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Abstract

Federated learning (FL) is a machine learning technique that distributes model training to multiple clients while
allowing clients to keep their data local. Although the technique allows one to break free from data silos keeping data
local, to coordinate such distributed training, it requires an orchestrator, usually a central server. Consequently,
organisational issues of governance might arise and hinder its adoption in both competitive and collaborative markets for
data. In particular, the question of how to govern FL applications is recurring for practitioners. This research commentary
addresses this important issue by inductively proposing a layered decision framework to derive organisational archetypes
for FL’s governance. The inductive approach is based on an expert workshop and post-workshop interviews with
specialists and practitioners, as well as the consideration of real-world applications. Our proposed framework assumes
decision-making occurs within a black box that contains three formal layers: data market, infrastructure, and ownership.
Our framework allows us to map organisational archetypes ex-ante. We identify two key archetypes: consortia for
collaborative markets and in-house deployment for competitive settings. We conclude by providing managerial
implications and proposing research directions that are especially relevant to interdisciplinary and cross-sectional
disciplines, including organisational and administrative science, information systems research, and engineering.

Policy Significance Statement

This commentary proposes a framework that identifies decision-making layers leading to an organisational
archetype for governance in federated learning. What type of entity controls the server in such systems and
orchestrates clients is a pending question that hinders adoption. The proposed framework allows for the ex-ante
selection of the appropriate organisation for each setting. We apply the framework on the basis of real-world
applications.

1. Introduction

The integration of artificial intelligence (AI) is set to bring about unprecedented changes to industries,
public institutions, and civil society (Dwivedi et al., 2021). However, data of sufficient quality and
quantity are not always available. It is costly to acquire, requires advanced capabilities to process, and is
often restricted to organisational boundaries due to competition or regulation (Winter et al., 2014; Jordan
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& Mitchell, 2015; Berente et al., 2021). These questions become especially relevant when data could
leave the boundaries of a singular organisation and collaboration occurs, because it is here, where the
“adoption of federated learning (FL) […] is expected to have a catalytic impact towards precision”
(Sheller et al., 2019).

Introduced in 2016, FL addresses concerns related to data sharing (Konečný et al., 2016). FL is a
machine learning (ML) technique that allows for the training of a model across multiple decentralised
devices or servers holding local data samples without exchanging them (so-called clients). In other words,
data remain in its original location, within organisational boundaries or on a device. The model learns
from the data locally and sends the updates back to (usually) a central server. That server aggregates these
updates to improve the global model. This local learning and aggregation process is iterative until a
performant model is trained and distributed. The processes can be improved by the addition of privacy-
enhancingmethods and technologies (Truong et al., 2021). In sum, FL allows organisations to collaborate
in training a model without sharing data across their own boundaries. Given this feat, beyond the device-
centric applications of Google (see Hard et al., 2018), FL finds promising application in (secondary)
health data use in oncology (Dayan et al., 2021; Pati et al., 2022, in energy demand and short-term load
forecasting (Fernández et al., 2022; Fernández et al., 2023), in governmental data sharing for predictions
(Amard et al., 2023; Sprenkamp et al., 2024), in financial credit risk assessment and fraud prevention (Lee
et al., 2023; Fernández et al., 2024), as well as numerous other domains.

However, whoever controls the central server in the training processwields considerable power. That is
because the party acts as the orchestrator of the learning process and coordinates between the training
clients (Pati et al., 2022; Bujotzek et al., 2024). It is also responsible for maintaining regulatory
requirements, upholding data privacy, and system security during the entire learning process. The
orchestrator must ensure that the learning process is fair and that the global model is not biased towards
any particular type of data or device. It may also have purview over questions of commercialisation and
ownership in the form of intellectual property (IP) rights. Broadly, in the study of AI more generally, these
responsibilities fall under what is understood as questions of “governance” (Berente et al., 2021).

