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Abstract 

 

The realization of the potential of the data revolution has been mixed and uneven. Except from 

rare settings characterized by data abundance, several settings run the risk of not being able to 

take advantage of advanced analytics technologies due to their inability to build sustainable 

collaborative initiatives capable of combining data of sufficient size and quality, especially 

where access to data sources is fragmented across organizations. 

The present dissertation intends to improve the understanding on how best to combine data 

from multiple actors and what are the appropriate governance policies, structures and 

procedures, by enriching knowledge on the phenomenon both from a theoretical and empirical 

point of view. 

The dissertation is composed by three independent but conceptually interconnected chapters. 

The first chapter is mostly intended to improve the conceptualization of the “resource” that is 

object of governance (i.e. data) encompassing three core elements: a microfounded 

characterization of the stages of the data production process building on philosophy of 

information; a characterization of data as an economic good; and an exploration of how certain 

traits of data that are widely discussed in the data literature may affect the governance and 

organizational design of data pooling initiatives according to existing lenses in organization 

theory.  

The second chapter captures the heterogeneity of governance forms of data pooling initiatives 

by conceptualizing them as configurations of property rights à la Ostrom. By systematically 

analysing how contribution, access, extraction, removal and management rights are allocated 

across actors involved in cases of data pooling initiatives in the healthcare sector, the chapter 

fills a knowledge gap on how these initiatives are designed, by appreciating elements of 

variance and consistency across them.  

The third chapter develops a club theoretical model that is intended to understand how certain 

contingent conditions may lead to the non-emergence or limited sustainability of 

interorganizational data pooling initiatives. The model allows to: 1) organically consider the 

interaction between factors that may influence the emergence of a data pooling problem; 2) 

disentangle the data pooling problem and decomposing it in a provision problem, a membership 

problem and a stag hunt problem; 3) analyse, through a scenario simulation, how different types 

of data may affect both the emergence of a data pool and the broadness of its membership. 

Tesi di dottorato "Essays in Data Governance: Evidence from the Health Sector"
di MINERVINI MARCO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2020
La tesi è tutelata dalla normativa sul diritto d'autore (Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



2 

 

Contents 

Acknowledgements .................................................................................................................... 4 

Introduction ................................................................................................................................ 7 

1 Dimensionalizing Digital Data Systems for Governance ................................................ 12 

1.1 Introduction ............................................................................................................... 12 

1.2 Data Physical Forms .................................................................................................. 14 

1.3 Characterizing Data: Relevant Dimensions for Governance ..................................... 17 

1.4 Discussion .................................................................................................................. 37 

1.5 Chapter References .................................................................................................... 40 

2 Understanding the Governance of Data Pools: Evidence from the Health Sector ........... 43 

2.1 Introduction ............................................................................................................... 43 

2.2 Literature Review ...................................................................................................... 45 

2.3 Method and Theoretical Framework ......................................................................... 47 

2.4 Elements of Variance and Stability in Property Rights Allocation ........................... 54 

2.5 Do Configurations Emerge? ...................................................................................... 65 

2.6 Discussion: Governing Core Data Governance Challenges ...................................... 68 

2.7 Conclusions and Limitations ..................................................................................... 72 

2.8 Chapter References .................................................................................................... 76 

2.9 Appendix ................................................................................................................... 80 

3 Microfounding the Data Pooling Problem: A Club Theoretical Perspective ................... 84 

Tesi di dottorato "Essays in Data Governance: Evidence from the Health Sector"
di MINERVINI MARCO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2020
La tesi è tutelata dalla normativa sul diritto d'autore (Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



3 

 

3.1 Background / Motivation ........................................................................................... 87 

3.2 Model ......................................................................................................................... 89 

3.3 Microfounding the Data Pooling Problem: A Club Theoretical Approach ............... 92 

3.4 Method ..................................................................................................................... 101 

3.5 Model Implications .................................................................................................. 106 

3.6 Data Characteristics and Implications on Algorithmic Provision and Membership 111 

3.7 Limitations and Further Developments ................................................................... 119 

3.8 Conclusions ............................................................................................................. 119 

3.9 Chapter References .................................................................................................. 123 

Conclusions ............................................................................................................................ 128 

Bibliography ........................................................................................................................... 134 

  

Tesi di dottorato "Essays in Data Governance: Evidence from the Health Sector"
di MINERVINI MARCO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2020
La tesi è tutelata dalla normativa sul diritto d'autore (Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



4 

 

ACKNOWLEDGEMENTS 

Se le occasioni per ringraziare in privato sono frequenti e spesso non còlte, le occasioni di 

ringraziare in un documento pubblico sono estremamente più rare. Per la prima volta, ho voglia 

di cogliere questa occasione. Sebbene gli errori contenuti in questo documento sono 

esclusivamente da attribuire a me, sono molte le persone che hanno contribuito direttamente e 

indirettamente al completamento di questa tesi e di questo lungo percorso. 

Ringrazio Anna, per avermi accompagnato con pazienza lungo questi anni, tollerando repentini 

cambi di direzione e le più disparate speculazioni teoriche, e per avermi condotto saggiamente 

nella conoscenza delle teorie organizzative. La tua passione e curiosità intellettuale sarà sempre 

per me fonte di ispirazione. 

Ringrazio Giovanni, senza il quale non sarei qui a scrivere questi ringraziamenti. Se esiste un 

responsabile di questa scelta di vita sei sicuramente tu. Grazie per aver accompagnato 

sapientemente un confuso neolaureato alla ricerca della sua dimensione. 

Ringraziamenti speciali vanno ad Amelia. Fonte di supporto su tutti i fronti: accademico, umano 

ed economico. La tua empatia e umanità ti rende una delle poche persone a cui sono riuscito a 

fare gli stessi ringraziamenti di persona. Spero di riuscire ad essere un domani un Amelia per 

un giovane dottorando.  

Ringrazio Ellie e Michele, compagni di ansie (molte) e di fantastiche mangiate e bevute serali 

(troppo poche). Siete stati un’ineguagliabile fonte di supporto e compagnia.  

Ringrazio Paolo, Gianmario, Gloria, Sahar, Naila, Ramya, Marina, Silvia, Riccardo, Stefano, 

Marco, Maria, Italo, Simone, Nicoletta, Aleksandra, Giorgio, Francesco e Livio per aver 

contribuito in forma differente a rendere più piacevoli le mie giornate in ufficio. 

Tesi di dottorato "Essays in Data Governance: Evidence from the Health Sector"
di MINERVINI MARCO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2020
La tesi è tutelata dalla normativa sul diritto d'autore (Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



5 

 

Ringrazio la mia famiglia (Mamma, Papà e Lisa) per il loro amore e supporto incondizionato. 

Ringrazio Papà, per avermi insegnato l’onestà e l’integrità. Ringrazio Mamma, per avermi 

insegnato la disciplina. Ringrazio Zia Marianna, esempio di generosità verso la quale nutro un 

debito incalcolabile. Ringrazio Antonella, le quali rassicurazioni in alcuni momenti chiave 

hanno messo le fondamenta per completare questo percorso (‘Tu pensa a studiare’). 

Nessuna riga di questa tesi sarebbe stata scritta senza il supporto e l’amore incondizionato di 

Barbara. Non c’è stata riga di questa tesi, e non solo, che non sia passata sotto i tuoi occhi 

attenti. A qualsiasi ora del giorno e della notte. Mi hai sostenuto nei momenti di fragilità 

giustificati e mi hai confrontato in quelli ingiustificati. Mi hai tenuto la mano lungo ogni 

momento di questo percorso, senza mai lasciarla, sopportandone tutte le conseguenze. Con te 

accanto, le paure diventano piccole ed i sogni enormi. Grazie. 

  

Tesi di dottorato "Essays in Data Governance: Evidence from the Health Sector"
di MINERVINI MARCO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2020
La tesi è tutelata dalla normativa sul diritto d'autore (Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



6 

 

 

 

 

Alle 3 L della mia vita e ad una B che continua a renderla più speciale. 

  

Tesi di dottorato "Essays in Data Governance: Evidence from the Health Sector"
di MINERVINI MARCO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2020
La tesi è tutelata dalla normativa sul diritto d'autore (Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



7 

 

INTRODUCTION 

Recent years have been characterized by an unprecedented generation of digital data and 

experts suggest that this exponential trend will continue in the following years (Reinsel, Gantz, 

& Rydning, 2017). 

This trend is the result of the interaction of three different phenomena. First, the marked 

diffusion and use of control instruments (e.g. sensors) and the diffusion of smartphones have 

increased the ability to render into data many aspects of the world (“datafication”) 

(Koutroumpis, Leiponen, & Thomas, 2017b; Mayer-Schönberger & Cukier, 2013a). Second, 

private and public organizations have undergone several initiatives aimed at collecting or 

transforming in digital form information that was originally collected in analog form 

(“digitization”). Further, the evolution of complementary technologies like artificial 

intelligence, which make data even more appealing, have furthered the incentives to increase 

the pace of datafication and digitization (Agrawal, Gans, & Goldfarb, 2018).  

This unprecedented generation of data has spurred a marked enthusiasm on the ability of the 

Big Data revolution to generate benefits across industries and for society (Brynjolfsson & 

McAfee, 2014; Cukier & Mayer-Schoenberger, 2013; Mayer-Schönberger & Cukier, 2013a; 

McKinsey Global Institute, 2011). However, most of the claimed potential has not fully 

unleashed (McKinsey Global Institute, 2016), also due to the uneven and heterogenous 

distribution of data across settings with spots of abundance, scarcity or absence (Borgman, 

2015). 

The same unfulfilled promise has characterized the health sector. In 2011 The McKinsey Global 

Institute published a report highlighting the transformational potential of Big Data in health in 

the US (Groves, Kayyali, Knott, & Van Kuiken, 2013; McKinsey Global Institute, 2011). The 
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report predicted a reduction in health costs by 300 to 450 billion $, due to: 1) Targeted disease 

prevention; 2) Alignment around proven pathways and coordinated care among providers; 3) 

Payment innovation; 4) Accelerated discovery in R&D and improved trials operations. 

However, only 10% of the benefits predicted by the report has actually manifested and data 

sharing challenges have been mentioned as one of the main reasons for this failure (McKinsey 

Global Institute, 2016).  

Most of the promises mentioned above are spurred by the impressive confidence that societal 

actors have placed on the potential of algorithms and analytics. These tools widely rely on 

statistical principles and, as a consequence, are eager of data and are effective and non-biased 

only if alimented with enough high-quality data (Redman, 2018). Except from some rare cases 

where single economic actors1 are in control of vast amount of data, in order to be large enough 

and useful, data needs to be pooled at large scale among multiple actors (Mattioli, 2017; Roski, 

Bo-Linn, & Andrews, 2014). However, existing evidence shows high concern for the long run 

sustainability of attempts to combine data from multiple contributing actors (Gliklich, Dreyer, 

& Leavy, 2014; Zaletel & Kralj, 2015) and there is a very limited understanding on how best 

to combine data from multiple sources and what are the appropriate governance policies, 

structures and procedures (Bates, Heitmueller, Kakad, & Saria, 2018; Holmes et al., 2014). 

Relying on the wording of Mattioli (2017), there is broad evidence of the presence of a data 

pooling problem and scant knowledge to support the proper design of governance arrangements 

that are able to sustain adequate contribution to data pools. 

The present dissertation intends to improve the understanding on how best to combine data 

from multiple actors and what are the appropriate governance policies, structures and 

 
1
 I am mainly referring to tech giants. 
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procedures, by enriching knowledge on the phenomenon both from a theoretical and empirical 

points of view. The theoretical section contributes by: 1) improving the conceptual clarification 

of the resource that is object of governance (i.e. data); 2) systematizing the theoretical 

understanding of the many facets of the data pooling problem; 3) advancing a framework to 

capture the design of data pooling initiatives. The empirical section instead explores how data 

pools are actually governed, structured and managed and identifies elements of variation and 

regularities in their design. 

The empirical setting chosen in the dissertation is the health sector. The health sector shows an 

interesting paradox. Despite the diffused concern on limited data sharing and on the 

sustainability of data pooling initiatives that can be found in popular media and in academic 

literature, the health sector is instead characterized by a rich amount of highly heterogenous 

attempts to create, share and integrate data between multiple sources and actors. 

The present dissertation intends to take advantage of this contradiction. It intends to develop a 

mutually beneficial relationship between an empirical setting in dramatic call for a more 

theoretical understanding of the phenomenon and a set of theoretical perspectives that may 

markedly benefit from a setting that has been limitedly explored and that shows a rich 

organizational variance. 

The dissertation will be structured in three main chapters, which are structured in a paper form. 

A brief description of each follows. 

The first chapter is mostly intended to improve the conceptualization of the “resource” that is 

object of governance (i.e. data) and to introduce the key concepts and intuitions that will be 

employed through the dissertation. First, it captures the biophysical stages that data take through 

the data production chain, from data collection to the generation of a data derivative (an 
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algorithm or data intensive research). Second, it identifies a set of characteristics of data that 

may be relevant for understanding the governance of data poling initiatives (Non 

subtractability, Excludability, Option Value, Sensitivity, Volume, Velocity, Variety) and 

discusses what are the type of governance challenges that may emerge in case data have one or 

more of the identified characteristics. 

The second chapter attempts to develop a configurational framework intended to capture the 

governance forms that initiatives intended to create, share, integrate and use data may take. By 

conceptualizing governance forms as configurations of property rights à la Ostrom, it relies on 

this framework to comparatively capture how several data pools in the health sector are actually 

structured and managed. 

The third chapter attempts to capture some of the intuitions of the first chapter by including 

them within a club theoretical model that is intended to microfound the data pooling problem, 

i.e. the non-emergence or limited sustainability of interorganizational initiatives that pool data 

with the purpose to generate an outcome that is fundamentally based on statistical principles 

(e.g. an algorithm or data intensive research). The model allows to: 1) organically consider the 

interaction between factors that may influence the emergence of a data pooling problem; 2) 

disentangle the data pooling problem and decomposing it in a provision problem, a membership 

problem and a stag hunt problem; 3) analyse how different types of data may affect the 

emergence of a data pool and the broadness of its membership.  

While the chapters are structured as they were independent papers, they are widely 

interdependent. The first chapter offers the building blocks for the two following ones. The 

second chapter, on the one side, relies on the rich conceptualization of the resource proposed in 

the first chapter to refine the bundle of property rights à la Ostrom that is then employed as a 
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framework for the comparative analysis. On the other side, by exploring a setting where data 

are characterized by the copresence of sensitivity, option value and non subtractability, it shows 

how the analysed initiatives are designed to address two of the core questions that emerge from 

the first chapter: 1) how do pooling initiatives balance the trade-off between expanding access 

to maximize the benefits of data option value and reducing access to avoid undesired 

implications on data subject due to data sensitivity? 2) How are data pooling initiatives designed 

to incentivize contributors given the limited (if not absent) possibility to rely on a market type 

of exchange? 

In a similar vein, the third chapter relies on the intuition generated in the first chapter. The 

choice of employing a club theoretical model derives from the economic classification of the 

good performed in the first chapter. In addition, the characterization of the data production 

chain allows to capture what are the costs and benefits that an organization faces in the process 

from data collection to the generation of a data derivative and how these costs and benefits may 

influence the decision to pursue this endeavour and, in case, to pursue it individually or 

collaboratively. 

After the exposition of the three chapters, a final concluding section follows. 
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1 DIMENSIONALIZING DIGITAL DATA SYSTEMS FOR 

GOVERNANCE 

1.1 INTRODUCTION 

The overwhelming phenomenon of datafication, i.e. the ability to render into data many aspects 

of the world (Mayer-Schonberger & Cukier, 2013), has significantly and increasingly attracted 

the attention of scholars and practitioners. This attention has frequently been manifested in 

several attempts to characterize data according to a set of (varying) dimensions and typologies 

of data from a multiplicity of perspectives. 

However, there is a scarcer understanding on the implication of those characteristics on the 

emergence and persistence of governance forms intended to the creation, sharing, integration 

and use of data. Further, scholar contributions that have started to explore how economic 

characteristics may influence the (non) emergence of specific governance forms have been 

characterized by a tendency to refer to data either as a vague term and as unique monolith or 

have focused on several different units of analysis, sometimes leading to opposite conclusions. 

The present chapter improves the conceptualization of data in many respects. In the first place 

it better characterizes the resource that is object of governance identifying the key biophysical 

manifestations of data as resource in the data “production chain”. Second, it identifies the set 

of dimensions that have been employed to characterize data in the existing literature that may 

be relevant for governance design and explores both what are the implications of data having 

these characteristics in terms of the governance challenges that certain characteristics generate 

and what are the possible governance responses to these emerging challenges. Finally, it 

explores how the copresence of and the interaction between different features of data generate 
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a set of peculiar governance challenges, which governance responses may need to be better 

explored. 

The chapter clarifies the debate on data as economic good, suggesting that while economic 

characterization of data varies across the production chain, after its digitalisation we might 

consider data as a club good more than a common pool resource, as frequently argued. This 

distinction suggests that: 1) the primary concern for club goods is their provision more than 

their depletion; 2) excludability allows to govern a governance dimension that is not available 

in common pool resources, i.e. membership size.  

The chapter also identifies how the 3Vs (Volume, Velocity, Variety) that are commonly 

employed to define Big Data also have other governance implications apart from being sources 

of technical complexity. Higher velocity may reduce reliance on formal contracts and increase 

predictive knowledge. Higher variety, under some contingent conditions, generates 'team 

production' problems and increases the probability of engaging more heterogeneous actors, 

calling for more hierarchical solutions and for reliance on more articulated collective decision-

making solutions. With respect to data volume, differently from how it is commonly considered 

in organization theory, the chapter suggests that organizational design needs to be information 

maximizing rather than information minimizing (Galbraith, 1974). 

It then explores how the copresence of some of the identified features of data interact among 

them. The copresence and interaction between data sensitivity, non subtractability and option 

value suggests that it may be highly complex and inefficient to rely on market exchange 

solutions to govern the transaction of data. It is instead more plausible to observe associational 

contracts and or the establishment of independent legal entities, like foundations and 

associations. Further, the copresence of data option value, sensitivity and non subtractability 
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generates a trade-off between the potential value that could be generated expanding access to 

data due to knowledge expansion on the potential uses and the risk that some of the multiple 

uses may be detrimental to data subjects. Purely open and closed solutions lie on the two sides 

of the trade-off and may be even unfeasible. The paper suggests that how pooling initiatives are 

designed to balance this trade-off deserves to be better explored. Further, the impossibility to 

rely on market exchange models and the complexity in data evaluation exclude the solution of 

monetary incentive to incentivize contribution of data by data collectors. The type of solutions 

pursued by pooling initiatives need to be better explored. 

The paper is structured as follows. Section 2 discusses the biophysical states that data take 

through the data production process. Section 3 reviews some of the main sets of economic and 

non-economic dimensions that have been employed to characterize data and discusses their 

governance implications. Section 4 discusses how the interaction between some of the 

identified dimensions generates key trade-offs and governance challenges for pooling 

initiatives. 

1.2 DATA PHYSICAL FORMS 

As suggested by Ostrom (2005) in her study of the governance of natural resources, in order to 

grasp how a resource is governed it is necessary to understand what are the biophysical and 

material conditions that the resource of interest takes. However, as argued by Rosenberg (2014), 

“the term data does heavy lifting yet is barely remarked upon”. The increasingly extensive use 

of the term “data” has further expanded the meanings that have been attached to it, thus reducing 

terminological clarity. By building on the literature in Information Studies and Philosophy of 

Information, the primary goal of this section is to clarify what are the physical forms that the 

resource of interest takes through the data production and processing chain. 
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Scholars of natural resource commons have found helpful to distinguish between resource 

systems and resource units (E. Ostrom & Hess, 2007). A resource system (e.g. a lake) is 

composed by and is the source of the flow of resource units (e.g. certain quantity of water, 

fishes). In the data production and processing chain, there are three resource units (Signal, 

Captum and Derivative) and two resource systems (Signal Pool and Capta Pool). The two 

resource systems are composed by a pool of resource units of one type and are the source of 

extraction of another type of resource unit. 

Signal refers to a change in status that can be collected (Kitchin, 2014). Looking at the “data 

production process”, the very origin of what is actually captured into bytes is the physical world. 

What elements of the physical world are captured and how they are captured is the result of a 

choice and a paltry subset of the potential elements (signals) in the physical world that could 

be captured. A medical encounter between a patient and a clinician is an infinite set of signals 

(a signal pool) that may be captured. In this setting, the clinician, although subject to multiple 

factors that may influence the choice, decides what are the signals to capture and how to capture 

them. In a similar vein, also in online settings like a social network, the actions made by a user 

in a social network may be multiple (writing, clicking, scrolling). The social network has 

potential access to all these signals and determines which signals to capture. 

Captum refers to the signals within the signal pool that are actually captured into bytes (Kitchin, 

2014), i.e. a captum is the result of the selection process described in the paragraph above. The 

result of a medical encounter is the generation of a set of capta on a patient (e.g. body 

temperature, symptoms and heart rate). A combination of set of captured signals from a 

multiplicity of patients is a capta pool. 
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Derivative refers to data generated through the processing of the capta pool (Floridi, 2010). 

