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CONTENTS 1

Summary

The extraordinary level of interest worldwide in Digitafémmation Networks (DINS)’
deployment is due to the strong perception that they brimg@mic, social and en-
vironmental value. However, scientific attempts to evidetids perception lead to
speculative, elusive or limited conclusions. In this teesie propose a novel frame-
work to account for the value of DINs. Most relevantly, ouarfrework is capable
to account for any form of value, whereas existing literatiends to focus solely on
orthodox economic measures of performance such as preitjuclio exemplify, we
use our framework to explain evolutionary change in poligking, economy and
biology. With this approach, we underpin how DINs generaiee in these three do-
mains. We also provide significant theoretical contribugioegarding the Advocacy
Coalition Framework, the initiative Generalized Darwimiand the Modern Synthe-
sis, which are frameworks used in policy making, evolutigreconomics and bio-
logical evolution respectively. Finally, this thesis agllses business interoperability,
and as such also contributes to increasing the value gedettatough DINs. From
an empirical perspective, our work is supported by a riclagktt of Eurostat on the
use of ICT by enterprises and households, and a case stualylireg an electronic
identification management system in Austria.
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Chapter

Introduction

1.1 Digital Information Networks (DINS)

Since the 1980s, the telecommunication sector has beendirgaapidly (Shiu and
Lam, 2008). This is mainly caused by the conversion of ansogpmmunication
networks designed for telephony or TV services into multidtional Digital Infor-
mation Networks (DINs). The exponential growth of servioffered over DINs can
be explained by many factors, including technological adements, market liber-
alization and privatizations. The worldwide extraordinbavel of interest in deploy-
ing information networks is due to the strong perception thisrmation networks
bring economic, social and environmental benefits (Firtth lstellor, 2005). Some
speculate that DINs may have a similar impact on societyaasportation networks
had during the 20th century (OECD, 2001). In long wave thetrg information
driven economic era is known as the 5th Kondratieff econayiaie (Perez, 2003).
A Kondratieff cycle manifests itself by a sinusoidal-likenb-term cycle from ap-
proximately 40 to 60 years in length with a semi-period ofhhigoductivity growth
followed by a semi-period of relatively slow growth (Freemand Louca, 2001).
Some benefits of DINs can be observed directly. For examplestauction of net-
work infrastructures leads to direct increase in job emplegt. The benefits might
also be more intangible, such as better quality of health sarvices, improved ed-
ucation and organizational efficiency (European Commisst®10). The Organi-
zation for Economic Co-operation and Development (OECDsitered broadband
DINs as key to enhancing competitiveness and sustainingoeeic growth (OECD,
2001). Many governments are increasingly committed torehtey DINS to their cit-
izens (Katzet al,, 2009), particularly in the developing nations (Kaganal., 2004).
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Consequently, the levels of interdependency between aser®INSs’ providers in-
creased dramatically (Dijk and Mulder, 2005) and the DINasfructure became an
essential facility for all economic sectors.

1.2 Problem statement

To justify policy support for further investments in DINs.de in Fiber To The
Home (FTTH)), it is necessary to learn from expenditures Have already been
made and demonstrate their value. Our literature reviewtadies aiming to evi-
dence the economic impact of DINs concluded that so far qrdgglative, elusive or
limited conclusions have been taken. Generally speakieggetstudies model an eco-
nomic system as a black-box transforming inputs into ostpDiNs are considered
an observable production input changing the uncertairggrding the performance
of the economic system. From this perspective, the diffarén the performance be-
tween an economic system with and without access to thestnficture corresponds
to the value of DINs. For example, in (Koutroumpis, 2009)NBMere observed by
measuring the broadband penetration rate and the econgstés performance was
observed by measuring economic growth. The value of broatilpeas measured
with a regression between the penetration rate and ecorgnoweth. The obvious
limitation of this approach is that such direct statistiedhtions provide few insights
on the actual intermediate processes from DINs to econoati®yi.e. the causality.
DINs do not act in economy by itself, but in conjunction witiher IT (primarily
consisting of hard- and software). Therefore, the sepiésabf the value of infor-
mation networks is not an elementary task, and most of theares done aims at
understanding the general value of IT. Our literature revi@ the general value of
IT, led us to conclude that some of these studies take moighiifidd and refined
conclusions by depicting the value of particular subcongps of IT. For example,
in the specific domain of Transaction Cost Economics (Tt value of IT is ana-
lyzed in terms of its impact on transaction costs and coatin risks. These studies
provide first real evidence of specific benefits of IT. Howetleey loose track of the
holistic perspective, and therefore fail to establish adwito the more traditional
economic approach which aims at estimating macro econoitg-impacts.

1.3 Research objective

The main research objective of this thesis is to contriboithé understanding of the
value of DINs. Specifically, we want to contribute from thprspectives:
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1. The literature on the value of IT mentioned above tendsd¢ad on particular
subcomponents of IT. For example, TCE focus on transactists@nd coor-
dination risks. Therefore, TCE neglects several other dsimas from which
DINs generate value. For instance, online education is @arll' resource
in the current knowledge-based economies, and it is noteaddd in TCE.
Ouir first objective is to design a framework capable to prevath overarch-
ing and holistic view of the processes enabled by DINs whihegate value.
With such framework, specific domains such as TCE and morergkones
such as the Information Systems (IS) studies and orgaoimdttheory, can be
interrelated and cross-fertilized.

2. The orthodox economic approach mentioned above, basedinput-output
production functions, focuses on economy-wide impact® miost recent lit-
erature on the value of IT came up with important evidencethefvalue of
IT, but only of particular subcomponents of IT. Our secongotive is to de-
sign a framework capable to link macro- (aligned with magconomic theory)
with micro-level type of studies (aligned with IS literaguand organizational
theory). To do so, the concepts in the framework need to benimgfal and
observable for small and large units of analysis (e.g. iddi&ls and whole
economies).

3. Generally speaking, the existing studies on the valuelbfsiand IT tend to
focus on orthodox economic type of value measures such dsagiiaty. Nev-
ertheless, DINs generate value that is hardly accounteslifoisuch measures.
For example, (Majumdaet al., 2010) referred to social welfare. The third ob-
jective for our research is that our framework can be captblccount for
other forms of value, in addition to the traditional econormnes.

In this thesis, we are not concerned with the direct econamisequences of de-
ploying a new infrastructure, such as increased employarghincreased production
of construction companies. Those effects are already &pliuzed in the literature.
Instead, we focus on the effects on the demand side (i.es)usdet relate directly
with information and its value. Besides, we are only conedrwith the effects with
evolutionaryvalue (e.g. productive value), not with recreational valeg. online
gaming). Later in this thesis, we will defimwolutionary value

Finally, an important aspect that limits the value that igaoted from DINs is
interoperability between IT systems. A secondary objeatifithis thesis is therefore
to contribute to the understanding of business IT interaipiity with the ultimate
goal of increasing the value generated through DINSs.
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1.4 Research approach and book outline

Our research approach is succinctly described in figureréat(pbottom-up). Chapter
2 provides a thorough literature review of 24 studies ainaingarifying the value of
DINs and 38 studies on the general impact of IT (with hard-softivare). From our
literature review, a set of general requirements is derfeedur framework. Based
upon these requirements, the most relevant theoretic&lgbaend for this thesis is
described: evolutionary economics and holon theory. Buwgldipon this theoretical
background, a new framework is proposed to account for theevaf DINs: the
Holonic Framework (HF), which is the main proposition ofsthiesis.

In chapter 2, we demonstrate that the HF provides a moremyeng and holistic
view of the processes enabled by DINs compared to two referameworks (Zand
and van Beers, 2010; Bulkley and Van Alstyne, 2004), and tbegsses that they
account for. Thus, we fulfill our objective 1. In chapter 3, demmonstrate that the
concepts in the HF are multi-level using Eurostat data aintthieidual and enterprise
levels of analysis. Thus, we fulfill our objective 2. Additilly, chapter 3 allows us
to demonstrate the empirical power of the HF, to take furtheoretical insights and
raise potential implications to be explored in future work.

To show that DINs generate various forms of value and thaframnework can
account for this value, we will follow a unique approach. THE identifies a set
of simple and fundamental concepts which describe howimition flows are pro-
cessed and from which value is generated. Irrespectiveeofetthnical aspects in-
volved in the coding, transmission and decoding of inforamtdigital networks
allow humans to exchange information, just like any tramspoganizational, phys-
ical or biological information network. Therefore, we hypesize that the HF and
its processes apply to information networks in generaltaligr not. This includes
biological networks, economical networks and networksasicy makers. Thus, the
HF hypothetically allows us to understand how biologicalpmomical and policy
making units generate value using information networksh&athan choosing one
of these fields and study this assumed analogy in depth, weeatkto make a first
exploration in all of these fields. The advantage of this aggh is that it shows the
validity of this analogy in its breadth. The disadvantagen& most of our results are
still relatively abstract and that we generate more reseguestions than we solved.

Chapter 4 integrates the HF with the state-of-the-art fraonk in policy mak-
ing, the Advocacy Coalition Framework (ACF). The resultingmework, labeled
Capability-aware Policy Framework (CaPF), is capable tiregs several criticisms
previously made to the ACF. Chapter 4 also illustrates tleetiral value of the
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CaPF with a use case on an electronic identification managesystem in Austria.
By applying the HF to the domain of policy making, we undefpirwv DINS generate
value for policy making. Additionally, our approach demirates that the study of
the value of DINs provides useful information for theorylting in policy making.

Chapters 5 and 6 investigate the application of the HF to ¢meaihs of biology
and economy respectively. The Modern Synthesis (MS) is tineent paradigm for
biological evolution. However, the MS is under scrutiny lypletionary biologists.
Chapter 5 motivates the use of the HF as an alternative ctualapodel for theory
building in evolutionary biology.

The Generalized Darwinism (GD) initiative abstracts the futn biology to the
domain ofevolutionary economicslf the MS is being scrutinized in biology, then
it may very well limit GD’s in economy. Chapter 6 motivateg thse of the HF in
evolutionary economics. Chapters 5 and 6 demonstrate himrmiation networks
generate biological and economical value and, more fundtaitye as with policy
making, provide a new domain for theory building in evolaioy biology and evo-
lutionary economics: the study of the value of DINs.

Chapter 7 studies how interoperability may increase theevéat is extracted
from DINs. Interoperability refers to the ability of two orare systems or compo-
nents to exchange information and to use the informatiohhtha been exchanged.
Studies unveiled the costs of inadequate interoperaliditige in the order of mil-
lions of euros per year. Existing research on interopatabiiostly covers technical
aspects, without linking them to business aspects. Chaptaegrates the HF with
a state-of-the-art reference framework in interopergbithe ATHENA framework,
to derive a new framework to address business interopéyaliie Capability-aware
Business Interoperability Framework (CaBIF).

In figure 1.1, the dark blue building blocks have a descriptiature, the light
blue have an analytical nature and the green ones have ariegahpature.
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1.5 Relevance of this thesis

Today, the telecommunication sector is undergoing a rattmasformation, creating
new opportunities and challenges for infrastructure amdice providers. The es-
tablished value chain is increasingly being deconstryctétth the entry of powerful
new players and radical restructuring of the industry (Badétal, 2007a,b; Yang
et al, 2004). Telecommunication providers realize that in otdesurvive they need
to expand their classical service portfolio (voice, Inarand TV). DINs connect all
sectors and thereby are instrumental to explore and sugpoige spectrum of digital
trans-sector innovations. The framework proposed by Hasis describes the mech-
anisms which enable DINs to generate value. Thereforedhgsen this framework,
new digital trans-sector innovations can be identified thagmn those mechanisms,
increasing efficiency, generating new value network steeaand promote develop-
ment (Madureiraet al., 2009b).

Governments have also come to view the important role of DéNsational de-
velopment (Sein and Harindranath, 2004). In order to supipother investments
in DINs infrastructures (e.g. in FTTH), it is necessary tetify expenditures that
have already been made and demonstrate their value. Trer#ie thesis is a rel-
evant input for policy makers in the development of privatd aublic information
network-related policies. The importance of the reseatrelam on the value of DINs
and IT is reflected on the extensive number of studies in th@gestuwhich started
to arise in mid 80s. Scientifically, the challenge was stdgdhe Nobel-awarded
economist Robert Solow in 1987 with the famous quote: "yau s®e the computer
age everywhere but in the productivity statistics” (Sola®@87).

In chapter 4, this thesis contributes to the domain of pali@king. The public
section of the American Political Science Association dbss itself as "committed
to producing rigorous empirical and theoretical knowledéjne processes and prod-
ucts of governing and the application of that knowledge tlicpassues” (Weimer,
2008). The first part of this commitment- the theoreticat-pdemands frameworks to
explain the public process. This thesis improves the sthtbe-art reference frame-
work in policy making, the ACF, and therefore provides avaig contribution to the
policy domain.

In chapter 5, this thesis contributes to the domain of eimhatry biology. Hux-
ley (1942) stressed that evolution may claim to be consitiédte most central and
the most important of the problems in biology. The study afldgical evolution
started with Darwin’s "very ingenious theory to account tioe appearance and per-
petuation of varieties and of specific forms on our planettdivord by C. Lyell and



“book” — 2011/11/20 — 11:32 — page 10 — #18

10 Chapter 1. Introduction

J. Hooker referring to the theory of natural selection (Kbhtsa and Niklas, 2004)).
Subsequent work led to the MS, to a large extent still theerurparadigm in evo-
lutionary biology (Mayr, 2001). However, the MS provide® tamited explanatory
power (Grant, 2010). Chapter 5 describes how the HF can lzkassa different ap-
proach to conceptualize evolutionary biology, becauss iitdt based upon the MS
or the foundations of the MS (Darwinism and neo-Darwinisngl{Ecci, 2007)), and
is able to capture, at an abstracted level, several feaas®sciated with biological
evolution which are not explicitly accounted for by the MShefefore, this thesis
provides a relevant contribution to biological theory.

In chapter 6, this thesis contributes to the domain of eiarhatry economics. In
its largest sense, this domain is an attempt to look at anossizrsystem, whether of
the whole world or of its parts, as a continuing process irts@ad time (Boulding,
1991). To do so, it stresses the importance of bounded Hitiprpath dependency,
complex interdependencies, competition, growth, strattochange, resource con-
straints, etc. In the absence of alternatives, evolutipeaonomics turned to evolu-
tionary biology to conceptualize how economies evolve (#moh, 2010). However,
the limitation of this approach has been recognized. Fomgka, (Foster, 1997)
stated: "the espousal of biological analogies by evolaigreconomists cannot re-
veal the most important features of evolutionary changecmnemic processes”.
Chapter 6 describes how the HF can be used as a differentaabpto conceptu-
alize evolutionary economics. Therefore, this thesis ioless a relevant contribution
to economic theory.

Finally, chapter 7 contributes to the domain of busineseragerability. Ex-
isting research on interoperability mostly covers tecahaspects, without linking
them to business aspects. Consequently, (Legner and bab&f07) outlined a re-
search agenda for business interoperability after vexgfyhat "a broader discussion
related to interoperability is about to start”. Buildingampa previous interoperabil-
ity framework called ATHENA, chapter 7 provides a concepfuamework which
identifies the fundamental artifacts and challenges mlatdusiness interoperabil-
ity. Therefore, this thesis is also relevant for reseachmrestigating how compa-
nies can achieve value gains through increased businesspetability levels and
bundling of core-competencies.

The relation between the author’s publications and eachteh#s described in
table 1.1.
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Chapter

Value of digital information
networks: a holonic framework

Abstract: The worldwide extraordinary level of interest in Digital Information
Networks (DINs)' deployment among nations is due to the stmg perception
that they bring economic, social and environmental value. Qr literature review
on studies aiming at clarifying the value of DINSs, led us to coclude that these
studies take speculative, elusive or limited conclusion§Ve identify the require-
ments to capture the value of DINs and indicate a possible tlmetical ground
to account for it. Based upon this, we propose a novel framewk to account
for the value of DINs. Furthermore, we identify the added-vdue of our frame-
work with a precise and comprehensive comparison with two stte-of-the-art
reference frameworks. We demonstrate that our framework povides signif-
icant conceptual added-value and, more fundamentally, adws for traditional
measures of economic value (e.g. productivity and growthas well as for other
measures of value (e.g. social and environmental).

This chapter was matter of publication in (Madurestaal., 2011a, 2010a, 2009a).

2.1 Literature on the value of DINs

Two views can be distinguished to account for the value of &(Blulkley and Van
Alstyne, 2004): theorthodox economiapproach and thevolutionary economiap-
proach. The orthodox economic approach views informat®araobservable pro-
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duction input changing the uncertainty regarding the perémce of an economic
system. In this context, the value of information is the afifince between an in-
formed economic system and a less informed economic systam.example, in
(Koutroumpis, 2009), the amount of information was obseérvean economic sys-
tem by measuring the broadband penetration rate, and tm®m@o system perfor-
mance was observed by measuring economic growth. The vhloéoomation was
measured with a regression between the broadband peoetrate and economic
growth.

The evolutionary economic approach views information asg@dures to change
the nature of an economic system. In this context, the valuefarmation is the
difference between the results obtainable by invoking @tloces from one economic
system to that of another (Van Alstyne, 1999). For exampleruiting agencies have
multiple procedures to locate, evaluate and place job dates. An information
procedure has value if it changes the obtainable resulthédpetter.

The orthodox view of an economic system is relatively cogrséned, being a
black box transforming inputs into outputs. The evolutignaew is finer grained:
modular input procedures can be rearranged to rearrangeiteut Unfortunately,
models of economic systems are typically orders of magaitacyer in evolutionary
economics than in orthodox economics, in terms of compjexitd computational
costs to generate and search an enormous state space ofatifor procedure pos-
sibilities.

(Kallinikos, 2006) attempted to understand the complexadtar of technolog-
ically sustained information processes. He drew some itapbconclusions about
the nature of information: it is self-referential and nanxfidational. Self-referential
means that information has value if it adds a difference tatvid already known.
(Borgman, 1999) stated: "to be told that the sun will rise ¢orow is to receive no
information. To learn that one has won the jackpot in thechgtiis to have great
news”. Non-foundational means that informational differes emerge through com-
parison of two or more objects or items. They are not singudat are relational
entities. The central criticism to the orthodox approacthé# it fails to picture the
fundamentally differential nature of information and ottkeconomic agent as an
information processing entity (Dopfer, 2004). Doing somisstates the nature of
reality, not in a marginal way, but in a fundamental way.

DINs do not act in economy by itself, but in conjunction wither IT (primarily
consisting of hard- and software). Therefore, the sepiitsabf the value of DINs
is not an elementary task and most of the research done aiomglatstanding the
general value of IT. We reviewed 24 studies on the value of£¥phanning a period
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from 1980 to 2010, and they all have an orthodox economicachear. These studies
can be grouped into three classes: 1) macro-economic stuslieg general equilib-
rium theories and/or input-output tables (Katal., 2009; Greenstein and McDeuvitt,
2009; Correa, 2006; ACIL Tasman, 2004; CEBR, 2003; Roler&@averman, 2001;
Hardy, 1980); 2) econometric studies not addressing thes ie§ causality (Thomp-
son and Garbacz, 2008, 2007; Shidaederal., 2007; Duggalet al, 2007; Crandall
et al,, 2007; Lehret al,, 2006; Datta and Agarwal, 2004; Sridhar and Sridhar, 2004;
Madden and Savage, 2000, 1998; Greenstein and Spiller; 18¥51984); and 3)
econometric studies addressing causality determiniistislajumdar et al., 2010;
Koutroumpis, 2009; Shiu and Lam, 2008; Ford and Koutsky,52@roninet al.,
1991). The first class of studies provide a tool to policy wsial to study the effect
of DINs across the interdependences and feedbacks of aommgaiBorges, 1986).
Empirical validation is not addressed due to the naturesfitiderlying assumptions,
e.g. perfectly rational behavior and equilibrium soluidfrarmer and Foley, 2009).
Hence, claims such as "the economic impact of broadbandajawent over a ten
year period in Germany amounts to 968000 additional jobsitfkt al., 2009) tend
to have a speculative character.

(Madden and Savage, 1998) found that the causality betwtés dhd economic
growth works in both directions. Similar observations wergde by (Shiu and Lam,
2008) who observed a "bidirectional relationship betwesadommunications de-
velopment and economic growth for European countries aoskthelonging to the
high-income group”. Thus, the direction of causality is ameeological challenge
inherent in disentangling the value of DINs. The resultdefdlass 2 studies, not ad-
dressing causality, should therefore be interpreted @asliy. Recently, some econo-
metric studies (class 3) have addressed the issue of dgudaterministically. In
such context, the value of DINs is typically measured witjregsion techniques be-
tween the penetration rate of DINs and economic growth. Hewehis approach
provides few insights on the actual causal mechanisms xjp&ia how DINs gener-
ate value.

2.2 Literature on the value of IT

We also reviewed 38 studies on the value of IT (including hardl software). The
first studies on the value of IT provided equivocal results. @&xample, (Santcst al,,
1993) evidence that, on average, IT investments are zerdidsent Value (NPV)
investments, thus, they are worth as much as they cost. Haelser studies have led
to thelT productivity paradoxbest stated by Robert Solow’s famous quote in 1987:
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"you can see the computer age everywhere but in the prodycshatistics” (Solow,
1987). In 1996, (Hitt and Brynjolfsson, 1996) resumed stetus quostating that
"while some authors have attributed large productivity ioygments and substantial
consumer benefits to IT, others report that IT has not had attgrh line impact on
business profitability”. The same authors in the same yearigimed the end of the
IT productivity paradox after verifying that IT spendingshaade a substantial and
statistically significant contribution to firm output in fheataset including 367 large
firms (Brynjolfsson and Hitt, 1996).

Despite this claim from (Brynjolfsson and Hitt, 1996), thébsequent studies
were cautions about the end of the IT productivity paradbitra and Chaya, 1996)
found that IT investments are associated with lower avepagduction costs, lower
average total costs and higher average overhead costsd éBgr Marshall, 1997)
mentioned that the "direct linkage between technology stment and increase in
organizational performance and productivity has beeremety elusive”. In 2000,
(Brynjolfsson and Hitt, 2000) raised the issue of causattyiving serious doubts
about the positive results obtained until then. They suggethat the link between
IT and increased productivity emerged well before the resenge in the aggre-
gate productivity statistics and that the current macamemic productivity revival
may in part reflect the contributions of intangible capitat@mulated in the past.
(Sircaret al, 2000) expressed the view at the time stating "there hava beeeral
attempts in the past to assess the impact of informatiomt#aby on firm perfor-
mance that have yielded conflicting results” (see also @ftwatand Oliver, 2001)).
(Carr, 2003), referring to IT management, stated that "thetk success, for the vast
majority of companies, is no longer to seek advantage agigedg but to manage
costs and risks meticulously”. Some attempts were made poove the economet-
ric results by observing different variables related withanhd performance (Stiroh,
2002; Sircaret al., 2000; Hitt and Brynjolfsson, 1996). For example, (Sireaal.,
2000) investigated statistical relations between sevpuatimeasures of IT and cor-
porate investments with seven measures of firm performasiog a large database
consisting of over 2000 observations of 624 firms.

All the previous research mentioned treats IT as one wholtesy much in
line with the orthodox economic approach. A more advancezhst of literature,
more in line with evolutionary economics, attempts to deplie value of particu-
lar subcomponents of IT (Arat al., 2008; Bulkley and Van Alstyne, 2004; Sam-
bamurthyet al, 2003; Lee and Treacy, 1988). For example, (Sambamutiaf.,
2003) used a multi-theoretic lens to argue that IT investsand capabilities influ-
enced firm performance through three significant orgaminaticapabilities (agility,
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digital-options and entrepreneurial-alert) and stratpgbcesses (capability-building,
entrepreneurial action and co-evolutionary adaptatiofith these more specific
studies, recognized scientific fields emerged in the inftionaconomic domain.

A particular important one was Transaction Cost Economi¢3H) which ana-
lyzed the value of IT in terms of its impact on transactionts@sd coordination risks.
(Zaheer and Venkatraman, 1994), drawing on theoreticaleamgirical research on
transaction costs, developed and tested a model of thendaterts of the degree of
electronic integration in the commercial segment of thgerty and casualty indus-
try. Based on a sample of 120 independent agencies, theydptbempirical support
for three hypotheses on the determinants of electronigiaton. (Garicano and
Kaplan, 2001) investigated the changes in transactiors ¢mmh the introduction of
the Internet in transaction between firms Business-to+iss (B2B) e-commerce.
They differentiated between coordination and motivatiosts. Their results suggest
that process improvements and marketplace benefits wesat@dly large. (Bartel
et al, 2007) assembled a dataset on manufacturing plants in anewiya defined
industry (valve manufacturing) and analyzed several giargl mechanisms through
which IT could promote productivity growth. Their resultsosved that: 1) plants
that adopt new IT-enhanced equipment shifted their busiseategies by producing
more customized valve products; 2) IT investments imprabedefficiency of all
stages of the production process by reducing set-up timagjmes and inspection
times; and 3) adoption of new IT equipment coincided withréases in the skill re-
quirements of machine operators, notably technical andl@no-solving skills, and
with the adoption of new human resource practices to supese skills.

Another emergent scientific field was Resource Based View(R&onomics.
The resource-based view of the firm attributes superior iiahiperformance to or-
ganizational resources and capabilities (Wade and Hull2pa4; Hittet al., 2002;
Bharadwaj, 2000; Corso and Paolucci, 2001; Melviteal, 1994). For example,
(Kelley, 1994) focused on a well-defined, easily recogrizalbocess- precision metal-
cutting- to conclude that there is a significant efficientaatage from using IT tech-
nologies. Recently, some scholars started investigatiegvalue of individual IT
Enterprise Systems (ESs) (Zand and van Beers, 2010; Hisétial,, 2007). An ES
is a software application that provides services to a whajarization rather than
a single department or group within it. For example, (Zand @an Beers, 2010)
provided first large-scale evidence on the differentiad&f of ESs on corporate per-
formance and provided new insights into the mediating rél@movation (see also
section 2.4).
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2.3 Holonic Framework (HF)

2.3.1 Framework requirements

From the literature review, we can extract some requiresienta framework willing
to account for the value of DINs. A paradigmatic shift fronthmdox economics to
evolutionary economics seems to be imperative. The reasertsvo-fold: 1) to pro-
vide a finer grained view of the intermediate processes lmtMENs and economic
value (for example, in line with the work of (Samuels, 1993)stead of the pre-
vailing use of direct statistical deterministic relatiomkich provide few insights on
how the actual value of DINs spreads across the economy; Jaiodo2ovide a more
convincing explanation of the causality issue. Furtheemtire framework should be
able to cope both with analyses at the micro-level (e.g. I(&ral., 2008)) as well at
the macro-level (e.g. at the firm-level (Brynjolfsson andtH000), at the industry-
level (Thatcher and Oliver, 2001) and at the country-le¥@ltzf et al., 2009)). The-
orists have drawn attention to the assumptions made for leaehof analysis and
how those assumptions can influence the entire range ofatiesirand methodolog-
ical issues associated to organizational studies (Gariaad Kaplan, 2001). Finally,
the framework should be able to relate mechanistic viewhiefvialue of DINS in
line with orthodox economics with more sociological viewgiddens, 1993). If this
connection is indeed established, subsequent work shaylddwn theoretical and
methodological propositions to connect different levdlsalysis, from micro to
macro-levels.

2.3.2 Holon theory and the evolutionary view on the value ofriformation

The termholoncombines the Greek word farhole(holog with the suffixon, which
suggests particle or part (Koestler, 1967). Thus, the hidanpart-whole, a nodal
point in a nested hierarchy (referred to by Koestler d®karchy!. A holon can
be described in terms of its holistic and independent nadsreell as its partness
and dependent nature (Edwards, 2005). Depending on thg@eieinn a nested hol-
archical structure, the perception of what is the whole ahdtws the part will vary.
Through its whole-part, dependent and independent dimessholon theory is ca-
pable of representing 1) nested systems as organizati@monomic systems, which
exist in mechanistic physical sciences, behavioral segnigolistic system theories
and sociological sciences; 2) evolutionary processestékat a holon to a differ-

Prof. Nico Baken proposes the following definition: a holerailogical entity (of matter, energy
and or information) that distinguishes itself from its eoviment and is both a whole and a part.
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ent holarchical position; and 3) the individual micro-levas well as the collective
macro-level. The HF uses the concephofonto refer to an entity that is part of and
makes use of multi-level networks for exchange of inforomati

As mentioned previously, the evolutionary view on the vabdfienformation is
concerned with the study of procedures or intermediategases that transform an
economy. The notion that an economic system should be stdiea system of
interactions and procedures is not new in disciplines sa¢hesocial sciences (Gid-
dens, 1993). For example, (Sambamusrhgl., 2003) argued that IT investments and
capabilities influence firm performance through three $iggmt organizational capa-
bilities (agility, digital options and entrepreneuriabghess) and strategic processes
(capability-building, entrepreneurial action and codlationary adaptation). (Sam-
bamurthyet al,, 2003) here define capability as an intermediate procediiisen-
hardt and Martin, 2000) referred to it as "the organizati@ral strategic routines by
which firms achieve new resource configurations as markegsgancollide, split,
evolve, and die”. Particularly referring to IT capabilgjg§ Sambamurthgt al,, 2003)
defined IT competence as "the organizational base of IT ressuand capabilities
and describes a firm’s capacity for IT-based innovation bjugi of the available
IT resources and the ability to convert IT assets and ses\iitte strategic applica-
tions”. These IT capabilities are developed over time tgtoa series of linked strate-
gic decisions about investments in IT in parallel with depehent of organizational
processes and knowledge (Barua and Mukhopadhyay, 200@hglad and Hamel,
1990) defined capability as "communication, involvememi] a deep commitment
to working across organizational boundaries” involvingmbevels of people and all
functions. Other authors have referred to capabilitie®atnes(Nelson and Winter,
1985; Cyert and March, 1963; March and Simon, 1958).

