

DEMOGRAFIJA I DISTRIBUCIJA 

DEMOGRAPHY AND DISTRIBUTION 

SAŽETAK PREDAVANJA / PRESENTATION ABSTRACT:

To produce children and raise them appropriately involves large economic costs, which are usually divid-
ed between parents and other members of society. The share of those costs borne by parents is substan-
tial, and in modern societies no longer directly related to the benefits they can expect to receive in later 
life. Nevertheless, it is feasible for those societies to design their institutions in ways that divide the costs 
of raising children quite differently. As a result, the price of parenthood is the product of political decisions. 
Given the profound influence that price exerts on all our lives, it is worth asking how well-designed institu-
tions would determine it. This paper focuses on one factor many have claimed is relevant to our question, 
namely the fact that individuals outside the family often derive economic benefits from parental decisions 
to produce and raise children, especially when children grow up to become workers and taxpayers. It 
casts doubt on certain arguments designed to show that in virtue of being benefited those third parties 
are obliged to bear some of the costs of involved in generating those benefits. Since some on the left may 
mistakenly be drawn to these arguments because they assume the arguments could be enlisted by those 
who oppose gender-based injustice, I also cast some doubt on this assumption and, more positively, 
outline another way to conceive the injustice that confronts mothers.
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ZNANSTVENI KOLOKVIJ
XII.

Gost predavač / Lecturer: 

PROFESSOR DAVID MILLER, PH.D.

Professor of Political Theory, University of Oxford and Official Fellow in Social 
and Political Theory, Nuffield College, Oxford, U.K.

E-pošta: david.miller@nuffield.ox.ac.uk
Vrijeme i mjesto: 4. srpnja 2014. 
zgrada Filozofskog fakulteta, Kampus Trsat

KRATKI ŽIVOTOPIS PREDAVAČA / SHORT CURRICULUM VITAE:

Initially trained in philosophy at Selwyn College, Cambridge and in politics at Balliol College, Oxford, and 
after teaching at the Universities of Lancaster and East Anglia, he was appointed to his present post at 
Nuffield College in 1979. He is affiliated to the University’s Department of Politics and International Re-
lations, and to the Faculty of Philosophy, and between 2012-2014 he has been on partial secondment to 
the Blavatnik School of Government to co-ordinate the Foundations component of the Master of Public 
Philosophy course. He supervises students in all three of these units.

What is perhaps most distinctive about his work is its use of evidence from the social sciences to inform 
debates in political philosophy. His longest standing interest is in the idea of justice, originally social 
justice but now also global justice. He has published three books about this: Social Justice (Clarendon 
Press, 1976), Principles of Social Justice (Harvard University Press, 1999) and most recently a collection 
of essays, Justice for Earthlings (Cambridge University Press, 2013). During the 1980s he worked on 
the idea of market socialism and published a book defending that system, Market, State, and Community 
(Clarendon Press, 1989). This led him to ask questions about the kind of political community within which 
policies of social justice could be pursued, leading to a sustained engagement with ideas of nationality 
and citizenship, including On Nationality (Clarendon Press, 1995) and Citizenship and National Identity 
(Polity Press, 2000). In the last decade he has combined work on national issues with work on global 
issues, culminating in National Responsibility and Global Justice (2007).

TEMA PREDAVANJA / TOPIC OF LECTURE:

PRAVIČNOST I IMIGRACIJA

JUSTICE IN IMMIGRATION 

 
SAŽETAK PREDAVANJA / PRESENTATION ABSTRACT:

This lecture starts from the assumption that (legitimate) states have a general right to control their borders 
and decide who to admit as future citizens. These decisions, however, should be guided by principles of 
justice. But which principles? To answer this we have to analyse the multifaceted relationships that may 
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hold between states and prospective immigrants, distinguishing on the one hand between those who are 
either inside or outside the state’s territory, and on the other between refugees, economic migrants and 
‘particularity claimants’. The claims of refugees, stemming from their human rights, are powerful though 
limited in scope: they hold against receiving states generally rather than the specific one to which they 
apply for asylum. Economic migrants cannot claim a right to be admitted as such, but only a right to have 
legitimate criteria of selection applied to them. In the case of particularity claimants, such as those seek-
ing redress for harms inflicted on them or reward for the services they have rendered to the state, the 
main question is why awarding a right to enter should be the appropriate response to their claims. The 
lecture concludes by asking how far principles of justice can be used to establish priorities between these 
different categories of migrants.
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David Miller*

Border Regimes and Human Rights

Abstract: This article argues that there is no human right to cross borders

without impediment. Receiving states, however, must recognize the procedural

rights of those unable to protect their human rights in the place where they
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Introduction

The question I want to address in this article is what a state’s border regime

would have to be like in order to respect the human rights of those who are

subject to it. By a “border regime” I mean the set of rules and procedures that

This article was originally written for the workshop on “Borders and Human Rights,” at the

College of Law & Business, Ramat Gan, January 10–11, 2012. It was also given as a Moffett

lecture at Princeton University on February 23, 2012 and presented to conferences on “Walls and

Fences: The Politics and Ethics of Border Barriers,” Yale University, April 13–14, 2012, and on

“Ius Migrandi,” University of Palermo, June 4, 2012.
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apply to those who are trying to enter the state’s territory, encompassing a

number of questions such as who is given legal permission to enter, what

procedures are applied to those whose admission status is as yet undetermined,

and what happens to people who are present in the territory without having

rights of residence – for instance asylum-seekers and illegal migrants. There is

little doubt that the border regimes of existing states, whether liberal or non-

liberal, do raise human rights issues; indeed, it has been said that “the treat-

ment [by states] of non-nationals is an area of persistent, serious and systematic

human rights violations on a world scale.”1 Such abstract claims are often

backed up by vivid images of the treatment suffered by immigrants at the

hands of those physically responsible for controlling borders, whether it is a

land border with barbed wire and guards with guns, small boats laden with

refugees being turned back on the high seas, or the miserable conditions

endured by those held indefinitely in detention camps following entry.

It is possible to approach this question through the medium of international

human rights law. There are indeed fat volumes setting out the many declara-

tions, covenants, and treaties, as well as the several bodies of case law that lay

down the human rights standards that are supposed to apply to cross-borders

migrants of different kinds.2 Although one can learn much by reflecting on the

evolution of international law in this area, I am going to dig a bit deeper and

adopt the perspective of political philosophy. From this perspective, one can’t

assume that everything that is awarded human rights status by international

lawyers is genuinely a human right, nor on the other hand that everything that

should be recognized as one is already so recognized. Instead I examine the

principles that we should apply to decide whether any given border regime

respect human rights or fails to do so.

The article is organized as follows. In Section I, I explain why border

regimes should be judged in human rights terms, and sketch in the theory of

human rights that informs the remainder of the article. In Section II, I assess the

claim that there is a human right to immigrate that would condemn all border

controls as right-violating and conclude that no such right exists. In Section III, I

examine the claims of refugees and ask both what states must do to verify their

status as asylum-seekers and under what circumstances it may be justifiable to

1 Tom Clark, Human Rights and Expulsion: Giving Content to the Concept of Asylum, 4 INT’L J.

REFUGEE. L. 189,193 (1992).

2 On refugees in particular, see, e.g., GUY S. GOODWIN-GILL, THE REFUGEE IN INTERNATIONAL LAW (2d ed.

1996); JAMES C. HATHAWAY, THE RIGHTS OF REFUGEES UNDER INTERNATIONAL LAW (2005).
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resettle refugees in third countries. In Section IV, I ask whether discriminatory

admissions policies, applied to those who are not refugees, may violate the

human rights of those discriminated against; I conclude that such policies are

certainly unjust, but not necessarily rights-violating. Finally, in Section V, I

consider the position of those who find themselves inside a country without

having a legal right of residence: illegal, migrants, and asylum-seekers whose

status is so far undetermined; I ask what responsibilities the state has to protect

their human rights. I begin by saying a few words about why political philoso-

phers have so far had difficulty in getting to grips with the phenomenon of

cross-border migration.

I How to Understand Human Rights

Political philosophy as it has developed from the time of, say, Hobbes down to

the present, has concerned itself centrally with the relation between the state

and its subjects or citizens. Observing the enormous power that the state wields

over the lives of its members, political philosophy asks how this power can be

made legitimate, and what obligations the members owe to one another as well

as to the state itself. It is tacitly assumed that the relationship between state and

citizen runs from birth to death, an assumption made explicit in recent times in

the work of John Rawls, who, accordingly, had almost nothing to say about the

movement of people between states.3 Of course, in response to the growth of

international institutions and the phenomenon of globalization more generally,

attention has turned to issues of global governance and global justice –

understood as the principles that should govern our (institutionally mediated)

relations to distant strangers who we might help, or harm, by the external

policies we adopt. But the relation between the state and the immigrant, at the

moment when the immigrant stands at the state’s door and asks to enter, is

3 Rawls said that his theory of (social) justice was meant to apply to “an ongoing society, a self-

sufficient association of human beings which, like a nation-state, controls a connected territory

a closed system; there are no significant relations to other societies, and no one enters from

without, for all are born into it to lead a complete life” (see John Rawls, Kantian Constructivism

in Moral Theory, in JOHN RAWLS, COLLECTED PAPERS 323 (Samuel Freeman ed., 1999)). For Rawls’

cursory treatment of migration in his later account of international justice, see JOHN RAWLS, THE

LAW OF PEOPLES 8-9 n.39 (1999).

Border Regimes and Human Rights 3
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different from either of these.4 On the one hand, the immigrant is not a distant

stranger, because she is directly subject to the state’s power in the way that the

foreigner is not; what the state decides to do may have an immediate and

profound impact on her life. On the other hand, she is not yet part of the system

of reciprocal obligation that obtains among citizens, and so she cannot auto-

matically claim the rights and privileges that go along with that, any more than

a person who has applied to join a club can already lay claim to the benefits of

membership. So we can’t assume that the principles developed within our

theories of social and global justice, respectively, apply straightforwardly here.5

We need, in other words, an account of justice that is tailored to the

particular case of a state’s border regime. A central part of that account must

refer to the human rights of immigrants. This will not be exhaustive: justice

covers more than human rights proper.6 Why is it appropriate to invoke human

rights here? Since human rights are universally binding, they must apply to the

relationship between state and immigrant as well as to other relationships. Even

though the doctrine was originally developed to apply to the internal relation-

ship between state and citizen, it extends naturally to the state’s treatment of

non-citizens.7 The only way to avoid this conclusion would be to say that when

people apply to immigrate, they resign their human rights in relation to the state

they approach, as boxers are said to do with respect to their opponents when

they enter the ring. But this would be implausible, not least because much

migration is undertaken out of necessity rather than choice.

Yet if we are going to appeal to human rights as a necessary, although not

sufficient, criterion of an ethically acceptable border regime, we must be careful

only to invoke human rights proper and not the fuller set of rights that belong to

the citizens of liberal democracies, especially by virtue of their citizen status. We

must avoid the rights inflation that is so prevalent in our culture and may even

4 I use “immigrant” broadly to refer to anyone who seeks to enter the state for a substantial

period of time, whether or not they intend to remain permanently. In other words, I exclude

tourists and people traveling on business, but include refugees and others who may envisage

returning home eventually after an extensive stay. For other purposes, a narrower definition of

“immigrant” may be useful.

5 For a fuller discussion of the sui generis legal relationship that exists between a prospective

immigrant and the state that she has applied to enter, see Michael Blake, Immigration and

Political Equality, 45 SAN DIEGO L. REV. 963-80 (2008).

6 On this point, see JAMES GRIFFIN, ON HUMAN RIGHTS (2008).

7 Or at least it does so when what is at stake are the so-called negative human rights – rights

that protect against the infliction of various kinds of harm. For instance, the reasons why the

state may not torture its own citizens apply with equal force to the torture of aliens.
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infect parts of international law. That is why we need to provide human rights

with a philosophical grounding.

I have argued elsewhere that grounding a human right involves showing that

it forms an essential part of a set of rights which together provide the right holders

with the opportunity to lead a minimally decent human life.8 We begin with the

core idea of a human life itself, as made up of a number of activities which are

reiterated across the many more specific forms of human life that have arisen at

different times and places. We can then identify a set of basic needs that must be

fulfilled if a decent human life is to be possible – material needs such as food and

shelter, but also needs to engage in communal life, to form intimate relationships,

to express one’s beliefs and cultural identity, and so forth. Human rights secure

the conditions under which these needs can be met. They do so either by protect-

ing people from threats that would prevent them satisfying their needs – say a

threat of injury or coercion if a person does X or Y (plays music or engages in a

religious ritual, say) – or by imposing obligations to provide resources that fulfill

needs, such as food or basic health care. The move from basic needs to human

rights is not entirely straightforward, because one has to consider the effect that

recognizing a right has not just on the right-holder himself, but on others who

would be subject to the obligations that the right imposes.9 For that reason, one

should think of any particular right as enjoying human rights status when it forms

part of a (mutually consistent) set of rights whose fulfillment provides the condi-

tions for a minimally decent life for all.

We should note that the list of human rights that emerge will contain not only

substantive rights but also procedural rights, such as the right to participate in

political decision making and the right to a fair trial on the part of those accused of

crimes. Such rights do not of course correspond to human needs directly – there is

no “need” to participate or to be involved in certain legal procedures. Their role is

to ensure that substantive rights are fulfilled, by protecting people against pre-

dictable threats or providing mechanisms that force states to discharge their rights-

related obligations. In order to ground them, therefore, we have to appeal to

empirical evidence that shows that they perform this function. But so long as it

can be demonstrated that these rights are essential members of the set of rights

8 See DAVID MILLER, NATIONAL RESPONSIBILITY AND GLOBAL JUSTICE ch. 7 (2007) and David Miller,

Grounding Human Rights, 15 CRITICAL REV. INT’L SOC. & POL. PHIL. 407-27 (2012) (the latter account

of human rights revises the former in certain respects).

9 In case this is not intuitive, consider the suggestion that there is a human right to the very

best health care available at any historical moment. This would be disqualified once we reflect

on the impact that realizing this right would have on the protection of other human rights, by

virtue of the enormous cost of fulfilling it.

Border Regimes and Human Rights 5
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under which human needs can most reliably be satisfied, they qualify as genuine

human rights. This is important for what follows, because it will turn out that it is

very often these procedural rights that are violated by existing border regimes. Of

course, as signaled earlier, it is important not to confuse (procedural) human rights

with the corresponding rights of citizens: we cannot assume that everything that

citizens enjoy as a right of citizenship by virtue of their special status will translate

into a human right. To illustrate the fact that immigrants, at the point at which

they encounter the border regime, do not have the right to vote for the government

of the state they are trying to enter, does not by itself entail that their human rights

are being violated.10 To support that latter claim one would have to show that such

a wide interpretation of the right of political participation was essential.

II Is there a Human Right to Move Freely

Across Borders?

Armed with this understanding of human rights, we are now in a position to ask

a quite basic question: Do border regimes, by their very nature, constitute a

violation of human rights? In other words, is there a human right to move freely

across the world that any border regime, regardless of what specific controls on

movement it imposes, is bound to abrogate? Although not often explicitly

defended, this supposed right seems to lie behind a number of defenses of the

open borders position on immigration.11 So it seems important to discuss it first,

before looking at the more specific human rights that border regimes may

10 For the much weaker proposal that potential immigrants have the right to participate in

political decisions over the border regimes to which they will be subject, see Arash Abizadeh,

Democratic Theory and Border Coercion: No Right to Unilaterally Control Your Own Borders, 36

POL. THEORY 37-65 (2008). For further debate on the grounds for this proposal, see David Miller,

Why Immigration Controls are not Coercive: A Reply to Arash Abizadeh, 38 POL. THEORY 111-20

(2010) and Arash Abizadeh, Democratic Legitimacy and State Coercion: A Reply to David Miller,

38 POL. THEORY 121-30 (2010).

11 See, e.g., Joseph Carens, Migration and Morality: A Liberal Egalitarian Perspective, in FREE

MOVEMENT: ETHICAL ISSUES IN THE TRANSNATIONAL MIGRATION OF PEOPLE AND OF MONEY 27-28 (Brian Barry &

Robert E. Goodin eds., 1992); Joseph Carens, A Reply to Meilaender: Reconsidering Open Borders,

33 INT’L MIGRATION REV. 1082, 1093-96 (1999); TERESA HAYTER, OPEN BORDERS: THE CASE AGAINST

IMMIGRATION CONTROLS 149-52 (2d ed. 2004); and MICHAEL DUMMETT, ON IMMIGRATION AND REFUGEES ch.

3 (2001) (Dummett, however, draws back from asserting that there is a strong right to immi-

grate). For the most explicit defense of the right in question that I know of, see Kieran Oberman,

Immigration as a Human Right, available at http://papers.ssrn.com/sol3/papers.cfm?

abstract_id=2164939.
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violate. I argue that there is no human right to move freely across borders: states

that impose border controls are not, merely by virtue of so doing, abusing the

human rights of those they prevent from entering.12

If we approach this question through the theory of human rights sketched

above, the issue is whether the right to move freely across borders, understood as

including the right to remain in the society one has entered, can be defended as

essential to the protection of basic human needs. One argument often made is that

people must have the right of exit from their present society in order to escape the

various threats and deprivations to which they may be subject in that society, and

this right makes no sense without a corresponding right to enter. But this could

not be used to justify an unlimited right of free movement. It can only support a

much more limited right, namely the right to enter society S1 when this provides

the only way of escaping from the human rights violations that are occurring in

society S2. So it would not apply at all in the case of those whose human rights

were reasonably secure in their country of residence, and in the case of others, it

reduces to something like the right of non-refoulement (to be discussed more fully

later), that is the right not to be returned to a place where one’s most important

human rights are put at risk. Society S1 can refuse entry to people fleeing from S2

so long as some other reasonably safe society is willing to take them in.

Behind the counter-argument I have just presented lies the assumption that

human rights constitute a kind of moral minimum: where a less extensive right

will do the job, asserting a more extensive right as a human right is unjustified.

The reasons for this assumption were foreshadowed above. Any right that is

added to the list of human rights is likely to impose burdens on others, whether

these are in the form of restrictions of their freedom or of obligations that they

are required to discharge. Your human right to food could at most impose on me

an obligation to provide adequate food in the form that is most convenient to me

(costs me the least labor to produce, for example), not an obligation to provide

food in the form that you happen to prefer. Supplying the latter would be

generous and might be required by some particular agreement or arrangement

we had entered into, but could not be demanded as a human right. Since the

right to move freely across borders, if exercised on a wide scale, might prove

very costly to the members of receiving societies, one has to show that no lesser

right would be sufficient to realize the right of exit. That seems very unlikely to

12 I draw here on my fuller treatment in David Miller, Is There a Human Right to Immigrate?, in

MIGRATION IN POLITICAL THEORY: THE ETHICS OF MOVEMENT AND MEMBERSHIP (S. Fine & L. Ypi eds., 2013).

The discussion in this section concerns a universal right to move across state borders possessed

by everyone regardless of their particular circumstances. In the following section of the article, I

examine the special claims of refugees.

Border Regimes and Human Rights 7
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be true. Even if one thought that allowing states discretion in deciding whether

it was safe to deny entry to particular individuals emerging from dangerous

societies left those individuals too vulnerable to arbitrary decisions by border

officials, an alternative would be an internationally managed system of refugee

flows where each qualifying person would be allocated a specific country of

entry. Admittedly such a system would be difficult to construct in practice, for

political reasons. But these same reasons apply with even greater force to

implementing an international right of free movement. The point is that the

availability of an alternative mechanism is sufficient to defeat the claim that the

right of exit entails an unrestricted right to immigrate.

The same premise, that human rights must be interpreted minimally, entails

that more direct arguments for the right to immigrate freely also fail. These often

rely on citing instances in which people have specific interests that can only be

pursued if they are allowed to enter S1 – those who fall in love with people

living in S1, or those who want to practice a religion that as it happens only has

adherents within that society.13 But if one begins with a conception of human

rights as protecting the conditions for a minimally decent human life, these

interests are too specific to ground human rights proper. There are indeed

(genuine) human rights to engage in intimate loving relationships and to prac-

tice religion, but these should be construed as generic in character – as the right

to a reasonable opportunity to carry out these activities. After all there are

several reasons why a particular instance of the generic interest may fail to be

realized: the person one loves may decline to reciprocate or there may be

material barriers to the relationship that neither is willing to overcome. In the

religious case, the congregation may exercise its right of free association and

refuse to admit the would-be adherent. Under these circumstances, the person in

question has to search for alternatives to fulfill the human need that is at stake.

The same applies to the person whose quest is frustrated by border controls. So

long as a reasonable range of alternatives – hard to specify precisely – remains

accessible, the relevant human rights have been fulfilled.14

13 For these cases, and others, see Oberman, supra note 11.

14 One can construct hypothetical examples in which a component of that range is only

available in a single state – for example a world in which every state but one forbids same-

sex partnerships and persecutes people who are openly gay. In that case, the one liberal state

would prima facie be obliged to admit all gay people who applied to enter on human rights

grounds (although the huge numbers prospectively involved would bring competing considera-

tions into play). Although the example is far-fetched, it usefully highlights the distinction

between a generic interest – in this case having the opportunity to form intimate relationships

with members of one’s own sex – and a specific one – having the opportunity to form such a

relationship with Peter, say.
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A challenge to this argument is that it cannot explain why the human

rights that we support domestically have such a wide scope. If human needs

are met so long as one has a “reasonable range of alternatives,” why do we

insist that the state should not, for example, prohibit any religion; or why do

we not allow it to confine people within a smaller geographical area inside the

state that is large enough to meet the needs served by freedom of movement –

a Canadian Province or an American State, for instance? Why does the human

right to “freedom of thought, conscience and religion” entail that all religions

may be practiced rather than, say, half-a-dozen suitably varied ones that the

state decides to license? Why would the right to freedom of movement not

be satisfied if the U.S. federal government were to allow residents to move

freely within California, say, but not beyond its boundaries? The answer to

these questions must I believe involve reference to the original idea of human

rights as bulwarks against the power of the state. Allowing the state to judge

which religions were to be permitted or which areas of the country people

were to be allowed to travel to would also give it enormous power to oppress

vulnerable groups. In order to fix the scope of particular human rights such as

freedom of movement, we have to make judgments about the dangers that

may follow from the misuse of state power. Permitting states to control the

inward movement of people across their borders does not appear to present

similar dangers, because the state’s power to oppress outsiders is limited by

the fact that these outsiders can choose which states they attempt to enter.

There are not long queues of people seeking to enter North Korea or Burma

under the generals.

This is by no means to say that border regimes, even of liberal states, pose

no human rights issues. As we will later see, such issues do indeed arise, and

they are difficult to resolve. All I have tried to do in this section is show why the

very existence of such regimes is not an offense against human rights. Domestic

freedom of movement and international freedom of movement are not on all

fours, as the critics of border controls suggest.

III The Human Rights of Refugees

Under what circumstances may states refuse entry to potential immigrants without

violating their human rights? Most discussion of this issue begins with the case of

refugees and deploys the principle of non-refoulement which “prescribes, broadly,

that no refugee should be returned to any country where he or she is likely to face

Border Regimes and Human Rights 9
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persecution or torture.”15 The clear implication of this principle is that states may

not deny entry to people who have a valid claim to refugee status and where the

only alternatives are to take them in or to return them to the country from which

they have fled. To do the latter would be to infringe their human rights because,

although the state that refused entry would not directly be involved in perpetrating

rights violations, it would be exposing the refugees to a serious risk of having their

basic rights, including the right to life, violated by others.16

Two questions arise from the principle of non-refoulement. One concerns the

steps that a state is required to take in order to judge whether the person claiming

refugee status falls under the principle – whether he or she “has a well-founded

fear of persecution or faces a substantial risk of torture.”17 The other is whether the

state may be justified in sending the refugee to some third country in which his or

her rights will be reasonably secure. I examine them in reverse order.

In general, we can assume it is an arbitrary matter which state the refugee

approaches in his search for asylum. Either he makes a choice when deciding

which flight or ship to board, or he has no choice but to flee to the country that

borders the one he is escaping from. If that is not the case – if there is some

special connection between the refugee and the country of asylum (for instance

he has family connections in that country, or he is owed rectification because of

its involvement in creating the situation from which he is now trying to

escape18) – then the issue is straightforward: the state must take him in. In

other cases, however, the obligation is far less clear. Just because the refugee’s

claim against the receiving state is arbitrary, that state (and its citizens) may ask

why it has any special responsibility to admit him.19 That question is a good one

15 GOODWIN-GILL, supra note 2, at 117. Note that this principle, in the form stated, sets quite

narrow limits to the conditions that prohibit the return of a refugee (“persecution or torture”). In

what follows I adopt a somewhat wider interpretation that would prohibit a person being

returned to a country where her human rights would be seriously threatened, which I think

captures the spirit if not the letter of the international law principle.

16 The nature of the state’s obligation here is illuminated by Joseph Carens, Who Should Get in?

The Ethics of Immigration Decisions, 17 ETHICS & INT’L AFF. 95, 101 (2003) (explaining why the state

has a stronger reason not to “send a person back to the country of origin to be tortured or

killed” than to “leave someone languishing in a refugee camp” by reference to the nature of the

state’s causal involvement with the outcome. Id. at 101).

17 GOODWIN-GILL, supra note 2, at 137.

18 An example often referred to here is the United States’ willingness to accept large numbers

of refugees from Vietnam following its involvement in the Vietnam War.

19 For a discussion of the general issue of distributing responsibilities, see my essays David

Miller, Distributing Responsibilities, 9 (4) J. POL. PHILOSOPHY 453 (2001) and David Miller, The

Responsibility to Protect Human Rights, in LEGITIMACY, JUSTICE AND PUBLIC INTERNATIONAL LAW 232

(Lukas H. Meyer ed., 2009).
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if other states are equally well placed to grant asylum, and if the effect of

arbitrary choice is not to distribute refugees in a reasonably fair way between

states – i.e., if they tend to cluster in particular states that are more attractive for

reasons not having inherently to do with the protection of human rights. Or as

Matthew Gibney puts it, contemplating the effects of removing the current

barriers to movement which quite severely restrict refugees’ choice of where to

seek asylum, “it seems likely that new and perhaps equally arbitrary inequalities

between states would emerge. This is so because there is no reason to believe

that the settlement patterns of refugees and asylum-seekers would track morally

relevant differences between states, such as GDP or total population.”20

In these circumstances, we might envisage three possible solutions, in

descending order of attractiveness from the refugees’ point of view. First, states

might agree on a set of criteria for distributing refugees “fairly” and a mechan-

ism for determining how many refugees in any time period each state is required

to admit.21 Achieving such an agreement is going to be a difficult, if not

impossible, task, but supposing it can be reached, then each state’s obligation

is well-defined; it must admit as many refugees as the agreement requires but

not more than that, since the remainder are now other states’ responsibility.

Second, states might enter into a series of bilateral arrangements that allow

them to “export” refugees to countries willing to take them in, in return for

financial support. Here no country is obliged to accept any fixed number of

refugees, but it does have an obligation to ensure that refugees who seek to

enter are at least given refuge in a safe country, even if under relatively poor

conditions (crowded refugee camps, for example). Third, states might try to pass

the responsibility on to one another by putting in place mechanisms that deter

asylum-seekers from even reaching their borders, for example requiring them to

obtain visas before they board planes, or refusing to allow them to disembark

from ships that will travel on to a second country.

20 Matthew J. Gibney, Forced Migration, Engineered Regionalism and Justice between States, in

20 NEW REGIONALISM AND ASYLUM SEEKERS 57, 67 (Susan Kneebone & Felicity Rawlings-Sanaei eds.,

2007). See also Tally Kritzman-Amir, Not in My Backyard: On the Morality of Responsibility –

Sharing in Refugee Law, 34 BROOKLYN J. INT’L L 355, Part I (2009).

21 For proposals of this kind, see James C. Hathaway & R. Alexander Neve, Making

International Refugee Law Relevant Again: A Proposal for Collectivized and Solution-Oriented

Protection, 10 HARV. HUM. RTS. J, 115-211 (1997); Peter S. Schuck, Refugee Burden-Sharing: A

Modest Proposal, 22 YALE J. INT’L L. 243-97 (1997). They are criticized, though more on political

than philosophical grounds, in D. Anker, J. Fitzpatrick & A. Shacknove, Crisis and Cure: A Reply

to Hathaway/Neve and Schuck, 11 HARV. HUM. RTS J. 295-310 (1998). For a comprehensive review

of these and other proposals, see Kritzman-Amir, supra note 20.
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How do these solutions look from a human rights point of view? The first

solution, assuming that it works, protects the human rights of the refugees. They

may not be admitted to the state to which they have chosen to apply for asylum,

since a state that has fulfilled its quota is entitled to pass refugees on to some-

where else. But I have already in the section “Is There a Human Right to Move

Freely across Borders?” rejected the suggestion that there is a human right to enter

the country of your choosing, and this applies to refugees as much as to anyone

else. What if it does not work because some states refuse to take in their allotted

share despite having signed the agreement? In these circumstances compliant

states do not infringe human rights by declining to take more refugees than the

quota requires, although they do have an obligation to try to ensure that the

agreement is respected by, for instance, sanctioning the non-compliant states.22

The second solution is worse than the first because it may place an unfair

burden on economically poor states to accept large numbers of refugees, and also

because from the refugees’ own point of view their living conditions are likely to

be considerably worse if they are denied access to a developed country and

obliged to settle in a developing one. Human rights are only violated, however,

if the conditions are so bad that other rights – to subsistence, shelter or basic

medical care, for instance – go unfulfilled. It is not acceptable from a human

rights point of view, therefore, for states to discharge their obligations simply by

sending refugees to places where they are not likely to face persecution or torture;

all their human rights must be secure in the place to which they are sent. This also

involves taking a longer term view: it is not acceptable for the refugees to be

permanently accommodated in camps, for instance. Either there must be a reason-

able prospect that they can return to their original countries when the human

rights situation there has improved; or they must be given the opportunity to build

a new life and integrate into the country that has taken them in.

The third solution is plainly a human rights disaster if every state employs

the same preventive measures to stop refugees arriving at the border and

registering their claim to be admitted. In a technical sense the principle of

non-refoulement has been complied with, because no-one is being “returned” –

they are simply being prevented from leaving their countries of origin. But

from a material point of view the effect is the same, because the would-be

asylum-seekers have no option but to stay in a place where their human rights

are at grave risk. What if only some states adopt the deterrent strategies?

22 I have spelt out the underlying rationale that supports this claim in David Miller, Taking Up

the Slack? Responsibility and Justice in Situations of Partial Compliance, in RESPONSIBILITY AND

DISTRIBUTIVE JUSTICE ch. 11 (Carl Knight & Zofia Stemplowska eds., 2011), reprinted in DAVID MILLER,

JUSTICE FOR EARTHLINGS: ESSAYS IN POLITICAL PHILOSOPHY 206-27 (2013).
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Perhaps one can imagine a scenario in which states that are liable to attract

large numbers of refugees manage to deter a sufficient number so that only their

fair share actually arrive, the others meanwhile finding refuge in states that are

less restrictive. This is clearly, however, a very optimistic scenario. The like-

lihood is that that there will be, at the very least, significant unfairness in the

way that refugees are distributed between states, and probably human rights

violations on a large scale as well.23

So to sum up on our second question about refugees, it is not in principle a

violation of human rights if states make arrangements to divert them to some

third country, but such arrangements must meet the conditions specified above;

furthermore, they may be unfair to the political communities involved even if

they do not put human rights at risk.

Our prior question, however, was about refugee status itself. Even if we

restrict attention to the relatively narrow definition of “refugee” used in current

international law, deciding whether a particular individual meets the criteria is

still a difficult task. As one commentator puts it “a decision on the well-found-

edness or not of a fear of persecution is essentially an essay in hypothesis, an

attempt to prophesy what might happen to the applicant in the future, if

returned to his or her country of origin.”24 Yet if the wrong decision is made,

the rejected applicant may be exposed to a serious risk to her human rights,

which suggests that the procedure for reaching it should be weighted in her

favor. A comparison might be made here with criminal cases, especially those

for which the penalty involves imprisonment. Given the loss of rights involved if

the person is found guilty, we require strict procedures that minimize the chance

that an innocent person will be sent to gaol. Should the procedures used to

decide asylum cases be equally strict – in other words, should an authority that

wants to turn down an asylum claim have to prove that the risk involved in

returning the person to his country of origin is very small? This might require

quite elaborate legal procedures to be followed. But the comparison is not exact.

In one case, the authority that makes the decision will itself deprive the person

found guilty of his rights, and will do so with virtual certainty. In the other case,

the rights violations will be perpetrated by those in the country of origin, and the

risk of this happening, though it may be high, is still less than a certainty.25

23 This is, in fact, more or less the situation that obtains today. See Gibney, supra note 20

(presenting this evidence).

24 GOODWIN-GILL, supra note 2, at 35.

25 The argument here assumes that we have greater responsibility for the rights violations we

commit ourselves than for the violations that we allow others to commit by failing to prevent

them. This of course will be challenged by strong consequentialists.
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I think it is reasonable, therefore, that the procedural rights of the asylum-seeker

should reflect these differences. The UNHCR Handbook on Procedures and

Criteria for Determining Refugee Status sets down a number of procedural

requirements – facilities to allow asylum applicants to present their case,

including access to interpreters, the right of appeal in the event of a negative

decision, and so forth – without stipulating the exact form that these should

take, and in particular without requiring judicial review of asylum decisions.26

To conclude this section, Kant famously defended the idea of hospitality,

which he interpreted as the “right of a stranger not to be treated with hostility

when he arrives on someone else’s territory.”27 But he immediately went on to

say that such a person can be turned away if this can be done without causing

his death. We can assume that Kant was thinking here of pushing the boats of

shipwrecked sailors back out to sea or its terrestrial equivalent. With the arrival

of human rights, we construe the principle more broadly, as the right not to be

placed in a condition in which one faces a serious risk of death or bodily injury.

So if people are liable to being turned away and sent to places where this right

might be violated, more formal procedural safeguards must be put in place. For

example, the receiving state must seek out and use the best available evidence

about conditions in the relevant countries – either the country from which the

person is fleeing or the third country in which asylum might be granted. So

refugees have a human right to an adequate procedure for determining their

status as refugees and for deciding whether the place to which they might be

sent (if the receiving country declines to admit) is sufficiently secure.

IV Do Discriminatory Admissions Policies Violate

Human Rights?

I turn next to the admission of immigrants generally, and the question of

whether the use of certain selection criteria might infringe the human rights of

those who are refused admission. It might seem at first glance as though once it

is shown that there is no human right to be admitted, as I argued in the section

“Is There a Human Right to Move Freely across Borders?,” someone who is

turned away can have no grounds for complaint, regardless of the grounds on

26 OFFICE OF THE UNITED NATIONS HIGH COMMISSIONER FOR REFUGEES, HANDBOOK ON PROCEDURES AND CRITERIA

FOR DETERMINING REFUGEE STATUS 46 (1992).

27 Immanuel Kant, Perpetual Peace: A Philosophical Sketch (1975), reprinted in KANT’S POLITICAL

WRITINGS 93, 105 (H.S. Reiss ed., H.B. Nisbet trans., Cambridge Univ. Press, 1970).
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which the decision has been made. But this is not how we think in other cases

that might appear to be analogous. For example, a firm can decide that it does

not want to take on any more employees – no one has a right to be employed by

this particular firm. But once a decision is made to hire new employees, the firm

cannot discriminate on, for example, grounds of race. There is a human right

against discrimination, referred to in Article 7 of the original Universal

Declaration of Human Rights. As first envisioned, this was no doubt intended

to apply to discriminatory practices within domestic society, such as apartheid.

But our question is whether this right might be extended to apply to the practice

of admission itself.

States do of course discriminate (in a neutral sense) whenever they employ

selection criteria to determine who gets in and who doesn’t, and no-one has

argued (to my knowledge) that all such criteria are illegitimate. Carens, for

example, in a thoughtful discussion distinguishes between the use of family

connections (relatives already living in the country) and economic criteria (the

immigrant’s potential contribution to the society) on the one side, and religious

affiliation and ethnicity on the other. He argues that employing the latter as

selection criteria would offend against fundamental liberal values of freedom

and equality.28 This is undoubtedly true. But the question it provokes is why the

state must apply these particular principles to people who are not yet members of

the political community – the decision that is taken being precisely about who

should become a member and who shouldn’t. To some it may seem obvious that a

liberal state must follow exactly the same principles in its dealings with outsiders

as it does with insiders. But in fact this is not obvious.29 Of course liberal states

must refrain from actions or policies that infringe the human rights of non-

citizens. But the issue here is one of equal treatment and the scope of legitimate

partiality when benefits are being provided to non-citizens. For example, would

we necessarily think it objectionable if a liberal state were to direct its foreign aid

program toward particular poor societies with which its members felt that they

28 Carens, supra note 16, at 106-10.

29 The underlying issue here is how far, if at all, the state can justifiably be partial toward its

own citizens. There is a very large literature on this question, including the following: SIMON

CANEY, JUSTICE BEYOND BORDERS: A GLOBAL POLITICAL THEORY ch. 4 (2005); Cécile Fabre, Global

Distributive Justice: An Egalitarian Perspective, 31 CAN. J. PHILOSOPHY (supp. volume) 139-64

(2006); DARREL MOELLENDORF, COSMOPOLITAN JUSTICE (2002); Andrea Sangiovanni, Global Justice,

Reciprocity and the State, 35 PHILOSOPHY AND PUB. AFF. 3 (2007); SAMUEL SCHEFFLER, BOUNDARIES AND

ALLEGIANCES: PROBLEMS OF JUSTICE AND RESPONSIBILITY IN LIBERAL THOUGHT chs. 3-4 (2001); KOK-CHOR TAN,

JUSTICE, INSTITUTIONS, AND LUCK PART III (2012). My own position is set out in MILLER, supra note 8,

chs. 2-3 and in David Miller, Reasonable Partiality towards Compatriots, 8 ETHICAL THEORY & MORAL

PRACTICE 63 (2005).
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had a religious or cultural affiliation? If it is not objectionable to discriminate in a

case such as this, why must it be so when the question is who should be allowed

to enter, and eventually become a citizen of, a liberal state?