The result of a statistical analysis performed on a multiplicity of capta (e.g. a mean, a regression 

coefficient, a trained prediction model) is what is defined as a derivative. The primary goal of 

comparative effectiveness initiatives, data intensive research and initiatives that develop 

prediction algorithms is to generate high quality derivatives through the statistical processing 

of a capta pool. As quality of a data derivative is subject to basic principles of statistics, the 

capta collected needs to have an adequate degree of semantical and technical homogeneity, and 

the capta pool needs to have sufficient size for the purpose and, in many cases, a sufficient 

diversity of sources to avoid bias. 

Figure 1 represents the data production and processing process as described. 

 

Figure 1 - Data Physical States 

 Across the data production stages, it is possible to identify different roles and these roles will 

be employed for clarity across the following sections of the chapter. When referring to personal 

data, the signal pool corresponds to the set of traits and behaviour of a data subject. Otherwise, 

when data are not personal, no data subject is involved. Signals are then transformed into capta 

by a data collector. Capta are contributed to a capta pool by a data contributor. Derivatives 
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are extracted from the pool by a data user. Across different cases an actor may cover just one 

of these roles or cover simultaneously a multiplicity of them.  

In addition to capture “physical forms” and the type of actors that may be involved in the data 

production chain, in order to understand governance challenges and governance solutions in 

data pooling initiatives, a characterization of the resource is needed. The following section 

performs a characterization of data identifying the dimension that are mostly relevant in terms 

of their governance implications. 

1.3 CHARACTERIZING DATA: RELEVANT DIMENSIONS FOR GOVERNANCE 

Characterization of the resource features is primarily an abstraction effort that allows to locate 

data goods in a broader family of goods, thus allowing to capture how to theoretically frame 

the governance and organizational design challenges derived from the type of good and to draw 

from existing literature to derive design implications. Besides the effect of each dimension 

considered independently, I will also explore whether and how the combined presence of the 

analysed features interact to generate peculiar and idiosyncratic challenges. 

While the characteristics identified are not fully exhaustive of all the characteristics that have 

been attached to data, in the present chapter I explored the ones that may be considered more 

relevant, either because they have clear and strong implications in terms of governance 

challenges and, consequently, of governance design (Excludability, Subtractability, Option 

Value, Sensitivity) or because they have been so widely employed to describe data, that it 

becomes relevant to attempt a translation effort in terms of their governance implications 

(Volume, Velocity, Variety).  
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1.3.1 Economic Characteristics (Subtractability and Excludability) 

Two attributes have been identified in the political-economy literature to identify the nature of 

a good (Hess & Ostrom, 2003; V. Ostrom & Ostrom, 1977): its degree of 1) Subtractability and 

2) Excludability. Different combinations of degree of subtractability and excludability of the 

good object of governance differently affect the type of acceptable choice set that rational actors 

face and, consequently, pose different types of dilemmas and governance challenges. Therefore, 

for each combination of degrees, different governance solutions may be more or less feasible 

or preferable. 

In the case of data, different perspectives emerged in defining which type of economic good 

data is. For this reason, in this section, I will first identify how data as an economic good has 

been characterized in the literature, trying to reconcile differences in perspectives. Then, I will 

suggest that data may be better characterized as club goods and look at what are the implications 

of dealing with club goods in terms of governance design. 

1.3.1.1 Rivalry / Subtractability2 

Most of the literature that made attempts to broadly characterize (digital) data have defined it 

as a non-rival good (Acquisti, Lane, Stodden, Bender, & Nissenbaum, 2010; Duch-brown & 

Mueller-langer, 2017; Koutroumpis & Leiponen, 2013).  A (non) rival good is a good for which 

the benefits consumed by one actor (do not) subtract from the benefits available to others (Hess 

& Ostrom, 2003).  However, Purtova (2015) argues that data may be also considered as rival. 

The distinction is mainly driven by the ambiguous decomposition of the data resource used by 

several authors. In this respect, the distinction between signal, capta and derivative can help in 

disentangle this apparent discrepancy. Before being transformed in digital forms, i.e. being 

 
2 (Non) subtractability and (non) rivarly will be used interchangeably through the paper and the dissertation. 
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transformed from signal to capta, signals may be frequently seen as a rival resource. The time 

spent online by users that generates the signal is clearly a rival resource. If a specific social 

network “consumes” the signal/time of a user, another social network cannot consume it 

(Purtova, 2015). The same applies in clinical settings. It would be unethical to repeat an 

intervention for the mere purpose of data (capta) collection. Rivalry of signals also manifests 

in non-interventional data collections. A patient may reduce its willingness to answer if a 

request is repeated by a second clinician. This dynamic equally refers to non-personal data. The 

signal generated in a specific moment of time can be extremely rival. For instance, capta 

collected through complex experiments. Further, by subtracting the access to a signal, actors 

might also subtract the opportunity to determine what (elements of the) signal to capture. 

In this sense, the idea that “data” are in general nonrival overlooks the rivalry that may be 

present in several cases at a signal capture stage. Not every signal can be accessed by a data 

collector without reducing the possibility to do the same at equal access cost for another 

collector. This condition may lead to two commonly observed phenomena: either the 

concentration of capta under a single organization or the strong fragmentation of capta across 

multiple organizations, as repeated collection of the same signal for a second collector becomes 

markedly more costly or impossible. 

While signal may have elements of subtractability when collected in a highly specific moment 

or condition or when it relies on scarce resources like time and willingness of a data subject, 

once it is translated into digital form, i.e into capta and then eventually pooled into a capta 

pool, it becomes a non-subtractable good. A slightly more complex reasoning applies to 

derivatives. While in several cases the use of a derivative by one actor does not reduce the 

stream of benefits for others, it may be that for some derivatives non subtractability is only 

partial. While a digital derivative is physically non subtractable, it may be that the downstream 
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benefits generated from its use have instead a degree of subtractability. An example is when a 

data derivative is employed to generate a research publication. The derivative itself (e.g. a 

statistical estimation of the effect of a specific treatment on the mortality of a patient) is not 

subtractable. However, one of the mechanisms through which benefits are extracted, i.e. 

authorship, can instead be characterized by elements of subtractability. For instance, certain 

authorship positions generate higher benefits than others in terms of career returns. Similarly, 

a higher number of authors may equally dilute benefits in terms of future career perspectives. 

1.3.1.2 Excludability 

The excludability of a good is commonly determined by the costs sustained by actors to exclude 

others from benefiting from it. In other words, a good is non-excludable when it is particularly 

costly to exclude individuals from using the flow of benefits originated by it either through 

physical barriers or legal instruments (Hess & Ostrom, 2003). As highlighted by Duch-Brown 

& Mueller-Langer (2017), different perspectives emerge with respect to the excludability of 

data on the whole spectrum from non-excludability to excludability. 

Some authors claim that the absence of intellectual property rights leads to a substantial non 

excludability and support their argument by highlighting the empirical reluctance of many 

actors in engaging in data exchanges. However, this perspective seems to mistakenly not fully 

distinguish between the nature of the good and the property regime imposed on the good (Hess 

& Ostrom, 2003).  Further, the very fact of being able to determine whether to grant access 

to/exchange the good or not, seems to go in favor of a substantial ability to exclude another 

actor from the stream of benefits originated by data.  

Differently, Drexl (2016) maintains that data are factually excludable through technical means. 

In a similar vein, Kerber (2016), while more cautiously affirming that excludability should be 
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considered as a continuum more than a dichotomy and warning against potential empirical 

evolutions of it, claims that it is technologically feasible to keep data secret and protect them 

against copying and leaking to the public. Both authors support their arguments by highlighting 

the absence of under-provision of data, which might be instead expected in case the good is 

non-rival and non-excludable (a public good). 

Koutroumpis, Leiponen, & Thomas (2018) argue that excludability is only limited to pure 

secrecy .While it is true that an actor can exclude someone else from having access to data, 

once access is granted it is complex to exclude the undesired extraction of benefits later. 

Following Drexl and Kerber, the argument from Koutroumpis et al. related to excludability is 

highly dependent on the type of technological tools that are employed for granting access. It is 

increasingly possible to grant controlled access to users through secure environments, i.e. 

technologies that allow actors to access and extract derivatives from a pool but exclude the 

possibility that an actor can appropriate and reproduce them. As such, it is technically feasible 

to exclude noncontributors from accessing and using a capta pool. In light of this, a capta pool 

can be considered as an excludable good. 

1.3.1.3 Implications 

Previous sections suggest that capta and especially capta pool are mostly excludable and non-

subtractable. As such, they configure themselves as a club good. While Benkler (2014) argues 

that the frequent confusion with common goods has led to a limited knowledge of what could 

be the most effective governance arrangements in the management of this kind of goods, club 

theory (Buchanan, 1965; Cornes & Sandler, 1996) seems instead to provide some theoretical 

guidance in understanding the implications of this characterization for the governance of the 

resource. 
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1.3.1.4 Club Theoretical Approach and Club Theory 

Before exploring the propositions originated by club theory, it is important to make a distinction 

between a “Club Theoretical” approach and “Club Theory”. A club theoretical approach is a 

theoretical approach that frames individual decision making on producing and benefiting from 

a good as a dual calculative decision: 1) How much of the good to produce? and 2) How many 

actors to involve in the production of the optimal quantity of the good?.  In other words, a club 

theoretical approach considers each production decision as a decision to generate a club. A club 

theoretical approach would consider the decision to produce individually as a club of 

membership size 1.  

A club theoretical approach simply needs one assumption to work: benefits derived from the 

good included in the club can be excludable at the discretion of the contributors. Then, 

peculiarity of the good and the production function (McGuire, 1972) may play a role in 

determining what could be the best solution in terms of provision and membership. 

1.3.1.5 Club Theory 

Compared to a more generalist club theoretical approach, club theory imposes further 

restrictions on the type of good some of its theoretical predictions apply on. 

For club theory, a club good is a good that is (Buchanan, 1965): 

- Excludable: Individuals who do not contribute to financing the club can be prevented, 

at relatively low cost, from gaining access to the benefits of club membership. 

- Congestible: Although consumption is not entirely rivalrous, each member of the club 

imposes a negative externality on his fellows. 
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- Divisible: Once club membership has reached an optimal size, individuals who want to 

join but have been excluded can form a new club to produce and consume the same 

good. 

Club Theory is then concerned to establish optimal club size, which is described as a result of 

a straightforward exercise in equating costs and benefits at the margin. An optimal club 

optimizes costs and benefits against three conditions (Cornes & Sandler, 1996): 

- A Provision Condition. There exists an optimal club size in terms of quantity of a good 

to be included in a club. 

- A Membership Condition. There exists an optimal club size in terms of number of 

members to be involved in the club. 

- Utilization Condition. There exists an optimal utilization level by each group member. 

Utilization Condition has limited relevance in data pooling initiatives. Differently from the 

empirical settings that were employed as example at the base of the theoretical development of 

club theory (e.g. swimming pools and sport clubs), in data pool the congestion problem typical 

of club goods does not derive from intensity of use of the capta pool, but from the inclusion of 

additional members which may generate negative externalities of other nature. As such, for the 

purpose of this chapter I will focus only on Provision Condition and on Membership Condition, 

which helps to highlight what are the core distinguishing elements of club goods and what are 

some of the core governance implications of dealing with this type of good. 

1.3.1.5.1 Provision Condition 

The primary problem for club goods is their provision, i.e. actors should be primarily willing 

to contribute to the provision of the club good. In this respect, club goods are different than 

common pool resources. In common pool resources, the resource is already present, and the 
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core governance concern is to avoid its depletion. However, for club goods the resource needs 

to be primarily generated and provided. 

This distinction does not mean that once the club good is created, it may not be subject to some 

risks of depletion. For instance, a source of depletion might be misuse from club members. 

However, it simply means that before running the risk of depletion, a club good runs the risk of 

non existence, i.e. of not being provided. 

As such, the governance of club goods needs to take into account a two-step process. Before 

becoming a common (E. Ostrom, 1990), a club good like a capta pool may be an anticommon 

(Buchanan & Yoon, 2000; Heller, 1998). This makes governance design more complex, and 

the design of club goods needs to strike an accurate balance in order to ensure the realization 

of the comedy of the commons (Rose, 1986) and avoiding it turns into a tragedy (Hardin, 1968). 

As argued  by Frost & Morner (2010), institutional design for club goods need to be primarily 

inclusive before being exclusive. 

In fact, existing literature exploring data commons suggests that other types of social dilemmas 

tend to emerge more markedly than the tragedy of the commons (Strandburg, Frischmann, & 

Madison, 2017a). Instead, the identified dilemmas are: 1) coordination dilemmas in standard 

settings; 2) coordination problems in settings where contributions by all actors in the system 

are fully complementary to make any research possible  (like in rare diseases settings 

(Strandburg, Frischmann, & Cui, 2014); 3) dilemmas in the reallocation of superaddictive 

returns from the combination of contributions. All dilemmas that refer more to the provision 

phase than to the depletion after it. 
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1.3.1.5.2 Membership condition 

Two factors interact to make membership relevant when referring to club goods and even more 

when referring to data pools. On the one side, it is possible for an actor to determine optimal 

membership as the club good is excludable, a choice possibility that is not present in other types 

of goods like public good and common pool resource. On the other side, changes in membership 

generate a complex combination between positive and negative externalities. In data pooling 

contexts, positive externalities derive from cost sharing in data collection and in superadditivity 

generated through data combination. Negative externalities derive instead from three core 

sources of congestion: coordination, moral hazard and rivalry. As such, at certain levels of 

membership the provision of club goods may be non-sustainable.  

Thus, in terms of governance prescription, club theory has implications at two levels: at the 

planner level (between club perspective or total economy viewpoint) and at the club level 

(within club perspective).   

At the planner level the core argument of club theory is that multiple clubs of more limited size 

may be welfare maximizing compared to a unique club. Apart from simple maximization, it 

also suggests that a unique club may even lead to the non provision of the club good. 

The within club perspective also follows the same idea. There is an optimal club size in terms 

of membership that maximizes members benefits. Adding or removing a member to the optimal 

club size would make everyone worse off. This hypothesis is supported by experimental 

evidence, which shows both that when actors are included in clubs that correspond to their 

preferred size they cooperate more and that actors are able to recognize optimal club size quite 

often (Tutić, 2013).  
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This is also consistent with some empirical results that show both that collaborative pooling 

initiatives that started with broad membership then tended to shrink in the longer run,  and that 

smaller initiatives where most effective and more able to manage the emerging complexity 

(Welch, Loaufi, Fusi, & Manzella, 2016). 

1.3.2 Option Value 

Mayer-Schonberger et al. (2013) emphasize how data can be considered as a multipurpose 

good. Their potential uses can be multiple and in many cases data generated for a function may 

well serve other (unrelated) functions.  

Mayer-Schonberger et al. (2013) define it as the option value of data and emphasize the high 

complexity that actors face when required to evaluate data due to the aforementioned high 

potential of being used for multiple purposes that are different from the one for which they have 

been generated.  

Apart from complexity in evaluation, two existing theoretical perspectives from organization 

theory and economics may help in understanding how data option value may affect the 

governance of the resource: the Penrosian (Penrose, 1959) theory of the firm and transaction 

cost economics perspective (Williamson, 1981). 

The first has implications on the governance of access and use of the capta pool. The second, 

as the name suggests, has implications on the core transaction that may take place in pooling 

initiatives, i.e. when capta are contributed to the capta pool. 

Implications on access to and use of the capta pool 

Penrose proposes a distinction between resources and services. Each resource has infinite 

services and the actual services employed by the owner of the resource are functions of 
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knowledge and sectoral constraints. Knowledge expands the potential services of the resource 

so that increasing knowledge monotonically increases the potential uses. 

Thus, adding an additional actor in the use of a resource increases (or at least does not decrease) 

knowledge, in turn increasing the potential service that the data resource may offer. However, 

this expansion of potential services to be generated by the resource expands potential beneficial 

uses as well as potential misuses. In this respect, option value is the source of a very complex 

trade-off that influences the decision to involve additional actors in the use of a pool. Within 

this reasoning there is an implicit role of non-rivalry. If a resource was rival, it would have been 

allocated to (the best) unique use. However, nonrivalry allows to allocate the resource to all 

uses. 

Impact on transaction (from capta to the capta pool) 

Instead, from a transaction costs economics perspective, the option value of capta or database 

may lead to the increase of transaction costs, thus leading actors to not pursue any form of 

external transaction or to exclude some modes of transaction. The high unpredictability of the 

set of potential secondary uses is a strong source of uncertainty in the transaction. When a 

transaction is characterized by a high level of uncertainty, the contractual relation between two 

actors may be highly complex to be fully specified, resulting as significantly incomplete. 

Consequently, the contributor may not pursue the transaction being worried about the extensive 

space of several unpredictable undesirable uses or may prefer alternative solutions rather than 

a mere exchange transaction. 

1.3.3 Sensitivity 

Sensitive data are commonly defined through a list of types of data, rather than through a 

working definition. According to the EU General Data Protection Regulation sensitive data are 
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data that refers to: “racial or ethnic origin, political opinions, religious or philosophical beliefs, 

trade union membership […] genetic data, biometric data, health data”. Similarly to the EU 

approach, every country employs a specific list of types of data that are considered sensitive to 

impose more restrictive regulations in terms of how they should be captured and the sanctions 

that may derive from misuse or violation. Only recent evidence attempts to capture a potential 

“spectrum of sensitivity” for particular sub categories of data (Rumbold & Pierscionek, 2018), 

showing that the perceived sensitivity of a particular type of data may vary widely both between 

societies or ethnic groups and within those groups, especially in light of the implications that 

the misuse of data has on the data subjects. 

Sensitivity is a feature of the resource that has been widely overlooked in organization theory 

and design. Sensitivity of the resource is an additional factor to the typical opportunistic 

behaviour that may be envisioned in usual collaborative initiatives. The core concern is not only 

related to value appropriation between parties in the collaborative, but to a more indirect impact 

on potential damages to data subjects, as improper uses of data may generate negative 

externalities on them.  

As such, data sensitivity can be considered as an additional determinant of organizational 

design.  
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Impact on rights allocation 

On the one side, sensitivity of data can be considered as a source of moral hazard toward the 

data subject. Users in the pool may improperly use the combined set of data in a way that may 

damage the data subject. Further, existing evidence suggests that even mere access to data by 

the collecting entity creates negative emotional and cognitive outcomes for the data subject, 

which in turn translates in lower willingness to share or information misreporting (Martin, 

Borah, & Palmatier, 2017). 

On the other side, sensitivity may be also considered as a source of moral hazard between users 

of the pool and contributing data collectors. The misuse by a user of the pool may damage the 

contributing data collector as it may endanger its ability to collect data in the future.  

Protection of data subjects takes place through two governance means: 1) endowing data 

subjects with a set of rights on the resource; 2) imposing restrictions on data users in terms of 

access and uses of the captured data. 

In many cases data subjects are endowed with decision rights directly guaranteed through 

regulatory prescription. For instance, many national laws require informed consent or limit 

redisclosure without the consent of a data subject (Miller & Tucker, 2014). The data subject is 

thus able to determine whether capta collected on her can be contributed to a pool. Further, 

experimental evidence suggests that concerns on data access may be reduced by allowing data 

subjects to observe and control data management procedures (Martin et al., 2017). 

Other governance solutions refer instead to the minimization of access or usage rights. 

Regulation may prescribe restrictions on discriminatory usage (Miller & Tucker, 2014) and 

restrictions on secondary uses. In settings where moral hazard on third parties is generated by 

combination of capta, solutions like Chinese walls, where data exchange across actors is 
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forbidden, might be instead implemented (Grandori, 1991). However, in data pooling 

initiatives, solutions may be more complex as the combination of data is usually a necessary 

condition to generate any benefit out of the pool. As such, while sharing might take place, strong 

restrictions might be applied on the number and types of actors that might have access to the 

pool, with the goal of minimizing it. 

Impact on modes of transaction  

Aside from access issues, sensitivity also impacts the possible mechanisms that may be used to 

transfer data across technologically separable interfaces (Williamson, 1981). When data refer 

to people and especially when they are sensitive, while there might be a transfer of data from 

one actor to the other, the consequences of misuse are still borne by the data subject. This is a 

trait of the resource that Leiponen defines as inalienability (Koutroumpis et al., 2018). 

Inalienability affects both the act of collection between the data subject and the data collector 

and the possible transfer between the collector and a third party. As mentioned above, data 

transfer to a third party does not relieve the transferee from bearing the consequences of misuse. 

If data collector A decides to share sensitive data on patient P1 to data user B, in case data user 

B misuses the data damaging patient P1, also data collector A suffers a loss, given that data 

subject P1 may not be willing to allow collection of capta on her anymore. In this respect, the 

collector may prefer governance solutions that allow to exert control on secondary uses, thus 

avoiding a full transfer of rights. For instance, a pure sale transaction where a unique buyer 

acquires data from multiple collectors and where collectors do not exert decision rights on use 

may be highly implausible to observe. 
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1.3.4 Physical Characteristics 

The implications of physical characteristics on the governance of data have been far less 

explored. However, in many instances, “Big Data” are usually distinguished from “Small Data” 

exactly in light of their physical characteristics. More precisely the three mostly used physical 

characteristics are the 3Vs: Volume, Velocity and Variety (Gandomi & Haider, 2015; Laney, 

2001). 

Given the fact that many actors in the data ecosystem tend to distinguish data according to these 

characteristics and that some actors suggest thresholds to determine whether data should be 

considered big or not, a richer understanding of whether and how this distinction is valuable for 

understanding the emergence of specific governance forms is needed in order to confirm or not 

the need to consider these dimensions for both understanding and designing the functioning of 

governance.  