Good governance is essential for organisations dealing with technology (Weill & Ross, 2004). AI is
no exception to it: governance is a necessary prerequisite to reap sustained benefits (Berente et al.,
2021; Zhang, 2023). Governance is about aligning the affordances of a technology or data with
organisational goals; and because this alignment is context-based on asset and organisation, govern-
ance is never a one-size-fits-all (Weber et al., 2009; Khatri & Brown, 2010). In the case of FL, and to be
expected given the relatively low level of adoption, the knowledge base on its governance is scarce.
Critical questions towards its adoption arise: how to convince clients to participate? Who should
control the aggregation process? How to arrange ownership of the trained model? What type of
organisation orchestrates?

This commentary engages with these questions. In particular, it considers what type of organisation
orchestrates FL, and what common decision-making layers lead to the choice for that organisation. Given
the scarcity of knowledge, we approach this question ex-ante and rely on knowledge gathered by hosting a
workshop on the subject (Storvang et al., 2017) and discussingwith experts (Mergel et al., 2019).1 In total,
we convened with 15 experts from the health, financial, and energy sectors to discuss questions related to
decision-making in the governance of FL. The result of this process, presented in Section 3, yields a
layered decision framework for the organisational governance of FL. In Section 4, we apply this
framework to real-world applications—notably, Federated Tumor Segmentation in healthcare (Pati
et al., 2022), where we identify the consortia archetype, and data aggregation by Google (Hard et al.,
2018), where we identify the in-house archetype—and delineate their limitations. Finally, in Section 5, we
discuss and propose future research directions that are relevant to interdisciplinary and cross-sectional
disciplines. Specifically, we foresee researchers engaging with technological developments in FL and
considering their implications for governance.

1Additionally, we ought to mention that all authors are actively working on applied FL projects.
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2. Background

In FL, the peculiarity is that while training takes place at the edges, a central orchestrating entity is still
present. The presence of that entity has technical and organisational implications.

In technical terms, the orchestrator is responsible for the central server, or rather the training process,
which aggregates updates from decentralised clients that locally process data, and then distributes the
combined model back to these clients. Thus, the orchestrator will receive the model trained by the clients
(or the delta) from the previous iteration and aggregate it before transmitting it back to the clients
(McMahan et al., 2017).2 Consequently, the orchestrator plays a crucial role, as it ensures the integration
of diverse, local insights into a global model without directly sharing or aggregating data. Doing so
requires data curation, standardisation of reference labels, and the formalisation of workflows, among
others3. Furthermore, the orchestrator is also responsible for the aggregation mechanism, is in control of
the update schedule, and handles security and privacy aspects (Yin et al., 2021). Thereby, it holds the
capability to affect the accuracy, bias, and overall integrity of the system. The organisation governing the
central server wields significant power (Pati et al., 2022; Bujotzek et al., 2024).

From an organisational perspective, in the case that FL is collaborative and outside of the boundaries of
a single organisation (as is the case in, e.g., applications in healthcare under a consortium; Pati et al.,
2022), the “structure” acting as the orchestratormust be trustworthy. This organisation—beyond technical
tasks described previously—is also tasked with aligning participating clients to a set of agreed-upon rules
and contracts, settling disputes, and ensuring the financial sustainability of the collaboration. These points
each consider the “locus of accountability”—that is, here, some type of organisation, the one “whomakes
the decision” (Khatri &Brown, 2010). All participants must trust this accountable organisation before any
collaboration and sharing of assets occur (Berente et al., 2021; Pati et al., 2022; Bujotzek et al., 2024). This
is essential in order to create an environment where all parties are willing to collaborate in the short term,
and benefit from shared insights or financial gains in the long term. An alternative case is when FL is
deployed inside the boundaries of an accountable organisation, inwhich case governance is done in-house
(see, e.g., Hard et al., 2018).