A good argument for not using religion or ethnicity, or indeed race, as

selection criteria is that this is very likely to be seen as lowering the status of

existing members of the political community who belong to the disfavored groups

– they are effectively being told that they are unwanted or second-class citizens.30

As Blake puts the point, “the state making a statement of racial preference in

immigration necessarily makes a statement of racial preference domestically as

well.”31 But although the argument is good, it suffers from the limitation that it

would not apply to a state that was already religiously or ethnically homogeneous

and whose members wished it to remain so.32 Notice also that the argument

hinges upon the injustice that is done to existing citizens whose status is lowered

by the discriminatory policy, not on any wrong that is done specifically to the

excluded candidates for admission. It therefore cannot show that the human

rights of excluded immigrants are violated by the use of invidious selection

criteria, even though it does give reason for the state not to use such criteria in

all cases where minority groups are already present in significant numbers.

To see whether discriminatory admissions policies violate human rights, we

need to look more directly at the human right against discrimination. How

should we understand it? Recall that I am interpreting human rights as rights

that protect the conditions under which people can lead minimally decent lives.

How does a right against discrimination contribute to this? It does so in two

ways. First, serious discrimination – in employment or housing, say – may

deprive the discriminated against group of the opportunity to satisfy basic

needs. Of course this would not happen as a result of a single instance of

discrimination, but the right serves to protect vulnerable groups against a

systematic policy of discrimination, carried out either by the state or by the

dominant group in the society. Second, discrimination, even if it is only spora-

dic, may frustrate human beings’ need for recognition (I say “may” because I

enter a qualification shortly). I assume here that the list of human needs will

include, alongside material and other needs, the need to have one’s existence as

30 It is made in Carens, supra note 16, and at greater length in Michael Blake, Discretionary

Immigration, 30 PHILOSOPHICAL TOPICS 273 (2002) and Michael Blake, Immigration, in A COMPANION TO

APPLIED ETHICS (Raymond G. Frey & Christopher H. Wellman eds., 2003): I also used the argument

in an earlier discussion, MILLER, supra note 8, at ch. 8.

31 Blake, supra note 30, at 284.

32 This is conceded by Blake in Discretionary Immigration (id. at 285). See also MICHAEL WALZER,

SPHERES OF JUSTICE 35-51 (1983) and the discussion in Blake, supra note 30.
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a person acknowledged by those with whom one interacts and whose valuation

matters. Imagine, for example, a person whom no one will talk to or whose

opinion is never taken seriously when issues are discussed. It will be hard, if not

impossible, for this person to lead a minimally decent life, surrounded by others

all of whom are recognized in a way that she is not. Acts of discrimination

threaten this need through the message they convey that the person discrimi-

nated against is someone who doesn’t count as others do. In this second respect

what matters is not the material loss that discrimination may occasion, but the

damage it does to the victim’s self-conception.33

This must be qualified, however, by the observation that the harm caused by

discrimination is to some extent contextually determined. It depends on how the

group from which recognition is sought is designated. In modern liberal socie-

ties, that group is widely drawn to include all citizens, giving rise to a “politics

of recognition” in which any sub-group within the society that believes it has

been the victim of discriminatory treatment will call for rectification.34 In socie-

ties of other kinds, by contrast, what may matter is discrimination within sub-

groups, because these are the relevant groups from which recognition is sought.

If there is a clear social hierarchy, and members of each rank accept their place

within it, discrimination between ranks will not cause psychological damage.

One can live a minimally decent life as, say, a Vaishya within a caste society,

because what matters is recognition as an equal by other Vaishyas; the fact that

Brahmins get better treatment and have higher status does not matter from this

point of view. This is not meant as a defense of the caste system, to which of

course there are many other objections, but simply as a way of underlining the

point that the recognition that matters is recognition by the group that owes you

recognition, which in turn depends upon your social identity.

Applying this now to the case of immigrants, suppose that the receiving

society does discriminate on grounds of religion or ethnicity in deciding whom

to admit. Could this count as a human rights violation on the grounds that it

deprives those discriminated against of the chance to lead a minimally decent

life? That will depend of course on whether such a life is available in the society

that they are trying to leave or in some other society that is willing to admit

them. The existence of such alternatives reveals that the immigrants are not, in

most cases, dependent on the receiving state for the chance to lead a decent life

in the way that its own citizens are. Some of course might prove to be vulnerable

33 For a rather similar account of why (certain forms of) discrimination may violate human

rights, see GRIFFIN, supra note 6, at 41-42.

34 The seminal essay here is Charles Taylor, The Politics of Recognition, in MULTICULTURALISM AND

THE POLITICS OF RECOGNITION 25 (Amy Gutmann ed., 1994).
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to the state in this respect; but this is also true of those who are turned down for

admission on grounds that are usually thought to be acceptable, such as

whether they possess employable skills. In other words, the problem, where it

exists, does not stem from the state’s use of morally arbitrary selection criteria

such as religion or ethnicity.

What about the claim that being refused entry on religious or ethnic grounds

is psychologically demeaning? Recall here the point made above that damaging

discrimination presupposes a reference group of “significant others” from whom

recognition is sought. It does not seem plausible to count the pool of applicants

for admission as such a group – after all, applicants are not even likely to know

who has applied and who has been accepted. Nor is it plausible to think that the

relevant group is the existing citizens of the state to which entry is being sought.

Why should immigrants arrive with the expectation that those citizens will

recognize them as equals already? Suppose, to illustrate, that I were to apply

to immigrate to Iran and was turned down on the ground that Iran had decided

to give priority to Shiite Muslims in admission. I might feel cross that my wish

had been frustrated but I could hardly feel demeaned, since I have no reason to

expect recognition from Muslims, whether inside or outside Iran, as a group.35

I conclude that although the right against discrimination counts as a genu-

ine human right, once its basis is properly understood, it does not extent to

include a demand that border regimes should not discriminate. Having said that,

we would undoubtedly take exception to a regime that did discriminate on racial

or religious grounds, so what explains this? Although, leaving refugees aside,

immigrants do not have a right to be admitted, they do in most cases have a

strong interest in being admitted, so a state that is going to turn them down

must at least provide an acceptable reason for doing so. Such a reason would be

one that shows that the particular decision taken is governed by either sub-

stantive or procedural norms of fairness – substantial in cases where the policy

reflects the legitimate interests of the receiving society, such as the need to

recruit skilled workers, procedural where for example immigrants are chosen for

admission by a lottery that gives everyone an equal chance of success. In

contrast, somebody turned away simply for having the “wrong” skin color or

“wrong” cultural background is not being given a reason that they could

35 It might be argued here that I already have a secure status in my society of origin, so non-

recognition by Iranians poses no psychological threat to me, but this is not likely to be true of a

poor immigrant applying to join a rich Western society. I accept that the latter has the stronger

claim to be admitted, and as I suggest later can properly complain of injustice if he is turned

away on invidious grounds. But I do not accept that he has a right to be recognized as an equal

by a group to which he does not yet belong.
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possibly accept. So they are being treated unjustly. But, as noted earlier, not

everything that justice requires can be demanded as a human right.

V The Human Rights of Illegal Migrants and

Asylum-Seekers

The final question I want to address concerns the human rights of those who

have entered a country without being granted a legal right of residence (or

citizenship). This embraces two categories of people: asylum-seekers whose

claims are yet to be determined and illegal migrants who have evaded border

controls.36 The two categories differ insofar as asylum-seekers have announced

their presence to the state by virtue of making their asylum claim, whereas

illegal migrants are likely to try to remain under the state’s radar, so to speak,

but in four other respects their position is analogous. First they are physically

dependent on the society they have entered for life-support, and simultaneously

exposed to the state’s power and the various threats to their well-being that

come with it. Second, by virtue of that fact, the state has to take special

responsibility for protecting their human rights for so long as they remain on

its territory. Third, at the same time, the state is not obliged to extend to them

the full set of rights that it grants to citizens and that it may also grant to legal

residents who it regards as citizens in the making.37 Fourth, although asylum-

seekers may prove to be “bogus” once their claims are examined, and illegal

migrants have by definition flouted immigration laws, they have not forfeited

any of their human rights in the way that convicted criminals – or terrorist

groups seeking to attack the society – may have done. They have broken

important social rules, but they have not disregarded the basic rights of others

in such a way as to put continued respect for their own human rights in

question.

It might perhaps be questioned why the state has the special responsibility

referred to above, given that the individuals in question have arrived uninvited

36 Asylum-seekers may of course become illegal migrants if they disappear from the state’s

view either before or after their application for refugee status is adjudicated.

37 This could be challenged, of course, but the basic principle is accepted even by those such

as Carens who want to argue for a fairly extensive set of rights for “irregular migrants” (his

preferred term). See Joseph Carens, The Rights of Irregular Migrants, 22 ETHICS & INT’L AFF. 163

(2008). David Miller, Irregular Migrants: An Alternative Perspective, 22 ETHICS & INT’L AFF. 193

(2008).
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on the territory, and in the case of the illegal migrants in the face of “keep out”

signs. They are not part of the reciprocal social contract that obtains between

citizens, so why should the state owe them any more than the negative obliga-

tion not to violate human rights which it owes to everyone everywhere? The

simple fact of proximity might be a sufficient answer, but a more powerful one is

that one of the conditions under which a state can claim to govern a territory

legitimately is that it protects the basic rights of all those who stand on that

territory. It subjects them to its commands, but in return it must guarantee their

rights (this applies even to casual visitors). So the state must not only refrain

from harming or injuring immigrants in these two categories, but it must ensure

that they have access to food, shelter, basic medical care and the other compo-

nents of their (positive) human rights. It must also guarantee their procedural

rights if they are accused of lawbreaking, for example those listed under Articles

10 and 11 of the UN Declaration. Whether it must provide them with exactly the

same legal rights as those that citizens enjoy (barring of course those rights that

relate directly to their situation, such as the right to remain in the country) is

more moot, but a case can be made for there being a substantial degree of

overlap.38

Two specific issues, however, have given rise to controversy. One (which

applies chiefly to illegal migrants) is whether there ought to be a “firewall”

between immigration law enforcement and the other arms of the state – the legal

system as a whole, the social services, and so forth – so that immigrants can use

these services without fear that their presence will be reported to the immigra-

tion authorities. Carens has argued that this is essential if the rights of immi-

grants are to be respected, since otherwise many will not make justified claims

on the state for fear of being detected and deported.39 It is a moot point whether

the firewall idea can be coherently implemented in a modern state.40 But

supposing it could be, is this what human rights require? Carens’ claim is that

if immigrants are deterred from asserting their rights for fear of deportation, they

are in effect being denied those rights. “It makes no moral sense to provide

people with purely formal legal rights under conditions that make it impossible

for them to exercise those rights effectively.”41

Perhaps, though, Carens overstates the case here. “Impossible” is too

strong. What the immigrants we are considering cannot do, in the absence of

38 On this, see the careful discussion in Carens, supra note 37.

39 Id. at 167-68.

40 See Christina Boswell, The Elusive Rights on an Invisible Population, 22 ETHICS & INT’L AFF. 187

(2008).

41 Carens, supra note 37, at 167.
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a firewall, is to exercise their rights without some risk of deportation proceed-

ings being initiated. Whether they actually are initiated must depend on the

policy of the state in question, and the particular circumstances of the immi-

grant – for example she might have entered as an asylum-seeker but absconded

out of fear that the case would go against her, whereas in fact her claim is

justified and would be accepted. Then there is the issue of what the conse-

quences of deportation would actually be, assuming that the state is sticking

consistently to the principle of non- refoulement. The immigrant will lose what

may be enhanced rights in the society she has moved to and enjoy only more

basic rights in the society to which she is deported. This admittedly may give her

a strong incentive not to expose herself to the risk of deportation. But how

should we judge the situation from a human rights perspective? This person is

trading rights off against one another, thinking that the various material advan-

tages she enjoys at present make it worthwhile for her to give up some protective

human rights, such as the right to go to the police when she is a victim of crime.

We would need to formulate a theory about when such trade-offs are acceptable

and when they are not before reaching a final verdict.42

A more worrying case is where the person is deterred from making contact

with the authorities because of a strong though irrational fear that he will in fact

be deported back to his country of origin, which is not safe – in other words that

the non-refoulement principle will not be observed. Carens’ “impossible”

becomes “psychologically impossible,” but that does not substantially weaken

the force of his point. If there are many such cases, the argument for a firewall

(supposing one can be built) becomes correspondingly strong.

The second controversial issue (which applies chiefly to asylum-seekers) is

whether the state is justified in detaining immigrants while their claim to enter is

decided upon. It should go without saying that detention, to be justified, must

not involve the breach of any human rights other than the right of free move-

ment itself. The immigrant is not being punished: the only good reason for

detention is that there is a significant risk that otherwise the immigrant would

disappear before the review process was complete, and would then be hard to

trace.43 So conditions in detention centers must otherwise meet the criteria for

having a decent human life (for example, opportunities for easy contact with

family members).

42 For some reflections on the wider question of when rights trade-offs may be permissible

under an asylum regime, see MATTHEW GIBNEY, THE ETHICS AND POLITICS OF ASYLUM 249-54 (2004).

43 I assume here that no case can be made for regarding immigrant detention as justified

punishment. For an argument to this effect, see LARRY MAY, GLOBAL JUSTICE AND DUE PROCESS ch. 8

(2011).
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Yet detention clearly does violate the human right to freedom of movement,

and others as well, such as the right to work. So how can it be justified? The

asylum-seeker is claiming the right to enter on the grounds that he “has a well-

founded fear of persecution or faces a substantial risk of torture” if he were to be

sent back to the society he has just left. Since he makes that claim, he must

agree to a reasonable procedure for assessing it, and to abide by the results of

that procedure (I referred briefly above to some features of the procedure to

which he is entitled).44 So the state is entitled to some assurance that he will

comply. If he is able to provide it in some other way – for instance he or

someone else is prepared to put up bail money that is a better solution.

Detention must be the last resort in cases where there is a real risk that the

person will abscond if not detained, and no alternative form of assurance is

available. This implies that rather than there being a standard policy whereby all

asylum-seekers (or some sub-set of these) are detained as a matter of routine,

each immigrant is entitled to have her case decided on an individual basis.45

Given the breach of human rights involved in detention, she is also entitled to

have the procedure carried out under judicial supervision, with the opportunity

to appeal.

VI Conclusion

The issues I have discussed by no means exhaust the topic of borders and

human rights. I have not, for example, looked at the physical means by which

borders are defended, or the techniques used to deport those who are judged to

have no entitlement to stay, although these plainly may raise human rights

issues. What I have suggested is that thinking about border regimes from a

human rights perspective raises some serious and difficult questions, without

entailing that no such regime could ever be human rights compliant. I argued

that there was no human right to cross borders without impediment; the human

44 The “must” here is normative. Whether any given person actually consents to the procedure

that is used to assess her claim for asylum is an empirical question. But we can perhaps speak

of “normative consent,” an idea introduced in DAVID M. ESTLUND, DEMOCRATIC AUTHORITY: A

PHILOSOPHICAL FRAMEWORK ch. 7 (2008) (for a critique, see William A. Edmundson, Consent and

Its Cousins, 121 ETHICS 335 (2011)). The thought is that if some person not already entitled to a

conditional benefit wants to claim it, she normatively consents to a fair and accurate procedure

for deciding whether her claim is justified.

45 A strong argument in favor of this is made in Helen O’Nions, No Right to Liberty: The

Detention of Asylum Seekers for Administrative Convenience, 10 EUR. J. MIG. & L. 149 (2008).

22 D. Miller
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right to free movement did not require that. But for those unable to protect their

human rights in the place where they currently reside, there were a number of

procedural rights that must be recognized by the state in which they seek refuge.

Their case for asylum must be properly investigated, and in the event that the

state declines to admit them as refugees, it must ensure that the third country to

which they are transferred can protect their rights securely. There are also both

procedural and substantive rights that apply while they are physically present

on the state’s territory and their immigration status is being investigated. The

state’s obligation to protect these rights arises from the power it exercises over

them. In contrast, I have argued that the state does not exercise equivalent

power over those it declines to admit in the first place, even though its immigra-

tion criteria – if they are discriminatory in the negative sense – can be faulted on

other grounds. Beneath these arguments lie two basic assumptions: one is the

need to separate human rights claim proper from other claims of justice, espe-

cially those deriving from citizenship; the other is the need to determine who

bears the obligations that correspond to these rights. Attention to the different

relations in which prospective immigrants may stand toward the state they hope

to enter can help us understand how border regimes may comply with, or

violate, human rights.
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the brain’s tendency to stick with familiar ideas 

can literally blind us to superior solutions 
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 a classic 1942 experiment, american psychologist abraham luchins 
 asked volunteers to do some basic math by picturing water jugs in their mind. Given three 
empty containers, for example, each with a different capacity—21, 127 and three units of water—
the participants had to figure out how to transfer liquid between the containers to measure out 
precisely 100 units. They could fill and empty each jug as many times as they wanted, but they 
had to fill the vessels to their limits. The solution was to first fill the second jug to its capacity of 
127 units, then empty it into the first to remove 21 units, leaving 106, and finally to fill the third 
jug twice to subtract six units for a remainder of 100. Luchins presented his volunteers with 
several more problems that could be solved with essentially the same three steps; they made 
quick work of them. Yet when he gave them a problem with a simpler and faster solution than 
the previous tasks, they failed to see it.

This time, Luchins asked the participants to measure out 20 
units of water using containers that could hold 23, 49 and three 
liquid units. The solution is obvious, right? Simply fill the first 
jug and empty it into the third one: 23 – 3 = 20. Yet many people 
in Luchins’s experiment persisted to solve the easier problem the 
old way, emptying the second container into the first and then 
into the third twice: 49 – 23 – 3 – 3 = 20. And when Luchins gave 
them a problem that had a two-step solution—but could not be 
solved using the three-step method to which the volunteers had 
become accustomed—they gave up, saying it was impossible.

The water jug experiment is one of the most famous exam-
ples of the  Einstellung  effect: the human brain’s dogged tenden-
cy to stick with a familiar solution to a problem—the one that 
first comes to mind—and to ignore alternatives. Often this type 
of thinking is a useful heuristic. Once you have hit on a success-
ful method to, say, peel garlic, there is no point in trying an ar -
ray of different techniques every time you need a new clove. The 
trouble with this cognitive shortcut, however, is that it some-
times blinds people to more efficient or appropriate solutions 
than the ones they already know. 

Building on Luchins’s early work, psychologists replicated 

the  Einstellung  effect in many different laboratory studies with 
both novices and experts exercising a range of mental abilities, 
but exactly how and why it happened was never clear. Recently, 
by recording the eye movements of highly skilled chess players, 
we have solved the mystery. It turns out that people under the 
influence of this cognitive shortcut are literally blind to certain 
details in their environment that could provide them with a 
more effective solution. New research also suggests that many 
different cognitive biases discovered by psychologists over the 
years—those in the courtroom and the hospital, for instance—
are in fact variations of the  Einstellung  effect. 

 Back TO Square One
since at least the early 1990s,  psychologists have studied the 
 Einstellung  effect by recruiting chess players of varying skill lev-
els, from amateur to grand master. In such experiments, re -
searchers have presented players with specific arrangements of 
chess pieces on virtual chessboards and asked them to achieve a 
checkmate in as few moves as possible. Our own studies, for in -
stance, provided expert chess players with scenarios in which 
they could accomplish a checkmate using a well-known sequence 

i n  B r i e f

The Einstellung effect  is the brain’s tendency to stick 
with the most familiar solution to a problem and 
stubbornly ignore alternatives.

Psychologists  have known about this mental phe-
nomenon since the 1940s, but only now do they have 
a solid understanding of how it happens.

In recent eye-tracking experiments, familiar ideas 
blinded chess players to areas of a chessboard that 
would have provided clues to better solutions. 

In 
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Doctoral Research Contributions to Psychology in 2008. 
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called “smothered mate.” In this five-step maneuver, the queen is 
sacrificed to draw one of the opponent’s pieces onto a square to 
block off the king’s escape route. The players also had the option 
to checkmate the king in just three moves with a much less fa -
miliar sequence. As in Luchins’s water jug studies, most of the 
players failed to find the more efficient solution. 

During some of these studies, we asked the players what was 
going through their mind. They said they had found the smoth-
ered mate solution and insisted they were searching for a short-
er one, to no avail. But the verbal reports offered no insight into 
why they could not find the swifter solution. In 2007 we decided 
to try something a little more objective: tracking eye move-
ments with an infrared camera. Which part of the board people 
looked at and how long they looked at different areas would un -
equivocally tell us which aspects of the problem they were notic-
ing and ignoring.

In this experiment, we followed the gaze of five expert chess 
players as they examined a board that could be solved either with 
the longer smothered mate maneuver or with the shorter three-
move sequence. After an average of 37 seconds, all the players 
insisted that the smothered mate was the speediest possible way 
to corner the king. When we presented them with a board that 
could be solved only with the three-sequence move, however, they 
found it with no problem. And when we told the players that this 
same swift checkmate had been possible in the previous chess-
board, they were shocked. “No, it is impossible,” one player ex -
claimed. “It is a different problem; it must be. I would have noticed 
such a simple solution.” Clearly, the mere possibility of the smoth-
ered mate move was stubbornly masking alternative solutions. In 
fact, the  Einstellung  effect was powerful enough to temporarily 
lower ex  pert chess masters to the level of much weaker players. 

The infrared camera revealed that even when the players 
said they were looking for a faster solution—and indeed believed 
they were doing so—they did not actually shift their gaze away 
from the squares they had already identified as part of the 
smothered mate move. In contrast, when presented with the 
one-solution chessboard, players initially looked at the squares 
and pieces important for the smothered mate and, once they 
realized it would not work, directed their attention toward oth-
er squares and soon hit on the shorter solution. 

 BaSiS fOr BiaS
this past october,  Heather Sheridan of the University of South-
ampton in England and Eyal M. Reingold of the University of 
Toronto published studies that corroborate and complement 
our eye-tracking experiments. They presented 17 novice and 17 
expert chess players with two different situations. In one sce-
nario, a familiar checkmate maneuver such as the smothered 
mate was advantageous but second best to a distinct and less 
ob   vious solution. In the second situation, the more familiar se -
quence would be a clear blunder. As in our experiments, once 
amateurs and master chess players locked onto the helpful fa -
miliar maneuver, their eyes rarely drifted to squares that would 
clue them in to the better solution. When the well-known se -
quence was obviously a mistake, however, all the experts, and 
most of the novices, detected the alternative.

The  Einstellung  effect is by no means limited to controlled 
experiments in the lab or even to mentally challenging games 
like chess. Rather it is the basis for many cognitive biases. Eng-

lish philosopher, scientist and essayist Francis Bacon was espe-
cially eloquent about one of the most common forms of cogni  tive 
bias in his 1620 book  Novum Organum:  “The human un    der-
standing when it has once adopted an opinion . . .  draws all 
things else to support and agree with it. And though there be a 
greater number and weight of instances to be found on the other 
side, yet these it either neglects or despises, or else by some dis-
tinction sets aside and rejects. . . .  Men . . .  mark the events where 
they are fulfilled, but where they fail, though this happen much 
oftener, neglect and pass them by. But with far more subtlety 
does this mischief insinuate itself into philosophy and the sci-
ences, in which the first conclusion colours and brings into con-
formity with itself all that comes after.” 

In the 1960s English psychologist Peter Wason gave this par-
ticular bias a name: “confirmation bias.” In controlled experi-
ments, he demonstrated that even when people attempt to test 
theories in an objective way, they tend to seek evidence that con-
firms their ideas and to ignore anything that contradicts them. 

In  The Mismeasure of Man,  for example, Stephen Jay Gould 
of Harvard University reanalyzed data cited by researchers try-
ing to estimate the relative intelligence of different racial 
groups, social classes and sexes by measuring the volumes of 
their skulls or weighing their brains, on the assumption that 
intelligence was correlated with brain size. Gould uncovered 
massive data distortion. On discovering that French brains were 
on average smaller than their German counterparts, French 
neurologist Paul Broca explained away the discrepancy as a re -
sult of the difference in average body size between citizens of 
the two nations. After all, he could not accept that the French 
were less intelligent than the Germans. Yet when he found that 
women’s brains were smaller than those in men’s noggins, he 
did not apply the same correction for body size, because he did 
not have any problem with the idea that women were less intel-
ligent than men. 

Somewhat surprisingly, Gould concluded that Broca and 
others like him were not as reprehensible as we might think. “In 
most cases discussed in this book we can be fairly certain that 
biases ... were unknowingly influential and that scientists be -
lieved they were pursuing unsullied truth,” Gould wrote. In oth-
er words, just as we observed in our chess experiments, com-
fortably familiar ideas blinded Broca and his contemporaries to 
the errors in their reasoning. Here is the real danger of the  Ein-
stellung  effect. We may believe that we are thinking in an open-
minded way, completely unaware that our brain is selectively 
directing attention away from aspects of our environment that 
could inspire new thoughts. Any data that do not fit the solution 
or theory we have already clung to are ignored or discarded.

The surreptitious nature of confirmation bias has unfortu-
nate consequences in everyday life, as documented in studies on 
decision making among doctors and juries. In a review of errors 
in medical thought, physician Jerome Groopman noted that in 
most cases of misdiagnosis, “the doctors didn’t stumble because 
of their ignorance of clinical facts; rather, they missed diagnoses 
because they fell into cognitive traps.” When doctors inherit a 
patient from another doctor, for example, the first clinician’s di -
agnosis can blind the second to important and contradictory 
de  tails of the patient’s health that might change the diagnosis. It 
is easier to just accept the diagnosis—the “solution”—that is al -
ready in front of them than to rethink the entire situation. Simi-
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Illustration by George Retseck

findings

Much More Than 
Meets the Eye 

The intellectually demanding game  of chess  
has proved a wonderful way for psychologists 
to study the  Einstellung  effect—the brain’s ten-
dency to stick with solutions it already knows 
rather than looking for potentially superior 
ones. Experiments have shown that this cog-
nitive bias literally changes how even expert 
chess players see the board in front of them.

chess Masters fail to See the quickest Path to Victory
In a well-known five-sequence move called smothered mate ( top, yellow ), player A 

begins by moving his queen from E2 to E6, backing player B’s king into a corner. Player 
A then repeatedly threatens to take B’s king with a knight, forcing player B to dodge.  

As an act of deliberate sacrifice, player A moves his queen adjacent to B’s king, allowing 
player B to take the queen with a rook. To end the game, player A moves his knight to F7, 

boxing in B’s king with no chance of escape. In recent experiments, psychologists presented 
master chess players with the two-solution board shown above, which could be won using 

either the smothered mate or a much swifter three-step solution ( middle, green ). The players 
were told to achieve checkmate as quickly as possible, but once they recognized the smothered 

mate as a possibility, they became seemingly incapable of noticing the more efficient strategy. 
When presented with a nearly identical board on which the position of one bishop had shifted 

( bottom, blue ), eliminating the smothered mate as an option, the players did recognize the 
speedier solution, however. 

 See animations of chess moves at  ScientificAmerican.com/mar2014/einstellungSciEntific AmEricAn OnlinE  
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larly, radiologists examining chest x-rays often fixate on the first 
abnormality they find and fail to notice further signs of illness 
that should be obvious, such as a swelling that could indicate 
cancer. If those secondary details are presented alone, however, 
radiologists see them right away. 

Related studies have revealed that jurors begin to decide 
whether someone is innocent or guilty long before all the evi-
dence has been presented. In turn, their initial impressions of 
the defendant change how they weigh subsequent evidence and 
even their memory of evidence they saw before. Likewise, if an 
interviewer finds a candidate to be physically attractive, he or 
she will automatically perceive that person’s intelligence and 
personality in a more positive light, and vice versa. These biases, 
too, are driven by the  Einstellung  effect. It is easier to make a de -
cision about someone if one maintains a consistent view of that 
person rather than sorting through contradictory evidence.

Can we learn to resist the  Einstellung  effect? Perhaps. In our 
chess experiments and the follow-up experiments by Sheridan 
and Reingold, some exceptionally skilled experts, such as grand 
masters, did in fact spot the less obvious optimal solution even 
when a slower but more familiar sequence of moves was possi-
ble. This suggests that the more expertise someone has in their 
field—whether chess, science or medicine—the more immune 
they are to cognitive bias. 

But no one is completely impervious; even the grand mas-
ters failed when we made the situation tricky enough. Actively 
remembering that you are susceptible to the  Einstellung  effect 
is another way to counteract it. When considering the evidence 
on, say, the relative contribution of man-made and naturally oc -
curring greenhouse gases to global temperature, remember that 
if you already think you know the answer, you will not judge the 
evidence objectively. Instead you will notice evidence that sup-
ports the opinion you already hold, evaluate it as stronger than 
it really is and find it more memorable than evidence that does 
not support your view. 

We must try and learn to accept our errors if we sincerely want 
to improve our ideas. English naturalist Charles Darwin came up 
with a remarkably simple and effective technique to do just this. 
“I had ... during many years, followed a golden rule, namely, that 
whenever a published fact, a new observation or thought came 
across me, which was opposed by my general results, to make a 
memorandum of it without fail and at once,” he wrote. “For I 
had found by experience that such facts and thoughts were far 
more apt to escape from memory than favourable ones.” 

The explanation: Tunnel Vision 
Eye-tracking devices revealed that as soon as chess players hit on the smothered 
mate as a solution, they spent far more time looking at squares relevant to that 
familiar maneuver ( orange ) than at squares pertinent to the more efficient 
three-step sequence ( magenta ), despite insisting that they were searching for 
alternatives. Conversely, when the smothered mate was not viable, the players’ 
gaze shifted to regions of the chessboard crucial to the swifter strategy. 

More to explore

Why Good Thoughts Block Better Ones: The Mechanism of the Pernicious 
Einstellung (Set) Effect.  Merim Bilalić, Peter McLeod and Fernand Gobet  
in  Cognition,  Vol. 108, No. 3, pages 652–661; September 2008. 

The Mechanism and Boundary Conditions of the Einstellung Effect in Chess: 
Evidence from Eye Movements.  Heather Sheridan and Eyal M. Reingold in  
 PLOS ONE,  Vol. 8, No. 10, Article No. e75796; October 4, 2013.  
 www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0075796

FroM our Archives

The Expert Mind.  Philip E. Ross; August 2006. 
The Science of Genius.  Dean Keith Simonton;  Scientific American Mind,  November/

December 2012. 
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molecular structural analysis reveal higher and higher levels of molecular complexity in biological and 
environmental samples and raise the bar for the analytical requirements.
Mass spectrometry (MS) is the most sensitive and specific analytical technique for molecular and mac-
romolecular structural analysis. MS analysis begins with ionization – the process of transforming neutral 
or already charged molecules from gas, solution, or solid state into the gas-phase ions. The motion of 
thus formed ions can be efficiently controlled with electric and magnetic fields to perform a multitude of 
events, including ion transformation (e.g., molecular fragmentation and synthesis in the gas phase) and 
manipulation (e.g., accurate mass/charge and abundance measurements of molecular ions and their 
fragment ions).
Nowadays, the state-of-the-art MS is indispensable to push forward the most sophisticated research in 
life sciences, environmental and material sciences. Being a highly interdisciplinary technique, MS brings 
together physics, chemistry, mathematics, biology, and informatics. During this seminar, and primarily 
based on the results obtained in our laboratory, we will briefly overview the analytical characteristics of 
modern MS, as well as showcase a number of its current applications. We will also share a vision for the 
near future developments in the MS methods and techniques, and discuss novel application areas and 
capabilities to be enabled by these developments.



UNIVERSITY OF RIJEKA SCIENTIFIC COLLOQUIUM 2013 / 2014

205

Mol Cell Proteomics. Dec 2012; 11(12): 1758–1767.
Published online Sep 10, 2012. doi:  10.1074/mcp.M112.019620

PMCID: PMC3518117

Analysis of Intact Monoclonal Antibody IgG1 by Electron Transfer Dissociation
Orbitrap FTMS  
Luca Fornelli,  Eugen Damoc,  Paul M. Thomas,  Neil L. Kelleher,  Konstantin Aizikov,  Eduard Denisov,  Alexander
Makarov,  and Yury O. Tsybin

From the ‡Biomolecular Mass Spectrometry Laboratory, Ecole Polytechnique Fédérale de Lausanne, 1015 Lausanne, Switzerland;
§Thermo Fisher Scientific (Bremen) GmbH, Hanna-Kunath Str. 11, 28199 Bremen, Germany;
¶Departments of Chemistry and Molecular Biosciences and the Proteomics Center of Excellence, Northwestern University, Evanston, Illinois
60208
ǁ To whom correspondence should be addressed: Prof. Yury O. Tsybin, EPFL ISIC LSMB, BCH 4307, 1015 Lausanne, Switzerland,, E-mail:
yury.tsybin@epfl.ch.

Received April 13, 2012; Revised August 18, 2012

Copyright © 2012 by The American Society for Biochemistry and Molecular Biology, Inc.

Abstract

The primary structural information of proteins employed as biotherapeutics is essential if one wishes to
understand their structure–function relationship, as well as in the rational design of new therapeutics and
for quality control. Given both the large size (around 150 kDa) and the structural complexity of intact
immunoglobulin G (IgG), which includes a variable number of disulfide bridges, its extensive
fragmentation and subsequent sequence determination by means of tandem mass spectrometry (MS) are
challenging. Here, we applied electron transfer dissociation (ETD), implemented on a hybrid Orbitrap
Fourier transform mass spectrometer (FTMS), to analyze a commercial recombinant IgG in a liquid
chromatography (LC)-tandem mass spectrometry (MS/MS) top-down experiment. The lack of sensitivity
typically observed during the top-down MS of large proteins was addressed by averaging time-domain
transients recorded in different LC-MS/MS experiments before performing Fourier transform signal
processing. The results demonstrate that an improved signal-to-noise ratio, along with the higher resolution
and mass accuracy provided by Orbitrap FTMS (relative to previous applications of top-down ETD-based
proteomics on IgG), is essential for comprehensive analysis. Specifically, ETD on Orbitrap FTMS
produced about 33% sequence coverage of an intact IgG, signifying an almost 2-fold increase in IgG
sequence coverage relative to prior ETD-based analysis of intact monoclonal antibodies of a similar
subclass. These results suggest the potential application of the developed methodology to other classes of
large proteins and biomolecules.

Top-down mass spectrometry (MS)  (1–3) has continued to demonstrate its particular advantages over
traditionally employed bottom-up MS strategies (4). Specifically, top-down MS allows the characterization
of specific protein isoforms originating from the alternative splicing of mRNA that code single nucleotide
polymorphisms and/or post-translational modifications (PTMs) of protein species (5). Intact protein
molecular weight (MW) determination and subsequent gas-phase fragmentation of selected multiply
charged protein ions (referred to as tandem MS or MS/MS) theoretically might result in complete protein
sequence coverage and precise assignment of the type and position of PTMs, amino acid substitutions, and
C- or N-terminal truncations (6), whereas the bottom-up MS approach allows only the identification of a
certain protein family when few or redundant peptides are found for a particular protein isoform. At a
practical level, however, top-down MS-based proteomics struggles not only with the single- or multi-
dimensional separation of undigested proteins, which demonstrates lower reproducibility and repeatability
than for peptides, but also with technical limitations present in even state-of-the-art mass spectrometers.
The outcome of a top-down MS experiment depends indeed on the balance between the applied resolution
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of the mass spectrometer and its sensitivity. The former is required for unambiguous assignment of ion
isotopic clusters in both survey and MS/MS scans, whereas the latter is ultimately dependent on the scan
speed of the mass analyzer, which determines the number of scans that can be accumulated for a given
analyte ion on the liquid chromatography (LC) timescale to enhance the resulting signal-to-noise ratio
(SNR). Until recently, the instrument of choice for top-down MS has been the Fourier transform ion
cyclotron resonance (FT-ICR) mass spectrometer, primarily because of its superior resolving power and the
availability of electron capture dissociation for the efficient MS/MS of large biomolecules (7, 8). However,
this solution has been shown to have some limitations in the analysis of large proteins (9). The main issue,
as described by Compton et al. (10), is that the SNR in Fourier transform mass spectrometry (FTMS) is
inversely proportional to the width of the isotopic and charge state distributions (11), which both increase
as a function of MW. Particularly, the SNR dramatically decreases with MW under standard on-line
LC-MS/MS operating conditions if isotopic resolution is required. It is noteworthy that such SNR reduction
can affect not only intact mass measurements, but also the subsequent MS/MS performance.