1.3.4.1 Volume 

Kitchin & McArdle (2016) define the volume of a database as the product of the volume of 

records and the amount of records. In other words, volume corresponds to the size of capta pool.  

Existing literature in organization theory has looked at information volume as a contingent 

factor for organizational design. The information processing view of organizational design 

(Galbraith, 1974) looks at organizational design as an information reducing tool. Optimal 

organizational design is the one that reduces the set of information to be processed in order to 

reduce the cognitive limit of the decision maker. If taken superficially this perspective suggests 

that data volume becomes a core organizational challenge and that organizational design needs 

to be oriented toward reducing data volume. 
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However, a more refined assessment suggests that Galbraith perspective cannot be directly 

applied to the issue of data volume. 

First, it is important to draw a conceptual distinction between data as a resource and task-related 

information. According to Galbraith, information size refers to the set of information that an 

actor needs to process in order to perform a task (task-related information). In data pooling 

initiatives information is the core resource on which a set of tasks are eventually performed. 

Second, even by relying on the Galbraith perspective, it becomes explicit how recent 

technological changes may have inverted some of Galbraith prescriptions. Galbraith suggests 

that organizational interventions should be oriented in two directions: either toward the 

reduction of information or toward the use of tools that reduce decision makers cognitive 

burden. Algorithms and statistical tools may be considered as being part of the latter category. 

However, in order to be effective information reducing tools, algorithms require more rather 

than less information. The greater the information abundance, the more the information system 

can be an adequate decision support thus being a credible tool to reduce cognitive burden. As 

such, when the target is alimenting an algorithm (or any form of statistical analysis), 

organizational design should be informed by the goal of generating more data rather than 

reducing them. Thus, in data pooling initiatives, data volume becomes an asset and not a 

challenge. 

1.3.4.2 Velocity 

While velocity is usually seen as a source of technical complexity and of a consequent need for 

costly standardization effort, it also has a bright side in reducing the need for formalization and 

in increasing cooperation across actors. 
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Velocity is characterized in many ways. Velocity may refer either to frequency of generation, 

i.e. frequency of signals, or to frequency of recording, i.e. frequency of captum, or to frequency 

of transmission of the capta to the capta pool (Kitchin & McArdle, 2016; Koutroumpis & 

Leiponen, 2013). Brynjolfsson & McAfee (2012) also refer to the increasing opportunity to 

benefit from frequency of signals and capta by generating frequent derivatives (e.g. real-time 

estimations of people flow).  

When referred to signal and capta, velocity is commonly seen as a technological and 

organizational challenge as higher frequency usually calls for more complex technical solutions 

and especially for more accurate standards.  

However, data velocity has other governance implications. When considering data velocity as 

the frequency of contribution of capta to the capta pool, it has governance implications both in 

terms of: 1) reducing the degree of formalization of data pooling initiatives in non-cooperative 

settings; and 2) favouring coordination in contribution across contributors in cooperative ones.  

In a non-cooperative game theoretical perspective, increasing frequency of contribution of 

capta implies that contributing actors play more frequent and smaller pay-off games. Thus, the 

pay-off for an actor to betray (either from violating a mutual agreement to contribute or through 

the misuse of contributed capta) in each play, is much lower than the one in a unique play in a 

one-shot large contribution. Thus, ceteris paribus, frequency of contribution can be an 

explanatory factor for observing relational contracts rather than more formal ones (Baker, 

Gibbons, & Murphy, 2002). 

In a cooperative setting, higher frequency of contribution can increase predictive knowledge 

(Puranam, Raveendran, & Knudsen, 2012). More frequent contribution in a pooling initiative, 

instead of a unique contribution of the same entity, increases confidence of other involved 
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actors that each contributor is making its part, thus in turn reducing uncertainty on whether the 

joint goal may be achieved. 

1.3.4.3 Variety 

Variety refers to the degree to which data differ in the way they are captured and stored. In 

other words, variety refers to the structural heterogeneity in a dataset (Gandomi & Haider, 2015, 

p. 138). The most common distinction distinguishes between structured, semistructured and 

unstructured “data” (Kitchin & McArdle, 2016) 3. 

While from a technical point of view the challenge is to develop technical tools and algorithms 

able to univocally retrieve, combine and jointly analyse capta of different nature, variety of 

capta can also have implications in terms of organizational and governance design. 

In order to capture when variety becomes strongly relevant for governance design of a data 

pooling initiative, it is important to make a distinction between two types of pooling. Employing 

the analogy with a structured column and row database, it is possible to distinguish between 

two different kinds of pooling. Row pooling and column pooling. 

 
3
Most of the speculations suggested in the current section, similarly apply to contexts where variety is not simply 

technical. Very similar implications may be observed in settings where different actors are endowed with different 

variables on the same data subject, even if they fall in one simple category (either structured, unstructured, 

semistructured). 

Tesi di dottorato "Essays in Data Governance: Evidence from the Health Sector"
di MINERVINI MARCO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2020
La tesi è tutelata dalla normativa sul diritto d'autore (Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



35 

 

 

Figure 2 - Row Pooling and Column Pooling 

In row pooling a data collector has access to multiple types of signals on the same data subject 

and consequently captures capta on the same data subject in multiple forms. For instance, in the 

process of care, a clinician in a hospital collects several types of capta on a single patient: 1) 

Structured capta, like the ones he uses to fill claims for patient reimbursement; 2) Unstructured 

capta, like text and images generated through the process of care; 3) Semistructured capta, like 

the ones originated through sensors. In a row pooling case, clinicians contribute “a patient” (or 

a set of patients) to the pool. In other words, following the analogy with a purely structured 

database, the contributing data collector contributes to the whole row. While even in the case 

of row pooling the whole pool has technical variety in terms of modes of collection of capta, 

this variety is instead orthogonal with respect to contributing collectors.  
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Instead, column pooling implies that access to signals of the same data subject is fragmented 

across multiple data collectors. Following the previous example, a column pool is a pool where 

each different clinician in different organizations collects different types of capta on the same 

data subject. Clinician in organization A collects structured data, clinician in organization B 

collects unstructured ones and clinician in organization C collects semistructured ones. In this 

type of setting, actors tend to be more heterogeneous in nature. In column pooling data variety 

is correlated with collectors’ heterogeneity rather than being orthogonal.  

In column pooling data variety gains more salience in terms of governance challenges for two 

reasons: 

• In column pooling initiatives, actors tend to be more heterogenous in nature. 

• In column pooling initiatives, the team production problem, i.e. the complexity to trace 

the link between contribution and outputs, becomes an extremely salient governance 

challenge.  

Higher actors heterogeneity has several implications on the challenges that collaborative 

initiatives that pool data  face. Primarily there are more marked coordination challenges as 

heterogenous actors may rely on different standards and practices. As such coordination 

between actors becomes more computationally complex. Heterogeneity of actors also implies 

heterogeneity in incentives and motives, in turn implying higher potential for conflict of interest 

between parties. Higher degree of potential for conflict of interest implies higher formalization 

and more participative decision making, with the presence of boards and committees, as 

participants may be concerned that organizational solutions that encompass an unique decision 

maker may be subject to the risk of prevalence of one of the specific interests (Chompalov, 

Genuth, & Shrum, 2002). Further, actors heterogeneity makes it extremely more complex for 
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an individual actor to monitor participants behaviours (Grandori, 2001). Even in this case a 

monitoring board might be needed, in order to have sufficient variety of actors to accurately 

appreciate behaviours. In this latter case, as the problem is not representativity of interest but 

monitoring, an independent board may be preferable. 

Moreover, data variety in column pooling makes it more complex to trace the link between 

contribution and outputs, generating significant “team production” problems (Alchian & 

Demsetz, 1972). 

In row type of pools, the link between contribution to the pool and benefits is more explicit than 

in column types of pools. In row types of pools, the homogeneity of contribution allows at least 

to rank order contribution. In column pools, the degree to which adding an additional data type 

or an additional “variable” in the analysis adds to the quality of the analysis may be far more 

complex to assess, especially ex ante. Even in a very narrow and single purpose pooling 

initiative, like a pooling initiative leading to a very simple multivariate regression, the degree 

to which an additional variable has explanatory/predictive power can only be understood ex 

post through the analysis itself, after actually pooling the data. This traceability problem 

becomes far more complex with emerging technologies where the contribution of each 

individual “column” may be even less intelligible. 

1.4 DISCUSSION 

In the previous sections I have explored how each characteristic of data may have implications 

in terms of governance challenges independently one from the other. In this section, I focus on 

some relevant phases of data pooling to explore how different features interact among them. 

One of the core challenges in data pooling is the combination of capta in the capta pool, i.e. in 

the combination of capta collected by a multiplicity of data collectors in a unique pool that 
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allows to generate a high-quality derivative. The act of contributing capta into the pool can be 

considered as a transaction, i.e. as an exchange of good or service between technologically 

separable units (Williamson, 1981). Previous sections identify three characteristics of data that 

affect the complexity of transaction: data option value (multipurposedness), data sensitivity and 

non subtractability. Option value increases transaction uncertainty as potential uses of the 

transferred resource may not be fully anticipated. In case of sensitive data, the severity of the 

impact of potential misuses is furthered. In addition, non subtractability of the resource allows 

users to take advantage of all the potential uses, without having the need to choose one among 

the multiple purposes. In this respect, even when “misuse” is not the best allocation of the data 

resource, it is still possible to use data both for the best allocation and for misuse. 

In addition to their impact on transaction uncertainty, both data non subtractability and 

sensitivity have other impacts on the transaction. Non subtractability allows for secondary 

transfers of data without any loss by the transferee. Assuming a market exchange, there is the 

practical risk that the buyer may resell data at a lower price as it did not suffer collection costs. 

As mentioned above, sensitive data also encompass the element of data non alienability. Despite 

the transfer of data, the consequences of misuse remain on the data subject. Thus, non 

alienability does not only affect the data subject, but by transitivity it affects the data collector. 

Consequently, in case of pooling the contributing collector may prefer to exert some control on 

use as it may also bear the negative externalities of potential misuse. 

In light of this, for what concerns the contractual governance of the transaction, it is more 

plausible to observe associational contracts or the establishment of an independent legal entity 

such as an association or a foundation rather than exchange contracts.  
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Another core challenge in data pooling initiatives relates to access to and use of the capta pool, 

as a core trade-off emerges. While extending access to a multiplicity of actors may increase 

knowledge on potential uses, this extension may also lead to broader knowledge on potential 

misuses. As such, especially when dealing with sensitive data, a trade-off emerges between 

expanding access to realize the data potential and restricting access to protect both data subject 

from misuse and contributing collectors from opportunistic behaviour that may in turn weaken 

the ability of data collectors contributing to the pool to further collect data in future times. As 

such purely closed solutions as well as open ones seem to be not optimal in solving this trade-

off. Thus, the different ways through which this trade-off is governed need to be better explored. 

How are pooling initiatives designed so that they balance the potential of multiplying the 

benefits that may be generated by the pool while preserving sensitivity? How are access rights 

and decision rights on access and use allocated in pooling initiatives?  

Another core design challenge emerges with respect to incentivizing data collectors in 

contributing to the pool. As mentioned above, due to a multiplicity of factors, market-like 

solutions, where full rights on capta are simply transferred to another actor in exchange for a 

monetary payment, seem to be rarely possible. Further, uncertainty on potential uses and 

uncertainty on potential benefits make the establishment of any pricing/monetary mechanism 

to incentivize contribution to the pool an extremely complex endeavour. 

As the primary concern for club good like data is ensuring its provision, how does pooling 

initiatives manage to incentivize contribution, as market contracts and price solutions may be 

inadequate due to the complex combination of option value, sensitivity and non-rivalry? 
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2 UNDERSTANDING THE GOVERNANCE OF DATA POOLS: 

EVIDENCE FROM THE HEALTH SECTOR 

2.1 INTRODUCTION 

When referring to data and “big data”, the attention from scholars and practitioners has been 

mainly devoted to the analytical challenges and opportunities related to the use of data and most 

of the exploration has been done at the intra-organizational level (Thomas & Leiponen, 2016). 

More limited attention has been given to phenomena of data creation, sharing, integration and 

use that involve more than one organization or multiple individuals that do not belong to a 

single organization.  

Existing literature, especially in the field of management of information systems, that has 

focused on interorganizational initiatives intended for the creation, sharing, integration and use 

of data has limitedly focused on cases where data was the core object of transaction and the 

core good of interest (Adjerid, Adler-Milstein, & Angst, 2018), rather than simply being a 

complementary element to a primary transaction of a good (Elgarah et al., 2005) or being 

instrumental for coordination of action (Markus & Bui, 2012). 

The fragmented literature that explores the governance of interorganizational initiatives which 

have data as a core good of interest tends to be highly descriptive and based on single case 

studies. The rare comparative efforts either explore very limited traits of governance, mostly 

forgetting elements of internal governance of the explored initiatives, or they fall short in 

capturing regularities across their design. 

In order to fill this gap, I perform a comparative case study which comparatively assesses 

elements of consistency and variance in the way 15 cases of interorganizational attempts to 
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combine data are governed, conceptualizing their governance design as a configuration of 

property rights à la Ostrom, employing the Ostrom bundle of rights as a framework for the 

comparative analysis. 

In the first place, the analysis of the cases helps in refining the bundle of rights originally 

conceived for the governance of digital libraries and knowledge commons to the specific setting 

of interorganizational initiatives that attempt to combine data. Also, thanks to this refinement, 

it allows to distinguish between three fundamentally different types of initiatives: Data Pools, 

Exchanges and Repositories. 

After a rich identification of elements of consistency and variance in the way property rights 

(Contribution, Access, Extraction, Removal and Decision rights) are allocated across the 

analyzed cases, I identify some regularities across them: 1) Combining the way access rights 

are allocated and the mode through which decisions on extraction rights are taken, a typology 

of modes of governance of access and extraction emerges; 2) The way contribution rights and 

extraction rights configure across cases seem to suggest two prevalent models: Multiple 

Contributors - Internal Access & Single Contributor - External Access; 3) There is a suggestive 

U shaped relationship between the number of contributors and the probability of observing a 

polyarchic rather than a committee mode of decision for the allocation of extraction rights. 

The paper contributes to the existing literature by increasing knowledge about the internal 

governance of interorganizational initiatives that attempt to combine data. It also contributes to 

identify how challenges that may derive from the nature of data involved in the pool (sensitive, 

non rival, option value) are in fact solved by the observed initiatives. The appreciation of 

elements of variance across initiatives is also highly generative for new research. Both 

performance implications of varying governance solutions and the identification of explanatory 
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antecedents are further research avenues that the comparative appreciation of diversity in design 

allows. 

The paper is structured as follows. After a literature review in section 2, section 3 describes the 

method and the theoretical framework employed for the analysis and describes the case 

selection process. Section 4 identifies the elements of consistency and variance in the way 

property rights are allocated across the analyzed cases. Section 5 explores whether some 

configurations emerge and section 6 discusses how the analyzed initiatives address the core 

challenges that derive from the peculiar nature of data. Conclusions follow. 

2.2 LITERATURE REVIEW 

While the attention from scholars and practitioners has been mainly devoted to the analytical 

challenges and opportunities related to the use of data, more limited attention has been given to 

phenomena of data creation, sharing, integration and use, especially when these involve more 

than one organization or multiple individuals that do not belong to a single organization.  

Existing literature, especially in the field of management of information systems, that has 

focused on the interorganizational design of initiatives intended for the creation, sharing, 

integration and use of data has given limited attention to cases where data was the core object 

of transaction and the core good of interest (Adjerid et al., 2018), rather than simply being a 

complementary element to a primary transaction of a good (Elgarah et al., 2005) or being 

instrumental for coordination of action between multiple organizations (Markus & Bui, 2012). 

However, across different streams of literature there have been some attempts to capture how 

collaborative initiatives that have data as a core good are governed. While the majority of 

contributions are highly descriptive single case studies sparse especially across specialistic 
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health journals, other streams of research attempt to more systematically capture differences 

between cases. 

The recently published book “Governing Medical Knowledge Commons” (Strandburg, 

Frischmann, & Madison, 2017b) includes a rich set of cases in the health sector that involve the 

sharing/pooling of data between multiple actors employing an extension of the IAD framework 

proposed by Ostrom (2005). While it employs a coherent theoretical framework within which 

cases are analyzed by different authors contributing to the book, the core purpose of the 

contribution is, in the tradition of the commons literature, to show that self-organized commons 

are a valid alternative solution to markets and government intervention to solve the Hardin 

“tragedy of the commons”. Its extension in the governance of knowledge production is again 

intended to challenge the idea that an “optimal amount” of knowledge cannot be generated in 

absence of either: 1) “markets supported by intellectual property rights directed to exclusivity 

and ownership”; or 2) governments that “intervene in markets (or avoid markets) in various 

ways to sponsor and subsidize innovation” (Strandburg et al., 2017b, p. 13). While their 

contribution consistently shows that a self-organizing alternative is an alternative that is 

empirically frequent, it does not do much in terms of comparatively capturing how these 

initiatives are governed appreciating elements of consistency and variance through which this 

self-organization takes place. 

More comparative efforts are similarly highly fragmented across literatures. 

Comparative attempts intended to capture differences in the governance of initiatives that 

attempt to combine data across multiple organizations have been performed within the health 

informatics literature. Both Vest, Campion, & Kaushal (2013) and Everson (2017) attempt to 

identify a typology of different forms of health information exchanges. However, the 
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governance traits actually taken into account to capture variance in governance design have 

been extremely limited. In both cases, the most relevant governance trait explored is what is the 

entity that provides the convening role for the health information exchange. Following Vest et 

al. (2013) , Everson (2017) distinguishes exchanges as Vendor based (the convener is the 

vendor of the Electronic health record software), Enterprise based (the convener is large 

healthcare system), Community based (the convener is a neutral third party organization) and 

argues that different conveners in turn affect the type of members that are willing to take part 

or are accepted to participate in the HIE. However, except from these two governance traits, no 

other element has been explored, leaving especially unexplored the internal governance of this 

type of initiatives. 

Susha, Janssen, & Verhulst (2017a) explore instead public-private data collaboratives and 

advance a rich characterization of the variance of 10 data collaboratives across a multiplicity of 

sectors (Health, Environment, Education, Infrastructures). However, while they are extremely 

able and rich in capturing the impressive variance between the different collaboratives, they 

then fall short in identifying elements of consistency across initiatives. 

In this paper I attempt to enrich knowledge on the internal governance of interorganizational 

attempts to combine data by performing a comparative case study, which apart from capturing 

the rich variance of the observed initiatives, also explores elements of consistency and 

especially explores regularities on the way certain modes of allocation of property rights 

cooccur across them. 

2.3 METHOD AND THEORETICAL FRAMEWORK 

The method employed in the present paper is a comparative case study. Cases identified have 

been initially coded against the set of property and decision rights identified in Ostrom & Hess 

Tesi di dottorato "Essays in Data Governance: Evidence from the Health Sector"
di MINERVINI MARCO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2020
La tesi è tutelata dalla normativa sul diritto d'autore (Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



48 

 

(2007). Through the coding of initiatives, the initial set of property rights identified in Ostrom 

& Hess (2007) has been refined to better capture the specificity of data pooling initiatives. Each 

case analyzed has been then coded against the refined set of property rights. For each property 

right I have explored what are the elements of consistency and variance across the explored 

cases. Across elements of variance I also attempt to identify whether some configurations 

emerge in the way certain rights are allocated. 

Case Selection 

Being a knowledge and data intensive sector (Oderkirk & Ronchi, 2017), the health sector has 

repeatedly attempted with varying degrees of success to pool and link data between different 

actors and organizations in the system (Vest & Gamm, 2010). In addition, the health sector is 

characterized by the diffuse custom of reporting descriptive narratives of collaborative attempts 

to combine data in peer reviewed field journals. I relied on this peculiarity in order to identify 

the cases to be analyzed. I have searched for peer reviewed articles in multiple databases: 

Scopus, Web of Science, Ebsco and PubMed. The terms employed to search for the different 

cases were: regist* AND governance; data AND governance AND health; "data governance" 

AND health; "health information organization" OR "health information exchange"; data pool 

AND health; data consorti* AND health. All the papers that described a single case of an 

attempt to pool data in the health sector have been considered as a case to be analyzed. The 

result of the search gave 1240 papers of which 26 identified single case studies describing an 

initiative that attempts to combine data across multiple actors. Given that some of the paper 

covered the same case, the actual number of cases identified is 15. Most of the papers were not 

exhaustive in describing the governance of the data pool. As such, the information needed to 

code the cases have also derived from primary sources identified in the “data pool” website 

(Statute, Frequently Answered Questions, Internal Bylaws). 
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2.3.1 Refining Property Rights  

Property rights have been defined as “an enforceable authority to undertake particular actions 

in a specific domain. Property rights define actions that individuals may take in relation to other 

individuals regarding some “thing”. If one individual has right, someone else has a 

commensurate duty to observe that right.” (Hess & Ostrom, 2003, p. 124).  

In the present section, my goal is to rely on the identified cases to refine the definition of the 

property rights that are allocated in data pooling initiatives. 

The bundle of rights originally identified within the Institutional Analysis and Development 

(IAD) framework emerged for the analysis of natural resources (Schlager and Ostrom, 1992). 