At last, it is noteworthy that the organisational structure for governance must be designed according to
the context in which FL is trained. Technology governance is never a one-size-fits-all and depends on the
asset plus organisational structure at hand (Brown & Grant, 2005; Weber et al., 2009; Khatri & Brown,
2010). In the case of training FL across devices by a single organisation, governance typically happens
in-house (see McMahan et al., 2017; Hard et al., 2018). When between organisations, in a non-
competitive and research-centric market for data, a consortium might be the right fit (see Mateus et al.,
2024). Alternatively, a single party—such as a university or non-profit—could be trusted to act
altruistically as a third party and reap shared rewards (see Pati et al., 2022).

Taking past understandings on designing data governance and decision domains (Khatri & Brown,
2010), we formulate a set of non-exhaustive questions related to and informing model governance (see
Table 1).4 They are categorised in terms of decision domains appropriated from governance literature.
Formally,Weill and Ross (2004) propose that IT governance design includes fivemajor decision domains
—principles, architecture, infrastructure, application needs, and investment and prioritisation. Khatri and
Brown (2010) adapt these to data governance to consider principles, quality, metadata, access, and the life
cycle. We adhere to and adapt the latter as we consider data to be the core asset.

The practical orientation of this article compels us to consider the framing of governance by Pati et al.
(2022). Their study presents results from training an FL model for tumour detection involving data from
71 sites across 6 continents. Here, governance is referred to as (1) the definition of the problem statement
and (2) the coordination with the collaborating sites. In consideration of this framing, the scope of this
commentary is on the latter: the coordination (i.e., model governance) with collaborators. The goal of this

2Usually, this aggregation is a weighted arithmetic mean or a simple arithmetic mean.
3 By this, we understand the standardisation of model outputs, labels the models are trained against, and standardisation of the

weights across the clients.
4 The technical and organisational implications are accounted for as part of the formulated questions.
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commentary is to advance understanding of the common layers leading to an organisational archetype for
the governance of FL. After delineating assumptions, describing our inductive approach, we propose the
framework and its layers. At last, we apply the model to real-world cases.

3. Towards a framework of common layers

3.1. Assumptions

The development of information systems is a process that is constructivist (Weigl et al., 2023). Decision-
making about technology in organisations involves actors that are involved in a “set of games”
(Mintzberg, 1983) and “processes of getting commitment” (Keen, 1981). It is to be expected that actors
who contributed more data to a model, a crucial piece to the model, or who simply have a more dominant
market share can (ab)-use their “positional advantage” (Hård, 1993) in negotiations over technology. In
particular, this is expected to be the case in competitive data markets (see Lee et al., 2023). Because the set
of games involves actors whose motivations may be “hidden” (Grover et al., 1988), the assumption is that
decisions over governance occur in a black box.

Conceptually, one may open this black box from a constructivist perspective. Given constraints in the
technical domain, technology’s affordances are interpreted flexibility by different actors. These actors
make decisions within some institutional context, based on the organisational status quo (operating
procedures, culture, etc.) and environmental pressures (regulation, financing, etc.) (Weigl et al., 2023).
Although we find value in the described perspective, given the practical orientation of this commentary,
an alternative, inductive lens is put forward.

We assume that it is never possible to fully deconstruct the black box of decision-making (Winner,
1993). As each context is different, generalisation of any deconstruction would be limited (Weber et al.,
2009). Given this assumption and the consequent limits to generalisation, based on our process of

Table 1. Decision domains and questions tailored to FL governance, based on Khatri and Brown (2010)

Governance
domains Domain decisionsa

Principles What are the system technicalities (e.g., architecture, rounds, PETsb, data structure,
communication channels)?

How does the regulatory environment(s) influence system design? (e.g., Is the data
sensitive?)

If any, how is client participation (financially) compensated over time?
If any, what is the strategy for re-sharing (i.e., the terms of licensing and ownership)?
What happens when the learning threshold is reached?

Quality Does the FL process require a data quality check?
How does the quality check process look?
Where do the quality checks occur (i.e., orchestrator, clients, or both)?