Independent of the label and definition, capabilities otinms are fundamentally
processes that operate upon information. The HF defiapabilitiesas procedures
that a holon can use to navigate through streams of infoomdltbwing through net-
works that potentially bring value. The HF identifies a set®fcapabilities:

1. Coordinatibility

N

. Cooperatibility
3. Selectibility
4. Biddability

To identify the capabilities of the framework, the HF mix&g tction/verb/process specific to a
capability (being aware that this is not always in line wiie English language).
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5. Adoptability
6. Creatibility

7. Brokerability
8. Normatibility
9. Trustability

10. Culturability
11. Decisability
12. Modelability

13. Perceptability

These concepts are simple and fundamental, and are thelyingegrinciples
that capture how DINs generate value. They were derived\mstigating the large
amount of literature on the value of DINs for processes déipgnon DINs. These
processes were then interrelated, abstracted from spdeifds, refined and finally
conceptualized into the framework of capabilities. They described in the next
section, in no particular order.

2.3.3 The 13 capabilities of the HF

Coordination is a cross-disciplinary process (Ossowsttienezes, 2006). Sociol-
ogists observe the behavior of groups of people, try to iffeabordination mecha-
nisms among them and explain how and why these mechanisnrgeniiologists
observe flocks of birds coordinating perfectly without cehimechanisms and try to
identify the simple rules used by these animals. Econoririgestigate the structure
and dynamics of markets as a particular coordinating mestmarBased upon (Mal-
one and Crowston, 1994), the HF defime®rdinatibility as the capability of a holon
to manage dependencies between activities that are pexioiorachieve a goal.
Cooperation is achieved when a number of persons entertenslaip with oth-
ers for a common benefit or collective action in pursuit of doeenmon well-being
(Consoliet al, 2006). Most often, cooperation is associated with coertitim, but
a few theorists clarify that they are distinct concepts éPay007). Electronic com-
merce is just one example oboperatibility which, based on (Consdéit al., 2006;
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Blecker, 2003), is defined in the HF as the capability of a hadoenter in a relation-
ship with other holons for a common purpose.

Selection is another cross-disciplinary process. The d\Wfide Web (WWW)
is an important source of information, and therefore, deangines are an essential
WWW selection facility. Yet, despite the pervasivenessealéstion, (Price, 1995)
mentioned that there has been no abstraction and genéaaliza obtain a general
selection theory, and predicted the appearance of suctogytirethe future. Based
upon (Bulkley and Van Alstyne, 2004), the HF defirsedectibility as the capability
of a holon to scan for the unknown or generate courses ofrattiat improve on
known alternatives.

Through the ages, bidding has been used to determine the eBhard-to-price
items (e.g. antiques). Around 500 BC, bidding was used ineabhdabylon to
auction off wives, and the crown of a Roman emperor was solaugyioning in 193
AD (Cassady, 1967). Objects, such as works of art, are tipieavarded to the
highest bidder. A contract to build a highway is usually gite the lowest bidder.
(Gilbert, 1977) investigated bidding on cable televisioanthises. (Shubik, 1971)
studied bidding in dollar auctions. (Smith, 1776) studieddimg within animals.
The HF definesiddability as the capability of a holon to influence other holons
through proposals.

The capability of integrating knowledge in existing knodde structures is a
crucial step for success. In current knowledge-based ec@so growth is generated
from innovation (Beesley and Cooper, 2008). The HF defamsptability as the
capability of a holon to acquire novel knowledge from othelohs to be integrated
in existing internal knowledge structures.

As firms struggle in competitive environments, innovati@edames increasingly
important. Information networks render the firm’s capdieiiamorphousn nature,
providing the ultimate potential for creation (Kandampull002). For example,
they allow for flexible maintenance of networks of custonaard partners inside and
outside a firm. Based on (Beesley and Cooper, 2008), the HRedefieatibility as
the capability of a holon to deliberately and purposelyatellknowledge to generate
new or novel ways to understand a particular phenomenon.

The combination of experiences, knowledge access, prowénand power cre-
ates inducements across actors, giving origin to inforomatietwork structures (Za-
heer and Soda, 2009). Network opportunities enable an &xtoreate or restruc-
ture prior network structures (see Child’s notion of swgatechoice (Child, 1972)).
Network opportunities and the inertial constraints imgbbg prior network struc-
tures mutually reinforce and perpetuate information stmés through a structuration
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process (Stevenson and Greenberg, 2000; Gulati and GargR®9). Hence, mar-
kets and organizations are networks of interdependentpgron which information
flows at higher speed within than across group boundaries,(B000). Structural
holes are network ties linking agents of separate netwagknsets (Burt, 1992). A
bridging actor assumes the broker role, making a connebitnween different non-
redundant information structures (Fritsch and Kauffeldrd, 2008). Brokerage ca-
pability across structural holes is an advantage in deigethd developing new ideas
synthesized across disconnected pools of informationedBas (Burt, 1992), the HF
definesbrokerability as the capability of a holon to act as a broker between uncon-
nected holons.

A holon’s preferences might conflict with other holons’ gnefnces. In such a
context, the importance of the concept of norms becomesrapipéignumet al.,
1996). The development, enforcement, observation, wawlatontrol and upholding
of norms has been a topic of interest to several disciplipeBosophy, anthropology,
history, sociology, political sciences, psychology, emoy, law, and even biology
(Popper, 2007). Based upon (Horne, 2001), the HF defioematibility as the ca-
pability of a holon to share with other holons norms as ruléb at least a certain
degree of consensus that are enforceable by social sasction

Culture contains the rich fabric of religion, art, moralastoms and beliefs that
diversify societies. Culture also manifests itself withdible artifacts, such as art
and technology, with visible and audible behavior pattemsvell as myths, images
(Farr and Moscovici, 1984), heroes (Swidler, 1986), riuahd ceremonies (Petti-
grew, 1979). In the past, most sociologists viewed cultgra &eamless web” (Swi-
dler, 1997), unitary and internally coherent across grami situations (Bourdieu,
1984; Hofstede, 1980). In contrast, recent work depictaipeilas fragmented across
groups and inconsistent across its manifestations (Difoad®97; Martin, 1992).
The HF definegulturability as the capability of a holon to share with other holons
general assumptions, values and patterns of behavior @mgeyger time from their
interaction.

Trust is an important lubricant of human relations (e.g. ffaandship and eco-
nomic transactions) (Fehr, 2009). Based on (Coleman, 18999HF definesrusta-
bility as the capability of a holon to engage in a common effort witbtlaer holon
before knowing how that holon will behave.

Executives of organizations are constantly facing degisi@king situations. The
traditional approach to decision-making emphasizes tfextsfthat executives can
have on strategic decisions. This approach has been lab®estrategic-choice
model (Montanari, 1978). Executives examine the firm’s mwtkenvironment and
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internal conditions and, using a set of objective critedacide upon the strategy
(Newell and Broder, 2008). The decision is then benchmar&kdive to a standard
(Baron, 2004). An alternative perspective on decisioninglargues that strategic
decisions are mostly constrained by the external envirotrfiRomanelli and Tush-

man, 1986). Decision-making involves a series of sequemtiional and analytical

processes independent of the importance given to the deaisaker relative to the
external environment (Huff and Reger, 1987). A set of olyjectriteria are used

to evaluate strategic alternatives (Camillus, 1982; AGK#381). Based on (Camil-
lus, 1982; Ackoff, 1981), the HF definekecisabilityas the capability of a holon to
evaluate and decide among strategic alternatives.

Modeling is a widely used approach in problem solving. Adiag to the ba-
sic ideas of Gestalt psychology (Kohler, 1947), human kstegd automatically to
minimize inconsistencies in novel input information to rmaense of the world and
form consistent mental representations (Glockner andcBef2008). Consistency-
maximizing theories have traditions in social psychologyr(on and Holyoak, 2002),
with ample empirical evidence (Wicklund and Brehm, 1976)oddling allows or-
ganisms to learn contingencies among events and actiotisharefore, it is vital in
adapting to dynamic environments (Newell and Broder, 20B&sed on (Newell and
Broder, 2008), the HF definesodelabilityas the capability of a holon to understand
the cause-effect structure of a system, thus facilitatengsal reasoning, categoriza-
tion and induction.

Both decisability and modelability are limited by the falsat biological organ-
isms have limitations on how much information can be prosgg¢Miller, 1956). A
possible way to incorporate the limitations of the mind intodels of cognition is to
propose simplified heuristics that enable organisms to ga&d enough judgements
(Payneet al, 1993). Such approaches develop frameworks considerangottts of
thinking Limitations of the mind (e.g. memory and attention sparg Emitations
imposed by the environment (e.g. costs to achieve infoomationstrain the capabil-
ity of perception (Simon, 1956). (Stewart, 1996) argued the nature of cognition
is strongly determined by its perceptual processes. (Auwhat al., 2004) stated that
"the external world can provide much of the connective tisthat integrates cogni-
tion”. As an example, (Andersoet al., 2004) mentioned the difficulty in making a
proof in geometry without a diagram to inspect and mark. ifi@thl approaches
to perception tend to deal with it in isolation from the preses of modeling and
decision-making. However, due to their intricate and delpeh nature, approaches
have been proposed to integrate them, emphasizing theifane (Hommeekt al,
2001). Still, some authors value their conceptual separdiased upon empirical
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evidence such adirect parameter specificatiofNeumann, 1989). (Neumann, 1990)
conceptualizes perception not as an activity of pickingniprimation for the control
of action, but as a specific kind of information pickup, whigrves to establish and
update an internal representation of the environment. Bas¢Neumann, 1990), the
HF definegperceptabilityas the capability of a holon to pick information to establish
and update internal representations of the environment.
The set of capabilities previously defined is presentedhifeta. 1.
| Capability | Definition
Coordinatibility | Capability of a holon to manage dependencies between @&sivi
that are performed to achieve a goal
Cooperatibility | Capability of a holon to enter in a relationship with othetdms
for a common purpose
Selectibility Capability of a holon to scan for the unknown or generate sesir
of action that improve on known alternatives
Biddability Capability of a holon to influence other holons through psaie
Adoptability Capability of a holon to acquire novel knowledge from other
holons to be integrated in existing internal knowledgedtrres
Creatibility Capability of a holon to deliberately and purposely collatewl-
edge to generate new or novel ways to understand a particular
phenomenon
Brokerability Capability of a holon to act as a broker between unconnected
holons
Normatibility Capability of a holon to share with other holons norms assrule
with at least a certain degree of consensus that are enfiledaa
social sanctions
Culturability Capability of a holon to share with other holons generalagsu
tions, values and patterns of behavior emerging in time fitogir
interaction
Trustability Capability of a holon to engage in a common effort with anothe
holon before knowing how that holon will behave
Decisability Capability of a holon to evaluate and decide among stratagic
ternatives
Modelability Capability of a holon to understand the cause-effect sireabf
a system, thus facilitating causal reasoning, categaoizatnd
induction
Perceptability | Capability of a holon to pick information to establish andlaje
internal representations of the environment
Table 2.1: Labels and definitions of the capabilities
—P
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2.3.4 Summary of the HF

The HF is illustrated in figure 2.1. The three horizontal pkrin figure 2.1 aim
to capture different levels of complexity and predictdpilof holons. The lower
plane corresponds to less complex and more predictablesi¢dog. an individual).
The upper plane corresponds to more complex and less mbMdidiolons (e.g. an
enterprise). Hierarchies of holons are caliedarchiesand capture the idea that each
plane is bounded to other planes in some way and is indepeidether ways. A
holon uses the set of capabilities previously defined,digtetable 2.1, to generate
evolutionary value.

Evolutionary valuecorresponds to shifts in a system from states of higher pytro
to lower entropy. The concept of entropy originated in thieired physical sciences as
a measure of the number of possible microscopic configursibd individual atoms
or molecules of a system that would give rise to the obsenactoscopic state of the
system (Boltzmann, 1870). Thus, entropy can be seen as aimasgandomness
in a system (Sethna, 2006). The concept of entropy has bexhtasonnect the
physical sciences to various domains, namely biology (Bsebal., 1989), economy
(Foster, 1997) and policy making (Simmaetsal,, 1974).

On the one hand, the 13 capabilities of the HF are fundamegrddierent, i.e.
one capability cannot be univocally identified by a subsedthEr capabilities. On
the other hand, these capabilities are most likely not githal, i.e. they have some
overlap. For example, coordination and cooperation aenafsed interchangeably,
but some theorists clarify that they are distinct conceptsyan, 2007); and (Gual
and Norgaard, 2010) described how culture affects seleatizarious levels.

2.4 Discussion

In this section, we compare analytically the HF with two refece frameworks (Zand
and van Beers, 2010; Bulkley and Van Alstyne, 2004). Adddity, we generally
discuss empirical validation of the HF and the HF's concéptatue

2.4.1 Comparison with the DUT framework

The Delft University of Technology (DUT) framework propaksby (Zand and van
Beers, 2010) investigates the economic impact of ESs (saeef@y2). The DUT
framework considers five groups of ESs: Enterprise ResdRiarening (ERP), Sup-
ply Chain Management (SCM), Customer Relationship Manam(CRM), Knowl-
edge Management System (KMS) and Document ManagemennsyBidS). ESs
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Figure 2.1: Holonic Framework (HF)

enable innovation through new practices, routines, psasnethods, channels, ser-
vices and/or products. The firm performance is evaluatetyusur metrics: growth,
profitability, productivity and market share. Hence, the Dithmework identifies six
intermediate processes between DINs and value: 1) ERP,) S)ICCRM, 4) KMS,

5) DMS and 6) innovation. To compare the HF with the DUT fraragkwve sim-
ply map the capabilities with the five groups of ES as well amuation. The DUT
framework also describes another componém( market and country-specific con-
ditions) that, although not directly dependent on DINs, affectsagormance of the
firm.

ERP is an ES that is used to manage, coordinate and intedirétte aesources,
information, and functions of a business through shared datirces (Esteves and
Pastor, 2001). Thus, the central capability of an ERP is trdinate information.
Therefore, we map ERP with coordinatibility. Similarly t&RB, SCM is an ES that
plans, coordinates and manages all the activities relatetbvement and storage of
raw material, work-in-process inventory, and finished gotdtoughout the whole
supply-chain of a company (Mentzet al, 2001; Coopeet al, 1997). Hence, we
also map SCM with coordinatibility. CRM is an ES that cenryratacks, records,
organizes and processes the contacts of a company withrisntwr prospective
customers (Zand and van Beers, 2010). Clearly, CRM shoshl la¢ mapped to
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coordinatibility. Moreover, by supporting customer radaship management and
strategy, CRM facilitates cooperation processes betweas find prospective cus-
tomers. Thus, we map CRM also with cooperatibility. Finall\RM also enables the
establishment of trust ties between firms and customersetSih, 2005). Thus, we
map CRM with trustability. KMS is an ES to collect, organipgpcess, share and
manage the information and knowledge assets of an orgamiz#tlavi and Leidner,
2001). Thus, the central feature of KMS is to facilitate tiegtion of knowledge,
and therefore, we map it to adoptability. DMS is an ES to taltatively create,
edit, review, index, track, search, retrieve, publish arathige electronic documents
and digitalized images of chapter documents (Zand and vansB2010). The main
feature of DMS is to support the creation of documents. Heweamap it with creati-
bility. The final concept, innovation, is associated by ththars both to adoptability,
in the sense of imitation of knowledge, and creatibility,tire sense of supporting
the creation of new ideas. Thus, we map the DUT concept ofvetian both with
adoptability and creatibility.

ERP, SCM and CRM are all mapped with coordinatibility. KMSlannovation
with adoptability. DMS and innovation with creatibility. étice, the DUT framework
fails to identify ESs associated with eight capabilitiegldability, selectibility, bro-
kerability, normatibility, culturability, decisabilitymodelability and perceptability.
Given the empirical character intended in the work of (Zand @an Beers, 2010),
it is not strange that the DUT framework fails to identify semf the intermediate
processes between DINs and economic value. The empiridtsithosen, ESs, are
technologies for which is easy to verify the availabilitthus, the work of (Zand and
van Beers, 2010) is still much in line with the orthodox eamimapproach. Doing
s0, it fails to identify the processes with a more intangielg. culturability), perhaps
less significant (biddability) or underlying nature (s¢ileiity).

2.4.2 Empirical validation

In the state-of-the-art, we discussed how differently threcept of causality is seenin
the orthodox and in the evolutionary economic approachesrthodox economics,
causality is simply left apart or it is given a deterministiterpretation. In evolution-
ary economics, causality stands upon finer grained proakdascriptions of causal
paths in a much more realistic and sophisticated view oftyedlhe different view
upon causality in orthodox and evolutionary economicsesais fundamental differ-
ence of what is referred to as empirical validation.

The performance of an economic entity is, in general, depandn external
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Figure 2.2: DUT reference framework (Zand and van BeersQp01

factors. For example, market concentration, competitahmology or regulatory
regime. Naturally, these external factors also influeneeviilue that a firm obtains
from DINs. Thus, the value of DINs can be said to depend orctifeetors (e.g. the
capabilities) and indirect (or external) factors.

Following their view of causality, orthodox economists érgal validation is
performed by investigating relations between variablésgudifferential equations,
regression or related technigues (Smith and Conrey, 20831 .example, orthodox
economists would observe DINs measuring the penetratien titee economic value
by measuring productivity and their relation using a regi@stechnique. These ob-
servations are necessarily very aggregated, and therefogh One might get what
in organizational theory is calledgarbage can modelnd in software engineering a
garbage in garbage oyproblem. Moreover, such an empirical validation approach
provides few insights on the phenomenon under study. Fjratk of readily avail-
able (only those concepts are included for which data idabla) or frequently noisy
data (for example, due to the influence of external factoightthamper the progress
of research.

Following their view of causality, evolutionary econorsisempirical valida-
tion is identified with a consistent covariation between tw@dables (see thquasi-
experimentatiordesign of (Cook and Campbell, 1979)). Thus, their concemots
to observe and correlate aggregated variables of DINs amidoetic value, but to
identify stylized facts that reveal the intermediate mldtiel processes (the capabili-
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ties). This form of empirical validation provides a much peeunderstanding of the
phenomenon, but fails to provide a statistical explanatibregularities across very
aggregated variables (and, thus, also to account for therettfactors). If indeed
evolutionary economists proceed to the orthodox view of idogh validation, then
many challenges raise (Fagiagbal, 2007): how to relate and calibrate parameters,
initial conditions and stochastic variability to existiegnpirical data? To what ex-
tent can we truly compare empirical data with stylized famtsalternatively, with
counter-factuals? And many other aspects.

2.4.3 Comparison with the MIT framework

The Massachusetts Institute of Technology (MIT) framewardposed by (Bulkley
and Van Alstyne, 2004) presents a set of seventeen hypstireaa effort to connect
information (in general) with productivity (see tal#i€?). To compare our framework
with the MIT framework, we map the hypotheses with the cdfigds described in
our framework. Six MIT framework hypotheses are directlyl amiquely mapped
with six capabilities: 1) H1< coordinatibility; 2) H2 < selectibility; 3) H3 <
adoptability; 4) H4« creatibility; 5) H5 < brokerability; and 6) H6~ modelabil-
ity. Three MIT hypotheses are mapped with normatibility.e$é are: 1) H7; 2) H8
(norms/standards); and 3) H9 (modular design as a orga&maatnorm for produc-
tion). Three MIT hypotheses are mapped with decisabilithede are: 1) H10; 2)
H11; and 3) H12 (the intermediate process is informatiorhptiais, a decision pro-
cess made by the holon in face of an external factor. undegdahssets). Two MIT
hypotheses are mapped with perceptability. These are: 3) &tid 2) H14.
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| [[ MIT Hypothesis | Capability |

H1 Coordinating information improves the efficiency of existipro- | Coordinatibility
cesses by reducing the number of bad handoffs and improeng r

source utilization rates.
H2 Efficient information search relies on structuring a salntto pro- | Selectibility
vide a balanced index, sorting choices to provide best offitist, and
stopping when the net expected value of the best unsamptéckaho
longer exceeds the best sampled choice.

H3 Optimal sharing occurs between partners with partial imftion | Adoptability
overlap.
H4 Know-how can increase productivity by creating new optidos | Creatibility
those who are unfamiliar with it. This includes options fecursively
creating new process know-how. Sharing disseminates tyesms.

H5 Information sharing reduces balkanization, increasiragipctivity by | Brokerability
promoting economies of scope and scale.
H6 Simulation and modeling help decision makers more acdyraten- | Modelability

tify leverage points within dynamic systems and reduce thet of
exploring alternative courses of action. They boost praditge by
reducing wasted resources and creating new options.

H7 Absolute incentives encourage information sharing, wiicdmotes | Normatibility
group productivity; relative incentives discourage imfiation shar-
ing, but promote individual productivity. The optimal imt&e policy
in terms of productivity becomes increasingly absolutehwricreas-
ing task interdependence.

H8 Information routines and standards reduce complexity. yTheter | Normatibility
interoperability and sharing, but limit adaptation andifidity. Opti-
mal information standardization increases with decisiabifty.

H9 Modular designs can increase productivity by spreadingrigieof | Normatibility
process failure or enabling new combinations of processetkiznd
the efficient frontier.

H10 || Centralized decisions promote decision consistency,ajjlpbrspec-| Decisability
tive, and avoid wasteful duplications. Decentralized siecis pro-
mote data gathering, distributed incentives and adaptaRooductiv-
ity increases to the extent that distributing control optisnbalances
these factors in light of complementarity and indispenggbi

H11 || More precise information improves decisions by reducingtea Decisability
H12 || Information push benefits individuals and organizatioret ttontrol | Decisability
undervalued assets (owners of overvalued assets incus)logfi-
ciency increases when resource allocations rebalancectumatcfor
problems and opportunities.

H13 || The need for redundant links to critical information sosroereases| Perceptability
with the likelihood of agent incapacitation. Latent linke aeeded for
occasions when novel domain specific experience becomestiads
H14 || Optimal information gathering balances the costs of oegflagainst| Perceptability
the costs of ignorance.
H15 || Network efficiency balances network size and diversity aftaots. | -
Network effectiveness distinguishes primary from secondantacts
and focuses resources on preserving primary contactsvidndls
who are more central will be more effective.

H16 || Information that reduces risk aversion increases prodtctivhen it | -
leads to actions that are closer to true risk neutral levels.
H17 || The optimal rate of information gathering and flow increaséh the | -
rate of environmental change.

Table 2.2: Mapping with the MIT framework (Bulkley and Vanstyne, 2004)
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One MIT framework hypothesis (H15) describes the value fafrination based
upon network topological metrics (size, variety and cdityraf the holon relatively
to the network). Thus, it can be applied to any intermediategss that generates
networks (e.g. social and cultural networks). This hypsithis not helpful to identify
any underlying intermediate process, and therefore, weotiap it to any capabil-
ity. Two other MIT hypotheses are also not mapped to our fraonke, because they
relate to external indirect factors (environment change résk) that, although indi-
rectly affecting the productivity of an organization, am necessarily intermediate
processes between information and productivity. These Brél16 (environment
risk); and 2) H17 (environment change).

Four capabilities (biddability, cooperatibility, trubiity and culturability) are
not addressed by the MIT framework. Contrary to our puregiaiary approach,
the MIT framework, partially, still follows the orthodox esomic approach in the
sense that there is a brief description of the intermediedeqss accompanied with
explicit references to end-to-end observables. For exanpthe hypothesis H4, the
mediating process is briefly addressed (creatibility), ithpeit observable is "know-
how” and the output observable is "productivity”. In our adtion of creatibility,
we elaborate rather upon the intermediate processatibility is the capability of a
holon to deliberately and purposely collate knowledge toegate new or novel ways
to understand a particular phenomenoAn important implication results from fo-
cusing in the intermediate processes without specifyipgetid-to-end observables: a
variety of other applications becomes obvious (see chagtes, 6 and 7). Addition-
ally, the evolutionary holonic approach brings a signiftagdifference to the concept
of valuethan the one understood by the MIT and the DUT frameworks.

2.4.4 Value from the evolutionary perspective

In earlier times, value in the economy lay on the supply skar. example, Richard
Cantillon (1680-1734) in hisand Theory of ValugHayek, 1985), believed that value
depends on how much scarce land was used in making a prodaut{Marx and
Engels, 1998) saw labor as the ultimate supply of value. Timainly with the work
of (Jevons, 1988) and the proposition that value is detaxchbby consumers’ utility,
the origin of value moved to the demand side. Finally, in theatassical synthesis,
the supply side meets the demand side: scarce factors aiqirod meets individual
consumer utilities through market mechanisms (Veblenp190rthodox economic
views of value are still predominant today. For exampleh@a MIT and the DUT
frameworks, value is the productivity of an organizatioal(e in the supply side).
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(Foster, 1997) stated: "economics, like all the sciencagd® on propositions
concerning thermodynamics and, therefore, such propasitappear to be the cor-
rect starting point in developing analytical frameworkghivi which economic pro-
cesses can be understood”. Energy feeds the process ofiewaty value creation
following the second law of thermodynamics (Atkins, 1984)ithout processing
information, "systems can not retain successful pattefemergy flow that enhance
their ability to maintain order” (Burgin and Simon, 2009nhus, from an evolutionary
perspective, information is the origin of value. This vieaed not contradict ortho-
dox economics. For example, (Solow, 1956) saw knowledgbestigin of value,
but intermediate information processes were treateshysteriousand accountable
only by roughobservables of value (e.g. productivity).

By providing procedural descriptions of information prssiag intermediate pro-
cesses, evolutionary economics puts information in thet loé&alue creation allow-
ing for more sophisticated measures for value. Hence, @amdwork presents a
fundamental difference in comparison with previous worknely, the MIT and the
DUT frameworks). Instead of accounting information witklinect inputs (e.g. pen-
etration rate) in value creation, our framework specifigglieily the intermediate
processes by which information network flows can be prockasd (evolutionary)
value generated (economic or other).

2.5 Conclusions

The main contribution of this chapter is a framework, laddiolonic Framework
(HF), that accounts for the value of Digital Information Wetks (DINs). We demon-
strated that our framework provides significant conceadded-value by comparing
it with two state-of-the-art reference frameworks (thefDghiversity of Technology
(DUT) framework fails to identify eight capabilities andetiMassachusetts Institute
of Technology (MIT) framework fails to identify four capdities). Due to the the-
oretical ground upon which it was developed, we argued thaframework is able
to capture the value of DINs, not only from the orthodox ecoitoperspectives ac-
counted both in the DUT (growth, profitability, productiviand market share) and
the MIT framework (productivity), but also from any otherrggective of value (e.qg.
social or environmental). We argued that our framework hamieh wider applica-
tion range than the DUT and MIT frameworks (see chapters @ ahd 7).

The most important limitation of the HF lies in the level oftiwalization of the
capabilities. The definitions of the capabilities were riyobased upon previous
multiple and independently developed work. However, ciitiab are essentially in-
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formation processes, and therefore their definitions shbalderived from a unique
and fundamental theory of information. The quest for su@oth is in progress.
(Umpleby, 2007) stated: "matter and energy have been subjescientific investi-
gation for several hundred years, a scientific conceptianfofmation is relatively
new”. (Bateson, 1972) defined information as that which gearus or the difference
that makes a difference. (Kallinikos, 2006) stated thatrimiation is self-referential
and non-foundational. (Shannon, 1949) defined informaa®a reduction of uncer-
tainty. (Adriaans, 2009) addressed the idea of meaningfatination. (Buckland,
1991) defined information-as-thing, information-as-kiemlge and information-as-
process. While mathematical formulations are recurretitaiditional physics, it is
questionable if mathematical formulations are possiblmfiormation related prob-
lems. Most of the research in social sciences still usedyuegbal representation
of social phenomena (Ostrom, 1988) which has the downsideating it harder
to investigate causal relations going from assumptiongrplications and scien-
tific knowledge to build up. With the advent of powerful andtessible simulation
computational tools, more formal representation is emerdor social phenomena
making it easier the assessment of consistency, gendiatizand other desirable
properties.
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Chapter

Quantifying the value of digital
Information networks by employing
the information processing
capabilities of their users

Abstract: Few doubt that Digital Information Networks (DIN s) such as the In-
ternet constitute the basis of a new technology-driven ecamic era. A large
body of literature tries to understand and quantify the value of DINs to help
policy makers justify investments in new or improved infragructures. The pre-

vailing methodological approach is to depict DINs as an obseable production

input changing the uncertainty regarding the performance d an economic sys-
tem. In such context, the value of DINs is typically measuredvith regression
techniques between the penetration rate of DINs and economigrowth. This

approach provides too little insight on the actual causaliy between DINs and
economic value. Chapter 2 presented a Holonic Framework (Hfthat identi-

fied and defined capabilities of users in a DIN. Capabilities @ mechanisms that
users apply to convert information into economic value. In his chapter, we show
how a simple quadratic relation (Metcalfe’s law) can be usedo quantify how

adequate users convert the ability to access information e economic value by
applying a given capability.

This chapter was matter of publication in (Madurestaal., 2011e).
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3.1 Introduction

In chapter 2, we presented a first framework built entirelpruphe evolutionary
view on the value of Digital Information Networks (DINs). iBHramework, labeled
Holonic Framework (HF), provides an overarching accountte intermediate pro-
cesses between DINs and economic value. The HF provideedisights on the
causality between DINs and economic value than the orthaamnomic studies
mentioned in chapter 2. It provides an answer to the questidrat are the inter-
mediate processes between DINs and economic valtegoal of this chapter is
to quantify the effectiveness of these so-called capadsli.e. how adequate users
convert the ability to access information into economicueaby applying a given
capability.

3.2 Model for value generation by holons in DINs

We can derive a number (value) for how effective a capahsiiy creating economic
value from how it is used to generate income. For examplewibiker uses DINs for
online education, then he uses adoptability to obtain aicepart of his income. The
value (y.) generated by a capabilityis dependent on the sizeof the DIN. With
a larger network more value is extracted by a capabilityis the coupling strength
between the size of the network and the value generated kabitiyp ¢, and is a
measure for’s effectiveness in creating value by accessing infornmati'e assume
that the size of the DIN and the coupling strength of eachluiifyeare independent.