As such the rights that have been initially envisioned are the following: 

1) Access: The right to enter a defined physical area and enjoy non subtractive benefits 

(e.g. canoeing in a lake or sitting in the sun)  

2) Extraction: The right to obtain resource units of product of a resource system (e.g. catch 

fishes or divert water) 

3) Management: The right to regulate internal use patterns and transform the resource by 

making improvements 

4) Exclusion: The right to determine who will have access rights and withdrawal rights 

and how those rights may be transferred 

5) Alienation: the right to sell or lease management and exclusion rights 

In their attempt to extend the bundle of rights to the setting of digital libraries, Ostrom and Hess 

(2007), envision a slightly different set of property rights: 

(1) Access: The right to enter a defined physical area and enjoy non- subtractive benefits 

(2) Contribution: The right to contribute to the content  

(3) Extraction: The right to obtain resource units or products of a resource system  

(4) Removal: The right to remove one’s artefact from the resource  

(5) Management/Participation: The right to regulate internal use patterns and transform the 

resource by making improvements  

(6) Exclusion:  The right to determine who will have access, contribution, extraction, and 

removal rights and how those rights may be transferred  

(7) Alienation: The right to sell or lease extraction, management/participation, and 

exclusion rights 
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When considering the governance of a digital library and in general of knowledge commons, 

Ostrom & Hess (Hess & Ostrom, 2003; E. Ostrom & Hess, 2007) add two rights to the set of 

rights that apply to natural resources: Contribution rights and Removal rights. In the first case, 

a core distinction between the natural resource settings previously explored and a digital library 

is that, as the good object of governance is primarily excludable, there is the need to contribute 

it in order to generate the pool. For instance, an academic article needs to be primarily 

contributed before being part of a digital library. The natural resources usually explored in the 

commons literature are instead already present in nature. Thus, contribution rights were not 

originally considered, while they become a relevant right in the governance of digital libraries.  

The inclusion of removal rights is instead due to non subtractability of the digital good object 

of governance. When the good object of governance is non subtractable, extraction and removal 

rights need to be distinguished. If the resource unit was subtractable, the simple act of using it 

would have removed it from the resource system. However, as digital resource units are non 

subtractable, their removal should be an intended act that is independent from its use. 

Through the analysis of the cases, the set of rights have been further refined to better fit to the 

specific setting of data pooling initiatives and to better appreciate differences in the way 

different initiatives are governed. Exclusion and Management rights have been conflated into a 

unique category of decision rights. Alienation rights have not been considered in this setting, 

as in no case explored there were provisions on the possibility to sell or lease decision rights 

(management and exclusion) or extraction rights. Other rights, which have been considered as 

unique in the Hess & Ostrom framework, have been instead “fragmented” following the 

fragmentation of rights that is observed in the analysed initiative. For instance, with respect to 

Access rights, simply looking at a unique right of access would have missed the substantial 

difference between which are the actors that have access exclusively to the patient records 
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(capta) that they collected and the ones that have access to the whole set of capta collected and 

contributed to the pool. 

Table 1 lists all the rights that have been taken into consideration in the coding of cases. 

Type of right Definition Object of the right 

Contribution The right to contribute to 

the content 

Contribution of patient 

records 

Access The right to enter a 

defined area 

Access to own collected 

database 

Access the whole 

database (pool) 

Extraction The right to obtain 

resource units or 

products of a resource 

system  

Extraction of patient 

records on a data subject 

Extraction of data 

derivatives (summary 

data derived from the 

pool) 

Recognition of 

authorship rights 

Exclusion and 

Management (Decision 

Rights) 

  

The right to determine 

who will have 

contribution, access and 

extraction rights 

Determine contribution 

rights 

Determine access rights 

Determine extraction 

rights 

Removal The right to remove 

one’s artefact from the 

resource 

Removal of patient 

records on an individual 

Removal of own 

collected database 

Table 1 - Set of property rights employed in the initial coding of cases 

2.3.2 Restricting Cases: Differences between Exchanges, Repositories and Pools 

Despite the apparent similarity between interorganizational initiatives that combine data, a 

fundamental difference emerges across three types of initiatives. After a first analysis of the 

identified cases, it became explicit that cases where not fully comparable among them as they 

were pursuing different purposes and, consequently, right allocation differed too markedly 

across them, as the stream of benefits come from different types of rights on the resource. The 

core differences identified across the three types of initiatives (Exchanges, Repositories, Pools) 

are resumed in Table 2. 
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Exchanges are mostly designed for sequential coordination purposes. As patients may receive 

care across different organizations, health information exchanges have the purpose of 

combining different information so that they could be available at the point of care. The core 

goal of exchanges is to grant to the caregiver access to the best amount of information on the 

individual patient she is taking care of. Four of the identified cases fall under this category 

(Health Records Bank Startup; Nehen Portal; EPACCS; Connect Virginia). 

Repositories are instead mostly designed for reuse purposes and to reduce search and 

transaction costs for upstream users. In the set of cases identified, WWARN is a representative 

case of a repository. Researchers that study malaria can contribute some databases from clinical 

trials they performed on malaria. Then, after the contribution of researchers’ data in the 

repository, other actors may be allowed (through different mechanisms of authorization) to 

reuse the capta contributed. In repositories, the contributor does not have to adapt its mode of 

collection with respect to other contributors. The possibility for the user to employ data coming 

from different contributors is due to “randomness” in compatibility or to ex-post 

homogenization efforts, when possible.  

Data pools have instead the purpose to jointly generate a data derivative. A data derivative is 

not a mere combination of data, but it is data that are generated from the processing of other 

data. For this reason, homogeneity of data to be analysed need to be also semantic other than 

technical. Cases like MSBase are initiatives where multiple clinical centers contribute data to 

then generate different types of statistics, in the forms of benchmark or in the forms of statistical 

analysis for research purposes. 
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 Exchange Repository Pool 

Purpose 
Availability of a single 
patient record at the 

point of care 

Data Reuse; Reduce 
transaction and 

search costs for users 

Generate one or 
more data 
derivatives 

Standardization needed Technical 
None (Compatibility 

is accidental, not 
designed ex ante) 

Technical and 
semantical 

Type of Interdependence Sequential Absent Pooled 

Right that generates stream 
of benefits 

Access to capta on a 
single patient 

Access on multiplicity 
of patient records 

and extraction rights 

Extraction rights 
and access to 

derivative 

Cases 

Health Records Bank 
Startup; Nehen Portal; 

Epaccs; Connect 
Virginia 

WWARN 

VCOR; South 
Minnesota 

Beacon CDR; 
PCCR; EMBT; 

BigMouth; QPR; 
Kadoore 
Biobank; 
MSBAse; 

PORTAL; UK 
Biobank 

Existing Literature on 
Governance 

Health Information 
Exchanges and 

Interorganizational 
Coordination Hub 

Data Collaboratives 
(Patent Pools?) 

Absent 

Table 2 - Types of interorganizational initiatives that combine data 

This distinction also allows to reframe existing comparative contributions that analysed the 

governance of effort to combine data across multiple actors. 

As obviously suggested by the name, the comparative efforts on Health Information Exchanges 

(Everson, 2017; Vest et al., 2013) capture the governance of Exchanges. De facto, given that 

the purpose is coordination of care, they are not much different from the already explored 

interorganizational coordination hubs (Markus & Bui, 2012). Instead, through a deeper 

exploration of the cases explored in their paper, the data collaboratives analysed by Susha et al. 

(2017b; 2017a), belong to the category of repositories. In none of the cases they explored there 

was interdependence and coordination in data generation. As the core purpose of repositories 
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is the reduction of search and transaction costs for upstream users, they resemble the purpose 

of Patent Pools. 

To my knowledge, data pools have instead received far less attention. Also for this reason, the 

following sections will focus on the 10 cases of data pools. 

2.4 ELEMENTS OF VARIANCE AND STABILITY IN PROPERTY RIGHTS 

ALLOCATION 

2.4.1 Contribution Rights 

 

A feature that is stable across all initiatives is that contribution rights are closed. In all the 

explored cases, it would be impossible to contribute patient records to the pool without an 

authorization. In all initiatives, contributors need to undergo an approval process in order to be 

able to contribute. Closure of contribution is intended to avoid pollution, i.e. to avoid improper 

contribution that might in turn affect the global quality of the pool and of the derived 

derivatives. Data pools may be subject to contamination derived from unintentional pollution, 

for instance through mistakes in collection by an unexperienced contributor, or from deliberate 

pollution (Mindel, Mathiassen, & Rai, 2018). 

A second element that is consistent across initiatives is that, when contribution does not come 

directly from the data subject (i.e. the patient), the possibility to contribute is conditional on 

informed consent by the data subject. All data pools explored are pools that contain health data, 
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a type of highly sensitive data. As sensitivity encompasses inalienability (Koutroumpis et al., 

2018), i.e. the consequence of use of patients records are still borne by the data subject, consent 

on contribution from the data subject becomes fundamental and ethical and it is also usually 

required by law. 

Strong variety is instead observed with respect to which and how many actors enjoy 

contribution rights. 

The type of actor that is entitled to contribute the pool differs markedly across different 

initiatives. Right to contribute patient records is granted to: 

-  The data subject herself, as in the case of SAPCON (myapnea.org). In this initiative, 

patients affected by sleep apnea directly answer to an online survey, built ex ante by a 

group of researchers. 

- A team of ad hoc data collectors that are under an employment relation with a single 

organization that generates the pool. For instance, both the Kadoore Biobank and UK 

Biobank employ “survey teams” that perform contribution toward the Biobank, by 

performing ad hoc visits and taking biological samples from patients. 

- A group of organizations that collect data during the care process. Within this group 

there is a more subtle distinction between “Principal Investigator-Centered” initiatives 

and “Organization-Centered” ones. In the former type, authorization to contribute is 

given to an individual, the principal investigator, who then asks his own organization 

the authorization to contribute (as in MSBase Registry). In the latter, the authorization 

to contribute is granted to the organization legal person and then delegated to a 

representative individual (like in Big Mouth).  
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In other cases contribution rights are more hybridlike distributed. For instance, in the Quebec 

Pain Registry contribution is instead combined between patients and hospital nurses delegated 

by each participating hospital. 

Number of contributing organizations also markedly varies. When contribution comes from 

different organizations, across the identified cases, the number of contributing organizations 

range from 5 (in the Quebec Pain Registry) to the more than 500 in the EBMT registry. 

2.4.2 Access Rights 

 

Allocation of access rights show both elements of stability and variance. 

Across all initiatives, each contributor has access to its own set of contributed patient record. 

However, a markedly different scenario emerges with respect to access rights to the whole pool. 

Across all cases that have multiple contributing organizations, none of them is entitled with the 

right of having access to the full pool. In some initiatives, like the iCare2 PCCR and the 

PORTAL network, access to the whole pool is never granted to any actor (federated model). In 

the other cases, only a “data steward” is entitled to access the whole pool. If the pooling 

initiative has an internal staff, the role of data steward is granted to members of the internal 

staff, as in the case of EBMT and the Quebec Pain Registry. Otherwise, in absence of internal 
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employees, access is instead granted to an external organization which has the only exclusive 

role of being a data steward, as in the case of the South Minnesota Beacon Community Clinical 

Data Repository. They decided to rely on the Regenstrief Institute, which is the only actor who 

has the right to access the whole pool and perform analysis on it. 

For all actors that are not the designated data steward, the possibility to access to the pool is 

contingent on an approval process and usually linked to extraction rights, i.e. to the possibility 

to perform an analysis on the pool. Further, even after approval, the full access to the pool is 

rarely granted, i.e. the approval process also encompasses the determination of which 

subsection of the pool can be accessed by the authorized actor. 

2.4.3 The Inverted Relationship between Access vs Extraction Rights 

In data pooling initiatives, access and extraction rights are not necessarily jointly assigned. 

Further, while in the governance of natural resources the number of actors that enjoy access 

rights is usually greater than the number of actors who are granted extraction rights, due to 

differences in the nature of the governed resource, in data pooling initiatives this relationship 

is inverted.  

In the governance of natural resources access rights are defined as the non-subtractive use of 

the resource system. For instance, in the governance of a lake, a group of tourists simply 

accessing a lake without fishing, are considered actors that enjoy access rights to the resource 

system (the lake) but are not endowed with extraction rights on the resource units contained 

and derived from it (the fishes). However, the lake example (and several other natural resources) 

has two core differences with respect to the data pools I am exploring in this paper. First, both 

the lake and the fishes do not have any trait of sensitivity. Second, fishes (the resource units) 

are rival goods. Use by one actor prevent any other actor from both fishing it and especially 
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eating it or gaining money through the sale of it. As such, when a natural resource is object of 

governance, the allocation of access rights is broader than extraction rights, i.e. the number of 

actors that enjoy access rights tend to be broader than the number of actors that enjoy extraction 

rights. In data pool, sensitivity and non-rivalry of the resource object of governance may invert 

this relationship. Mere access to the pool may violate privacy of data subject. As such, access 

rights to the pool tend to be minimized, i.e. restricted to the minimum set of actors. However, 

due to non-rivalry of digital patient records and of data derivatives, extraction rights may be 

instead more broadly assigned and especially access to derivatives can be granted to a broader 

number of actors than the ones that are granted access to the pool.  

2.4.4  Extraction Rights 

 

Extraction rights are considered as the right to generate data derivatives from the pool. 

Except for some cases where some extraction rights are allocated in advance to the actors in 

charge to perform some predetermined analyses on the pool, the possibility to extract a 

derivative tends to be allocated ad hoc in all cases observed. The possibility to extract a 

derivative from the pool is decided through alternative decision-making mechanisms, either 

through committee or polyarchy (a distinction that will be explored in the next subsection on 

decision rights). 

Pooling initiatives differ with respect to whether extraction rights are linked to access rights. In 

the majority of the cases explored, extraction rights are linked to (partial) access rights. The 
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actor who is granted extraction rights is also granted access rights to the section of the pool 

needed to perform the authorized analysis. Instead, other cases separate access and extraction 

rights. Two different solutions seem to emerge, an organizational and a technical one: either 

through delegation of analysis to a data steward (as in VCOR) or through the development of 

technical means that disentangle access and extraction rights (as in PORTAL). In the VCOR 

case, access to the pool, i.e. to patient level micro-data is never granted, even when extraction 

rights are granted to a registry participant. The actor endowed with the right of extraction is 

either granted access to already aggregated data (which already configure as data derivatives) 

or is allowed to determine which analysis shall be performed by the internal staff of VCOR. A 

technological solution can be instead found in PORTAL. POPMEDNET, the technology that is 

employed in the PORTAL network and that is employed across all the pooling initiatives under 

the broader PCORI initiative, allows actors to simply send the code for the analysis to each 

member/contributor of interest for the analysis. The analysis is then separately performed on 

the set of capta of each contributor and then integrated into a unique analytical result. In this 

case the possibility to extract a derivative becomes independent from access, through a 

technological mean. An intermediate solution can be found in the iCare2 PCCR initiative. In 

PCCR, the access committee determines whether extraction rights are linked to access rights or 

extraction is performed by internal staff. 

Initiatives also differ with respect to the allocation of access and extraction rights to non-

contributors.  

In cases like MSBase and in the EMBT registry, partial access and the possibility to extract 

derivatives from the pool is exclusively granted to contributors. Having contributed patient 

records to the pool is a necessary condition for enjoying access and extraction rights. 

Exclusivity can be interpreted as an incentive mechanism through which contribution is 
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incentivized in contexts where there are no alternative mechanisms (for lack of resources or for 

complexity in structuring alternative types of incentive mechanism, like prices) and collection 

is fragmented. 

Extraction rights to external actors is instead granted by both biobanks and by the Quebec Pain 

Registry. The possibility to get extraction rights from the UK Biobank is open to any bonafide 

researcher (against a service fee). As the UK Biobank does not have any internal researcher, 

opening up access to external researchers is the only mechanism through which it can ensure 

the use of the pool and to partially ensure the sustainability of its activities4. 

The other initiatives that grant extraction rights to non-contributors, while granting access and 

extraction rights to both contributors and non-contributors, discriminate between the two 

categories. The Quebec Pain Registry has lower application and access fees for contributors 

rather than for noncontributors5. For the Kadoore Biobank, instead, time discrimination applies. 

The Kadoore Biobank, being born as a research project, has internal researchers. Thus, internal 

researchers of the Kadoore Biobank have exclusive access to the pool for a period of time, and 

only afterward they are open to external actors, but only through collaboration. 

2.4.5 Decision Rights on Extraction and Access 

 

 
4 Except from access fees, the UK Biobank has been substantially funded for a total of 244 million £ mostly by 

the Medical Research Council, the Wellcome Trust, The UK Department of Health. 
5 The Quebec Pain Registry also applies a discrimination between Academic and Industry non-contributors. 
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Decision rights on access and extraction also show elements of stability and variance across the 

analysed cases. 

Primarily, it is interesting to note that determination of access and extraction rights is never 

centralized in a unique individual, even in the cases where collection takes place within a unique 

organization. Across all the explored cases, determination of access and extraction rights 

always take place through collective decision making. 

Cases explored show two different modes of collective decision making in granting access and 

extraction rights to the pool: by committee or by polyarchy (Sah & Stiglitz, 1998). 

 By committee means that whoever wants to access the pool (or part of it except from own 

contribution) needs to get the approval of a committee which determines whether and how to 

grant access and extraction rights to the requestor. 

In a polyarchic solution, the decision to grant access and extraction rights is not delegated 

through a committee but is left to each collector, which directly determines whether to grant 

access to each requestor. 

2.4.6 Removal Rights 

The way removal rights are allocated across actors is instead more homogenous across cases. 

Two types of removal rights are allocated to the different actors. Data subject enjoys removal 

rights with respect to all the capta referring to her, while data contributor enjoys removal rights 

on all the capta the data contributor contributed to the pool. 

Data subjects enjoy removal rights with no penalty across all cases. The possibility for a data 

subject to enjoy removal rights may be explained by the fact that data subjects need protection 

against data option value. Even though a data subject gave initial consent to the contribution of 
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capta on her to the pool, the possibility to remove it from the pool afterward is a form of 

protection of the data subject in case new undesired potential uses of the pool emerge. In 

absence of removal rights, a data subject may be less willing to give consent to contribution in 

the first place. The same principle applies for data contributors. Contributing organizations are 

always allowed to remove the patient records they contributed. 

2.4.7 Modes of Governance for Access and Extraction 

 

An interesting combination emerges with respect to how access rights are initially allocated and 

how decisions on granting access and extraction rights are taken. 

As mentioned above, access rights may be centralized (meaning that there is at least an actor 

that has full access rights to the pool) or federated (meaning that no actor has full access to the 

pool). In the federated case the pool can be considered as “potential”. Every actor involved in 

a federated pool has homogeneously collected patient records so that they can be easily 

combined, but they are technically not located in the same place or joined. Decisions to grant 

access and extraction rights are instead either taken by committee or by polyarchy. 

Combining the two dimensions, different modes of governance emerge. 
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2.4.7.1 Centralized and Polyarchic: Facilitating Pools and Sub-Study Pools 

Under the combination of centralized access and polyarchic decision rights on access, two 

different forms are identified: facilitating pools and sub-study based pools. 

2.4.7.1.1 Facilitating Pools (Centralized, Polyarchic) 

In facilitating pools data are centralized to serve the core purpose of facilitating a first 

evaluation of feasibility of certain analyses and to perform extremely simple count or statistical 

summaries on the pool. The pooled data are centralized and used exclusively to evaluate the 

feasibility of certain studies. Once feasibility is established, access and extraction rights are 

then negotiated across all the members. This solution can be defined as a facilitating pool. The 

purpose is to reduce the cost of evaluating the basic feasibility of an analysis. 

An example of a facilitating pool is Big Mouth. In Big Mouth, the data pool contains all the 

capta captured by all the 8 participating institutions on their dental patients. However, the pool 

is employed to estimate the feasibility (especially in terms of numerosity of cases) of future 

studies and to perform basic predetermined analysis. The tool to perform counts and analysis is 

available to every contributing organization. However, if a contributing organization wants to 

perform a more complex analysis on the capta contained in the pool, it needs to negotiate access 

with each of the other contributors, including the terms of sharing and the potential ways 

through which sharing is recognized (for instance by establishing modes of authorship 

allocation). 

2.4.7.1.2 Sub-Study Based Pools (Centralized, Polyarchic) 

In sub-study pools data are centralized to ensure the performance of a set of core analyses 

performed by the internal staff of the organization to which the data are contributed. Except 

from the core analysis, each actor who contributed capta is allowed to propose a certain use to 
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all the other contributors, which, for each proposal, determine whether to grant access and 

extraction rights to the proposer. 

An example of a sub-study based pool is MSBase. In MSBase, all collecting contributors 

contribute patient records to the centralized pool, which is employed to perform the “core 

analyses” (mostly a main research publication and a set of reports for Pharmaceutical 

companies) which are performed by the internal staff of MSBase under the guidance of the 

Scientific Leadership Group. However, each contributor is allowed to propose a sub-study to 

other selected contributors, which in turn can decide to join the sub-study or not. The actor that 

proposed the sub-study is allowed to access and extract a derivative only from patient records 

collected by the ones that accepted to join the sub-study. 

2.4.7.2 Query Based Pools (Federated, Polyarchic) 

In query-based pools the whole capta pool is never centralized under the control of any single 

actor. In this respect the pool is simply an abstract concept. It is a “potential” pool since 

collectors have decided to homogeneously capture capta. Each contributing actor can send a 

query (i.e. a code that runs on all the other contributor datasets), to other contributors, which 

are free to accept or reject that the query is performed on their own capta. 