Metadata What information (e.g., versioning and identifiers) is in the metadata?
What information does the metadata require for accountability? For compliance?

Access Does anyone else, besides the clients, have model access?
For how long do clients have model access? On what terms?
If any, what is the access pricing strategy (i.e., subscription, openness, and freemium)?

Life cycle Who stores the model?
Where is the model stored?
What is the long-term model retention strategy?

aThe questions formulated by domain are non-exhaustive.
bPrivacy enhancing techniques (see Yin et al., 2021).
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information gathering, we instead provide a framework that considers three common layers—quasi,
context factors—that lead to an organisational archetype for the governance of FL.

3.2. Inductive approach

The reflection and layered framework we propose is inductively developed by following principles of
conceptual research (Jaakkola, 2020; Makowski, 2021). In September 2024, two of the three co-authors
attended the 22nd International Conference on Intelligent Systems Applications to Power Systems in
Budapest, Hungary. There, they discussed organisational archetypes for the governance of FL as part of a
themed panel and brought back input for the creation of a framework. Workshops are commonly used as
an inductive approach to research (Storvang et al., 2017). The workshop included academics and
practitioners active in the field of FL. Some were operationally involved in the deployment of solutions;
others were active in more fundamental research.

Between September and August 2024, we gathered post-workshop reflections and feedback with FL
specialists from various industries (n.b. energy, finance, and defence). They are considered agents with
implicit and factual knowledge about processes and decisions (Mergel et al., 2019). Among authors and
with some of the specialists, we repeatedly met to review and iterate (Klein &Myers, 1999) until the final
framework.

After the framework was developed, we performed an ex-ante application of it to a set of real-world
applications identified using a modified version of an online open-access tool to do automated searches in
different databases of academic literature (Gerloff, 2022). We primarily consulted Association for
Computing Machinery (ACM), Institute of Electrical and Electronics Engineers (IEEE), and Scopus
for technical literature, as well as PubMed, given that the main empirical results stem from there. We also
consulted non-peer-reviewed academicworks from arXiv,Medrxiv, and Biorxiv, althoughwe do not refer
to these specifically.

3.3. Layered framework

The result of this process of information gathering and iteration is the formulation of a conceptual
framework of common layers to derive organisational archetypes for the governance of FL (Figure 1). The
three common layers at play when deciding upon the locus of accountability and corresponding
organisational archetype are (1) the nature of the data market (spectrum of collaborative–competitive),
(2) the FL model’s architecture (spectrum of centralised–decentralised), and (3) the model’s ownership
(spectrum of proprietary–shared). The result is archetypes.

While in no order of priority, there is a temporal element to these layers such that the initial
consideration is done with regard to the market, followed by architectural design choices, and, at last,
the definition of the ownership structure. We subsequently discuss each of the three common layers
individually. Thereafter, we put forward a set of non-exhaustive questions to help decide on the archetype.

Figure 1. A layered framework to derive organisational archetypes for the governance of FL. The line
represents the virtual decision-making process throughout each of the layers, resulting in a selected

archetype.
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3.3.1. Data market
First, stakeholders must evaluate the data market in which they are operating. There are four types of data
markets: many-to-many, one-to-many, many-to-one, and one-to-one (Driessen et al., 2022). However, in
stylised economic terms, we can simplify markets for data and place them on a spectrum between
competitive and collaborative markets (Fernández, 2023). Competitive markets are characterised by
organisations that guard their data closely to maintain a competitive edge. Legal restrictions and other
market pressures also play a role in the limits of data sharing. Organisations will avoid sharing data that
could potentially benefit their rivals, as their competitive advantage hinges on exclusive access to valuable
data resources (Kearns & Lederer, 2004).