Metcalfe’s law states that the value of a network is propodil to the square of
its size, relying on the observation that for a network witmembers, each can make
n — 1 connections with the other members (Metcalfe, 1995). Itradke connections
are equally valuable, the total value of the network is propoal ton(n - 1), thus
roughly ton?. For example, if a network has 5 members, there are 20 differe
possible connections that members can make to each othibe Hetwork doubles
its size to 10 members, then the number of connections ddesmply double, but
roughly quadruples to 90.

If we assume that the capabilities contribute indepengedatthe total value of
a DIN, then we may expect that the value created by each thdivicapability is
proportional to the square of the size of the DIN. This is gdification, because the
capabilities are in fact interrelated. Thus, we get theofeihg model:
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Ye = ke pra” (3.1)

The size of the network;, is usually given by, the amount of members or users
of the network. Howeverz may also be expressed in terms of the relative size of
the network. We use the latter, because our data set fronsttiarovides direct
numbers for the fraction of potential members being coratktd DINS, and to keep
our measurement conditions constant (see section 3.5).

The limitations of Metcalfe’s law have been described byig&yeet al.,, 2006).
Metcalfe’'s law assumes that each user adds equal value weth®rk, and this is
not the case in general. For example, a connection betwesgiegpeommunicating
with different languages has in principle smaller valuenthéthin a single language
domain. For largen, (Briscoeet al, 2006) provided an alternative to Metcalfe’s law
which states that the value of a network of sizés proportional tonIn(n). The
termn comes from the fact that there atenembers, each drawirig(n) value for
the capability. The ternin(n) comes from an empirical rule known as Zipf’s law
that is used to characterize a vast range of real-world phena (Zipf, 1949). Zipf's
law states that if some large collection of items is ordergd/ddue, then thenth
ranked item contributes to the total value with abdfit. of the value of the first
item. So, if an information network hasmembers, the value for each member is in
total proportional tal + 1/2+1/3 + ... + 1/(n — 1) which approachebi(n):

n

lim )" %1 =ln(n-1) +7, (3.2)

n—inf =5

with ~ equal to the Euler-Mascheroni constant (0.6). To use Beisdaw, we
need to know the absolute sizeof the DIN, rather than its relative size

n=uxl, (3.3)

with I being the potential maximum size of the DIN. We thus get agriadttive
model for largen:

Ye = ke, gzl In(al) (3.4)
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3.3 Methodology

3.3.1 Data collection

To answer the research question stated in section 3.1, weuneebthe value created
by the capabilities of the HF individually and their depemcke on the size of the
DIN using data from Eurostat. Eurostat, the European Usiofficial organization
to collect statistical data, provides one of the richestadaturces about the usage
of IT in enterprises and households. We were allowed to udgréfisant part of
their data set for our research. The data comes in two sepfiled with a total
size of approximately 350 megabytes, which can be obtaibhgBwxostat, 2010).
By applying data mining techniques, we were able to relateynkaurostat variables
more or less directly to our capabilities, and extract numbepresenting the size of
the relevant DIN.

Data was collected for every single year between 2002 anfl, 20@l for the fol-
lowing individual countries or federation of countries:rBpean Union - 27 countries
(Eurostat referenceU27), European Union - 25 countriegl(25), European Union
- 15 countries EU15), EuroZone - 15 countrieE@®), EuroZone+SK - 16 countries
(EA16, Belgium BE), Bulgaria 8G), Czech RepublicGz), Denmark DK), Ger-
many OE), Estonia EE), Ireland (E), Greece EL), Spain ES), France FR), Italy
(IT), Cyprus CY), Latvia (LV), Lithuania (T), Luxembourg LU), Hungary HU),
Malta (MT), Netherland KL), Austria (AT), Poland PL), Portugal PT), Romania
(RO), Slovenia Gl), Slovak Republic%K), Finland E1), Sweden$BE), United King-
dom UK), Turkey (TR), Iceland (S), Norway (NO), MK (MK), Croatia HR) and
Serbian RepublicRS. Furthermore, the data points are collected individuédiy
various economic sectors and geographic regions.

3.3.2 Operationalization

Obviously, Eurostat did not obtain its data with the HF in chiTherefore, the data
does not provide enough empirical variables to cover fullgt perfectly each capa-
bility of the framework. The empirical variables chosen hiistchapter are limited
by what is being measured in the Eurostat surveys, and sombetter be consid-
ered to be proxies to the HF capabilities than others. Camsdly, we have some
capabilities that are relatively well operationalizedr{jgalarly coordinatibility, se-
lectibility, adoptability, creatibility, normatibilityand trustability), and others that are
far from optimal (particularly cooperatibility, biddaltil, decisability, modelability
and perceptability). Table 3.1 provides a summary of theaimmalization. Below
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we explain how we related capabilities to the Eurostat patars.

Within organizational management, coordination mectmasiare used in vari-
ous applications, namely in systems of production, loggstind service operations.
Therefore, we operationalize coordinatibility with thadtion of enterprises using
systems for managing production, logistics or service atjp@ns (Eurostat reference
eInkplg). Selectibility is operationalized with the fraction ofterprises using In-
ternet information search enginesiif ). Adoptability is operationalized with the
fraction of individuals that have used the Internet forrtiag and education (eduf).
Creatibility is operationalized with the fraction of entéses that consider the Inter-
net significant for the development of new products and sesvg beictnp3. Nor-
matibility is operationalized with the fraction of entelgas that use agreed propri-
etary standards for automated data exchaagel€fprg. Trustability is operational-
ized with the fraction of enterprises that regard the imprgwof the company im-
age as an important reason why they are selling via the lett¢Burostat references
e_benimvande_benimg.

The capabilities in the previous paragraph are the onescthatl be relatively
easily related to the Eurostat variables. For the ones helevieel that the relation-
ship is not so straightforward. The deployment of DINs fdelee rise of electronic
commerce, matching the goals of buyers and sellers to catgpiera supply and de-
mand relationship (Weiss, 2009). Therefore, we operdiimmaooperatibility with
the fraction of enterprises that have ordered productsreices via the Internet (Eu-
rostat reference_ibuy). DINs have lowered costs of organizing bidding auctions,
leading to an increasing number of transactions (Luckiegey, 2000). (Milgrom,
1989) stated that Internet transactions reduce the state p the negotiation to the
bid alone and has the "additional advantage of being artuttistn [Internet] where
the conduct can be delegated to an unsupervised agent”. gvatmmalize biddabil-
ity with the fraction of individuals that have used the Imietr for selling goods (e.g.
via auctions) (Eurostat referenegusell).

Modelability, decisability, and perceptability have atricate and dependent na-
ture. Modeling endows organisms to learn contingenciesngnevents and actions,
and therefore it is a vital capability for making decisionsdiynamic environments
(Newell and Broder, 2008). Moreover, both decisability amadelability are limited
by the fact that biological organisms have limitations owhmuch information can
be perceived (Miller, 1956). Thus, approaches have beeguopeal in the literature
to integrate decisability, modelability and perceptapiilHommelet al,, 2001). Nev-
ertheless, the HF values their conceptual separationdhgsmn empirical evidence
such as direct parameter specification (Neumann, 1989)ortumiately, capturing
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each of these capabilities individually is not possiblehwiiie data provided by the
Eurostat surveys. Therefore, we operationalize these tapabilities together with
the fraction of enterprises that regard Internet sales singortant or of some im-
portance in improving the quality of their services (Euabseferencee benquvand
e_benqu}. Unfortunately, culturability and brokerability do notam at all with any
variable from the Eurostat surveys.
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Fraction of individuals that have usg
Internet for selling goods (e.g. vi
auctions)

di_iusell
A

Adoptability

Fraction of individuals that have usg
Internet for training and education

di_iedut

Creatibility

Fraction of enterprises that consid
the Internet significant for the deve
opment of new products and servic

ee_beictnps

S

Normatibility

Fraction of enterprises that ug
agreed proprietary standards for a
tomated data exchange

ee_adefpro
u-

Trustability

Fraction of enterprises that regard t
improving of the company image &
an important reason why they a
selling via the Internet

he=_benimv ebenims
S
e

Decisability,
Modelability and
Perceptability

Fraction of enterprises that regard |
ternet sales as very important or
some importance in improving th

n-e_benquv ebenqus
Of
e

quality of their services

Table 3.1: Operationalization of the capabilities
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To represent DINs and especially their size in terms of aenected users, the
Eurostat data provides two empirical variables: the fomctf enterprises that have
access to the Internet (Eurostat refereadéacc) and the fraction of households with
access to the Internet (Eurostat referehdacc). The empirical variables use three
different types of units of analysis: individuals, entésps and households. To com-
pare all the empirical variables mentioned previously imiaay, we therefore as-
sume that the units are proxies for holons. For example, % 0 the individuals
have access to the Internet, we assume that 10% of the hoémesdtcess to the
Internet, irrespective of it being individuals, enterpasor households. Furthermore,
the empirical variables use different sample sizes: sasmme year, per country and
per economic sector or geographical region. We assumehaesulting fractions
are representative for all the domains observed. For ex@anfpl0% of the enter-
prises in the construction sector, in Portugal, in 2004 usmaperatibility, then we
assume that 10% of all the holons used cooperatibility.

Regarding model (3.4), we assume thas given byz multiplied by the number
of Internet Protocol (IP) addresses advertised in 2019%.2 + 10° (Potaroo, 2010)).
Furthermore, we assume that the size of the populationtifiestheoretical maximum
size of the network) is the same for every year in the Euratdgd source (2004-
2009) and that each IP address acts as a node in the netwoaddsithe same value
as all the other addresses.

3.3.3 Analysis method

For model (3.1), the coupling strength 5, of each capability is estimated by mini-
mizing the sum of squared residuals:

2

- 2 Ye,i;

kem = —=——7—,
2 T

in which vy, ; is the operationalization for the value created by a cedapability
andzx; is the operationalization for the relative size of the DINr Fhodel (3.4), the
coupling strengtlk. g of each capability follows from:

(3.5)

P YiYeivil In(z; 1)
¢B = 272112 :
Yix;1?In"(x;0)

(3.6)

Our results are presented in a set of graphs such as showrune f8gl(b) in
which the horizontal axis representsor n, for model (3.1) and (3.4) respectively,
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and the vertical axis represents the normalized value created by a capability. The
regression line is shown by the thick curve. For optimal @spntation of the results,
a binning process was used due to the large number of awaiaohples and their
relatively large spread. For example, we have more than 886tples available for
coordinatibility and their relative standard deviatiori@% of the expectation value.
The bin sizeAx that we used is 0.05 for the regressions with Metcalfe’s {akich
corresponds to the horizontal error bar in figure 3.1(b). tRerfits with Briscoe’s
law, the horizontal error bar idn = 10%. The vertical error bar corresponds to the
standard deviation of the samples in each bin. Figure 3.liges an illustration of
the binning process taking adoptability as an example. Mb&idual samples are
represented with black dots.

Value created by adoptability

0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9
Size of the network

(@) Samples

1

Value created by adoptability

© o o o o o ¢
S N -]

o
i

o

)

0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1

Size of the network

(b) Bins

Figure 3.1: Binning process for adoptability

3.4 Results

3.4.1 Metcalfe’s law

Figure 3.2 shows the results obtained with model (3.1). Atves fit well within
the limits provided by the error bars. The exception is s#dity, which behaves
linearly with a slope of approximately 1, meaning that rdygvery additional node
will use selectibility. This can be theoretically expectéd/hen a quadratic curve
following model (3.1) gets close to the line= x, it means that the fraction of holons
using a capability is equal to the relative size of the nekwdhis strongly indicates
that every holon that is connected to the network uses thabil#gp. From there
on the curve followgy = x. This is in line with our model (3.4) and the literature
(Briscoeet al, 2006) where for large networks, the increase in the valegpected
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to tend more towards a linear behavior. Unfortunately, Etatodoes not provide data
for the behavior of selectibility for small network sizesowfever, we can safely as-
sume that the use of selectibility also behaves quadritiagth = for small network
sizes. Thus, we know from model (3.1) that the selectibdityve behaves quadrati-
cally until the first available bin point or earlier, and frahereon linearly. With this
assumption, we arrive at an estimation for the minimum ofdtwepling strength of
selectibility (. as > 2.6), which is accurate enough to conclude that selectibitity i
the most relevant capability (see the statistics in tal#2g 3.

a) b) )
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Figure 3.2: Applying Metcalfe’s law to the Eurostat data fegression, — precision,
« bin points)

3.4.2 Briscoe’s law

Figure 3.3 shows the results obtained with model (3.4). Boheub-graph, the hori-
zontal axis representsin billions (10”), and the vertical axis represents the value
created by a capability. The regression curve fits all tha daite well, including
selectibility (see the statistics in table 3.3). If we comgpthe relative standard de-
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Order | Capability ¢ Samples| Coupling strength | Relative standard
ke, nm deviation of k. s
1 Selectibility 248 >2.6 -
2 Adoptability 220 0.68+ 0.05 7%
3 Cooperatibility 3635 0.35+ 0.05 14%
4 Normatibility 887 0.20+ 0.01 5%
5 Coordinatibility 3347 0.19+ 0.03 16%
6 Biddability 191 0.17+0.01 6%
7 Creatibility 805 0.117+ 0.008 7%
8 Trustability 839 0.055+ 0.004 7%
9 Perc/model/decis 836 0.054+ 0.004 7%

Table 3.2: Coupling strength ranking of the capabilitiethviiletcalfe’s law

45

viations ink. g with those ofk, 5; (table 3.2), we observe that Briscoe’s law fits the
strongly coupled capabilities selectibility and adoplibbetter than Metcalfe’s law.
For less strongly coupled capabilities, Metcalfe’s law ffiefter. This is in concor-
dance with observations about the validity interval of Méfe's law (Briscoeet al.,

2006).
Order | Capability ¢ Samples| Coupling strenth | Relative standard
ke s (E-12) deviation of k.
1 Selectibility 248 19.7+ 0.2 1%
2 Adoptability 220 12.4+ 0.5 4%
3 Cooperatibility 3634 6+1 17%
4 Normatibility 887 3.5+ 0.5 14%
5 Coordinatibility 3346 3.0+ 0.7 23%
6 Biddability 191 26+0.3 12%
7 Creatibility 805 21+04 19%
8 Trustability 839 0.9+0.1 9%
9 Perc/model/decis 836 0.9+0.1 9%

Table 3.3: Coupling strength ranking of the capabilitiethviiriscoe’s law

3.5 Discussion

3.5.1 Analysis of the models and the results

Both our regression models result in the same ranking of loaustrengths with
selectibility on top and perceptability/modelabilityfigability at the bottom. Se-
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lectibility is followed by adoptability and cooperatittifi Within the error bars, nor-
matibility, coordinatibility, and biddability have the & coupling strength and so
does trustability and perceptability/modelability/dsaility.

Selectibility and, to a lesser extent, adoptability suppioe use of Briscoe’s law
rather than Metcalfe’s law. The selectibility curve babjcatates that everyone who
has a DIN connection uses it to select information. This issuoprising given the
popularity of Internet search engines. Also the adoptabdiirve is best fitted with
model (3.4) rather than (3.1). This is somewhat remarkahteghe curve of figure
3.3h has not yet approachgd- n, but seems to followy ~ 0.5n. Apparently, there is
a group of users which do not require adoptability at allepehdently of the size of
the network. The remaining capabilities seem to be bettedfivith Metcalfe’s law.
Overall, we can safely state that the capabilities haveeeighquadratic or a linear
dependency with the size of the DIN infrastructure.

An important aspect in our methodology is the use of norredlizalues in model
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(3.1) instead of absolute values. This has the advantageepiitkg the measurement
conditions constant. If instead the model would have bedheform:

Yo * P =qopr(z * P)?, (3.7)

with P being the sample size, then expression (3.5)far would be dependent
on the sample size and thus be meaningless. In model (3.4nwseuse absolute
values due to thién function present. Instead of sample size we chosd ftire size
of the global Internet, a number which is equal for every danapd which varies
negligibly over the years.

3.5.2 Implications for theory and practice

In the mainstream literature, Metcalfe’s law has been usetkms a heuristic or
metaphor than an iron-clad empirical rule. To our knowledgapirical work val-
idating and employing Metcalfe’s law was nonexistent up da.n Therefore, this
work is most likely the first empirical study which suppotte implications of Met-
calfe’s law and its extension mentioned in (Brisceteal., 2006) concerning large
networks.

Our work opens the possibility of using mediation analysishhiques for the
study of large scale economic impacts of DINs. A mediatiordeids one that seeks
to identify and explicate the mechanism that underlies asended relationship be-
tween an independent variable and a dependent variabldevimdlusion of a third
explanatory variable, known as a mediator variable (Barwh léenny, 1986). Ex-
tensions of our work could rely on the capabilities as mediatriables and their
behavior as investigated in this chapter. The currentlitee on mediation analysis
only applies to specific and small-scale impacts of gendrdklg. (Groveret al,
1998)).

Our study also helps relating small-scale studies on spagifiacts of DINs with
the macro-level studies reviewed in section 2.1. The céipabiof the HF, the cou-
pling strengths:, and the functional forms provided by Metcalfe’s and Bressdaw
can be used to extrapolate results from the micro- to the orlagel. For example,
one may apply & obtained from this chapter to a specific country for a natiate
study. Additionally, they can be used to validate impactgfes at the macro-level,
because these changes necessarily need to be precededchbgxhathe use of ca-
pabilities.

The orthodox economic studies reviewed in section 2.1 relfCobb-Douglas
production functions to model an economic system as a blagkahd investigate the
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relationship between DINs as a production input and econamlue as an output
(e.g. see (Majumdaet al., 2010; Koutroumpis, 2009)). Generally speaking, Cobb-
Douglas functions take the form:

Y = AL“K”, (3.8)

in which Y is the total productionA is the total factor productivityL is the
labor input, K is the capital input, and and  are the output elasticities of labor
and capital respectivelyo and 8 are assumed to be constants determined by the
available production technology, such as DINs. However,results show that the
value created by capabilities are linearly or quadraticdépendent on the size of
the DIN infrastructure, including a transition region bedm linear and quadratic
behaviors. Such complex behaviors might not be well cagtwiéh constant output
elasticities. Thus, studies on the economic impact of DIbksdnto introduce more
complex production functions, such as functions with J@daeturns to scale (Kim,
1992).

3.5.3 Limitations and future study

Although we based ourselves on one of the world’s best seuwstempirical data

on the value of Information and Communication TechnolodyT(J, the match be-
tween the conceptual and operational definitions of thehibify@s needs to be im-
proved. Some of the capabilities were impossible to opmmatize (brokerability and
culturability) and others were operationalized in a lirditgay. Looking into other

data sources is an obvious way to improve our empirical tegelg. the United

Nations (UN) Statistical Commission). Even better wouldte= understanding and
construction of a targeted measuring and data-gatherimgpaign to further validate
and quantify the importance and completeness of the céebildentified by the

HF.

The HF is a very recent development, and thus should be dubjewre scrutiny
and maturation. As mentioned above, mapping the Eurostatwith the capabili-
ties of the HF was challenging. We assumed that this was dtleetmeasurement
limitations of the Eurostat data. Nevertheless, we shoatderclude the possibility
that the definitions of the capabilities need better formadi. Using the Eurostat
data to redefine the capabilities may be investigated. Autditly, future study could
focus on the completeness and the level of orthogonality i@errelatedness) of the
capabilities.
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3.6 Conclusions

To justify further investments in Digital Information Netrks (DINS)’ infrastruc-
tures (e.g. in FTTH), it is necessary to analyze expenditthiat have already been
made and demonstrate their value. Previous literatureuated for the causal re-
lation between DINs and economic value through statistiglations which provide
few insights on the real causal mechanisms involved. Ch2ppeesented a Holonic
Framework (HF) which identifies these mechanismsagmbilitiesand specified 13
of these capabilities. Building upon the HF and Eurostad dhis chapter shows that
the value that these capabilities create by using infoonathow either a quadratic
or a linear dependency with the size of the digital informathetwork infrastructure.
This quadratic dependency is explained by Metcalfe’s lalwe lnear dependency is
explained by an extension of Metcalfe’s law as describe8iis¢oeet al., 2006). We
were able to quantify the economic coupling strength of ygabilities and showed
that the results are qualitatively the same irrespectieélysing Metcalfe’'s law or
Briscoe’s adaptation of it. Not only can our observationgkglained by Metcalfe's
law, but it is also the first time that Metcalfe’s law is empdily validated in a sci-
entific way. This is a concrete result of taking an evolutigneconomic approach,
and our work thus provides various opportunities to improaglitional orthodox
economic studies.
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Chapter

A capability-aware policy making
framework

Abstract: The Advocacy Coalition Framework (ACF) has gainal a good repu-
tation as a policy analysis instrument. However, several hitations of the ACF

have been identified. In this chapter, we introduce a new frarawork for policy

making labeled the Capability-aware Policy Framework (CaFF). The CaPF was
derived by integrating the ACF with the Holonic Framework (H F), a framework

originally developed to account for the value of Digital Information Networks

(DINs). We demonstrate the conceptual added value of the Ca&Rin light of six

criticisms previously directed at the ACF. We illustrate the practical value of the
CaPF with a case study on the development and implementatioof an electronic
identification management system in Austria. This chapter o underpins the
value of DINs to policy making.

This chapter was matter of publication in (Madurestaal., 2011f).

4.1 Introduction

The public section of the American Political Science Asatioh describes itself as
"committed to producing rigorous empirical and theordtikiaowledge of the pro-
cesses and products of governing and the application ofktiatledge to policy
issues” (Weimer, 2008, p. 490). The first part of this comrititrthe theoretical
part-demands frameworks to explain the policy processuReat questions in pol-
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icy involve issues of learning, beliefs and the role of imfation. The various issues
relevant to policy making operate in complex, interdepengelitical environments,
where a large number of participants interact in the conbéxiested institutional
arrangements, uneven power relations and uncertain iaftmmabout problems and
alternatives (Coheat al,, 1972). Thus, (Milward and Provan, 2000) described mod-
ern governments as "hollow states” in which few policy eéesithave the power and
authority to achieve their goals single-handedly. Theeefpolicy networks among
diverse policy participants are crucial for understandimg policy process. Among
policy process approaches, one of the most relevant is agrative policy making
framework called the Advocacy Coalition Framework (ACFalg&tier and Weible,
2007; Sabatier, 1999; Sabatier and Jenkins-smith, 1998 ACF has gained a
good reputation, particularly because it directly incogtes the idea of policy net-
works (Kim and Roh, 2008). Additionally, the ACF capturesidewariety of factors,
including economical, cultural, sociological, politic&chnological, legal and insti-
tutional, that affect policy change. (Schlager, 2007, )3tated that existent policy
process theories and comparative policy models "probaddyriy under a single roof
and that roof is currently entitled advocacy coalition feamork”.

Nevertheless, various authors have pointed out severéhtions of the ACF
in explaining the diverse dimensions of the policy procdsswlin, 2011; Weible
et al, 2009; Kim and Roh, 2008; Schlager, 1995; Hann, 1995; Zadisi 1995;
DelLeon, 1994). In this chapter, we introduce and discussefraenework, labeled
the Capability-aware Policy Framework (CaPF), to explailicy change. In section
4.2, we provide a description of the ACF as well as criticisphshis framework.
In section 4.3, we motivate the use of the body of literaturdghe value of Digital
Information Networks (DINS) in searching for alternatiiesconceptualize policy
making and improve the ACF. In section 4.4, we discuss thevatain to integrate
the Holonic Framework (HF) and ACF. In section 4.5, we déscthe main propo-
sition of this chapter, the CaPF. In section 4.6, we dematestan application of the
CaPF. In section 4.7, we demonstrate the conceptual adtieglofethe CaPF in light
of six criticisms previously directed toward the ACF. Figasection 4.8 presents the
main conclusions of our chapter and suggests directionifiore research.

4.2 ACF and its limitations

The ACF was created by Sabatier and Jenkins-Smith in thd @86s in response to
what they saw as essentially three limitations in the pdlicycess literaturestages
heuristictheory as an inadequate causal theory of the policy prothessstrengths



“book” — 2011/11/20 — 11:32 — page 53 — #61

4.2 ACF and its limitations 53

and weaknesses of top-down and bottom-up approaches terimeptation research
and the need for system-based theories of policy makingttama@pparent lack of
theory and research on the role of scientific and technid¢afrimation in the policy

process (Weiblet al,, 2009; Sabatier and Jenkins-smith, 1993; Jenkins-SnH$0);1

Sabatier, 1988, 1986). The ACF is a system-based modelntiegirates most of the
stages of the policy cycle, incorporates aspects of bothojreown and bottom-up
approaches to implementation studies, and places sataantifi technical information
in a central position in many of its hypotheses.

(Sabatier, 1988) initially introduced the ACF as a sympusissue for the jour-
nal Policy SciencesIn (Sabatier and Jenkins-smith, 1993), the authors ceedi
book that outlined the ACF along with a set of hypotheses tabaence in policy,
learning, beliefs and policy change. This book includedsD¥F case studies, four of
which were written by other researchers, ending with acaiitaissessment and subse-
guent revisions of the framework. Later theoretical rersioccurred (Sabatier and
Weible, 2007; Sabatier, 1999). The ACF's logic builds ontaoédéive main assump-
tions: 1) a central role of scientific and technical inforioatin policy processes; 2)
a time perspective of 10 years or more to understand poliepgds 3) policy sub-
systems as the primary unit of analysis; 4) a broad set ofystdr® actors from all
levels of government, consultants, scientists and memdfdte media; and 5) pol-
icy changes best thought of as translations of beliefs. thaftdilly, the ACF specifies
a model of the individual policy actor as rationally boundeith limited abilities
to process stimuli, relying on beliefs as the principal etiarto simplify, filter and
sometimes distort stimuli (Scholz and Pinney, 1995; Qaa#rand Tversky, 1988;
Simon, 1985).

Various studies have demonstrated the empirical powelcdA@F for explaining
complex, multi-actor changes and thus for investigatingcesses of cross-agency
policy change (Weiblet al., 2009; Fenger and Klok, 2001; Grin and Hoppe, 1997,
Eberg, 1997; Schlager and Blomquist, 1996; Parsons, 1988%e study research
areas include policies regarding, for example, climatengka Internet censorship,
workers’ compensation and rehabilitation, metallurga@elopment, tobacco taxes,
forests, waste management and incineration, steel, uogmpht and paid leave,
pharmacies, coastal flooding, planning, estuary developnfend use, nuclear en-
ergy, drugs, domestic violence, roads, coastal waterspiah and minerals, indus-
trial pollution, antitrust issues, communications, ailideregulation, public lands,
water, energy and oil, nuclear waste, nuclear securityaggtmanagement, air and
transportation, and reclamation (Colorado, 2011).

The ACF is illustrated in figure 4.1 (Weible and Sabatier, 208abatier and
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Weible, 2007; Sabatier, 1999; Schlager and Blomquist, 19@6atier and Jenkins-
smith, 1993). The most useful way to see policy change is bydimg onpolicy
subsystemsd.e. a group of actors from different institutions who éwll and seek to
influence governmental policy decisions in a policy arediciP@ubsystems include
substantive issues and specialized policy participargsally within a geographic
boundary. Policy participantis used to identify a wide array of actors who directly
or indirectly attempt to influence subsystem affairs, idohg officials from all levels
of government, interest group leaders, scientists, ctarsts| citizens-at-large, and
members of the media.
RELATIVELY STABLE LONG-TERM COALITION POLICY SUBSYSTEM

PARAMETERS OPPORTUNITY

F STRUCTURES
I ﬂﬁjﬂ::?ﬁm[g;ﬁl;& 1. Owerlapping socistal Coalition A Palicy Coalition B
2. Basic distrbution of cleavages - brokers ) )

S —— o 2. Degres of consensus 2. Policy beliefs a. Palicy beliefs
3. Fundamental neaded for major |b. Resources b. Resources

sociocultural values and policy ehange

social structure
4. Basic constitutional

structure (ruls) Strategy Strategy

regarding guldance regarding guidance
Instrumants Instrurments
Decisions by

EITEREVAI.EL’}TS;STEW governmental authorities
e e SHORT-TERM |

SEONGIRG GOt s ; Institutional rules, resource
' E:lamr?:s i pulblic P cggg;ﬁtlgég gh}il} allocations, and appeintments
. Changes in systemic SLUBSYSTEM ACTORS

gm:eming_cpall'tiun +———— Policy outputs —ouos
4. Policy decisions and

impacts from other subx- l

systems Policy impacts

Figure 4.1: Advocacy Coalition Framework (ACF)

Coalitions are the network structures that bring multiple actors togrefor the
policy process. Advocacy coalitions consist of individaators "who share a par-
ticular belief system-i.e., a set of basic values, causslimptions, and problem
perceptions-and who show a non-trivial degree of coorduhatctivity over time”
(Sabatier, 1988, p. 139). Sharpdlicy beliefsare the core drivers behind coalition
formation between actors within policy subsysteniolicy brokersassume a key
role in the policy process by mediating conflicting coatiso Of special relevance
are research brokers who work at the intersection of resesrd policy on a daily
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basis. This special positioning allows them to provide{iahd accounts of research
utilization to assist policy design (Rigby, 2005).

Policy subsystems are constrainedltwyg term coalition opportunity structures
that seek to describe structural constrains for coalitmmation. For example, the
higher the degree of consensus required in a society, tiehig the incentive for
coalitions to be inclusive (involving more actors). Longntecoalition opportunity
structures are shaped bglatively stable parametersuch as fundamental socio-
cultural values and the basic distribution of natural reses. The relatively stable
parameters also affeeiternal (system) eventisecause socio-economic structures,
values and legislation may contribute to the cause of anreadtevent.

Both external (system) events and long term coalition opipdtly structures im-
pose a set o§hort term constraints and resources the policy subsystem. Finally,
the outcomes of the policy process directly affect exte(agstem) events such as
changes in public opinion. For instance, a certain policgdot (e.g. limited reduc-
tion of carbon emission) may affect public opinion on thesefiveness of environ-
mental policy instruments. This, in turn, may affect the steaints and resources of
policy actors (e.g. investments in new environmental paot) and subsequently the
priorities of policy subsystems.