An empirical example of this solution is the PORTAL (Patient Outcomes Research To Advance 

Learning) initiative, a clinical research network under PCORnet, a network or research network 

sponsored by the PCORI (Patient-Centered Outcomes Research Institute). All initiatives within 

PCORnet rely on the POPMEDNET technology, which embodies the mechanisms mentioned 

above. After a steering committee approval, each contributor to the PORTAL initiatives can 

send to the other contributors its query of interest and each member is free to accept or decline 

that the query is performed on its own data. 
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2.4.7.3 Committee Application Pools (Centralized, Committee Based) 

The broadest set of cases fall instead in the category where access rights are centralized to at 

least one unique actor and determination of access and extraction rights on a subset of the pool 

for the others is determined by a Committee. In these cases, the committee is delegated to 

determine who can extract derivatives from the pool after evaluating the quality and 

appropriateness of the proposed use. 

Several analysed initiatives correspond to this category: the VCOR, the SE Minnesota Beacon 

CDR and the two analysed Biobanks. Interestingly, the Kadoore Biobank has two access 

committees. One access committee is composed by internal members of the Kadoore Biobank. 

The second access committee, composed by external experts, is instead involved in deciding to 

grant extraction rights only in the case the first committee refuses it for an unjustified reason. 

2.5 DO CONFIGURATIONS EMERGE? 

When analysing the allocation of rights jointly and not individually, two types of consistencies 

in organizational design seem to emerge: 

1) There are two modes through which contribution rights and extraction rights are 

combined: 

a. Multiple Contributors - Internal Access (MC-IA) 

b. Single Contributors - External Access (SC-EA). 

2) In Multiple Contributors initiatives there is a U-shaped relationship between the 

numbers of contributors and the probability to observe a polyarchic mode of decision 

making to allocate extraction rights. 
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2.5.1 Configurations of Contribution and Extraction Rights 

For what concerns the relationship between the diffusion of contribution rights and the diffusion 

of extraction rights, in cases where contributors are a multiplicity of organizations, the 

possibility to extract a derivative is rarely granted to external actors 6 . Contrarily, when 

collection is performed within a single organization (by surveyor under an employment contract 

with the collecting organization), the possibility to extract a derivative is also granted to external 

actors (usually against the payment of a (two tier) fee7). 

Two complementary explanations apply to the emergence of these types of configurations. On 

the one side, in MC-IA initiatives, leaving the exclusive possibility to extract derivatives to 

contributors acts as an incentive mechanism in compensation of the costs of data collection and 

contribution that contributors have suffered. On the other side, a multiplicity of contributors 

that are also users ensure enough variety of knowledge allowing the realization of data option 

value.  

Instead, for SC-EA initiatives, which have performed collection through employment contracts, 

exclusivity may not be sufficient or needed for incentive purposes and granting access to 

external actors against a fee may also help covering the initial costs of collection and 

maintenance costs. In addition, SC-EA might not be “endowed” with a sufficient internal user 

base. Thus, they might need to rely on a broader external user base, and on a consequent broader 

knowledge base, in order to maximize data option value 8  (Mayer-Schönberger & Cukier, 

2013b). The UK Biobank is emblematic of the latter mechanism. Not having internal 

researchers, it needs external users to realize data value. The Kadoore Biobank has instead 

 
6 The only exception is the Quebec Pain Registry, which is unusual due its very limited number of contributing 

organizations. 
7 Fees are usually established as follows, a fixed application fee and a cost recovery fee. 
8 It should also be noted that the interest on maximization of option value may come from funding actors, as in the 

case of Kadoore Biobank, where openness after a certain embargo period is required by the funders. 
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internal researchers. However, variety of knowledge may be non-sufficient. In fact, after an 

exclusivity period where internal researchers have exclusive extraction rights, as knowledge 

variety may result insufficient, the Kadoore Biobank also opens up to external actors. However, 

internal researchers still keep parts of the stream of academic benefits when opening access, by 

granting access to external actors only contingent on having an academic collaboration.  

2.5.2 Relationship between Number of Contributors and Modes of Decision Making 

Within initiatives with multiple contributors, another interesting relation refers to the number 

of contributors involved and the mode through which extraction rights are granted. Polyarchic 

mode seems to be employed both to initiatives with a small set of contributors and to the ones 

with a large number of contributors. However, representative mechanisms like data access 

committees are employed in midsize initiatives. To explain this combination, it is important to 

capture what is the rationale that may guide the use of a data access committee or a polyarchic 

solution. 

The core purpose of imposing these modes of decision making is to guarantee to contributing 

actors that contributed patient records will not be used for undesired purposes. Thus, a core 

trade-off that emerges is to find a mechanism that combines efficiency with the ability to control 

secondary uses by each actor. 

In the case of very small initiatives setting up a representative body may be inefficient. It is 

more efficient for an actor to negotiate ad hoc with every other contributor that is part of the 

pool. Thus, in very small-scale initiatives there is no value in simplifying the process of granting 

extraction rights through a committee. 

In midsize initiatives, the mechanism mentioned above would be too demanding for the 

requestor. As such, it becomes more reasonable to concentrate the decision process within a 

unique body, which is usually designed to include a representative for each contributor. 
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In large scale initiatives, instead, a representative committee runs the risk of not being 

representative enough, so that a contributor may comfortably rely on its decisions to ensure that 

no secondary undesired use is made. In other words, either the decision-making body becomes 

too large to the point of becoming ineffective or alternative modes are employed to ensure that 

actors are not concerned about secondary use. Both MSBase and the EBMT registry employ in 

fact a two layered mechanism. A data access committee makes the first discrimination on who 

can enjoy extraction rights but then each contributor is allowed to confirm or reject the 

authorization on the set of patient records that it has collected and contributed. This mechanism 

also avoids the problem of reaching consensus at aggregate level. Even if the majority of 

contributors is not in favour of combining data, it is still possible to generate a smaller pool. 

To sum up, the design of modes of allocation of decision rights in data pooling initiatives tries 

to balance the interests of the users and of the contributors. Employing a data access committee 

facilitates the process of requesting extraction rights for the requesting user, having a unique 

point of access. However, after a certain size in terms of number of contributors, full delegation 

of decision rights to a centralized committee may instead become problematic for contributors 

as the access committee may be not representative enough of their interests. Under this 

condition, a polyarchic mode of deciding to grant extraction rights may be more attractive for 

contributors and thus more conducive to ensure and sustain wide contribution. 

2.6 DISCUSSION: GOVERNING CORE DATA GOVERNANCE CHALLENGES 

Digital data in health can be characterised as non-rival, sensitive and full of option value. 

The copresence of these features creates two fundamental governance challenges. On the one 

side, governance design needs to balance the potential value that may be generated by data 

option value, which is usually enhanced by extending users, with the risk of violation of 
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sensitive data and their undesirable secondary use, which may markedly endanger the 

sustainability of these initiatives. On the other side, as the copresence of sensitivity, non-rivalry 

and option value may limit the set of available solutions for incentivizing contribution, 

collaborative initiatives need to identify ways to solve this governance challenge. 

Building on the analysis performed in the previous sections, in this section I try to identify 

which solutions are implemented by the observed data pooling initiatives to address the 

aforementioned challenges. 

2.6.1 Governing Trade-off in Access 

How data pooling initiatives govern the trade-off in access generated by the copresence of 

digital data option value, non-rivalry and sensitivity? Across all cases, access is always 

mediated through an approval process. The possibility to access and to extract a derivative from 

the pool is never unconditionally open. Further, the allocation access rights to the whole pool 

is “minimised”. As shown in the previous section, access rights to the pool are either not granted 

at all or granted to a "data steward" which is independent from the contributors. The role of 

data steward is usually granted either to the internal staff, if the pool has some, or to an external 

provider which has the exclusive role of being a data steward. 

Instead, when access is granted to users different from the data steward, it is only granted to a 

subset of the pool and all initiatives require that, before being granted the right of access and 

extraction, the user needs to explicitly state the intended use. While this solution does not 

prevent secondary uses, as use may be not fully observable, the explicit statement of intended 

use at least facilitates monitoring, as any alternative use may be considered as a violation. 

Absence of it would make monitoring far more complex. 
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It seems evident that these solutions are strongly directed to ensure data protection due to 

sensitivity, at the potential detriment of the generation of option value. A core problem observed 

in data and information intensive initiatives is a problem that reminds the Arrow Information 

Paradox (Arrow, 1962). In order to evaluate the quality of data and to establish potential uses, 

the user might need to access the data, thus generating a potential violation that may not be 

balanced by actual use. In some cases, a potential solution that can be helpful for users is the 

development of metadata to describe content. However, metadata may be sometimes 

incomplete and producing them may be an expensive task to be performed by the pooling 

initiative. In this respect, the correspondence between contributors and users may eliminate the 

arrow information paradox. Having contributed data, potential users already know the “quality” 

of the good contributed. 

2.6.2 Incentive Mechanisms 

How do these initiatives incentivize contribution from different actors, given that market 

exchange solutions relying on monetary incentives are extremely complex to be implemented? 

First, the cases confirm that the market solution seems to be non-available. None of the cases 

explored has a mechanism where data were contributed against a payment. Except from the two 

Biobanks, which instead relied on employment relation to collect capta, all other initiatives 

relied on non monetary instruments to incentivize contribution.  

Multiple mechanisms to incentivize contribution have been observed.  

Primarily, in several initiatives, contribution is the only way through which it is possible to 

extract a derivative from the pool. Contribution is a necessary condition for being entitled with 

extraction rights. 
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In addition, not only the possibility to extract a derivative but also access to the derivative may 

be restricted exclusively to contributors. In VCOR, which is a clinical quality registry, 

benchmarking measures are the type of derivative to which only contributors may have access. 

Further, and more subtly, in several cases it is possible to compare own performances with a 

benchmark value only through the homogeneous and complete collection of capta. In this case, 

the individual incentives for collecting capta in a complete way are also aligned with the 

collective interest of complete contribution by each contributing actor.9 

In some other cases, granting the mere ability to extract a derivative conditional on contribution 

may be not sufficient. On the one side, because it may still leave space for shirking: contributing 

actors may just contribute the bare minimum in order to then being able to extract a derivative. 

On the other side, because the derived benefit may be too small compared to the collection 

effort. As such, different types of graduated mechanisms are employed to discriminate across 

levels of contribution. 

When the pool is intended for research purposes, authorship on the derived paper is a 

mechanism that is used as a tool for discrimination. To discriminate across degrees of 

contribution, two mechanisms were identified in the cases: a minimum quantity or a rank 

ordered mechanism. In the first case, exemplified by the EBMT registry, the user that requests 

extraction rights should state in advance the minimum quantity of patients that are needed to be 

included as author in the derived publication. In this case there is a baseline criterion suggested 

by the pool.10 Authorship order is then established in terms of "intensity of contribution”11. 

 
9 This need for full completeness may also be a form of disincentive as continuity of contribution may be costly to 

maintain. 
10 A similar criterion is required to be specified for the inclusion in the paper acknowledgments. 
11 With the exception of specific authorship positions which are usually granted to the subject who is given 

extraction rights. 
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Alternatively, the number of authors is fixed and authorship slots are allocated through a rank 

ordered mechanism, i.e. the one who contributed the most are included as authors in the derived 

paper. 

While both mechanisms appear as a valuable option for incentivizing contributors in 

substitution for monetary incentives, they may have different implications on which actors may 

self-select in these initiatives, with potential important implications on data representatives and 

pool sustainability. 

To conclude, how do pooling initiatives address the incentive problem and ensure sufficient 

contribution? 

In pools with benchmarking purposes, there seems to be natural alignment of incentives for the 

ones that decide to contribute. In order to benefit from comparison of own data with a 

benchmark measure, the contributor needs to be as complete as possible in capta collection. 

In pools with research purposes, inclusion as author in a derived paper and authorship order is 

the incentive mechanism employed by several initiatives to ensure intensity of contribution. 

2.7 CONCLUSIONS AND LIMITATIONS 

The present paper contributes primarily to fill the knowledge gap about how attempts to pool 

data between multiple actors and organizations are structured and managed. This comparative 

effort enriches a very scant literature on the internal governance of data pooling initiatives and 

more broadly contributes to the literature of the governance of interorganizational information 

systems. 
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In order to capture how data pooling initiatives are governed and to capture elements of variance 

and consistency, I conceptualize their governance design as a configuration of property rights 

à la Ostrom.  

This framework allows to richly capture elements of consistency and variance in the allocation 

and management of each of the property rights identified (Contribution, Access, Extraction, 

Removal and Decision rights). Contribution to data pools is always closed and the right to 

contribute is conditional on approval both from the data subject and from the pool itself. 

However, variance is instead observed in the number and type of contributors. In some cases, 

collection takes place within a single organization through surveyor under employment relation, 

while in other cases the contributors are instead multiple organizations or even directly multiple 

data subjects. With respect to access rights, the sensitivity of health data leads to a strong 

minimization of the allocation of access rights to the whole contributed pool. In a case, 

technological means allow to preclude full access to any actor. In the other cases, access rights 

to the whole pool are concentrated within a data steward: either an internal member of the pool, 

if it has any, or an external provider with the only function of data stewardship. Granting of 

extraction rights is usually mediated through an approval process, but cases differ on whether 

these grant extraction rights only contingent to contribution or extraction rights may also be 

granted to non-contributing external actors. The way removal rights are allocated is instead 

constant, both data subject and contributor can remove their contributed capta. With respect to 

decision rights on access and extraction, decision rights are always granted collectively, i.e. the 

decision to grant access and extraction rights is never left to a single individual. However, 
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variance is observed with respect to whether collective decision making is taken through a 

committee mode or a polyarchic one.12 

Relying on this classification, I have identified a set of interesting combinations of property 

right allocations and regularities across the analyzed cases. The combination of allocation of 

access rights and modes of allocation of access and extraction rights allow to identify different 

modes of governance of pooling initiatives (Facilitating Pools, Sub-Study Pools, Query Based 

Pools, and Committee Application Pools). Further, interesting regularities seem to emerge with 

respect to how contribution and extraction rights are configured. Across the cases analyzed, two 

types of combinations seem to prevail: single contributor-external access and multiple 

contributor-internal access. Other combinations, especially the cooccurrence of the presence of 

multiple contributors and granting extraction rights to external access, seem less plausible, due 

to incentive reasons, as exclusivity in use is the most common incentive mechanism employed 

in multiple contributor pooling initiatives. 

Another relationship seems to emerge with respect to the number of contributors and the mode 

through which allocation of extraction rights takes place. Especially when the number of 

contributors is particularly large, data pooling initiatives seem to rely on polyarchic modes of 

decision for the allocation of extraction rights, either in addition to or in substitution of a 

committee mode of decision. Reliance on a polyarchic solution is intended to reduce the agency 

problem that may emerge in centralizing decision only to a “representative” committee. 

Also due to its prevalent descriptive purpose, the present paper is more generative than 

conclusive. 

 
12 Table 4 in appendix resumes these findings. 
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Primarily, the identified speculative regularities need to be further explored and consolidated 

relying on a broader sample size. 

Then, the variance in governance traits that the employed framework allowed to identify, opens 

up to several questions with respect to performance implications of the different solutions. Are 

the identified solutions equifinal or do they generate different result in terms of performances 

(research production, accuracy of estimation, availability of derivatives at the point of care); 

sustainability (ability to generate the pool constantly and to be attractive to contributors); and, 

given the statistical nature of the endeavor, in term of representativity? Several questions follow 

from knowing what the elements of variance in the internal governance of data pooling 

initiatives are. Does granting contribution rights to data subjects instead of clinicians or ad hoc 

surveyors influence performance, sustainability and representativity of data pooling initiatives? 

Are these effects contingent on data features? Do decisions by polyarchy or by committee affect 

actors’ willingness to participate in the pool? What are the actors that prefer polyarchic methods 

of decision rather than committees? And especially, how do these differences in preferences 

affect the representativity and quality of the pool? 
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2.9 APPENDIX 

Table 3 - Cases Explored (Data Pools are in bold) 

Name Correspondin

g Paper 

Website 

Victorian Cardiac 

Outcome Registry (VCOR) 

(Stub et al., 

2018) 

https://vcor.org.au/ 

South Minnesota Beacon 

Community Clinical Data 

Repository 

(Chute, Hart, 

Alexander, & 

Jensen, 2014) 

https://semnbeacon.wordpress.com/ 

Pancreatic Cancer Care 

Registry (then iCare2) 

(PCCR) 

(Sherman et 

al., 2011) 

http://pccrproject.org/ 

European Bone Marrow 

Transplant Patient 

Registry (EBMT) 

(Arat, Arpaci, 

Ertem, & 

Gürman, 2008; 

Iacobelli, 

2013) 

https://www.ebmt.org/ebmt-patient-

registry 

BigMouth (Walji et al., 

2014) 

https://bigmouth.uth.edu/ 

Quebec Pain Registry 

(QPR) 

(Choinière et 

al., 2017) 

https://quebecpainregistry.com/ 

Kadoore Biobank (Chen, 2013) https://www.ckbiobank.org/site/ 

MSBase 

NeuroImmunology 

Registry 

(Butzkueven et 

al., 2006) 

https://www.msbase.org/ 
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Partners Patient Outcomes 

Research To Advance 

Learning Network 

(PORTAL) 

(McGlynn et 

al., 2014; 

Paolino et al., 

2016) 

https://www.pcori.org/research-

results/2013/kaiser-permanente-strategic-

partners-patient-outcomes-research-

advance 

UK Biobank (Sudlow et al., 

2015) 

https://www.ukbiobank.ac.uk/ 

Sleep Apnea Patient-

Centered Outcomes 

Network (SAPCON) 

(Redline et al., 

2016) 

https://myapnea.org/ 

Health Records Bank Startup (Yasnoff & 

Shortliffe, 

2014) 

http://www.healthbanking.org/ 

New England Healthcare 

Exchange Network 

(NEHEN) 

(Densen, 

Fielding, 

Getson, & 

Stone, 1980; 

Stone, Bailit, 

Greenberg, & 

Janes, 1998) 

http://nehenportal.com/ 

Coordinate my care (Epaccs) (Petrova, 

Riley, Abel, & 

Barclay, 2018) 

https://www.coordinatemycare.co.uk 

WWARN (Pisani & 

Botchway, 

2017) 

https://www.wwarn.org/ 

Connectvirginia (Feldman, 

Schooley, & 

Bhavsar, 2014) 

https://connectvirginia.org/connectvirgini

a-hie-inc-created/ 
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Table 4 - Variance and Consistency in Property Rights Allocation 
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Figure 3 - Case Identification Process 
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3 MICROFOUNDING THE DATA POOLING PROBLEM: A 

CLUB THEORETICAL PERSPECTIVE 

 

In 2011, a McKinsey report created immense enthusiasm about the potential of Big Data 

(McKinsey Global Institute, 2011). However, years later the declared potential has only been 

partially and unevenly unleashed (McKinsey Global Institute, 2016). While analytic 

technologies have dramatically advanced (Agrawal et al., 2018), the availability of adequate 

complementary goods (i.e. sizeable good quality data) has been highly heterogenous across 

settings, with spots of abundance, scarcity or absence (Borgman, 2015). Mattioli (2017) defines 

it as the “Data Pooling Problem”, arguing that in settings where data are scattered between 

multiple organizations, innovation may be significantly hindered by the lack of cooperation in 

pooling industrial, commercial, and scientific data. Further, many initiatives that attempt to 

combine data across multiple organizations show consistent struggles in ensuring their 

sustainability  (Gliklich et al., 2014; Koutroumpis, Leiponen, & Thomas, 2017a; Zaletel & 

Kralj, 2015) and there is a very limited understanding of how best to combine data from 

multiple sources and what are the appropriate governance policies, structures and procedures 

(Bates et al., 2018; Holmes et al., 2014; Jarvenpaa & Markus, 2018). 

This absence of understanding is both related to the relative newness of the phenomenon as 

well as to an undertheorization of the problem.  

Most of the existing studies on the organizational design of Interorganizational Information 

Systems (IOIS) have focused on initiatives that were supportive of another core 

interorganizational transaction instead of data being the key object of transaction and a “data 
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product” the key source of benefits. The electronic data interchanges (Elgarah et al., 2005) and 

interorganizational coordination hubs (Markus & Bui, 2012) that have been explored in the 

IOIS literature were mostly intended to support and favour the exchange of a good or service 

or to support a business process between two or more organizations.  

Interorganizational initiatives where data is the key object of transaction, on the other hand, 

have been analysed only in a limited manner. In the latter setting, the rewards of the 

organizations involved mostly depend on the benefits generated through the processing of the 

pooled data, and not on the results of a collateral core business transaction or on the reduction 

of coordination problems and costs. Very little is known about how this difference impacts 

incentives and challenges in this type of data intensive collaborations. Therefore, when a “data 

product” is the key source of benefits for the members of an interorganizational initiative, we 

have very little knowledge on how to design the appropriate interorganizational governance 

structures and manage them. 

The few existing studies that have explored the design of interorganizational initiatives with 

data as the core object of transaction are still mostly descriptive in nature (e.g. Mattioli 2017; 

Susha, Janssen, and Verhulst 2017) and lack in a microfounded theoretical perspective, 

especially when referring to the key object of governance, i.e. data (Jarvenpaa & Markus, 2018). 

Further, the rare studies that have attempted to develop a theoretical argument, are mostly 

focused on settings where data were created within a single organization and are ex post 

dyadically shared externally (Susha et al., 2017b; van den Broek & van Veenstra, 2015), 

overlooking the more substantive challenge of a joint and sustainable contribution. 