The most widely employed solution for improving top-down analysis is thus a substantial reduction of the
protein mixture complexity, for example, through off-line sample prefractionation (12). Furthermore, when
the MW exceeds 100 kDa, proteins are often analyzed via direct infusion after off-line purification of the
single isoform or species of interest (13). Overall, these strategies aim to improve the quality of mass
spectra, specifically their SNR, by increasing the number of scans dedicated to each selected isoform or
species. However, off-line intact protein analysis has limitations, including sample degradation and
modification (e.g., oxidation during long off-line measurements and sample storage). The time required for
multistep LC-based protein purification can also be substantial.

Electron capture dissociation (ECD) (14, 15) and electron transfer dissociation (ETD) (16) are ion
activation techniques that allow polypeptide fragmentation with reduced PTM losses (17, 18).
Nevertheless, ECD and ETD generally provide larger sequence coverage for intact proteins than
slow-heating activation methods such as collision induced dissociation (CID) and infrared multiple photon
dissociation (19, 20). Furthermore, ECD and ETD are known to cleave disulfide bonds, a fundamental
feature for the analysis of proteins in their native state (i.e., without cysteine reduction and alkylation)
(21–23).

The structural analysis of high MW intact proteins with MS has garnered much recent attention in the
literature (24, 25), mainly because of the improved capabilities offered by rapidly developing sample
preparation, protein separation, and mass spectrometric methods and techniques. Immunoglobulin G (IgG)
proteins are antibodies with an MW of about 150 kDa that are composed of two identical sets of light and
glycosylated heavy chains with both intra- and intermolecular disulfide bridges (Fig. 1) (26). IgGs
represent an attractive target for structural analysis method development, given their high importance as
biotherapeutics (27). A unit-mass resolution mass spectrum demonstrating an isotopic distribution of an
isolated charge state of a 148 kDa IgG1 has been recently achieved with FT-ICR MS equipped with 9.4 T
superconducting magnet and a statically harmonized ICR cell (24). However, further analytical
improvements are needed to achieve routine and reproducible MS operation at the required level of
resolution and sensitivity.

Fragmentation of intact antibodies in the gas phase following the top-down MS approach has been
previously attempted without precursor ion charge state isolation by means of nozzle-skimmer CID on a
linear trap quadrupole (LTQ)-Orbitrap™ (28, 29) and with precursor ion isolation via ETD on a high
resolution quadrupole time-of-flight (qTOF) mass spectrometer (25). Relative to the results previously
obtained with slow-heating MS/MS methods, the ETD qTOF MS/MS demonstrated substantially higher
sequence coverage, reaching 15% for human and 21% for murine IgGs. Important for future top-down
proteomics development for complex protein mixtures, the ETD qTOF MS/MS results were obtained on
the LC timescale. To increase the sequence coverage and confidence in product ion assignment, a
substantial increase in SNR was achieved by averaging MS/MS data from up to 10 identical LC-MS/MS
experiments. The high complexity of the product ion population reduced the effective resolution to about
30,000, presumably limiting the assignment of overlapping high charge state product ions in the 1000–2000
m/z range. Even higher peak complexity was observed in the region of charge reduced species and
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complementary heavy product ions, above 3000 m/z. Finally, numerous disulfide bonds drastically reduced
MS/MS efficiency in the disulfide bond-protected regions.

Here we demonstrate that ETD-enabled hybrid linear ion trap Orbitrap FTMS allows us to further improve
the top-down ETD-based LC-MS/MS of monoclonal antibodies, introduced earlier for TOF-based MS. To
fully take advantage of the high resolving power of Orbitrap MS/MS for increasing both the number of
assigned product ions and the confidence of the assignments, maintaining an LC-MS/MS setup useful in a
general proteomics workflow for protein desalting and separation, we averaged time-domain transients
(derived from separated LC-MS/MS runs) before Fourier transform signal processing.

EXPERIMENTAL PROCEDURES

Humira monoclonal IgG1, kappa, was kindly provided by Abbott Laboratories (Abbott
Park, IL, USA). The protein, originally stored in a buffer solution (sodium phosphate/sodium
citrate/polysorbate 80, with the addition of NaCl), was dissolved in water at a concentration of 10 μM and
used without further purification.

Protein desalting and preconcentration for subsequent on-line MS/MS analysis was
performed with reverse phase high performance LC (Surveyor MS Pump Plus with Micro Autosampler,
Thermo Fisher Scientific, San Jose, CA, USA). For each chromatographic run, 20 pmol (2 uL) of IgG was
loaded onto a BioBasic-4 column of 1 mm i.d. and 100 mm length with a 5 μm particle size (Thermo Fisher
Scientific, Runkorn, UK). A linear gradient from 20% to 80% of acetonitrile with 0.1% formic acid at a
100 μl/min flow rate was applied to ensure an IgG elution time of ∼5 min. The total run time, including
column wash and re-equilibration, was about 15 min.

An ETD-enabled hybrid linear ion trap Orbitrap FTMS (Orbitrap Velos Pro, Thermo
Scientific, Bremen, Germany) with an IonMAX ion source was employed for both IgG intact mass
measurement and fragmentation, in separate experiments. For ETD MS/MS, precursor ions were isolated at
either 2750 ± 50 m/z (hereinafter referred to as the “narrow isolation window”) or 2900 ± 300 m/z
(hereinafter referred to as the “wide isolation window”) in the high pressure LTQ. Fluoranthene radical
anions were introduced into the LTQ over 40 to 50 ms and were allowed to interact with multiply charged
cations of IgG for 10 or 25 ms. Product ions were transferred to the Orbitrap FTMS, which was operated
with a charge target value (automatic gain control) set to 1 million. Precursor and product ion detection
were performed in the Orbitrap mass analyzer over a 200–4000 m/z range. The resolving power was set at
15,000 (at 400 m/z) for MS experiments and at 100,000 (at 400 m/z) for ETD MS/MS. The precursor ion
target was set to 1 × 10  for all experiments, and the target for fluoranthene anions was set to 2 × 10 . To
optimize the SNR improvement as a function of single scan number, 10 microscans were averaged for each
scan in all the experiments. The S-lens rf level was set to the maximum (70), and the transfer tube
temperature was set to 350 °C. Sheath gas was set to 20, and auxiliary to 10. The Orbitrap FTMS was
calibrated for the high (2000–4000 m/z) mass range, keeping mass accuracy for the low (50–2000 m/z)
mass range at the acceptable level.

For each ETD LC-MS/MS experiment, Orbitrap FTMS time-domain
transients were recorded in MIDAS .dat format (30) for additional signal processing. A dedicated routine
was developed in-house for recording and adding the transients. Briefly, transient recording can be
performed either directly by the Orbitrap FTMS on-board computer or through an additional oscilloscope
connected to the preamplifier outputs, as described elsewhere (31). Transient processing was performed
following standard methods developed for FT-ICR MS, taking advantage of the Orbitrap FTMS transient
MIDAS format's being fully compatible with the available FT-ICR MS data analysis freeware (32).
Importantly, all transient signals originating from separate LC-MS/MS experiments were summed in the
time domain prior to Fourier transform (FT) signal processing. In the current work, the following numbers
of summed transients were realized: (i) 18 scans (corresponding to 180 microscans) from a single
LC-MS/MS run with an ETD duration of 10 or 25 ms; (ii) 180 scans (1800 microscans) from 10
LC-MS/MS runs with either 10 or 25 ms ETD; (iii) 360 scans (3600 microscans) from 20 LC-MS/MS runs,
with equal numbers of 10 and 25 ms ETD experiments; and (iv) 1000 scans (10,000 microscans) from 40
LC-MS/MS runs, with 10 and 25 ms ETD combined.

6 6
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For the SNR estimation, the noise in the ETD mass spectra was first calculated point by point (in a 45 m/z
unit-large portion of the mass spectra, always the same for all of the ones considered), and after that the
abundance of the peak at 772 m/z (taken as a reference for the light product ion population) was divided
over the obtained noise value. Mass spectral deconvolution was performed with ProMass software (Thermo
Scientific), and comprehensive analysis of fragmentation patterns was performed with the dedicated
top-down MS analysis software ProSight PC 2.0 (Thermo Scientific) (33). In the ProSightPC analysis,
searches were performed against a custom protein warehouse incorporating the known sequences of both
light and heavy chains of Humira in both oxidized and reduced forms (both chains) and with both cyclized
and uncyclized isoforms of the heavy chain. Data were searched in two ways: first at ±15 ppm fragment
tolerance, and finally at ±4.2 Da fragment tolerance. Fragments matching the first search were considered
valid without further inspection. Data acquired in the second search were all manually validated. The large
search tolerance required for these analyses arises from two separate phenomena: first, peak picking
algorithms can mismatch the isotopic distribution, and second, electron-based fragmentations are known to
undergo hydrogen atom migration (34, 35). Both of these processes can shift the observed mass by 1 or
more Da (1.0033 Da in the former, 1.0078 Da in the latter). Spurious matches were removed as false
positives in this analysis.

RESULTS

Fig. 2 shows the results of a single LC-MS experiment, without fragmentation, on the
human, recombinant Humira IgG1. Over the selected gradient, the elution time of the IgG from the column
was ∼5 min (Fig. 2A). The gradient, in combination with the relatively high quantity of IgG injected,
maximized the elution time and allowed for efficient desalting. The charge state distribution is centered on
the 52+ protein cation, and charge states observed ranged from 38+ to 80+ (Fig. 2B). After the
deconvolution of broadband MS data, several potential glycoforms were identified (Fig. 2C). The peak at
148,080.3 Da can be attributed to two G0F oligosaccharidic chains (often referred to as G0F/G0F
glycoform (36)), whereas the remaining two glycoforms can be considered, respectively, as a G0F/G1F
glycoform (considered the mass difference of 162 Da, corresponding to the addition of a hexose to one of
the oligosaccharides) and G1F/G1F (or possibly, but less likely, G0F/G2F). Considering the known
sequence of the IgG, which corresponds to an average mass of 145,465.5 Da, the mass accuracy error for
the first glycan combination is ∼0.3 Da, corresponding to ∼2 ppm. The wide charge state envelope (from
38 to 80+) ensured good statistics for the deconvolution operation. The inferred glycosylation pattern for
the Humira IgG1 produced by intact protein mass measurements is consistent with what reported in the
literature for similarly produced antibodies (36, 37). Moreover, the intact mass measurements confirmed
that no truncation was observed at either the N- or the C-terminus of the analyte.

Typically, qualitative and quantitative analysis of the glycosylation profile are performed in a bottom-up
fashion—for instance, by quantifying tryptic glycopeptides (38). However, and more commonly, in order to
reduce the high complexity of all possible combinations of different glycans that can be found on
recombinant IgGs, glycans are released via enzymatic reaction with PNGase F (39), with or without
combination with physical methods such as microwave-assisted digestion (40), for both qualitative and
quantitative analysis.

As previously mentioned, the main performance limitation in the LC-based
top-down MS and MS/MS of large proteins is the relatively low SNR provided by averaging a limited
number of scans acquired during rapid protein elution in a single LC-MS/MS experiment. To increase the
SNR of the MS/MS data and to maximize the number of confidently identified product ions, summing of
Orbitrap MS/MS transients coming from a number of distinct LC-MS/MS experiments could be
implemented before performing FT for time-to-frequency conversion. Fig. 3 displays expanded segments
of ETD mass spectra resulting from analysis of a different numbers of transients acquired for two ion–ion
interaction periods (10 ms and 25 ms) and two isolation windows (narrow and wide). Figs. 3A–3E show the
results of experiments performed with a 2700–2800 m/z precursor ion isolation window in the LTQ, the
narrow isolation window, comprising precursor ions from 53+ to 55+ charge states. The ETD mass
spectrum shown in Fig. 3F was obtained for the 2600–3200 m/z precursor ion isolation window, the wide
isolation window, comprising precursor ions from 47+ to 57+ charge states. For a 10 ms ion–ion interaction
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period (ETD duration), the main product ion population is centered at about 1600 m/z, and a second group
of less abundant, lighter product ions is located below 1000 m/z (Fig. 3A). The experiment with a longer
(25 ms) ETD duration shows a clear mass shift toward higher m/z values, with the final result being that the
main product ion population is centered at ∼2000 m/z (Fig. 3B). A longer ETD duration presumably causes
secondary electron transfer and product ion fragmentation. A greater number of different product ions with
low masses is present in Fig. 3B than in Fig. 3A. Under both experimental conditions, the precursor ions
and the corresponding charge-reduced species were barely detectable. This contrasts with our previous
ETD MS/MS analysis of a human IgG conducted on a qTOF MS (for a comparison, see Fig. 1 of Ref.
(25)). Figs. 3C and 3D show ETD mass spectra obtained by summing 180 scans from 10 and 25 ms ETD
LC-MS/MS experiments, respectively. Here, the lack of detected IgG charge-reduced species is even more
apparent. Finally, Figs. 3E and 3F display mass spectra combining scans from both 10 and 25 ms ETD
MS/MS, with the former resulting from the sum of 360 scans and the latter 1000 scans coming from ETD
experiments in which a wide isolation window was used. These two ETD mass spectra present a bimodal
product ion distribution character. Note that in addition to the increase in SNR for mass spectra gained by
summing experiments with ETD interaction times of 10 ms and 25 ms, it is believed that higher sequence
coverage may be obtained by adding potentially different product ions produced at a different degree of
secondary fragmentation.

To estimate the sensitivity (or SNR) gain achieved by summing time domain transients before FT, we
calculated SNR values for each of the ETD mass spectra presented in Fig. 3 using the abundance of the 772
m/z ion peak as a reference (see insets in Fig. 3). The reference peak was selected for its presence in both
the 10 ms and 25 ms ETD experiments and its location in a spectral region with low interference from other
peaks. Although the abundance of the 772 m/z ion peak relative to that of the base peak changes between
the 10 ms and 25 ms datasets, it is clear that the measured SNR is roughly tripled when the number of scans
increases from 18 to 180, as expected (the SNR goes from 18.8 to 60.8 and from 28.4 to 88.8 in 10 ms and
25 ms experiments, respectively). For ETD mass spectra combining an equal number of scans from the two
types of ETD experiments, the gain in SNR is more difficult to determine, but by considering an averaged
value for the initial SNR at 18 scans (that is, (18.8 + 28.4)/2 = 23.6) we can assume an increment of more
than 4 times for the ETD mass spectrum in Fig. 3E relative to the result of a single LC-MS/MS experiment.
The same calculation returns an almost 9-fold increment for the 1000-scans averaged ETD mass spectrum,
which results from the use of different ETD precursor ions due to a wider isolation window and thus is not
fully comparable with the preceding examples. A further increase in SNR obtained by adding more
LC-MS/MS runs is feasible, although the envisioned SNR gain might not be justified by the increased
sample consumption and experiment duration. Therefore, other ways of improving SNR in a single
LC-MS/MS experiment are to be explored, including (i) activated ion-ETD (35, 41), (ii) protein ion
supercharging (42–45), (iii) an increased number of precursor ions obtained through multiple fills of the
ETD reaction cell, (iv) improved product ion transmission to the Orbitrap mass analyzer from the ETD
reaction cell, and (v) an increased number of scans acquired per LC-MS/MS experiment via super-
resolution-method-based signal processing applied complementary to the FT signal processing (46).

The complexity of high SNR ETD mass spectra can be appreciated in Fig. 4, which emphasizes the
importance of the employed high resolution acquisition (100,000 at 400 m/z) in the MS/MS mode.
Particularly, the overlapping isotopic distributions of multiply charged product ion clusters are resolved,
allowing one to determine their charge state with high confidence. Although the high resolution employed
in this work profoundly contributed to the identification of IgG backbone cleavage sites (vide infra), it must
be stressed that the increase in SNR achieved with the addition of transients taken from different
LC-MS/MS experiments (see supplemental Fig. S1) is currently the most important factor for the
successful analysis of populations of large, multiply charged product ions via FTMS.

The mass spectra obtained by summing 360 and 1000 ETD
MS/MS scans were subjected to data analysis with ProSight PC (see “Experimental” section for more
details). The obtained fragmentation map is represented in Fig. 5. A summary of identified N- and
C-terminal end-containing ions for both light and heavy chains is presented in Table I. The ETD mass
spectrum obtained from 360 scans with simultaneous fragmentation of three different IgG precursor ions
(charge states 53+, 54+, and 55+) shows 46 c-ions, 31 z -ions, and 23 y-ions for the light chain,•
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corresponding to 72 unique backbone cleavages, and 48 c-ions, 35 z -ions, and 21 y-ions, equivalent to 90
unique backbone cleavages, for the heavy chain (Fig. 5, black bars). In the heavy chain, the Glu  residue
was observed to be also in pyroglutamic acid (pyroGlu) form, as highlighted in purple in Fig. 5. The total
number of 162 identified unique backbone cleavages obtained via ETD of the three charge states of IgG
precursor ions, taking into account the 214 residues of the light and 451 residues of the heavy chain
(altogether resulting in 663 potential backbone cleavage sites), corresponds to 24.4% sequence coverage.
Note the cleavages at both sides of proline residues (whose N–C  bond cleavage in ETD would not result
in separated product ions). Furthermore, although most of the assigned cleavage sites are located in the
disulfide-bond-free regions, 22 backbone cleavages for the light chain and 10 for the heavy chain are
notably located in disulfide-protected portions of the polypeptide sequence. Finally, it is noteworthy that
the central portion of the light chain, comprising parts of both variable and constant domains, has been
extensively sequenced, with most of the backbone cleavages confirmed by the identification of fragments
containing information about the N terminus (c-ions) and the C terminus (z - and/or y-ions). However, the
central portion of the heavy chain (including the glycosylation site) was not sequenced at all.

The wider ion isolation window (600 m/z units, including
precursor ions from 47+ to 57+ charge states), which might open new dissociation channels, was employed
in order to further improve the ETD sequence coverage. Indeed, ETD of precursor ions from the wide
isolation window generated 63 and 117 unique backbone cleavages from the light and heavy chains,
respectively (Fig. 5, red bars). The total number of thus-obtained unique cleavage sites (180) corresponds
to 27.1% sequence coverage. Relative to the ETD results obtained with the narrow isolation window, the
C-terminal portion of the light chain presents a lower number of assigned backbone cleavages, whereas the
sequence coverage of the region between the second and third constant domains (C 2 and C 3) and the
C-terminal part of the heavy chain is substantially improved. The outlined difference in fragmentation
patterns is apparent in the branching ratios of product ions formed. Indeed, the total number of product ions
containing information on the C terminus, namely, z - and y-type ions, was 56 in ETD with the narrow
isolation window, whereas it reached 71 for ETD with the wide isolation window for the heavy chain (
Table I). Conversely, for the light chain, the same number decreased from 54 for the former to 43 for the
latter ion selection conditions. Considering the good SNR characterizing both analyzed mass spectra, the
observed differences in sequence coverage at the C terminus are most likely due to the use of different ETD
precursor ions for the two experimental sequences.

To adequately evaluate the progress made by employing Orbitrap ETD MS/MS for the structural analysis
of intact and S–S bond reduced IgG, a comparison with previous work employing ETD MS/MS on a qTOF
MS (see Scheme 2 in Ref. (25)) and CID MS/MS on an Orbitrap FTMS (29) can be done (Table I). Note
that CID experiments were performed on reduced and alkylated IgG of a different subclass (IgG2, not
IgG1). For ETD experiments, the analyzed human IgGs were different only in the variable domains, as they
belonged to the same subclass and had the same kappa-type light chain. An appreciable increase in
sequence coverage provided by ETD on Orbitrap FTMS is apparent (Table I). After we combined the
results of narrow and wide isolation window ETD Orbitrap FTMS experiments, the final number of unique
backbone cleavage sites rose to 217, representing 32.7% sequence coverage. A detailed investigation of the
dependence of sequence coverage on the number of scans has yet to be addressed.

DISCUSSION

Given their multimeric structure comprising two heavy and two light chains, complex intra- and
intermolecular disulfide connectivity, and heterogeneous glycosylation on heavy chains and their high
molecular weight (∼150 kDa), the full characterization of intact IgGs represents a difficult challenge for
any MS platform. The state-of-the-art high resolution Orbitrap FTMS allows LC-timescale-compatible
intact IgG ionization, charge state selection in a range up to 4000 m/z, and fragmentation by both
slow-heating methods (e.g., CID and higher energy collisional dissociation) and radical chemistry-based
dissociation (e.g., ETD). It also supports the detection of isotopically resolved, multiply charged product
ions present in a complex mixture, enabling a top-down MS approach for the structural analysis of intact
IgGs. Here, we have demonstrated that time-domain transient signal averaging from a number of
consecutive LC-MS/MS experiments before FT signal processing and peak picking significantly improves
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the performance of Orbitrap FTMS-based top-down MS. We note that although state-of-the-art top-down
proteomics of 10 to 50 kDa proteins is already performed with on-line nanoLCMS, the analysis of intact
proteins heavier than 50 kDa is often performed after off-line LC-based protein purification followed by
off-line nanospray-MS. We opted for an on-line LC-MS/MS approach here because it is more universal
than the off-line approach in terms of the types of samples to be addressed, as well as its suitability for
automated quality control workflows. Indeed, the near-future goal of the top-down proteomics is to perform
analyses of complex protein mixtures that contain heavy proteins as large as 150 to 200 kDa. With an
increase in MS sensitivity and speed of high resolution data acquisition, substantially fewer LC-MS/MS
runs will be required for protein characterization.

In the current work, the observed increase in SNR rose as expected with the square root of the number of
scans; specifically, we estimated a roughly 4-fold to 8-fold gain in SNR from a single LC-MS/MS
experiment to the final mass spectra. Furthermore, to maximize the number of assigned unique cleavage
sites, we not only averaged 1000 scans, but we also used a large (600 m/z) precursor ion isolation window.
As a result, the data presented here demonstrate a 2-fold higher sequence coverage than was obtained on a
similar human IgG1 in a prior ETD implementation for top-down MS analysis of IgGs. In addition, we
report the partial cyclization of Glu  to pyroGlu  on the IgG heavy chain. We note that significant
structural differences between IgG variants considered in Table I certainly influence ETD MS/MS
performance. Further work should be dedicated to comparing similar IgG subclasses. Also, information
about the ETD preference for a particular IgG sequence or higher order structure provides an additional
source of information on the ETD fundamentals.

The novelty of the results presented here for ETD-based top-down MS is primarily in the substantially
improved analytical characteristics of the employed experimental set-up that increase the overall
capabilities of the method and allow an important step to be taken toward its routine application. Although
previous work demonstrated the proof-of-principle implementation, it also demonstrated the corresponding
limitations, specifically in terms of the mass resolving power. The large number of laboratories equipped
nowadays with high-resolution Orbitrap FTMS instrumentation suggests a high impact of the results
described here. Nevertheless, similar to previously reported results, we were not able to sequence long
portions of the constant domains of light chains or the entire central portion of the heavy chain, presumably
because of a combination of disulfide-bond networks and the partial retention of the secondary and tertiary
structures of the IgG in the gas phase, which would explain the almost complete sequence coverage
obtained for the flexible, unstructured loops connecting consecutive domains in the light and heavy chains
(see Fig. 5). We are currently addressing these issues by implementing ion activation before and after ETD
reaction, unfolding IgG via the partial reduction of disulfide bonds, and increasing the number of
protonated sites via precursor ion supercharging. Future improvements in instrumentation—for example,
the use of a compact high-field Orbitrap mass analyzer or Orbitrap Elite FTMS instrument or improved ion
transfer and trapping—are expected to increase substantially the speed of analysis and reduce the number
of scans required for top-down analysis.
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FTMS Fourier transform mass spectrometry
IgG immunoglobulin G
MS mass spectrometry
MS/MS tandem mass spectrometry
LC liquid chromatography
PTM post-translational modification
SNR signal-to-noise ratio
FT-ICR MS Fourier transform ion cyclotron resonance mass spectrometry
MW molecular weight
qTOF MS quadrupole time-of-flight mass spectrometry
LTQ linear trap quadrupole (linear ion trap)
pyroGlu pyroglutamic acid.
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Fig. 1.

Schematic representation of IgG1. Two identical light (blue) and two identical heavy (fucsia) chains form the intact IgG.
The light chain is composed of a variable domain (V ) and a constant domain (C ), whereas the heavy chain comprises
one variable domain (V ) and three constant domains (C 1–3). Each domain contains an intramolecular disulfide bridge
(in red); intermolecular disulfide bridges link the heavy chains to each other (two bonds) and each heavy chain to one light
chain (one bond). Each heavy chain includes an N-glycosylation site (located at Asn ; here, a G0F/G0F glycosylation is
shown).
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Fig. 2.

Results of intact IgG LC-MS analysis in the Orbitrap FTMS acquired at 15,000 resolution (at m/z 400). A, base peak
chromatogram displaying the ∼5 min elution of the analyzed IgG1. B, charge state distribution of the Humira IgG, from
38+ to 80+. C, Deconvoluted mass spectrum showing distinct IgG glycoforms; the first peak represents a G0F/G0F
glycoform, and the second and third peaks are G0F/G1F and G1F/G1F, respectively.
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Fig. 3.

Comparison of ETD mass spectra resulting from the addition of different numbers of transients and acquired
under different ETD conditions. Precursor ion isolation window for panels A–E was 2750 ± 50 m/z, whereas for panel F
a wider isolation window of 600 m/z units centered at 2900 m/z was employed. A, ETD mass spectra obtained by summing
18 scans (corresponding to 180 microscans) acquired in a typical single ETD LC-MS/MS experiment with 10 ms ETD
duration. B, single LC-MS/MS with 25 ms ETD duration. C, ETD mass spectra obtained by summing 180 transients
(corresponding to 1800 microscans) collected in 10 LC-MS/MS experiments with 10 ms ETD duration. D, 10 LC-MS/MS
runs with 25 ms ETD duration. E, ETD mass spectrum resulting from the sum of 360 transients, coming equally from 10
ms and 25 ms ETD duration experiments, equivalent to 20 LC-MS/MS runs. F, ETD mass spectrum resulting from the
sum of 1000 transients (10,000 microscans in total), coming equally from 10 ms and 25 ms ETD duration experiments.
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Fig. 4.
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Expanded segments of ETD mass spectrum obtained by averaging 1000 scans (mass spectrum shown in Fig. 3F).
Upper panel, low m/z region; the importance of the high resolution in discriminating between z  and z  (heavy
chain) is confirmed in the inset. Bottom panel, expanded segment of an ETD mass spectrum with highly charged and
partially overlapping product ion clusters; the isotopic distribution of z  is shown in the inset.
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Fig. 5.

Fragmentation map of light (top) and heavy (bottom) chains of Humira IgG. Cleavage sites identified for experiments
conducted with isolation windows of 100 m/z (narrow window, centered at 2750 m/z) or 600 m/z (wide window, centered at
2900 m/z) are indicated in black and red, respectively. Cysteine residues are represented in orange, and intermolecular
disulfide bonds are indicated by the blue dashed lines. On the heavy chain, the detected pyroGlu  mutation is highlighted1
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Table I

Summary of identified product ions from top-down MS of IgGs

Light chain Heavy chain
Total

sequence
coverage

N-Term.
product

ions

C-Term.
product

ions

Number
of unique
cleavages

Chain
sequence
coverage

N-Term.
product

ions

C-Term.
product

ions

Number
of unique
cleavages

Chain
sequence
coverage

Orbitrap MS

    
ETD, 360
scans, narrow
isolation
window

46 54 72 33.8% 48 56 90 20% 24.4%

Orbitrap MS

    
ETD, 1000
scans, wide
isolation
window

45 43 63 29.6% 57 71 117 26% 27.1%

Orbitrap MS

    
ETD,
combined

54 67 92 43.2% 60 85 125 27.8% 32.7%

qTOF MS

    
ETD

21 15 31 14.4% 11 62 73 16.1% 15.4%

Orbitrap MS

    
CID

24 32 53 24.8% 26 20 42 9.5% 14.5%

 Measurements performed in the present study on intact human IgG1, kappa, with c-ions considered for
the N-terminus and z - and y-ions considered for the C-terminus.

 Values calculated by combining the backbone cleavage sites of the two Orbitrap FTMS experiments.

 Measurements performed in a previous work (Ref. 25) on an intact IgG1, kappa, with c-ions considered
for the N-terminus and z -ions considered for the C-terminus.

 Data derived from Ref. (29); measurements performed on reduced and alkylated human IgG2, with b-ions
considered for the N-terminus and y-ions considered for the C-terminus.

Articles from Molecular & Cellular Proteomics : MCP are provided here courtesy of American Society for
Biochemistry and Molecular Biology
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a b s t r a c t

Beef has become a kind of important food in China because of its nutritional value perceived by
consumers. With increasing consumers’ awareness and governments’ regulations on beef quality and
safety, traceability is becoming a mandatory requirement in cattle/beef industry. This paper developed
and evaluated a cattle/beef traceability system that integrated RFID technology with PDA and barcode
printer. The system requirements, the business flow of the cattle/beef chain, and the key traceability
information for the system were identified through a survey. Then a conceptual model was proposed to
describe the process of traceability information acquisition, transformation and transmission along the
supply chain. Finally, the system was evaluated and optimized in the sampled supply chain.

The results show that the major benefits gained from the RFID-enabled traceability system are the
real-time and accurate data acquisition and transmission, and the high efficiency of information tracking
and tracing across the cattle/beef supply chain; the main barriers for implementing the system are the
inapplicable method of inputting information, the inefficient sequence of data input and communication
mechanism associated with RFID reader, and the high implementation cost.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Beef has become a kind of important food in Chinese consumers’
diet structure due to the recognition of beef nutritional value, the
increased availability of beef supply and the affordability of Chinese
consumers. According to the data from National Bureau of Statistics
of China (NBSC, 2011), in 2010, the total beef production was about
6.53 million tons in China, which increased by 27.3% over 2000; the
average amount of annual beef consumption in Chinese urban
households was 1.98 kg per capita in 2000, but in 2010 the
consumption amount increased to 2.53 kg per capita.

The concern about beef quality and safety in China has raised
greatly during the past decades due to the outbreak of bovine
spongiform encephalopathy (BSE) and other food safety incidents
and scandals, which stir public attention and governmental fervor
for quality control and safety management in food industry (Berg,
2004; Golan et al., 2004; Hillerton, 1998; Van Wezemael,
Verbeke, Kügler, de Barcellos, & Grunert, 2010; Verbeke et al.,
2010). As a result, a number of effective and practical

interventions is implemented to the food industry (including
cattle/beef industry) in order to improve food safety and strengthen
consumers’ confidence (Van Wezemael, Verbeke, Kügler, &
Scholderer, 2011).

Traceability refers to “the ability to trace and follow a food, feed,
food producing animal or ingredients, through all stages of
production and distribution” (European Commission, 2000). A
traceability system is considered as an indispensable instrument to
improve consumer confidence in food consumption and to reduce
the asymmetry of information across food supply chains. Trace-
ability systems have been implemented in many countries and
regions. EU firstly launched the traceability system in 1997 for the
purpose of dealing with BSE, and the regulation of mandatory
enforcement of traceability was issued in 2005, which required all
food and feed in EU market should be traceable (Schwägele, 2005).
The similar strict rule became effective in Japan in 2005 (Dalvit, De
Marchi, & Cassandro, 2007). In US, the National Animal Identifica-
tion System was developed in 2004 to trace livestock and poultry
chain and considered as a kind of early traceability system imple-
mented in practice. But unfortunately it was abandoned in 2010
due to the resistance from industrial stakeholders and policy
makers. The current running system is a mandatory animal iden-
tification system, which is designed for the management of animal

* Corresponding author. Tel.: þ86 010 62736717.
E-mail addresses: zhxshuan@cau.edu.cn, zhxshuan@sohu.com (X. Zhang).
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disease. In order to foster the implementation of traceability
systems in food supply chain, USDA Agricultural Marketing Service
also established a set of voluntary certification of animal trace-
ability for beef export (Golan et al., 2004; Schroeder & Tonsor, 2012;
Smith et al., 2005; Zhao, Chen, & Qiao, 2012). Traceability systems
based on tagging technology were also applied in Canada, Australia,
Brazil and New Zealand (Smith et al., 2005).

The global trend of adoption and application of traceability
system is mirrored in China. In order to satisfy the international and
domestic requirements for food safety and quality, at national level,
the General Administration of Quality Supervision, Inspection and
Quarantine of the People’s Republic of China (AQSIQ) applied the
compulsory requirement of traceability systems to all of meat and
aquatic products export companies. Other food companies were
encouraged to adopt and implement traceability system by various
preferential policy supports from national, regional and local
governments, e.g. interest-free or low interest loan for IT infra-
structure and system development. At regional level, many
provincial governments also developed policies to promote trace-
ability system application. For example, Guangdong provincial
government issued the regulation on food identification code in
2009, which required all food should have the identification label.

Research into traceability systems covers a number of topics:
traceability system development (Maldini, Nonnis Marzano, Fortes,
Papa, & Gandolfi, 2006; Qi et al., 2010; Shanahan et al., 2009;
Thakur & Hurburgh, 2009); traceability modeling (Thakur &
Donnelly, 2010; Zhang, Feng, Xu, & Hu, 2011); operating mecha-
nism and consumers perceptions of traceability system
(Chrysochou, Chryssochoidis, & Kehagia, 2009; Hobbs, Von Bailey,
Dickinson, & Haghiri, 2005; Van Wezemael et al., 2010; Zhang,
Zhang, Liu, Fu, & Mu, 2010). Specific research on cattle/beef trace-
ability has also been reported (Bowling et al., 2008; Kang, Zhang,
Fu, & Mu, 2010; Lu, Zhang, Mu, Fu, & Zhang, 2009, 2010;
Shanahan et al., 2009; Shen, Zan, Duan, Wang, & Zheng, 2007; Shi,
Fu, & Zhang, 2010; Yang, 2005; Zan, Zheng, Shen, Wang, & Zeng,
2006). The focuses of these studies tend to be on information
identification using RFID (radio-frequency identification) and
system architecture design; there is lacking in modeling the
traceability data acquisition and transmission process for devel-
oping RFID-based cattle/beef traceability system.

This paper aims to develop and evaluate a RFID-based cattle/
beef traceability system (RCBTS) that incorporates PDA and barcode
printer which can perform traceability throughout cattle’s life cycle
and provide accurate traceability information. Furthermore,
a model about data acquisition and transmission of traceability
information exchange is conceptualized according to the survey of
the cattle/beef supply chain.

2. System analysis of the RCBTS

2.1. The survey procedure

A survey was carried out to understand the business flow of the
cattle/beef chain and identify users’ requirements for the RCBTS.
The following survey methods were adopted:

� Document collection: This included collection of the logs and
records about cattle/beef quality standards and Hazard Anal-
ysis Critical Control Point information in cattle/beef production
process, the purpose was to determine the key parameters for
developing the RCBTS.

� Field observation: This referred to investigating the routine flow
and management issues in cattle/beef production, including
the time and frequency of feeding, the diseases and treatments,
the process of slaughter. The observations were conducted in

the sampled enterprises in Tianjin city, Shandong province and
Hebei province.

� Interview: This aimed to capture users’ requirements for the
RCBTS. The interviews were carried out in Tianjin city, Shan-
dong province and Hebei province. A list of interviewees
including 15 managers, 56 workers and herd keepers was
selected from the sampled enterprises; then the interviewees
were asked to answer questions about the workflow, tasks and
traceability issues.

2.2. Business flow analysis on cattle/beef chain

Fig. 1 illustrates the business flow of cattle/beef chain based on
the acquired information from document collection, field obser-
vation and the interview.

2.2.1. Link 1: Cattle breeding process
This link is the first part of the chain, from purchasing calves to

the cattle are ready for slaughter. This process comprises of six key
business nodes that deal with critical information acquisition and
transmission: individual marking, feeding, immunization, disin-
fection, cowshed transfer and treatment.

Business node 1: In individual marking node, a unique ID number
is assigned to each calf. Then, the individual calf’s information
that provided by the seller when the producer purchases the
cattle is recorded and identified by the unique ID number.
Business node 2: Feeding, this is an important node for quality
control. Most information is acquired and recorded in cattle
feeding process, including the name of feeds, the amount of
feeds, the feeding time, the workers feed the cattle, etc.
Business node 3: Regular immunization, this is necessary to
prevent the cattle from infectious diseases. The traceable
immunization information includes immunemethod, medicine,
operation, etc.
Business node 4: Disinfection, which keeps the cowshed, feeding
devices and cattle free from bacteria, virus and parasitic ova. The
cowshed needs regular disinfection once a month. In addition,
the cowsheds and tools should be thoroughly disinfected when
cattle are transferred to other cowsheds in spring and autumn.
Business node 5: Cattle are transferred to other cowsheds when
they are sick or at different stage of growth. Cowsheds for the
sick cattle need to be treated separately to avoid cross-infection.
Business node 6: Treatments need to be applied to cure sick
cattle, such as foot-and-mouth disease, infectious pleura
pneumonia, influenza, etc. The active therapeutic actions should
be taken in the process of breeding, and every treatment should
be recorded.

2.2.2. Link 2: Beef slaughter and processing process
There are five key nodes in the business process of beef

slaughter and processing that involve in traceability information
transformation and transmission, including ante-mortem inspec-
tion, cattle slaughter, acid decomposition treatment, segmentation
and packing.