Despite its merits, a large body of published work reveat®ua limitations of
the ACF (Nowlin, 2011; Weibleet al,, 2009; Kim and Roh, 2008; Schlager, 1995;
Hann, 1995; Zahariadis, 1995; DeLeon, 1994). First, the AdlE to distinguish the
importance of different policy actors, because it does etaititypes of interactions
among coalition members (Kim and Roh, 2008; Scharpf, 1998).example, (Mal-
oneyet al,, 1994) distinguished consultation, bargaining and negjoti roles within
British policy making and highlighted the important dividbetween the relatively
few groups with more relevant roles and privileged statod,tae greater number of
groups who find themselves consigned to less influentiatipasi because of their
less relevant roles.

Second, (Schlager, 1995) argued that the ACF neglectsctisieaction prob-
lems by assuming highly coordinated behavior among thetmyamembers. Coor-
dination includes a range of activities from developing ardcuting joint plans to
modifying behavior to achieve similar or non-interferingjectives (Sabatier, 1999).
On the one hand, assuming that all coalition members irteraarealistic (Nahrath,
1999). On the other hand, members of a coalition might natestiee same benefits
or costs, and therefore may experience conflicting dedsiothe collective process
(Kim and Roh, 2008). The ACF neglects that there might be d fargpre-conditions
of coordination such as shared trust and norms (Paxton,, Fa88am, 1995).
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Third, given that the ACF presumes that belief systems afiddal members
of a coalition are homogeneous, their individual interestsalso considered homo-
geneous. However, in some instances, despite shared dats bthe interests of
coalition members might conflict (Schlager, 1995). In oihstances, despite shared
interests, core beliefs might be different among coalitimembers (Hann, 1995).
For example, (Cairney, 1997) showed that both feministsparitical conservatives
could be part of a coalition to regulate the availability ofipography, even without
sharing core beliefs.

Fourth, the ACF does not account for the possibility that Ecpalomain may
be structured by harmonious and stable relationships ampartigipants who do not
necessarily share the same core beliefs (see, for exarplaption ofiron triangle
(Kim and Roh, 2008; Malonegt al,, 1994; Freeman, 1955)). (Marsh and Rhodes,
1992) argued that networks can vary along a continuum aitgptd the closeness of
relationships within the network. Thus, policy coalitioaisone pole involve tightly
bound relationships. At the opposing pole, the interaci®omuch looser. Policy
communities therefore exist within coalitions (Rhodes8@)&hat act as gatekeepers
between insiders and outsiders (Malomtyal., 1994).

Fifth, by assuming that individuals act based on their fglithe ACF lacks a
basis for predicting or explaining strategic behavior (8ghr, 1995). The ACF pre-
sumes that individual coalition members act naively bagsetheir beliefs, without
attempts to misrepresent their preferences in favor of then interests. Due to
the variety of institutional structures, the absence d@tsgic behavior becomes an
obvious limitation in the context of politics.

Sixth, the ACF focuses on the interaction of competing tioals within policy
subsystems as one of the critical factors for policy chaSgbétier, 1999). Despite
the usefulness of the concepts of coalitions and policyysibms as units of anal-
ysis, the significance of other levels of analysis cannotXmtuded. For example,
(Kim and Roh, 2008) depicts the policy arena with additidagkrs: policy actors,
relationships between policy actors, policy coalitionsliqy networks and policy
domains (issues). With a more refined layering, a policy @ssdheory could ac-
count for conflicts between coalitions from different pglgubsystems, and not only
between coalitions within policy subsystems as presumétkiACF (Weible, 2008).

We have focused and described these six specific criticibersguse they have
been recurrently leveled at the ACF in early and recentditee as well (Nowlin,
2011; Weibleet al,, 2009; Kim and Roh, 2008; Schlager, 1995; Hann, 1995; Za-
hariadis, 1995; DeLeon, 1994). We will use them to demotestitae conceptual
contribution of our work. Some of these criticisms have bagdressed individually.
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For example, (Weible, 2008) introduced a distinction bemvgrincipal and auxiliary
actors to augment ACF with an accounting of the differentantgnce of policy ac-
tors. However, no attempt has been made to change the funtiEmef ACF, and
thus compensate for a significant number of its limitatioBsch an attempt neces-
sarily requires a fundamentally different approach frowklag into policy making.
In the next section, we use the body of literature on the vafugINs to search for
alternatives to conceptualize policy making and improeeARF.

4.3 An alternative approach: the value of DINs

The policy process is often modeled as a complex system ofsrgnd outputs (Eas-
ton, 1965). Among all the inputs and outputs, informatiocassidered one of the
most important. A vast body of literature exists on the rdlenformation regarding
policy making (Weible, 2008; van Kerkhoff and Lebel, 2006jafns, 2004; Ingram
et al,, 2004; Fischer, 2000; Jenkins-Smith, 1990; Kingdon, 1%9%grr, 1977; De-
Witt, 1994, Lee, 1993; Ozawa, 1991; Pelz, 1978; Rich, 19%hafer, 1986). This
literature shows how the use of information flowing througttworks of policy ac-
tors directly impacts policy. For example, inultiple streamgheory, entrepreneurs
use expert-based information to shape agendas and pdixigslitical gain (Za-
hariadis, 2007). Ipunctuated equilibriuntheory, policy change is not only mostly
incremental, but is also marked by sporadic punctuatidggdred by the pace with
which actors process information (Baumgartaeal.,, 2009).

The ACF also emphasizes the role of information and learaimgnotivating
factors in the process of policy change. Expert-basednmdtion affects policy indi-
rectly by slowly shifting beliefs of policy actors in a praselabelegolicy-oriented
learning (Sabatier, 1987; Weiss, 1977). During conflicts, the ACHdjats that
expert-based information becomes a valuable asset to im®hiliances and argue
with competitors, typically within coalitions rather thaatween them (Weible, 2008;
Sabatier, 1987). Additionally, improving understandimgl &eeping up to date with
changes and innovations can lead to new mechanisms throkigh the policy ob-
jective might be more effectively achieved (see also thenaif policy entrepreneur
(Kingdon, 1995)).

(Kallinikos, 2006) attempted to understand the complexaittar of technolog-
ically sustained information processes. He drew some itapbronclusions about
the nature of information: it is self-referential and nanufidational. Self-referential
means that information has value if it adds a difference tatvid already known.
(Borgman, 1999) stated: "to be told that the sun will rise ¢oraw is to receive no
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information. To learn that one has won the jackpot in theclhgtiis to have great
news”. Non-foundational means that informational differes emerge through com-
parison of two or more objects or items. They are not singudat are relational
entities. Due to its differential nature, information isrthdo measure and concep-
tualize further. Nevertheless, the body of literature amthlue of DINs and other
IT has shown great progress regarding this issue. A signifasount of theoretical
and empirical work has been produced to address the welldkparadox "you can
see the computer age everywhere but in the productivitisstat’ (Solow, 1987). In
this chapter, we use the body of literature on the value of{dbNl a new alternative
approach to obtain insights on how to conceptualize polieking.

Specifically, we refer to a framework, labeled Holonic Frame (HF), which
was suggested in chapter 2 for understanding, modeling saticting the value of
DINs. The HF describes a set of simple and fundamental cdsmaepich describe
how information flows are processed and from which evol@igrnvalue is gener-
ated (e.g. economic evolutionary value). Our hypothesthas the HF is not only
applicable to DINs, but to other information networks aslwdirespective of the
technical aspects involved in the coding, transmissiondewbding of information,
digital networks allow humans to exchange informationt fjilke any other transport,
organizational, physical or biological network. An obvioevidence of this claim,
is the meaningfulness of the HF concepts to policy makinghigschapter demon-
strates.

Of all the frameworks proposed to account for the value of ®8dd IT, the HF
was chosen for two main reasons. First, it is a frameworkldeeel purely upon the
premises of evolutionary economics regarding the natudevatue of information,
which were described in chapter 2. The evolutionary viewhmnvalue of informa-
tion is coherent with thprocedural rationalitymodel (Simon, 1985) of the individual
present in the ACF. From this perspective, the individugagres in limited search
processes, makes choices based on subjective representafithe situation, and
satisficeg(Simon, 1956). Analysts become therefore mainly concemigtal infor-
mation resources, subjective representations and inf@mparocessing capabilities.
Coherence between the evolutionary view on the value of Quiésent in the HF
and the notion of procedural rationality present in the A€k riportant to establish
a conceptual link between the frameworks and allow for th&gration. Second,
the HF provides a more comprehensive view of the processesinformation. The
latter is shown in chapter 2, where we compared the HF withdther reference
frameworks on the value of IT (Zand and van Beers, 2010; Bylkhd Van Alstyne,
2004). This led us to the assumption, validated in this @raphtat the HF could be
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4.4 Motivation to integrate the HF with the ACF

The first evidence of the potential of the HF for policy makiaghat it has a few
concepts identified in the ACF, although, at this point, withclear conceptual ad-
vantage. Most obviously, the role of policy brokers in theFAB identified in the
HF as the capability of brokerability. In the ACF, brokersgeally refer to policy
brokers that mediate conflicting coalitions. However, ascdbed in section 4.2, it
might also refer tgolicy/research brokersvorking at the intersection between sci-
ence and policy. In the case of a predominant researchtgctivey should actually
be addressed assearch brokersThe HF definition of brokerability rests on a higher
abstraction level, and therefore suitably refers to poliegearch or even other types
of brokers.

The HF accounts for coalitions with the capability of coaamility. Coalitions
are a particular form of cooperation, in which a set of elets¢e.g. determination,
inspiration, beliefs) keep the individual members gluegetber. Abstracted from
these elements, coalitions are identified in the HF with eoafibility. The elements
which make coalitions more specific than cooperations gotuced in the HF with
the notion that capabilities are interrelated and theegitiftuence each other. For ex-
ample, the capability of trustability influences the capgbof cooperatibility. Thus,
in the HF, trust can be seen as a gluing element for coopasati©ontrary to the ACF
which delimits coalitions to individuals with shared b#di¢one gluing element), the
HF presumes the existence of twelve other gluing elememtsdoperatibility (the
remaining twelve capabilities).

Another example of commonalities between the ACF and HF eafiefs and
the capability of modelability. (Denrekt al., 2004) examined the emergence of
beliefs through a recursive process of understanding theeeaffect structure of a
system through intermediate path-dependent states thaiteaved as being of value.
These states are recursively rewarded, contributing tdief vehich may not have
any immediate or direct payoff consequence but sets the $tagubsequent states
that bring an organization toward some actual payoff. Ireothords, beliefs are an
outcome of modeling. Therefore, the HF concerns how betlefelop with mode-
lability, whereas the ACF takes beliefs as a given. As wittkbrability/policy bro-
kers and cooperability/coalitions, a shift from beliefaiodelability does not result
in a significant conceptual advantage because HF researsheuld still be con-
cerned about how beliefs matter in regard to policy changeveMheless, this shift
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does not necessarily imply any limitation, because ACFare$eers should also be
concerned with how beliefs develop to subsequently uraledshow they influence
policy change.

Apart from the commonalities between the ACF and HF, therothetivation
to integrate these frameworks rests in the obvious conakplitferences between
the two. The HF introduces several concepts not identifiethénACF that might
be interesting for policy making. In fact, several of thesmaepts have already
been introduced individually in previous policy researdfor example, the notion
of capability has had real impact in the development of huarahsocial indicators
(Sen, 1985). In addition, the concept of entropy (Simmensl, 1974) and the
notion of selection (selectibility) are central to the aiséd of policy making from an
evolutionary perspective (Witt, 2003a). Other examplagatbe mentioned.

From the opposite perspective, the ACF has several conttegitare not covered
by the HF. Specifically, we refer to contextual factors tHéc the policy subsys-
tem: relatively stable parameters, external (system)ts\aamd short term constraints
and resources of subsystem actors. The lack of these fanttre HF results from
its focus on information procedures endogenous to the ate: the capabilities)
rather than on the environmental constraints that influeri@ange. Consequently,
the HF fails to account for adaptations and misalignmentiwdsen policy actors and
their social, economical and institutional environmerf&som this perspective, the
ACF is complementary and capable of compensating for sontieedimitations of
the HF.

4.5 Capability-aware Policy Framework (CaPF)

The previous discussion of the ACF and HF, including themititions and potential
synergies, leads us to define two dimensions which are usefuiiding the integra-
tion of both framewaorks. Generally speaking, one dimensifers to the information
capabilities that empower political actors. The other soamted with the environ-
mental constraints that influence or even determine thevimhand outcome of the
capabilities. The distinction between capabilities andrenment has a parallel in
the Darwinian evolutionary view of policy making in whichv@monmental natural
selection acts upon behaviors or capabilities to favor tlstrauitable ones (Schu-
bert, 2009; Mingst, 2008). Each of these theoretical dinogrssincludes blurred
boundaries of inquiry that try to separate endogenous elesmequiring explanation
from exogenous elements assumed as given.

The dimension of capabilities in which the HF excels overAkd- involves how
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these capabilities develop and their outcomes, and refate=search streams such
as the notion of procedural rationality (Simon, 1985); thelationary view on the
value of information (Bulkley and Van Alstyne, 2004); netk@erspectives which
suggest that social processes are not "the resuenfral steeringor some king of
prestabilized harmonigut [emerge] through the purposeful interactions of iraiil
actors” (Kenis, 1991); policy interests (Knolet al, 1996), such as theinimum
winning coalitionsused to argue that the primary goal of political coalitioaga
maximize the benefit of the coalition members (Riker, 1962)ource-dependent
approaches that emphasize that interactions among paltoysaare facilitated by
the necessity of accessing the resources of the other padioys (Scharpf, 1978);
and behavioral theories (Fenger and Klok, 2001).

The ACF, on the other hand, provides a better accountingdfa@mental fac-
tors than the HF. These factors constrain or influence howhibies develop and
their outcome. Much research has focused on the relatiphstiveen state and so-
ciety in studying the policy process (Dye, 1966). (Marsh &tdes, 1992) has
supported the necessity to pay attention to macro-levébifaic’the concept of 'pol-
icy network’ is a meso-level one which helps to classify thégrns of relationships
between interests groups and governments. But it must liking®njunction with
one of the several theories of the state in order to providdla&kplanation of the
policy process and its outcomes”. (Coleman and Skogstdill)l®dded that policy
network approaches are best understood "when attentioaidstg first, the broader
political economic, and ideological environment withiniatnthey function; and sec-
ond, the legacy of history”. For example, the importanceuttfucal factors has been
widely recognized among social scientists (Hofstede, 1980

Of course, there is not a clear distinction between thesealimensions. As men-
tioned, environment influences capabilities. However,itiverse is also possible.
(Schneideret al., 2003) argued that repeated interactions can lead to thegenee
of trust and norms which shape the institutional environtméBromley, 1989) saw
policy changes as a result of actions by rational individualimprove their circum-
stances by altering institutional arrangements. Integratf the HF with the ACF
exposes the blurry border between capabilities and envieoh. While the ACF sees
culture as an environmental factor mostly static and gitles,HF sees culture as a
capability which can be developed, shaped on a regular badisised to gain bene-
fits. In this regard, the HF is supported by evidence such amges that use IT to
deliberately manipulate corporate culture (Doherty anayP?2001).

The main proposition of this chapter, labeled CaPF, reptesegeneral attempt
to extract the best from each framework in a way that dimesstheir individual
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limitations and increases their complementarity. Envinental factors are extracted
from the ACF. Capabilities and the holonic individual andiabconstructs are taken
from the HF. The Capability-aware Policy Framework (CaRRNustrated in figure
4.2 and its logic is as follows.

EXTERNAL (SYSTEM) EVENTS
1. Changes in socio-economic conditions
2. Changes in public opinion
3. Changes in systemic governing coalitions
4. Policy decisions and impacts from other policy
holarchies

RELATIVELY STABLE PARAMETERS
1. Basic attributes of the problem area (good)
2. Basic distribution of natural resources
3. Fundamental socio-cultural values
4. Basic constitutional structure (rules)

\ 4

A

A 4 \ 4
SHORT TERM CONSTRAINTS AND RESOURCES OF POLICY HOLARCHY HOLONS

v

POLICY
HOLARCHY

POLICY
Lower

ENTROPY

Higher

Figure 4.2: Capability-aware Policy Framework (CaPF)

A policy holarchyrefers to a hierarchy of policy holons, with each holon botand
other holons in other planes in some way and independenhér otays. Rather than
looking at a policy system as a black-box, a policy holarctigsses the existence
of hierarchies of diverse inter-dependent structures kvinfluence policy change.
From this perspective, the CaPF is similar to issue netwvikCool, 1995) and the
multi-layered proposition of (Kim and Roh, 2008). In the A@Blicy holarchy refers
to policy subsystem, defined as semi-autonomous decisaking networks of pol-
icy participants that focus on a particular policy issuealiguwithin a geographical
area (Sabatier, 1987). The definition of policy holarchy rigaoler, encompassing
other variants such as coalitions, communities, policy opaties (Baumgartner and
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Jones, 1993) or iron triangles (Freeman, 1955). Dependinlieobserver’s perspec-
tive, a policy holarchy might include other policy holongddavels, their capabilities
and the outcome of those capabilities. Equivalently toitioak, policy holarchies
can compete with each other.

In the CaPF, a policy actor is referred to apdicy holon Generally speaking,
policy holons are individual actors such as policy entrepugs, scientists, politi-
cians, governmental officials, interest groups or joustaliHowever, a policy holon
might also be a policy holarchy which, from the perspectiaroobserver, behaves
at a high-level of autonomy and self-organization. An exknwpould be a closed
village community tightly knitted together by the strengtirelationships, member-
ship continuity, vertical interdependence and insulafi@m other holons (see the
notion of policy communityRhodes, 1985)). Holons at higher levels of a holarchy
possess lower levels ehtropyrandomness, and are therefore more complex and ex-
ert superordinate hierarchical influence over the holoheweFor example, while
coalitions are likely to be small to be effective, they camlesce to increase their
strength (Hann, 1995). If coalesced coalitions becomeeiddronger into one sin-
gle super-coalition, then this super-coalition occupibfaer position in the broader
policy holarchy, acquiring predominance over weaker tioals. The higher position
of the super-coalition in the holarchy can be manifestedexample, by stronger ca-
pabilities and more complex internal information struetue.g. more internal policy
holons).

From within the holarchycapabilitiesare the drivers, i.e. the information net-
works’ dependent processes, for policy change. The lisap#bilities in table 2.1
is applicable to any level and holon of the holarchy. For gxamnwhereas in the
ACF cooperation occurs within a coalition, in the CaPF coafien might occur
inter-coalitionally, thus at a higher level of the holarcly predicted, for example,
by (Fenger and Klok, 2001). Additionally, capabilities adiffetent levels influence
each other vertically. From this perspective, the devekunof capabilities at the
micro-level of the holarchy might shape the higher levelthefholarchy (sesocial
constructiontheory (Ingram and Schneider, 2007)), perhaps with uneéggdeehav-
iors (see punctuated equilibrium theory (Baumgartner amegd, 1993)). From the
opposite view, the CaPF also accounts for policy changdseimolarchy guided by
higher levels of the holarchy, for example, the influencedditicians on public opin-
ion via campaign slogans and sound bites (s@iey imagegBaumgartner and Jones,
1993)). One the one hand, capabilities are fundamentdiigreint, and therefore a
capability cannot be identified by a subset of the other défied. For example,
coordinatibility and cooperatibility are often used imteangeably, but some theo-
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rists clarify that they are fundamentally distinct consefiRayan, 2007). On the other
hand, capabilities might influence each other. For exang@leible, 2008) described
coalitions driven by analytical compatibility, i.e. expmemwith similar approaches
or with similar scientific paradigms will elevate similarrmponents of a system to
study, use similar methods for measuring the chosen commgaad make similar
arguments of cause and effect within a system. Using cosdaph the CaPF, this
causal relationship is expressed by cooperatibility drigg modelability. However,
cooperatibility could also happen independently of madoiétg, but driven by any
of the other 12 capabilities (e.g. trustability). At thiage of the development of the
CaPF, we can only hypothesize that the relative causal weemfithe capabilities,
and the interrelationships between the capabilities mdigbly vary between case
studies. Without these further insights, the CaPF at tligestnight appear some-
how artificial. Nevertheless, this is something that candreected with case study
investigations.

The interplay between policy holarchy and environmenteldiss occurs as dic-
tated in the ACF. Various characteristics of goods, suchxaki@ability, affect in-
stitutional (policy) options. The distribution of naturasources strongly affects so-
cietal wealth overall and the viability of different econiarsectors, many aspects of
its culture and the feasibility of options in many areas igo and Jenkins-smith,
1993). The dominant cultural values and social structuiecapolicy options. For
example, (Sabatier and Jenkins-smith, 1993, p. 150) stdtgde-scale nationaliza-
tion of the means of production is a viable option in many pean countries, but not
in the United States”. In most political systems, basic llegams are quite resistant
to change and affect the extent of policy change. Changescin-£conomic con-
ditions can substantially affect a policy holarchy, eitbgrundermining the causal
assumptions of present policies or by significantly alggtine political support for
other policies. Swaying public opinion can affect the wijihess of policy holons
to make certain decisions. For instance, (Burstein anddemurg, 1978) investi-
gated the influence of public opinion and anti-war demotistrta on senate voting
for Vietham war motions. Changes in systemic governingittoas in critical elec-
tions (Burnham, 1970) normally impose formal constraietg.( the same coalition
has to occupy certain positions). A policy holarchy is ndlyfautonomous. Con-
sequently, it may be significantly impacted by other poligyainchies. Finally, the
outcome of the policy holarchy directly affects externaitsyn events.

A bird’s eye view comparison of the ACF (figure 4.1) and CaPgufe 4.2) im-

mediately reveals clear differences between the two. Fam@le, while the ACF
explicitly identifies beliefs as the causal drivers for poél behavior, the CaPF pre-
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sumes that change is driven equally by all the capabilittestheir outcomes. The
perspective of the CaPF is aligned with researchers who p@igy change as the
process of realizing the interests of policy actors. Fom®la, (Riker, 1962) ar-
gued that the primary goal of political coalitions is to nrakie the benefit of the
coalition members (see minimum willing coalitions). (Kémand Brauninger, 1998)
defended the position that preference similarities amanigigal actors are crucial
for the choice of network contacts. Section 4.7 provides eeritodepth comparison
of the ACF and the CaPF in light of the six criticisms of the A@#scribed in section
4.2.

4.6 Case study

To illustrate the application of the CaPF, we make use of & sasdy previously
presented on the development and implementation of anr@hictidentification
management (elDM) system in Austria (Huijpoom, 2010). AbMIsystem is a
means of electronically and officially proving one’s idéntwhen interacting with
businesses or governments. It enables end-users, fongestéo access secured
databases (e.g. bank accounts), sign electronic docuifgegtgsax forms) and obtain
digital products (e.g. building permits). The developmamd implementation of an
elDM system demonstrates how the contextual factors anabdéjes involved play
a crucial role in the policy design process.

The idea to develop an elIDM system for government servicésigtria was pro-
posed around 1999. The paper-based social security idatitiih system had to be
replaced by a smart-card, with the idea being to incorpdredurgerkarte into this
new card, which would grant access to all government sesvithe Federal Ministry
for Public Service and Sports together with A-SIT publiskedhite paper in which
the elDM system, called Biirgerkarte, and its features wareduced (Gerstbach,
2004). The intention was to create an open concept in the basthe Blrgerkarte
could be integrated in multiple carriers (e.g. bank cardjasecurity card). The
first pilot project with the Burgerkarte concept was laugathin 2002 by the Aus-
trian Computer Society (Osterreichische Computergeselfs). In 2004, the Mas-
terCard of several Austrian Banks and the student chip datted/ienna University
of Economics and Business were prepared for the BUrgerkdnt 2005, a mobile
application for citizen authentication was made availabE well as the e-Card of
the Social Security Agency, which included the option ofvating the Burgerkarte
function. Although the MasterCards of several banks, tlagd, the Austrian Com-
puter Society Member Card and the student chip card of thanddJniversity of
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Economics and Business were prepared for the Burgerkar&07 citizen enthusi-
asm for the concept was still far behind expectations. Indd&007, a mere 20,000
Birgerkarten had been activated, whereas the governnaghplanned for 50,000
by 2006 (ARGEDATEN, 2007). Of the 8.2 million e-Cards thatllseen issued by
October 2006, only 8,500 citizens used the opportunity tane their card with the
Birgerkarte signature, even though it was at no cost (FOKI086). Since January
2008, the e-Card of social security institutions has beby feplaced traditional sig-
natures due to amendments in the Austrian eGovernmentdegis (DIGITALES,
2008; ePractice, 2007). In November 2009, the take-up byicgeproviders and
citizens was still disappointing as a mere 120,000 Buagekcertificates had been
issued, and 15 government services were available thrdwgBiirgerkarte concept
(iDABC, 2009).

This case study relied on data collection and systematirvigwing. Data col-
lection commenced with desk and Internet research withabhéaf gathering general
information on the innovation process, namely the suceesseps, decisions made
and actors involved. Several governmental websites wergutied and studied, such
as electronic service portals. Additionally, information contextual factors related
to the innovation was collected such as government budgetseports on socio-
economic developments. Interviews were conducted withnti8/iduals involved
in the innovation, for example, the head of the E-Governniembvation Centre of
Graz. Questions to assess the influence of the capabild@tified in the CaPF
were presented to the respondents. For example, to testiilitg, respondents were
questioned regarding their perception of the strengthlafiomships. To test broker-
ability, respondents were asked if they had any involvermamd if so, with whom.
Given that this case study only has illustrative purposethim chapter, we do not
present here the details of the case, which can be found ifb@dun, 2010). Figure
4.3 shows our operationalization of the CaPF. Circles spoad to policy holons,
with the black ones corresponding to individuals, and ttagy gnes to organizations.
Lines mark the existence of information flows between poliojons. The sizes of
organizational circles are meaningless. Coalitions, indtnse of the ACF, are not
identified in the policy holarchy figure.
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RELATIVELY STABLE PARAMETERS
1. Openness of the system yielded many stakeholders
and complexity resulted in limited adoption
2. Inadequacies in the financial model led to many
negotiations between the involved parties
3. Key values of the stakeholders involved (e.g.
importance of security) impacted the features of the
eIDM system
4. Extensive privacy legislation resulted in strong
security requirements for the eIDM system

EXTERNAL (SYSTEM) EVENTS
1. There is no sound evidence of effects of changes in
socio-economic conditions
2. There is no sound evidence of effects of changes in

.| public opinion
"] 3. The governing coalitions did not substantially

change over time and thus did not impact the process
4. Strong involvement of one of the holons in the
European policy holarchy affected the features of the
eIDM system

v

¢ A

SHORT TERM CONSTRAINTS AND RESOURCES OF POLICY HOLARCHY HOLONS
1. Attributes of the eIDM system constrained citizens and service providers to adopt and/or use the

system

2. Inadequate financial models constrained the innovation process in the sense that it yielded

recurrent negations

3. Fundamental values shaped the features of the innovation and eventually yielded a barrier for user

adoption

4. Legislation was a barrier for service providers to join up
5. The involvement of one of the holons in the European subsystem formed an incentive to start the

elDM development

POLICY
HOLARCHY
(implementation
phase)

M

Bank

ICT
strategy

Technical
university

67

Vienna
university
Austrian
computer security Austrian
society Ministry of national
finance bank

Figure 4.3: Capability-aware Policy Framework (CaPF) &gopto the Birgerkarte
case
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Regarding the basic attributes of the problem area (gooddne hand, the open
technical concept of the Birgerkarte solution increakechtimber of card providers
involved. On the other hand, the complexity of implementatnd re(activation) re-
sulted in limited adoption by service providers. The basstrithutions of resources
affected the dynamics in the policy holarchy in the sensktige were many negoti-
ations between involved parties on the funding of the Bikage concept. Addition-
ally, the costs of the Birgerkarte for service providerd eitizens were perceived as
being too high in relation to the benefits of the system, whiade them reluctant
to adopt the system. Fundamental socio-cultural valuesicpkarly technological
orientation and privacy concerns, have affected the featand subsequent adoption
of the innovation. The strict requirements of the legal femrark (in particular the
e-Signature legislation) may have limited citizen takesinre the threshold for ob-
taining, activating and re-activing the Birgerkarte was tumbersome. However,
there is not any sound evidence outlining the impact of thalltramework on inter-
actions between policy holons of the policy holarchy oritisgiategies.

Regarding the external (system) events, there is no souddr®e that changes
in socio-economic conditions and public opinion (e.g.céet about the Birgerkarte
concept and project in the newspapers (e.g. Die Presse}edfthe dynamics of the
policy holarchy. Additionally, the governing coalitiongddhot substantially change
over time. Strong involvement of the federal Chief InforraatOfficer (CIO) in the
European policy holarchy affected the outcome of the intioman the sense that
set requirements and developed ideas within that policgrbbl were used in the
Birgerkarte policy holarchy. Changes in the ClOs, thdegia team and the changed
position of the strategic team did not have a substantiahanhpn the dynamics of
the policy holarchy or innovation.

Regarding the short-term constraints and resources aiudilons, the attributes
of the Birgerkarte concept affected the number of cardigess involved in the in-
novation. In addition, the complexity of the identificatisoheme and the cumber-
some (re)activation process resulted in its limited adwpby service providers and
citizens. Inadequacies in the financial model, caused bysflavthe dissemination
model (limited take-up by service providers and end-usémg)acted the dynamics
of the holarchy in the sense that it led to much negotiatidéen involved parties
and eventually to new funding and cost models. The impoeatitibuted by devel-
opers of the Blrgerkarte solution to values such as sgami the use of advanced
technology impacted the features of the innovation andlgikh limited take-up and
thus impact of the innovation. The basic legal structurerditisubstantially affect
the dynamics of the holarchy, but did affect the innovatiopact. Finally, the in-
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volvement of one of the holons in the European policy hokafohmed an incentive
to start the elIDM development.