The present paper attempts to fill these gaps by theoretically microfounding the data pooling 

problem, combining club theory and  institutional economics perspectives (Buchanan, 1965; E. 
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Ostrom, 1990; E. Ostrom & Hess, 2007) with a more refined microfoundation of the resource 

that is the object of governance, i.e. data, building on the literature on the philosophy of 

information and information studies (Floridi, 2010; Kitchin, 2014). 

Alongside mere conceptual clarity, microfounding data and capturing its idiosyncrasies allows 

us to better clarify the structure of costs and benefits that actors face through the data production 

and processing chain. 

These identified idiosyncrasies are then included in a club theoretical model that holistically 

captures how these costs and benefits interact between themselves. The model allows us to 

disentangle the different contingent conditions under which collaborative initiatives may not 

emerge or may struggle to be sustainable, due to: mere lack of incentives in generating the data; 

the presence of incentives that push toward the independent generation and processing of the 

same data; the presence of a stag hunt problem where, while collaboration may lead to a superior 

outcome, risks of coordination failure may lead to independently generate a suboptimal “data 

product”; and, finally, an excessive number of members in the collaborative that may both dilute 

benefits and unnecessarily increase the risk of moral hazard and costs of data homogenization. 

Further, the model helps to capture how different characteristics of data may affect the actors’ 

cost and benefit considerations that influence their willingness to independently or 

collaboratively produce data intended to generate a piece of data intensive research or an 

algorithm.  

Differently from IOIS where data exchange is collateral to another transaction, we suggest that 

a reduction in the costs of capturing data generates an enclosure effect rather than favouring the 

emergence of broad collaborative initiatives and that the emergence of multiple data pooling 

initiatives, instead of a unique industry wide solution, may be a preferable solution. 
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Finally, we suggest that features of data that have been associated with the potential success of 

the “Big Data Revolution” at the intraorganizational level, like data option value and data 

exhaust (Mayer-Schönberger & Cukier, 2013a), may instead have an hindering effect on the 

emergence and sustainability of interorganizational data pooling initiatives. 

The paper is structured as follows. We first introduce the microfoundation of the resource, 

clarifying the core concepts that will be used throughout the paper, instead of the vague and 

confounding term “data”, and better conceptualizing the data pooling problem. Then, we 

introduce the principles of club theory and introduce the cost benefit model that captures the 

idiosyncrasies of the data production and processing chain. A computational method is 

employed to identify core model implications. A discussion of the most salient implications and 

of how contingent features of data affect the probability of the emergence of collaborative data 

pooling initiatives follows. The remaining sections discuss limitations and conclude. 

3.1 BACKGROUND / MOTIVATION 

3.1.1 IOIS 

Most existing studies on the organizational design of IOIS have focused on initiatives that were 

supportive of another core interorganizational transaction instead of data being the key object 

of transaction and a “data product” the key source of benefits. 

In electronic data interchanges (Elgarah et al., 2005), the decision to adopt or build an IOIS can 

be highly influenced by features of the core transaction that the data exchange is supposed to 

support. Adoption of EDI has been explained by elements of buyer and supplier dependency 

(Hart & Saunders, 2008),  resource criticality and replaceability (Dipanjan Chatterjee & 

Ravichandran, 2013), efficiency gains to the transaction due to reduction in inventory stocks or 

cost reduction in transferring collateral documents across organizations (Bakos, 1987). In 
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contexts where the core object of transaction is data, most of the aforementioned transactional 

antecedents (D. Chatterjee & Ravichandran, 2004) are not applicable (Adjerid et al., 2018).   

Furthermore, even in more data and information intensive interorganizational initiatives, such 

as Health Information Exchanges (HIE) and Interorganizational Coordination Hubs (ICH), 

benefits for participants derive from exchange or access to single or combined pieces of 

information. Instead, in a new algorithmic world, benefits mostly derive from a “data product” 

generated through the statistical processing of a set of data and not strictly from the mere 

exchange and access to the underlying data. Thus, benefits derive from a process that is 

comparable to a production process rather than a communication and exchange one. Two core 

implications derive from this difference: 1) Actors involved in pooling data to generate a data 

product cannot simply be considered mere contributors, but are coproducers; 2) The core 

argument that has been applied to most interorganizational communication and exchange 

networks , where they assume that these interorganizational initiatives are generally most 

beneficial when they are used by all (or most) members of the community (Markus & Bui, 

2012), deserve to be reconsidered against the “production function” through which data are 

transformed into a “data product” and in turn into benefits for the participants of the 

interorganizational initiative. 

3.1.2 Data Collaboratives 

Although particularly fragmented across disciplinary fields, there exists an emerging literature 

on interorganizational collaborations where data is the core object of transaction. However, 

most of these studies are highly descriptive in nature (e.g. Mattioli 2017; Susha, Janssen, and 

Verhulst 2017), lacking in a microfounded theoretical perspective in both understanding the 

incentives in the generation and contribution of data to data intensive collaborative initiatives 

and in understanding how traits and peculiarities of the core boundary resource, i.e. data, do 
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affect incentives and, in turn, the very emergence and the type of observed collaboration 

(Jarvenpaa & Markus, 2018). Further, the rare studies that have attempted to develop a 

theoretical argument, are mostly focused on settings where data were created within a single 

organization and are ex post dyadically shared externally (Susha et al., 2017b; van den Broek 

& van Veenstra, 2015), overlooking the more substantive and diffuse challenge of joint and 

sustainable contribution in settings where access to data sources is fragmented across 

organizations (Borgman, 2015; Mattioli, 2017). 

3.2 MODEL 

3.2.1 Microfounding the Data Resource 

As suggested by Ostrom (2005) in her study of the governance of natural resources, in order to 

grasp how a resource is governed it is necessary to understand what are the biophysical and 

material conditions that the resource of interest takes. However, as argued by Rosenberg (2014), 

“the term data does heavy lifting yet is barely remarked upon”. The increasingly extensive use 

of the term “data” has further expanded the meanings that have been attached to it, thus reducing 

terminological clarity. By building on the literature in Information Studies and Philosophy of 

Information, the primary goal of this section is to clarify what are the physical forms that the 

resource of interest takes through the data production and processing chain. 

Scholars of natural resource commons have found it helpful to distinguish between resource 

systems and resource units (E. Ostrom & Hess, 2007). A resource system (e.g. a lake) is 

composed of and is the source for the flow of resource units (e.g. certain quantity of water, 

fish). In the data production and processing chain, there are three resource units (Signal, Captum 

and Derivative) and two resource systems (Signal Pool and Capta Pool). The two resource 
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systems are composed of a pool of one resource unit and are the source for extraction of another 

resource unit.  

Signal refers to a change in status that can be collected (Kitchin, 2014). Looking at the “data 

production process”, the very origin of what is actually captured in bytes is the physical world. 

What elements of the physical world are captured and how they are captured is the result of a 

choice and a paltry subset of the potential elements (signals) in the physical world that could 

be captured. A medical encounter between a patient and a clinician consists of an infinite set of 

signals (a signal pool) that may be captured. In this setting, the clinician, although subject to 

multiple factors that may influence the choice, decides what are the signals to capture and how 

to capture them. In a similar vein, also in online settings like social networks, the actions made 

by a user in a social network may be multiple (writing, clicking, scrolling). The social network 

potentially has access to all these signals and determines which signals to capture. 

Captum refers to the signals within the signal pool that are actually captured into bytes (Kitchin, 

2014), i.e. a captum is the result of the selection process described in the paragraph above. The 

result of a medical encounter is the generation of a set of capta on a patient (e.g. body 

temperature, symptoms and heart rate). A combination of a set of captured signals from a 

multiplicity of patients is a capta pool. 

Derivative refers to data generated through the processing of the capta pool (Floridi, 2010). The 

result of a statistical analysis performed on a multiplicity of capta (a mean, a regression 

coefficient, a trained prediction model) is what is defined as a derivative. The primary goal of 

comparative effectiveness initiatives, data intensive research and initiatives that develop 

prediction algorithms is to generate high quality derivatives through the statistical processing 

of a capta pool. As the quality of a data derivative is subject to basic principles of statistics, the 
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capta collected need to have an adequate degree of semantic and technical homogeneity, and 

the capta pool needs to have a sufficient size for the purpose and, in many cases, a sufficient 

diversity of sources to avoid bias. 

Figure 4 represents the data production and processing process as described.  

 

Figure 4 - Data Physical States 

3.2.2 The Data Pooling Problem 

The challenge for most of the initiatives that process data is to produce the highest quality 

derivative in a sustainable manner, getting from a set of signal pools to a derivative through the 

“data production and processing chain” described above.  

As the generation of a high-quality derivative (whether it be a mean, a regression coefficient or 

a trained prediction model) is subject to the basic principles of statistics, the capta pool collected 

needs to have an adequate degree of semantic and technical homogeneity and a sufficient size 

for the purpose. 

However, the ways through which the generation of a high-quality derivative takes place differ 

empirically. 
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In some well-known cases, the data production and processing chain is mostly integrated within 

one single organization. An organization that can have access to enough sources of signals, is 

free to independently determine how to capture them and consequently have enough 

homogeneous capta to generate the desired high-quality derivatives.  

In several other cases, access to signal pools is structurally more fragmented. In this context, it 

may be impossible or extremely costly for a single organization to capture the proper amount 

and variety of capta needed. The alternative solution is instead to collaborate between a 

multiplicity of organizations, which may, for instance, have easier access to the signal pools 

needed. When collaboration fails or struggles to be sustainable, we are in the circumstance that 

Mattioli (2017) defines as the Data Pooling Problem.  

3.3 MICROFOUNDING THE DATA POOLING PROBLEM: A CLUB THEORETICAL 

APPROACH 

3.3.1 Club Theory 

In order to microfound the data pooling problem, I will use a club theoretical approach 

(Buchanan, 1965). Club theory is a particularly adequate perspective for the problem at stake, 

as most of the resource systems and resource units involved in the data production and 

processing chain are club goods. 

Capta and capta pools, and in most cases derivatives, show a high degree of excludability 

(Drexl, 2016; Kerber, 2016). The degree of excludability of a good is determined by how costly 

it is to exclude individuals from using the flow of benefits either through technical barriers or 

legal instruments (E. Ostrom, 1990). In most cases, current technologies allow to exclude other 

actors from accessing capta, capta pools and derivatives (Drexl, 2016; Kerber, 2016). The fact 
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that it is possible to exclude someone else from the stream of benefits derived from a good, 

does not imply that it will automatically happen. For this reason, it is fundamental to distinguish 

between the nature of the resource and the governance imposed on the resource.13 The case of 

open data is a case in point. While it is technically possible for an organization to keep the data 

for itself (as many organizations do), it has the possibility to decide to open them to everyone. 

Thus, excludability broadens the choice set available to a decision maker, by allowing her to 

determine whether to exclude or not other actors from benefiting from the resource.14 

A similar reasoning applies to the subtractability dimension. Being digital, capta and capta 

pools and in some cases derivatives, enjoy a high degree of non-rivalry in consumption 

(Acquisti, Lane, Stodden, Bender, & Nissenbaum, 2010; Duch-brown, Martens, & Mueller-

Langer, 2017; Koutroumpis & Leiponen, 2013; Thomas & Leiponen, 2016). A good is non-

rival in consumption when one person’s use of the good does not reduce or diminish another 

person’s use. In order to capture its impact on actors’ benefits rather than simply focusing on 

use, more accurately, Ostrom uses the term non-subtractability, in spite of non-rivalry in 

consumption (E. Ostrom, 1990). A good is non-subtractible when the benefits consumed by one 

individual do not subtract from the benefits available to others. The degree of subtractability of 

a good is the degree to which the consumption by one individual subtracts from the benefits 

available to others. The lower the degree of subtractability, the more freedom a decision maker 

has to decide to jointly enjoy a resource with another actor (Frischmann, 2012). 

 
13 This distinction is also relevant when considering the use of the term “public good”. While in some cases the 

term is employed to describe a good that is non-rival and non-excludable in nature, in other settings it is used to 

describe a type of governance that is imposed on a good that is not a public good in nature.  
14 Non-excludable goods, like common pool resources and public goods are instead characterized by the high cost 

(to the extreme of “infinite” costs) of excluding individuals from the stream of benefits derived from the good. 

Clean air and most natural resources are part of this category.  
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A club theoretical approach15 is able to capture within its framework the degrees of freedom 

that a good that shows excludability and a certain degree of non-subtractability grants to the 

decision maker. Further, it also includes two other valuable elements of flexibility. First, it 

includes in the framework the costs that one (or more) actor(s) face to generate the club good. 

Second, it allows for a certain flexibility in how individual costs and benefits vary according to 

the size of the club good generated and of the number of members involved in the production 

and enjoyment of it. 

Within a club theoretical perspective, for any good, an actor faces two intertwined decisions: 

what is the optimal amount of good to be produced (“provision decision”) and what is the 

optimal number of actors to involve in the joint production of the good and in the enjoyment of 

the stream of benefits derived from it (i.e. how many members to involve in the “club”, a so-

called membership decision). In case the good of interest is purely subtractable (e.g. an apple), 

the answer to the membership decision becomes trivial. If actor A includes another actor (B) in 

the “club” to jointly enjoy a purely subtractable good, actor A can only enjoy half of the good, 

as the other half will be enjoyed by actor B. Even if the two actors split the cost of the apple, 

they are similarly splitting the benefits derived from it. As such, with a purely subtractable 

good, the only decision an actor takes is how much to buy/produce for consumption, taking 

fixed “club” membership at 1.  

However, if a good is characterized by a degree of non-subtractability, adding an additional 

actor to the “club” may reduce costs more markedly than benefits. 16  Thus, optimal club 

 
15 A club theoretical approach can apply to every type of good that is excludable, so it does not exclusively apply 

to club goods.  
16

 Or may even increase benefits by keeping costs fixed. The key point is that they should not jointly change with 

the same intensity in the opposite direction. 
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membership may be higher than 1 as the decision maker may be willing to expand the 

membership to maximize its utility. 

3.3.2 Application to Data Pooling 

According to a club theoretical approach, in the setting of the data production and processing 

chain, if actor i aims to generate a derivative and aims to maximize its benefits she faces two 

joint decisions: 

- A provision decision: What is the optimal quantity Q* to be generated in order to 

generate the benefit maximizing derivative? As the core goal of a data pool is to generate 

one or more high-quality derivatives, actors’ benefits are a function of the quality of the 

derivative, which is modelled as function of the quantity of capta included in the capta 

pool.  

- A membership decision: What is the optimal number of members N* to be involved in 

the joint production and enjoyment of the capta pool? 

As mentioned above, a club theoretical approach is particularly flexible to be adapted to 

different circumstances, allowing the researcher to model the cost and benefits that affect the 

two joint decisions of provision and membership to the setting of interest. The following section 

introduces the key elements of the model. 

3.3.3 Elements of the Model 

This section primarily captures a set of cost and benefits that are idiosyncratic to the data 

production and processing chain and of the data pooling problem, then it exposes through an 

example and a following more formal version, how these different costs and benefits interact 

in a coherent model. 

Contributors to data pools face three types of costs: 
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Cost of Data Capture ( 𝐂𝐏(𝑸)): Cost of data capture is the marginal cost sustained by an actor 

to generate a captum, i.e. to transform a signal into a captum. Cost of data capture may vary 

substantially between actors and context. At one extreme, production costs may be very close 

to 0, as in the case of capta that are commonly defined as “data exhaust” (Mayer-Schönberger 

& Cukier, 2013a). This type of capta are usually generated for another primary purpose and/or 

are the by-product of people’s actions. An example are capta derived from monitoring 

technologies, like electrocardiograms, which may be used primarily to alert providers in case a 

patient condition dramatically varies. However, it also collects patients’ heartbeat.  

On the other extreme, there are capta whose primary purpose is exactly their collection. Many 

surveys fall into this category. In order to capture some individual features, the collector suffers 

a broad set of costs like identification of subjects, negotiation of access and the cost of a 

professional who undertakes the job. 

Most of the settings fall in between these two extremes. For instance, data captured for 

observational studies in the health sector are actually collected through the process of care. In 

this sense, access to a patient is already granted, but there may be some additional costs in term 

of: time spent to transform into capta a set of signals that would not have been otherwise 

captured or more cautiousness in capturing them or getting patient approval for secondary use. 

Cost of data capture may be characterized by a threshold. The threshold 𝑆𝑖   represents the 

amount of capta that an organization may capture at a relatively low cost. After that threshold, 

an organization suffers a higher cost to collect capta (marginal cost of data capture CP  is 

multiplied by a multiplicative factor 𝑚). An emblematic example is the health sector. A hospital 

has easy access to the signals of its own patients. However, if it needs further capta it has two 

alternatives, either to collaborate with another hospital or to try to collect patient capta 
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independently and in an ad hoc fashion. Ad hoc collection, if possible (otherwise 𝑚 goes to 

infinite), may be significantly costlier. 

Homogenization Costs (𝑪𝑨(𝑵)): Data pools are characterized by a pooled interdependence 

(Thompson, 1967). In order to create high quality derivatives, the capta contributed to the pools 

need to be homogenous among contributors. In order to homogenise capta, actors may suffer 

homogenization costs, i.e. they need to undergo adaptation costs before or after capta 

collection. Only a high degree of homogeneity, both from a technical and a semantic point of 

view allows one to perform statistical analysis on all the contributed capta. Ceteris paribus, 

homogenization costs are assumed to increase as the number of members of the pool increases. 

Moral Hazard Costs (𝐂𝐌𝐢(𝐍)): The third family of costs are all the costs derived from the risk 

of other actors’ misbehaviour after contribution takes place. Contribution implies incurring a 

set of risks: competitive risks (i.e. by having access to the contributed capta, other members of 

the pool may gain competitive advantage); reputational risks (i.e. contributed capta may 

disclose undesirable behaviours by the contributor); privacy risks (i.e. contribution to a pool 

increases the risks of privacy violation in case of personal and sensitive data). Ceteris paribus, 

moral hazard costs are assumed to increase linearly as the number of members of the pool 

increases (Clemons & Hitt, 2004)  

Benefits 

Resource Generated Benefits 

Resource generated benefits are benefits that are directly derived by the processing and use of 

the capta pool and not through social interactions between contributing actors. As the core goal 

of a data pool is to generate one (or more) derivative(s), actors’ benefits are modelled as a 

function of the quality of the derivative, which in turn is modelled as a function of the quantity 
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of capta included in the capta pool. According to the core purpose of the derivative, the benefits 

derived from it may be more or less diluted by the membership size (N) of the pool. 

Production Function and Threshold (α(Q)) The generation of the derivative may be 

interpreted as a production function, where the capta within the capta pool are the core input 

to generate the derivative. The quality of the generated derivative(s) increase in quantity Q of 

capta pooled with decreasing returns (Varian, 2018). Further, the production function is 

considered to be discontinuous at quantity T. Once the amount of capta collected in the capta 

pool is sufficient to ensure the use of a superior analytical tool or achieve the adequate power 

to generate an accurate prediction, the quality of the derivative has a marked jump. For, after a 

threshold T, the production function is multiplied by a factor θ. 

Benefits Allocation Function (β(N)) Beta (β(N)) represents the mechanism through which 

benefits derived from the generation of the derivative are allocated. As the generated digital 

derivative shows certain degrees of non-subtractability, the allocation of benefits derived from 

the processing of the pool of capta may not linearly decrease in the number of actors involved 

(N). However, different contexts and purposes may lead to different modes of allocation of the 

stream of benefits derived from the derivative. 

In most settings, the non subtractability of the digital derivative allows for an equal and non-

subtractive allocation of the aforementioned benefits among all the contributors. For instance, 

a prediction algorithm that has been trained using the pooled capta can be equally employed 

across the different contributors. In a similar vein, in the case of multicentric benchmarking 

initiatives, like surgical registries, the access to aggregate measures of performance (e.g. 

mortality rate after a specific surgical procedure) against which a contributing surgeon can 
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compare her performance can be equally available to all contributors. In homogeneous actors’ 

settings, β may be represented by a constant that is close to 1. 

If instead the derivative generated from the capta pool is employed for research publication 

purposes, the benefit allocation function may be declining in the number of contributors. In 

research publications, the benefits are not simply derived from the derivative, which basically 

are open to all non-contributors, but on the authorship benefits that derive from the publication 

of it. In this setting, benefits may decline with the increase of membership. 

In the model the benefit allocation function is capture by the function 1/𝑁𝑠. Where s represents 

degree of substractability of benefits derived from the derivative. 

Model Dynamics 

A representative example can be helpful in describing how the model works. A clinical unit 

wants to improve its decision making with regards to how to treat patients with a specific 

disease. A potential solution to improve its decision making is to rely on a statistical tool that 

helps in identifying on which patients alternative treatments are more effective. If the clinical 

unit wants to rely on a statistical tool, it needs to collect data on patients with high consistency 

(suffering data capture costs 𝐶𝑃 for each patient). The more patient data it will collect to more 

accurate the prediction will be and the better the decision making, but with increasing but 

marginally decreasing benefits from adding additional data. If it collects more than a certain 

quantity T of data, the clinical unit may rely on more data eager but more sophisticated data 

analytics tools and get significantly more accurate predictions. However, the clinical unit 

encounters a quantity of patients with a specific disease that is lower than the quantity T that 

would allow it to rely on a data eager superior analytical tool.  If it wishes to collect more data 

than its available quantity, it has two alternatives: 1) trying to recruit patients that are external 
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to the clinical unit, suffering a higher marginal cost of collection; 2) trying to collaborate with 

clinical units from other hospitals pooling data together and then benefiting from the joint 

analysis of them, getting either benefits through achieving a quantity T or higher that allows 

one to rely on a data eager analytical tool or by sharing the costs of data capture to achieve the 

desired optimal quantity. However, by collaborating, benefits may be diluted and the clinical 

unit will suffer both cost of data homogenization and costs of moral hazard, which increase as 

the number of other clinician units involved.  