Business node 7: Ante-mortem inspections aim to examine if the
cattle are healthy. Cattle cannot be sent to the next node until
the inspection results satisfy the relevant regulation require-
ments. The whole slaughter process is under the supervision of
the inspector.
Business node 8: Cattle slaughter process, which consists of
bloodletting, peeling, disembowelment, etc., during the process,
the head, skin and viscera are removed from the cattle carcass.
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At the end of slaughter process, the cattle carcass is segmented
into two halves, each of which is called the dyad.
Business node 9: Acid decomposition treatment, it is the tech-
nique that resolves the lactic acid produced in cattle carcass
under rapid chilling condition, so as to reduce the content of
harmful substances in beef and improve beef quality and flavor.
The acid decomposition treatment should be conducted in the
cooler at 0e4 �C within 60e72 h. After the process of acid
decomposition treatment, the cattle carcass is divided into four
quarters of cattle carcass, each of which is called the tetrad.
Business node 10: During segmentation process, the tetrad is
further divided into different parts as beef products according to
commercialization requirements, such as tenderloin, striploin,
chuck roll, ribeye, chuck steak, knuckle, topside, rump, brisket,
shin, etc.
Business node 11: The segmented and qualified chilled beef is
wrapped by vacuum packaging with the label, which contains
sufficient traceability information visible on the outside of
package, and then beef product is ready for sale.

2.3. The key actors in cattle/beef chain

The key actors in the supply chain need to be uniquely identified
in order to develop an integrated system (Shackell, 2008). The key
actors in cattle/beef chain are presented in Fig. 2.

Herd keeper: The herd keeper takes charge of cattle’s breeding
and management, and keeps close cooperation with the veter-
inary to control quality safety.
Veterinary: The veterinary plays different roles to make sure the
cattle are disease free and assure the cattle meet sanitation
requirement. Their responsibilities are 1) to treat the sick cattle;
2) to immunize cattle against contagion, 3) to disinfect the
cowshed; 4) to implement inspection in the slaughter process.
Slaughterer: The slaughterer is responsible for beef slaughter,
acid decomposition treatment and beef segmentation process.
Packing worker: The packing worker takes charge of the pack-
aging and label sticking for the final products. The worker also
sends the packaged beef products into the warehouse.

COSUMERBEEF SLAUGHTER AND PROCESSING PROCESSCATTLE BREEDING PROCESSNATURE

Ante-appraisal

Purchasing

Feeding

Immunization

Disinfection

Inspection

Treatment

[Disqualified]

[Disqualified]

[Qualified]

[Qualified]

Individual marking

Transfer to slaughterhouse

Inspection
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Beef

Tetrad

Dyad

Acid decomposition

Warehouse
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Slaughter

Segmentation

Inspection

Packing
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Disembowel
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Preparation before slaughter

Cowshed transfer
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Fig. 1. The cattle/beef production business flow.
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2.4. The user requirements of the RCBTS

Tables 1 and 2 illustrate user’s function requirements and
performance requirements for the RCBTS. The requirements are
generated from the document collection, field observation and
interviews.

2.5. The critical traceability information of the RCBTS

According to the Decree No.67 issued by the Ministry of Agri-
culture of the People’s Republic of China (MOA, 2006) in 2006 and
the requirements of cattle/beef quality management, the following
information are identified as the critical traceability information for
the RCBTS, and should be acquired, tracked and traced in cattle/beef
production chain.

2.5.1. Cattle breeding information
Fig. 3 depicts an E-R (entity-relation) diagram in cattle breeding

process. 15 tables were designed to store the information acquired
in this process, which included cattle, feeding, cowshed transfer,
disinfection, treatment, etc. Each table showed the detailed
description about the required traceable information. Taking the
table of “tb_Feeds” as an example, it contained the following
traceable data of feedstuff: feedID, feed name, production date,

product code, period of validity, the producer, producer’s address,
the operator, operating date and the record.

2.5.2. Beef slaughter and processing information
The traceability data in beef slaughter and processing process

included the slaughterhouse (enterprise’s name, business license
and code, contact information, etc.); the time of the acid decom-
position treatment, quarantine status and the qualified No. of the
slaughter; the name of the beef products, the date of producing, the
operator, etc.

3. Modeling for traceability information acquisition and
transmission

3.1. Traceability unit transformation along the cattle/beef chain

Traceability unit is the object of tracking and tracing across food
supply chain. Based on the analysis of business flow about the
cattle/beef chain and the method proposed by Li, Jin, and Chen
(2010), a model was put forward for describing the traceability
units transforming process, which was formulized as:

PtðSÞ ¼ fIDðSÞ; LocðSÞ;MattðSÞ; InforðSÞ;OperðSÞ;DateðSÞg;
ðS ¼ fS1; S2; .. SngÞ

where S is an aggregation of traceable units, Si (i ¼ 0, ., n) is the
traceability unit identified in the business flow. ID(S) is the unique
identification number of the unit, which is generated in the first
link of business chain and will be transferred unchangeably to
every node of the entire chain. The location information is

Table 1
The function requirements for RCBTS.

Function module Function description

Cattle’s identification Record the individual information and assign
the unique ID number to each calf.

Information acquisition
and transmission

Acquire all the data accurately and timely,
and transmit the data that are generated in
the process.

Information tracking
and tracing

Track the information about breeding, feeds,
medical treatment, etc. The system should
have the ability to control the safety and
quality in breeding, slaughter and processing
process.

Routine management
and decision support

Manage the daily operation of the farm and
slaughterhouse, and improve management
efficiency. Producer can quickly detect the
origin of the problem when beef quality
problem occurs and then can take necessary
measures to solve the problem.

Table 2
The performance requirements for RCBTS.

Performance requirement

Automation in data acquisition The system can automatically monitor
and transmit information. The data
processing should be completed
automatically by the system.

Reliability of the system The system can function steady in any
environment. No faults in data input and
database connection.

User-friendliness The GUI must be friendly. The software and
equipment should be easy to learn and use
for users.

Fig. 2. The key actors in the cattle/beef production chain.
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described by Loc(S); Matt(S) denotes the attributes of the unit;
Infor(S) refers to the key information in quality tracing and
tracking; Oper(S) denotes the operator; and Date(S) refers to the
time when the unit exchanges information.

In breeding process, the traceable unit is an ox or a cow that
passes the sanction inspection and quarantine, which is described
as S1 and the corresponding traceability formula is Pt(S1). When the
ox or cow is moved into the slaughterhouse, the traceable unit is
still the ox or cow and the formulary description is Pt(S2). Trace-
ability unit transforms into a half of the cattle carcass after the
carcass is divided into the dyads and the formula is Pt(S3). Then,
traceability unit transforms into a quarter of cattle carcass after it is
segmented into the tetrads and the formulary description is Pt(S4).
In segmentation process, the traceability unit changes into 1/8 or 1/
10 of the cattle carcass which is described as S5. After segmentation,
the traceability unit is the beef product which is defined as S6 and
the formula is described as Pt(S6).

Fig. 4 illustrates the transformation process of traceable units
during the business flow in the cattle/beef chain. Table 3 details an
instance of the traceability units transformation based on the

formulary descriptions given that the initial value of ID(S) is
237052300000001.

3.2. Identification method for traceability units

There are three types of identification technologies available:

� Alphanumerical code, alphanumerical code-based manage-
ment requires significant human resources because writing
and reading the code are not automatic (Regattieri, Gamberi, &
Manzini, 2007).

� Barcode technology has the limited capacity of processing
powerful data because it relies on the laser-scanning device to
read and process data in a close distance (Xiao et al., 2007).

� RFID technology, which applies radio frequency to identify
objects and provides reliable and efficient tracking for the RFID
tag, can store/retrieve data wirelessly and electronically
(Voulodimos, Patrikakis, Sideridis, Ntafis, & Xylouri, 2010), so it
works as a “mobile database” because of its high storage
capacity.

Fig. 3. The database E-R (entity-relation) diagram of cattle breeding process in RCBTS.
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Table 4 illustrates the comparison of different RFID technologies
(Lu et al., 2009).

Following the comparison of these different identification
technologies, RFID technology was adopted as the identification
method and the carrier for traceability information in the RCBTS.

The high frequency (HF) RFID tag with 1 Kbit capacity was
selected and redeveloped as the cattle identification tag (usually
the tag was stuck into cattle’s ear and named as “ear label”). The
storage area was divided into 32 blocks (each block was 4 bytes).
The first two blocks stored 64 bits UID defined by ISO/IEC15693-3,
the next two blocks stored the command statements, and cattle’s
individual information was written in the rest of the 28 blocks. The
information included cattle’s identification number, the breed, date
of birth, place of birth, weight of birth, the farm code, immune state,
quarantine status and treatment records (see Fig.5). The informa-
tion was written into the ear label by a 13.56 MHz RFID Reader/
Writer device which connected with the PC platform.

The data transformation and transmission in beef segmentation
link were more complex. In order to achieve the fast speed of data
transmission during traceable units’ transformation, it was neces-
sary to choose a kind of higher efficient device that could read/
write data at one time when there were more RFID tags. Consid-
ering that UHF RFID had the capacity of reading a large number of
tags simultaneously ranged in 3e9 m at high read speed, UHF RFID
tag was adopted as the data exchange carrier in beef segmentation
and processing process.

The identification codewas encoded according to the Decree No.
67 issued by the Ministry of Agriculture of the People’s Republic of
China (MOA, 2006). The code consisted of 15 digits: the first digit
represented the type of livestock; the next six digits referred to the
administrative region code of the county (city) in terms of GB
T2260_1999 (NBSC, 2006); and the final eight digits were the
sequence order numbers (MOA, 2006; Xiong et al., 2010).

3.3. Implementation of traceability information acquisition and
transmission

3.3.1. The implementation of traceability unit S1
PDA (personal digital assistant) P130, embedded with a RFID

reader module, was adopted in the RCBTS as the HF RFID reader,
which had 16 M bits flash for program space and 16 M bits flash for
user data space. The PDAwas redesigned and developed as the data
acquisition and storage device to record information in cattle
breeding process. The traceability information for traceability unit
S1 was stored in the user data space. The memory usage was shown
in Fig. 6.

When the herd keeper records the new traceability information
into RCBTS, he/she firstly reads cattle’s identification number from
RFID tag via the PDA, and then inputs the new relevant daily
breeding information into the PDA, such as the name of feed,
amount of feed, feed code, etc. The new records are temporarily
stored in the PDA memory until the herd keeper collects all of
routine management data and transfers all records into PC through
a serial port line.

3.3.2. The tracking and transmission of traceability unit S2eS6
When an ox or a cow is moved into slaughter line of the

slaughterhouse, the operator reads the data stored in the ear label
by the PDA, and then copies the data into another two RFID tags;
when the ox or cow is slaughtered and divided into dyads, the two
RFID tags are respectively adhered on the hind hoof of the two
dyads, and the information in the tag is transferredwith the dyad to
the next processing node. When the dyad is segmented into the
tetrad, the operator needs to set four copies of the RFID tags, each
tag is attached on each of the tetrad. In segmentation node, the
traceable units change from four to eight or ten units, and the
operator acquires the information in HF RFID tags by UHF reader
and copies these data to eight or ten new UHF RFID tags. In packing
workshop, the operator adds new information about beef products
into each UHF RFID tag by the UHF reader devices; at this point, all
the traceability information has been obtained and stored, and the
end-products with complete traceable information are ready for
sale in the market. Finally, the operator prints a 2D barcode label by
code printer placed at the packing workshop and attaches the label
at the package of final beef product.

The process of traceability units’ transformation and informa-
tion transmission is summarized as below:

Pt(S1): S1 is the first traceability unit in the business flow. At this
point, HF RFID ear label is applied to record cattle’s individual

Fig. 4. The transformation of traceable units during cattle/beef production business
flow.

Table 3
An instance of the traceability units transformation in cattle/beef production business flow.

ID(S) Loc(S) Matt(S) Infor(S) Oper(S) Date(S)

Pt(S1) 237052300000001 Breeding farm Entire cattle Feeding, medical treatment, etc. Herd keeper T1
Pt(S2) 237052300000001 Holding pen Entire cattle Ante-mortem inspection status. Veterinary T2
Pt(S3) 237052300000001 Slaughterhouse Dyad The information about the two halves of cattle carcass. Slaughterer T3
Pt(S4) 237052300000001 Slaughterhouse Tetrad The information about the four quarters of cattle carcass. Slaughterer T4
Pt(S5) 2370523000000010x Segmentation workshop Segmented cattle The information of the segmented beef. Slaughterer T5
Pt(S6) 2370523000000010x Cold storage Beef product The weight and name of the beef product. Packing worker T6
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information and store the information in cattle breeding
process.
Pt(S1) / Pt(S2): The operator reads the information stored in
RFID ear label by the PDA, and then writes the ante-mortem
inspection information into the RFID tag.
Pt(S2) / Pt(S3): The operator applies PDA reader to acquire the
information in RFID ear label of S2 and transfers the information
into another two RFID tags; each of the two tags is adhered to
the hind hoof of the cattle dyad.

Pt(S3) / Pt(S4): The operator repeats the procedure in the
previous step and transfers the information from S3 to the new
four RFID tags, each of which is attached to the cattle tetrad and
used for identifying traceability unit S4.
Pt(S4) / Pt(S5): The operator acquires the identification infor-
mation in traceability unit S4 by UHF reader and writes the data
into eight or ten new UHF RFID tags.
Pt(S5)/ Pt(S6): The operator updates the information about beef
products into UHF RFID tags and adopts the barcode printer to
switch the carrier of identification information fromRFID tags to
the 2D barcode labels. Finally, all data about the cattle/beef are
attained and stored in the 2D barcode label that pasted on the
package of the beef product.

Fig. 7 illustrates the whole process of data transformation and
transmission between traceable units in RCBTS, which integrated
PDA, HF RFID reader, UHF RFID reader with barcode printer.

4. System design and implementation of the RCBTS

4.1. System development environment and system architecture

The RCBTS provides an integrated framework for the cattle/beef
identification and traceability function from cattle breeding to end-
product. The types of hardware and software used for developing
the system and the operational environment are listed in Tables 5
and 6.

The RCBTS consists of three subsystems: the breeding
management system, the slaughter management system and the
retrieve system (see Fig. 8).

4.2. The breeding management system

Fig. 9 illustrates the framework of the cattle breeding manage-
ment system, which consists of two modules:

Table 4
The comparison of different kinds of FID technologies.

Frequency range Read range Cost Security

Low frequency (LF) 125e134 kHz <0.5 m Low Not good
High frequency (HF) 13.56 MHz 1e3 m Lower Good
Ultra High frequency

(UHF)
400e1000 MHz 3e9 m High Normal

Microwave 2.45 GHz w10 m Highest Normal

Fig. 5. The data stored in RFID ear tag in RCBTS.

Fig. 6. The memory usage of redesigned RFID label for RCBTS.
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� The PDA-based module is designed for data acquisition during
the cattle breeding process. The herd keeper reads the identi-
fication code in cattle’s ear label and inputs the breeding
information by the PDA combined with RFID reader. The
information is then stored in the PDA and transmitted to the
database in PC platform through USB interface.

� The PC-based management module is designed for cattle
identification and the daily management. It can provide the
functions of managing farm information, receiving data from
the PDA, and writing cattle’s identification information in RFID
tag (Voulodimos et al., 2010) (see Fig. 10).

4.3. The slaughter and processing management system

Integrated with fixed UHF reader, PDA and barcode printer, the
slaughter and processing management system performs the func-
tions of data exchange and transfer in the slaughter and processing
process. Supported by this subsystem, a worker reads the infor-
mation from the PDA, then transmits the data to UHF tags, and
finally transforms the carrier of traceability information from RFID
tags to 2D barcode labels. Fig.11 shows the terminal print interfaces
of the slaughter and processing management system, which
represents the information of traceability code, name of product,
weight of product, the producer, production date, production place
and the website of the producer.

4.4. The traceability information retrieval system

The retrieval system provides an interface for consumers to
retrieve the traceability information of the end-products.
Consumers can input the traceability code via three types of
inputting devices, i.e. keyboard, touch screen and barcode scanner,
and then the system retrieves the details of the traceability infor-
mation. Fig. 12 shows the retrieved information by consumers at
the terminal, which displays all the traceable information at each
stage of the business flow, i.e. the information of the beef product

(product name, weight and production place), the information of
the producer (enterprise’s name, address, contact number and
website), the breeding information (date of birth, place of birth,
weight of birth, immunization records, treatment records, feeding
records, disinfection records and the cowshed transfer records),
and the processing information (quarantine status, the slaughter
approval number, date of slaughter, the time of acid decomposition
treatment and the certification information), etc.

5. System evaluation of the RCBTS and results analysis

5.1. Evaluation method for the RCBTS

There are two types of evaluation methods for information
system, which are formative evaluation and summative evaluation.

Fig. 7. The process of the data transformation and transmission between traceable units in RCBTS.

Table 5
The hardware deployment of the RCBTS.

Devices Model and parameter

PDA Uniposs P130: Linux operating system, 32-bit
ARM processor, 2 M RAM þ 32MSDRAM,
Built-in RS232 serial port, 15,000 mAh
Rechargeable lithium batteries.

PC Internet�Core�2 Duo CPU E7200 2.53 GHz,
2 GB memory, 250G hard disk.

The RFID reader ThingMagic_M5, Antenna is MTI8-Thing
Magic-ANT-NA-2CO Model.

Industrial printer SATO: LM408E, Print mode: Heat transfer/thermal.
Fig. 8. The system architecture of RCBTS.

Table 6
The RCBTS development and operational environment.

System Operating
system

Development tools Development
language

PDA: data
acquisition
system

Linux CYGwin C

PC:
management
system

Windows
2003 server

Visual Studio 2005,
SQL Server 2005

C#, XML
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Formative evaluation takes place before system implementation,
and the feedback is used to influence the system design. Whereas,
summative evaluation takes place after implementation and aims
to test the proper functionalities of the final system (Coskun &
Grabowski, 2005; Uden, 1995). In this study, the summative eval-
uationwas adopted to test the RCBTS. The evaluation criteria for the
RCBTS are listed in Table 7.

The system evaluationwas carried out following several steps as
outlined below:

5.1.1. Sampling
The system users were sampled from a selected cattle/beef

companies in the supply chain in Tianjin. All the participants agreed
to take part in the system trial and provide their feedback and
comments.

5.1.2. Test preparation
The main tasks of preparation for system trial were setting up

program/devices and training the participants. All devices (2

computers, 1 code printer, 13.56 MHz RFID readers and 900 MHz
RFID readers) were set up in farms and the slaughterhouse, where
the RCBTS and its running environment had been installed. A
workshop was held in the slaughterhouse in March 2010 to train
the participants about using and operating the system. Further-
more, a user guide of the RCBTSwas provided to the participants for
reference.

5.1.3. System evaluation and feedback collection
System trial was carried out in two phases. Ten calves were

sampled by the system developers in July, 2010; the information of
each calf was recorded in the RFID ear label, which was pierced in
calf’s ear. Herd keepers recorded the breeding information for these
cattle every day by PDA and PC platform during the breeding
period.

Three months later, three qualified oxen were sent to the
slaughterhouse as the initial trial and the other were used for the
trial of the optimized system. The information in each ear label was
copied to another two RFID tags through PDA, and then each of the

Fig. 9. The framework of the breeding management system.

Fig. 10. The architecture of the whole PC-based subsystem of RCBTS.

J. Feng et al. / Food Control 31 (2013) 314e325322



234

ZNANSTVENI KOLOKVIJ SVEUČILIŠTA U RIJECI 2013 / 2014

two tags was adhered to the hind hoof of the dyad of the cattle
carcass (divided from the same cattle); when the dyad was
segmented into tetrad, four RFID tags were copied and each tag was
attached on each of the tetrad, and then the tetrad was transferred
to the segmentation workshop after the acid decomposition
treatment process. In segmentation workshop, operators applied
UHF reader to copy the data into eight UHF RFID tags, each of which
was to be attached to each segments. Before the end-product was
packaged, the packing staff read the information in UHF RFID tag by
UHF reader and printed barcode label through the barcode printer,
and then attached the label on the product external wrapping.

During the trial process, system users were encouraged to
explain the details of the performed tasks and encountered diffi-
culties. The feedback and comments were recorded by a designated
system designer, which would be discussed in the next section.

5.2. Evaluation results and discussion

Voulodimos et al. (2010) reported that accurate and highly
sophisticated management of animal capital could be performed
with the adoption of RFID technology. The evaluation results also
showed that application of the RCBTS could provide real-time and

Fig. 11. The interface of the slaughter management subsystem.

Fig. 12. The interface of the retrieve system.
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accurate data acquisition and transmission enabled by RFID tech-
nology, and consequently achieve information traceability across
the cattle/beef supply chain. However, the system showed some
insufficient. Table 8 lists the benefits and deficiencies of the system
extracted from users’ feedback.

Inputting traceability information was perceived to be complex
and time-consuming for herd keepers. More time was needed for
inputting the name of feeds (or medicines) because Chinese Pinyin
inputmethod that provided by PDAwas not easy to use for them. To
solve this problem, alternative input methods, i.e. menu input and
code input method were provided in the new updated PDA device.

Another notable barrier was associated with data input and
communication using the RFID reader. In cattle breeding process,
the data input sequence was designed as “read tag / input
data / read next tag / input data”, the operator had to input the
same feeding information every time when he/she created

information for different cattle. Because the feeds for the cattle at
the same growing stage remained the same and stable, duplication
of the same feeding information on different cattlewasted time and
caused data integrity problem. The new sequence was optimized as
“input the common data / read tag / read next tag”, so that the
operator can input the same feed information in PDA once and then
the data can be shared for different cattle. The optimized inputting
mechanism proved itself to be timesaving, especially in the
circumstances that a large number of cattle records needed to be
processed.

RFID technology adopted by the RCBTS entailed three major
functions: identifying cattle, acquiring breeding data and trans-
mitting traceability data. The evaluation results showed that the
application of RFID technology can improve automation, efficiency
and convenience of the traceability system. Nevertheless, at least
seven 13.56 MHz RFID ear labels and eight 900 MHz RFID tags were
required to track one calf from breeding to slaughtering in the
sampled scenario, even had not taken into account of the possible
damage of RFID tags during the system running. The price per RFID
tag was around 2e4 CNY in 2010, the total cost was about 40 CNY
for tracing an ox or cow. Over 95% interviewees complained the cost
was too expensive. Therefore, how to reduce implementation cost
was an important issue. There are two possible solutions for the
cost reduction: one solution is to recycle the RFID tags from the
consumers and reuse, but it would be difficult to be implemented
due to the shortage of the recycle channels and costs; the other
solution is to replace all the RFID tags as the kind of RFID tags with
more store capacity (i.e. 900 MHz RFID tags); although there would
have some storage redundancy during the breeding process, the
tags could be easily recycled in the segmentation process.

6. Conclusion

This paper developed and tested a RFID-based cattle/beef
traceability system for the implementation of real-time traceability
management along cattle/beef production flow. The system adop-
ted RFID technology, PDA and barcode printer to accomplish the
acquisition and transmission of traceability data in cattle/beef
supply chain. System trial results showed that the RFID-based
traceability system could greatly improve automation, efficiency
and convenience in cattle/beef enterprises management as
a controlling tool for product quality and safety.

System evaluation was conducted in sampled enterprises in the
cattle/beef supply chain in China. Although the interviewees
perceived that traceability system can improve their management
efficiency and ensure product quality, there existed some barriers
for system adoption: the inapplicable method of inputting infor-
mation, the inefficient sequence of data input and communication
mechanism associated with RFID reader, and the high imple-
mentation cost. The first two problems arose from the operators,
who expected the system to be easy to use and maintain, and the
barriers were resolved and optimized by system developers. The
cost issue was a concern by most managers, who anticipated the
system to be cost effective and high compatible. It is suggested that
the cost could be cut down through recycling RFID tags in the
supply chain.
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Table 7
The evaluation criteria for RCBTS.

System performance Evaluation criteria

The functional
performance of the RCBTS

(a)
System usability
(b)
System reliability
(c)
System flexibility

The operating
performance of the RCBTS

(a)
Displaying characteristics
(b)
Ease of learning
(c)
Complexity of user interface
(d)
Interface satisfaction
(e)
Operator understandability
(f) Implementation cost

Table 8
The results of the system evaluation.

Index Result

System usability The system can realize the function
of each module. The system can
automatically acquire, transmit
and processing data.

System reliability The breeding PC subsystem can
operate well in the farm.
The PDA subsystem has a
disconnection problem with the
PC part.

System flexibility The RFID in the ear tag sometimes
would be unintentionally destroyed
when herd keepers attempted to
attach it on cattle’s ear.

Display characteristics The responses to the color of the
background, the font and the layout
of the system are good.

Ease of learning user interface Users can quickly learn how to use
the PC platform in the breeding
subsystem and the retrieve system
based on the user’s guard.

Complexity of user interface The PDA-RFID platform is not easy to
use because the inputting information
and reading RFID ear tags are complex
for the farmers.

Interface satisfaction The interface of the PC platform and
the slaughter system are satisfied.

Operator understandability The interface in this system is easy to
understand by the operators.

Implementation cost The implementing cost of RFID label is
out of expectation.
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The paper designed a call-center-oriented method of Chinese words automatic segmentation for
cotton knowledge in order to identify the unknown words in the process of segmentation of cotton
text more accurately. Through statistically learning on a lot of cotton knowledge text, the professional
terms of the cotton for high frequency were statistically computed and added to the matching
dictionary. The improved positive maximal matching algorithm was used during the process of
Chinese words automatic segmentation for cotton knowledge and the words segmentation texts for
cotton knowledge are processed by the statistical method in order to eliminate the text ambiguity.
The experimental results showed that the method could enhance the professional of the agriculture
dictionary, improve the accuracy of Chinese words automatic segmentation of the Text-to-Speech
system and solve the identification problems of the unknown words effectively.

Keywords: Chinese Words Automatic Segmentation, Unknown Words, Cotton Knowledge.

1. INTRODUCTION
Lacking of automatic Text-to-Speech technology appro-
priate for agricultural knowledge, call-center platforms
generate audio files by using artificial recording method.
To achieve automatic Text-to-Speech, the priority is to
understand the texts and gain the voice information and
rhythm information, which is the text analysis. The auto-
matic word segmentation is the key and difficult point to
text analysis.

There are three common word segmentation methods,
such as the method based on the string matching, the
statistical analysis or the semantic understanding, which
could solve word segmentation.1 The first two methods
have been relatively mature while the third method remains
to be further studied. The method based on the string
matching is also called the method based on the dictio-
nary matching, which is of quick participle speed with
simple implementation. This algorithm is of low accuracy
because it couldn’t overcome the ambiguous segmentation
effectively.2 The method based on the statistical analysis
can automatic rule out the ambiguity effectively, distin-
guish unknown words and solve the limitations of string
matching method without human intervention, because the
data it needed are gathered automatically by machine from
the birth corpora.3

∗Corresponding author; E-mail: fzt@cau.edu.cn

Aiming at the characteristics of agricultural knowledge
structure, this paper choose the combining method which
based on the dictionary matching and statistical analysis
model and designs a Chinese word automatic segmentation
method for agricultural knowledge which can improve the
segmentation efficiency and solve the problems of ambi-
guity segmentation and unknown words.

2. TEXT SEGMENTATION
PROCESS DESIGN

Text segmentation process shows in Figure 1.

2.1. Modified Dictionary Module
2.1.1. Organization of Dictionary
The dictionary module is the basis of machinery matching
method, because all information needed for the words seg-
mentation is dependent on dictionary. The coverage rate of
entry in the dictionary directly affects the precision of the
words segmentation, and the dictionary structure affects
the speed of it.

Agricultural knowledge text includes a large number of
professional words, such as disease names, pest names and
drug names, which are not included in the general dic-
tionary. If the matching words only base on the general
dictionary, there will be a lot of unknown words, which
reduces the accuracy.

Sensor Lett. 2013, Vol. 11, No. 6/7 1546-198X/2013/11/1251/005 doi:10.1166/sl.2013.2869 1251
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Fig. 1. Text word segmentation flow.

Using statistics theory, this paper studied systematically
the cotton knowledge (selecting China cotton, Cotton lit-
erature and Cotton pest and disease prevention and con-
trol technology professional fields research nearly 100,000
words), took statistics on the proprietary information and
created an agricultural dictionary used to store agricultural
words and frequency.

The mutual information probability statistics algorithm4

was selected to statistics the word frequency. The essence
of this algorithm is embodied in the tightness of the com-
bination of two words. If the combination gets to a cer-
tain degree, it will be regarded as an entry. For orderly of
Chinese characters XY , X, Y of the mutual information
between definition formula is as follows:4�5

I�X�Y �= log2
P�X�Y �

P�X�P�Y �
(1)

In the formula, P�X�Y � means the probability of X and Y
adjacent appearing, P�X� or P�Y � means the probability
of appearing alone in the language section.
(1) If I�X�Y � > 0, then X and Y are closely related, XY
probability as a phrase; When I�X�Y � > � �� is a thresh-
old), judged XY is a phrase.
(2) If I�X�Y �= 0, then X and Y are independent.
(3) If I�X�Y � < 0, then X and Y almost not adjacent.
In this case, XY couldn’t be a phrase.

For example, judge whether “Cotton” could be a phrase,
according to statistics in the existing corpus, we can see:

P�Cotton and kapok�= 1�38×10−2

P�Flower�= 3�48×10−3

P�Cotton�= 5�88×10−3

Therefore, I�Cotton and kapok, Flowers� = 1�48 > 1 (1
is threshold),

“Cotton” is a phrase.
For the three continuous appearing words X, Y , Z,

just consider their common present frequency P�X�Y �Z�
when judge whether it could be a phrase. If P�X�Y �Z�
> � , then XYZ is a phrase.

The data in the agricultural dictionary updates contin-
uously with the increase of the text which is waiting for
word segmentation, but entries in this dictionary are the
basis. The paper put the words which meet the preinstall
conditions into the general dictionary, and take the words
which store in general dictionary as the only standard
for matching. Along with the increasing in the number
of text participle, more and more agricultural dictionary
words will be put into the general dictionary, which will
enrich the general dictionary and improve the participle
precision.

With the statistical method, words which meet condi-
tions can be put into the general dictionary form agri-
cultural dictionary. First, train the words, and put the
training results which are not included in the general dic-
tionary into agricultural dictionary; Then the system goes
into a self-learning statistical stage: after segmentation, if
agriculture dictionary already contains this word, then its
frequency plus one, otherwise it will be add into the agri-
culture dictionary as a new word. Each time the frequency
updated, the system will judge whether its value is more
than 200 (The result shows that words whose value is
greater than 200 are more than half, so set the words as
common agriculture word). If it is more than 200, the word
will be put into the general dictionary; otherwise it will
remain in the agriculture dictionary. Text statistics process
show in Figure 2.

Text after preprocessing

Positive scanning text

Statistic all of the
three words and

calculate frequency
information

……

Statistic all of the N
(max) words and

calculate frequency
information

Put these words into the
agriculture dictionary, and

obtain frequency

Judge whether frequency more than 200

Put the words into the general
dictionary, and delete the

words in agriculture dictionary

Do nothing

Y

N

Statistic all of the
two words and

calculate frequency
information

Fig. 2. Text statistics flow.
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Fig. 3. Intentions expressing for database.

2.1.2. Structure of Dictionary
The general dictionary is based on the modern Chinese
table (draft)6 which provided in words and frequency.
After finishing, more than 200,000 were chose as com-
monly words, and store them in My SQL database.

The designed tables of database are shown in Figure 3,
which includes Table Words and Table Poss. For example
the word “Cotton,” its code is 50327, frequency is 588.
If there is a word whose code is 75835, its speech tags
is v, speech code is 2, frequency is 452.

Considering the characteristics of the Chinese character
coding system, the paper designed a structure which has
three level index Hash table.7 It can find the position of
the words quickly by using the Hash.
(1) Index table of first word. The paper use offset method
to position words in index table, and define entrance
address is:

offset = �C1−16�×94+ �C2−1� (2)

In this formula, offset means position of Chinese character
in Hash table, C1 and C2 are area code and bit code.
(2) Index table of word length. Because the word length is
different, this paper uses the modified positive maximum
match algorithm as segmentation method. The words of
the same head are stored with descending order.
(3) Words. Dictionary storage structure of shown as
shown in Figure 4.

offset [3562] 5  203 ……

words

the maximum length
of the wordsThe first word

index address

The index
address of ' '

4

3

2

1

 215

 262

 588

 1384

……

……

……

……

Fig. 4. Dictionary storage structure.

2.2. Word Segmentation Module
Text preprocessing is prior to word segmentation. Pick out
the non-Chinese characters and form a collection of text.
By splitting and disposing words with ambiguous mean-
ings from this collection, a set of strings with segmentation
symbols can be obtained. After restoring the sentences,
the final results can be gotten by adding the non-Chinese
characters gotten from the preprocessing. This module
is mainly divided into preprocessing module, matching
words module and disambiguation module 3 parts.

Preprocessing module: Participle text pretreatment
means replacing the punctuation, English letters and Num-
bers of non-Chinese information with “/.”

Matching module: Based on the modified structure
of the dictionary, this paper also improved the positive
maximal matching algorithm,8 the matching process as
shown in Figure 5 shows.

Set the stay segmentation string Str = S1S2� � �Sn,
based on improved positive maximal matching method is
described below:
(1) Take out S1, searching through the Hash table, finding
the index of the word, and access to relevant data.
(2) If Lmax = 1, S1 is a single word, then segment it out.
Set Str= S2S3� � �Sn, continue to segmentation.
(3) If Lmax >1, set k = Lmax, Str1 = S1S2� � �Sk, searching
Str1 in the dictionary.

� If it success, get the segmentation word Stmp1 =
S1S2� � �Sk, then segment it out.

� If it failure, take out the string Str1� = Str1−Sk =
S1S2� � �Sk−1 to searching. If success, then cut into Stmp2
directly; If failure, take out the string Str1�� = Str1� −
Sk−1 = S1S2� � �Sk−2 to searching. Circulate until search suc-
cess so far.
(4) Take out the other string Str2 = Sk+1Sk+2� � �Sn, con-
tinue to segmentation according to this rules, until the
whole string all be segmented.

The advantage of this method lies in its dynamically select-
ing matching length which reduces unnecessary matching
times. For example, to match “two-spotted spider mite,”
take the maximum length of 5 at the head of “Cotton,” not
the whole of the words in the dictionary maximum length
of 7. And this method also prevents the omission of long

Sensor Letters 11, 1251–1255, 2013 1253
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Fig. 5. Improved maximum matching algorithm flow.

entry, improves the efficiency of the match. In addition, the
word length conditions are add to the process of match-
ing, so that entry information will all be sorted in the
order of decreasing the length of words, which matches the
reducing word algorithm of the positive maximal matching
algorithm and again improves the efficiency of the match.

Disambiguation module: This paper eliminates ambigu-
ities based on the statistical method,9�10 which means it
mainly depends on the frequency of all kinds of segmenta-
tion in reality. This paper chooses the result of the highest
frequency as the final result. The rules11 are as follows:
(1) In the ambiguity ABC whose chain length is 1, the
most common segmentation results are A/BC and AB/C,
so find out the frequency of A, BC, AB, C form the fre-
quency table. For example, “The region” could be seg-
mented to “The/Region” or “this locality/area.” Separately
calculate the value of freq(this)+freq(Region)and freq(this
locality)+ freq(area):
� If [freq(this)+ freq(region)] > [freq(this locality)+
freq(Area)], then result is “The/Region.”
� If [freq(this)+ freq(Region)] < [freq(this locality)+
freq(Area)], then result is “this locality/area.”

Through the statistics we can see that, freq(This) = 12,
freq(Region) = 132, freq(this locality) = 3, freq(Area) =
96. [freq(This)+ freq(Region)] > [freq(this locality)+
freq(Area)], so the result is “The/Region.”

(2) In the ambiguity ABCD whose chain length is 2, 98%
of the segmentation results is AB/CD. According to the
rule, the ambiguous segmentation is AB/CD.
(3) In the ambiguity ABCDE whose chain length is 3,
first segment it to ABC/DE, and then dispose ABC as the
ambiguity whose chain length is 1.

3. THE ANALYSIS OF EXPERIMENTAL
RESULTS

The evaluation of experimental results carry out in the
open set and uses the 3 basic evaluation parameters of the
SIGHAN12 corpus. The parameters are defined as follows:
(1) Precision rate (P ) = correct words number of the
segmentation result/words number of the segmentation
result∗100%.
(2) Recall rate (R)= correct words number of the segmen-
tation result/words number of the standard answer∗100%.
(3) F-measure= 2PR/�P +R�.

In this paper, the improved algorithm and the traditional
algorithm are compared openly on a lot of cotton field
knowledge text, the results are shown in Tables I and II
shows. This test corpus is of random, but do not include

Table I. The segmentation results between the improved algorithm and
traditional algorithm.

Segmentation
Words efficiency
segmentation Precision Recall F-measure (ten thousand
algorithm rate (%) rate (%) (%) words/minute)

The positive maximal
matching algorithm

85�46 84�23 84�84 6�5

Statistics algorithm 93�06 93�37 93�21 4�2
The improved
algorithm

97�31 97�76 97�53 7�2

Table II. The segmentation results between the improvement algorithm
and machinery matching method.