However, organisations have begun to shift towards collaborative business models and technologies
to maximise returns. At once, data markets can be “inherently” collaborative such that organisations
actively work together to share data, research on projects, and reap mutual benefits (Spiekermann,
2019). Examples include hospitals and research centres collaborating to create comprehensive datasets
for better patient care.5 Other organisations, such as banks and insurance companies, will traditionally
compete, although they will look to collaborate to address a shared problem and reap joint rewards (Lee
et al., 2023).

3.3.2. Infrastructure
Second, stakeholders must decide upon the system architecture. FL presents two main architectures
(Figure 2): centralised and decentralised (Yin et al., 2021). The former involves a set of clients and an
orchestration agent (central server) for collaborative training of an ML model. The process consists of
three phases as follows: preparation, training and learning, and use. Clients prepare their data, agree on
the ML model to train, and select initialisation parameters. The orchestrator then selects a subset of
clients to download, train, and share their model parameters. This process iterates until the model
reaches the agreed objective, usually a certain performance level or learning threshold, although it could
be a limit in rounds or training expenses. This architecture has trade-offs, including privacy concerns, a
single point of failure (the server), communication overhead, scalability issues, security risks, and
fairness challenges.

Decentralised FL operates differently and overcomes some of these trade-offs. It requires a protocol for
peer-to-peer information sharing and a logic architecture for learning orchestration. The same three phases
persist: prepare, train and learn, and use. By removing the dependency on a central coordination agent and
distributing responsibility among clients, decentralised FL fosters a more resilient and efficient collab-
oration (Martínez Beltrán et al., 2023). It also removes the sharing of potentially compromising datawith a
coordination agent, avoids a single point of failure, and aims to improve fairness by shifting importance
from the client’s data to every client, preventing clients with large datasets from dominating the learning
process (Witt et al., 2023).

In certain scenarios (involving highly sensitive or private data), an alternative take on the centralised
architecture emerges, such that the physical location of the training process changes. Under specific
conditions, the federation may choose to aggregate the model at a trusted third party (such as a European
body like eu-LISA or a market authority) that has no economic interest in the outcome but is responsible
for ensuring the correct functioning of the system. For instance, in a fraud detection federation across
banks (Yang et al., 2019), a financial market regulator could oversee the training process to ensure it is
conducted properly, without having any interest in the model or its outputs.

Besides physical solutions to trust and ownership, researchers have implemented technological
solutions. To uphold privacy, mechanisms like differential privacy add noise to obscure individual
data contributions and mitigate reconstruction risks (Fu et al., 2024). Homomorphic encryption
enables computations directly on encrypted data, preserving confidentiality during aggregation
without sacrificing model utility (Jin et al., 2023). Similarly, secure multi-party computation

5Admittedly, they are now more restricted in doing so, given privacy regulations (Price & Cohen, 2019).
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protocols allow for collaborative model training while ensuring no individual party’s data are
exposed (Kaminaga et al., 2023).

To protect against adversarial behaviour, especially model poisoning, anomaly detection techniques
have been developed to identify irregular or malicious updates (Vucovich et al., 2022). Trust and
reputation-based systems can further reinforce robustness by weighting client updates according to their
historical reliability and contribution quality (Rashid et al., 2025). Furthermore, research has proposed to
integrate blockchain-based solutions, such as smart contracts (Cassano et al., 2024), and non-technical
approaches utilising legal instruments like contracts and independent audits to ensure ethical, legal, and
technical robustness in systems, thereby holding providers accountable (OECD, 2016).

Other emerging methods seek to enhance fairness and operational efficiency. Fairness-aware aggre-
gation frameworks attempt to balance the influence of clients with heterogeneous data volumes, ensuring
equitable model contributions (Ezzeldin et al., 2023), while model compression techniques reduce the
communication burden associated with transmitting large updates, thereby broadening participation to
include clients with limited resources (Yang et al., 2022). Collectively, these techniques enable the
development of federated systems that are not only decentralised but also more secure, private, and
equitable.