A formal and general version of this example follows. Let i be a utility maximizing organization 

endowed with quantity signals 𝑆𝑖  that can capture at marginal cost 𝐶𝑃 . It wants to generate a 

derivative. Benefits generated from the generated derivative depends on its quality. Quality of 

the data derivative increases in Q at decreasing marginal rate (represented by the function 𝑄𝑟 

with r ∈ (0, 1)). After threshold T, benefits are multiplied by the factor 𝜃. Organization i may 

decide to either produce quantity Q individually or to produce quantity Q collaborating with 

other actors. If organization i decides to produce individually, it will face marginal cost 𝐶𝑃 to 

produce quantity 𝑄 ≤ 𝑆𝑖  and cost 𝑚𝐶𝑃 to produce any capta outside its own endowment. If 

organization i decides to produce through a collaboration, it will face production costs 𝐶𝑃𝑄/𝑁  

and alignment and moral hazard costs 𝐶𝐴 + 𝐶𝑀 for each additional organization it will involve 

in the collaborative endeavor. Benefits generated through the collaborative are divided 

according to degree of rivalry of the derivative, represented by 1/𝑁𝑠  , with s ∈ [0, 1]. 
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To summarize, organization i faces the following combined utility function: 

 
Q>T Q<T 

Joint Production  𝑈(𝑄, 𝑁) =  
𝜃𝑄𝑟

𝑁𝑠
− 𝑐𝑃 (

𝑄

𝑁
) − (𝑐𝐴 + 𝑐𝑀)(𝑁 − 1) 

𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 
𝑄

𝑁
≤ 𝑆𝑖 

  

𝑈(𝑄,𝑁) = 
𝑄𝑟

𝑁𝑠
− 𝑐𝑃 (

𝑄

𝑁
) − (𝑐𝐴 + 𝑐𝑀)(𝑁 − 1) 

𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 
𝑄

𝑁
≤ 𝑆𝑖 

 

Individual 
Production 

𝑈(𝑄) = 
𝜃𝑄𝑟 − 𝑐𝑃(𝑄) − 𝑐𝑃(𝑚 − 1) (𝑄 − 𝑆𝑖) 

𝑈(𝑄) = 
𝜃𝑄𝑟 − 𝑐𝑃(𝑄) − 𝑐𝑃(𝑚 − 1) (𝑄 − 𝑆𝑖) 

3.4 METHOD 

To derive our core results, we employ a simulation method. The use of simulation method 

allows us to add discipline to the process of disciplined imagination that should characterize 

theory building (Weick, 1989), while allowing theorists to make more realistic assumptions 

rather than to compromise with analytically convenient ones (Harrison, Lin, Carroll, & Carley, 

2007). 

 
Parameter Range 

Costs of data capture 𝐶𝑃 [0.1 to 0.9] 

Multiplying factor for “external” 
capture 

𝑚 [1 to 9] 

Endowment of signals of each 
organization 

𝑆𝑖   [100 to 10000] 

Homogeneization & Moral 
Hazard costs 

(𝐶𝐴 + 𝐶𝑀)  =  𝑎 [1 to 99] 

Exponent of the “production 
function” 

𝑟 [0.1 to 0.9] 

Benefit multiplier above 
threshold 

𝜃 [1 to 4] 

Threshold level 𝑇 [1000 to 150000] 

Degree of rivalry 𝑠 [0 to 1] 

Table 5 - Simulation parameters 

We computationally simulate the model with 100000 randomly combined realizations of the 

parameters listed in Table 5. 
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Optimal Club Size For each realization of the parameters, we identify the utility maximizing 

combination of Q and N for the representative organization. 

𝑎𝑟𝑔max
𝑄,𝑁

{
  
 

  
 
𝜃𝑄𝑟

𝑁𝑠
− 𝑐𝑃 (

𝑄

𝑁
) − (𝑐𝐴 + 𝑐𝑀)(N − 1) for Q > T and N > 1 subject to 

𝑄

𝑁
≤ 𝑆𝑖  

𝑄𝑟

𝑁𝑠
− 𝑐𝑃 (

𝑄

𝑁
) − (𝑐𝐴 + 𝑐𝑀)(N − 1) for Q < T and N > 1 subject to 

𝑄

𝑁
≤ 𝑆𝑖

𝜃𝑄𝑟 − 𝑐𝑃(𝑄) − 𝑐𝑃(𝑚 − 1) (𝑄 − 𝑆𝑖) 𝑓𝑜𝑟 𝑄 >  𝑇 𝑎𝑛𝑑 𝑁 = 1

𝑄𝑟 − 𝑐𝑃(𝑄) − 𝑐𝑃(𝑚 − 1) (𝑄 − 𝑆𝑖) 𝑓𝑜𝑟 𝑄 < 𝑇 𝑎𝑛𝑑 𝑁 = 1

 

Values of Q* and N*, represent the optimal Provision condition (Q*, optimal club size in terms 

of capta included in the pool) and Membership condition (N*, optimal club size in terms of 

number of organizations involved in the data pooling club). Each organization establishes what 

is the optimal quantity Q* to be captured and pooled in order to generate the benefit maximizing 

derivative and what is the optimal number of members N* to be involved in the joint production 

and enjoyment of the capta pool. In other words, an organization would be worse off with any 

other combination of N and Q, different from the optimal combination (Q*,N*). If organizations 

are utility maximising, we should expect to observe data pooling initiatives of size Q* and N*.  

Stag Hunt Further, we collect the utility maximizing Q if the representative actor decides to 

produce independently: 

𝑎𝑟𝑔max
𝑄
{
𝜃𝑄𝑟 − 𝑐𝑃(𝑄) − 𝑐𝑃(𝑚 − 1) (𝑄 − 𝑆𝑖) 𝑓𝑜𝑟 𝑄 >  𝑇 𝑎𝑛𝑑 𝑁 = 1

𝑄𝑟 − 𝑐𝑃(𝑄) − 𝑐𝑃(𝑚 − 1) (𝑄 − 𝑆𝑖) 𝑓𝑜𝑟 𝑄 < 𝑇 𝑎𝑛𝑑 𝑁 = 1
 

Club theory-based provision and membership conditions rely on the assumption that once the 

incentives are in place, no coordination problem may emerge among actors. According to a 

non-game theoretical view of club theory, if there is an N* where per capita utility is 

maximized, actors would automatically choose to collaborate to reach it. However, a game 

theoretical perspective may suggest that this implication is not obvious. Organization i may 

prefer to produce independently a “safe” but suboptimal quantity Q<Q* instead of jointly 
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collaborate to produce quantity Q*. As collaborative data collection encompasses the effort to 

coordinate and adapt modes of collection, a possible failure in coordinating may lead all the 

organizations to be worse off than simply acting individually and independently in capturing 

data. While a stag hunt game emerges also when organizations have no incentive to produce 

any quantity of Q individually, existing laboratory evidence shows that the more attractive the 

safe option (producing individually) compared to the risky one (producing collectively), the 

more an organization would tend to avoid collaboration (Devetag & Ortmann, 2007), thus 

increasing the risk of emergence of a stag hunt problem.  

In this paper we define as a Stag Hunt condition all the situations where: 

𝑄∗ > T  and N∗ > 1 𝑎𝑛𝑑  ∃ (𝑄,  𝑁 = 1) 𝑠. 𝑡.  𝑈(𝑄,𝑁 = 1) > 0 

meaning that the optimal solution is a collaborative solution with quantity 𝑄∗  above the 

threshold, but there is a suboptimal positive quantity Q that an organization may find convenient 

to produce individually. 

Feasible Membership Size at Threshold Further, for each realization we identify the feasible 

set of membership size (𝑁𝑇) when Q=T 

𝑁𝑇  =  {∀ 𝑛 ∶  
𝜃𝑇𝑟

𝑛𝑠
− 𝑐𝑃 (

𝑇

𝑛
) − (𝑐𝐴 + 𝑐𝑀)(n − 1) > 0  } 

and we identify the maximum and the minimum value of the feasible set at threshold, i.e. we 

identify the minimum and the maximum value of N at Q=T at which a satisficing representative 

organization would be willing to participate to the pool: 

𝑛𝑚𝑎𝑥 = 𝑚𝑎𝑥(𝑁𝑇) 

𝑛𝑚𝑖𝑛 = 𝑚𝑖𝑛(𝑁𝑇) 

Tesi di dottorato "Essays in Data Governance: Evidence from the Health Sector"
di MINERVINI MARCO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2020
La tesi è tutelata dalla normativa sul diritto d'autore (Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



104 

 

These two values have two meanings. On the one side, they can be interpreted as a measure of 

sensitivity. As actors may fail to coordinate around an optimal N, the broader the distance 

between N* and 𝑛𝑚𝑎𝑥 and 𝑛𝑚𝑖𝑛, the more plausible it is that a pool would emerge nonetheless. 

On the other side, 𝑛𝑚𝑎𝑥 can be considered as a measure of how big an initiative could be, before 

diluting incentives to contribute below 0. In this paper, 𝑛𝑚𝑎𝑥  is employed as a measure to 

understand under what conditions an industry-wide data pooling solution can be feasible. 

Both visual representation and standardized regression analysis is employed to understand how 

variation in simulation parameters do affect the optimal Q* and N*, and consequently whether 

we might expect any of the outcomes interest in Table 6. Outcomes of interests are classified 

into 6 macro categories. 

ALGORITHMIC PROVISION 
(Q*>T) 

NON ALGORITHMIC PROVISION 
(Q*<T) 

 
Collaborative “Algorithmic” Provision (CAP) 

 
Q∗ > T  & N∗ > 1 

and 
∄ (𝑄,  𝑁 = 1) 𝑠. 𝑡.  𝑈(𝑄,𝑁 = 1) > 0 

 
Collaborative Provision below T (CP) 

 
𝑄∗ < T  & N∗ > 1 

 
Collaborative “Algorithmic” Provision with 

Stag Hunt (CAPSH) 
 

𝑄∗ > T  & N∗ > 1 
and 

∃ (𝑄,  𝑁 = 1) 𝑠. 𝑡.  𝑈(𝑄,𝑁 = 1) > 0 

 
Individual Provision below T (IP) 

𝑄∗ < T  & N∗ = 1 

 
Individual (Non Collaborative) “Algorithmic” 

Provision (IAP) 
𝑄∗ > T  & N∗ = 1 

 
Full non Provision (NP) 

𝑄∗ < T  & N∗ = 1 

Table 6 - Classification of outcomes of interest 

 

The core distinction across outcomes of interest in Table 6 relates to algorithmic or non-

algorithmic provision, i.e. whether it would be optimal for the representative organization to 

(individually or jointly) capture a quantity Q* of signals that allows it to take advantage of a 
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data eager analytical technology. Within the cases where algorithmic provision takes place, 

three different groups of outcomes may emerge: 

• A pure “collaborative algorithmic provision” (CAP), where the optimal solution is to 

collaboratively capture an amount of capta that allow to take advantage of a data eager 

analytic technology and where no actor has any incentive in producing any quantity Q 

independently as it would be non-convenient. 

• A “collaborative algorithmic provision with Stag Hunt” (CAPSH). The optimal solution 

is to collaboratively capture an amount of capta that allows to take advantage of a data 

eager analytic technology. However, there exists a suboptimal positive quantity Q that 

an organization may find convenient to produce individually. 

• A “individual algorithmic provision” (IAP). The optimal solution for each organization 

is to individually and independently capture an amount of capta that allows it to take 

advantage of a data eager analytic technology, even though this implies to capture 

signals that are outside its own “endowment”, suffering higher costs of data capture. 

Cases where algorithmic provision does not take place can be distinguished into three 

categories: 

• “Non Algorithmic Collaborative provision” (CP), where the optimal solution is to 

collectively capture a quantity Q of capta that is smaller than the threshold that would 

allow to take advantage of a data eager analytic technology. 

• “Non Algorithmic Independent provision” (IP), where the optimal solution is to capture 

a quantity Q of capta that is smaller than the threshold that would allow to take 

advantage of a data eager analytic technology. 
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• “Full Non provision” (NP), where the optimal solution is to not capture any quantity Q 

of capta. 

3.5 MODEL IMPLICATIONS 

3.5.1 The Enclosure Effect of Low Costs of Data Capture 

 

Figure 5 - Frequency of outcomes of interest for different levels of costs of data capture 

As shown in Figure 5, a reduction in costs of capturing data (𝐶𝑃)  increases provision in its 

different forms. As expected, the less costly it is to capture data the more plausible it is that a 

capta pool of size greater than 0 is generated. However, Figure 1 shows that the type of 

provision observed at different levels of data capture costs varies according to the level of 

parameter 𝐶𝑃.  

Especially at low levels of costs of data capture, i.e. when data are particularly cheap to be 

collected, we observe the emergence of individual algorithmic provision. When costs of 

collection are particularly low it may be optimal for each actor to independently collect capta, 
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even accepting to bear higher costs (𝑚𝐶𝑃) for collecting capta outside its own endowment 

(𝑆𝑖)
17.  

Further, lower costs of data capture also increase the probability of observing a stag hunt 

condition. Lower costs of data capture increase the feasibility for each organization to capture 

at least a suboptimal quantity of capta Q. Even if the utility maximizing solution is still to 

capture a quantity Q* collaboratively, an organization may be more tempted to conservatively 

produce just its suboptimal quantity Q of capta, potentially reducing the probability to observe 

algorithmic provision. 

Proposition 1: Lower costs of capture decrease the probability of observing full non provision 

Proposition 2: Lower costs of capture increase the probability of individual algorithmic 

provision 

Proposition 3: Lower costs of capture increase the probability of the emergence of a stag 

hunt problem, potentially reducing the probability of algorithmic provision

 

Figure 6 - Average size of optimal club for different level of costs of data capture 

 
17 In other terms this may imply that actors in the system would collect the same capta several times. This being 

still the optimal solution for each of them. 
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Figure 6 further shows that in case of provision, optimal club size declines as costs of collection 

decline. 

Proposition 4: Lower costs of capture reduce optimal club size 

These results shed light on why it is relevant to distinguish between IOIS where data is the core 

element of production and transaction and IOIS where data collection is a collateral effort to 

coordinate another primary production and transaction process, given that simply translating 

existing propositions from existing literature in IOIS to the data pooling problem may be 

misleading. 

Reduction in costs of data capture in a IOIS that is supportive of another primary transaction is 

seen as a reduction in “unit costs of coordination” (Malone, Yates, & Benjamin, 1987), 

undoubtedly pushing toward higher participation to the IOIS and thus toward broader 

collaborative initiatives, ceteris paribus. Instead, reduction in costs of data capture when the 

core goal of a (potential) IOIS is the production of a data product refers to a reduction in unit 

costs of production, thus having a more complex and potentially opposite effect. In fact, 

reduction in costs of data capture may lead to smaller collaborative initiatives in terms of 

membership size and increases the probability, through multiple mechanisms, that an 

independent initiative of a single organization may emerge rather than a collaborative one. 
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3.5.2 Club Membership Size 

Figure 3 shows the distribution of optimal club size (N*) across the simulated realizations where 

provision (Q*>0) is observed.  

Figure 7 - Distribution of optimal N* in case of Q>0 

Across the 100000 combined simulations, rarely the optimal size of N* corresponds to the 

whole population size (which in the simulation accounts for 500 organizations). 

More accurately, only the 0.28% of cases where at least 100 capta (Q) are generated encompass 

an optimal solution where N* corresponds to the whole population18. In most other cases, the 

optimal membership size is decidedly lower. 

Proposition 5: In data pooling initiatives, optimal club size rarely corresponds to the whole 

population of organizations in a field 

 
18 Even imposing costs of homogeneization and moral hazard and degree of subtractability to their minimum 

values (𝑎 = 1 and s=0) only in 1.32% of cases involving the whole population is the optimal membership solution 

(N*). 
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Even by relaxing the maximization assumption and assuming that an organization would 

participate to the club whenever it has positive utility, in only 17% of cases where algorithmic 

provision takes place the solution where the whole population is involved (𝑛𝑚𝑎𝑥 = 500) in the 

club is a feasible solution. 

Decomposing this percentage in terms of degrees of non-subtractability (Table 7), even in cases 

of full non subtractability (𝑠 = 0), still in 58% of the cases where an algorithm can be provided, 

involving the whole population in a single data pooling club would drive individual utility to 

jointly contribute Q=T below 0. More problematically, in contexts where the derivative is 

intended for research purposes, where degree of subtractability has been estimated to be 0.5 

(Bikard, Murray, & Gans, 2015), only in 6% of the cases where we might observe algorithmic 

provision, the involvement of the whole population can be considered a feasible solution. The 

core implication of these results is in line with the core gist of club theory. When excludability 

is possible, for the provision of goods that show a certain degree of non-substractability but are 

subject to crowding, the optimal solution to maximize benefits for the whole population may 

Table 7 - Percentage of feasible cases of algorithmic 

provision with full participation by degree of subtractability 

s

% of feasible cases 

of algorithmic 

provision with full 

participation

0 42.02%

0.1 28.69%

0.2 19.69%

0.3 11.94%

0.4 8.62%

0.5 6.40%

0.6 3.85%

0.7 1.93%

0.8 0.91%

0.9 0.11%

1 0.00%
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be to fragment the population into smaller clubs, each in charge of generating its own high-

quality data product. Attempts to generate a unique data product for the whole population, may 

instead lead to the non-emergence of any data product. This is a risk that is not considered in 

most of the IOIS cases that have been explored in the existing IS literature, where the 

desirability of industry-wide IOIS is driven by the principle that optimal membership solution 

almost always relies on the full participation of industry members in a single IOIS (Markus & 

Bui, 2012). In a certain way, the presence of data silos of the emergence of data pools that are 

limitedly permeable to additional membership and external data sharing (Mattioli, 2017), may 

be seen as an optimal club solution instead of undesirable outcomes.  

3.6 DATA CHARACTERISTICS AND IMPLICATIONS ON ALGORITHMIC 

PROVISION AND MEMBERSHIP 

The present section explores how some of the characteristics that have been employed to 

characterize data in the recent literature covering the topic of Big Data have implications on the 

emergence of high-quality derivatives, on the optimal membership of data pools and on the 

probability of observing a stag hunt problem. As the explored factors affect two parameters of 

the model and as these parameters may affect the outcome of interest in different directions, the 

magnitude of the effect of each parameter is evaluated through a regression with standardized 

coefficients (Table 8).  
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 (1) (2) (3) 

 
P(Algorithmic 

Provision) 
N* P(Stag Hunt) 

 beta/_star beta/_star beta/_star 

(𝐶𝐴 + 𝐶𝑀) -.0760228 -.1377899 -.015198 

 *** *** ** 

𝐶𝑃 -.0859258 .0216291 -.5868177 

 *** *** *** 

r .6260388 .328729 .3321766 

 *** *** *** 

m -.0118107 .0119087 .1199033 

 *** *** *** 

𝜃 .1303677 .0486531 -.0432602 

 *** *** *** 

T -.0300856 .0045354 -.0252168 

 ***  *** 

s -.2307455 -.251416 -.1045375 

 *** *** *** 

𝑆𝑖 .0734652 -.1077544 .061768 

 *** *** *** 

N 100000 100000 19761 
Table 8 - Effects of simulation parameters on core outcomes of interest - regression results with standardized coefficients 

(* p<0.05 **p<0.01 ***p<0.001) 

3.6.1 Data Exhaust 

A relevant feature that has been employed to characterize the Big Data Revolution is the 

increasing abundance of data exhaust. Data Exhaust are defined as data that have been 

generated for another primary function (Mayer-Schönberger & Cukier, 2013a; McKinsey 

Global Institute, 2011; Thomas & Leiponen, 2016). Most of the literature focuses on the 

competitive advantage that individual firms may gain by having access to data exhaust (Mayer-

Schönberger & Cukier, 2013a). However, less attention has been devoted to what are the 

implications of data exhausts on the emergence and structuring of data pools.  

Implications on the Model Components 

Data exhausts are characterized by a low opportunity cost of capture, as costs of capture have 

been already undergone when they were collected for their primary purpose. However, as capta 

have been collected for other purposes, the cost of adapting them between multiple 
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organizations may be even more marked. As such, for data exhaust the slope of  𝐶𝐴 increases. 

Adding an additional actor involves a costly adaptation process, either after collection (if 

possible) or before collection (adapting modes of collection ex ante to the purpose of joint 

contribution increase capture costs). 

Implications on the Probability of Generating a High-Quality Derivative (Algorithmic 

Provision) 

A low cost of capture implies an increase in the probability of the existence of at least a 

combination of values of N and Q such that a high-quality data derivative is produced. 

However, as  𝐶𝐴 increases, the probability of the existence of at least a condition where the 

high-quality data derivative is generated decreases.  

Despite the lower costs of capture of data exhausts, the generation of a high-quality derivative 

may fail, due to higher costs of aligning data that were generated for another primary purpose. 