In addition, two capabilities, brokerability and trustélgj particularly affected
the innovation process. Notable is the central positionna of the holons of the
network, who held several key positions in the network (see figure 4.3). He was
federal CIO, scientific director of A-SIT, advisor at the 8&&ecurity Agency, head
of the Institute for Applied Information Processing and Goumications (IAIK) at
the Graz University of Technology and participated in thgattions for the direc-
tive on a common framework for electronic signatures of thieoBean Union. He
was one of the best-connected persons of the Blrgerkality pmlarchy (in terms
of number of connections and access to high-level posijtiand mediated between
the interests of several involved holons, for instanceyben his institute IAIK at the
Graz University of Technology, A-SIT, the Federal Charexgil the European Com-
mission and some service providers, such as the AustriarpGemSociety (where
he chaired a working group) and the Social Security Agendyefe he was advi-
sor). The majority of respondents contended that througlsthaitegic position in the
holarchy, he was able to significantly influence the inn@raprocess.

According to the majority of respondents, the level of triostween holons has
significantly affected the dynamics of the policy holarcmdahe innovation pro-
cess. The ICT Strategy Unit (see B in figure 4.3) can be cheniaet as a high-trust
network. The majority of respondents involved in this uravé stated that the level
of interpersonal trust was very high. In addition, sevengrviews reveal the con-
nection between the level of trust needed and the presentsksf In particular, the
political environment was perceived as being risky. Theessaveral examples where
trust was counterbalanced by formal agreements (see ribiiihgt The interviews
also demonstrate that the necessary level of trust dependit degree to which the
interests of involved holons (persons and/or organizajievere dependent on each
other.

The case study also illustrates that the capabilities deerglated. For instance,
it shows a relation between brokerability and coordinttybi The brokers involved
in the Blrgerkarte project were able to coordinate resflows. The CIO respon-
sible for the development of the Birgerkarte used his tesobrdinate information
flows, funding and the involvement of stakeholders. The edseillustrates the re-
lation between trustability and cooperatibility. In sitiaas in which trust was high,
cooperatibility was also high. For instance, in the ICT t®igg Unit, trust was very
high as well as the willingness of the individual holons toperate with each other.
Another interrelation revealed by the Birgerkarte cadeeisveen trust and adopt-
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ability. In high trust relationships, the ability of holots acquire novel knowledge
from other holons is greater than in situations in whichttisdow. In situations in
which trust is low, holons deliberately withhold infornmi from others.

4.7 Discussion

(Kim and Roh, 2008; Malonegt al., 1994) argued that the ACF fails to distinguish
the importance of different policy actors. To compensatetlies limitation, some
suggestions have been proposed. For example, (Weible) po@&sed introducing
a distinction between principal and auxiliary coalition migers. (Maloneyet al.,
1994) suggested distinguishing insiders from outsideesdoalition. The CaPF fol-
lows a different approach and proposes distinguishing rtigoitance of policy ac-
tors according to their capabilities. For example, our csisdy demonstrates that
individual A was an important actor in the innovation pracéy acting as a broker
between several involved parties. Although perhaps notwashras in policy mak-
ing, the notion of capabilities characterizing the impoc& of actors and firms has a
long tradition in the managerial (Teece, 1994) and evahatip sciences (Nelson and
Winter, 1982).

A second criticism directed at the ACF is that it presumesetizan be no coali-
tion between actors that do not share deep core and polieybmlrefs (Schlager,
1995). However, for example, fascists could coalesce maarignwith liberals for
the issue of free speech (Hann, 1995). Also, in governmegahcies and mate-
rial interest groups, it is doubtful that core beliefs aih enough to guide policy
change and more important than policy interests (Kim and RoB8). Consequently,
the ACF fails to explain intra-coalition rifts caused by engiing differences in in-
terests (Schlager and Blomquist, 1996) and heterogeniitgliefs within coalitions
(Weibleet al., 2009). The CaPF, on the other hand, abstracts coalitiondperati-
bility, isolating it from beliefs (modelability, see seati 4.4) or any other mechanism.
In doing so, the CaPF can account for cooperative initiatimetivated by any of the
other twelve capabilities. See the example provided in@eet5 of cooperatibility
driven by modelability.

Additionally, the ACF does not account for the possibilihat a policy domain
may be structured by harmonious and stable relationshipma@rparticipants who
do not necessarily share the same core beliefs. For exathpl&otion of an iron
triangle is characterized by regular interaction among allsnumber of long-term
participants (e.g. governmental agency and certain pgeill interest groups) oper-
ating within a large degree of consensus and closed off fribrler@ompeting groups



“book” — 2011/11/20 — 11:32 — page 71 — #79 jB

4.7 Discussion 71

and areas of government (Marsh, 1998; Rhodes, 1990). Farp&athe European
Union (EU) encourages long-term coalitions in Portugal agnall the political par-

ties independently of their core beliefs to legitimatize external intervention for
economic recovery. Contrary to the ACF, the CaPF predietisilgy through other

types of relationships rather than core beliefs. For exanmgsi important element for
coalition stability might be trust (Lubell, 2007; Colemd88; Granovetter, 1973),
which is covered in the CaPF by trustability. (Schneieteal., 2003) argued that the
emergence of trust and norms of cooperation (see nornigtilrilthe CaPF) based
on repeated interactions can foster collective action iicp@ommunities even in

the presence of conflicting values and beliefs.

Fourth, the ACF assumes highly coordinated behavior amumgdalition mem-
bers (Schlager, 1995). Therefore, it simplifies collecdedion aspects (do not con-
fuse coordination with cooperation, see section 2.3). Hewehe members of a
coalition may not share the same benefits and costs, thus xpayience conflicts
in deciding on their collective actions (Kim and Roh, 2008xditionally, coordi-
nation may require other pre-conditions such as a set okdgnerms. (Schlager
and Blomquist, 1996) stated that "understanding the typeordination mecha-
nisms that are adopted, how well matched those mechanigme ire environment
in which they are used, and how effectively they bind caatitmembers together
should reveal much about the successes and failures ofigosali This area has been
little studied, but is critical for explaining policy outowes”. Contrary to the ACF
which assumes highly coordinated behavior, and therefoes dot identify explic-
itly coordination as a relevant policy issue (see figure,4Hg§ CaPF brings coordi-
nation challenges explicitly into a policy framework witbardinatibility. Therefore,
the relevance of coordination becomes immediately obvimuany practitioner. Ad-
ditionally, through the remaining 12 capabilities, the EgiPovides a clear way to
study effects upon coordinatibility (e.g. the effect of ma¥normatibility).

Fifth, the German sociologist Georg Simmel and French apthiogist Claude
Lévi-Strauss suggested that social processes are natgbkt of central steering or
some kind of pre-stabilized harmony, but emerge througlptiposeful interactions
of individual actors (Kenis, 1991). The ACF, however, lagkbasis for purpose-
ful or strategic behavior, presuming that individuals agivaly on the basis of their
beliefs (Schlager and Blomquist, 1996). Thus, it providéisnited account of the
various behaviors that exist, such as those of legislalMayliew, 1974), bureaucrats
(Niskanen, 1971), lobbyists (Salisbury, 1986) and ent&epurs (Kingdon, 1995).
Contrary, the 13 capabilities identified in the CaPF provadmuch richer basis on
which to distinguish the behavior of policy actors. For epdam creatibility pro-
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vides a very explicit definition of the creative side of pglientrepreneurs, defined
as "highly motivated individuals or small teams [that] dratiention to policy prob-
lems, present innovative policy solutions, build coatiScof supporters, and secure
legislative action” (Kingdon, 1995). Thus, the CaPF alldarsan increased level of
heterogeneity among policy actors (Szarka, 2010).

Finally, the ACF focuses on coalitions and policy subsystasithe relevant units
of analysis. A coalition consists of policy actors from it sectors, as well as gov-
ernmental organizations that share a set of normative amghtheliefs, and engage
in a nontrivial degree of coordinated activity over time. Alipy subsystem is a
group of actors from different institutions who follow anelek to influence govern-
mental policy decisions in a policy area. Policy subsystémbude a substantive
issue and specialized policy participants usually withgreagraphic boundary. De-
spite the significance of the levels of coalitions and poliapsystems, other levels
of analysis should not be excluded (Kim and Roh, 2008). Famgpte, other authors
have proposed other levels of analysis, such as policy mksaamong policy actors
(Knoke, 1998; Jordan, 1990), sub-governments (Freemdh)1®olicy communi-
ties (Rhodes, 1985), issue networks (Heclo, 1978), indalidictors (Blom-Hansen,
1997) and iron triangles (Marsh, 1998; Rhodes, 1990). Tmeeamuts of holon and
holarchy used in the CaPF are more generic than the onesmutieel ACF. Conse-
quently, they cover any other possible units of policy asialgonsidered, such as the
ones mentioned previously. The second advantage of raglaoalition by holarchy
is the ability to cover relationships between policy holdhat are not necessarily
driven by shared cored beliefs, as it happens with the carafeqmalition as defined
by the ACF.

4.8 Conclusions

In this chapter, we introduced and discussed a new frameuakled Capability-
aware Policy Framework (CaPF), which has potential to aeapolicy making and
influence policy changes. The CaPF was derived by integrdtia ACF with the
Holonic Framework (HF), a framework introduced in chapteio 2account for the
value of Digital Information Networks (DINs). The applidgity of the HF to the
policy domain is a result of itevolutionary economipremises, which are coherent
with the procedural rationalitymodel of the individual present in, for example, the
ACF. The evolutionary economic approach is concerned \Wwiltstudy of procedures
or intermediate processes that transform an economy.

The importance of information processes is well recogniaeke policy domain.
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Nonetheless, our work shows that studying the value of Dislead to important
insights for the policy domain. This counts in particular the observation, cap-
turing and measurement of information processes, whictwatesupported by IT
nowadays. Using analogies and congruences as provideddnglhies then aids the
translation of the results towards the policy domain. Wesldemonstrate the validity
of this option in two ways. First, we showed that the CaPF caoant for relevant
policy premises already accounted for in the ACF. Secondjemeonstrated the con-
ceptual value of the CaPF in light of six criticisms previlgudirected at the ACF.
Although policy-network approaches such as the ACF as waha CaPF have been
subject to criticisms in general (see (Kim and Roh, 2008afdiscussion), it is out of
the scope of this chapter to compare the CaPF with non poktyork approaches.
Such comparison is interesting matter for future work.

The CaPF relies upon the concept giaicy holarchyto refer to a hierarchy of
policy actors, with each actor bound to other actors in ofit@nes in certain ways
and independent in other ways. Using terms from the ACF,iaybblarchy is com-
parable to a policy subsystem. Additionally, the CaPF selipon the concept of a
policy holonto refer to a policy holarchy that behaves at a high level tdraomy and
self-organization. Examples are the ACF concept of coalitind policy actors, such
as entrepreneurs and politicians. We identified the coneépidvantage of using a
policy holarchy/holon instead of the ACF concepts of pobcypsystem/coalition.

From within a policy holarchy, capabilities are the drivéws policy change in
the CaPF. The CaPF includes a list of 13 capabilities, pusiyoidentified in the
HF. Capabilities are applicable to multiple levels of a ppholarchy. Moreover, the
capabilities are fundamentally different, but might inflae each other, including at
different levels. From outside a policy holarchy, policyaoles in the way as dictated
in the ACF.

We then illustrated the practical value of the CaPF with & cdady on the de-
velopment and implementation of an electronic identifamatnanagement system in
Austria (Huijpoom, 2010). The application of the modelskitates empirical obser-
vation of the concepts described in the CaPF and how the fvankecan help to
extract policy implications. Additionally, our case stuitlystrated interrelatedness
between some of the capabilities. On the one hand, the CafPhssmore abstract
than the ACF: it introduces new concepts such as policy blmjaand policy holon.
On the other hand, the CaPF is more specific than the ACF, bedaadvances
several concepts that are not identified in the ACF. Reggrdjperationalization
of the framework, CaPF concepts such as coordinatibility selectibility seem to
have comparable implementation difficulties as the ACF eptspolicy beliefsor re-
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sources Overall, we estimate both frameworks to have comparablararal skills.

The CaPF advances several concepts that are probably liafatmipolicy re-
searchers. Naturally, this raises difficulties at the fimsitact with the framework,
implying a period of adaptation, further conceptual sttkaging, perhaps including
the relabeling of some concepts or even breaking up conteptsake them more
realistic. In this chapter, we have demonstrated that, feotheoretical perspec-
tive, future efforts in developing this framework are exgecto pay off. (Nowlin,
2011; Schlager, 2007) mentioned the importance of mergargpuws theories and
frameworks into a unified framework of the policy process. Mipe that the CaPF
might provide some groundwork for this scientific endeavduilding upon a very
fundamental level, we have shown that the CaPF captureseatenfrom various
conceptual directions seen as relevant for policy makinsgtitutionalism, policy en-
trepreneurship, multiple streams theory, procedurabmatity, entropy, capability
theories, evolutionary theories, resource-based appesabehavioral theories, iron
triangles, social construction, punctuated equilibriumd advocacy systems, among
others.

Generally speaking, policy network approaches are exgectdoe capable to
predict the influence of capabilities in certain segmentthefpolicy process. Nev-
ertheless, doubts remain as to whether those specific pogdican account for the
final outcome of the total policy process. Additionally, tihéegration of the ACF
with the HF enables the CaPF to account for the principlesaégsses involved in
policy making, i.e. the capabilities. Principles regagdthe status of a policy hol-
archy are not identified in the CaPF. This is left for futurerkvd-uture work could
also advance operationalization of the CaPF and providaduimvestigation of the
interrelatedness of the capabilities.
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Chapter

Exploring biological evolution
through the value of digital
Information networks

Abstract: The Modern Synthesis (MS) is the current paradigm for biological

evolution. However, the MS is under scrutiny by evolutionay biologists. For
example, the MS does not provide an explicit account for hodontal gene trans-
fer. In this chapter, we first motivate the use of the Holonic Famework (HF)

to conceptualize biological evolution. Secondly, we dises HF's added value
in the light of six criticisms pointed to the MS in the current literature. This

chapter thus underpins the value of digital information networks for biological

evolution.

This chapter was matter of publication in (Madurestaal., 2011d).

5.1 Introduction

The Origin of Speciemgtroduced the new idea of natural selection (Darwin, 1859)
Darwin observed that all organisms, even the most slowlsoduring ones, produce
more offspring than can actually survive. Those individulat are the fittest are
most likely to survive and reproduce. Given that subseqgenerations inherit this
capability to be fitter, average fitness in the populatiord$eto increase. However,
there was a gap in the Darwinian theory: the source of vditialsimong species.
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The gap was filled by Gregor Mendel's work (Druery and Bated®01). From
the Mendelian perspective, the presumed loss of variglaititurring with blending
inheritance does not happen, but it is conserved by mutation

In some ways, the Darwinian-Mendelian theory was still tingectory. The is-
sue was the need to reconcile a theory of gradual evoluti@wbism) with the
saltationism that emerged from the new discipline of gesdtiorn with the work of
Mendel (Pigliucci, 2007). (Fisher, 1918) provided an answhowing correlations
between relatives on the supposition of Mendelian inhecita Subsequent work con-
solidated to what has become known as the Modern Synthes$, @Mist of consen-
sus statements that form the core of the synthetic theoriotidical evolution (Reif
etal, 2000). The current MS is essentially provided in the candérix books (Steb-
bins, 1950; Rensche, 1947; Simpson, 1944; Huxley, 1942y M&y2; Dobzhansky,
1937). Others have made significant contributions as weatiKgr, 2004; Junker and
Hofeld, 2001; Reifet al,, 2000). The termsvolutionary synthesiandsynthetic the-
ory originate from the title of Julian Huxley’s book in 194Bvolution: the Modern
Synthesis

The MS is however under scrutiny by modern evolutionary dgjits (Grant,
2010). Many authors have emphasized the need to expandlCaf00), extend
(Pigliucci, 2007) or replace (Nazarov, 2007) the MS. In igatar, the completeness
of the MS is debated. (Delisle, 2009) stated that "evolw#igrbiology is still in a pre-
paradigmatic state of development even today”. One of thisrof this statement is
the well-proven phenomenon of horizontal gene transfevdeh organisms, rather
than vertically from their parents. Horizontal gene trangs not explicitly accounted
for in the MS, but its consequences are profound and may sitgificantly the
biological evolutionary process itself (Buchanan, 2010he conclusion seems to
be that biological evolution is not only guided by naturdesdon and mutation. In
this chapter, we show that the HF provides a framework on lwtiie MS can be
extended as needed, based on the universal observatioevtiation is partially a
result of information transfer.

This chapter is organized as follows: in section 5.2, we iles¢he fundaments
of the MS; in section 5.3, we describe six main criticismg th@e been pointed
to the MS; in section 5.4, we motivate the use of the theoryhenvalue of Digital
Information Networks (DINS) to study biological evolutidn section 5.5, we discuss
the HF in the light of the six criticisms pointed to the MS ircgen 5.3 and we
identify the main limitations of the HF. Finally, sectiorbsdraws the conclusions of
our chapter and future research directions.
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5.2 Modern Synthesis (MS)

The basic principles of the MS are the following (Kutscheand &liklas, 2004):

1. The units of evolution are populations of organisms andtyymes of organ-
isms (species). A population is defined as a group of organdfra particular
species that inhabits a particular area. (Mayr, 1942) deesl the concept of
biological species, which has been later defined as an netding commu-
nity of populations that is reproductively isolated fronhet such communi-
ties. Natural selection acts on traits within populatidret ire beneficial in the
particular geographical area.

2. In biology, the phenotype is the combination of the orgars morphology
and behavioral repertoire that determines the way in whielotganism inter-
acts with the environment. The genotype is the genetic inédion that codes
for the way in which the phenotype develops. Thus, the gemobpth enables
and constrains the organism’s interaction with the envirent. Genetic and
phenotypic variability in plant and animal populations istoght about by ge-
netic recombination (reshuffling of chromosome segmeet)lting from sex-
ual reproduction and random mutations along the parespnoifg sequence.
Mutations are not random in the absolute sense (e.g. thegoastrained by
physical and chemical rules) (Crow, 2003). However, froe filerspective of
their usefulness for evolution, they are the source foreandenetic informa-
tion (Stebbins and Ayala, 1981).

3. Natural selection is the most important force that shépesourse of pheno-
typic evolution. In changing environments, natural sebects especially im-
portant because it steers the population mean towards aptomeotype better
adapted to the changing environment. In small populatinagjral selection
might cause significant loss of genes from the gene pool.

4. Speciation can be defined as a step of the evolutionanegsaat which forms
become segregated into two or more separate arrays thahgs®lpgically
incapable of interbreeding (Dobzhansky, 1937).

5. Evolutionary transitions in populations are usuallydya, i.e. new species
evolve from pre-existing varieties by slow processes anidtaia at each stage
their specific adaptation. However, there are some exaeptieor example, in
cichlid fishes (Meyer, 1993; Meyet al., 1990), polypoid angiosperms (Soltis
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and Soltis, 2000) and southern African ice plants (Kédlal, 2004), repro-
ductive isolation and the resulting origin of novel speaan occur relatively
faster (within a few hundred or thousand generations).

6. Macro-evolution, defined as phylogenetic developmeavalkhe level of species,
is a gradual step-by-step process that is nothing but aapoiation of micro-
evolution (origin of races, varieties and species).

Resuming, in the MS, evolution is defined as the change inrdguéncies of
genes in a population of individuals from one generatiorhtoriext (Pagel, 2002)
and (Mayr, 1998): 1) gradual evolution can be explained imgeof small ge-
netic changes and recombination, and the ordering of tmetgevariation by nat-
ural selection; and 2) the observed evolutionary phenompasicularly macro-
evolutionary processes and speciation, can be explaireechanner that is consistent
with the known genetic mechanisms.

5.3 Criticisms to the MS

(Mayr, 1961) pointed out that Darwinism is about explainbghavior and distin-
guished two forms of causation: ultimate and proximateintiite causation assesses
whya certain behavior originated and is the form of causatialrested by the MS.
Proximate causation explains the behavior in termisavfthe behavior occurs. For
example, how sex is determined in reptiles through enviemtal cues. By provid-
ing an ultimate and general explanation for evolution, the IMcomes too abstract
failing to identify explicitly more proximate, and otherespfic and essential aspects
which are relevant for biological evolution (Vromen, 2007)

The first example of one of these aspects is social behavimhwbased upon the
MS, was explained by (Hamilton, 1964) as follows: "for a géoeeceive positive
selection it is not necessarily enough that it should irsehe fitness of its bearer
above the average if this tends to be done at the heavy expéradated individuals,
because relatives, on account of their common ancestry,ttecarry replicas of the
same gene: and conversely that a gene may receive positadeti@e even though
disadvantageous to its bearers if it causes them to confécieantly large advan-
tages on relatives” (known asclusive fithessheory). However, (Hamilton, 1972)'s
theory implies that altruism is limited to kin or reciproicey partners (Kutschera and
Niklas, 2004). Various experiments contradicted this thealtruism towards un-
related group members in humans (Bowles, 2006; Fehr antiifasber, 2003), po-
tentially altruistic behaviors from different populationchimpanzees (Boesét al.,,
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2010), basic forms of helping from chimpanzees towards msnirathe absence of
rewarding (Warnekeet al,, 2007), cases of amoebas that die on behalf of amoebas
from other species (Jaakt al, 2008), etc. Therefore, on the one hand, altruism is
often hard to explain in the light of the MS. On the other haltiuism is an impor-
tant evolutionary mechanism that due to its importance Ishoome explicitly in a
biological evolutionary framework to better assist prizmtiers.

The second example is cognition. A widespread accusatiaimstgDarwinism is
that it accounts evolution as blind (Hodgson and Knudse@6Rdn some sense evo-
lution is blind: particular outcomes are not necessarigdmtable in advance, thus,
design emerges without a seeing designer (Vanberg, 2004ndther sense, evolu-
tion is only partially blind: any effective capacity for fegight or prescience must be
based on tried and tested knowledge, otherwise there areonadp to presume its
effectiveness (Campbell, 1987). Cognition is at least afesémportance, both in the
human and non-human world. (Hinde, 1959) called attentiainé variety of ways
that the choices of animals could influence the subsequemse®f evolution; and
(Bateson, 2004) defended that evolutionary rate shouldebérito to a measure of
brain size. Although very relevant for biological evolutjacognition is not explicitly
captured in the MS.

The MS also fails to account for self-organization in biotad evolution. The
self-organizational approach tries to capture structtiiahge in a system as an irre-
versible and uncertain process that operates in differags\at all levels of structural
complexity (Foster, 1997). An example of self-organizatie the flocking behavior
(e.g. flocks by birds and schools of fish). Several authoesséd that self-organizing
complex systems’ dynamics might provide the conceptuahéssork within which
Darwinism continues to evolve (Weber and Depew, 1996; Kaaif, 1993). Self-
organization provides a possible explanation for the thedrpunctuated equilib-
rium, which proposes that macro-evolution (the evolution arahbining of lineages
at and above the species level) is not gradual, but is coratedtin evolutionary time
around bursts of speciation (Gould and Eldredge, 1977)ulz4989) explained this
phenomenon by sudden reorganizations of largely selfrizgey genetic networks,
which then remain locked in place for considerable periddare.

The fourth example of an aspect relevant for biological atioh that is not ac-
counted explicitly by the MS is horizontal gene transfethea than vertically from
their parents. The first hints on horizontal gene transfemecin the 1950s, when
different species of bacteria around the world gained tie@si® to antibiotics sur-
prisingly fast. Biologists hypothesized that such resisgaspread too fast to have
happened according to the MS principles, and it seemed te happened directly
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from one specie to another. (Arnodét al., 2008) described evidence of horizontal
transfer in bacteria, fungi, plants and animals; (Petcal., 2008) identified horizon-
tal transfer in rodents (rat/mouse), bushbaby (prosimiamaie), little brown bat,
tenrec, opossum and two non-mammalian tetrapods (anale land African clawed
frog); (Kunin et al,, 2005) expressed the idea that horizontal transfer meanshth
evolutionary structure is no longer tree-like, as sketdmgdarwin, but more like a
network; and (Goldenfeld and Woese, 2007) stated that thie loancept of an or-
ganism as an isolated biological entity with a unique genmide makes little sense
in the bacterial world, as the genetic material is readilgilable in an environment
for an individual within it.

Due to its abstractness, the MS is hard to operationalizer&@pnalization refers
to the process of linking the conceptual definitions to a ifjgeset of measurement
techniques or procedures (Bridgman, 1927). In the MS, (abselection by) the
environment is seen as an observable input changing thetaimtg regarding the
evolution of the population. However, the required delatidn and characteriza-
tion of the biological environment is, in general, very diffit. Additionally, the
logical value of natural selection is limited, and some elvave considered it a tau-
tology: "(natural selection) was described, in the last tditions of On the Origin
of Species, as the principle of the survival of the fittestnl{othe fittest survive’ (to
reproduce creatures like themselves). If the fittest areneéfas those who survive
to reproduce their kind, then Darwinism becomes an unisteg tautology: Who
survive? Those who are most fit. Who are most fit? Those whavalirgiCampbell
and Robert, 2005). Symptomatic of the limited empirical powof the MS is the fact
that no sure marks of natural selection still exist (Denri385).

5.4 A different approach: the value of DINs

In light of increasing doubts raised about the MS, (Brooks Wfiley, 1984) put for-
ward a research agenda to unify various efforts in bioldgivalution to "expand,
extend or finish the job begun by Darwin”. Their conceptuahtie lies in the use of
energy in maintaining and transforming ordered states dfemaJsing the concepts
of information and entropy as a common phenomenology fomab®au of organizing
processes in biological systems, their core hypothedimtdiological evolution is an
entropic process. By expressing evolution in terms of gmtrthey provided a con-
ceptual link between biological processes and physica ktwowing that biological
processes are not governed by laws specific to biology.

There are two classical definitions of entropy: the thernmaglyic one (Clau-
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sius, 1850) and the statistical one (Boltzmann, 1870). bmiodynamic one is the
fundamental definition of entropy, while the statisticab@rovides a deeper under-
standing of its nature. In the statistical definition, thér@py is a measure of the
number of possible microscopic configurations of the irdiial atoms or molecules
of the system which would give rise to the observed macrdscstpte of the sys-

tem (Boltzmann, 1870). Thus, entropy can be seen as a meF#sa@domness in a

system (Sethna, 2006).

Organisms evolve by moving from states of high entropy to éswropy. The
second law of thermodynamics states that over time the gntwban isolated sys-
tem which is not in equilibrium will tend to increase, apmbizng a maximum value
at equilibrium (Atkins, 1984). Stated otherwise, concatettd energy disperses over
time, and consequently less concentrated energy is alatiallo useful work (dif-
ferences in temperature, pressure and density even outtharefore randomness
increases). Other formulations of the law exist (Dunnirges, 1969). Thus, only
with a steady inflow of energy, the organism can keep a separfabom the environ-
ment (e.g. skin), and ordered insides distinct from dised®utsides (Bunn, 2009;
Beinhocker, 2006; Collier, 1986).

Although the contribution of energy to biological evolutis important, (Brooks
and Wiley, 1984) argued that it has a secondary role becaeseshergy is in abun-
dant supply (e.g. solar energy). From their perspectivewdy in which organisms
are organized, allowing them to use the available energyoi® important than the
availability of energy itself. This suggests that orgarssare best understood in terms
of their information content (see also (Collier, 1986)).ushbiological entities main-
tain structural and functional integrity by the storage lmdsmission of information
(Brookset al., 1989).

(Kallinikos, 2006) attempted to understand the complexaittar of technolog-
ically sustained information processes. He drew some itapbconclusions about
the nature of information: it is self-referential and nandfidational. Self-referential
means that information has value if it adds a difference tatvig already known.
(Borgman, 1999) stated "to be told that the sun will rise toow is to receive no
information. To learn that one has won the jackpot in theelgtiis to have great
news”. Non-foundational means that informational differes emerge through com-
parison of two or more objects or items. They are not singudat are relational
entities. Due to its differential nature, information isrthdo measure and concep-
tualize further. Nevertheless, the body of literature amhlue of DINs and other
IT has shown great progress regarding this issue. A signifimaount of theoretical
and empirical work has been produced to address the welldkparadox "you can
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see the computer age everywhere but in the productivitisstat’ (Solow, 1987).

The alternative (or rather a significant extension) to thegvtsposed in this chap-
ter is a framework, labeled HF, which was suggested in ch&dfier understanding,
modeling and predicting the value of DINs. The HF describegteof simple and
fundamental concepts which identify how information flows processed and from
which evolutionary value is generated (e.g. economic Vallgespective of the
technical aspects involved in the coding, transmissiondewbding of information,
digital networks allow humans to exchange informationt fike any other transport,
organizational, physical, biological, economical andtjal network. At this point,
we therefore hypothesize that the HF is useful to explaifobioal evolution due to
its conceptual value within the body of literature of DINgéschapter 2 for a dis-
cussion between the HF and two other reference framewoiksdZnd van Beers,
2010; Bulkley and Van Alstyne, 2004)).

5.5 Discussion

In section 5.3, we pointed abstractness as the most obvimitstion of the MS.
Recurring to (Mayr, 1961), two forms of causation have beescdbed: ultimate
explains why certain behaviors emerge amnolximateexplains behaviors in terms of
how they occur. The MS provides an ultimate explanation fological evolution:
behaviors emerge to adapt populations to their environsnertte HF, on the other
hand, provides a more proximate explanation for biologmadlution through its
set of capabilities. Consequently, the HF becomes lessaabshan the MS, and
therefore more useful for practitioners. Due to its morexpnate causation, the HF
is capable to account for four aspects relevant for biokdgéeolution described in
section 5.3, which are not explicitly accounted for by the:M&ruism, cognition,
self-organization and horizontal gene transfer.