3.3.3. Ownership
Finally, the stakeholders need to address questions about ownership. In the context of AI, these questions
are manifold. Post-GenAI, the body of works considering the ownership of outputs of an AI has grown
(see Tzimas, 2021). Conceptually, we pragmatically consider ownership as who owns the IP rights to the

Figure 2. Conceptual architectures for FL.
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trained model and how the benefits derived are distributed (Berente et al., 2021). The benefits can be both
financial in the commercialisation of the model or practical in its application.

The IP can be shared or in whole; correspondingly, ownership can be shared equally among parties,
be distributed among parties, or be owned by one single party. In the former, parties can—for example, in
the European Union—draw up a so-called Research and Development Agreement before development
(European Commission, 2023). The agreement covers (1) IP ownership and access rights, (2) registration
protocols, (3) exploitation strategy (in the form of licences), and (4) IP management in case of termination
of the agreement. An alternative form of shared ownership can be formalised by the creation of a joint
venture or consortium, where two ormore independent organisations undertake a specific project together
and share the IP accordingly. Here too, for both types of organisations, agreements typically cover the
same four points (see also WIPO, 2005). By and large, IP rights define the ownership settings and access
to themodel. For example, whereas in-house governance will allow to fully leverage the IP rights, sharing
IP as part of a consortium may put limits on commercialisation.

3.3.4. Archetype
Due to the limited number of scaled applications, the knowledge on resulting archetypes is scarce.
However, we expect one to use our framework and for one archetype to emerge as a result of decisions
taken along each layer of the framework. To assist practitioners in identifying the matching archetype, we
propose a set of guiding questions along the layers (see Table 2). Effectively, the way one answers these
questions will determine internal development choices, ultimately leading to a specific archetype. In the
future, the patterns for which archetypes are more popular in which context may become clearer. We
anticipate that context, application domains, verticals, country-specific regulations, and other variables to
play a significant role in shaping them.

4. Organisational archetypes

4.1. Application of the framework

In Table 3, we consider a limited set of real-world applications through the lens of our framework. It is
noteworthy that we only selected applications that aremature and have progressed beyond initial proofs of
concept, prototypes, or small-scale pilots and are actively utilised in real-world environments, of which,
according to the UK’s Department for Science, Innovation, and Technology (2024), there are relatively
few of them.We expected this to be the case given the general, risk-averse sentiment towards FL adoption
(Müller et al., 2024).

We note that the majority of applications are in the healthcare sector. This was to be expected (Rieke
et al., 2020). In terms of archetypes, we observe that in collaborative data markets with decentralised

Table 2. Guiding questions by layer of our proposed framework

Layer Guiding questionsa

Data market In what data market type am I participating?
What is my relation towards the orchestration and competitors/collaborators (i.e., other

clients)?
Infrastructure What type of data do I have?

What type of data do others have?
Is my data subject to specific regulations?
What regulations am I and other clients subject to?

Ownership Do I want to maintain ownership of the model? If yes, what type of ownership?
Do I expect short-term or long-term benefits?

aThe questions formulated by layer are non-exhaustive. We see these as starting point for discussion.
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infrastructure and shared IP ownership, the consortium appears as an evident organisational archetype.
Popularised in the information technology industry at the turn of the century, consortia are a form of
alliance between multiple organisations that collaborate on a shared objective while maintaining their
independence (see Hawkins, 1999). Literature has shown that such collaborative structure mitigates the
risks of monopolisation, enhances collective innovation, and promotes fair competition by aligning
incentives towardmutual benefit rather thanmarket dominance (Doz et al., 2000). In the context of FL, the
archetype helps to balance power dynamics by ensuring that decision-making, resource allocation, and IP
rights are distributed more equitably among stakeholders (Bujotzek et al., 2024; Mateus et al., 2024).