In fact, regression results suggest that the two factors tend to mostly balance each other (i.e. a 

standard deviation change in both factors affect probability of algorithmic provision with the 

same magnitude). 

However, the risk of non-provision of high-quality data derivative is amplified by the stag hunt 

problem. As suggested in proposition 3, lower costs of capture increase the probability of the 

emergence of a Stag Hunt problem, potentially reducing the probability of algorithmic 

provision. Thus, in settings characterized by fragmentation of data access, the impact of the 

increasing abundance of data exhaust on the probability of emergence of a high-quality 

derivative are uncertain and deserve further empirical exploration. 
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Implications on Optimal Data Pool Membership  

Both low costs of data capture (𝐶𝑃) and higher costs of homogenization ( 𝐶𝐴)  negatively affect 

optimal membership size. As such, they have an enclosure effect.  

Proposition 6: The presence of data exhausts is negatively associated with optimal membership 

size 

3.6.2 Sensitive Data 

Sensitive data are commonly defined through a list of types of data, rather than through a 

working definition. According to the EU General Data Protection Regulation, sensitive data are 

data that refer to: “racial or ethnic origin, political opinions, religious or philosophical beliefs, 

trade union membership […] genetic data, biometric data, health data”. Similarly to the EU 

approach, every country employs a specific list of types of data that are considered sensitive to 

impose more restrictive regulations in terms of how they should be captured and the sanctions 

that may derive from misuse or violation. Only recent evidence attempts to capture a potential 

“spectrum of sensitivity” for particular sub categories of data (Rumbold & Pierscionek, 2018), 

showing that the perceived sensitivity of a particular type of data may vary widely both between 

societies or ethnic groups and within those groups, especially in light of the implications that 

the misuse of data has on the data subjects. 

Implications on the Model Components 

The degree of sensitivity of data affects some of the costs that actors in the data production and 

processing chain face. More sensitive data require higher costs of data capture ( 𝐶𝑃) as the 

transformation of a signal into capta is commonly more strictly regulated and requires more 

demanding procedures. Apart from regulatory requirements,  negotiating the possibility to 

capture a sensitive signal may be more complex and demanding as data subjects may be less 
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willing to allow to capture them or at least to reuse them for a secondary purpose (Bell, Ohno-

Machado, & Grando, 2014; Whiddett, Hunter, Engelbrecht, & Handy, 2006). 

The degree of sensitivity also increases the potential impact of other actors’ misbehaviour. The 

improper access to or use of capta by another actor has a markedly higher impact in cases where 

it refers to sensitive capta, both in terms of loss of trust by the sources of the capta and even in 

terms of sanctions to which an actor may be subject. For this reason, “Moral Hazard Costs” 

( 𝐶𝑀) increase with the sensitivity of capta involved in the pool. 

Implications on the Probability of Generating a High-Quality Derivative (Algorithmic 

Provision) 

Sensitivity increases costs of data capture and costs of moral hazard. As such, it decreases the 

probability of generation of a high-quality derivative, i.e. that there exists at least a combination 

of N and Q such that Q>T.  

Proposition 7: Data sensitivity is negatively associated with the probability of observing the 

provision of high-quality derivative 

Implications on Optimal Data Pool Membership 

Ceteris paribus, the impact of sensitivity on the optimal club membership is uncertain, i.e. it 

depends on the intensity to which sensitivity differently affects costs of production and moral 

hazard costs. Increases in costs of production may lead to an increase in N*, thus leading to a 

higher probability that a collaboration emerges, as it would be preferable to share the costs of 

collecting the desired amount of capta among multiple actors. However, increases in moral 

hazard costs push toward a reduction in N* as any further actor involved in the pool increases 

the risk of an undesirable violation. Regression results in Table 4 suggest that a standard 

Tesi di dottorato "Essays in Data Governance: Evidence from the Health Sector"
di MINERVINI MARCO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2020
La tesi è tutelata dalla normativa sul diritto d'autore (Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



116 

 

deviation change in moral hazard costs is markedly more influential on the optimal number of 

members in the pool than a standard deviation change in costs of capture. 

Thus, we suggest that in contexts where data are more sensitive, we might observe initiatives 

with smaller (or even individual) membership. 

Proposition 8: Data sensitivity is negatively associated with optimal membership size 

3.6.3 Data Option Value 

The “option value” of data is one of the features that Mayer-Schönberger & Cukier (2013a) 

consider pivotal for the “Big Data Revolution”. Offering a broad set of examples, they argue 

that “data’s true value is like an iceberg floating in the ocean. Only a tiny part of it is visible at 

first sight, while much of it is hidden beneath the surface”.  As such, their potential uses can be 

multiple, and, in many cases, data generated for a function may well serve another (unrelated) 

function. For this reason, we introduced in the simulation a further parameter p, i.e. a benefit 

multiplier that hypothesizes that the same capta pool may generate from 1 to 4 different 

derivatives (𝑝 ∈  [1,4]). Regression results with the inclusion of p are represented in Table 9. 
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 (1) (2) (3) 

 P(Algorithmic Provision) N* P(Stag Hunt) 

 beta/_star beta/_star beta/_star 

(𝐶𝐴 + 𝐶𝑀) -.0676118 -.1327998 .0216324 

 *** *** *** 

𝐶𝑃 -.0766808 .0411474 -.108897 

 *** *** *** 

r .6899419 .3142003 .057302 

 *** *** *** 

m -.0113682 .0329118 .2274372 

 *** *** *** 

𝜃 .1323282 .0369436 -.1289452 

 *** *** *** 

T -.0427686 .0056748 -.0073225 

 *** *  

s -.2206281 -.266949 -.1450441 

 *** *** *** 

𝑆𝑖 .0709693 -.1386118 .0613002 

 *** *** *** 

p .0999147 .029705 .1988982 

 *** *** *** 

N 100000 100000 26368 
Table 9 - Effects of parameters on core outcomes of interest with parameter p- regression results with standardized coefficients 

(* p<0.05 **p<0.01 ***p<0.001) 

 

Implications on the Model Components 

The option value of capta and capta pools has two implications on the model. The presence of 

an option value and the possibility of using the same capta pool for multiple purposes may 

positively affect the amount of benefits that a capta pool may generate. However, at the same 

time, the possibility that capta or the capta pool may be used for purposes different to those for 

which they were collected and contributed as well as may be potentially used in unexpected 

ways, increase marginal Moral Hazard Costs ( 𝐶𝑀).  

Implications on the Probability of Generating a High-Quality Derivative (Algorithmic 

Provision) 

The increase of the potential benefits that may be generated through the same capta pool 

increases the probability of the existence of at least a condition where the high-quality data 
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derivative is generated. However, the increase in the risk of potential misuse may be a 

disincentive for contribution. Regression results suggest that a standard deviation increase in 

the potential uses of data positively affects the probability of emergence of a high-quality 

derivative slightly more than a standard deviation change in costs of moral hazard. 

However, as option value acts at all levels of contribution, the multiplication of potential 

purposes of data increases the benefits derived from the safe solution of individual provision of 

a suboptimal quantity increasing the probability of stag hunt. 

Thus, while data option value seems to have weak positive effects on the probability of 

generating a high-quality derivative, the increase in the risk of stag hunt suggests that we cannot 

derive a clear proposition on the direction to which a higher degree of data option value affect 

the probability of provision of a high-quality derivative. Thus, this is a trade-off that deserves 

further empirical evaluation.   

Implications on Optimal Data Pool Membership 

Ceteris paribus, option value may tend to decrease the number of members of the pool. The 

increase in benefits afforded by data option value weakly affects the decision on the optimal 

number of actors to involve in the data pooling club. However, as data option value increases 

the breadth of potential uses, they consequently increase the risk of potential misuses. For 

instance, an actor may prefer to reduce the number of members involved in pooling or even to 

self-produce and individually take advantage of the capta pool in order to reduce the risk of an 

undesired use.  

Proposition 9: Data option value is negatively associated with optimal membership size 
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Data Characteristics 
Elements of the 
Model Affected 

P(Provision) 
Membership: 

Impact on 
optimal N 

Data Option Value 
(Mayer-Schönberger 
& Cukier, 2013a) 

𝑝 + Uncertain 
 - 

C𝑀 +  

Data Exhaust 
(Mayer-Schönberger 
& Cukier, 2013a) 

C𝑃 - Uncertain  
 - 

C𝐴 + 

Sensitivity (Rumbold 
& Pierscionek, 2018) 

C𝑃 + 
- - 

C𝑀 + 

Table 10 - Data characteristics and implications 

3.7 LIMITATIONS AND FURTHER DEVELOPMENTS 

The model focuses only on the hard “technological” aspects of the data pooling problem, as it 

considers benefits as exclusively deriving from the pooling and processing of the resource. 

Other sources of softer benefits, like skills development in data collection for analytical 

purposes and professional and relational benefits merely derived from participation and 

independently from the quality of the ‘data product’ generated, have not been included in the 

model. A valuable extension of the model would be to include these elements.  

The paper inherits some of the limitations of club theory. Club theory is particularly limited in 

considering how actors coordinate after incentives to collaborate are in place. It assumes that if 

incentives are in place, actors will find a way to coordinate. However, as coordination problems 

may emerge even when incentives are in place, a richer consideration on how to incorporate 

coordination problems and consequent coordination mechanisms in the microfoundation of the 

data pooling problem is needed. 

3.8 CONCLUSIONS 

Microfounding data and characterizing them as a production factor allows us to understand and 

capture in a more complete way the idiosyncrasies that characterize the data production and 
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processing chain. In this way, it grants the possibility to comprehend the type of incentives that 

actors face in this context and to rigorously derive how contingent factors may affect the 

emergence, sustainability and success of initiatives that attempt to combine data between 

multiple actors to generate a data derivative, i.e. a statistical product derived from the analysis 

of other data. 

For instance, differently from what we might expect from IOIS that are collateral to another 

transaction and/or are based on data exchange, by treating the data pooling challenge as a 

production process we suggest that low costs of capturing data may have an “enclosure effect” 

rather than broadening the number of participants to the IOIS. Settings where data can be 

captured at a low cost may be characterized by collaborative initiatives of a smaller size or, in 

cases where costs of capture are particularly low, by the independent generation of data by each 

individual organization. In addition, low costs of data capture may lead to a stag hunt problem, 

where organizations may prefer to produce a ‘safe’ small quantity of data instead of engaging 

in a pooling initiative to achieve a sufficient size to take advantage of data eager technologies.  

By exploring the impact of data characteristics that have been identified as the main source of 

intraorganizational Big Data success, such as data exhaust and data option value (Mayer-

Schönberger & Cukier, 2013a), we show that they might have different implications at the 

interorganizational level. Both data option value and data exhaust have uncertain effects on the 

degree to which they favour interorganizational collaboration. An uncertainty that deserves 

further exploration. 

Further, by distinguishing between costs and benefits that are inherently related to the 

production and transformation of data and the costs and benefits that are inherently related to 

the number of actors involved in the production and transformation of them, the present paper 
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disentangles the problem of lack of collaboration in data pooling initiatives in more refined 

subproblems and identifies under which contingent conditions different subproblems may 

emerge. Distinguishing the data pooling problem from: 1) the mere absence of incentives to 

generate the needed data; 2) the presence of incentives subject to the broadness of the 

collaboration; 3) or the presence of coordination (stag hunt) problems, allows us to direct 

governance and organizational design efforts in substantially different directions. Subsidies for 

incentivizing data capture may be highly beneficial in case we observe a provision problem. 

However, they may be detrimental if used in response to a stag hunt condition where they might 

further increase incentives to choose a safer but suboptimal individual solution. Similarly, 

relying on third party data custodians (Thomas & Leiponen, 2016) to process data, thus 

avoiding the risk of data misuse by members of the pool, positively affect the probability of 

provision by reducing the risk of moral hazard by pool members, still is a very weak solution 

when a stag hunt problem emerges. Increasing the observability of other actors choices seems 

instead to be a proper response to solve stag hunt problem (Devetag & Ortmann, 2007; Puranam 

et al., 2012).  

A club theoretical perspective allows to go beyond the pure dichotomy between open and closed 

data, by allowing to appreciate a more continuous spectrum of choice that organizations and 

individuals face in collaborating in data intensive initiatives. It suggests that in collaborative 

initiatives where the outcome of interest is the result of a statistical analysis, thus showing 

diminishing returns to the quantity of data included, adding additional contributors to the 

optimal quantity needed may be detrimental rather than beneficial and may eventually lead to 

the non-emergence or non-sustainability of the collaborations. In other words, instead of simply 

focusing on clubs composed by 1 (closed data) or by everyone (open data), a club theoretical 

approach suggests that the optimal solution can frequently be an intermediate one and allows 
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both the researcher and the organizational designer to capture what may be the optimal number 

of members to be involved to achieve the desired outcome of producing a high quality data 

derivative, seeing how it varies according to contingent conditions. 

Finally, we introduce club theory to the Management of Information Systems literature. As 

most of the goods involved in IS show some degrees of non-rivalry in consumption and an 

increasing level of excludability, the use of this theoretical perspective may benefit more widely 

other explorations within the field, having an especially interesting application in the whole 

field of Interorganizational Information Systems. 
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CONCLUSIONS 

The present dissertation lays the foundation for getting closer to knowing how to best design 

data pooling initiatives. Although chapters are conceptually linked across them, each of them 

puts a brick of different nature to the foundations. 

Chapter 1 performs a marked conceptualization effort, in an attempt both to better understand 

the resource object of governance and to build the conceptual infrastructure of the dissertation. 

It identifies the different biophysical states of data in the data production chain and performs a 

characterisation of data intended to appreciate which characteristics of data may influence the 

governance of data pools and how. From a conceptual point of view: 1) it confirms that there is 

value in not treating data as a monolith and that a richer distinction of the physical states that 

data takes helps in reconciling contradictory classifications of the resource that may have 

opposite governance implications; 2) it argues that it is conceptually more appropriate to 

categorize a data pool as a club good (Buchanan, 1965) rather than as common pool resource 

(E. Ostrom, 1990); 3) it suggests that the dimensions employed to characterize data from a 

technical point of view (Volume, Velocity, Variety (Gandomi & Haider, 2015)) may have 

different governance implications than simply the ones derived from the technical complexity 

of processing ‘Big’ Data. In addition, it suggests that, when data are non-rival, sensitive and 

have option value, some governance solutions (especially market based solutions) may be 

unfeasible or limitedly effective. Consequently, it raises the question on how data pooling 

initiatives manage to incentivize contribution. Similarly, as data option value, non rivalry and 

sensitivity also generate a trade-off in governing access to data, it suggests that purely open or 

closed solutions may be ineffective, but questions how intermediate solutions to govern data 

access are designed. Questions that are left to the following empirical chapter. 
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In Chapter 2, I perform a comparative study of several data pooling initiatives in the health 

sector, conceptualising their governance design as a configuration of property rights à la 

Ostrom. It is the first study that captures, in such a rich way, elements of consistency and 

regularities in the design of the internal governance of data pooling initiatives, filling a vast gap 

in term of knowledge and systematisation of how data pooling initiatives are designed, 

contributing both to the literature of management of information systems and to the literature 

in health policy. The comparative approach employed also allowed to identify and clarify an 

often-overlooked difference between Repositories, Exchanges and Data Pools. In addition, the 

study contributes to the literature on meta-organizations and new organizational forms, 

advancing a new refined framework to capture meta-organizational design (Gulati, Puranam, 

& Tushman, 2012) in a richer way but with a proper balance in terms of parsimony. It enriches 

the dichotomy between open and close boundaries, suggesting that rights in the same initiatives 

may differ with respect to their openness or closure. It enriches the distinction between 

heterarchical modes of decision making, suggesting the presence of two alternative modes of 

heterarchical decision making: polyarchy and committee (Grandori, 2013; Sah & Stiglitz, 

1998). 

In Chapter 3, I develop a club theoretical model that comprehensively captures how different 

idiosyncrasies of data interact between them in influencing organization’s decision to generate 

data for analytical purposes individually or collaboratively and appreciates, through a 

computational method, how variance in certain characteristics of data may affect the emergence 

and the breadth of data pooling initiatives. 

Primarily, it shows that differently from the typical Interorganizational Information Systems 

where data exchange is collateral to another transaction, a reduction in the costs of capturing 

data generates an enclosure effect rather than favouring the emergence of broad collaborative 
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initiatives and that the emergence of multiple data pooling initiatives, instead of a unique 

industry wide solution, may be a preferable governance solution. Then, it suggests that features 

of data that have been associated with the potential success of the “Big Data Revolution” at the 

intraorganizational level, like data option value and data exhaust (Mayer-Schönberger & 

Cukier, 2013a), may instead have an hindering effect on the emergence and sustainability of 

interorganizational data pooling initiatives. 

In addition, it suggests that there may be problems of different nature (lack of incentives 

(provision problem); excess of members (membership problem); and stag hunt problem) behind 

the non-emergence of an optimal data pool. Acknowledging the existence of this difference and 

recognizing the contingent conditions that lead to the emergence of these different problems, 

allows to better chose appropriate solutions to reduce them and to avoid polices that may be 

counterproductive. For instance, incentives for reduction in data collection costs may be 

beneficial in case non emergence of a data pool is due to an incentive problem, while they may 

be detrimental in case non emergence is due to a stag hunt problem. 

To my knowledge, it is also the first attempt to employ computational methods to the 

application of club theory. Club theory has historically struggled in implementing its core 

theoretical intuition of simultaneity in determining the quantity of the club good to be generated 

and the quantity of actors to involve in the joint provision and use of the good, due to 

mathematical tractability problems (Sandler & Tschirhart, 1997). The present work shows the 

feasibility and the potential of simulation methods in being able to fully embody club theoretical 

intuitions and eventually in allowing to further expand their application without the limits of 

mathematical tractability. 
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The present dissertation is more generative than conclusive. Some of the intuitions presented 

in the dissertation need more solid confirmatory evidence. In other cases, some 

conceptualizations (especially derived from Chapter 1) have not been fully developed through 

the dissertation but may deserve a dedicated exploration outside of it. Further, chapter findings 

and limitations are generative of additional research. 

Chapter 1 suggests that a market type solution for incentivizing the contribution to pools may 

be limitedly feasible. This hypothesis seems to be confirmed by the fact that among the 

observed cases in Chapter 2 none of them relied on a market mechanism to generate a pool. 

However, this speculation needs to be verified on a larger set of observations and in different 

empirical settings from the health sector and health data. For instance, the exploration in 

different settings may help in disentangle whether in absence of some of the features of data 

that are present in the health sector (sensitivity, option value, non subtractability) a market type 

of contracting may be instead feasible. In this respect, Chapter 2 also shows that the incentive 

problem is frequently addressed in health data pools by linking contribution with the 

recognition of authorship of papers derived from analysis on the pool. What happens in settings 

where this type of collateral mechanism of recognition of contribution is absent? 

Chapter 1 introduces the distinction between row pooling and column pooling, suggesting that 

the latter type of pooling may need more complex governance solutions and that it may be less 

plausible for column pooling initiatives to emerge, due to higher complexity to trace the link 

between contribution and outputs, thus generating a team production problem (Alchian & 

Demsetz, 1972). De facto, in Chapter 2, only one case may be characterized as a column pooling 

initiative, while all the others were row pooling ones. However, the core focus of the analysis 

was not put on this distinction. As such, it may be interesting both to confirm this regularity 
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with a broader sample and to explore comparatively how the governance design of row and 

column pooling differ. 

The whole dissertation assumes that data intensive research, benchmarking initiatives and the 

production of algorithms in the form of a product may be considered similar as they all rely on 

statistical principles for their generation. Consequently, it argues that most of the implications 

found in the dissertation can be identically applied across the three settings. However, while it 

is still complex to trace a net line between the three categories, most of the cases explored can 

be categorized under the first two (data intensive research and benchmarking initiatives). In this 

respect, a broader coverage of pooling initiatives that have the production of an algorithm in 

the form of a product as core purpose is needed to confirm the that the type of governance 

challenges and incentive structures they face is similar to the other more explored types of 

initiatives.  

Chapter 2 shows a marked variance in the way pooling initiatives are designed. While 

recognition of this variance is fundamental for the exploration of which solution can be more 

effective, it is clearly nonconclusive for determining which of the solutions are most effective, 

and under what conditions. As already argued in Chapter 2, several questions follow from 

knowing what the elements of variance in the internal governance of data pooling initiatives 

are. Does granting contribution rights to data subjects instead of clinicians or ad hoc surveyors 

influence performance, sustainability and representativity of data pooling initiatives? Are these 

effects contingent on data features? Does decision by polyarchy or by committee affect actors’ 

willingness to participate in the pool? What are the actors that prefer polyarchic methods of 

decision rather than committees? And especially, how do these differences in preferences affect 

the representativity and quality of the pool? 
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The simulation model in Chapter 3 employs a set of parameters which are based more on 

plausibility rather than on actual evidence. There seems to be very scant evidence on: 1) the 

actual costs that are involved in data production and in coordination among multiple 

organizations; 2) the most accurate shape of the data production function; 3) the “shape of the 

function” that maps the number of actors involved in the pool with the perceived risk of data 

violation (leakage, opportunistic secondary use, privacy violation). A better quantification of 

these factors may significantly help in calibrating the model so that aside from theoretical 

reasoning, the model may also have sounder and more precise empirical implications. 

In sum, while the road to better understanding the governance of data pooling initiatives is still 

long, I believe that the present dissertation solidly paved its initial part. 
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