The first aspect, altruism, is only explainable in the lightree MS to favor the
genetic selection of kin or reciprocating partners. Howevarious experiments have
shown cooperation among individuals apparently withouegje motives. Addition-
ally, although cooperation is a relevant biological eviolmary mechanism, it is not
identified explicitly by the MS, and therefore could not beagnized directly by
a practitioner as a mechanism worthwhile to be considerdde HF, on the other
hand, identifies explicitly and individually cooperatityl Without questioning the
emergence of cooperatibility, the HF presumes it to be a am@sm which leads to
evolution in biology, and therefore a mechanism that shbeldonsidered by practi-
tioners interested in empirically studying biological kxmn.
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Identical line of reasoning could be applied to cognitiorickhs identified in the
HF with three capabilities: perceptability, modelabilétgd decisability. These three
capabilities imply that the HF presumes the existence afi@ga biological evolu-
tion, and therefore also self-organization. The holon thesed by the HF actually
stems from the attempt of (Koestler, 1967) to create a manteddlf-organization in
biological systems (Ulieret al., 2002). Holarchies are nested hierarchies of self-
organizing structures, the holons. The terolonreflects the tendency of holons to
act as autonomous entities and yet cooperating to form apgaiself-organizing hi-
erarchies of sub-systems, such as the cell, the tissuedamdgans in living species
(Christensen, 1994). By accounting explicitly for selg§anization, the HF is ca-
pable to account for the possibility that the evolution andniching of lineages at
(and above) the species level is not gradual, but is coratexttin evolutionary time
around bursts of speciatiopynctuated equilibriuntheory (Gould, 1989)).

Finally, in the light of the HF, horizontal gene transfer d@nseen as an instance
of adoptability at the level of organisms. And, by providegiore proximate account
for biological evolution, the HF has also empirical powergghapter 3).

Despite the conceptual advantages relatively to the M3, Ehbas two important
limitations. The firstis a reductionist view of evolutiorsjuo information, neglecting
for example the role of energy. Approaches neglecting greng focusing on infor-
mation have been questioned previously. For example, (Wahed Depew, 1996)
stated: "it seems to us a bit hasty, however, to move from tka@vledged fact that
the notion of fithess cannot be reduced to the uniform cuyref@nergetics to the
conclusion that energy flow is irrelevant to natural setector that the requirements
of energy flow do not themselves constitute components afsith Not only energy
and information play a role in biological evolution, but for(or matter) should be
accounted for as well. For example, the drifts of contineetsainly impacted bio-
logical evolution, and it is not an evolutionary factor rgozed by the HF. (Pigli-
ucci, 2007) stated: "evolutionary theory has shifted frotheory of form to a theory
of genes [or information], and that it is now in need again abanprehensive and
updated theory of form” (text in brackets was added). Themsédimitation of the
HF is the level of formalization of the capabilities. The défons of the capabilities
are mostly based upon previous multiple and independeetigldped work. How-
ever, capabilities are essentially information processed therefore their definitions
should be derived from a unique and fundamental theory ofinétion.
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5.6 Conclusions and future work

Paradigms work well for periods of theoretical stabilityt from time to time enter
into a crisis arising from new discoveries that are not gasiplainable within the

current paradigm (Kuhn, 1970). The MS never actually werdubh a paradigmatic
shift, relying on augmentations without overthrowing afyhe previous foundations
(Gould, 2002). The HF may contribute to the development oéw paradigm for

biological evolution. The reasons are two-fold: 1) the HRads based upon the MS
or its foundations: Darwinism and neo-Darwinism (Pigliu@007); and 2) the HF
accounts for various aspects in biological evolution nqiliekly accounted for by

the MS. We discussed the conceptual added-value of the Hifdieg six criticisms

pointed to the MS: abstractness, altruism, cognition,-@gjanization, horizontal
gene transfer and empirical power. Moreover, we are cortfitlanhthe HF is capable
to address other relevant mechanisms related with biadbgimlution. For example,
we invite theorists to discuss the HF and the MS regardindaih@ving aspects:

1. Lamarckism Lamarckism refers to the possibility of (genotypic) inkeance
of acquired (phenotypic) characters at the level of orgasisimmediate ob-
jections to the theory arose. For example, if every charigtiewas inherited,
what would prevent the inheritance of injuries or impairts€n The MS re-
jects lamarckism mainly due to the work of Weismann, who destrated that
changes in the phenotype of an organism during its lifetidoenot affect the
genetic material that is passed on to its offspring. Howeémtarest in lamarck-
ism has recently increased, as several studies in the fieddigénetics (study
of inherited changes in phenotype or gene expression cduysetbchanisms
other than changes in the underlying Deoxyribonucleic d2MA) sequence)
have highlighted the possible inheritance of behavio@dtsracquired by the
previous generation. For example, (Jablonka, 2009) peavah extensive list
of examples of epigenetic inheritance ranging from worocaeforhabditis el-
egan3 to homo sapiens

2. Co-evolution Co-evolution refers to the idea that the different unitd kavels
are not independently evolving, but rather influence eabkrotCo-evolution
is present in the MS with the distinction between genotymk@renotype and
their causal feedback loop. However, co-evolution happenasigh other feed-
back loops as well. (Gual and Norgaard, 2010) stated: "omeechsapiens
appeared and spread on Earth as a result of natural selatiodevelopment
of cultural systems came to produce an interacting complesocial institu-
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tions and technologies. From the industrial revolutiors fifist development
of market in western (and eastern) economies is literafigctihg biological

processes and reshaping at great speed the biophysicedreneint in which

they exist” (co-evolution between selection and culture).

3. Variability. The research domain callexVo-devo-ecdries to explain why
wild-life populations that harbor vast amounts of hiddemege variation,
only phenotypically express them in particular environtaesr genetic back-
grounds (Gibson and Dworkin, 2004; Gibsetnal., 1999). The notion of vari-
ability was proposed to account for this phenomenon and el:fis the capac-
ity to respond to genetic and environmental change (FI@@52 Variability
manifests itself through two phenomenons: phenotypidiplasand environ-
mental canalization. Canalization is the reduced seitgithf a phenotype to
changes or perturbations in the underlying genetic andgenretic factors that
determine its expression (Meiklejohn and Hartl, 2002; des¥fet al., 2003).
Canalization is usually manifested through its equiva@gyosite: phenotypic
plasticity. Phenotypic plasticity is the sensitivity oktphenotype produced by
a single genotype to variation in the environment (Roff, Z,9%tearns, 1989).

4. Modularity. A common characteristic, in both natural and human praguct
is their modular structure (Hartwedt al, 1999). Modular architectures that
exhibit functional separation are more robust and flexibldesign and adap-
tations. (Lipsoret al,, 2002) stated: "modularity creates a separation that re-
duces the amount of coupling between internal and extehaaiges, allowing
evolution to rearrange inputs to modules without changhirtintrinsic be-
haviors and so to reuse modules as high-level building stodBonner, 1988)
elaborated on the evolutionary implications of modulasihich he callgene
nets Examples of modularity in nature are the evolution of metazanimals
from protozoans colonies, where all the cells are from timeesspecies (Buss,
1987).
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Chapter

A holonic framework to understand
and apply information processes in
evolutionary economics

Abstract: Economists unsatisfied with the basic neoclassat assumptions of ra-
tional economic actors and economic evolution towards eqjifbrium states founded
the evolutionary economic approach. Their goal was to provide more realistic as-
sumptions regarding economic agents and their institutioal environments. The
Modern Synthesis (MS), the current conceptual paradigm forbiological evolu-
tion, was used as a source of inspiration for conceptual delgment. Along the
biologically inspired line of thought, the Generalized Dawinism (GD) initiative
relies on the abstraction of the MS to provide a unifying coneptual framework
for evolutionary economics. Despite its merits, GD has beesubject to criticism,
particularly regarding its level of abstractness and lack & an explicit account
of the social and cognitive processes that drive economic@ution. The goal of
this chapter is to introduce and explore an alternative coneptual framework for
evolutionary economics: the Holonic Framework (HF). Contary to GD, the HF
is not biologically inspired, but builds upon the body of literature on the value of
Digital Information Networks (DINs). We discuss the analyical strengths and
limitations of the HF relative to GD in light of several aspeds pertinent to evolu-
tionary economics (e.g. self-organization, culture, cogtion, cooperation). This
chapter underpins the value of DINs for economic evolution.

This chapter was matter of publication in (Maduregtaal., 2011c).
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6.1 Introduction

Neoclassical economic theory continues to dominate ecantnnking based on
Walrasian general equilibrium theory devised in the 19thtuwe. The general equi-
librium approach produces an aggregated representatitimeaéconomy with two
main assumptions (Tesfatsion, 2005): 1) rational behasi@conomic actors (e.g.
firms as cost minimizers and households as utility maximsijzand their constraints
(e.g. technological processes); and 2) a market equitibgalution, in the sense that
for each commodity and factor, their prices always adjuatlevel such that demands
added across all the actors do not exceed total suppliesefattvelopments, such
as the introduction of information asymmetries, did nobime alteration of the neo-
classical theory’s fundamental foundations, but, insteadulted in more complex
outcomes (e.g. multiple equilibria) (Foster, 1997).

Although with little initial impact in mainstream econorsicthe basic assump-
tions in the neoclassical theory of rationality and equilitn have been questioned.
For example, (Schumpeter, 1949) already questioned theeopbeing in a state of
equilibrium: "development (...) is a distinct phenomenentirely foreign to what
may be observed in the circular flow or in the tendency towaaigilibrium. It
is spontaneous and discontinuous change in the channele dfot, disturbance
of equilibrium, which forever alters and displaces the Hopum state previously
existing”. Economists interested in a conceptualizatibeamnomic evolution with
more realistic assumptions regarding economic agentshadrstitutional environ-
ments founded thevolutionary economiapproach (Sober, 1993; Boulding, 1991).
Several recent survey articles emphasize that an agreemdrasic aspects of evo-
lutionary economics is still missing (Rahmeyer, 2010; YW008; Fagerberg, 2003).
Nevertheless, there is an almost common consensus orusingathe economic pro-
cess inductively rather than towards an equilibrium, with behavior of the col-
lective agents characterized by bounded rationality (Rasi Marengo, 2007; Met-
calfe, 1995; Silverberg and Verspagen, 1995). Institatish economists focused on
the impact of cultural evolution and the exercise of poweodgkon, 1998); neo-
Austrians emphasized creativity in the presence of uriogytéWhite, 2008); post-
Keynesians questioned time-reversibility present in tpgldrium setting (Arestis,
1996); neo-Schumpeterians investigated innovation gsmseand their inherent non-
linearity (Nooteboom, 2007; Heertje, 1994); (Boulding91% concerned with the
profound indeterminacy of evolutionary processes, qoeetl the applicability of
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the experimental method in evolutionary economics; andt@fp1997) advocated the
use of the self-organization approach for evolutionaryneaaics. Additionally, there
is a growing body of literature on the evolution of businegmaizations (Gavetti and
Levinthal, 2000; Romanelli, 1991; Nelson and Winter, 1988}l these strands of
evolutionary thought provide realistic insights into thegess of economic change.
However, despite considerable overlaps between theselsfrawidely accepted uni-
fying analytical framework is still lacking within which el stream can be placed as
a special case.

With an apparent absence of alternatives, evolutionarp@uodsts use the Mod-
ern Synthesis (MS), the current conceptual framework fological evolution, as
a useful metaphor and source of analogies for the develapaigheories in eco-
nomics. As early as the 19th century, (Bagehot, 1872; Ritct896; Veblen, 1899)
and others proposed that the principle of natural selectmrid help to explain the
survival of groups, businesses, nations and even langua&gesiecades, the refine-
ments in neoclassical economics obscured the biologicdbgn as a valid alterna-
tive for mainstream economics (Schumpeter, 1954; Pent®&2). However, there
has been a surge of interest recently into how insights frmodical evolution can
strengthen the conceptual foundations of evolutionarynecocs (Vromen, 2007;
Witt, 2006; Dopfer, 2004; Klaes, 2004; Witt, 2003b, 1999artReularly, General-
ized Darwinism (GD) has captured large attention. GD abtstrtne core biological
principles described in the MS of mutation, selection andegje recombination to
provide a unifying meta-analytical framework capable &fpining, framing and or-
ganizing causal explanations for evolutionary economiitsdgson, 2010; Aldrich
et al, 2008; Hodgson and Knudsen, 2006; Dawkins, 1983). Howéwerisefulness
of GD has been widely questioned, particularly its level b$teactness (Vromen,
2007), and its lack of an explicit account of social and ctgmievolutionary pro-
cesses (Nelson, 2005).

The goal of this chapter is to explore a conceptual frameviorlevolutionary
economics alternative to GD: the Holonic Framework (HF)e HF provides a less
abstract, more substantive departure point to study ecignevolution. For exam-
ple, it accounts explicitly for social and cognitive proses lacking in GD. The HF
is also relatively easy to operationalize. Therefore, ldves relating of theoretical
propositions with empirical data. Furthermore, we show tiwa HF is capable of ac-
counting explicitly for other aspects considered rele¥anevolutionary economics,
such as self-organization. The HF does not build upon bicédgciences, but on
social sciences, particularly the body of literature onvéilele of Digital Information
Networks (DINS). In this regard, the HF is aligned with thegs of (Schumpeter,
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1954) to forget biological reductionism, and instead exs@conomics in its own
unique social, psychological and political context.

This chapter is organized as follows. In the next sectionswemarize the ini-
tiative GD. Here we assume that GD is the most advanced agifynalytical frame-
work for evolutionary economics to date, and thus represtet state-of-the-art ref-
erence framework. Section 6.2 ends with an overview of titecisms directed at
GD which serve as our motivation to search for an alterndtamework. In section
6.3, we use the body of literature on the value of DINs as aniemapoint to find
an alternative to GD. In section 6.4, we discuss the strengtiil limitations of the
HF relative to GD. After summarizing our conclusions in gatt6.5, section 6.6
describes various implications and possible extensiomsiofvork.

6.2 The initiative Generalized Darwinism (GD)

The appeal of evolution as a unifying theory for various scés (Alexander, 1975)
led researchers to apply the basic tenets of the MS (seeechi)pis a conceptual
ground to explain evolution in other scientific fields. A plioent and recent ex-
ample is the GD initiative, which proposes a radical abstvacof the MS from its
biological evolutionary details so thaelection retentionandvariation, regardless
of the very different ways in which they operate in differan¢as of application, pro-
vide an overall meta-theoretical framework universallplayable to various areas,
including evolutionary economics (Hodgson, 2010; Aldrihal., 2008; Hodgson
and Knudsen, 2006; Dawkins, 1983).

The motivation of the proponents of GD was "to derive a powlesfer-arching
theoretical framework in which theorists can develop aarj] domain-specific ex-
planations” (Aldrichet al, 2008). Darwin himself recognized the potential broader
application of his core ideas upon the elements of language that natural selec-
tion favored tribal groups with moral and other propensitigat served the common
good (Darwin, 1859). Writers such as (Keller, 1915; Vebl&899; Ritchie, 1896;
Bagehot, 1872) have argued that natural selection coulidiexghe survival not only
of individuals, but also of business firms, nations and osleeral institutions.

(Stoelhorst, 2008; Stoelhorst and Huizing, 2005) desdrthe explanatory logic
of GD as follows (see figure 6.1). Open complex systems cooilifferent compo-
nents and need resources from the environment to functiosedure the necessary
resources, the system needs to interact with the environrgis interaction is done
by what is usually called behavior: the act of doing someghinhave an effect upon
the outside world. The system is subjected to selectiorspresecause the required
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resources are scarce. Information regarding the way afdcatieg with the environ-
ment (behavior) is fed back into the system and coded in tbexcof the system (an
abstraction of the biological genotype) (Wilkins, 2001)husE, behaviors that were
more successful in the past are more likely to be repeateldeiriuture. Addition-
ally, random changes in behaviors are more likely to neghtiaffect the functional
integrity of the system than to improve its performance. lgesv, in the long run,
there is a need to vary behaviors to adapt to changing emagatal conditions. Such
variation can occur through changes in the system codex ohéyging behaviors.

SELECTION

Information
(scarce resources)

Environment

A

\ 4

Behavior
(interaction with the (€ Codex - | VARIATION
P —— (source of stability) (source of change)

System

Figure 6.1: A framework for Generalized Darwinism (GD) (8twrst, 2008; Stoel-
horst and Huizing, 2005)

The mechanism of selection is an abstraction of Darwin'sinaatselection pro-
cess, which is essentially a way of reducing the variety iet@&entities as a function
of the characteristics of these entities (Knudsen, 20082RBelection operates upon
multiple and different entities, and therefore a mecharoémariation is necessary
that abstracts genetic changes and recombination as a ni@thihat increases vari-
ety in the characteristics of the entities in the set (Starsky 2008). The mechanism
of retention serves the purpose of reproduction in the biold realm, which is the
maintenance of the characteristics that have been favoreelbction in the set of
entities.

Several streams of research concerned with change in pimgmglaf firms have
drawn inspiration from Darwinistic ideas, although not essarily explicitly or ad-
dressing all three mechanisms described by GD: selectention and variation.
For instance, population ecology focuses on the selectiechanism (Hannan and
Freeman, 1977); (Nelson and Winter, 1982) focused on Vamiand retention of
firms’ competences as an analogue to biological genes. ef?@@08, 2004, 1985)
emphasized the forces that select the most competitive .fir@sntingency the-
ory investigates organizational dependence on contingerset by the environment
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(Mintzberg, 1979). (Burgelman, 1991; Campbell, 1994) stigated selection within
firms rather than between firms.

The importance attributed to GD as an explanatory strucuféciently general
to apply across various domains has often been stressesll{@tt, 2008; VVromen,
2007; Aldrichet al,, 2008; Hodgson and Knudsen, 2006). For example, (Stoglhors
and Huizing, 2005) stated "so far, [GD] is quite simply thdyokully fledged speci-
fied and logically consistent explanatory structure to antdor adaptive fit that we
know”. Nevertheless, criticisms to GD exist, and the twomaies are as follows:

1. Its abstractness, which limits its usefulness to elabadamain-specific evo-
lutionary hypotheses.

2. Its lack of completeness, because the three principlsaDb identifies seem
not enough to arrive at full-fledged causal theories abaetiolution of eco-
nomic phenomena.

(Stoelhorst, 2008) stated "the supporters and opponerderadralized Darwin-
ism disagree about two things: if a generalized Darwinism adequately capture
what is general about all evolution, and if a generalizedwd@sm would also be
able to explain what is essential about evolution in ecowsimiFor example, cul-
ture is not explicitly captured by GD, although it is an ess¢reconomic mecha-
nism to attenuate the inherent limitations of human cognijtserving as a simplified
heuristic to make good enough judgments (Pagtnal., 1993). Economic evolution
constrained by cultural differences differs sharply frawidigical evolution (Nelson,
2005). For example, culture itself has a collective propénat cannot be simply
characterized as the aggregation of the population oftpaissessed by individuals.

Because of its abstractness and incompleteness, it isutliffaec see how to ad-
vance new theory using GD as a departure point. Regardiscatiiect, (Vromen,
2007) stated that the various proponents of GD simply asdhiateonly domain-
specific auxiliary hypotheses and empirical material havbd added to the three
principles and do not question the need for additional jples. We thus can con-
clude that the potential of GD is still a matter of discussimmd the research program
is still in its infancy.

As a matter of fact, the MS, which inspired GD, is under sogubiy evolutionary
biologists as well (Grant, 2010). Many authors have empledsihe need to expand
(Carroll, 2000), extend (Pigliucci, 2007) or replace (Naxa2007) the MS. In par-
ticular, the completeness of the MS is debated. (Delisl®9p8tated "evolutionary
biology is still in a pre-paradigmatic state of developmewen today”. One of the
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roots of this statement is the well-proven phenomenon ozbntal gene transfer
between organisms, rather than vertically from their preHorizontal gene trans-
fer is not explicitly accounted for in the MS, but its consences are profound and
may alter significantly the biological evolutionary prosetself (Buchanan, 2010).
If the MS has limits to its explanatory power in evolutiondmiplogy, then GD may

inherently be of limited use in evolutionary economics ai.we

6.3 An alternative approach: the value of digital information networks

In light of increasing doubts raised about the MS, (Brooks @filey, 1984) put for-
ward a research agenda to unify various efforts in bioldgivalution to "expand,
extend or finish the job begun by Darwin”. Their conceptuahtie lies in the use of
energy in maintaining and transforming ordered states dfemaJsing the concepts
of information and entropy as a common phenomenology fomab®au of organizing
processes in biological systems, their core hypothedimmtdiological evolution is an
entropic process. By expressing evolution in terms of gytrthey provided a con-
ceptual link between biological processes and physicas ktwowing that biological
processes are not governed by laws specific to biology.

Entropy can be seen as a measure of randomness in a systeamiSorg evolve
by moving from states of high entropy to low entropy. The seclaw of thermody-
namics states that over time the entropy of an isolatedmsytbtat is not in equilibrium
will tend to increase, approaching a maximum value at dajiiilin. Stated otherwise,
concentrated energy disperses over time, and consequesglgoncentrated energy
is available to do useful work. Thus, only with a steady inflofvenergy can an
organism keep a separation from the environment (e.g. skid)ordered insides
distinct from disordered outsides (Beinhocker, 2006).

The hypothesis that evolution is an entropic process maly dpgconomics as
well. (Georgescu-Roegen, 1999) argued that economicragsteust be understood
in terms of the second law of thermodynamics (the entropy).lafifoster, 1997)
stated that propositions concerning thermodynamics appdee the correct starting
point in developing analytical frameworks within which @cmic processes can be
understood. The reason is twofold: 1) economy as well a®@yomust obey the
same fundamental physical laws; and 2) as described befaykitionary economics
uses biological evolution as an inspiration for its own aptaalization.

Although the contribution of energy to biological evolutis important, (Brooks
and Wiley, 1984) argued that it has a secondary role becaeseshergy is in abun-
dant supply (e.g. solar energy). From their perspectivewdy in which organisms
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are organized, allowing them to use the available energyoi® important than the
availability of energy. This suggests that organisms ast bederstood in terms of
their information content (see also (Collier, 1986)). Thhislogical entities main-
tain structural and functional integrity by the storage ttadsmission of information
(Brookset al., 1989).

Information concepts are widespread in the engineeringnses and started to
penetrate the social sciences in the 1980s (Ruth, 199&)eldamain of economics,
(Ayres, 1994) characterized the direction of evolution msaecumulation of infor-
mation, and (Beinhocker, 2006) argued that evolution isedlby processes upon
information. In 2001, G. Akerlof, M. Spence, and J. Stigitzeived the Nobel prize
for their analyses of markets with asymmetric informatidhe framework of (Stoel-
horst, 2008) for GD, shown in figure 6.1, bases economic éeolon the selection of
information about what works and what does not. Common tegtlhesearch streams
is recognition of the fundamental role the concept of infation plays in explaining
the evolution of economic activity.

(Kallinikos, 2006) attempted to understand the complexaittar of technolog-
ically sustained information processes. He drew some itapbronclusions about
the nature of information: it is self-referential and nanxfidational. Self-referential
means that information has value if it adds a difference tatvid already known.
(Borgman, 1999) stated "to be told that the sun will rise torow is to receive no
information. To learn that one has won the jackpot in theelgtiis to have great
news”. Non-foundational means that informational differes emerge through com-
parison of two or more objects or items. They are not singudat are relational
entities. Due to its differential nature, information isrthdo measure and concep-
tualize further. Nevertheless, the body of literature amvthlue of DINs and other
IT has shown great progress regarding this issue. A signifimaount of theoretical
and empirical work has been produced to address the wellskmparadox "you can
see the computer age everywhere but in the productivitisstat’ (Solow, 1987).

The alternative to GD proposed in this chapter is a framewabeled HF, which
was suggested in chapter 2 for understanding, modeling weaticting the value of
DINs. The HF describes a set of simple and fundamental centeat describe how
information flows are processed and from which evolutionalye is generated (e.g.
economic evolutionary value). Our hypothesis is that thadHiet only applicable to
DINs, but to other information networks as well. Irrespeetdf the technical aspects
involved in the coding, transmission and decoding of infation, digital networks
allow humans to exchange information, just like any othans$port, organizational,
physical or biological network. Therefore, the HF appliesnetworks in general,
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digital or not, including economic information networks.

Of all the frameworks proposed to account for the value of ®8dd IT, the HF
was chosen for two main reasons. First, it is a frameworkldeeel purely upon the
premises of evolutionary economics regarding the natudevatue of information
described in chapter 2. Second, the HF provides a more chmsive view of the
processes upon information. The latter is shown in chaptern2re we compared
the HF with two other reference frameworks on the value ofaand and van Beers,
2010; Bulkley and Van Alstyne, 2004). This led us to the agstion, validated in this
paper, that the HF could be an alternative to GD, addressDig &y weaknesses
regarding completeness and practical use.

6.4 Strengths and limitations of the HF

As mentioned in section 6.2, a critical point for framewaosksh as the GD and HF is
the ability to capture what is general and at the same time islegsential about eco-
nomic evolution. For example, cooperative behavior is mptared explicitly in GD
because it is assumed to be completely a product of Darwlogin. Because GD
leaves several relevant mechanisms obscured behind theamsms of variation,
selection and retention, it has been seen as too generahandus.

(Mayr, 1961) pointed out that Darwinism is about explainirdnavior and distin-
guished two forms of causation: ultimate and proximateintiite causation assesses
why a certain behavior originated and it is the form of causatiddressed by GD.
Proximate causation explains behavior in term&@ivthe behavior occurs. For ex-
ample, how is a joint venture initiated between two firms? Hkecan be placed
somewhere in between these two forms of causation becaaosaderns which be-
haviors evolved (thevhal). As a result of a more proximate causation than GD, the
HF is less abstract, identifying explicitly several medkars relevant for evolution-
ary economics that are not explicitly identified by GD:

1. Artificial selection Atrtificial selection is defined as "human-directed evolu-
tion” (Conner, 2003), and its importance for economic etiotu has been
stressed by various economists. For example, (Commong$) Ké&ted that
political economy explaining institutional change mustdomstructed as an
evolutionist theory of artificial or purposeful selectiorhe HF explicitly iden-
tifies artificial selection with the capability of selectityi.

2. Culture As mentioned in section 6.2, the evolution of culture ama fanflu-
ences economic evolution differ sharply from the detailsiofogical evolution
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(Nelson, 2005). The HF identifies the evolution and influeoiceulture with
the capability of culturability, bringing culture explibi into the economic
evolutionary process.

. Cognition GD considers evolution ddlind, and therefore does not identify

explicitly any cognitive capabilities, such as self-refiea, reason, foresight or
planning (Hodgson and Knudsen, 2006). However, the impoetaf cognition
for economic evolution is widely recognized. For exampt&toélhorst and
Huizing, 2005) stressed the importance of intentionalityttie speed at which
new adaptive behaviors emerge. Contrarily to GD, the HFtifles explicitly
three cognitive capabilities: decisability, modelalilind perceptability.

. Cooperation Cooperation is considered a major factor of profitabilinda

technological innovation in many industries (Dertousdsal, 1989). Often,
social mechanisms promote cooperation even when the rbamefits are be-
yond cognitive limits. Otherwise, predictability is suféat for cooperation
to succeed (lliopoulost al., 2010). However, GD does not account explicitly
for cooperation or for the cognitive and social mechanidmas promote coop-
eration. The HF, on the other hand, identifies cooperatidependently and
explicitly with the capability of cooperatibility.

. Creativity. In GD, variation is understood as simply a "source of change”,

thus apparently purposeless regarding (ultimate) goate ekclusion of ul-

timate purposefulness in theariation process of GD limits it applicability to
economic creativity (Schumpeter, 1947), which is typicabsumed to be pur-
poseful (Boden, 1997). In the HF, creativity is explicitigpvered by creatibility

which includes in its definition ultimate purposefulness.

. Self-organization Holarchies are nested hierarchies of self-organizingcstr

tures, the holons. The terimlon reflects the tendency of holons to act as
autonomous entities and yet cooperate to form apparenfipiggnizing hier-
archies of sub-systems, such as the individual, the firm la@@¢onomic sec-
tor. Several authors stressed that self-organizing congystems’ dynamics
might provide the conceptual framework within which Darisim continues to
evolve (Weber and Depew, 1996). Contrarily to GD, which doeatsaccount
explicitly for self-organization, the HF captures exgliciself-organization us-
ing the holon theory. The holon theory contains an agenayrsonion dual-
ity stemming from the attempt of (Koestler, 1967) to creataael for self-
organization in biological systems (Ulieet al., 2002).
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GD is also known to be difficult to operationalize. The difftgus aggravated by
the fact that it requires a delimitation and characterratf natural selection acting
upon the economic environment. The usefulness of the merhasf natural selec-
tion has been questioned (Vromen, 2007; Campbell and R&8%). Contrarily to
GD, the HF is relatively easy to operationalize (see chapjter

The HF also has limitations. First, it investigates ecorwaviolution only from
an information perspective. In the literature on the entr@erspective for biologi-
cal evolution, introduced in section 6.3, a reductionistufoon information has been
questioned. (Weber and Depew, 1996), for instance, sthtedetevance of energy
flows for the evolution of capabilities, and (Pigliucci, 2Q(led for a theory of form
or matter. In fact, if indeed there are five fundamental aaieg in nature (matter or
form, energy, space, time, and information (Danchin, 2@Bgn evolution (biolog-
ical or economical) should be probably studied as a coneniudf the properties of
these categories.

The second relevant limitation of the HF lies in the level ainialization of the
capabilities. The definitions of the capabilities are mobtsed upon various previ-
ous independently-developed works. However, capalsildie essentially informa-
tion processes, and therefore their definitions should bieetkfrom a unique and
fundamental theory of information. The quest for such thémactually in progress:
(Umpleby, 2007) stated "matter and energy have been thesu scientific inves-
tigation for several hundred years, a scientific conceptionformation is relatively

new-.

6.5 Conclusions

The Generalized Darwinism (GD) initiative abstracts theent paradigm in biolog-
ical evolution, the Modern Synthesis (MS), from its biologji details so that variety
generation, retention and selection, regardless of the diéfierent ways in which

they operate in different areas of application, provide aeral meta-theoretical
framework universally applicable to various areas, iniclgavolutionary economics.
The two main criticism of GD are its abstractness and lackoofigeteness, with a
failure to capture explicitly several relevant aspectsvial@ionary economics, for
example, the following:

1. Artificial selection

2. Culture
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. Cognition

N

. Cooperation
5. Creativity
6. Self-organization

As an alternative to GD, we proposed a new framework, caledHolonic
Framework (HF), to address the shortcomings of GD. In cehtia GD, the HF
was not derived from biology, but from study on the value diBI The HF provides
a more proximate account for economic evolution than GDlugling the aspects
expressly mentioned above. Additionally, in chapter 3, emdnstrated that the HF
has a higher practical usability than GD. We finally statd tha HF is not a full
alternative or replacement for GD, but that both framewdré&ge complementary
strengths and weaknesses, and should be seamlessly tategrshe future.