The second archetype we see emerging is labelled as “in-house.” Here, the application is Gboard,
Google’s virtual keyboard, which utilises FL to improve predictive text and typing suggestions while
maintaining user privacy. Instead of sending raw typing data to centralised servers, Gboard trains directly
on users’ devices, aggregating only the necessary updates to improve the overall model (Hard et al., 2018).
In terms of governance, themodel principles and access (refer to Table 1) largely define and point towards
a centralised, proprietary setting.

Beyond the two archetypes observed “in thewild,”we foresee other archetypes to emerge.One of these
is the joint venture whereby independent organisations form a new organisation under which model
training occurs or is coordinated, by which ownership is equitably shared and typically commercialised.
This archetype is opposed to consortia, where it is typically not commercialised.6 The conditions for such
a form of alliance are relationship and firm-specific (see Pateli & Lioukas, 2011). Another archetype we
foresee to be of interest is to delegate orchestration to a third party. This could be, for example, a financial
market authority or central bank (Lee et al., 2023). A more speculative, experimental archetype is to
delegate orchestration to a decentralised autonomous organisation (Majeed et al., 2023).

4.2. Limitations

The proposed framework is subject to limitations. For instance, when derived inductively, here using a
workshop and reflections, there are limits to the generalisability of the conceptual contribution due to the
context-specific nature of the data collection (Storvang et al., 2017; Jaakkola, 2020; Makowski, 2021).
We addressed this limitation by application to some real-world cases, an established method for ex-ante
validation, and by delineating boundary conditions in the form of assumptions (Busse et al., 2016).

Additionally, the subjective interpretations of the researchers and the potential for bias in data
collection and analysis further constrain the applicability of the findings (Klein & Myers, 1999). We
addressed this limitation through additional conversations and iterations with experts. Still, while our

Table 3. Real-world applications of FL through the lens of the layered framework

Real-world application Type TRLa

Layers

Data marketb Infrastructurec Ownership Archetype

FeTS (Pati et al., 2022 Cross-silo 9 Coll. Dec. Shared Consortium
Gboard (Hard et al.,

2018)
Cross-device 9 Comp. Cen. Proprietary In-house

NCDC (Mateus et al.,
2024)

Cross-silo 9 Coll. Dec. Shared Consortium

RACOON (Bujotzek
et al., 2024)

Cross-silo >7 Coll. Cen. Shared Consortium

aWe estimate the application’s technology readiness levels (see NASA, 2023) on the basis of available documentation.
bColl, collaboration; Comp, competition.
cDec, decentralised; Cen, centralised.

6 For a comparison between a consortium and an equity joint venture, see Costa et al. (2017).
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frameworks can provide conceptually rich understandings, their validity and reliability across different
settings and populations remains limited, necessitating further validation and adaptation to enhance
generalisability. As FL models mature, we see this as a future research direction.

5. Discussion

While writing this commentary, and in the discussions with respective experts working on FL, we
encountered three distinct points that are worthwhile to discuss in the context of governance. All three are
of organisational relevance; for all three, supportive literature is scarce. Therefore, we view each as an
avenue for future research.

First, because the value of contributions in FL decreases as the number of participants increases (what
we describe as the learning threshold), collaboration is at odds with utility and individual return. One key
challenge to FL is that the model training can reach a ceiling of accuracy (Ω) after a certain number of
participants (n) contributed. In other words, as more participants join and contribute, the model becomes
more accurate, and for each new user joining at the time (n+1), the accuracy peaks and the utility of the
contribution decrease (see Figure 3). This may indeed lead to unintended outcomes. It may be that whenΩ
is reached, the sustainability of the collaboration is in jeopardy; those who contributed first may argue that
the value of those who contributed later is lesser (Lee et al., 2023). The orchestrator must define clear
participation and ownership (reward) structures.