The results of the
positive maximal The results of the

Example matching algorithm improved algorithm

However, due to the
growing season too
long

However/due to/
growth/season/too
long

However/due
to/growing
season/too long

Using suspended
animation
characteristic of
PhytoscaPhus
gOsmpii Chao,
could artificially
trap, centralized
processing

Using/cotton/tip/
elephant/suspended
animation/
characteristic/could/
artificially/trap/hit/
centralized/processing

Using/PhytoscaPhus
gOsmpii
Chao/suspended
animation
characteristic/
could/artificially/trap/
centralized/processing

The disease mostly
occurs in the
cotton bolls bored
by ostrinia
nubilalis

The/disease/mostly/
occur/in/cotton/
bell/bore/eat/by/
corn/snout moth’s
larva

The/disease/mostly/
occur/in/cotton
bell/bore/by/ostrinia
nubilalis

1254 Sensor Letters 11, 1251–1255, 2013
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the training self-learning corpus before. From Tables I
and II, we can see, in the test of cotton field knowledge,
the accuracy of segmentation and recall rate are signifi-
cantly improved. After the statistical learning, the ability
of identifying unknown words of the improved algorithm
in cotton field of knowledge is significantly improved. The
experimental results show that the statistical module is an
indispensable part in the method. Although this method
which is less powerful than that of the special statistical
model on processing new and ambiguous words cannot
solve the problems of identifying unknown words in gen-
eral areas, the improvement method has strong practical
value as a word segmentation tool in the cotton field, com-
prehensively considering the word segmentation efficiency
and word segmentation accuracy.

4. CONCLUSION
This paper introduces a design of automatic word segmen-
tation method applied to agricultural knowledge. Through
the statistical learning on a lot of knowledge about cotton,
this method is used to calculate the cotton professional
terms of high frequency and add them to the match dic-
tionary, which increases the profession of the dictionary,
improves the segmentation accuracy, solves the problems
of a lot of unknown words, lays a solid foundation for the
following design of language conversion system applied
to the agricultural knowledge and reduces the operation
cost of call center. This method is based on the cotton
field knowledge, so there are a lot of statistics cotton
words. While this method can be used in other agricultural

knowledge fields as long as users change the statistic texts,
which will lead to corresponding changes of the frequency
information in the agricultural dictionary.
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a b s t r a c t

This paper theoretically analyzes the quality changes of aquatic products by the
temperature environments according to the types of temperature fluctuations. First the
temperature fluctuation is divided into three types of temperature environments for
discussion during the transportation in the aquatic cold chain, by which the temperature
model is put forward for each type. And then quality evaluation models are established
respectively for the three temperature fluctuating environments. Finally, experiments are
given, which show the effectiveness of the models.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

The quality assessment for aquatic products at processing and transportation can be established based on temperature
fluctuations. The aquatic quality change is associated with temperature fluctuations, and the quality decay is accumulated
and irreversible even in the appropriate environment [1]. The aquatic products in different degrees of quality decay are
associated with temperature fluctuations in the cold chain. The processes should be in the low-temperature conditions in
the cold chain logistics system. The temperature fluctuation at the stage of transportation in the chain is particularly intense,
which is difficult to control. Therefore, the analysis of the temperature fluctuation at transportation is the key to study the
quality change of the aquatic products. The temperature field analysis is able to describe the transportation environment by
collecting the temperature data from the sensors [2].

It is important to analyze the temperature and air-flow field inside the refrigerated containers, and to analyze the quality
change of the aquatic products to ameliorate the transportation environments. The air-flow and temperature field inside a
passenger compartment is studied for quality analysis [3]. The air temperature and air-flow are investigated to propose a
method to study the quality change evaluation for strawberry fruit [4]. The prediction model for the shelf-life of Trichiurus
haumela based on the temperature field is analyzed at different temperatures [5]. Freshness variation of crucian carp is
also studied by the air-flow field and temperature field during chilled storage [6]. Advances in the studies on fish freshness
determination are established according to temperature fluctuations and the temperature field analysis [7]. Changes of ATP-
related compounds contents and freshness evaluation of Pseudosciaena crocea meat can be studied with the temperature
fluctuations during iced storage in the cold chain [8]. Total volatile base nitrogen and its use to assess freshness in European
sea bass are analyzed by the temperature fluctuations which is stored in ice [9]. The histamine production and the freshness
of yellow fin tuna are researched by the temperature fluctuations at the stage of storage [10]. The freshness loss and
quality change models are proposed for the aquatic products in the cold chain based on the temperature environment and
fluctuations at the storage and transportation [11].

∗ Corresponding author.
E-mail addresses: yuejun509@gmail.com (J. Yue), zhanglx@cau.edu.cn (Z. Fu).

0895-7177/$ – see front matter© 2011 Elsevier Ltd. All rights reserved.
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Fig. 1. The continuous curve of temperature fluctuations.

2. Materials and methods

2.1. The quality evaluation models under different conditions of temperature fluctuations

The analysis of the quality of aquatic products can be classified with three types for discussion by the different
temperature fluctuations. And aquatic environment can be divided into three categories according to the temperature
fluctuations and temperature environment: constant temperature, continuous fluctuation and non-continuous fluctuations.

2.1.1. The quality change by constant temperature environment
In the case of constant temperature environment, the rate of quality decay is associated with the environment

temperature. In storage of the cold chain, the environment temperature is closed to be constant. Even in the optimum
temperature, the quality of aquatic products of decay is constantly, which is irreversible.

The quality change of aquatic products can be described by the following formula [12]:

A = A0 exp

−


kiθi



ln
A
A0

= −


kiθi

ki =
ln A/A0

θs

where A is the quality parameter, A0 is the initial quality. Ki is the Boltzmann constant at the time θi. θs is the overall reaction
time. This formula can be used for prolonged freezing and storage analysis with the constant temperature environment.
The quality parameter A can be used to calculate the cumulative quality change at the process of storage for a long
time.

2.1.2. The quality change by continuous fluctuating temperature environment
In contrast with the constant temperature environment, the environmental temperature fluctuations can be divided into

two cases: continuous fluctuations and non-continuous fluctuations. Continuous fluctuations in this case, the temperature
change is a gradual transition process, which shows the cyclical fluctuation, as shown in Fig. 1.

The temperature data is continuous that used to occur during the transport of the cold chain. As the interior air heat
exchange with the car outside the role, the interior temperature continues to increase over the time.When the temperature
rises to the upper limit line, the cooling system of the refrigerated truck is able to run automatically for cooling, then,
the temperature continues to go down. When the temperature is reduced to the lower limit line, the cooling system can
automatically shut down, and the temperature rises again. In thisway, the temperature is shownas a continuous fluctuations
curve with a cyclical pattern. The quality changes with the continuous temperature curve in the case of cyclical fluctuation
can be described as follows [13]:

ln
A
A0

= −
1
2

• kTmθT [Qa
10 + Q−a

10 ] = kTm • (θT )
2

a =


T + 10
T + T



where A is the quality parameter, A0 is the initial quality. kTm is the Boltzmann constant at the temperature Tm. T is the
environment temperature. T is the amplitude of temperature fluctuations. θT is a special case of θs. It is the cycle meaning
overall reaction time when temperature change over time. Q10 is the temperature coefficient. a is the temperature ratio.

The quality of aquatic products at the transportation in the cold chain can be analyzed and evaluated by this formula.
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Fig. 2. The non-continuous curve of temperature fluctuations.

2.1.3. The quality change by non-continuous fluctuating temperature environment
When the temperature fluctuating curve is shown as the non-continuous waveform like the digital signal, the quality

change presents different characteristics. The situation usually occurs with opening or closing the doors of refrigerated
trucks, refrigerators and freezers. When this condition occurs repeatedly, environment temperature is shown with a
discontinuous curve of temperature fluctuations, as Fig. 2.

In such temperature fluctuations, the quality evaluation of aquatic products can be described as follows [13]:

ln
A
A0

= 1 +
(T • b)2

22
+

(T • b)4

22 • 42
+

(T • b)6

22 • 42 • 62

A = A0 exp

−kTm • ln

A
A0

• θT



where A is the quality parameter, A0 is the initial quality. kTm is the Boltzmann constant at the temperature Tm. T is the
environment temperature. T is the amplitude of temperature fluctuations. θT is a special case of θs. It is the cycle meaning
overall reaction time when temperature change over time. b is the periodic function of temperature fluctuations.

The quality change evaluation can be analyzed by this formula for non-continuous temperature fluctuations, especially
at the opening and closing of the door of refrigerated containers, cold storages and freezers.

2.2. The transportation temperature model

In the transportation period of the cold chain, the temperature fluctuations dramatic for the heat exchange between the
internal air and the outside world. The quality changes of aquatic products are the most intense which is also difficult to
control. The location design of the temperature logs is needed to ensure the acquisition and transmission of the data for
analyzing the quality of aquatic products at transportation in the cold chain.

Aquatic products should be in a low-temperature environment during transport. The highest temperature is controlled
at about 5 °C, and the minimum temperature is set at −18 °C according to the general aquatic product transportation of
refrigerated containers system. As the performances of refrigerated trucks are different, refrigerated trucks’ cooling capacity
and efficiency are not the same. As the interaction between the internal air distribution and natural convection, the different
parts of the container temperature fluctuations also vary considerably. Therefore, a physical model should be established
for the temperature log design.

Take the size of 4000 mm × 1750 mm × 1500 mm as an example of the mechanical refrigeration container, which has
a finned-tube evaporator, as shown in Fig. 3. The exhaust with the size of 114.3 mm × 943 mm × 152.4 mm is set at the
back above the container.

In order to simulate the actual process of refrigerated trucks during the transportation, the quantity of goods, packaging
size and cargo space can be simplified for description, which has 16 boxes of goods as shown in Fig. 3.

2.3. The temperature field model

The key factor to the interior temperature field distribution is the airflow. In order to analyze the envelope air distribution,
the k − ε equation turbulence model [14,15] is used for calculation the temperature field.

δ(ρφ)

δt
+ div(ρUφ) = div(Γφgradφ) + Sφ

cρ
∂u
∂t

−


∂

∂t
(kux) +

∂

∂y


kuy


+

∂

∂z
(kuz)


= 0

ui,j+1 = (1 − 2β)ui,j + β(ui−1,j + ui+1,j) + kdq(ui,j)

where, u, v, w, T , K , ε are the variables. φ is the common variable. Γφ is the generalized diffusion coefficient. Sφ is the
generalized source term. β = C k

h2
, q(u) is cooling temperature function. c is the specific heat. ρ is the density. k, c and ρ are

constant for the uniform objects.
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Fig. 3. Physical model for the refrigerated container.

Table 1
Temperature data collected from six sensors.

Sensor no. 1 Sensor no. 2 Sensor no. 3 Sensor no. 4 Sensor no. 5 Sensor no. 6

−17.41 −16.84 −17.1 −16.88 −17.65 −16.66
−17.48 −17.03 −17.1 −17 −17.63 −16.69
−17.6 −17.21 −17.29 −17.06 −17.68 −16.81
−17.66 −17.28 −17.41 −17.19 −17.44 −16.88
−17.79 −17.4 −17.23 −17.25 −17.5 −16.94
−17.91 −17.53 −17.6 −17.31 −17.56 −17
−17.98 −17.53 −17.66 −17.38 −17.63 −17.06
−18.04 −17.65 −17.54 −17.5 −17.69 −17.19
−18.16 −17.71 −17.66 −17.56 −17.75 −17.25
−18.23 −17.71 −17.73 −17.63 −17.75 −17.31
−18.29 −17.84 −17.66 −17.69 −17.81 −17.31
−18.35 −17.96 −17.98 −17.69 −17.81 −17.44
−18.35 −17.96 −17.79 −17.69 −17.94 −17.44
−18.41 −18.15 −17.85 −17.75 −17.94 −17.5
−18.48 −18.15 −17.91 −17.81 −17.94 −17.56
−18.48 −18.21 −17.73 −17.81 −18 −17.63
−18.54 −18.28 −17.79 −17.81 −18.06 −17.63
−18.54 −18.28 −17.91 −17.81 −18.13 −17.69
−18.6 −18.34 −17.98 −17.88 −18.06 −17.69
−16.68 −18.15 −17.85 −17.88 −18.13 −17.69
−18.35 −18.03 −17.6 −17.75 −18 −17.56
−18.54 −18.09 −17.54 −17.69 −18 −17.63
−18.36 −18.09 −17.54 −17.69 −18.06 −17.69
−18.16 −17.96 −17.35 −17.63 −18.06 −17.69

3. Results and discussion

According to the physical refrigerated containermodel and temperature fieldmodel, the boundaries of temperature field
can be defined, and the coordinate system can also be established. Set X axis is the length of refrigerated container, and Y
axis is thewidth of the refrigerated container. The two-dimensional icon of the temperature fieldwith different colors can be
described by the temperature data collected from the sensors in the container, as shown in Fig. 4. And the three-dimensional
coordinates can also be established by the temperature data for the Z coordinate, as shown in Fig. 5.

Part of temperature data collected by the six sensors in the refrigerated container during the transportation is shown in
Table 1.

In the table, theminimum temperature of the ambient temperature is−18.6 °C, andmaximum temperature is−16.6 °C.
As can be seen from the figure, the temperature range is in the x coordinates (0,0.8) (in m), which is lower, and the

fluctuating range is from −18.6 °C to −18 °C. The temperature range is in the x coordinates (0.8, 2.4) (in m), and the
fluctuating range is from −18 °C to −17.6 °C. The temperature range is in the x coordinates (2.4, 2.9) (in m), and the
fluctuating range is from −17.6 °C to −17.4 °C. The temperature range is in the x coordinates (2.9, 4) (in m), and the
fluctuating range is from −17.4 °C to −16.6 °C.



246

ZNANSTVENI KOLOKVIJ SVEUČILIŠTA U RIJECI 2013 / 2014

478 J. Yue et al. / Mathematical and Computer Modelling 58 (2013) 474–479

Fig. 4. Surface temperature distribution.
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Fig. 5. Spatial temperature distribution.

Table 2
Quality evaluation models by the different temperature environments.

Temperature environment Stages in the cold chain Quality evaluation models

Constant temperature environment Storage, frozen, refrigerated A = A0 exp[−


kiθi]
Continuous fluctuating temperature environment Transportation, refrigeration ln A

A0
= −

1
2 • kTmθT [Qa

10 + Q−a
10 ] = kTm • (θT )

2

Non-continuous fluctuating temperature The opening and closing door of the
refrigeration house,

ln A
A0

= 1 +
(T•b)2

22
+

(T•b)4

22•42
+

(T•b)6

22•42•62

environment refrigerated trucks and freezers

4. Conclusions

The analysis of temperature field is consistent with the fluctuations of the actual temperature according to the data
collected by the sensors from the transportation. The sensor Nos. 1 and 2 showed lower temperature. The sensor Nos. 5 and
6 showed higher temperature data collected.

In summary, the quality evaluation of aquatic products can be analyzed by the quality models according to the different
temperature conditions. It can be studied by Table 2.

According to the data from aquatic products during the transportation combined with the quality evaluation model, the
quality change can be described as shown in Fig. 6. The quality of the aquatic products continued to decay with temperature
fluctuating in the transportation over the time of 20 h. And the quality changed from the initial quality (best quality) to a
quality of below 0.2.

The quality decay models are able to analyze the quality change among the stages in the aquatic cold chain, depending
on the temperature data collected from the sensors. Even in the appropriate temperature, the quality continues to decay,
and the quality change is inevitable. The analysis on the reasonable regulation of temperature is able to extend the shelf life
of the aquatic products.
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Fig. 6. Quality change during the transportation.
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SHIPS AND SEA STRUCTURES WITH A HYDRODYNAMIC PERSPECTIVE 

O. M. FALTINSEN  
Centre for Autonomous Marine Operations and Systems (AMOS),  

Department of Marine Technology, NTNU, NO-7491Trondheim, Norway 

There is a broad variety of ships and sea structures involved in transportation, oil and gas exploration and 
production, marine operations, recovery of oil-spill, renewable energy, infrastructure and aquaculture. 
Hydrodynamics by itself or in combination with structural mechanics and automatic control matters in design 
and operation. Ultra-deep and ultra-long structures with hydroelastic effects are parts of the scenarios. Oil and 
gas production moves into increasingly deeper water towards 3000m depth. Challenges for platforms in ultra-
deep water are complex current profiles acting through the whole water column, internal waves associated with 
vertical density variations, weights of risers and mooring system, complex installation and retrieval operations, 
low ambient temperature and large hydrostatic pressure. The fact that about 80% of oceans are deeper than 3km 
opens for challenging explorations, mappings and industrial developments in a long-term perspective. 
Submersible developments and ocean mining are part of the scenarios. Examples on ultra-long structures are 
seismic cables, floating airports and submerged floating bridges with a length up to about 4km intended for 
crossing fjords on the West Coast of Norway. Membrane structures involving strong hydroelastic coupling with 
internal and external flow have been proposed for fresh water transportation and fish farming.    

Climate change with melting of ice has opened the possibility of Northern sea routes. Twenty-five per cent 
of the remaining nondetected hydrocarbon resources might be in the Arctic. Critical ecological areas in remote 
and cold areas with darkness in the winter cause challenges for safe and environmentally friendly oil and gas 
exploitation and transport. Combined ice and wave loads, atmospheric icing and growlers (small fragments of 
ice) impacting and damaging ship hulls are examples on technical issues. 

The expected increase in world population requires more food. There is a large potential in increasing the 
marine food production. The total bio production measured in calories is equally divided between land and 
water. However, only about 2% of the food production used for human consumption comes from water. 
Increased aquaculture is therefore expected in the future. There is a trend of moving marine fish farms to more 
exposed areas. The fish farms will be subject to more energetic waves and stronger currents. Further, the 
dimensions of the fish farms are expected to increase and new designs will appear. The importance of marine 
technology will consequently increase. Damages and collapses of floating fish farms have led to escape of fish 
and thereby major economic losses. Damages can be caused by operational failures, breaking of mooring lines, 
anchor pull out or contacts between chains or ropes with the net. Escaped farmed salmon may bread with the 
wild salmon and lead to genetic pollution of the wild fish. Salmon lice is another concern. Multi-trophic 
aquaculture is used to deal with faeces and feed spills from fish net cages to give nutrients to, for instance, 
mussels and kelps. Feed availability is a critical factor for sustainable growth of aquaculture. Use of red feed in 
fish oil has been proposed, which requires design of fishing nets with very small openings.  

Current, wind and free-surface waves represent important ambient flow conditions. Earthquakes can cause 
subsea landslides and high-density turbidity flow with velocities up to 25m/s of concern for pipelines. Oceanic 
freak or rogue waves characterized by an unusually large ratio between maximum wave height and significant 
wave height, i. e. larger than two, have been measured (Dysthe et al. [1]). Internal waves were governing in the 
design of APL loading buoy at Lufeng, South China Sea. Since the characteristic time of the considered internal 
waves is 20 minutes, they act as a steady current with strong variations over a depth of about 300m. The 
maximum horizontal velocity is around 3m/s in a 100-year return period.  

Challenging marine operations with lowering and lifting of geometrically complex subsea structures through 
the splash zone are planned for the Aasgaard field in the North Sea in significant wave heights up to 4.5 meters. 
Non-functioning modules of a seabed gas compressor need to be replaced with minimum economic loss for the 
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gas production. Since the lowering/lifting velocity is small, both water entry (slamming) and exit happens due to 
the relative motion between the waves and the ship involved in the operation. 

Other examples on important ocean engineering problems are stationkeeping of floating structures in deep 
and shallow water by dynamic positioning (Sørensen [2]) and mooring systems, ringing (transient response of 
e.g. monotowers in survival wave conditions), green water on deck of FPSO units, wetdeck slamming and steep-
wave impact on offshore platforms in deep and shallow water with possible hydroelastic effects. Here FPSO 
stands for floating production storage and offloading. Resonant wave motion in a moonpool limits lowering and 
lifting operations of e.g. subsea modules or remotely operated underwater vehicles (ROVs) through the 
moonpool of a ship. Furthermore, viscous flows associated with Vortex Induced Vibrations (VIV) and Vortex 
Induced Motions (VIM) remain challenging problems. VIV can cause fatigue damage to, for instance, risers, 
pipelines and floating submerged tunnels while VIM is of concern in the mooring design of deep-draft floaters. 
Galloping, i.e. instable body motions can happen, for instance, for separated cross-flow past two circular 
cylinders in tandem. Reynolds number scaling of model tests with non-negligible viscous effects is not always 
properly recognized. However, if viscous pressure drag dominates and flow separation occurs from sharp 
corners, Reynolds number scaling is secondary.  

Renewable energy from waves, current and wind has continuing interest. Important issues are efficiency, 
survivability in extreme weather, site selection, energy cost and subsidies. Offshore wind turbines have presently 
large interest. Proposed structures are from a hydrodynamic point of view similar as for offshore platforms used 
in oil and gas exploration and production, i.e. monotowers, jackets, semisubmersibles, Spar buoys and tension 
leg platforms. Hydrodynamic studies involve marine installations, ship access and combined wave, current and 
aerodynamic load effects. 

There is continuing interest in what we can learn from aquatic animals to improve the hydrodynamic 
performance of ships such as drag reduction resulting in reduced CO2 emission. Further, can rudder design learn 
from that leading edge tubercles on the humpback whale flipper generate vortices, maintain lift, and prevent stall 
at high angles of attack? Environmental concerns have led IMO (International Maritime Organization) to 
introduce an energy-efficiency-design index in terms of grams of CO2 emission per nautical mile divided by 
deadweight tonnage that applies to oil tankers, bulk carriers, gas carriers, general cargo, container ships, 
refrigerated cargo and combination carriers. High-speed ships are presently not so popular due to e.g. fuel 
consumption and CO2 emission. There is a tendency that activities repeat themselves with a period of the order 
of 30-40 years, then, adopting new advances in enabling technologies taking advantages of e.g. new materials, 
hybrid power plants (batteries, gas, diesel, renewables, etc.), guidance, navigation  and motion control systems. 
Integrated design and analysis including hydrodynamics, structural mechanics and automatic control may open 
up for lighter and marginally dimensioned concepts.  The textbook by Faltinsen [3] describes the very different 
fluid mechanic aspects of semi-displacement vessels, planing vessels, air cushion and foil-supported vessels. 
Seakeeping and dynamic instabilities are important considerations. Further, cavitation limits the speed of 
existing commercial vessels and the far-field waves (wash) are of concern, in particular, for semi-displacement 
vessels in supercritical shallow-water conditions involving small far-field wave decay. 

Sloshing in LNG tanks, springing, and whipping as well as large-amplitude parametric roll of container 
vessels are examples on hot topics where ship hydrodynamics plays a dominant role. Springing of ships is wave-
excited resonant global hydroelastic vibrations that matters for the fatigue life of large bulk carriers and 
container ships. Whipping is slamming-induced transient global ship vibrations. Sloshing-induced slamming in 
prismatic LNG tanks is a particularly complicated slamming problem because many fluid mechanic and 
thermodynamic parameters as well as hydroelasticity may matter. Furthermore, violent sloshing causes 
complicated in-flow scenarios of slamming. The consequence is that both computational tools and model tests 
are limited. Other aspects of sloshing are discussed in Faltinsen and Timokha [4]. Offshore applications include 
oil-gas-separators on floating platforms with resonant internal waves on the oil-water interface. Perforated plates 
are introduced perpendicular to the flow direction to minimize sloshing and increase operational time. 

Replenishment operations in open sea are “the most dangerous naval operations in peacetime”. When one 
vessel approaches or leaves the other, large interacting, strongly time-dependent and alternating transverse 
forces, yaw moments and associated rudder angles happen. Xiang and Faltinsen [5] present a potential-flow 
method without lift to predict the calm-water interacting loads in open or restricted water for small and moderate 
Froude numbers. The method can consider several objects with different speeds and motion directions. 
Additional interacting mean wave loads can be analyzed by state-of-the-art numerical methods. A collision 
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between ships or between a ship and a stationary object is mainly a structural problem. When the collision 
happens, a hydrodynamic potential-flow problem with high-frequency free-surface condition represents a proper 
approximation. Linear time-dependent wave generation matters subsequently. If one ship penetrates the other 
ship, flooding of compartments may occur with possible excitation of sloshing and pumping (piston)-mode 
resonance similar as in a harbor. Collision and grounding can result in oil spills of major environmental concern 
and is often caused by machinery failure and navigational errors. However, hydrodynamic speed-dependent 
sinkage and trim of ships in supercritical, critical and supercritical shallow-water conditions can also cause 
grounding (Faltinsen [3]).  

The hydrodynamic toolbox contains approximate rational and empirical numerical methods, experiments 
and CFD. The weakly nonlinear potential-flow multimodal method for sloshing described in Faltinsen and 
Timokha [4] is an example on an approximate rational method. When viscous flow separation matters, 
Morison’s equation is a well-established empirical method in describing wave and current loads on small-
volume structures, which are transparent to incident waves, e.g. jackets. Empirical pressure drop models with 
quadratic relative velocity dependence in combination with potential flow are used to describe flow through 
perforated structures, e.g. screens, swash bulkheads, damping plates and cover-structures for subsea installations. 
A drawback is improper description of loading contributions from separated flow at the outer edges.  

There is a broad variety of CFD methods involving grid and particle methods (Faltinsen and Timokha, [4]). 
The governing equations may differ dependent on the application. However, Navier-Stokes methods for 
incompressible fluid with either laminar or turbulent flow assumptions are common in marine hydrodynamics. 
Laminar codes are sometimes used without recognizing the fact that vorticity flow away from boundary layers is 
easily turbulent. Either interface capturing methods (volume-of-fluid, level-set, color-functions) or interface 
tracking methods deal with free-surface conditions. The fact that interface-capturing methods introduce an 
artificial layer at the free surface is a potential cause of unphysical behavior. Some particle methods such as SPH 
often show unphysical spatial and temporal slamming pressure variations. CFD has a great advantage in flow 
visualization and in modeling complex configurations. However, verification and validation with error analysis 
is needed to ensure that the predicted flow is real. Verification involves benchmark testing, convergence studies 
and satisfaction of conservation of mass, momentum and energy. A small angle between an impacting free 
surface and a hull surface is challenging for a CFD code. The rapid change of the flow at the spray roots requires 
locally small cells/elements or many particles depending on which numerical method is used. Because potential-
flow effects of an incompressible liquid are dominant during slamming without gas cushions, the similarity 
solution results presented by Zhao and Faltinsen [6] for vertical water entry of semi-infinite rigid wedges 
represent benchmark data for CFD solvers at low deadrise angles. Dispersion errors and numerical damping can 
be important in a numerical wave tank and in predicting the far-field waves generated by ships and ocean 
structures. Validation includes comparison with model tests. However, the fact that experimental bias and 
precision errors exist is sometimes ignored. CFD has gained increased popularity, but the computational time 
limits the ability to obtain probability distributions of wave-induced loads and response in design sea states. 
Since some hydrodynamic problems still lack physical understanding, CFD can obviously not solve all 
problems. Further, other governing equations than the Navier-Stokes equations may apply. For instance, mud is a 
non-Newtonian fluid, i. e. Navier-Stokes equation do not apply to ship behavior in muddy areas in shallow water 
conditions with interfacial waves. 

When separated viscous flow is localized in space, domain decomposition with viscous flow and potential 
flow domains can significantly reduce computational time. An example is flow separation at a sharp-edged lower 
entrance of a moonpool that strongly affects the resonant wave amplitudes inside the moonpool. The facts that 
Kristiansen and Faltinsen [7] linearized the free-surface conditions and used the Finite Volume Method in the 
potential and viscous flow domains combined with that the pressure was unknown in both domains had a very 
beneficial effect on the computational speed for the moonpool problem. Greco et al. [8] studied green water on a 
ship deck by domain decomposition. The wave breaking, fragmentation, air entrainment and viscous flow 
associated with green water used a CFD solver while the flow outside the deck was approximated by linear 
potential flow. 
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Prof. Mauro Giacca received his Degree in Medicine from the Faculty of Medicine of the University of 
Trieste, Italy in 1984 and his PhD in Microbiology and Virology from the University of Genoa, Italy. From 
2000-2004, he has been Founder and Director of the Molecular Biology Laboratory of the Scuola Nor-
male Superiore in Pisa. Since 2004, he is Director of the Italian Component of the International Centre for 
Genetic Engineering and Biotechnology (ICGEB), Trieste, Italy, where he coordinates the activity of 16 
research groups, involving over 200 people from 29 different countries (www.icgeb.org). From recently he 
is the general Director of ICGEB. Since 2005 he is Full Professor of Molecular Biology at the Faculty of 
Medicine of the University of Trieste. His current research interests focus on two major topics in the field of 
Molecular Medicine. The first project concerns the development of viral vectors for human gene therapy, 
with special emphasis on vectors based on the adeno-associated virus (AAV) and their application for 
gene therapy of cardiovascular disorders. The ultimate purpose of these studies is the induction of new 
blood vessel formation and cardiac regeneration in patients with myocardial infarction or heart failure. 
The second project concerns several aspects of the molecular biology of HIV-1 infection with particular 
reference to the study of the interactions of some viral proteins (Tat, integrase) with cellular factors. 

His research activity is funded through grants from various public and private bodies, including the Eu-
ropean Research Council (ERC Advanced Investigator Grants), the Italian Ministry for Education and 
Research, the World Antidoping Agency (WADA), Montreal, Canada, the Italian Association for Cancer 
Research (AIRC), the Telethon foundation Italy, among others. 

Over the last several years, he has reviewed scientific manuscripts for over 30 peer reviewed internation-
al journals in the fields of gene therapy, cardiovascular disorders and HIV infection, and grant applications 
in the context of calls from the European Commission and various granting bodies in Italy, France, UK, 
Slovenia, The Netherlands and Spain. 

He has published over 230 papers in peer-reviewed international journals. Over the last few years, he 
has been invited to present his research activity at over 100 seminars in Universities and Research Insti-
tutions in the United States, Europe, Japan and Australia. 
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TEMA PREDAVANJA / TOPIC OF LECTURE:

NOVI GENI ZA STARA SRCA
 
NEW GENES FOR OLD HEARTS 

SAŽETAK PREDAVANJA / PRESENTATION ABSTRACT:

Currently, 15 million people every year are diagnosed of heart failure worldwide, mostly as a consequence 
of myocardial infarction or ischemic cardiomyopathy. Half of these patients are no longer alive after only 5 
years from diagnosis. A vast part of this problems stems from the aging of the population, the incapacity 
of the heart to regenerate once damaged and the lack of novel drugs in the last 20 years. To find novel 
biological therapeutics for myocardial infarction and heart failure, we are following two complementary 
approaches. The first one exploits the capacity of viral vectors based on the Adeno-Associated Virus 
(AAV) to transduce myocardial cells in vivo with high efficiency and to promote the expression of their 
transgenes for prolonged periods of time. Using these vectors, we have undertaken an exhaustive ap-
proach to select factors exerting beneficial effect upon myocardial damage by the construction of library 
of AAV vectors delivering the mouse secretome (1500+ mouse secreted proteins). A second approach 
entails high throughput screening of microRNAs promoting primary cardiomyocytes proliferation. Out of 
a library consisting of 1000+ human microRNAs, we identified a few microRNAs with outstanding activity 
in promoting expansion of cardiomyocytes in cell culture, massive cardiac hyperplasty in the neonate and 
remarkable improvement of cardiac function after infarction in the adult heart.
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RIJEKA   Novi
tip genske
terapije u
liječenju
kardiovaskularnih
bolesti koji
razvija
Međunarodni
centar za
genetski
inženjering i
biotehnologiju u
Trstu predstavio
je jučer u
riječkom
Kampusu direktor
ovog centra prof.
dr. Mauro
Giacca.

Tršćanski centar istražuje lijek koji bi se mogao primijeniti kod osoba nakon preživljenog srčanog udara
kada dolazi do znantnog oštećenja tkiva samog organa i smanjivanja njegove funkcije. Novi biološki lijek
trebao bi se temeljiti na maloj nukleinskoj kiselini koja bi se injektirala u srce i omogućila njegovu
regeneraciju.

– Naši su laboratoriji usmjereni na jedan od trenutačno najvećih svjetskih javnozdravstvenih problema, a
to su kardiovaskularne bolesti. Naime, trenutno jedna od tri osobe u svijetu umire od kardiovaskularnih
bolesti. Glavni problem kod ovih bolesti jest kako kod osobe koja je preživjela infarkt i ima vidljive
posljedice na tkivu i funkciji srca, regenerirati oštećene organe i vratiti bolju funkciju srca. Zbog
posljedica preživljenog srčanog udara i zatajenja srca godišnje u svijetu umire 15 milijuna ljudi, a šanse
za petogodišnje preživljavanje kod takvih pacijenta su pedeset posto, objašnjava Giacca.

HIV virus pogubniji od ebole

Polje znanstvenog interesa prof. dr. Maura Giacce uključuje i HIV virus za kojeg kaže da je dugoročno

GENETSKI INŽENJERING

21. listopada 2014 07:50

Napisao: Barbara Čalušić

Tršćanski centar istražuje lijek koji bi se mogao primijeniti kod osoba nakon preživljenog srčanog udara kada dolazi do znantnog
oštećenja tkiva organa

Ispis članka: Riječki znanstvenici sudjeluju u razvoju biološkog lijeka z... http://www.novilist.hr/layout/set/print/Zivot-i-stil/Zdravlje-ljepota/Zdr...

1 of 2 7.11.2014 11:05

PRILOG



258

ZNANSTVENI KOLOKVIJ SVEUČILIŠTA U RIJECI 2013 / 2014

gledano, vjerojatno i dalje pogubnije od ebole.
– Jako sam optimističan po pitanju cjepiva protiv ebole koje se trenutno razvija, a temelji se na
modificiranom virusu čimpanzi. Kladio bih se da će to cjepivo biti uspješno, no problem je hoćemo li u
tako kratkom vremenu uspjeti proizvesti dovoljno cjepiva i distrubuirati ga na vrijeme. HIV će s druge
strane ostati prisutan jer za razliku od ebole, osim što nemamo cjepivo protiv HIV-a, nemamo ni ideje
kako ga napraviti. Kod ebole od virusa umrete ili preživite. Ako preživite u potpunosti ste osolobođeni od
virusa i imuni na njega. Kod HIV-a to nije slučaj, jednom kad se čovjek inficira tim virusom ostaje njime
zaražen do kraja života. HIV će ostati velik problem, posebice u Africi, smatra Giacca.

Ističe da su njihova istraživanja na malim životinjama dala vrlo obećavajuće rezultate zbog kojih vjeruje
da istraživanje primjene novih molekula koje se nazivaju mikroRNK u liječenju bolesti ima realan cilj.
Naime, neke od mikroRNK stanica sudjeluju u stvaranju  stanica srca tijekom embrionalnog razvoja, a
kako tvrdi Giacca, kad se primjene na srčani mišić nakon infarkta pomožu u njegovoj regeneraciji.

– Jedan od misterija biologije jest svakako i pitanje zašto se srce ne regenerira tijekom života dok je
njegova regeneracija tijekom embrionalnog razvoja i ranog neonatalnog razdoblja uobičajena. Ako u
prvom tjednu nakon rođenja kod sisavaca dođe do infarkta, srce je u potpunosti nakon toga
regenerirano. Ali ako se čeka više od tjedna, to se ne dešava, dodao je Giacca.

U laboratorijima Međunarodnog centra za genetski inženjering i biotehnologiju uskoro bi trebala krenuti
istraživanja na većim životinjama, i to na modelu svinje čije je srce slično ljudskom. Giacca smatra da bi
regeneriranje srca svinje mogao biti puno teži zadatak, no ako istraživanje na modelu svinjskog srca
bude uspješno, vremenski okvir do početka kliničkih studija ove terapije procjenjuje na dvije do tri godine.

Tršćanski centar započeo je suradnju s Odjelom biotehnologije Sveučilišta u Rijeci gdje dr. Miranda
Mladinić Pejatović razvija model oposuma na kojem bi se također trebalo testirati ovu terapiju budući da
ovaj tobolčar svoj fetalni razvoj završava tek nakon rođenja.

 Međunarodni centar za genetski inženjering i biotehnologiju osnovan je prije 25 godina uz podršku UN-a.
Trenutno ima podršku 64 zemlje među kojima je i Hrvatska. Sjedište mu je u Trstu dok se njegovi veliki
laboratoriji u New Delhiju u Indiji i u Cape Townu u Južnoafričkoj Republici.

Članak je objavljen na: http://novilist.hr/Zivot-i-stil/Zdravlje-ljepota/Zdravlje/Rijecki-znanstvenici-sudjeluju-u-razvoju-bioloskog-
lijeka-za-regeneraciju-srca
Copyright © 2009 Novilist.hr. Sva prava pridržana.
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KRATKI ŽIVOTOPIS PREDAVAČA / SHORT CURRICULUM VITAE:

Dr. Per Runeson is a professor in software engineering at the Department of Computer Science, Lund 
University, Sweden, and is the academic leader of the Software Engineering Research Group since 2001 
and head of department since 2014. He received a PhD from Lund University in 1998 under supervision 
of Prof. Claes Wohlin, and an MSc in Computer Science and Engineering from the same university in 
1991. He has five years of industrial experience as a consulting expert in software engineering at Q-Labs, 
Sweden. 

Prof. Runeson’s research interests concern methods and processes for software development, with a 
certain interest for software testing. The research is directed towards development and evaluation of 
efficient and effective methods to facilitate and measure software quality. The research has a strong 
empirical focus, involving surveys, case studies and experiment conducted in close cooperation with 
industry partners. 

Prof. Runeson has published more than 130 refereed papers in international journals, conferences and 
workshops, bringing a 4th rank worldwide in JSS ranking of systems and software engineering research 
scholars, based on publication records 2003-2007. He is the prime author of a book on case study re-
search in software engineering (Wiley, 2012) and continues to contribute to the methodological develop-
ment of the field. 