6.6 Future work

As a potential future implication of our work, the HF mightee as the conceptual
framework to guide the development of Agents Based ModdlikBM) economic
models (Farmer and Foley, 2009). In ABM, the modeler desidmsses of agents (a
computational implementation of a holon), attributes ¢hagents with certain capa-
bilities, instantiates a population of agents, assigr#irand boundary conditions,
executes the simulation for a duration of time periods, aairénes the final state of
the model. Broadly, an agent refers to bundled data and mehawnethods repre-
senting an entity constituting part of a computationallpstoucted world (Tesfatsion,
2005). Among ABM'’s strengths, modeling flexibility is the stamportant. In prac-
tice, this results in heterogeneity between the agentsatkeiimthe model, facilitating
a representation of the individual and social behavior efagents.

ABM researchers argue pragmatically that agent-based @lmw modeling of
cognitive agents with more realistic social and individoapabilities (hence, more
autonomy). These capabilities include 1) ability to leabowt one's environment
(e.g. gather information, make use of past experienceslsonimicry, and exper-
iment with new ideas) from a fixed set of options or from endmyesly evolving
spaces of options (e.g. strategies, performances, anergneks); 2) ability to alter
expectations and preferences as an outcome of learninbili®y to exert some con-
trol over the timing and type of the actions; 4) ability toroduce structural changes
in their methods on the basis of experience and informatéojuigition (e.g. in the
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learning method); 5) social communication (e.g. adaptigeripted messages); 6)
social interaction patterns (e.g. trade networks); andrsthAt an abstracted level,
all these capabilities are accounted for by the HF.

Contrary to neoclassical economic models, which make asyktvel presump-
tion about the solution (an equilibrium state), in ABM thdusion is found induc-
tively. Rather than focusing on static or steady state patBsV looks for uncer-
tain emergent properties of the agents’ aggregate dynaoftesm out of equilibrium.
Convergence to a valid solution requires higher complexitthe definition of the
agents, so that the system can develop over time solely doetie of agents’ inter-
actions, without further interventions from the modeleyn@mical completeness).
An advantage of this focus on the process rather than onatkiraquilibrium, is
that modeling can proceed even if equilibria are computatly intractable or non-
existent. Hence, with the HF and ABM, policy makers are nove db simulate
artificial economies under different policy scenarios fdiaawider range of non-
equilibrium behaviors.

Finally, it is worthwhile noting that the HF is most likely plicable to domains
other than evolutionary economics (e.g. policy making aimdogical evolution).
We here want to highlight the field of strategic managememtat&yy is the act of
aligning a company with its environment, and is requiredaose senior manage-
ment cannot participate in all decision making and direethgure the consistency
of the myriad of individual actions and choices that make dpra’'s ongoing ac-
tivity (Porter, 1991). Perhaps the most important framéwor strategy is Porter’s
competitive-five-forceamework (Porter, 1980). The competitive-forces appnoac
views strategy as essentially determined by the industngtsire (environment), and
it helps firms to find a position in an industry from which it chest defend itself
against competitive forces or exert influence in its favoorté’s framework has
been explored, contributed to and tested by many praatittoand theorists. Porter
himself acknowledged a few limitations in his framework Rofter, 1991). He rec-
ognized that the success of a firm should be centrally cordewith the creation
and exploitation of its so calledistinctive competencesTo compensate for this
limitation, a few streams of research developed (Tescd., 1997; Rumelt, 1984).
From these perspectives, firms are heterogeneous withctegptheir capabilities,
and strategy is both constrained and shapes these cdpabiliHelfatet al,, 2007)
mentioned that capability-based approaches continuéadmirstrategic management
theory because they acknowledge the importance of time iagtwtibity in economic
decision making by referring to organizational paths; teegiain why every organi-
zational entity is equipped with specific resources and antity; and they shed light
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on internal factors such as tacit knowledge, social conitylesrganizational routines
and competences (Freilirgg al., 2008). The HF identifies a set of capabilities that
determine the evolution of holons. Therefore, it would keriesting as future work
to position the HF within the literature on strategic mamagat.
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Chapter

A capability-aware business
Interoperability framework

Abstract: Interoperability refers to the ability of two or m ore systems or com-
ponents to exchange information and to use the informationhat has been ex-
changed. Previous studies unveiled the costs of inadequatderoperability to
be in the order of millions of euros per year. But existing regarch on interoper-
ability mostly covers technical aspects, without caring fonon-technical aspects
that can also hamper closer relationships involving busings partners. Along
with technical aspects, research on interoperability shold also involve business
aspects such as organizational and operational abilitie®f enterprises to coop-
erate with its business partners with the objective to creat value. This chap-
ter describes a conceptual framework that identifies a new s$ef fundamental
artifacts related with business interoperability. The nowelty of our framework
results from the unorthodox combination of theoretical badkgrounds that we
used: the fundamental nature of information, evolutionary economics and the
body of literature on the value of Information Technology. The target group for
this chapter are researchers investigating how companiesa gain value through
increased interoperability levels and bundling of core cometencies.

This chapter was matter of publication in (Madurestaal., 2011b, 2010b).
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7.1 Introduction

A large body of literature exists spelling out the costs ofiled interoperability in
various fields. (Brunnermeier and Martin, 1999) uncovelesl dost of interoper-
ability barriers of IT systems used in the United States (8&jtor of automotive
manufacturing to be in the order of $1 billion per year. Arestbtudy estimated the
cost of inadequate interoperability in the US capital fde# industry to be $15.8
billion per year (Gallaheet al,, 2004). A German miss-investment in a central police
database costed directly more th&0 million, excluding the indirect dangerous
consequences (Jochem and Knothe, 2007). (AMR ResearcB) 2@led that $29
billion was spent in 2006 for application integration by Ibfessional services. (CIO
Magazine, 2007) reported that 61% of chief information efficconsider integration
of systems and processes a key priority.

Definitions of interoperability have been reviewed in (Chen and Doumeingts,
2004). Broadly, it refers to the ability of two or more systewr components to
exchange information and to use the information that has lezehanged (IEEE,
1991). Most often, interoperability is discussed from agbutechnical perspective,
focusing on standards and IT architectures. A systematilysis of business aspects
associated with interoperability is currently lacking (K& and Neaga, 2010; Leg-
ner and Lebreton, 2007). (Legner and Wende, 2006) intratittoe term business
interoperability, which denotes the "organizational apemtional ability of an en-
terprise to cooperate with its business partners and tdeeftlg establish, conduct
and develop IT-supported business relationships with jective to create value”.

Examples of business interoperability issues are busipessess compatibil-
ity, adaptability of business processes, leveraging kegasets, support for business
transactions and network security (Yang and PapazogldiQ)2Qlthough techno-
logical heterogeneity is a relevant challenge for searnitgsgration of networked
organizations, enterprises often have found that theralacenon-technical aspects
that hamper closer relationships involving a large numibdiusiness partners. For
example, lack of mutual trust, and responsibility gaps lkeetwbusinesses and intel-
lectual property (ATHENA, 2006).

Without a framework capable to identify both technical adlas business and
organizational aspects, it is hard to obtain the full potdrf interoperability. The
objective of this chapter is to explore business interdpttyand to provide a con-
ceptual framework which identifies a set of key conceptdedlavith business inter-
operability. These concepts are fundamental dimensioas which business inter-
operability should be designed and improved. Furthermibie,framework should
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be generic, and therefore abstracted from specific inégstni economic sectors.

Since business interoperability involves the interplayneen technological pro-
tocols (and standards), information systems and the edien@iue of IT, this chap-
ter builds upon fundamental research developed withirettiege domains. The tar-
get group for this chapter are researchers investigatimgdoonpanies can gain value
through increased business interoperability levels andling of core-competencies.

In section 7.2, we provide a review of the state-of-the-artmeroperability and
business interoperability in particular. In section 7.& @escribe our general theo-
retical approach for business interoperability, basedupe domain okvolutionary
economicsand the body of literature on the value of IT. In section 7.4,describe
the CaBIF, which is the main proposition of this chapter.t®ac7.5 describes three
illustrative case studies of the application of the CaBlk séction 7.6, we provide
an evaluation of the CaBIF, together with limitations angblications of our work.
Finally, section 7.7 summarizes our major conclusions.

7.2 State-of-the-art

According to the ATHENA Interoperability Framework (AlFBérreet al, 2007),
developed within the Advanced Technologies for interopitita of Heterogeneous
Enterprise Networks and their Applications (ATHENA) prctianteroperability takes
place at four general levels:

1. Information/data
2. Service
3. Process

4. Business

In the information/data level (1), complementary data atieee physically or
logically brought together (Jhingraat al, 2002). It refers to making different data
models and query languages work together. Data might residifferent machines
under different operating systems and data base manageyseais (Cheet al.,
2008).

The service level (2) defines interoperability between iapfibns that are de-
signed and implemented independently. Aspects involvedta identification and
composition of various applications developed indepetigdn function together.
The termservicealso embarks functions of companies and networked engespri
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Thus, it is more general in scope than just computer baseiitafipns. Therefore,
a service could be defined as an abstraction and an encamsufithe functionality
provided by an autonomous entity (Begtal.,, 2007).

The level of process (3) defines interoperability betwediemint alignment of
services due to different business needs (Betred., 2007). It refers to encapsulation
of interdependent tasks, roles, people, departments uatidns required to provide
a customer with a product or service (Klischewski, 2004).afagles of business
processes are retailer-manufacturer and manufactupptisucooperations (Greiner
et al, 2007).

The business level (4) refers to working in a harmonized waysorganizational
level despite, for example, the different modes of decisiking, methods of work,
legislations, culture of the company or commercial apgneac so that business can
be developed between companies (Betral, 2007; Cheret al,, 2008). For exam-
ple, business interoperability might involve clarificatiof responsibilities between
business partners.

These four interoperability dimensions influence eachrotleoss-level issues
are, for example, how processes ultimately generate valuerfanizations (Bartel
et al,, 2007), alignment of IT services with business processaftrflan, 2005) and
problems of access to distributed datasets and applicatiartions.

The AIF takes a multidisciplinary approach merging threeeech areas: 1) en-
terprise modeling to define interoperability requiremehteugh model-driven archi-
tectures; 2) platforms to implement interoperability at@ttures; and 3) ontologies
to solve semantic interoperability. The universe of disselare enterprises and the
IT systems they use. Figure 7.1 is a simplified view of the Alch indicates two
enterprises requiring and providing information, and thteroperability levels and
areas needed for that.

Various other frameworks have been developed, partiguiarthe 1990s, which
frame interoperability, using more or less the same dinomssas the AlF. Among
others, are ECMA/NIST, TOGAF, Zachman, 1SO 10746, NATO's IE3IDEAS,
Modinis, EFQM, ECMIF, EGIF, MITRE, INTEROP, C4IF and R4eGQv this
chapter, we do not intend to provide an extensive review efliterature on inter-
operability. We suggest (Cheat al., 2008) for an overview and comparison of the
different frameworks.

We focus instead on the AIF as our main literature referefdee reasons for
choosing this particular framework are threefold: 1) poergiwork on business inter-
operability (Legner and Wende, 2006) was integrated wighth- (ATHENA, 2006),
which suggests its suitability to deal with this topic; 2¢ tATHENA project already
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Figure 7.1: ATHENA Interoperability Framework (AIF)

defines a meta-model, the Cross-organizational Businesess (CBP) (ATHENA,
2005), capable to describe business process requiren@um€aBIF relates directly
to this CBP and the two may be integrated in future work; anth8)AIF is well-
established and often referred to in the literature (e.dCimenet al., 2008; Legner
and Wende, 2006)).

(Legner and Lebreton, 2007) stated that interoperabaitysually discussed from
a purely technical perspective. A systematic analysisrafegjic, organizational and
operational issues associated with interoperability isenily lacking (Kotzé and
Neaga, 2010; Legner and Lebreton, 2007). Similar obsenvatias presented by
(Aalst and Kumar, 2003), who mentioned that various mecmasihave been pro-
posed for achieving interoperability of shared busineskgsses, but that most of
them focus on implementation details.

In this regard, (Legner and Wende, 2006) came up with a fisshéwork that
identifies a set of fundamental artifacts related to busineteroperability. (Leg-
ner and Wende, 2006)’s Framework (LWF) is illustrated inffigid.2. It identifies a
set oforganizational design dimensioasd a set ofontingenciesvhich are factors
that impact the organizational design. The organizatidieaign dimensions and the
contingencies are broadly identified by a setcafegories and each one is opera-
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tionalized by a set operspectives/descriptionshich outline the key business de-
cisions companies have to solve when establishing inteabje electronic business
relationships.

LWF is based on two assumptions: 1) the maximum level of lmssirinterop-
erability does not necessarily represent appropriatdddoe specific business inter-
relationship effectiveness; and 2) the appropriate le¥ddusiness interoperability
occurs if the design of inter-organizational relationshiiis a certain set of contin-
gencies. These two assumptions are grounded in the contingieeory (Donaldson,
2001). For example, whereas trust does not play a role irtretéc invoicing sce-
narios, it is crucial in collaborative development in theamoiotive industry. Conse-
quently, enterprises that seek maximum levels of interdmkty while disregarding
contingency factors, might be affected by lower efficieacie
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relationships)

Business Interoperability (= Organisational design of the external business

Category Perspective Description

Management  of | “How do we manage and | Interoperable organisations manage and

external control external | monitor their external business relationships.

relationships relationships?”

Collaborative “How do we collaborate | Interoperable organisations can quickly and

Business with business partners?” inexpensively  establish and  conduct

Processes electronic  collaboration ~ with  business
partners.

Employees & | “How do we behave | Interoperable organisations promote

Culture towards our external | relationships with business partners at an

business partners?” individual, team-based and organisational

level.

Information “How do we connect with | Interoperable ICT systems can be linked up

Systems business partners?” to other ICT systems quickly and

inexpensively and support the cooperation
strategy of the organisation.

Contingencies (=

Factors which impact the

organisational design)

Category

Perspective

Description

Cooperation
Model (internal)

“What is the strategic intent
of cooperating with external
partners?”

Business strategy and cooperation model
impact the required level of business
interoperability.

Collaboration
Space (external)

“Which baseline exists for
collaborating with business
partners?”

The collaboration space comprises proven
cooperation  models, processes  and
infrastructure which are available in the
specific context.

Industry and | “Which environmental | Industry dynamics, legislation and other
general factors affect the external | environmental factors determine
environment business relationships?” requirements to business interoperability.
(external)

Figure 7.2: LWF framework
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LWF identifies a set obrganizational design dimensioasd a set oEontingen-
cieswhich impact the organizational design. The organizatioesign dimensions
and the contingencies are broadly identified by a setadégories and each one is
operationalized by a set gierspectives/descriptionghich outline the key business
decisions companies have to solve when establishing peeable electronic busi-
ness relationships. LWF is illustrated in figure 7.2.

To our knowledge, LWF is the only framework specifically deped to ad-
dress business interoperability, and was already adoptettieco ATHENA project
(ATHENA, 2006). Therefore, in this chapter, we will use LWé-the state-of-the-art
reference framework in business interoperability. Inisec?.6.1, we evaluate our
framework relatively to LWF.

7.3 Theoretical approach

In this section, we first relate business interoperabilitthwhe domain ofvolution-
ary economicsand ultimately with the body of literature on the value of [Mhis is
done to motivate the specific theoretical background useeéiive the CaBIF.

The two definitions of interoperability introduced in secti7.1 make clear that
interoperability is fundamentally related with the contoefainformation (Legner and
Wende, 2006; IEEE, 1991). Particularly, interoperabilitya requirement to increase
the value generated from information. Two views can bemlisiished to account for
the value of information (Bulkley and Van Alstyne, 2004):

1. Theorthodox economic approachiews information as an observable produc-
tion input changing the uncertainty regarding the perfarogaof an economic
system. In this context, the value of information is the etifince between
an informed economic system and a less informed economiersys-or ex-
ample, in (Koutroumpis, 2009), information was observednsasuring the
broadband penetration rate and the economic system penficenwas ob-
served by measuring economic growth. The value of inforomatias mea-
sured with a regression between the broadband penetratiermmd economic
growth.

2. Theevolutionary economic approactiews information as procedures to change
the nature of an economic system. In this context, the vdlifarmation is
the difference between the results obtainable by invokinoggdures from one
economic system to that of another (Van Alstyne, 1999). Kkamngle, re-
cruiting agencies have multiple procedures to locate,uataland place job
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candidates. An information procedure has value if it charthe obtainable
results for the better.

The orthodox view of an economic system is relatively cogrséned, being a
black box transforming inputs into outputs. It helps in uistending the value of
Digital Information Networks (DINs) as facts from obseifeats. The evolutionary
view is finer grained: modular input procedures can be raeged to rearrange out-
puts. It helps understanding the value of information asguares leading to changes
in observations. Descriptions of economic systems aredjlgiorders of magnitude
larger in evolutionary economics than in orthodox econamikhus, it is not uncer-
tainty, but complexity and computational costs to geneaait search an enormous
state space of procedure possibilities that concerns oy researchers.

The key assumption for the orthodox economic approach tdrifamation can
be directly observed as a production input. Therefore,rinftion is seen as data
(or athing (Buckland, 1991)). As a consequence, the orthodox econappcoach
relates directly with the data/information level of the Al contrast, the key as-
sumption behind the evolutionary economic approach isittiatmation cannot be
directly observed. Only the processes upon which inforomas processed can. This
assumption arises from the conceptualization of inforomatis self-referential and
non-foundational (Kallinikos, 2006). Self-referentiabems that information must be
able to add a difference to what is already known to have vaNen-foundational
means that information emerges through comparison of twaave objects or items
(which are thus not singular, but relational entities).

The domain of evolutionary economics is therefore conakmigh the study of
procedures or intermediate processes that transform amoegoand generate busi-
ness value (Boulding, 1991). Thus, it relates directly waitin process dimension of
interoperability, which essentially deals with the sansiés In the context of inter-
operability, particularly in the AIF, business processesthe set of activities that
deliver value to customers (Chenal, 2008; Berreet al,, 2007). Examples of busi-
ness processes are coordination and control of process Iagi the choreography
and synchronization of activities and milestones betwersiness partners (McAfee,
2005; Weigand and van den Heuvel, 2002).

Chapter 2 presented a first framework to account for the vafildNs built en-
tirely upon the evolutionary approach mentioned aboves fraimework, labeled HF,
identifies a set of fundamental capabilities which orgaions use to extract value
from DINs. Our hypothesis is that this set of capabilitiesstdute fundamental di-
mensions related with business interoperability. The EgBbposed by this chapter
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results from the inclusion in the AlF of the capabilitiesntifed in the HF, as section
7.4 describes.

The HF was chosen for two main reasons. First, contrarilyéolarge majority
of existing studies on the value of DINs and IT, the HF was tged purely upon
the premises of evolutionary economics regarding the aauad value of informa-
tion. Consequently, the HF investigates the business gsesewhich are of interest
for business interoperability. Secondly, the HF providesmprehensive view of the
processes upon information. Chapter 2 compared the HF wilréference frame-
works from the literature on the value of IT (Zand and van Be2010; Bulkley and
Van Alstyne, 2004) and its scientific value was identified.

7.4 Capability-aware Business Interoperability Framewok (CaBIF)

This section describes the main proposition of this chapier CaBIF, which is a
result of the integration of the capabilities identified bg HF in the AlF (see figure
7.3). AIF provides the general framework for interoperépilwhereas the capabil-
ities of the HF complement the AIF for a more specific accoontbusiness inter-
operability. Thus, the CaBIF is identical with the AIF extégr the processes level,
which is dictated mostly by the capabilities of the HF.

As described in section 7.3, our hypothesis is that the dheb of the HF
should be mappable to AIF’s level of processes, to make ienspecific and use-
ful to address business interoperability. Business psmseare the set of activities
that deliver value to customers (Chetal, 2008), and the HF’s capabilities are gen-
eral processes that users of DINs use to generate econolu& vehe concept of
capability that characterizes the HF is not strange to previous worktemdperabil-
ity. For example, (Jochem and Knothe, 2007) stressed thertance of assess, plan
and control the capabilities for interoperability accoglio the individual company
specific business needs. Therefore, as figure 7.3 illusirdite capabilities are placed
on the AIF level of processes, as a specific set of proceska&ne for business in-
teroperability with implications on the levels of serviasd information/data.

An overview of case studies described in existing liteorovides a first evi-
dence of the importance of the capabilities for businessapierability. For example,
a topic that has been thoroughly addressed is coordiritibithich is a capability
particularly relevant in supply-chain and logistics iaieerability. In knowledge in-
tensive organizations, training and education is impart@herefore, interoperability
of IT systems supporting adoptability is crucial to achiéusiness value. The no-
tion of virtual enterprise as a temporary alliance of eniegs that come together to
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Provided Required

Enterprise/Business — o o — Enterprise/Business
Collaborative Enterprise

Modeling

Processes Processes

Cross-organizational
Business Processes

Selectibility
Biddability
Adoptability
Creatibility
Trustability
Culturability
Decisability
Modelability
Selectibility
Biddability
Adoptability
Creatibility
Brokerability
Normatibility
Trustability
Culturability
Decisability
Modelability
Perceptability

Cooperatibility

Coordinatibility
Cooperatibility
Brokerability
Normatibility
Perceptability
Coordinatibility

— Services

Services —

Model-Driven Interoperability
Ontologies and Semantics

Flexible Execution and
Composition of Services

Information/Data — = — — Information/Data
Information Interoperability

Figure 7.3: Overview sketch of the Capability-aware Businénteroperability
Framework (CaBIF)

share skills or core competencies and resources suppoytéd ib order to better
respond to business opportunities (Jochem and Knothe,) 20@7manifestation of
cooperatibility.

The CaBIF allows to guide interoperability at the serviced amformation/data
levels. For example, specific SCM packages could be chosupfmrt coordinatibil-
ity (Thomas and Griffin, 1996). Interoperability of Alert Magement System (AMS)
could manage cooperatibility among alert service agenkdSAre data mining sys-
tems designed to screen events, build profiles associatedewents and send alerts
based upon profiles and events (Grossman, 2005). Anotheritat scenario to sup-
port cooperatibility was described in (Jankowtal., 2007), in which actors need
to define and accept business conditions before the begirofimny cooperation.
Digital libraries are organized collections of digital anfnation, essentially differing
from the WWW by their ability to select information using raedata for such a type
of selectibility applications (Witteret al, 2000; Paepcket al, 2000). In order to
co-increase business value, companies need to modelrterinal processes and ex-
ternal contingencies. In order to support this instance ad@mability, (Greineet al,,
2007) suggests software packages such as ARIS, GraiTooGW or METIS. The
three case studies described in section 7.5 describe incetai the value of techni-
cal support involving scenarios with other capabilitiesi€stibility, creatibility and
biddability).

The HF hypothesizes that the capabilities are most liketyorthogonal, i.e. they
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Transport, storage and communication Travel agent (wholesale and retail trade)

i : { Flight cancelled

 Request list of
| transport providers

Compile list of
transport providers |

Request

List of providers

Check availability ¢ Provider 2 Selecta provider

Auvaillability and conditions

Design travel plan
and contract

1| Confirmation 22 Decide suitability

Travel plan and contract

Provide the transport
service

< > # Cooperatipn established

Figure 7.4: BPMN model of the flight scenario

Settlement 2 Settle agreement

have some overlap or inter-relatedness. The following Erhpsiness interoperabil-
ity scenario illustrates this hypothesis. Due to a flightoedliation, a group of passen-
gers is retained at the airport. The travel agent, belongirtge wholesale and retail
trade sector, selects a hotel suitable for the passengagsaig/eb query. A transport
company is selected and then contacted, and after somengeecbinformation, the
travel agency and the transport company engage in a coiygecatmmercial rela-
tion. The transport company coordinates with the travehsigiéinsurance company
to refund costs. Naturally, this scenario is abstractedaoibus interactions present
in a real case. Figure 7.4 provides a high-level descriptibthe requirements to
support the cooperative relation between the transpantage and communication
sector and the wholesale and retail trade sector. The seésanodeled using Busi-
ness Process Modeling Notation (BPMN), starting with ame(fight canceled) and
finishing with a cooperation established. Figure 7.4 shdws $electibility is nec-
essary to achieve cooperatibility, illustrating the dafencies between capabilities.
The travel agent uses selectibility to choose one of thespra providers. Thus, the
overall success of cooperatibility depends on seledybili
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With the CaBIF in mind, a researcher interested in businetesdperability has

a suite of requisite process capabilities directly avédldab characterize how enter-
prises generate value. Due to their abstracted level, thabddies first need to be
proxied to be used. For example, selectibility could be @wxvith how heavy an

enterprise uses Internet information search engines. @tend step is to identify
the required services and information/data resourcesbtamd supporting the ca-
pabilities. For example, Google Scholar is an importantiserfor determining the

creatibility of academic organizations. Therefore, ugimg CaBIF, one can imme-
diately relate information/data assessments of Googlel8cle.g. data structures)
with academic value through the capability of creatibility

7.5 Case studies

This section describes three explorative case studiesryedtigate different inter-
operability scenarios (Carpenter al,, 2009; Moallaet al,, 2008; Guo, 2007). The
goal pursued with these explorative case studies is toidesand structure complex
interoperability scenarios, and illustrate the added evaifiCaBIF when analyzing
them. With case studies one can investigate problems tleat toebe examined in
specific real-world setting due to their complexity and idegpendencies. Alterna-
tive research methods, such as surveys, are less suitaplersoe this goal (Yin,
2002). On the one hand, these case studies are general elndugliseful with the
CaBIF. But they also deepen the examination of specific ggawkich provide fur-
ther insights on the application of the CaBIF. The case studiere selected on the
reliability of the source to ensure that they could be vatifig other researchers. Due
to space limitations, the case studies are summarized amdksoribed in depth. It
was also guaranteed that the case studies contain not ahlyi¢cal aspects, but also
behavioral and organizational aspects to ensure that twegs and business levels
of the AlIF were having a role.

7.5.1 Boeing’s Electronic Market place

An Electronic Market place (EMp) is a common informationsmavhere e-business
information exchange is enabled to allow B2B Electronic kéar(EM) functions
to be presented with certain information exchange effigieartd/or financial costs
in use (Guo and Sun, 2004). The development of EMp was higtilyenced by
the development of interoperability technologies (Wadfi@l007). For example, in-
fluenced by community-oriented SCM systems integratingrogeneous firms for
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inter-enterprise information exchange (Beheshal, 2007).

A key function in EMp is the capability to quickly search dlenic catalogues
for products, buyers, and sellers, prices, and matchireyoffith purchases (Bakos,
1998). This function is identified in the CaBIF as seleditiil (Wang and Archer,
2007) identified selectibility in EMp as an aggregation aratah-making market-
oriented functionality. Obviously, the reduction of costdatime in building se-
lectibility will attract more businesses to participateENp transactions.

Boeing is an aerospace company specialized in aviatiomtdofly and prod-
ucts. Boeing started using EMp technologies in the middlehef1990s. Initially
for promotion advertisement only, but they quickly shiftedon-line sales. Boeing
developed not only its internal EMp at boeing.com, but atséatinded an industrial
consortium EMp at exostar.com.

An historical analysis presented in (Guo, 2007) shows thédtgortant event in
the development of Boeing’s selectibility function for EMas the introduction of an
intra-firm search engine based upon Electronic Data Indergh (EDI), which hap-
pened on 10/12/1997. EDI is a structured transmission @f loletiveen organizations
by electronic means, without human intervention, accoshglil through a specific
set of standards (Senn, 1992).

The value of the CaBIF for Boeing's case study is three-fdiidst, the CaBIF
helps identifying a key business process involved, fo@u#ie interoperability anal-
ysis. In this case, the capability involved is selectifiliSecond, the CaBIF allows
to structure the technical constraints and requirementiseaservices and informa-
tion/data level. In this case, to be interoperable with Bgisi EMp selectibility, the
consortium’s EMp needs to implement or be compatible with.Bbird, the CaBIF
identifies core competencies from different organizatiarsl therefore, facilitates
their bundling. In this case, the bundling of selectibifitym two different EMps.

7.5.2 CAD/CAM distributed collaborative design

Computer Aided Design (CAD) computer tools support desighdesign-documentation
in many applications such as automotive, shipbuildingugtdal and architectural
design. CAD is just one part of the whole Digital Product Depenent (DPD)
activity within the Product Lifecycle Management (PLM) pess (Saaksvuori and
Immonen, 2008). Another part are Computer Aided Manufaugu(CAM) tools,
which use computer software to control machine tools aratedlmachinery in the
manufacturing of workpieces (Martin, 1992).

CAD tools are frequently mentioned to liberate designeksng them new ways
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to envision their work and become more creative (Lawson2200~or example,
architect lan Ritchie used a CAD system to help design hisvative gallery in the
Natural History Museum in London, and claimed that he wowlthave tried the 3D
complex forms that he used without CAD assistance (LawsB84) Thus, a key
function of CAD systems is to increase creativity, a cajgbilovered in the CaBIF
by creatibility.

Interoperability between CAD and CAM tools is relevant wieermmunicating
CAD designs to CAM manufacturers. Interoperability becerageen more vital for
collaborative design approaches, when a complex prodwitirie by more than one
designer, geographically dispersed and using differenDCAM tools according
to their expertise. (Moall&t al., 2008) described a case study that shows how to
enhance interoperability between designs using heteemysnCAD/CAM models.
Their solution allowed to enhance creatibility, among ottegpabilities.

The technical scenario described by (Moataal., 2008) consists of SolidWorks
as the CAD tool and Esprit as the CAM tool. To interoperated¥dbrks and Es-
prit, (Moallaet al., 2008) used a Model Driven Architecture (MDA) based appinoac
Their goal was to get a common shared data model, capablecturscfor spe-
cific functionalities of each tool. Additionally, a Produetocess Organization (PPO)
meta-model was used as middle-ware for exchanging prodfarniation.