The second point is that who initiates the collaboration is typically in control. Checks and balances
within the system are not only a question of contracts and agreements; it is also about who initiates the use
case in the first place. Similar to the power plays in the formation of consortia, the initiator of an FL
collaboration largely defines what kind of governance structure to set up and what the relationship is
between participants. It may be that, in a commercial example, the initiator opts to create a vendor lock-in
and abuse their market position (“winner-takes-all”). To do so, it would reduce the amount of power end
users have by, among others, reducing or eliminating the orchestrator as a whole. Valuable lessons may be
learned from literature on consortia formation and the power dynamics at play (Doz et al., 2000;
Sakakibara, 2002).

At last, in our conversations and the workshop, experts flagged private companies’ inherent aversion
towards the adoption of FL due to their awareness of associated risk (see also, Müller et al., 2024). On the
one hand, the adoption of FL demands certain organisational capabilities—it requires necessary
(technical) skills, governance structures, and communication channels between participants (Bujotzek
et al., 2024). On the other hand, companies adopting FL are—at worst—exposing themselves to market
risks and cybersecurity risks in the form of data leakages, predatory behaviour, and so forth. At best, they

Figure 3. Stylised visualisation of model accuracy versus contributors. The intersection betweenΩ and n
represents the learning threshold.
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need to trust an orchestrator. Either way, experts pointed out that FLmay be in the limbo of a chicken-and-
egg problem. This is sensible given that distributed technologies commonly face this problem (Drasch
et al., 2020).

6. Outlook

Aswith any emerging technology, FL faces the dynamics of typical technology adoption life cycles—be it
Gartner’s hype cycle or others. While deterministic by nature (Pollock & Williams, 2010), these
frameworks can provide a useful lens to estimate the stage of development for FL.

The academic corpus surrounding FL appears to be entering a stage of consolidation, marked by an
increasing number of early adopters seeking to understand, explore, and advance the technology. These
efforts are projected into the first real-world implementations in the healthcare sector (Pati et al., 2022;
Bujotzek et al., 2024; Mateus et al., 2024). These examples illustrate how real-world applications are
progressing beyond purely technical aspects, in finding answers to organisational questions. Their success
relies on interdisciplinary and cross-domain collaboration (van Drumpt et al., 2024).

By contrast, applications outside of the healthcare sector remain underdeveloped, often lagging in the
depth and breadth of available research. This disparity suggests that while research in other sectorsmay be
maturing, real-world adoption is still in its infancy, requiring more innovators and organisations to bridge
the gap. Consequently, as also seen in the healthcare sector, we recommend to decision-makers and
policy-makers that interdisciplinary and cross-sectional collaboration is key for FL’s adoption. The uptake
of use cases requires more than technical expertise.

Research opportunities will continue to emerge as both industry and academia explore the
implementation of FL across sectors. As collaboration markets emerge and evolve, it is essential to
examine the technical advancements in FL and the governance concepts that will accompany them. For
instance, we envision that organisational frameworks must be developed to address long-term and
short-term adoption strategies. Short-term strategies are particularly relevant in the context of FL, as
the emergence of short-term federations may necessitate agile organisational structures that enhance
governance’s dynamism and account for such contingencies (see Sambamurthy&Zmud, 1999). In line
with these developments, a clear research opportunity building from our theoretical framework could
lead to the creation of a decision tree to guide organisations in the selection process of an organisational
archetype from a practical perspective. We foresee managers and C-level executives within organisa-
tions to be the main counterparties. Moreover, we also foresee the necessity of understanding the trade-
offs; in other words, the benefits and drawbacks of certain decisions when in the context of an FL
organisation.

Additional research opportunities in governance arise as the global “building boom” of high-
performance computers and data centres is kept alive (Weise, 2025). Specifically, beyond those
owned and operated by Big Tech, we see these facilities as providing on-demand computational
resources and being non-competitive, trustworthy orchestrators for the training of FL. Still, they also
require governance frameworks to establish the rules based on the type of archetype they will interact
with. However, given the preliminary nature of our approach and the lack of post-data analysis, a
significant question remains uncertain: will there be a multitude of different archetypes, or will they
converge?
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