TEMA PREDAVANJA / TOPIC OF LECTURE:

ISTRAŽIVANJE METODOM STUDIJE SLUČAJA U PROGRAMSKOM INŽENJERSTVU 

CASE STUDY RESEARCH IN SOFTWARE ENGINEERING 
 
 
SAŽETAK PREDAVANJA / PRESENTATION ABSTRACT:

The term “case study” appears every now and then in the title of software engineering research papers. 
However, the presented studies range from very ambitious and well organized studies in the field, to small 
toy examples that claim to be case studies. 
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Case studies are conducted in several fields of research, e.g. social science, political science, and eco-
nomics. They focus on phenomena in their context, especially when the boundary between the phenom-
enon and its context is unclear. This is particularly true in software engineering, where the interaction 
between technical, organizational and ’people’ issue are impossible to separate, and hence case study is 
feasible research method in software engineering.
This presentation aims to clarify what constitutes a case study that fulfils scientific criteria of good re-
search, and how it can be applied to software engineering research. It gives an overview of available 
practical guidelines for case study research in software engineering, based on experience from con-
ducting such studies. Those wanting to prepare for the lecture may read the following paper: Runeson, 
P., Höst, M.: Guidelines for Conducting and Reporting Case Study Research in Software Engineering. 
Empirical Software Engineering 14(2), 131–164 (2009) http://dx.doi.org/10.1007/s10664-008-9102-8
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Guidelines for conducting and reporting case study
research in software engineering

Per Runeson & Martin Höst

Published online: 19 December 2008
# The Author(s) 2008. This article is published with open access at Springerlink.com
Editor: Dag Sjoberg

Abstract Case study is a suitable research methodology for software engineering research
since it studies contemporary phenomena in its natural context. However, the understanding
of what constitutes a case study varies, and hence the quality of the resulting studies. This
paper aims at providing an introduction to case study methodology and guidelines for
researchers conducting case studies and readers studying reports of such studies. The
content is based on the authors’ own experience from conducting and reading case studies.
The terminology and guidelines are compiled from different methodology handbooks in
other research domains, in particular social science and information systems, and adapted to
the needs in software engineering. We present recommended practices for software
engineering case studies as well as empirically derived and evaluated checklists for
researchers and readers of case study research.

Keywords Case study . Research methodology . Checklists . Guidelines

1 Introduction

The acceptance of empirical studies in software engineering and their contributions to
increasing knowledge is continuously growing. The analytical research paradigm is not
sufficient for investigating complex real life issues, involving humans and their interactions
with technology. However, the overall share of empirical studies is negligibly small in
computer science research; Sjøberg et al. (2005), found 103 experiments in 5,453 articles
Ramesh et al. (2004) and identified less than 2% experiments with human subjects, and
only 0.16% field studies among 628 articles. Further, existing work on empirical research

Empir Software Eng (2009) 14:131–164
DOI 10.1007/s10664-008-9102-8
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methodology in software engineering has a strong focus on experimental research; the
earliest by Moher and Schneider (1981), Basili et al. (1986), the first methodology
handbook by Wohlin et al. (2000), and promoted by Tichy (1998). All have a tendency
towards quantitative approaches, although also qualitative approaches are discussed during
the later years, e.g. by Seaman (1999). There exist guidelines for experiments’ conduct
(Kitchenham et al. 2002; Wohlin et al. 2000) and reporting (Jedlitschka and Pfahl 2005),
measurements (Basili and Weiss 1984; Fenton and Pfleeger 1996; van Solingen and
Berghout 1999), and systematic reviews (Kitchenham 2007), while only little is written on
case studies in software engineering (Höst and Runeson 2007; Kitchenham et al. 1995;
Wohlin et al. 2003) and qualitative methods (Dittrich 2007; Seaman 1999; Sim et al. 2001).
Recently, a comprehensive view of empirical research issues for software engineering has
been presented, edited by Shull et al. (2008).

The term “case study” appears every now and then in the title of software engineering
research papers. However, the presented studies range from very ambitious and well
organized studies in the field, to small toy examples that claim to be case studies.
Additionally, there are different taxonomies used to classify research. The term case study is
used in parallel with terms like field study and observational study, each focusing on a
particular aspect of the research methodology. For example, Lethbridge et al. use field
studies as the most general term (Lethbridge et al. 2005), while Easterbrook et al. (2008)
call case studies one of five “classes of research methods”. Zelkowitz and Wallace propose
a terminology that is somewhat different from what is used in other fields, and categorize
project monitoring, case study and field study as observational methods (Zelkowitz and
Wallace 1998). This plethora of terms causes confusion and problems when trying to
aggregate multiple empirical studies.

The case study methodology is well suited for many kinds of software engineering
research, as the objects of study are contemporary phenomena, which are hard to study in
isolation. Case studies do not generate the same results on e.g. causal relationships as
controlled experiments do, but they provide deeper understanding of the phenomena under
study. As they are different from analytical and controlled empirical studies, case studies
have been criticized for being of less value, impossible to generalize from, being biased by
researchers etc. This critique can be met by applying proper research methodology practices
as well as reconsidering that knowledge is more than statistical significance (Flyvbjerg
2007; Lee 1989). However, the research community has to learn more about the case study
methodology in order to review and judge it properly.

Case study methodology handbooks are superfluously available in e.g. social sciences
(Robson 2002; Stake 1995; Yin 2003) which literature also has been used in software
engineering. In the field of information systems (IS) research, the case study methodology
is also much more mature than in software engineering. For example, Benbasat et al.
provide a brief overview of case study research in information systems (Benbasat et al.
1987), Lee analyzes case studies from a positivistic perspective (Lee 1989) and Klein and
Myers do the same from an interpretive perspective (Klein and Myers 1999).

It is relevant to raise the question: what is specific for software engineering that
motivates specialized research methodology? In addition to the specifics of the examples,
the characteristics of software engineering objects of study are different from social science
and also to some extent from information systems. The study objects are 1) private
corporations or units of public agencies developing software rather than public agencies or
private corporations using software systems; 2) project oriented rather than line or function
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oriented; and 3) the studied work is advanced engineering work conducted by highly
educated people rather than routine work. Additionally, the software engineering research
community has a pragmatic and result-oriented view on research methodology, rather than a
philosophical stand, as noticed by Seaman (1999).

The purpose of this paper is to provide guidance for the researcher conducting case
studies, for reviewers of case study manuscripts and for readers of case study papers. It is
synthesized from general methodology handbooks, mainly from the social science field, as
well as literature from the information systems field, and adapted to software engineering
needs. Existing literature on software engineering case studies is of course included as well.
The underlying analysis is done by structuring the information according to a general case
study research process (presented in Section 2.4). Where different recommendations or
terms appear, the ones considered most suited for the software engineering domain are
selected, based on the authors’ experience on conducting case studies and reading case
study reports. Links to data sources are given by regular references. Specifically, checklists
for researchers and readers are derived through a systematic analysis of existing checklists
(Höst and Runeson 2007), and later evaluated by PhD students as well as by members of
the International Software Engineering Research Network and updated accordingly.

This paper does not provide absolute statements for what is considered a “good” case
study in software engineering. Rather it focuses on a set of issues that all contribute to the
quality of the research. The minimum requirement for each issue must be judged in its
context, and will most probably evolve over time. This is similar to the principles by Klein
and Myers for IS case studies (Klein and Myers 1999), “it is incumbent upon authors,
reviewers, and exercise their judgment and discretion in deciding whether, how and which
of the principles should be applied”. We do neither assess the current status of case study
research in software engineering. This is worth a study on its own, similar to the systematic
review on experiments by Sjøberg et al. (2005). Further, examples are used both to illustrate
good practices and lack thereof.

This paper is outlined as follows. We first define a set of terms in the field of
empirical research, which we use throughout the paper (Section 2.1), set case study
research into the context of other research methodologies (Section 2.2) and discuss the
motivations for software engineering case studies (Section 2.3). We define a case study
research process (Section 2.4) and terminology (Section 2.5), which are used for the rest
of the paper. Section 3 discusses the design of a case study and planning for data collection.
Section 4 describes the process of data collection. In Section 5 issues on data analysis are
treated, and reporting is discussed in Section 6. Section 7 discusses reading and reviewing
case study report, and Section 8 summarizes the paper. Checklists for conducting and reading
case study research are linked to each step in the case study process, and summarized in the
Appendix.

Throughout the paper, we use three different case study examples to illustrate the methods. The examples are
selected from the authors’ publications, representing a variety of approaches within case study research.
They illustrate solutions or identify problems in case study research, i.e. are not always compliant with the
guidelines in this paper. The examples are presented in a format like this and they are denoted study XP, RE
and QA after their research area on agile methods (extreme programming), requirements engineering
and quality assurance, respectively. More information about the studies can be found in the original
publications (Karlström and Runeson 2005; 2006) (XP), (Regnell et al. 2001) (RE), and (Andersson and
Runeson 2007a, b) (QA).
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2 Background and Definition of Concepts

2.1 Research Methodology

In order to set the scope for the type of empirical studies we address in this paper, we put
case studies into the context of other research methodologies and refer to general definitions
of the term case study according to Robson (2002), Yin (2003) and Benbasat et al. (1987)
respectively.

The three definitions agree on that case study is an empirical method aimed at
investigating contemporary phenomena in their context. Robson calls it a research strategy
and stresses the use of multiple sources of evidence, Yin denotes it an inquiry and remarks
that the boundary between the phenomenon and its context may be unclear, while Benbasat
et al. make the definitions somewhat more specific, mentioning information gathering from
few entities (people, groups, organizations), and the lack of experimental control.

There are three other major research methodologies which are related to case studies:

& Survey, which is the “collection of standardized information from a specific population,
or some sample from one, usually, but not necessarily by means of a questionnaire or
interview” (Robson 2002).

& Experiment, or controlled experiment, which is characterized by “measuring the effects
of manipulating one variable on another variable” (Robson 2002) and that “subjects are
assigned to treatments by random.”(Wohlin et al. 2000). Quasi-experiments are similar
to controlled experiments, except that subjects are not randomly assigned to treatments.
Quasi-experiments conducted in an industry setting may have many characteristics in
common with case studies.

& Action research, with its purpose to “influence or change some aspect of whatever
is the focus of the research” (Robson 2002), is closely related to case study. More
strictly, a case study is purely observational while action research is focused on and
involved in the change process. In software process improvement (Dittrich et al. 2008;
Iversen et al. 2004) and technology transfer studies (Gorschek et al. 2006), the
research method should be characterized as action research. However, when studying
the effects of a change, e.g. in pre- and post-event studies, we classify the
methodology as case study. In IS, where action research is widely used, there is a
discussion on finding the balance between action and research, see e.g. (Avison et al.
2001; Baskerville and Wood-Harper 1996). For the research part of action research,
these guidelines apply as well.

Easterbrook et al. (2008) also count ethnographic studies among the major research
methodologies. We prefer to consider ethnographic studies as a specialized type of case
studies with focus on cultural practices (Easterbrook et al. 2008) or long duration studies
with large amounts of participant-observer data (Klein and Myers 1999). Zelkowitz and
Wallace define four different “observational methods” in software engineering (Zelkowitz
and Wallace 1998); project monitoring, case study, assertion and field study. Our guidelines
apply to all these, except assertion which is not considered a proper research method. In
general, the borderline between the types of study is not always distinct. We prefer to see
project monitoring as a part of a case study and field studies as multiple case studies.
Robson summarizes his view, which seems functional in software engineering as well:
“Many flexible design studies, although not explicitly labeled as such, can be usefully
viewed as case studies.” (Robson 2002) p 185.
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Finally, a case study may contain elements of other research methods, e.g. a survey may
be conducted within a case study, literature search often precede a case study and archival
analyses may be a part of its data collection. Ethnographic methods, like interviews and
observations are mostly used for data collection in case studies.

2.2 Characteristics of Research Methodologies

Different research methodologies serve different purposes; one type of research
methodology does not fit all purposes. We distinguish between four types of purposes for
research based on Robson’s (2002) classification:

& Exploratory—finding out what is happening, seeking new insights and generating ideas
and hypotheses for new research.

& Descriptive—portraying a situation or phenomenon.
& Explanatory—seeking an explanation of a situation or a problem, mostly but not

necessary in the form of a causal relationship.1

& Improving—trying to improve a certain aspect of the studied phenomenon.2

Case study methodology was originally used primarily for exploratory purposes, and
some researchers still limit case studies for this purpose, as discussed by Flyvbjerg (2007).
However, it is also used for descriptive purposes, if the generality of the situation or
phenomenon is of secondary importance. Case studies may be used for explanatory
purposes, e.g. in interrupted time series design (pre- and post-event studies) although the
isolation of factors may be a problem. This involves testing of existing theories in
confirmatory studies. Finally, as indicated above, case studies in the software engineering
discipline often take an improvement approach, similar to action research; see e.g. the QA
study (Andersson and Runeson 2007b).

Klein and Myers define three types of case study depending on the research perspective,
positivist, critical and interpretive (Klein and Myers 1999). A positivist case study searches
evidence for formal propositions, measures variables, tests hypotheses and draws inferences
from a sample to a stated population, i.e. is close to the natural science research model (Lee
1989) and related to Robson’s explanatory category. A critical case study aims at social
critique and at being emancipatory, i.e. identifying different forms of social, cultural and
political domination that may hinder human ability. Improving case studies may have a
character of being critical. An interpretive case study attempts to understand phenomena
through the participants’ interpretation of their context, which is similar to Robson’s
exploratory and descriptive types. Software engineering case studies tend to lean towards a
positivist perspective, especially for explanatory type studies.

Conducting research on real world issues implies a trade-off between level of control
and degree of realism. The realistic situation is often complex and non-deterministic, which
hinders the understanding of what is happening, especially for studies with explanatory
purposes. On the other hand, increasing the control reduces the degree of realism,
sometimes leading to the real influential factors being set outside the scope of the study.

1 Easterbrook et al. distinguish between exploratory and confirmatory case studies. We interpret Robson’s
explanatory category being closely related to Easterbrook’s confirmatory category.
2 Robson denotes this category “emancipatory” in the social science context, while improvement is our
adaptation to an engineering context.
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Case studies are by definition conducted in real world settings, and thus have a high degree
of realism, mostly at the expense of the level of control.

The data collected in an empirical study may be quantitative or qualitative. Quantitative
data involves numbers and classes, while qualitative data involves words, descriptions,
pictures, diagrams etc. Quantitative data is analyzed using statistics, while qualitative data is
analyzed using categorization and sorting. Case studies tend mostly to be based on qualitative
data, as these provide a richer and deeper description. However, a combination of qualitative
and quantitative data often provides better understanding of the studied phenomenon
(Seaman 1999), i.e. what is sometimes called “mixed methods” (Robson 2002).

The research process may be characterized as fixed or flexible according to Anastas and
MacDonald (1994) and Robson (2002). In a fixed design process, all parameters are defined at
the launch of the study, while in a flexible design process key parameters of the study may be
changed during the course of the study. Case studies are typically flexible design studies, while
experiments and surveys are fixed design studies. Other literature use the terms quantitative
and qualitative design studies, for fixed and flexible design studies respectively. We prefer to
adhere to the fixed/flexible terminology since it reduces the risk for confusion that a study with
qualitative design may collect both qualitative and quantitative data. Otherwise it may be
unclear whether the term qualitative refers to the data or the design of the study,

Triangulation is important to increase the precision of empirical research. Triangulation
means taking different angles towards the studied object and thus providing a broader
picture. The need for triangulation is obvious when relying primarily on qualitative data,
which is broader and richer, but less precise than quantitative data. However, it is relevant
also for quantitative data, e.g. to compensate for measurement or modeling errors. Four
different types of triangulation may be applied (Stake 1995):

& Data (source) triangulation—using more than one data source or collecting the same
data at different occasions.

& Observer triangulation—using more than one observer in the study.
& Methodological triangulation—combining different types of data collection methods,

e.g. qualitative and quantitative methods.
& Theory triangulation—using alternative theories or viewpoints.

Table 1 shows an overview of the primary characteristics of the above discussed research
methodologies

Yin adds specifically to the characteristics of a case study that it (Yin 2003):

& “copes with the technically distinctive situation in which there will be many more
variables than data points, and as one result

& relies on multiple sources of evidence, with data needing to converge in a triangulating
fashion, and as another result

& benefits from the prior development of theoretical propositions to guide data collection
and analysis.”

Table 1 Overview of research methodology characteristics

Methodology Primary objective Primary data Design

Survey Descriptive Quantitative Fixed
Case study Exploratory Qualitative Flexible
Experiment Explanatory Quantitative Fixed
Action research Improving Qualitative Flexible
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Hence, a case study will never provide conclusions with statistical significance. On the
contrary, many different kinds of evidence, figures, statements, documents, are linked
together to support a strong and relevant conclusion.

Perry et al. define similar criteria for a case study (Perry et al. 2005). It is expected that a
case study:

& “Has research questions set out from the beginning of the study
& Data is collected in a planned and consistent manner
& Inferences are made from the data to answer the research question
& Explores a phenomenon, or produces an explanation, description, or causal analysis of it
& Threats to validity are addressed in a systematic way.”

In summary, the key characteristics of a case study are that 1) it is of flexible type, coping with
the complex and dynamic characteristics of real world phenomena, like software engineering, 2)
its conclusions are based on a clear chain of evidence, whether qualitative or quantitative,
collected from multiple sources in a planned and consistent manner, and 3) it adds to existing
knowledge by being based on previously established theory, if such exist, or by building theory.

2.3 Why Case Studies in Software Engineering?

Case studies are commonly used in areas like psychology, sociology, political science,
social work, business, and community planning (e.g. Yin 2003). In these areas case studies
are conducted with objectives to increase knowledge about individuals, groups, and
organizations, and about social, political, and related phenomena. It is therefore reasonable
to compare the area of software engineering to those areas where case study research is
common, and to compare the research objectives in software engineering to the objectives
of case study research in other areas.

The area of software engineering involves development, operation, and maintenance of
software and related artifacts, e.g. (Jedlitschka and Pfahl 2005). Research on software
engineering is to a large extent aimed at investigating how this development, operation, and
maintenance are conducted by software engineers and other stakeholders under different
conditions. Software development is carried out by individuals, groups and organizations,
and social and political questions are of importance for this development. That is, software
engineering is a multidisciplinary area involving areas where case studies normally are
conducted. This means that many research questions in software engineering are suitable
for case study research.

The definition of case study in Section 2.1 focuses on studying phenomena in their
context, especially when the boundary between the phenomenon and its context is unclear.
This is particularly true in software engineering. Experimentation in software engineering has
clearly shown, e.g. when trying to replicate studies, that there are many factors impacting on
the outcome of a software engineering activity (Shull et al. 2002). Case studies offer an
approach which does not need a strict boundary between the studied object and its
environment; perhaps the key to understanding is in the interaction between the two?

2.4 Case Study Research Process

When conducting a case study, there are five major process steps to be walked through:

1. Case study design: objectives are defined and the case study is planned.
2. Preparation for data collection: procedures and protocols for data collection are defined.
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3. Collecting evidence: execution with data collection on the studied case.
4. Analysis of collected data
5. Reporting

This process is almost the same for any kind of empirical study; compare e.g. to the
processes proposed by Wohlin et al. (2000) and Kitchenham et al. (2002). However, as case
study methodology is a flexible design strategy, there is a significant amount of iteration
over the steps (Andersson and Runeson 2007b). The data collection and analysis may be
conducted incrementally. If insufficient data is collected for the analysis, more data
collection may be planned etc. However, there is a limit to the flexibility; the case study
should have specific objectives set out from the beginning. If the objectives change, it is a
new case study rather than a change to the existing one, though this is a matter of judgment
as all other classifications. Eisenhardt adds two steps between 4 and 5 above in her process
for building theories from case study research (Eisenhardt 1989) a) shaping hypotheses and
b) enfolding literature, while the rest except for terminological variations are the same as
above.

2.5 Definitions

In this paper, we use the following terminology. The overall objective is a statement of what
is expected to be achieved in the case study. Others may use goals, aims or purposes as
synonyms or hyponyms for objective. The objective is refined into a set of research
questions, which are to be answered through the case study analysis. A case may be based
on a software engineering theory. It is beyond the scope of this article to discuss in detail
what is meant by a theory. However, Sjøberg et al., describe a framework for theories
including constructs of interest, relations between constructs, explanations to the relations,
and scope of the theory (Sjøberg et al. 2008). With this way of describing theories, software
engineering theories include at least one construct from software engineering. A research
question may be related to a hypothesis (sometimes called a proposition (Yin 2003)), i.e. a
supposed explanation for an aspect of the phenomenon under study. Hypotheses may
alternatively be generated from the case study for further research. The case is referred to as
the object of the study (e.g. a project), and it contains one or more units of analysis (e.g.
subprojects). Data is collected from the subjects of the study, i.e. those providing the
information. Data may be quantitative (numbers, measurements) or qualitative (words,
descriptions). A case study protocol defines the detailed procedures for collection and
analysis of the raw data, sometimes called field procedures.

The guidelines for conducting case studies presented below are organized according to
this process. Section 3 is about setting up goals for the case study and preparing for data
collection, Section 4 discusses collection of data, Section 5 discusses data analysis and
Section 6 provides some guidelines for reporting.

3 Case Study Design and Planning

3.1 Defining a Case

Case study research is of flexible type, as mentioned before. This does not mean planning is
unnecessary. On the contrary, good planning for a case study is crucial for its success. There
are several issues that need to be planned, such as what methods to use for data collection,
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what departments of an organization to visit, what documents to read, which persons to
interview, how often interviews should be conducted, etc. These plans can be formulated in
a case study protocol, see Section 3.2.

A plan for a case study should at least contain the following elements (Robson 2002):

& Objective—what to achieve?
& The case—what is studied?
& Theory—frame of reference
& Research questions—what to know?
& Methods—how to collect data?
& Selection strategy—where to seek data?

The objective of the study may be, for example, exploratory, descriptive, explanatory, or
improving. The objective is naturally more generally formulated and less precise than in
fixed research designs. The objective is initially more like a focus point which evolves
during the study. The research questions state what is needed to know in order to fulfill the
objective of the study. Similar to the objective, the research questions evolve during the
study and are narrowed to specific research questions during the study iterations
(Andersson and Runeson 2007b).

The case may in general be virtually anything which is a “contemporary phenomenon in
its real-life context” (Yin 2003). In software engineering, the case may be a software
development project, which is the most straightforward choice. It may alternatively be an
individual, a group of people, a process, a product, a policy, a role in the organization, an
event, a technology, etc. The project, individual, group etc. may also constitute a unit of
analysis within a case. In the information systems field, the case may be “individuals,
groups…or an entire organization. Alternatively, the unit of analysis may be a specific
project or decision”(Benbasat et al. 1987). Studies on “toy programs” or similarly are of
course excluded due to its lack of real-life context. Yin (2003) distinguishes between
holistic case studies, where the case is studied as a whole, and embedded case studies
where multiple units of analysis are studied within a case, see Fig. 1. Whether to define a
study consisting of two cases as holistic or embedded depends on what we define as the
context and research goals. In our XP example, two projects are studied in two different
companies in two different application domains, both using agile practices (Karlström and
Runeson 2006). The projects may be considered two units of analysis in an embedded case
study if the context is software companies in general and the research goal is to study agile
practices. On the contrary, if the context is considered being the specific company or
application domain, they have to be seen as two separate holistic cases. Benbasat et al.
comment on a specific case study, “Even though this study appeared to be a single-case,
embedded unit analysis, it could be considered a multiple-case design, due to the
centralized nature of the sites.” (Benbasat et al. 1987).

Context 

Case 

Context 

Case 

Unit of 
Analysis 

Unit of 
Analysis 

Unit of 
Analysis 

Fig. 1 Holistic case study
(left) and embedded case
study (right)
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Using theories to develop the research direction is not well established in the software
engineering field, as concluded in a systematic review on the topic (Hannay et al. 2007;
Shull and Feldman 2008). However, defining the frame of reference of the study makes the
context of the case study research clear, and helps both those conducting the research and
those reviewing the results of it. As theories are underdeveloped in software engineering,
the frame of reference may alternatively be expressed in terms of the viewpoint taken in the
research and the background of the researchers. Grounded theory case studies naturally
have no specified theory (Corbin and Strauss 2008).

The principal decisions on methods for data collection are defined at design time for the
case study, although detailed decisions on data collection procedures are taken later.
Lethbridge et al. (2005) define three categories of methods: direct (e.g. interviews), indirect
(e.g. tool instrumentation) and independent (e.g. documentation analysis). These are further
elaborated in Section 4.

In case studies, the case and the units of analysis should be selected intentionally. This is
in contrast to surveys and experiments, where subjects are sampled from a population to
which the results are intended to be generalized. The purpose of the selection may be to
study a case that is expected to be “typical”, “critical”, “revelatory” or “unique” in some
respect (Benbasat et al. 1987), and the case is selected accordingly. Flyvbjerg defines four
variants of information-oriented case study selections: “extreme/deviant”, “maximum
variation”, “critical” and “paradigmatic” (Flyvbjerg 2007). In a comparative case study,
the units of analysis must be selected to have the variation in properties that the study
intends to compare. However, in practice, many cases are selected based on availability
(Benbasat et al. 1987) as is the case for many experiments (Sjøberg et al. 2005).

Case selection is particularly important when replicating case studies. A case study may
be literally replicated, i.e. the case is selected to predict similar results, or it is theoretically
replicated, i.e. the case is selected to predict contrasting results for predictable reasons
(Yin 2003).

There were different objectives of the three example cases. The objective of study XP was to investigate how
an agile process can coexist with a stage-gate management organization. The objective of study RE was to
evaluate a method for prioritization of requirements, and the objective of study QA was to find quantitative
prediction models and procedures for defect data.
Study XP is considered an embedded case study with two units of analysis from two different companies,
although it might be seen as two holistic case studies, as denoted above. RE is a holistic case study with one
unit of analysis, while QA is an embedded case study in one company with three different projects as units of
analysis. All the companies were selected based on existing academia-industry relations, while the units of
analysis were selected to fit the specific case study purposes.
Concerning the frame of reference, no explicit theories are referred to in studies XP and RE. However,
the investigated approaches are based on existing methods that, to some extent, already have been
investigated. Earlier studies thereby affected the designs of the studies. Study QA was partly a
replication, which means that the original study formed a frame of reference from which theories on, for
example, the Pareto principle and fault persistence between test phases were used when hypotheses were
defined.
Data were primarily collected using interviews in the XP case. In the RE case, questionnaires constituted
the major source of data, while in the QA case, defect metrics from a company was the major data
source.
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3.2 Case Study Protocol

The case study protocol is a container for the design decisions on the case study as well as
field procedures for its carrying through. The protocol is a continuously changed document
that is updated when the plans for the case study are changed.

There are several reasons for keeping an updated version of a case study protocol.
Firstly, it serves as a guide when conducting the data collection, and in that way prevents
the researcher from missing to collect data that were planned to be collected. Secondly, the
processes of formulating the protocol makes the research concrete in the planning phase,
which may help the researcher to decide what data sources to use and what questions to ask.
Thirdly, other researchers and relevant people may review it in order to give feedback on
the plans. Feedback on the protocol from other researchers can, for example, lower the risk
of missing relevant data sources, interview questions or roles to include in the research and to
assure the relation between research questions and interview questions. Finally, it can serve as
a log or diary where all conducted data collection and analysis is recorded together with
change decisions based on the flexible nature of the research. This can be an important source
of information when the case study later on is reported. In order to keep track of changes
during the research project, the protocol should be kept under some form of version control.

Pervan and Maimbo propose an outline of a case study protocol, which is summarized in
Table 2. As the proposal shows, the protocol is quite detailed to support a well structured
research approach.

Case study protocols cannot be published in extenso since they contain confidential information. However,
parts of the protocol can be published, such as interview instruments, which is the case in study XP. In study
QA, a logbook was kept which documents the iterations of the case study. A condensed version of the
logbook is shown below as published (Andersson and Runeson 2007b), which shows seven case study cycles,
indicating the evolutionary characteristic of the case study.
# Goals and

scope
Data collection and
filtering

Analysis and presentation Interpretation and improvement

1 Simulation
model

Process models
Time reports
Failure reports

Build simulation model Too complex approach - not
completed

2 Exploratory Failure reports
project 1, 2

Distribution of detection
activities over time

Response on specific events in each
project

3 Exploratory Failure reports per
feature group

Distribution of detection
activities per feature group

Motivation for distribution

4 Confirmatory Failure reports
project 3

Same as in cycle 2 and 3 Sufficient fit for practical use

5 Explanatory Qualitative data on
feature groups

Characteristics of feature
groups

Root cause analysis on causes and
suggestions for each group
Subset of failure reports

6 Explanatory
(prediction)

All failure reports Prediction of defect content
with simple model

Use of prediction model to improve
planning

7 Explanatory
(prediction)

All failure reports
Time data

Software reliability growth
models

Use of prediction model
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3.3 Ethical Considerations

At design time of a case study, ethical considerations must be made (Singer and Vinson
2002). Even though a research study first and foremost is built on trust between the
researcher and the case (Amschler Andrews and Pradhan 2001), explicit measures must be
taken to prevent problems. In software engineering, case studies often include dealing with
confidential information in an organization. If it is not clear from the beginning how this
kind of information is handled and who is responsible for accepting what information to
publish, there may be problems later on. Key ethical factors include:

& Informed consent
& Review board approval
& Confidentiality
& Handling of sensitive results
& Inducements
& Feedback

Subjects and organizations must explicitly agree to participate in the case study, i.e. give
informed consent. In some countries, this is even legally required. It may be tempting for
the researcher to collect data e.g. through indirect or independent data collection methods,
without asking for consent. However, the ethical standards must be maintained for the long
term trust in software engineering research.

Legislation of research ethics differs between countries and continents. In many
countries it is mandatory to have the study proposal reviewed and accepted with respect to
ethical issues (Seaman 1999) by a review board or a similar function at a university. In
other countries, there are no such rules. Even if there are no such rules, it is recommended
that the case study protocol is reviewed by colleagues to help avoiding pitfalls.

Consent agreements are preferably handled through a form or contract between the
researchers and the individual participant, see e.g. Robson (2002) for an example. In an
empirical study conduced by the authors of this paper, the following information were
included in this kind of form:

& Names of researchers and contact information.
& Purpose of empirical study.
& Procedures used in the empirical study, i.e. a short description of what the participant should

do during the study and what steps the researcher will carry out during these activities.

Table 2 Outline of case study protocol according to Pervan and Maimbo (2005)

Section Content

Preamble Contains information about the purpose of the protocol, guidelines for data and
document storage, publication.

General Provides a brief overview of the research project and the case research method
Procedures Detailed description of the procedures for conducting each case, including down-to-

earth details on contacts and timing.
Research
instrument(s)

Interview guides, questionnaires etc. to be used to ensure consistent data collection.

Data analysis
guidelines

Detailed description of data analysis procedures, including data schemas, priori codes
etc.

Appendix A Template letter to invite participants.
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& A text clearly stating that the participation is voluntary, and that collected data will be
anonymous.

& A list of known risks.
& A list of benefits for the participants, in this case for example experience from using a

new technique and feedback effectiveness.
& A description of how confidentiality will be assured. This includes a description of how

collected material will be coded and identified in the study.
& Information about approvals from review board.
& Date and signatures from participant and researchers.

If the researchers intend to use the data for other, not yet defined purposes, this should be
signed separately to allow participants to choose if their contribution is for the current study
only, or for possible future studies.

Issues on confidentiality and publication should also be regulated in a contract between
the researcher and the studied organization. However, not only can information be sensitive
when leaking outside a company. Data collected from and opinions stated by individual
employees may be sensitive if presented e.g. to their managers (Singer and Vinson 2002).
The researchers must have the right to keep their integrity and adhere to agreed procedures
in this kind of cases. Companies may not know academic practices for publication and
dissemination, and must hence be explicitly informed about those. From a publication point
of view, the relevant data to publish is rarely sensitive to the company since data may be
made anonymous. However, it is important to remember that it is not always sufficient to
remove names of companies or individuals. They may be identified by their characteristics
if they are selected from a small set of people or companies.

Results may be sensitive to a company, e.g. by revealing deficiencies in their software
engineering practices, or if their product comes out last in a comparison (Amschler Andrews
and Pradhan 2001). The chance that this may occur must be discussed upfront and made
clear to the participants of the case study. In case violations of the law are identified during
the case study, these must be reported, even though “whistle-blowers” rarely are rewarded.

The inducements for individuals and organizations to participate in a case study vary, but
there are always some kinds of incentives, tangible or intangible. It is preferable to make
the inducements explicit, i.e. specify what the incentives are for the participants. Thereby
the inducement’s role in threatening the validity of the study may also be analyzed.

Giving feedback to the participants of a study is critical for the long term trust and for
the validity of the research. Firstly, transcript of interviews and observations should be sent
back to the participants to enable correction of raw data. Secondly, analyses should be
presented to them in order to maintain their trust in the research. Participants must not
necessarily agree in the outcome of the analysis, but feeding back the analysis results
increases the validity of the study.

In all three example studies issues of confidentiality were handled through Non-Disclosure Agreements and
general project cooperation agreements between the companies and the university, lasting longer than one
case study. These agreements state that the university researchers are obliged to have publications approved
by representatives of the companies before they are published, and that raw data must not be spread to any
but those signing the contract. The researchers are not obliged to report their sources of facts to
management, unless it is found that a law is violated.
In order to ensure that interviewees were not cited wrongly, it was agreed that the transcribed interviews
were sent back to them for review in the XP study. In the beginning of each interview, interviewees were
informed about their rights in the study. In study QA, feedback meetings for analysis and interpretation were
explicitly a part of the methodology ((Andersson and Runeson 2007b) Fig. 1). When negotiating publication
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of data, we were explicitly told that raw numbers of defects could not be published, but percentages over
phases could, which was acceptable for the research purposes.
All the three studies were conducted in Sweden, where only studies in medicine are explicitly regulated by
law; hence there was no approval of the studies by a review board beforehand.

3.4 Checklist

The checklist items for case study design are shown in Table 3.

4 Collecting Data

4.1 Different Data Sources

There are several different sources of information that can be used in a case study. It is important
to use several data sources in a case study in order to limit the effects of one interpretation of one
single data source. If the same conclusion can be drawn from several sources of information, i.e.
triangulation (Section 2.2), this conclusion is stronger than a conclusion based a single source.
In a case study it is also important to take into account viewpoints of different roles, and to
investigate differences, for example, between different projects and products. Commonly,
conclusions are drawn by analyzing differences between data sources.

According to Lethbridge et al. (2005) data collection techniques can be divided into
three levels:

& First degree: Direct methods means that the researcher is in direct contact with the
subjects and collect data in real time. This is the case with, for example interviews,
focus groups, Delphi surveys (Dalkey and Helmer 1963), and observations with “think
aloud protocols”.

& Second degree: Indirect methods where the researcher directly collects raw data without
actually interacting with the subjects during the data collection. This approach is, for
example taken in Software Project Telemetry (Johnson et al. 2005) where the usage of
software engineering tools is automatically monitored, and observed through video
recording.

Table 3 Case study design checklist items

1. What is the case and its units of analysis?
2. Are clear objectives, preliminary research questions, hypotheses (if any) defined in advance?
3. Is the theoretical basis—relation to existing literature or other cases—defined?
4. Are the authors’ intentions with the research made clear?
5. Is the case adequately defined (size, domain, process, subjects…)?
6. Is a cause–effect relation under study? If yes, is it possible to distinguish the cause from other factors using
the proposed design?
7. Does the design involve data from multiple sources (data triangulation), using multiple methods (method
triangulation)?
8. Is there a rationale behind the selection of subjects, roles, artifacts, viewpoints, etc.?
9. Is the specified case relevant to validly address the research questions (construct validity)?
10. Is the integrity of individuals/organizations taken into account?
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& Third degree: Independent analysis of work artifacts where already available and
sometimes compiled data is used. This is for example the case when documents such as
requirements specifications and failure reports from an organization are analyzed or
when data from organizational databases such as time accounting is analyzed.

First degree methods are mostly more expensive to apply than second or third degree
methods, since they require significant effort both from the researcher and the subjects. An
advantage of first and second degree methods is that the researcher can to a large extent
exactly control what data is collected, how it is collected, in what form the data is collected,
which the context is etc. Third degree methods are mostly less expensive, but they do not
offer the same control to the researcher; hence the quality of the data is not under control
either, neither regarding the original data quality nor its use for the case study purpose. In
many cases the researcher must, to some extent, base the details of the data collection on
what data is available. For third degree methods it should also be noticed that the data has
been collected and recorded for another purpose than that of the research study, contrary to
general metrics guidelines (van Solingen and Berghout 1999). It is not certain that
requirements on data validity and completeness were the same when the data was collected
as they are in the research study.

In Sections 4.2–4.5 we discuss specific data collection methods, where we have found
interviews, observations, archival data and metrics being applicable to software engineering
case studies (Benbasat et al. 1987; Yin 2003).

In study XP data is collected mainly through interviews, i.e. a first degree method. The evaluation of a
proposed method in study RE involves filling out a form for prioritization of requirements. These forms were
an important data source, i.e. a second order method. In study QA stored data in the form defect reporting
metrics were used as a major source of data, i.e. a third degree method. All studies also included one or
several feedback steps where the organizations gave feedback on the results, i.e. a first-degree data
collection method. These data were complemented with second or third degree data, e.g. process models
were used in studies XP and QA.