This case study illustrates the value of the CaBIF from thmesthree perspec-
tives mentioned in the Boeing'’s case. First, the CaBIF hipatifying the main
business process involved (creatibility) focusing therioperability analysis. Sec-
ond, the CaBIF allows to structure the technical constsaamtd requirements at the
services and information/data level. In this case, therteldgies involved are Solid-
Works, Esprit and PPO. Third, the CaBIF identifies credtibds a core competency
of the organizations involved, suggesting these orgapizaito be interoperable with
others that share the same core competency.

7.5.3 Virtual organizations

A Virtual Organization (VO) is an aggregation of autonomans independent orga-
nizations connected through a network and brought togéthiesponse to a customer
need (Faisst, 1997). VOs arise due to the dynamic and oppstitunature of mod-
ern markets, together with shrinking response times aratil@ldemand, leading to
increasingly short-lived business opportunities (Cargest al,, 2009). An example
of a VO is the Upper Austrian Cluster of Automotive Exceller{€rosswork, 2004).
VOs require fast configuration speed to capitalize businpgertunities. There-
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fore, interoperability in VOs is a crucial subject. Mostasft VOs are based on a de-
centralized approach without social control, which sutg#ése use of agents-based
technology to provide deliberative goal-driven reasonmgomate goal decomposi-
tion, process refinements, interaction protocols and gh {@arpenteet al., 2009).

The overall goal is to create a composite service to respordservice request
(Mcllraith et al, 2001). The agent that decided to outsource a service, naaked
For Proposal (CFP), for example, using the Iterated Contiat Protocol (FIPA,
2011). An agent interested in the CFP submits a proposabids, to supply a nec-
essary service. The bid is typically in proportion to thege@red return on investment
for the opportunity. Therefore, a crucial process in VOsdlability.

This case study was described in (Carpesteal., 2009), and the implementa-
tion of various interoperability scenarios was tested gidiava Agent DEvelopment
Framework (JADE). An example of a scenario was a water tanktoactor who can
construct specific types of water tank if provided with certeomponents, which
have to be provided by other agents. Agents recognize thatganent that they
can provide is likely to be useful for the type of product proed and offer it.

Contrary to the two case studies presented in section 7Bl &.2, this case
study shows how the CaBIF can be used to guide the designepbjgrability sim-
ulation models, rather than full technical implementagio®nce again, the CaBIF
allows to identify biddability as a key capability involvédthe scenario. Therefore,
as a general requirement, a JADE interoperability simaathodel requires the im-
plementation of biddability, and the services and infoiordtiata levels capable to
support biddability.

7.6 Discussion

7.6.1 Analytical evaluation

In this section, we evaluate the conceptual merits of thelEa8latively to LWF
(see figure 7.2). LWF identifies a setafganizational design dimensioasd a set
of contingencieshat impact the organizational design. The organizatidealgn di-
mensions and the contingencies are broadly identified by sategoriesand each
one is operationalized by a setpdérspectives/descriptioribat outline the key busi-
ness decisions companies have to solve when establishiegpperable electronic
business relationships.

The contingencies correspond to exogenous factors to tlamizations involved
in a business relationship, which do not relate directiyhwhie IT infrastructure from
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the perspective of information, but affect the organizagias a whole. Examples are
industry dynamics, legislation and business strategy.e@dly speaking, contingen-
cies are assumed to be exogenous and taken as static b Jamghrun, contingen-
cies can be influenced by the processes supported by ITtinftagres. For example,
adoption of IT standards can shape industry dynamics (Baldnd Clark, 2000).

In addition to contingencies, LWF identifies a set of endegsnorganizational
design dimensions. Examples are the levels of trust betwegamizations, agree-
ments on common terminologies, cultural differences arnidffstructures. The first
goal for a practitioner of LWF is to identify the organizatal design dimensions and
contingencies that characterize an organization. Gralimdthe contingency theory
(Donaldson, 2001), the second goal is to fit the organizatidasign with the set of
contingencies for optimum levels of business interopdtgbi

Previous research has extensively related organizataeggn with information
processing capabilities (Tushman and Nadler, 1978; Gtibra974). On the one
hand, organizations must develop information processipaglilities to cope with the
uncertainty of external contingencies. On the other harghrozations can fruitfully
explore information capabilities to create appropriatafigurations of work units.
Particularly, a wide body of research, including our HFatetl organizational design
with IT capabilities (Huber, 1990).

(Legner and Wende, 2006) did not explicitly relate theiramigational design
dimensions with information processing capabilities. léwer, following the line of
reasoning above, these dimensions should be mappable tofhrs#®rmation capa-
bilities such as the ones identified by the HF. The reasontaardold. First, from
LWF's perspective, the organizational design dimensitrasilsl be dependent on IT,
otherwise they do not have relevancy for interoperabif8gcond, from the CaBIF'’s
perspective, the capabilities of the HF apply to informmatietworks in general, and
therefore are not exclusively supported by IT infrastruesu The added value of the
CaBIF should therefore rely mainly on the following conaggtdifferences between
LWF's organizational design dimensions and the HF's cdjigist

1. Management of external relationshipsThis category covers all aspects of
realization, implementation and monitoring of cooperatielationships, and
has been highlighted as an important factor by several auitizaft, 2004).
This category is fundamentally covered with the notion obpmratibility in
the CaBIF. Examples of pertinent aspects for this categoeysalection of
business partners and contractual agreements. The HFge®gwat the capa-
bilities depend on each other. Therefore, the CaBIF is dagabaccount for
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the dependency between cooperation and selection of lsgsspatners with

the dependency between cooperatibility and selectibiiibd the dependency
between cooperation and contractual agreements with ffendency between
cooperatibility and normatibility.

2. Collaborative business processekhis category deals with resource conflicts
and coordination effort across businesses. For examplefichtion of respon-
sibilities between business partners. This category iddorentally covered
with the notion of coordinatibility in the CaBIF.

3. Employees and culturéGenerally speaking, business interoperability can not
be ordered or imposed to someone. Partnerships often rdiysinand on a
climate of mutual cultural identification. The CaBIF covénis category with
trustability and culturability. As an example of the effedftIT on corporate
culture, managers have been using Workflow Management r8gsfé¢/MS)
to strengthen organizational values (e.g. customer atiom) (Doherty and
Perry, 2001). Therefore, to increase their effectivendfdS type of systems
should be made interoperable.

4. Information systemsThis category encloses the interoperability factorseela
with information as data. For example, if the interactioddse by fax, phone
or e-mail communications, or if standards are used (Pafpeazeg al., 2003).
This category is covered in the CaBIF with the informati@tédlevel, which
was already identified in the AlF.

Summarizing, LWF fails to identify several relevant dimens for business in-
teroperability which are identified in the CaBIF: selediiii biddability, adoptabil-
ity, creatibility, brokerability, normatibility, decigdlity, modelability and percept-
ability. On the other hand, the CaBIF fails to identify thentingencies of LWF.
This is caused by the HF's focus on the process level rattear ¢im the interface
between the organization and its external contingenciethis$ regard, LWF is com-
plementary to the CaBIF.

Relatively to the AlF, the CaBIF provides a much richer angcfjic account for
aspects relevant to business interoperability. For exaymytereas the AIF does not
account for trust as a factor limiting business interopiitgpbthe CaBIF accounts
for it with trustability. The limitations of the AIF regandi) business interoperability
have been identified in (ATHENA, 2006), which adopts LWF a$i#&NA'’s business
interoperability framework.
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7.6.2 Implications

Fundamentally speaking, interoperability issues are@dléo how information is
conceptualized. Most of the existing research discussesojerability from a purely
technical perspective, assuming that information can kectly observed as a pro-
duction input (e.g. data such as an ontology) (Legner anddteh, 2007). From the
business perspective taken by this chapter, informaticonseptualized differently,
as non-foundational and self-referential (Kallinikos08p From this perspective,
the value of information is captured with a specific set ofcpss capabilities iden-
tified in chapter 2. The domain of evolutionary economic® aidies upon a non-
foundational and self-referential conceptualizationnébimation, and how informa-
tion generates economic and business value (Boulding,)199ierefore, business
interoperability can benefit from evolutionary economisaarch.

LWF didn't identify several relevant dimensions for busisgrocess interop-
erability which are identified in the CaBIF. Therefore, theBIF provides a rich
new ground to guide business interoperability frameworttdiionally, the CaBIF is
based upon the capabilities of the HF, which were derivedldiserving how DINs
generate value. A similar approach can be taken by researtthgalidate or mod-
ify the CaBIF’s current interoperability dimensions, oradd new ones. Contrarily,
LWF was derived following the design-science approach, iartthsed directly on
the review of different research streams and approachegemperability (Hevner
et al, 2004). Therefore, LWF is biased by previous interopeitghiesearch, which
can now be compensated by CaBIF’s novel methodologicaloagpr

Existing interoperability studies generally addressirmiprocesses, such as co-
ordination aspects in supply chain management. Some eV diateroperability
specifically from a coordination and control of process dogpint of view, i.e. the
choreography and synchronization of activities and noless between business part-
ners (McAfee, 2005; Weigand and van den Heuvel, 2002). Hewgvocesses with
an evolving ad-hoc nature are very important in the glob&vaeked economies.
For example, large-scale emergencies create sudden doduachange of events,
leading people to respond with activities that range froampéd to improvised, con-
ducted both by established and ad-hoc organizations (Meedand Wallace, 2007).
The CaBIF also provides an account for this type of processiih therefore can
now be addressed.
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7.6.3 Limitations and future study

We identify three main limitations of the CaBIF. First, oantribution to the CaBIF
focuses on the process level of business interoperaliilitg at the interface between
the organizations and their IT infrastructures. The iriegf between the organiza-
tions and their external context is not addressed. Exangbplesternal factors affect-
ing business interoperability are industry dynamics,diegion and business strategy.
In this regard, LWF is more advanced than the CaBIF, idengfiexplicitly a set
of external factors with the notion of contingency. Therefdrom this perspective,
LWF may be used to enrich the CaBIF.

Second, we have not explored the concepts of holon and hglanche CaBIF.
These two concepts provide a rich conceptual framework fdti#evel, hierarchical
networks (Koestler, 1967), which added value has beendimezognized in the con-
text of IT. For example, (Peters and Tobben, 2005) desttritmsv the holon theory
is applied to SCM and how insights from there are achievetlifgher efficiency and
effectiveness; (Chengt al, 2004) adopted the holon theory to develop a holonic in-
formation coordination system to support agile manufaatuactivities; and (Adels-
berger, 2000) proposed coordination mechanisms develwsjtlith economic frame-
works to design manufacturing holonic multi-agent systenmsthe public sector,
for example, the holon theory could be useful to addressdh®ptex challenges cur-
rently posed to enable interoperability across the varieveds and domains involved
(Gotzeet al, 2009).

Third, as mentioned in chapter 2, the HF bases its notiovabfein concepts
originating from the physical sciences (e.g. entropy). Blying on the HF, the
CaBIF assumes the same notion of value, and proxies it witlséh of capabilities.
In this context, business value corresponds to shifts irseeay from states of higher
entropy to lower entropy. These shifts are achieved usiag#pabilities of the HF
with the goal of increasing the complexity and order of thi@rimation associated
with the organizations involved in business relationshidditionally, this notion of
value assumes that these organizations have some formrafyatiat incites them to
decrease their entropy. This agency is easy to recogniagiahs, organizations and
biological entities, but difficult to associate to IT devdcélowever, several scenarios
of interoperability only involve IT. Examples include seeios for home automation
and industrial manufacturing. For this type of scenarios rotions of business value
and capabilities are difficult to identify, and thus, the @aBas limited use. A notion
of value for technical interoperability therefore needbéadeveloped and integrated
with the notion of business value already identified in th8IEa
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7.7 Conclusions

Interoperability enables value-creation and businessewdlve. Although there is
a large body of research on interoperability from a tecHrpesispective, research
from a business perspective is currently lacking. Theeeftirere is a wide gap that
decouples technical solutions from business goals. Thipteh contributes to fill this
gap.

Recurring to a state-of-the-art framework from the literaton the value of Dig-
ital Information Networks (DINs) and IT, labeled Holonic dnework (HF), we
extended an interoperability reference framework call@HBENA Interoperability
Framework (AIF) with a set of thirteen fundamental dimensidor business inter-
operability (also called processes or capabilities), witée to the main proposition
of this chapter: the Capability-aware Business Interdpgtg Framework (CaBIF).

The CaBIF, as this enhanced AIF is called, contributes Hintepractitioners
focus on topics that are relevant, not just for being interaple today, but also on
the long run. Our analytical evaluation of the CaBIF, led asdnclude that the
CaBIF identifies several new relevant dimensions for bissineteroperability when
comparing with previous research. Using three case stfidissexisting literature,
we illustrated how the CaBIF can be applied to predict anaterdusiness value
from interoperability. Finally, we discussed several ifogiions and limitations of
our work.
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Chapter

Conclusions

8.1 Main findings

The existing studies on the value of Digital Information Wetks (DINs) can be
grouped into three classes: 1) macro-economic type ofedudiing general equilib-
rium theories and/or input-output tables; 2) economeitpe tof studies not address-
ing the issue of causality; and 3) econometric type of stididgdressing causality
deterministically. The first class of studies provides sjatve conclusions, due to
the underlying theoretical assumptions (e.g. markets uilibgum). The second
class of studies provides elusive conclusions, becaugeltheot account for the fact
that causality between DINs and economic growth generadisksvin both directions
(e.g. richer countries have more advanced telecommuaicaifrastructures). The
third class of studies is limited because they use aggrégdtdistical deterministic
relations between DINs and economic value, which provigeifsights on how the
actual value of information networks spreads across ec@som

The most recent literature on the general value of IT (indgdard- and soft-
ware) takes more insightful and refined conclusions by diegiche value of partic-
ular subcomponents of IT. The major difference betweenetlspecific studies on
the general value of IT and the literature on DINs lies in hofeimation is concep-
tualized:

1. The orthodox economic approach (followed by the studieshe value of
DINs) views information as an observable production inphargying the un-
certainty regarding the performance of an economic systenthis context,
the value of information is the difference between an infedneconomic sys-
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tem and a less informed economic system. Thus, this apprestimes that
information can be directly observed as a production inpat therefore in-
formation is seen as data. Additionally, this approachmssuhat information
has purely productive value, neglecting other forms of@gfug. sociological).

2. The evolutionary economic approach views informatioprasedures to change
the nature of an economic system. In this context, the vdlifarmation is
the difference between the results obtainable by invokioggdures from one
economic system to that of another. Thus, the assumptiomdéhe evo-
lutionary economic approach is that information can not ipectly observed
due to its self-referential and non-foundational naturely@he processes upon
which information is processed are measurable. This apprisaaligned with
the more refined studies on the value of IT, including orgational theory and
management sciences literature.

In order to provide a finer-grained view of the processes lenaly DINs, and
to account both for mechanistic views of the value of infatioranetworks in line
with orthodox economics and with more sociological viewnss thesis followed the
evolutionary economic approach. The evolutionary econ@pproach concerns the
study of procedures or intermediate processes that aradepieon information and
that transform an economy. To account for the fact that tteevaf DINs can be
depicted at several levels of analysis (e.g. individualarttie country level) and that
these levels mutually interfere and co-evolve, this thesés the concept of holon to
refer to an entity that is part of and makes use of multi-leativorks for exchange
of information.

Holons process information to evolve. Evolution can be seean entropic pro-
cess. Entropy is a measure of randomness in a system. Halimedas stay organized
and distinctive, or even become more organized and dist&and thus try to lower
their entropy. For that they need a steady inflow of energyiafutmation. The
notion ofvalue used in this thesis therefore corresponds to evolutionaifisrom
states of high entropy to low entropy.

The main proposition of this thesis, the Holonic Framewdtlie), describes a
set of simple and fundamental concepts which describe hfmmmation flows are
processed and from which evolutionary value is generatesspective of the techni-
cal aspects involved in the coding, transmission and dagoafi information, digital
networks allow humans to exchange information, just like ater transport, orga-
nizational, physical or biological network. Thereforeg tHF applies to networks in
general, digital or not, and to multiple levels of analygsy( biological, economi-
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cal and political). For two main reasons, the HF is more blétéo study evolution

than current frameworks in the literature. First, it is anfeavork developed purely
upon the premises of evolutionary economics regarding &tera and value of in-

formation. The evolutionary economic approach views imfation as procedures to
change the nature of an economic system, and thereforeyigedliwith the view of

evolution as caused by processes using information. Sgcahd HF provides a

more comprehensive view of these processes.

The conceptual linkage between the HF and evolution inmiffedomains allows
us to demonstrate that the HF is capable to account for \@ffimums of value in
addition to the traditional economic ones (e.g. produstiaind growth). However,
this linkage provides a fundamentally different approamttiieory building in these
domains. In this thesis, we focused in three domains inqdati (policy making,
biological evolution and evolutionary economics), butestdomains (e.g. strategic
management) could have been chosen as well.

8.2 Contribution to theorists

In chapter 1, we concluded that this thesis aims to congibuithe literature on the
value of DINs from three perspectives: 1) by contributinganfework capable to
provide an overarching and holistic view of the processezbled by DINs which
generate evolutionary value; 2) by contributing a framdwcapable to link macro
with micro-levels of analysis; and 3) the framework shoudchpable to account for
other forms of value, in addition to the traditional economccounts of value.

As stated above, the specific literature on the value of Dibsschot identify
the intermediate processes from DINs to economic value. hapter 2, the main
proposition of this thesis, the HF, was compared with twenefices frameworks
from the literature on the general value of IT: the MIT franoekv(Bulkley and Van
Alstyne, 2004) and the DUT framework (Zand and van BeersQR0&/e concluded
that the DUT framework fails to identify eight of the 13 capitiles identified in the
HF, whereas the MIT framework fails to identify four cap@tiik. Therefore, we
confirmed the first objective of this thesis, not only regagdihe specific literature
on the value of DINs, but also regarding the literature onghbreral value of IT
(including hard- and software).

In chapter 2, we found that the capabilities identified inkteare multi-level, in
the sense that they are meaningful and can be observed avdgivels of analysis
(e.g. biological and economical levels). In chapter 3, werafonalized the HF
with Eurostat data both at the individual-level and enteglevel, in order to draw
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conclusions about the capabilities identified in the HF. Ashs we confirmed the
second objective of this thesis of designing a frameworlabsgpto link different
levels of analysis.

In chapter 2, we also argued that by following the evolutigneconomic ap-
proach, the HF is capable to account for more sophisticatedsares of value in
comparison with the MIT and the DUT frameworks. In chapterS 4nd 6, we pro-
vided substance to this claim by showing the contributiothefHF in three specific
domains: policy making, biological evolution and evoluioy economics. This ap-
proach underpins how the HF is capable to account for othendmf value than
the traditional economic ones (e.g. productivity), andaf@e confirms the third
objective of this thesis. Furthermore, this approach istbglfi a relevant theoret-
ical contribution of this thesis: the study on the value of\Blis a practical way
to build theory in several domains, namely policy makingldwical evolution and
evolutionary economics.

In chapter 4, we described a novel framework, labeled Céfyahware Policy
Framework (CaPF), that can be used to analyze policy makidgrdluence policy
changes. The CaPF was derived by integrating the statecedit reference frame-
work in policy making, the Advocacy Coalition Framework (R with the HF. We
concluded that the CaPF has true operational value fromeastady on the devel-
opment and implementation of an electronic identificatioanagement system in
Austria. The conceptual value of the CaPF goes beyond the wddlthe ACF in six
different ways.

In chapters 5 and 6, we discussed the conceptual value offtimyldomparing it
with the current paradigm for biological evolution, the MSeneralized Darwinism
(GD) abstracts the MS from biology to provide a conceptualgd for evolution-
ary economics. However, the MS is under scrutiny in biologgl s application to
economy provides too limited explanatory power. In chapteve showed that the
HF is an alternative conceptual ground for evolutionarynecnics. Additionally, we
showed that the HF is capable to account explicitly for smvaspects relevant for
evolutionary economics which are not explicitly accourfimdby GD (e.g. coopera-
tion, cognition and self-organization).

Finally, in chapter 7, we achieved the secondary objectivilnis thesis, which
was to derive a framework capable to address business petetaility with the ul-
timate purpose of increasing the value generated by DINs.infégrated the HF
with an interoperability reference framework called ATHEWhich led to the main
proposition of chapter 7: the Capability-aware Businessraperability Framework
(CaBIF). The CaBIF contributes to the ATHENA framework beiidifying a funda-
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mental set of requisite process capabilities to charaetdrow enterprises generate
business value. Our analytical discussion led us to cordiuat the CaBIF identifies
several relevant dimensions for business interopenaltiiiit are lacking in (Legner
and Wende, 2006)’s state-of-the-art framework.

8.3 Relevant implications for the research domains

Our literature review and analysis gave us the insight thetroreconomic studies
using general equilibrium and/or input-output tables aecslative. Thus, no scien-
tific ground can be guaranteed for claims such as (l€at&., 2009): "the economic
impact of broadband development over a ten year period inm@ey amounts to
968000 additional jobs”. Additionally, any study that dows account for the direc-
tion of causality between DINs and economic value shouldhterpreted cautiously.
Finally, economic studies based upon Cobb-Douglas pramuéiinctions might be
fundamentally inadequate to capture the behavior of thelilifies enabled by DINSs.
Therefore, new functional forms have to be developed to @wctor those effects.
(Briscoeet al,, 2006)’sn log(n) law might be a good starting point.

This thesis identified a fundamental new set of mechanisnishvguide the pol-
icy process, not accounted for in the current referencedvenrk in policy making,
the ACF. Our case study on the development and implementafi@an electronic
management system in Austria allowed us to validate the itapce of two capa-
bilities in the innovation process: brokerability (alrga@ccounted for in the ACF)
and trustability (not accounted for in the ACF). Future wshould confirm the im-
portance of the remaining capabilities and study theiriatatedness. Additionally,
it would be interesting to investigate the ability of the Eat® fully predict policy
outcomes.

Within the biological evolutionary research domain, the M&er actually went
through a paradigmatic shift, relying on augmentationdietit overthrowing any of
the previous foundations (Gould, 2002). The HF might cbote to the development
of a new paradigm for biological evolution. The reasons a@fold: 1) the HF is
not based upon the MS or its foundations: Darwinism and naawidism (Pigli-
ucci, 2007); and 2) the HF accounts for various aspects ilodjizal evolution not
explicitly accounted for by the MS.

Within the domain of evolutionary economics, this thesisvites a fundamen-
tally different approach to conceptualize the evolutigneconomic process. From a
theoretical perspective, the added value of the HF in coisgamwith the initiative
GD was clearly demonstrated. From an operational persgectontrarily to GD,
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the HF can be easily linked to empirical data. In future wahe HF can be used
to guide the development of evolutionary economic simafatnodels using Agents
Based Modeling (ABM) (Farmer and Foley, 2009). Finally, #pplication of the HF
to the domain of strategic management (organizationalugeol) should be investi-
gated.

Finally, this thesis demonstrated that business inteedyiltly should be funda-
mentally grounded on research on the value of DINs. Adddignwe have identified
fundamental dimensions for business interoperability shauld be accounted for in
future work.

8.4 Contribution to practitioners

Together with its theoretical contributions, this thedisoahas the potential to be
applied in practice within the short-term. Firstly and mobkviously in the domain
on the value of DINs and general IT. The business demand terstathd, manage
and promote IT is evidenced by the number of studies on thie ted by market
firms. Backed up by its scientific support, the HF can be diyatted to underpin
the value of DINs and IT and to influence policy and manageroptions.

Also within the public sector several initiatives have béegtiated. In this thesis,
we used the Eurostat’s surveys on ICT use by households aatheses. In the
Eurostat statistics, some of the capabilities were impésgo operationalize and
others were operationalized in a limited way. Therefore,Elrostat surveys should
be redesigned from a more conceptual perspective to previdgter account for the
value of DINs and IT. The HF is well-positioned to provide dwnceptual ground
for such revision.

The second domain in which this thesis can be applied witiénshort term is
policy making. The Advocacy Coalition Framework (ACF) hasb applied in sev-
eral countries and to several issues: climate change nktteensorship, workers’
compensation and rehabilitation, metallurgical develeptneducation, tobacco tax,
forest policy, waste management and incineration, std@ypsports, tax, national
security, conservation policy, unemployment and paiddgasicy, pharmacy policy,
public finance, think tanks and professional forums, cédkiading policy, plan-
ning policy, estuary development, land use, nuclear enehgyg policy, domestic
violence, roads policy, coastal water policy, transpod arineral policy, industrial
pollution policy, antitrust policy, communications pglj@irline deregulation, public
lands policy, economic policy, nuclear power, water pgliegergy and oil policy,
auto pollution policy, nuclear waste policy, nuclear s@gypolicy, watershed man-
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agement, hazardous waste policy, estuary managementgddiramsportation policy,
reclamation policy, etc (Colorado, 2011). Given its cortaapstrengths in compar-
ison with the ACF, we expect that our Capability-aware Bokcamework (CaPF)
will provide additional value to address policy issues saglthe ones in the domains
listed.

8.5 Limitations and future work

While the HF is purely a theory of information, physics resizgs the existence of
five fundamental categories in nature: information, m#tien, energy, space and
time (Danchin, 2009). Not a single one of these categoriadezaentirely described
by the convolution of the remaining categories, althouddtians between them have
been established (e.g. Einstein’s relation between ersrdymatter). Therefore, in
future work, the HF should be extended and interrelated thigbries of matter/form,
energy, space and time. For example, in organizationaryhtme is recognized to
have an important role. Historicity implies path-deperayeand irreversibility (Dosi,
1993). Generally speaking, events are inter-temporalited and to a certain extent
possibly self-energizing (Arthur, 2000). Actions are sumded by other actions
with time lags regarding their effects implying organipatil flexibility and inertia
(Rumelt, 1984). From an energy point of view, we establishexnnection of the
HF with the fundamental laws of thermodynamics. (FrenkehBoschma, 2007) de-
scribed a framework that is sufficiently general to systéraly investigate a number
of stylized facts in economic geography, and thus couldigean extension to the
HF to address the spatial dimension.

The second important limitation of the HF lies in the levefaminalization of the
concept of capabilities. The definitions of the capabgitieas mostly based upon pre-
vious multiple and independently developed work. Howewapabilities are essen-
tially information processes, and therefore their defanisi should be derived from
a unique and fundamental theory of information. The quessitwh theory is in
progress. (Umpleby, 2007) stated that matter and energy leen subject of scien-
tific investigation for several hundred years, but a sdientionception of informa-
tion is relatively new. While mathematical formulation® aecurrent in traditional
physics, it is questionable if mathematical formulations possible in domains re-
lated with information, because of the own nature of infdiora(Kallinikos, 2006).
Most of the research in social sciences still uses purelgaleepresentation of so-
cial phenomena which has the downside of making it hardenvestigate causal
relations going from assumptions to implications and gdierknowledge to build
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up (Ostrom, 1988). With the advent of powerful and accessibmputational tools, a
more formal representation is emerging for informatiolatexd phenomena, making
the assessment of consistency, generalization and otkiealle properties easier.

The third relevant limitation of the HF lies in the fact thatdoes not account
for environmental effects. In some senses, the HF may leam the MS and GD,
but the practical utility of the theory of natural selectigmjuestionable at the level
of generality in which it is defined. Perhaps an useful actéomthe environment
should be domain-specific. For example, Michael Porterisdfias framework of the
five environmental forces that shape the competitivenessfioin could be used to
characterize the environment for an organizational ircstai the HF (Porter, 2008).
As an example from the biological realm, (Karr, 1987) ddmemtia set of metrics that
reflect individual, population, community and ecosystenhgctv could be integrated
with the HF to characterize a biological environment.

The last important limitation to mention concerns the openalization of the
HF. Although we based ourselves on one of the world’s bestsswof empirical data
on the value of ICT, the match between the conceptual anchtipeal definitions
of the capabilities needs to be improved. Some of the capebilvere impossible
to operationalize (brokerability and culturability) anthers were operationalized in
a limited way. Looking into other data sources is an obvioay o improve our
empirical results (e.g. the UN Statistical Commission).eibetter would be the
understanding and construction of a targeted measuringataggathering campaign
to further validate and quantify the importance and congpless of the capabilities
identified by the HF.
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Samenvatting

De wereldwijde aandacht voor de aanleg van Digitale Infaienidetwerken (DIN)

komt voort uit de overtuiging dat zij van toegevoegde waaijte op economisch,
sociaal en milieu vlak. De huidige wetenschappelijke pggimom deze overtuiging
te staven komen echter tot speculatieve, ongrijpbare ofrkép conclusies. In dit
proefschrift stellen we een nieuw raamwerk voor dat de wa&eh DINSs tot uit-

drukking brengt. Binnen ons raamwerk is het mogelijk om iedemrm van waarde
te bepalen, dit in tegenstelling tot de bestaande literatiies zich vooral richt op

conservatieve prestatie maten zoals productiviteit. Mestratie gebruiken wij ons
raamwerk om de evolutionaire veranderingen in beleidsimymde economie en
de biologie te verklaren. Aan de ene kant onderbouwen we efgddkeze aanpak
hoe DINs waarde genereren in deze drie domeinen. Aan deeakdst leveren we
een aanzienlijke theoretische bijdrage die beschrevedtvioirelatie tot zowel het
Advocary Coalition Framework (het modernste referentigkan beleidsvorming),
als het Initiative Generalized Darwinism (in evolutiomagconomie), als het Mod-
ern Synthesis (het huidige model voor de biologische e@)lutTen slotte draagt
dit proefschrift bij aan de zakelijke interoperabiliteitetrals uiteindelijke doel het
vergroten van de met DINs gegenereerde waarde. Uit emipioisgpunt wordt ons
werk ondersteund met een uitgebreide Eurostat datasetevegebruik van ICT in

ondernemingen en huishoudens en een casestudy van eemriastlektronisch

identificatie managementsysteem.
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