4.2 Interviews

Data collection through interviews is important in case studies. In interview-based data
collection, the researcher asks a series of questions to a set of subjects about the areas of
interest in the case study. In most cases one interview is conducted with every single
subject, but it is possible to conduct group-interviews. The dialogue between the researcher
and the subject(s) is guided by a set of interview questions.

The interview questions are based on the topic of interest in the case study. That is, the interview
questions are based on the formulated research questions (but they are of course not formulated
in the same way). Questions can be open, i.e. allowing and inviting a broad range of answers and
issues from the interviewed subject, or closed offering a limited set of alternative answers.

Interviews can, for example, be divided into unstructured, semi-structured and fully
structured interviews (Robson 2002). In an unstructured interview, the interview questions
are formulated as general concerns and interests from the researcher. In this case the
interview conversation will develop based on the interest of the subject and the researcher.
In a fully structured interview all questions are planned in advance and all questions are
asked in the same order as in the plan. In many ways, a fully structured interview is similar
to a questionnaire-based survey. In a semi-structured interview, questions are planned, but
they are not necessarily asked in the same order as they are listed. The development of the
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conversation in the interview can decide which order the different questions are handled,
and the researcher can use the list of questions to be certain that all questions are handled.
Additionally, semi-structured interviews allow for improvisation and exploration of the
studied objects. Semi-structured interviews are common in case studies. The different types
of interviews are summarized in Table 4.

An interview session may be divided into a number of phases. First the researcher
presents the objectives of the interview and the case study, and explains how the data from
the interview will be used. Then a set of introductory questions are asked about the
background etc. of the subject, which are relatively simple to answer. After the introduction
comes the main interview questions, which take up the largest part of the interview. If the
interview contains personal and maybe sensitive questions, e.g. concerning economy,
opinions about colleagues, why things went wrong, or questions related to the interviewees
own competence (Hove and Anda 2005), special care must be taken. In this situation it is
important that the interviewee is ensured confidentiality and that the interviewee trusts the
interviewer. It is not recommended to start the interview with these questions or to
introduce them before a climate of trust has been obtained. It is recommended that the
major findings are summarized by the researcher towards the end of the interview, in order
to get feedback and avoid misunderstandings.

Interview sessions can be structured according to three general principles, as outlined in
Fig. 2 (Caroline Seaman, personal communication). The funnel model begins with open
questions and moves towards more specific ones. The pyramid model begins with specific
ones, and opens the questions during the course of the interview. The time-glass model
begins with open questions, straightens the structure in the middle and opens up again
towards the end of the interview.

During the interview sessions it is recommended to record the discussion in a suitable
audio or video format. Even if notes are taken, it is in many cases hard to record all details,
and it is impossible to know what is important to record during the interview. Possibly a
dedicated and trained scribe may capture sufficient detail in real-time, but the recording
should at least be done as a backup (Hove and Anda 2005). When the interview has been
recorded it needs to be transcribed into text before it is analyzed. This is a time consuming
task, but in many cases new insights are made during the transcription, and it is therefore
not recommended that this task is conducted by anyone else than the researcher. In some
cases it may be advantageous to have the transcripts reviewed by the interview subject. In
this way questions about what was actually said can be sorted out, and the interview subject
has the chance to point out if she does not agree with the interpretation of what was said or
if she simply has changed her mind and wants to rephrase any part of the answers.

During the planning phase of an interview study it is decided whom to interview. Due to
the qualitative nature of the case study it is recommended to select subjects based on

Table 4 Overview of interviews

Unstructured Semi-structured Fully structured

Typical focus How individuals
qualitatively
experience
the phenomenon

How individuals qualitatively
and quantitatively
experience
the phenomenon

Researcher seeks to find
relations between
constructs

Interview
questions

Interview guide with
areas to focus on

Mix of open and closed
questions

Closed questions

Objective Exploratory Descriptive and explanatory Descriptive and explanatory
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differences instead of trying to replicate similarities, as discussed in Section 3.1. This means
that it is good to try to involve different roles, personalities, etc in the interview. The
number of interviewees has to be decided during the study. One criterion for when
sufficient interviews are conducted is “saturation”, i.e. when no new information or
viewpoint is gained from new subjects (Corbin and Strauss 2008).

Interviews were conducted in study XP. The researchers had an initial hypothesis about potential problems of
combining agile methods with a traditional stage-gate model. However no details about this were known and
the hypotheses were not detailed with respect to this. Hence a semi-structured approach was chosen, which
supports the combination of exploratory and explanatory type of case study. An interview guide was
developed, based on knowledge of agile and stage-gate models, together with the hypotheses of the study.
The interviews were semi-structure, where the structure was given in terms of topics, which we wanted to
cover and approximate time budget for each topic, see (Karlström and Runeson 2006) “Appendix A”.
Relevant people to interview were identified in cooperation with the involved organizations. All interviewed
persons were promised that only anonymous data would be presented externally and internally in the
organization. Two researchers conducted most of the interviews together, which were audio recorded, and
later transcribed. The interviewers also took notes on what they spontaneously found relevant.

4.3 Observations

Observations can be conducted in order to investigate how a certain task is conducted by
software engineers. This is a first or second degree method according to the classification in
Section 4.1. There are many different approaches for observation. One approach is to
monitor a group of software engineers with a video recorder and later on analyze the
recording, for example through protocol analysis (Owen et al. 2006; von Mayrhauser and
Vans 1996). Another alternative is to apply a “think aloud” protocol, where the researcher
are repeatedly asking questions like “What is your strategy?” and “What are you thinking?”
to remind the subjects to think aloud. This can be combined with recording of audio and
keystrokes as proposed e.g. by Wallace et al. (2002). Observations in meetings is another
type, where meeting attendants interact with each other, and thus generate information
about the studied object. An alternative approach is presented by Karahasanović et al.
(2005) where a tool for sampling is used to obtain data and feedback from the participants.

Approaches for observations can be divided into high or low interaction of the researcher
and high or low awareness of the subjects of being observed, see Table 5.

Interview 
session 

b)a) c)

Fig. 2 General principles for
interview sessions. a funnel, b
pyramid, and c time-glass

Table 5 Different approaches to observations.

High awareness of
being observed

Low awareness of
being observed

High degree of interaction by the researcher Case 1 Case 2
Low degree of interaction by the researcher Case 3 Case 4
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Observations according to case 1 or case 2 are typically conducted in action research or
classical ethnographic studies where the researcher is part of the team, and not only seen as
a researcher by the other team members. The difference between case 1 and case 2 is that in
case 1 the researcher is seen as an “observing participant” by the other subjects, while she is
more seen as a “normal participant” in case 2. In case 3 the researcher is seen only as a
researcher. The approaches for observation typically include observations with first degree
data collection techniques, such as a “think aloud” protocol as described above. In case 4
the subjects are typically observed with a second degree technique such as video recording
(sometimes called video ethnography).

An advantage of observations is that they may provide a deep understanding of the
phenomenon that is studied. Further, it is particularly relevant to use observations, where it
is suspected that there is a deviation between an “official” view of matters and the “real”
case (Robinson et al. 2007). It should however be noted that it produces a substantial
amount of data which makes the analysis time consuming.

In the three example studies no extensive observations, e.g. through video recording or think-aloud
procedures, were conducted. In a study, related to the XP study, Sharp and Robinson use observations (Sharp
and Robinson 2004). The observer spent 1 week with an XP team, taking part in everyday activities,
including pair programming, i.e. an approach like Case 1 above. Data collected consisted of field notes,
audio recordings of meetings and discussions, photographs and copies of artifacts.

4.4 Archival Data

Archival data refers to, for example, meeting minutes, documents from different
development phases, organizational charts, financial records, and previously collected
measurements in an organization. Benbasat et al. (1987) and Yin (2003) distinguish
between documentation and archival records, while we treat them together and see the
borderline rather between qualitative data (minutes, documents, charts) and quantitative
data (records, metrics), the latter discussed in Section 4.5.

Archival data is a third degree type of data that can be collected in a case study. For this
type of data a configuration management tool is an important source, since it enables the
collection of a number of different documents and different versions of documents. As for
other third degree data sources it is important to keep in mind that the documents were not
originally developed with the intention to provide data to research in a case study. A
document may, for example, include parts that are mandatory according to an
organizational template but of lower interest for the project, which may affect the quality
of that part. It should also be noted that it is possible that some information that is needed
by the researcher may be missing, which means that archival data analysis must be
combined with other data collection techniques, e.g. surveys, in order to obtain missing
historical factual data (Flynn et al. 1990). It is of course hard for the researcher to assess the
quality of the data, although some information can be obtained by investigating the purpose
of the original data collection, and by interviewing relevant people in the organization.

In study QA, archival data was a major source of information. Three different projects from one organization
were studied. One of the projects was conducted prior to the study, which meant that the data from this
project was analyzed in retrospect. We studied process models as well as project specifications and reports.
In study XP, archival data in the form of process models were used as complementary sources of information.
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4.5 Metrics

The above mentioned data collection techniques are mostly focused on qualitative data.
However, quantitative data is also important in a case study. Software measurement is the
process of representing software entities, like processes, products, and resources, in
quantitative numbers (Fenton and Pfleeger 1996).

Collected data can either be defined and collected for the purpose of the case study, or
already available data can be used in a case study. The first case gives, of course, most
flexibility and the data that is most suitable for the research questions under investigation.

The definition of what data to collect should be based on a goal-oriented measurement
technique, such as the Goal Question Metric method (GQM) (Basili and Weiss 1984; van
Solingen and Berghout 1999). In GQM, goals are first formulated, and the questions are
refined based on these goals, and after that metrics are derived based on the questions. This
means that metrics are derived based on goals that are formulated for the measurement
activity, and thus that relevant metrics are collected. It also implies that the researcher can
control the quality of the collected data and that no unnecessary data is collected.

Examples of already available data are effort data from older projects, sales figures of
products, metrics of product quality in terms of failures etc. This kind of data may, for
example, be available in a metrics database in an organization. When this kind of data is
used it should be noticed that all the problems are apparent that otherwise are solved with a
goal oriented measurement approach. The researcher can neither control nor assess the
quality of the data, since it was collected for another purpose, and as for other forms of
archival analysis there is a risk of missing important data.

The archival data in study QA was mainly in the form of metrics collected from defect reporting and
configuration management systems but also from project specifications. Examples of metrics that were
collected are number of faults in modules, size of modules and duration for different test phases. In study XP,
defect metrics were used as complementary data for triangulation purposes.

4.6 Checklists

The checklist items for preparation and conduct of data collection are shown in Tables 6
and 7, respectively.

Table 6 Preparation for data collection checklist items

11. Is a case study protocol for data collection and analysis derived (what, why, how, when)? Are procedures
for its update defined?
12. Are multiple data sources and collection methods planned (triangulation)?
13. Are measurement instruments and procedures well defined (measurement definitions, interview
questions)?
14. Are the planned methods and measurements sufficient to fulfill the objective of the study?
15. Is the study design approved by a review board, and has informed consent obtained from individuals and
organizations?

Empir Software Eng (2009) 14:131–164 149



280

ZNANSTVENI KOLOKVIJ SVEUČILIŠTA U RIJECI 2013 / 2014

5 Data Analysis

5.1 Quantitative Data Analysis

Data analysis is conducted differently for quantitative and qualitative data. For quantitative
data, the analysis typically includes analysis of descriptive statistics, correlation analysis,
development of predictive models, and hypothesis testing. All of these activities are
relevant in case study research.

Descriptive statistics, such as mean values, standard deviations, histograms and scatter
plots, are used to get an understanding of the data that has been collected. Correlation
analysis and development of predictive models are conducted in order to describe how a
measurement from a later process activity is related to an earlier process measurement.
Hypothesis testing is conducted in order to determine if there is a significant effect of one or
several variables (independent variables) on one or several other variables (dependent variables).

It should be noticed that methods for quantitative analysis assume a fixed research
design. For example, if a question with a quantitative answer is changed halfway in a series
of interviews, this makes it impossible to interpret the mean value of the answers. Further,
quantitative data sets from single cases tend to be very small, due to the number of
respondents or measurement points, which causes special concerns in the analysis.

Quantitative analysis is not covered any further in this paper, since it is extensively
covered in other texts. The rest of this chapter covers qualitative analysis. For more
information about quantitative analysis, refer for example to (Wohlin et al. 2000; Wohlin
and Höst 2001; Kitchenham et al. 2002).

In study RE and study QC the main analyses were conducted with quantitative methods, mainly through
analysis of correlation and descriptive statistics, such as scatter plots. In the QC case, the quantitative data
acted as a trigger for deeper understanding. Patterns in the data, and lack thereof generated questions in the
feedback session. The answers lead to changes in the data analysis, e.g. filtering out some data sources, and
to identification of real patterns in the data.
In study XP, the main analysis was conducted with qualitative methods, but this was combined with a limited
quantitative analysis of number of defects found during different years in one of the organizations. However,
there would probably have been possibilities to conduct more complementary analyses in order to
corroborate or develop the results from the qualitative analysis.

5.2 Qualitative Data Analysis

Since case study research is a flexible research method, qualitative data analysis methods
(Seaman 1999) are commonly used. The basic objective of the analysis is to derive
conclusions from the data, keeping a clear chain of evidence. The chain of evidence means

Table 7 Collecting evidence checklist items

16. Is data collected according to the case study protocol?
17. Is the observed phenomenon correctly implemented (e.g. to what extent is a design method under study
actually used)?
18. Is data recorded to enable further analysis?
19. Are sensitive results identified (for individuals, the organization or the project)?
20. Are the data collection procedures well traceable?
21. Does the collected data provide ability to address the research question?
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that a reader should be able to follow the derivation of results and conclusions from the
collected data (Yin 2003). This means that sufficient information from each step of the
study and every decision taken by the researcher must be presented.

In addition to the need to keep a clear chain of evidence in mind, analysis of qualitative
research is characterized by having analysis carried out in parallel with the data collection
and the need for systematic analysis techniques. Analysis must be carried out in parallel
with the data collection since the approach is flexible and that new insights are found
during the analysis. In order to investigate these insights, new data must often be collected,
and instrumentation such as interview questionnaires must be updated. The need to be
systematic is a direct result of that the data collection techniques can be constantly updated,
while the same time being required to maintain a chain of evidence.

In order to reduce bias by individual researchers, the analysis benefits from being
conducted by multiple researchers. The preliminary results from each individual researcher
is merged into a common analysis result in a second step. Keeping track and reporting the
cooperation scheme helps increasing the validity of the study.

5.2.1 General Techniques for Analysis

There are two different parts of data analysis of qualitative data, hypothesis generating
techniques and hypothesis confirmation techniques (Seaman 1999), which can be used for
exploratory and explanatory case studies, respectively.

Hypothesis generation is intended to find hypotheses from the data. When using these
kinds of techniques, there should not be too many hypotheses defined before the analysis is
conducted. Instead the researcher should try to be unbiased and open for whatever hypotheses
are to be found in the data. The results of these techniques are the hypotheses as such.
Examples of hypotheses generating techniques are “constant comparisons” and “cross-case
analysis” (Seaman 1999). Hypothesis confirmation techniques denote techniques that can be
used to confirm that a hypothesis is really true, e.g. through analysis of more data. Triangulation
and replication are examples of approaches for hypothesis confirmation (Seaman 1999).
Negative case analysis tries to find alternative explanations that reject the hypotheses. These
basic types of techniques are used iteratively and in combination. First hypotheses are
generated and then they are confirmed. Hypothesis generation may take place within one
cycle of a case study, or with data from one unit of analysis, and hypothesis confirmation may
be done with data from another cycle or unit of analysis (Andersson and Runeson 2007b).

This means that analysis of qualitative data is conducted in a series of steps (based on
(Robson 2002), p. 459). First the data is coded, which means that parts of the text can be
given a code representing a certain theme, area, construct, etc. One code is usually assigned
to many pieces of text, and one piece of text can be assigned more than one code. Codes
can form a hierarchy of codes and sub-codes. The coded material can be combined with
comments and reflections by the researcher (i.e. “memos”). When this has been done, the
researcher can go through the material to identify a first set of hypotheses. This can, for
example, be phrases that are similar in different parts of the material, patterns in the data,
differences between sub-groups of subjects, etc. The identified hypotheses can then be used
when further data collection is conducted in the field, i.e. resulting in an iterative approach
where data collection and analysis is conducted in parallel as described above. During the
iterative process a small set of generalizations can be formulated, eventually resulting in a
formalized body of knowledge, which is the final result of the research attempt. This is, of
course, not a simple sequence of steps. Instead, they are executed iteratively and they affect
each other.
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The activity where hypotheses are identified requires some more information. This is in
no way a simple step that can be carried out by following a detailed, mechanical, approach.
Instead it requires ability to generalize, innovative thinking, etc. from the researcher. This
can be compared to quantitative analysis, where the majority of the innovative and
analytical work of the researcher is in the planning phase (i.e. deciding design, statistical
tests, etc). There is, of course, also a need for innovative work in the analysis of quantitative
data, but it is not as clear as in the planning phase. In qualitative analysis there are major
needs for innovative and analytical work in both phases.

One example of a useful technique for analysis is tabulation, where the coded data is
arranged in tables, which makes it possible to get an overview of the data. The data can, for
example be organized in a table where the rows represent codes of interest and the columns
represent interview subjects. However, how to do this must be decided for every case study.

There are specialized software tools available to support qualitative data analysis, e.g.
NVivo and Atlas. However, in some cases standard tools such as word processors and
spreadsheet tools are useful when managing the textual data.

In study XP, the transcribed interviews were initially analyzed by one of the researchers. A preliminary set of
codes were derived from the informal notes and applied to the transcripts. The preliminary set of codes was:
project model, communication, planning, follow-up, quality, technical issues and attitudes. Each statement in
the transcribed interviews was given a unique identification, and classified by two researchers. The
transcribed data was then filled into tables, allowing for analysis of patterns in the data by sorting issues
found by, for example, interviewee role or company. The chain of evidence is illustrated with the figure below
(from Karlström and Runeson 2006)

 

In study RE and QA the main analysis was quantitative, although some 
qualitative analysis was conducted on the information that was gathered in  
feedback sessions. However, this analysis would probably benefit from being  
conducted in a more structured way, e.g. by recording, transcribing, and 
coding feedback data before analysis.  

EMW ABB Actual events within case context 

Subjects’ perceptions based on their 
observations and experiences  

Sound recording of interview 

Transcription of recording 

Grouped quotes 

Conclusions 
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5.2.2 Level of Formalism

A structured approach is, as described above, important in qualitative analysis. This means,
for example, in all cases that a pre-planned approach for analysis must be applied, all
decisions taken by the researcher must be recorded, all versions of instrumentation must be
kept, links between data, codes, and memos must be explicitly recorded in documentation,
etc. However, the analysis can be conducted at different levels of formalism. In (Robson
2002) the following approaches are mentioned:

& Immersion approaches: These are the least structured approaches, with very low level of
structure, more reliant on intuition and interpretive skills of the researcher. These
approaches may be hard to combine with requirements on keeping and communicating
a chain of evidence.

& Editing approaches: These approaches include few a priori codes, i.e. codes are defined
based on findings of the researcher during the analysis.

& Template approaches: These approaches are more formal and include more a priori
based on research questions.

& Quasi-statistical approaches: These approaches are much formalized and include, for
example, calculation of frequencies of words and phrases.

To our experience editing approaches and template approaches are most suitable in
software engineering case studies. It is hard to present and obtain a clear chain of evidence
in informal immersion approaches. It is also hard to interpret the result of, for example,
frequencies of words in documents and interviews.

Study XP used an editing approach. The analysis started with a set of codes (see Section 5.2.1), which
was extended and modified during the analysis. For example, the code “communication” was split into four
codes: “horizontal communication”, “vertical communication”, “internal communication” and, “external
communication”.

5.2.3 Validity

The validity of a study denotes the trustworthiness of the results, to what extent the results
are true and not biased by the researchers’ subjective point of view. It is, of course, too late
to consider the validity during the analysis. The validity must be addressed during all
previous phases of the case study. However, the validity is discussed in this section, since it
cannot be finally evaluated until the analysis phase.

There are different ways to classify aspects of validity and threats to validity in the literature.
Here we chose a classification scheme which is also used by Yin (2003) and similar to what is
usually used in controlled experiments in software engineering (Wohlin et al. 2000). Some
researchers have argued for having a different classification scheme for flexible design studies
(credibility, transferability, dependability, confirmability), while we prefer to operationalize this
scheme for flexible design studies, instead of changing the terms (Robson 2002). This scheme
distinguishes between four aspects of the validity, which can be summarized as follows:

& Construct validity: This aspect of validity reflect to what extent the operational
measures that are studied really represent what the researcher have in mind and what is
investigated according to the research questions. If, for example, the constructs
discussed in the interview questions are not interpreted in the same way by the
researcher and the interviewed persons, there is a threat to the construct validity.
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& Internal validity: This aspect of validity is of concern when causal relations are
examined. When the researcher is investigating whether one factor affects an
investigated factor there is a risk that the investigated factor is also affected by a third
factor. If the researcher is not aware of the third factor and/or does not know to what
extent it affects the investigated factor, there is a threat to the internal validity.

& External validity: This aspect of validity is concerned with to what extent it is possible
to generalize the findings, and to what extent the findings are of interest to other people
outside the investigated case. During analysis of external validity, the researcher tries to
analyze to what extent the findings are of relevance for other cases. There is no
population from which a statistically representative sample has been drawn. However,
for case studies, the intention is to enable analytical generalization where the results are
extended to cases which have common characteristics and hence for which the findings
are relevant, i.e. defining a theory.

& Reliability: This aspect is concerned with to what extent the data and the analysis are
dependent on the specific researchers. Hypothetically, if another researcher later on
conducted the same study, the result should be the same. Threats to this aspect of
validity is, for example, if it is not clear how to code collected data or if questionnaires
or interview questions are unclear.

It is, as described above, important to consider the validity of the case study from the
beginning. Examples of ways to improve validity are triangulation, developing and
maintaining a detailed case study protocol, having designs, protocols, etc. reviewed by peer
researchers, having collected data and obtained results reviewed by case subjects, spending
sufficient time with the case, and giving sufficient concern to analysis of “negative cases”,
i.e. looking for theories that contradict your findings.

In study XP, validity threats were analyzed based on a checklist by Robson (2002). It would also have been
possible to analyze threats according to construct validity, internal validity, external validity, and reliability.
Countermeasures against threats to validity were then taken. For example, triangulation was achieved in
different ways, results were reviewed by case representatives, and potential negative cases were identified by
having two researchers working with the same material in parallel. It was also seen as important that
sufficient time was spent with the organization in order to understand it. Even if the case study lasted for a
limited time, this threat was lowered by the fact that the researchers had had a long-term cooperation with
the organization before the presented case study.
In study QA, e.g. data triangulation was used to check which phase the defect reports originated from. The alignment
between the phase reported in the trouble report, and the person’s tasks in the project organization was checked.

5.3 Checklist

The checklist items for analysis of collected data are shown in Table 8.

6 Reporting

An empirical study cannot be distinguished from its reporting. The report communicates the
findings of the study, but is also the main source of information for judging the quality of
the study. Reports may have different audiences, such as peer researchers, policy makers,
research sponsors, and industry practitioners (Yin 2003). This may lead to the need of
writing different reports for difference audiences. Here, we focus on reports with peer
researchers as main audience, i.e. journal or conference articles and possibly accompanying
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technical reports. Benbasat et al. propose that due to the extensive amount of data generated
in case studies, “books or monographs might be better vehicles to publish case study
research” (Benbasat et al. 1987).

Guidelines for reporting experiments have been proposed by Jedlitschka and Pfahl
(2005) and evaluated by Kitchenham et al. (2008). Their work aims at defining a
standardized reporting of experiments that enables cross-study comparisons through e.g.
systematic reviews. For case studies, the same high-level structure may be used, but since
they are more flexible and mostly based on qualitative data, the low-level detail is less
standardized and more depending on the individual case. Below, we first discuss the
characteristics of a case study report and then a proposed structure.

6.1 Characteristics

Robson defines a set of characteristics which a case study report should have (Robson
2002), which in summary implies that it should:

& tell what the study was about
& communicate a clear sense of the studied case
& provide a “history of the inquiry” so the reader can see what was done, by whom and

how.
& provide basic data in focused form, so the reader can make sure that the conclusions are

reasonable
& articulate the researcher’s conclusions and set them into a context they affect.

In addition, this must take place under the balance between researcher’s duty and goal to
publish their results, and the companies’ and individuals’ integrity (Amschler Andrews and
Pradhan 2001).

Reporting the case study objectives and research questions is quite straightforward. If
they are changed substantially over the course of the study, this should be reported to help
understanding the case.

Describing the case might be more sensitive, since this might enable identification of the
case or its subjects. For example, “a large telecommunications company in Sweden” is most
probably a branch of the Ericsson Corporation. However, the case may be better
characterized by other means than application domain and country. Internal characteristics,
like size of the studied unit, average age of the personnel, etc may be more interesting than
external characteristics like domain and turnover. Either the case constitutes a small subunit
of a large corporation, and then it can hardly be identified among the many subunits, or it is
a small company and hence it is hard to identify it among many candidates. Still, care must
be taken to find this balance.

Table 8 Analysis of collected data checklist items

22. Is the analysis methodology defined, including roles and review procedures?
23. Is a chain of evidence shown with traceable inferences from data to research questions and existing theory?
24. Are alternative perspectives and explanations used in the analysis?
25. Is a cause–effect relation under study? If yes, is it possible to distinguish the cause from other factors in
the analysis?
26. Are there clear conclusions from the analysis, including recommendations for practice/further research?
27. Are threats to the validity analyzed in a systematic way and countermeasures taken? (Construct, internal,
external, reliability)
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Providing a “history of the inquiry” requires a level of substantially more detail than
pure reporting of used methodologies, e.g. “we launched a case study using semi-structured
interviews”. Since the validity of the study is highly related to what is done, by whom and
how, it must be reported about the sequence of actions and roles acting in the study process.
On the other hand, there is no room for every single detail of the case study conduct, and
hence a balance must be found.

Data is collected in abundance in a qualitative study, and the analysis has as its main
focus to reduce and organize data to provide a chain of evidence for the conclusions.
However, to establish trust in the study, the reader needs relevant snapshots from the data
that support the conclusions. These snapshots may be in the form of e.g. citations (typical
or special statements), pictures, or narratives with anonymized subjects. Further, categories
used in the data classification, leading to certain conclusions may help the reader follow the
chain of evidence.

Finally, the conclusions must be reported and set into a context of implications, e.g. by
forming theories. A case study can not be generalized in the meaning of being
representative of a population, but this is not the only way of achieving and transferring
knowledge. Conclusions can be drawn without statistics, and they may be interpreted and
related to other cases. Communicating research results in terms of theories is an
underdeveloped practice in software engineering (Hannay et al. 2007).

6.2 Structure

Yin proposes several alternative structures for reporting case studies in general (Yin 2003).

& Linear-analytic—the standard research report structure (problem, related work,
methods, analysis, conclusions)

& Comparative—the same case is repeated twice or more to compare alternative
descriptions, explanations or points of view.

& Chronological—a structure most suitable for longitudinal studies.
& Theory-building—presents the case according to some theory-building logic in order to

constitute a chain of evidence for a theory.
& Suspense—reverts the linear-analytic structure and reports conclusions first and then

backs them up with evidence.
& Unsequenced—with none of the above, e.g. when reporting general characteristics of a

set of cases.

For the academic reporting of case studies which we focus on, the linear-analytic
structure is the most accepted structure. The high level structure for reporting experiments
in software engineering proposed by Jedlitschka and Pfahl (2005) therefore also fits the
purpose of case study reporting. However, some changes are needed, based on specific
characteristics of case studies and other issues based on an evaluation conducted by
Kitchenham et al. (2008). The resulting structure is presented in Table 9. The differences
and our considerations are presented below.

In a case study, the theory may constitute a framework for the analysis; hence, there are
two kinds of related work: a) earlier studies on the topic and b) theories on which the
current study is based.

The design section corresponds to the case study protocol, i.e. it reports the planning of
the case study including the measures taken to ensure the validity of the study.
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Table 9 Proposed reporting structure by Jedlitschka and Pfahl (2005) and modification proposed by
Kitchenham et al. (2008) and adaptations to case study reporting, influenced by Robson (2002)

Experiments Case studies

Section
heading

Subsections Section
headings

Subsections

Title Title
Authorship Authorship
Structured abstract (Structured) abstract
Motivation Problem statement Introduction Problem statement

Research
objectives

Research objectives

Context Context
Related work Related work Earlier studies

Theory
Experimental
design

Goals, hypotheses
and variables

Case study
design

Research questions

Design Case and subjects selection
Subjects Data collection procedure(s)
Objects Analysis procedure(s)
Instrumentation Validity procedure(s)
Data collection
procedure

Analysis procedure
Evaluation of
validity

Execution Sample Results Case and subjects description, covering execution,
analysis and interpretation issues.

Preparation Subsections may be structured e.g. according to
coding scheme, each linking observations to
conclusions

Data collection
performed

Evaluation of validity

Validity procedure
Analysis Descriptive

statistics
Data set reduction
Hypothesis testing

Interpretation Evaluation of
results and
implications

Conclusions
and Future
work

Relation to
existing evidence

Conclusions
and Future
work

Summary of conclusions

Impact Relation to existing evidence
Limitations Impact/Implications
Future work Limitations

Future work
Acknowledgements Acknowledgements
References References
Appendices Appendices
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Since the case study is of flexible design, and data collection and analysis are more
intertwined, these sections may be combined into one. Consequently, the contents at the
lower level must be adjusted, as proposed in Table 9. Specifically for the combined data
section, the coding scheme often constitutes a natural subsection structure. Alternatively, for a
comparative case study, the data section may be structured according to the compared cases,
and for a longitudinal study, the time scale may constitute the structure of the data section.
This combined results section also includes an evaluation of the validity of the final results.

The case studies were presented in different formats. Study XP was, for example, presented to the involved
companies in seminar format, and to the research community in journal format (Karlström and Runeson
2006), to practitioners in a magazine format (Karlström and Runeson 2005), and in the form of a Ph.D.
thesis (Karlström 2004). The journal format paper is structured similar to the proposed model above,
although the outline hierarchy differs slightly.

6.3 Checklist

The checklist items for reporting are shown in Table 10.

7 Reading and Reviewing Case Study Research

7.1 Reader’s Perspective

The reader of a case study report—independently of whether the intention is to use the
findings or to review it for inclusion in a journal—must judge the quality of the study based
on the written material. Case study reports tend to be large, firstly since case studies often
are based on qualitative data, and hence the data cannot be presented in condensed form,
like quantitative data may be in tables, diagrams and statistics. Secondly, the conclusions in
qualitative analyses are not based on statistical significance which can be interpreted in
terms of a probability for erroneous conclusion, but on reasoning and linking of
observations to conclusions.

Reviewing empirical research in general must be done with certain care (Tichy 2000).
Reading case study reports requires judging the quality of the report, without having the
power of strict criteria which govern experimental studies to a larger extent, e.g. statistical

Table 10 Reporting checklist items

28. Are the case and its units of analysis adequately presented?
29. Are the objective, the research questions and corresponding answers reported?
30. Are related theory and hypotheses clearly reported?
31. Are the data collection procedures presented, with relevant motivation?
32. Is sufficient raw data presented (e.g. real life examples, quotations)?
33. Are the analysis procedures clearly reported?
34. Are threats to validity analyses reported along with countermeasures taken to reduce threats?
35. Are ethical issues reported openly (personal intentions, integrity issues, confidentiality)
36. Does the report contain conclusions, implications for practice and future research?
37. Does the report give a realistic and credible impression?
38. Is the report suitable for its audience, easy to read and well structured?
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confidence levels. This does however not say that any report can do as a case study report.
The reader must have a decent chance of finding the information of relevance, both to judge
the quality of the case study and to get the findings from the study and set them into
practice or build further research on.

The criteria and guidance presented above for performing and reporting case studies are
relevant for the reader as well. However, in our work with derivation of checklists for case
study research (Höst and Runeson 2007), evaluation feedback identified a need for a more
condensed checklist for readers and reviewers. This is presented in Table 11 with numbers
referring to the items of the other checklists for more in depth criteria.

8 Summary

Case study research is conducted in order to investigate contemporary phenomena in their
natural context. That is, no laboratory environment is set up by the researcher, where factors
can be controlled. Instead the phenomena are studied in their normal context, allowing the
researcher to understand how the phenomena interact with the context. Selection of subjects
and objects is not based on statistically representative samples. Instead, research findings
are obtained through the analysis in depth of typical or special cases.

Cases study research is conducted by iteration over a set of phases. In the design phase
objectives are decided and the case is defined. Data collection is first planned with respect
to data collection techniques and data sources, and then conducted in practice. Methods for
data collection include, for example, interviews, observation, and usage of archival data.
During the analysis phase, insights are both generated and analyzed, e.g. through coding of
data and looking for patterns. During the analysis it is important to maintain a chain of
evidence from the findings to the original data. The report should include sufficient data
and examples to allow the reader to understand the chain of evidence.

Table 11 Reader’s checklist items

39. Are the objective, research questions, and hypotheses (if applicable) clear and relevant? 1, 2, 5, 29, 30
40. Are the case and its units of analysis well defined? 1, 5, 28
41. Is the suitability of the case to address the research questions clearly motivated? 8, 9, 14
42. Is the case study based on theory or linked to existing literature? 3
43. Are the data collection procedures sufficient for the purpose of the case study (data sources, collection,
validation)? 11, 13, 16, 18, 21, 31
44. Is sufficient raw data presented to provide understanding of the case and the analysis? 32
45. Are the analysis procedures sufficient for the purpose of the case study (repeatable, transparent)? 22, 33
46. Is a clear chain of evidence established from observations to conclusions? 6, 17, 20, 23, 25
47. Are threats to validity analyses conducted in a systematic way and are countermeasures taken to reduce
threats? 27, 34, 37
48. Is triangulation applied (multiple collection and analysis methods, multiple authors, multiple theories)? 7,
12, 22, 24
49. Are ethical issues properly addressed (personal intentions, integrity, confidentiality, consent, review
board approval)? 4, 10, 15, 19, 35
50. Are conclusions, implications for practice and future research, suitably reported for its audience? 26, 29,
36, 37, 38

The numbers after each item refer to corresponding items in the checklists for each process step
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This paper aims to provide a frame of reference for researchers when conducting case
study research in software engineering, which is based on an analysis of existing case study
literature and the author’s own experiences of conducting case studies. As with other
guidelines, there is a need to evaluate them through practical usage.
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Appendix A

Table 12 Researcher’s checklist

Case study design
1. What is the case and its units of analysis?
2. Are clear objectives, preliminary research questions, hypotheses (if any) defined in advance?
3. Is the theoretical basis—relation to existing literature or other cases—defined?
4. Are the authors’ intentions with the research made clear?
5. Is the case adequately defined (size, domain, process, subjects…)?
6. Is a cause–effect relation under study? If yes, is it possible to distinguish the cause from other factors
using the proposed design?

7. Does the design involve data from multiple sources (data triangulation), using multiple methods (method
triangulation)?

8. Is there a rationale behind the selection of subjects, roles, artifacts, viewpoints, etc.?
9. Is the specified case relevant to validly address the research questions (construct validity)?
10. Is the integrity of individuals/organizations taken into account?
Preparation for data collection
11. Is a case study protocol for data collection and analysis derived (what, why, how, when)? Are
procedures for its update defined?

12. Are multiple data sources and collection methods planned (triangulation)?
13. Are measurement instruments and procedures well defined (measurement definitions, interview questions)?
14. Are the planned methods and measurements sufficient to fulfill the objective of the study?
15. Is the study design approved by a review board, and has informed consent obtained from individuals
and organizations?

Collecting Evidence
16. Is data collected according to the case study protocol?
17. Is the observed phenomenon correctly implemented (e.g. to what extent is a design method under study
actually used)?

18. Is data recorded to enable further analysis?
19. Are sensitive results identified (for individuals, the organization or the project)?
20. Are the data collection procedures well traceable?
21. Does the collected data provide ability to address the research question?
Analysis of collected data
22. Is the analysis methodology defined, including roles and review procedures?
23. Is a chain of evidence shown with traceable inferences from data to research questions and existing
theory?
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24. Are alternative perspectives and explanations used in the analysis?
25. Is a cause–effect relation under study? If yes, is it possible to distinguish the cause from other factors in
the analysis?

26. Are there clear conclusions from the analysis, including recommendations for practice/further research?
27. Are threats to the validity analyzed in a systematic way and countermeasures taken? (Construct,
internal, external, reliability)

Reporting
28. Are the case and its units of analysis adequately presented?
29. Are the objective, the research questions and corresponding answers reported?
30. Are related theory and hypotheses clearly reported?
31. Are the data collection procedures presented, with relevant motivation?
32. Is sufficient raw data presented (e.g. real life examples, quotations)?
33. Are the analysis procedures clearly reported?
34. Are threats to validity analyses reported along with countermeasures taken to reduce threats?
35. Are ethical issues reported openly (personal intentions, integrity issues, confidentiality)
36. Does the report contain conclusions, implications for practice and future research?
37. Does the report give a realistic and credible impression?
38. Is the report suitable for its audience, easy to read and well structured?

Appendix B

Table 13 Reader’s checklist

39. Are the objective, research questions, and hypotheses (if applicable) clear and relevant? 1, 2, 5, 29, 30
40. Are the case and its units of analysis well defined? 1, 5, 28
41. Is the suitability of the case to address the research questions clearly motivated? 8, 9, 14
42. Is the case study based on theory or linked to existing literature? 3
43. Are the data collection procedures sufficient for the purpose of the case study (data sources, collection,
validation)? 11, 13, 16, 18, 21, 31
44. Is sufficient raw data presented to provide understanding of the case and the analysis? 32
45. Are the analysis procedures sufficient for the purpose of the case study (repeatable, transparent)? 22, 33
46. Is a clear chain of evidence established from observations to conclusions? 6, 17, 20, 23, 25
47. Are threats to validity analyses conducted in a systematic way and are countermeasures taken to reduce
threats? 27, 34, 37
48. Is triangulation applied (multiple collection and analysis methods, multiple authors, multiple theories)? 7,
12, 22, 24
49. Are ethical issues properly addressed (personal intentions, integrity, confidentiality, consent, review
board approval)? 4, 10, 15, 19, 35
50. Are conclusions, implications for practice and future research, suitably reported for its audience? 26, 29,
36, 37, 38

The numbers after each item refer to corresponding items in the Researcher’s checklist
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PROBLEMS IN THE DEFINITION OF
‘MENTAL DISORDER’

B D B

I. INTRODUCTION: PHILOSOPHY AND MENTAL DISORDER

It is fair to say that the concept of mental disorder has received relatively
little attention in the philosophical literature, and that the debates about it
have been mainly in the fields of psychiatry, social science and law. The crit-
iques of mainstream psychiatry and its notion of mental illness in the s
by Foucault, Laing, Szasz and others focused on the history of the ‘medical
model’ and its social and legal context. The issues involved have more or
less changed in the three decades since, but they continue to raise practical
concerns. We have seen recently the closure of the last asylums, the hopes
and realities of care in the community, concerns about the danger of mad-
ness in our midst again, the beginnings of compulsory community treatment
orders, uncertainty about response to danger associated not with illness but
with ‘personality disorder’, and, more optimistically, steady increase in pub-
lic awareness of mental health problems, and the growing influence of the
user movement in mental health services. Behind all these medical, political,
social and legal debates lie assumptions about the nature of mental disorder,
and behind them in turn assumptions about the nature of mind. Hence the
philosophy of mind has much to contribute to these debates.

Philosophical theories of mind are bound to imply views of mental
disorder, though they are not necessarily explicit. There is, for example, the
famous passage in Meditations in which Descartes treats madness, before
dreaming, as a radical failure of representation of reality, a construction
made much of by Foucault.1 Or again, Locke’s empiricism had the straight-
forward consequence that one kind of mental disorder would consist in

The Philosophical Quarterly, Vol. , No.  April 
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1 M. Foucault, Madness and Civilization: a History of Insanity in the Age of Reason, tr. R. Howard
(London: Tavistock, ); cf. J. Derrida, Cogito and the History of Madness, in his Writing and
Difference, tr. A. Bass (Univ. of Chicago Press, ).
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incapacity to combine simple ideas into complex ones, and Locke mentions
idiocy in this connection, alongside children, in the first book of his Essay. As
another example, the Kantian philosophy can be plausibly taken to imply
that mental disorder involves disturbance in the perception of space, time
and causality.2 Contemporary philosophies of mind can likewise be expected
to have explicit or implicit consequences for the concept of mental disorder.
Of course, current philosophical approaches are diverse, and opposed on
many issues. It is possible, however, that there may be some consensus, or
near consensus, on some basic points, and that this may provide a useful
approach to the definition of mental disorder. One theme in current
philosophy of mind is the intimate connection between mental states and
intentionality, and this is a potentially helpful approach, because it leads
fairly quickly towards discussions of mental disorder within and outside
psychiatry.

II. PSYCHIATRY’S DEFINITION OF MENTAL DISORDER

Before exploring this philosophical approach, I shall consider the definitions
in the standard systems of classification, the American Psychiatric Associ-
ation’s Diagnostic and Statistical Manual of Mental Disorders, th edn (hereafter
DSM) (APA, ), and the World Health Organization’s International Classi-
fication of Diseases, th edn (ICD) (WHO, ). ICD (p. ) has

The term ‘disorder’ is used throughout the classification, so as to avoid even greater
problems inherent in the use of terms such as ‘disease’ and ‘illness’. ‘Disorder’ is not
an exact term, but it is used here to imply the existence of a clinically recognizable set
of symptoms or behaviour associated in most cases with distress and with interference
with personal functions. Social deviance or conflict alone, without personal dys-
function, should not be included in mental disorder as defined here.

Evidently this relies on undefined notions such as ‘clinically recognizable’,
‘symptoms’ and ‘dysfunction’. DSM (p. xxi) begins its section on ‘Definition
of Mental Disorder ’ by casting some doubt on the term to be defined:

Although this volume is titled the Diagnostic and Statistical Manual of Mental Disorders, the
term mental disorder unfortunately implies a distinction between ‘mental’ disorders and
‘physical’ disorders that is a reductionistic anachronism of mind/body dualism. A
compelling literature documents that there is much ‘physical’ in ‘mental’ disorders
and much ‘mental’ in ‘physical’ disorders. The problem raised by the term ‘mental’
disorders has been much clearer than its solution, and, unfortunately, the term per-
sists in the title of DSM because we have not found an appropriate substitute.
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The literature being referred to here is probably that which implicates phys-
ical processes in the aetiology of mental disorders, and mental processes in
the aetiology or maintenance of physical disorders (e.g., stress on ulcers),
or the course of physical disorders (e.g., despair associated with poorer out-
come of some kinds of cancers). But the causal explanation of some condi-
tion does not yet determine the appropriate definition of the kind of
condition being explained. DSM goes on to say (pp. xxi–xxii) that there is a
definition that has helped to guide decisions regarding the boundary
between normality and pathology, as follows:

In DSM, each of the mental disorders is conceptualized as a clinically significant
behavioural or psychological syndrome or pattern that occurs in an individual and
that is associated with present distress (e.g., a painful symptom) or disability (i.e.,
impairment in one or more important areas of functioning) or with a significantly
increased risk of suffering death, pain, disability or an important loss of freedom. In
addition, this syndrome or pattern must not be merely an expectable and culturally
sanctioned response to a particular event, for example, the death of a loved one.
Whatever its original cause, it must currently be considered a manifestation of a be-
havioural, psychological or biological dysfunction in the individual. Neither deviant
behaviour (e.g., political, religious or sexual) nor conflicts that are primarily between
the individual and society are mental disorders unless the deviance or conflict is a
symptom of a dysfunction in the individual, as described above.

This definition is helpful in so far as it rules some things out, but, like ICD, it
contains several crucial unexplained terms such as ‘clinically significant
syndrome’ and ‘dysfunction in the individual’.

Further clarification can be gained by inspection of the way particular
symptoms – clusters of which make up syndromes – are defined. Typically,
each symptom is defined in terms of some norm. Introducing the concept and
diagnostic criteria for schizophrenia, for example, DSM (pp. –) has

Characteristic symptoms may be conceptualized as falling into two broad categories –
positive and negative. The positive symptoms appear to reflect an excess or distortion
of normal functions, whereas the negative symptoms appear to reflect a diminution or
loss of normal functions. The positive symptoms (criteria A–A) include distortions
or exaggerations of inferential thinking (delusions), perception (hallucinations),
language and communication (disorganized speech) and behaviour monitoring
(grossly disorganized or catatonic behaviour).

As another example, the criterion for obsessions in the sense of obsessive com-
pulsive disorder refers to recurrent and persistent thoughts, impulses or images
that are ‘not simply excessive worries about real-life problems’ (DSM,
p. ). Worry in generalized anxiety disorder, by contrast (p. ), is ( just)
‘excessive’. The criteria for compulsions in the sense of obsessive compulsive
disorder refers to ‘lack of realistic connection’ between compulsive modes of

 DEREK BOLTON
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behaviour and the negative event they are intended to avert. The definition
of affective disorders, specifically major depression, seems at first to be an
exception to this rule of containing explicit normative concepts. The
symptomatic criteria for major depressive episode (including depressed mood,
loss of interest, sleep disturbance and recurrent morbid thoughts) contain no
norms (p. ). That said, there is the well known qualifier in the diagnostic
criteria, that ‘the symptoms are not better accounted for by bereavement,
i.e., after the loss of a loved one’ (p. ). The background point is that the
symptoms of major depression can be indistinguishable from bereavement, but
no one wants to call bereavement a disorder, so the qualifier in effect is
there to exclude at least an obvious case of normal depressed mood. In this
case the norms are implicit in the diagnostic approach as a whole.

III. MENTAL DISORDER AS FAILURE OF INTENTIONALITY

The above considerations suggest that the definition of particular clinical
symptoms of disorders may be described using the philosophical concepts of
intentionality and the appropriateness of intentional objects of mental states. The
concept of intentionality as used in current philosophy of mind and psycho-
logical theory has two main aspects. First, it refers to aboutness (or directedness).
To say that a belief (or desire or emotion) has intentionality means partly
that it is about something, typically an object or state of affairs. Secondly, it
is not necessary that this ‘something’, that which, e.g., the belief is about,
exists in reality. One can believe that such and such is the case, when it is
not; one can fear something that does not exist; and so on. The proposal
that intentionality is the defining characteristic of mind, credited to
Brentano, has become the focus of many issues in contemporary philo-
sophical and theoretical psychology.3 This philosophy of mind, like others
mentioned above before it, has implications for the notion of mental disorder.
Broadly speaking, disorder will have to do with a ‘radical failure’ of
intentionality.

To pursue this point, it may be noted that the basic definitions of in-
tentional states characteristically describe them in terms of normative distinc-
tions. Experiences are veridical or otherwise; beliefs are true or false,
grounded or ungrounded, mutually consistent or otherwise. As for desires,
their intentional objects are appropriate or otherwise in relation to the
person’s needs, satisfaction of which the person should desire. Emotions, again,
are appropriate or otherwise, according to the person’s experience, beliefs
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and desires. For example, anger is an appropriate response, other things
being equal, to being hurt by someone. Action itself is evaluated in several
ways, particularly in relation to beliefs and desires, but also in relation to
achievement or otherwise of its desired end.

In this way a model of a process can be constructed, beginning with
events in reality, ending in action, mediated by intentional states or pro-
cesses including experience, beliefs, desires and emotions, the objects of
which and the connections between which are regarded in one way or
another as ‘appropriate’ or ‘inappropriate’. Broadly speaking, the mind is in
good working order to the extent that its intentional objects and connections
are appropriate. Conversely, failure of intentionality, whether inappropri-
ateness of an intentional object or connection, or absence of an intentional
object altogether, suggests disorder. Thus perception of a dagger in the
absence of anything like one in reality appears as a failure of the sensory
system; belief, immune to reason, that one has a divine mission to murder so
far points to disorder in cognition; profound misery in the absence of any
intentional object suggests affective disorder; performing actions inconsistent
with beliefs and desires, ‘compulsively’, suggests a disorder in practical
reason or will; and so on.

Not all failures of intentionality, however, count as mental disorder.
Various kinds of case have to be excluded, such as instances that do not
matter, and reasonably held false beliefs. In the first category would be cases
of habits performed, or minor fluctuations in mood, for no apparent reason.
In such cases the apparent absence of intentionality matters no more than
the behaviour itself. However, in so far as an activity or mood is salient for
us, especially if it is disruptive or distressing in intensity and/or frequency,
then generally we expect to find appropriate intentionality, and if we do not,
we may consider mental disorder. This kind of qualification – that to count
as a disorder, a symptomatic behaviour or mood has to be associated with
distress or impairment of (normal, daily) function – has been increasingly
specified in the diagnostic criteria in the standard manuals DSM and ICD.
As to false beliefs, these are common enough, but we distinguish false beliefs
that are reasonably held, for example, if based on evidence or acquired in
the individual’s cultural education, from those false beliefs held regardless of
evidence or education. It is only in this latter case that false beliefs might be
considered symptomatic of mental disorder. This kind of qualification is also
to be found in the definitions of ‘delusion’ given in the standard diagnostic
systems (DSM, p. ).

It thus seems possible to understand the concept of mental disorder in
terms of failures of intentionality, provided that some qualifications
are added, as above, so as to include only ‘radical’ cases. The proposed
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definition leads us towards the range and kinds of case of mental disorder
envisaged in psychiatry, described in DSM and ICD. One advantage of this
approach is that it can avoid the disclaimer in DSM, quoted above, about
the very term ‘mental disorder’. The term can be used legitimately for
radical disruption within mental states or the action they generate,
specifically in so far as they lack an appropriate intentional object, or lack
intentionality altogether. It is of course possible that the disorder may be
physically caused, but this aetiology would not undermine the description of
the disorder being caused as ‘mental’.

Plausibly, then, the idea of radical disruption of intentionality serves to
explicate the notion of ‘(clinically recognizable) symptoms’ which is
fundamental to the definition of mental disorder in psychiatry. Further, this
approach plausibly captures ordinary usage, as no doubt the psychiatric de-
finitions are meant to do. In the attribution of madness it is apparently
failure of intelligibility that is crucial,4 and this can reasonably be construed
as failure to recognize appropriate intentional objects, or any intentionality
at all, in the mental states and actions of the other. It should be emphasized
that the proposal here concerns definition, or conceptual analysis, not
correctness of application. It may be that people are inclined to call some-
one mad because they see no sense in what he is doing, but they may be
wrong: there may be more sense in the mental states or behaviour of the
other than meets the eye. This point signals one of the major problems in
this area, that attributions of intentionality seem to be observer-relative.

IV. OBSERVER-RELATIVITY AND THE MEDICAL MODEL
OF MENTAL DISORDER

It has been recognized in the cultural sciences since their beginnings at the
end of the nineteenth century that the attribution of meaning, which can be
regarded in this context as interdefinable with intentionality, involves
subjectivity and empathy.5 Moreover, this point has been very well known in
psychiatry following Jaspers’ seminal work on meaningful and causal con-
nections in psychopathology.6 In contemporary philosophy, the observer-
relativity of meaning appears in various ways in major positions. Dennett is
clear that patterns of intentionality involve observer-relativity. Davidson’s
interpretationist approach to language and mental content ensures, via the
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principle of charity, that while there can be some disagreement, there must
be substantial conformity between the intentional states of the interpretee
and those of the interpreter. Wittgenstein’s conclusions regarding rule-
following, and related concepts such as understanding, draw essentially on
notions of shared practice and agreement.7 The apparent observer-relativity
of intentional states may suggest, and different writers embrace this conclu-
sion with more or less reluctance, that the norms which characterize them
cannot be defined in non-relative, absolute terms. This line of thought poses
a threat to the objectivity of a concept of mental disorder defined in terms of
breakdown in intentionality alone. Is it society that decides when there is
order or disorder? Is it physicians? It is likely that the apparently innocuous
term ‘clinically recognizable symptoms’, in the definitions of mental disorder
in DSM and ICD, quoted above, in fact does a lot of work, suggesting that it
is physicians, or ‘clinicians’, who are the arbiters of what is normal and
what is not. And of course that is legitimate, provided that there is some-
thing exclusively medical, perhaps even physical, about mental disorder.
So there is apparently a background assumption in the whole enterprise that
there is going to be a medical, objective basis to the norms in question.

The medical model of mental illness, of course, exactly expresses the view
that there is such a basis, and it came under severe attack in the s.
Broadly speaking, the common thrust of the anti-psychiatry critiques was
that the medical model failed to see what meaning there was in apparent
disorder, with the consequence that the ‘mentally ill’ were disqualified,
stigmatized and socially excluded. Foucault described the development in
modern culture of the idea of madness as lack of reason, stripping it of all
possible significance except as mere disorder, confining it to asylums, in-
creasingly to be explained by the medical profession in terms of physical
causes. Szasz charged the medical model of mental illness with mistakenly
encompassing (understandable) ‘problems of living’. Laing viewed madness
as a meaningful response to family and social paradoxes, in the circum-
stances more meaningful than normality.8 In terms of the definition we are
using, the charge is that apparent absence of intentionality is too hastily seen
as the result of physical dysfunction.

In addition to and probably in interaction with the historical social forces
identified by Foucault, and the current socio-economic pressures identified
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by Szasz, there is an a priori argument in the background in favour of the
medical model. Because mental disorder can plausibly be construed as a
breakdown of meaningful connections, it is inevitably plausible to infer that
meaningful explanations (explanations in terms of meaningful processes)
have run out, and that we have to drop to a ‘lower level’ of explanation.
The reasoning is general and familiar in the philosophy of science. In his
discussion of ‘special sciences’, Fodor, for example, observes that in order to
explain the failure of a generalization in a ‘special’ science, one drops to a
lower-level science; all sciences do this except physics.9

 Dennett, in The Intentional Stance (MIT Press, ), says the same in
connection with his three ‘explanatory stances’. This influential work is part-
icularly relevant to the issues under discussion, because it explicitly has to do
with intentionality, and is helpful in identifying the arguments. Dennett
distinguishes three kinds of stance that may be adopted in the explanation
and prediction of the moves of a chess-playing computer. One is the ‘phys-
ical’ stance, which draws on physical laws applicable to the material of the
machine. The second is the ‘design’ stance, referring to design and pro-
gramme. Here it is assumed that each part is in working order and fulfils its
function. Within the design stance the physical constitution of the system is
not considered. Now while in principle, Dennett supposes, the moves of a
computer are predictable from the design and even from the physical
stance, in practice the best chess-playing computers’ moves are most effici-
ently predicted by moving to a third stance, the ‘intentional’ one. Here it is
assumed that the computer will make the most rational move. The assump-
tion of ‘rationality’ is that of optimal design relative to goals. From the inten-
tional stance, one assumes the possession of certain information and
direction by certain goals, i.e., of ‘beliefs’ and ‘desires’. Within this frame-
work, Dennett (pp. –) makes the plausible suggestion, in passing, that in
order to explain breakdown of function, for example, in the chess-playing
computer, we have to drop to the physical stance, there to appeal to, e.g.,
short-circuits, over-heating, blown fuses. The point behind this suggestion is
that when function fails we precisely have to abandon the intentional stance,
with its reference to rules, strategies, etc., and look instead for physically
defined causes. A priori inference of this kind lends support, in the case of
psychological disorder, to the ‘medical model’ in psychiatry, in so far as it
favours theories of organic aetiology. Psychological disorder appears as the
breakdown of psycho-logic, that is, of meaning, rationality, and so on, and
beyond this limit we apparently have to abandon our normal intentional
forms of explanation, as in folk psychology, and posit instead causal pro-
cesses at the biological level which disrupt normal processes.
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However, the assumption that breakdown of function can be explained
only from the physical stance is invalid, invalid even in the relatively simple
case of the chess-playing computer. There are options from within the
design stance, and also some from within the intentional stance.

V. EXPLANATIONS OF DISORDER FROM THE DESIGN
AND INTENTIONAL STANCES

I shall deal first with the option of explaining disorder from the design
stance. The chess-playing computer makes irrational moves, inappropriate
to winning the game, because of sub-optimal design. Here we envisage a
causal pathway to disruption of function in which there is no physical
disruption to information-processing, but rather use of inappropriate rules.
Contemporary models of major psychological disorders such as autism or
schizophrenia, referred to below, may be seen in Dennett’s terms as making
use of the design stance as well as the physical stance. As to the possibility of
explaining disorder from within the intentional stance, this seems to be ruled
out a priori, at least at first sight. As noted above, disorder apparently is
precisely the breakdown of intentionality, and hence it does not admit
of explanation in terms of intentional processes. The simplicity and power of
this line of thought derive primarily, however, from limiting consideration to
systems which have only one function. When we consider complex systems
(though not more complex than a chess-playing computer, or any living
being), with many goals and subgoals, routines and subroutines, there arise
several possibilities which avoid the apparent contradiction in explaining
breakdown of intentionality in terms of intentional processes. One possibility
is that two or more sets of rules come into conflict, leading to disorder in
action. Another is that a goal can be abandoned in order to achieve a higher
goal, that in this sense one function will be sacrificed, but as part of a
strategy appropriately described from the intentional stance. A chess-playing
computer, for example, may sacrifice the queen for a pawn in order to
secure checkmate in three moves. However, an observer who fails to see the
point of the sacrifice (fails to see the loss of the queen as a sacrifice) would
reasonably conclude that the computer had made a radically mistaken
move, and would shift to the design or physical stance for an explanation.

It should be noted here that the ‘diagnoses’ of breakdown of function
from the physical and design stances are quite distinct in so far as they make
different predictions about future moves, and point to different remedies. If
the intentional stance is used for explanation, on the other hand, no break-
down of function is envisaged, nor need for repair, and again there are
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different predictions of future moves. In this sense, at least when it
comes to the explanation of disorder, the three explanatory stances are
genuine alternatives in any one case, and they are (more or less) right or
wrong.

It should also be noted that the use of Dennett’s framework to elucidate
explanations of dysfunction requires some emendation of his understanding
of the intentional stance and the intentional systems to which it applies.
Dennett defines the intentional stance in terms of the assumption of ration-
ality, and intentional systems (trivially) as those to which the intentional
stance can be usefully applied. This approach apparently does not envisage
the intentional stance being used for predicting irrational behaviour. But
apparently it can be. I may learn, for example, that the chess-playing com-
puter prefers its black bishop to its queen (systematically moves in such a
way as to retain the former rather than the latter, given these alternative
outcomes), and this rule is as useful for prediction as the more rational
opposite. Another example is that the computer may be programmed so as
never to make a sacrifice (never to exchange a higher for a lower value
piece). This is a perfectly reasonable rule, but in some circumstances (when
a queen sacrifice would secure mate) it does not lead to the most rational
move. What matters to the use of the intentional stance is that some
identifiable strategy or other is being used to achieve some identifiable end-
state; it is not also necessary that the strategy or the end-state is (optimally)
reasonable. This relies on another type of approach to intentional systems,
unlike Dennett’s, in which they are understood as systems showing goal-
directedness and flexibility according to circumstances. The intentional
stance is then seen to explain and predict the behaviour of systems with
these characteristics by positing regulation by states which carry information
about goals and the current environment.

VI. MENTAL DISORDER AS BIOLOGICAL DISADVANTAGE

These considerations suggest that any definition of disorder that infers
straight from apparent lack of sense to no sense, and hence to physical
stance explanations, is likely to be too crude. In psychiatry, the debate has
been whether all mental illness can be explained in terms of a physical
cause, a disease process or lesion of some kind. This debate was warmed up
by Thomas Szasz’s argument that the very concept of ‘mental illness’ is
invalid. Illness, according to Szasz, implies a physical lesion, but if there is a
physical cause, then the illness is physical. Against this background, there
were various attempts in the s to improve on the medical model, and
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particularly on its apparent reliance on the notion of a physical lesion as
definitive of illness, whether mental or physical. In an influential paper the
psychiatrist R.E. Kendell discusses the problems associated with defining
even physical illness in terms of lesion, including the absence of a clear
boundary between lesion and extremes of variation within the norm, and he
moves to consider a more promising definition proposed by Scadding in
terms of biological disadvantage.10 Kendell notes (p. ) that ‘biological dis-
advantage’ presumably must embrace both increased mortality and reduced
fertility, and observes ‘whether it should embrace other impairments as well
is less obvious’. He goes on (p. ) to consider whether mental illnesses, by
reducing either fertility or life expectancy, do in fact produce a significant
biological disadvantage. Considering schizophrenia, Kendell reviews re-
search on the extent to which low marriage- and fertility-rates result from
confinement in the asylums, and observes that it is generally hard to dis-
tinguish between biological and social disadvantage. On the other hand, he
notes, quoting other authorities, there is one ‘condition’ with an apparently
clear detrimental effect on marriage and fertility, namely, homosexuality. In
brief, this criterion of biological disadvantage is not as clear cut as might
have been hoped, nor does it provide anything like a plausible demarcation
criterion between mental order and disorder.

VII. THE VARIETY OF EVOLUTIONARY-THEORETIC
MODELS OF MENTAL DISORDER

Although the definition of mental disorder in terms of biological dis-
advantage was proposed as an improvement on definition in terms of lesion,
it in fact points towards a new paradigm, because, in brief, evolutionary
theory emphasizes the crucial role of adaptation and survival. In fact what
open up are the varieties of explanatory models discussed above in philo-
sophical terms in relation to Dennett’s three explanatory stances. There
may be explanations of disorder not only from the physical stance but also
from the design and intentional stances. In the design stance, everything in
the organism is biologically intact (there is no lesion), but the design of the
system is inappropriate to achievement of goals in a particular environment,
leading to breakdown of action. In the intentional stance, achievement of
one goal is lost, giving the appearance of dysfunction, and indeed a genuine
loss of function, but in the interests of preserving a function higher in the
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system’s hierarchy. Indeed, this last kind of case is arguably the primary
thrust of an evolutionary-theoretic approach to disorder, in so far as it
emphasizes the adaptiveness of biological systems, including the mind–
brain, and the fact that considerable resources are designed into living
beings to cope with adversity, whether in the outer or the inner milieu. The
recommended methodology from the evolutionary-theoretic perspective is
thus to search for the functional, adaptive nature of biological and bio-
psychological processes, even where they appear at first glance to have run
out. In this context it may be that the idea of biological disadvantage plays a
role, but arguably it is unlikely that action as a whole, including action in
much of what we call mental disorder, will carry biological disadvantage: for
biological systems in general are geared towards adaptiveness, and bio-
logically disadvantageous behaviour as such is likely, other things being
equal, to have been deselected.

This line of thought is reinforced by the relatively new subject of
evolutionary epidemiology, which considers prevalence rates of disorders
from an evolutionary perspective. What is remarkable from that point of
view is that minor and major mental disorders have persisted at all, and at
relatively high rates, if they are supposed to carry (significant) biological dis-
advantage. Wilson presents the case for saying that in so far as traits show
prevalences beyond what is expected as rates of mutation (shown in
Hardy–Weinberg calculations), or an unusual range of phenotypic reaction,
the implication is that they have or at least are associated with advantages
in the environment of evolutionary adaptiveness.11 This is indeed a remark-
able conclusion, and suggests a range of new perspectives on mental
disorders, generating new research programmes, most of which are in their
infancy. Various options open up from the evolutionary perspective, which
can be illustrated for different disorders.

One defining kind of case, an extreme, is that what we are inclined to call
a disorder may turn out not to be a disorder at all, from the evolutionary
perspective, but indeed perhaps something more in order, more adapted,
than normal. There has been considerable interest in the possibility that this
might be true of sociopathic personality disorder, connected with the fact
that individuals so described are, for example, not held back from satis-
faction of needs by concern for others, and show no remorse or other
distress about their behaviour.12
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Another kind of case would be illustrated by the anxiety disorders, which
are clearly closely related to highly adaptive normal anxiety; certain aspects
of them may be more adaptive than is apparent at first sight.13

Another kind of case would be behaviour which evidently involves loss of
function, but where the loss, in certain circumstances, may itself be adaptive.
Depression has been approached in this way, in the so-called social competi-
tion hypothesis, according to which the depressive syndrome may be viewed
as a form of submission response in the context of social competition.14

A different option is that a syndrome may involve definite loss of func-
tion, but is associated genotypically and possibly phenotypically with signi-
ficant biological gain. Crow has argued along these lines that schizophrenia
in the species may be linked to the acquisition of language.15

Another kind of possibility is that our current (modern Western) en-
vironment is plainly different in certain respects from the ancestral one, and
this might explain dysfunction, or related concepts, in design terms. The
main idea would be that our capacities, as well as our mechanisms for
maintaining or restoring them, were developed in relation to a certain kind
of environment, and crucial changes have resulted in the environment
becoming hostile to our design features. The most obvious general kind of
example of this would be industrialization and increasing technology
making massively increased task demands on some and creating unemploy-
ment for others, both of which are stressors for us, leading to anxiety and
depression, and increasing risk for other kinds of breakdown; while at the
same time the socio-economic changes may have reduced protective factors
such as family and community support. Issues of these kinds are studied in
social and cross-cultural psychiatry.16

 There is a general issue regarding testability of evolutionary-theoretic
hypotheses of these kinds. Broadly speaking, in all or most of the examples
given above, the hypothesized ancestral environments are not so different
from our own, and so the hypothesis of advantage can be tested, more or
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less definitively, by various observational or experimental methodologies.
On the other hand, there is the risk that any plausible story can be told
about possible ancestral environments, and about the advantages of having
such and such traits. Characteristically such stories highlight the difference
between current environments and those in which human beings evolved,
supposing that a trait may have been adaptive in the ancestral environment
but is maladaptive, or at least an oddity, in the present. This is the
evolutionary-theoretic approach to mental disorder favoured by Stevens and
Price.17

They suppose, for example, that in the environment in which human
beings evolved it was necessary for new groups to split off to seek new re-
sources, and these breakaway groups required leaders with a preoccupation
with religious themes, conviction of their own rightness, and lack of sensi-
tivity to the opinions and feelings of others. Now such ‘schizotypal’ qualities,
the authors argue, confer vulnerability to schizophrenia. Equally, however,
and probably more plausibly, it can be argued that, then as now, leaders are
more likely to be successful if they have high-level negotiation skills and
are good at mind-reading. The problem in the background is an epistemo-
logical one and I shall return to it later. For now I shall continue with
outlining possible views of disorder from evolutionary theory.

It is plausible to suppose from an evolutionary-theoretic perspective that
there are basic psychological competences, modular in form, served by
relatively circumscribed brain structures,18 and that damage to these struc-
tures, whether by a genetic fault, or by some disease process or lesion, would
lead to profound disorder. Baron-Cohen considers autism from this perspec-
tive, the basic competence in question being use of theory of mind.19 This
kind of approach is compatible also with current models of schizophrenia.
They comprise postulates of a fundamental cognitive dysfunction, failure of
regulation of sensory input by stored regularities, in the context of neural
structural abnormalities, genetic risk and a hypothesis of specific neural dam-
age in utero.20

In these current theories of major psychopathology there is a role for
hypothesized lesions in specific neural areas, but this is not the only factor,
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or the main explanatory paradigm, which follows from the evolutionary
approach. This factor appears as one among many other kinds of process, as
indicated above. The evolutionary approach is thus much richer than the
crude medical model in terms of lesion. But further, it also involves a re-
thinking of the old paradigm. From the evolutionary biological point of
view, it is a priori unlikely that damage to a fundamental function, threaten-
ing the possibility of action itself, would be left unattended: rather there
would be mechanisms in place to enable the living being to survive. Evolu-
tionary theory emphasizes survival, and characteristically much of the
biological resources of the living being are adapted to surviving adversity,
whether this be in the external environment or the internal, by various
forms of restoration, plasticity and compensation. It follows from this line of
thought that where there is a fundamental psychological dysfunction caused
by damage to the neural structures serving it, there will be a tendency for
the person to seek to act despite this. And in this case, what is presented in
behaviour will be strategies for coping, as well as any direct signs of the
dysfunction itself. Indeed, the prediction is that signs of the dysfunction may
not be open to view, that they will be disguised in some way by coping
strategies, and will need special tasks, circumventing the coping strategies, to
elicit them.

Current models of autism and schizophrenia both use this line of thought.
Both posit that modes of behaviour characteristic of these disorders, in-
cluding some regarded as symptoms, may be adaptive. For example, the
repetitive, isolated play of the child with autism may reflect avoidance of
situations that require theory of mind, such as co-operative or pretend
play.21 Schizophrenia is also marked by avoidance, the simplest problem-
solving strategy, in this case avoidance of sensory and social stimulation, and
it is possible that some positive symptoms, particularly delusions, function to
reduce uncertainty associated with chaotic sensory experience.22 In terms of
Dennett’s framework of explanation, there is likely to be an intentional strat-
egy, probably built into the design, to deal with failures of function resulting
from damage at the physical level. These complex models of psycho-
pathology, drawing on all three kinds of explanatory stance explicated by
Dennett, with complex interactions between them, are interesting, and a
vast improvement on the crude model in terms of lesion or disease entity.
Once an evolutionary-theoretic perspective is fully taken, the notion of
disorder in fact appears as extremely complex, in ways reflecting the variety
of explanations available for breakdowns in intentional systems. In fact,
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arguably, in certain respects, the concept of disorder seems to unravel
altogether.

VIII. EVOLUTIONARY-THEORETIC DEFINITIONS
OF DISORDER

Here are two examples from papers on the contribution of evolutionary
theory to psychiatry, from within the profession, explaining what ‘mental
disorder’ is. First, from Nesse and Williams:

Mental disorders can be recognized as medical disorders when they are viewed in an
evolutionary framework. As is the case for the rest of medicine, many psychiatric
symptoms turn out not to be diseases themselves but defences akin to fever and cough.
Furthermore, many of the genes that predispose to mental disorders are likely to have
fitness benefits, many of the environmental factors that cause mental disorders are
likely to be novel aspects of modern life, and many of the more unfortunate aspects of
human psychology are not flaws but design compromises.23

Here it has to be remembered that according to the standard psychiatric
manuals for diagnosis, cited earlier, mental disorder is defined in terms of
clusters of (clinically recognizable) symptoms; but now it seems that many
of these symptoms are likely to be defences, and not necessarily against an
internal disease process, but against an alien, stressful environment. In this
context, it is questionable whether the notion of disorder is the most helpful.

Secondly, McGuire, Marks et al. endorse ‘biological disadvantage’ as an
appropriate criterion for identifying mental disorders, but add

It is difficult to know whether a condition is pathological without considering
the environment in which it occurs. Depression may be adaptive in a supportive social
environment, just as schizoid personality may be adaptive in isolated areas.24

This claim hardly preserves the concept of mental disorder that DSM and
ICD are trying to capture. The standard view expressed in these texts, as dis-
cussed earlier, is that mental disorder must be, however caused, a ‘personal
dysfunction’, and therefore apparently not to be defined in terms of a
person/environment interaction.

So far I have been considering definition of mental disorder in terms of
‘biological disadvantage’, and I have shown how complex this becomes
when we adopt evolutionary theory’s emphasis on adaptation. A different
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kind of evolutionary-theoretic approach to the definition of mental disorder,
which might preserve a concept of the kind envisaged in DSM and ICD, is
proposed by Wakefield. He suggests that disorder, whether physical or
mental, is to be defined as harmful dysfunction, where ‘dysfunction’ is to be
understood in terms of an internal mechanism not performing one of the
functions for which it was ‘designed’ by natural selection. A similar ap-
proach, understanding mental illness in terms of evolutionary biological
dysfunction, is proposed by Papineau.25 This kind of approach departs from
the tack taken by Kendell in that it does not appeal to the notion of
biological disadvantage, but instead to the weaker notion of ‘dysfunction’.
This leads to a more extensive arena for breakdown, since any biological
subsystem may dysfunction, whether or not the resulting behaviour carries
biological disadvantage. Wakefield’s definition adds explicitly that dys-
function has to be judged as harmful, taking into account current interests
and values. This is to exclude trivial cases, but also presumably also
recognizes the fact that ‘dysfunction’ in the sense defined might actually be
advantageous. In this sense the qualification ‘harmful’ in Wakefield’s defini-
tion of disorder is being relied upon to do substantial work, and accordingly
the notion of biological dysfunction itself is relied on less.

Wakefield’s evolutionary-theoretic definition has been criticized for fail-
ing in one of its main aims, namely, disentangling evaluative from scientific,
objective, components of the concept of disorder, specifically for its claim
that the notion of ‘dysfunction’ is value-free.26 There are, however, other
problems with this approach. One is a problem of omission. Wakefield’s
definition apparently does not bring out the range of options opened up
once we adopt an evolutionary-theoretic stance on disorder. Research pro-
grammes informed by evolutionary theory may tell us what particular
biological subsystems were designed for, and hence what it is for them to be
functional or dysfunctional. But the theory also suggests that this distinction
is relative to environments, that dysfunction in the sense defined may carry
advantage (in some environments), and that where it does carry disadvan-
tage, dysfunction is likely to be in some way compensated for. Wakefield’s
definition does not bring out these crucial points.

The definition also raises an epistemological problem perhaps connected
with this understatement of the complexity of the evolutionary approach.
We need research programmes to find out what biological subsystems are
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implicated in particular mental disorders, what function they were designed
in evolution to perform, and in what environments dysfunction may carry
advantage or disadvantage. The answers to these questions are not to hand.
Such a state of ignorance is of course normal in science. However, because
Wakefield’s definition of mental disorder is in terms of evolutionary
biological harmful dysfunction, our current state of ignorance would hold up
the diagnosis of disorder, which is meant to be able to happen now, in the
clinic.

What are at hand in the clinic, plausibly, are the criteria of mental
disorder as involving breakdown of intentionality, using notions of normality
and abnormality (and their cognates) derived both from society and from
specialist clinical practice. This was the working definition discussed earlier.
In the past, clinical diagnostic practices have been grounded in a well
established medical model that construed mental disorder in terms of phys-
ical lesion or disease. However, with advances in biological and behavioural
sciences, within the framework of evolutionary theory, this paradigm gives
way to more complicated and sophisticated approaches to disorder. As these
become better understood and more widely disseminated, it is likely that
social constructions of order and disorder, and with them practices in the
mental health services, will undergo substantial changes, a fundamental
theme in which there will be increasing recognition of the intentionality in
what is now described as disorder. There may then be less readiness to be
satisfied with the terms ‘mental illness’ and ‘mental disorder’, particularly in
view of their social history and current negative connotations. ‘This is a
mental disorder’ is not the same as ‘This is how human beings respond to
adversity in the inner or outer worlds’. The former description is so far
merely disqualifying and excluding, while the latter signifies something
worth knowing about ourselves.

Institute of Psychiatry, King’s College London 
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