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Abstract
Recent decades have witnessed the rise of quantification as the central way in which global spaces are known and governed. The growing number of both indicators and their producers has generated situations in which multiple metrics of similar phenomena are in competition with each other. Combining the literature in STS and sociology of valuation, the paper theorises this competition in terms of a knowledge controversy over numerical practices. Building on a comparative study on the production of poverty indicators in the World Bank, UNDP, and UNICEF, the paper details the struggles over measurement, foregrounding their organizational implications. In this case, the multiplicity of competing measures leads to the emergence of a ‘market of indicators’ in which International Organizations have to actively create, communicate, and advocate for their measures to increase their perceived epistemic, political, and strategic value. The paper makes two contributions. First, it develops the notion of ‘governing by controversy’ and theorizes the generative power of knowledge controversies in terms of their market-making capacity. Second, it adds to the sociology of valuation theorizing how knowledge controversies can stimulate organizations to refine their measurement practices and search for innovative forms of knowledge production, thereby operating as ‘engines of valuation’. 
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1. Introduction
The recent decades have witnessed the rise of indicators as the key governing technologies in the global spaces responding to increasing demands for “readily comparable and accessible knowledge” (Rottenburg et al., 2015, p.2). Indicators seem to fit to these epistemic needs. Normally, indicators for global governance are simplified numerical representations of complex social justice and environmental problems that are based on mathematical aggregations of historical measurements and enable to draw some conclusions to monitor, assess, and promote specific goals (Porter, 1995; Desroisères, 2015). The production of indicators is key in enacting scientific expertise (Eyal & Levy, 2013) and promoting evidence-based approaches to dealing with social, political, and environmental problems (Merry, 2011). This paradigm of global governance is best exemplified by the introduction of the Sustainable Development Goals (SDGs) in 2015, with their complex reporting system of indicators organised within specific targets and goals that comprises a total of 247 indicators. The broadening and deepening of the indicators’ global coverage has, in some policy areas, resulted in a multiplicity of often competing indicators measuring similar phenomena (Eyal & Levy, 2013). 
And yet, despite the increasing research interest in the sociology of quantification and issues connected to ‘governing by numbers’ (Mehrpouya & Samiolo, 2016; Mennicken & Espeland, 2019; Scheel & Ustek-Splida, 2019), very little is still known about how different global actors deal with the production and dissemination of contradictory measures and indicators. To unpack the tensions and struggles inherent to the epistemic practices of indicator production (Bueger, 2015), we propose a theorisation of them as knowledge controversies in global governance. Conceptually rooted in Science and Technology Studies (STS), knowledge controversies are defined as situations in which actors struggle over knowledge claims, their robustness, and suitability to inform and tackle policy problems (Sarewitz, 2001; Carolan, 2008; Whatmore, 2009; Donaldson et al., 2010). To investigate these issues, the paper draws on a detailed comparative case study building on 46 semi-structured interviews with experts involved in the production and dissemination of global indicators in the three large International Organizations (IOs) with a remit of poverty reduction[footnoteRef:1], namely the World Bank, UNICEF, and UNDP.  [1:  The global poverty measurement space is particularly suitable for the exploration of the competition among measures because the multidimensional poverty measurement target (1.1.2) within the SDG1 (‘Ending all poverty’) – unlike the vast majority of targets – lacks a ‘custodian agency’ to coordinate poverty measurement efforts. Consequently, each country makes reporting decisions without any central steering.] 

Crucially, each of these IOs developed different approaches to poverty measurement. The most explicit example is the coexistence of three multidimensional poverty measures offered by these key players, namely the World Bank’s Multidimensional Poverty Index, UNPD’s Multidimensional Poverty Indicator, and UNICEF’s Multidimensional Overlapping Deprivation Analysis. These approaches differ in terms of the ideologies of poverty eradication that inspire them and the technical and methodological requirements for their implementation (Gordon & Nandy, 2012). Consequently, the countries reporting on multidimensional poverty might choose (or mix) the three approaches – an aspect that raises issues with poverty monitoring, the accountability for poverty alleviation, and the political rather than substantive use of poverty measures at the country level. 
In this paper, we show how the controversy among experts over the perceivably ‘correct’ way of measuring poverty put increasing pressures on the IOs to compete with each other and persuade country officials to adopt their measures. Knowledge controversy organised the interdependencies among IOs into specific forms of symbolic exchange that we describe as a ‘market of indicators’. This market-based governance system, where IOs advocate for their measures to accumulate different forms of (epistemic) capital (see Fochler, 2016), is not inconsequential. Unpacking the theoretical implications of the market of indicators, we contribute to the existing literature by theorizing the global poverty space as ‘governed by controversy’. The struggles over measurement shaped the focus and domains of action of the IOs, and organised the interactions between them through specific strategies to differentiate their indicator portfolio.
This market-making power of the knowledge controversy transformed the poverty measurement into a ‘site’ valuation. To unpack the new forms of worth that the organisation create in the market for indicators, we link the literature on knowledge controversy and the sociology of valuation (Stark, 2009; Lamont, 2012; Kornberger, 2017). As an interdisciplinary area of study, the sociology of valuation is concerned with exploring the social processes where values are assessed, negotiated, maintained, constructed, or contested (Doganova et al., 2014). In particular, the sociology of valuation foregrounds how conflicting values and their inner tensions may sustain generative processes of search of innovative forms of knowledge production (Stark, 2009; Lamont, 2012; Quattrone, 2015). 
This leads to the second important contribution of the paper, namely the theorisation of knowledge controversy as an ‘engine of valuation’. We detail how the IOs’ struggles over the value of indicators exceeded the questioning of their methodological robustness (epistemic value). Crucially, they involved a systematic discussions on the indicators’ capacity to be appropriated by political actors (political value), and the assessment of how the indicators can interfere with and influence other actors’ measurement approaches and expand the remit and influence of the IOs (strategic value). Thus, we illustrate how a situation of controversy opens up not only the black box of knowledge production revealing taken-for-granted assumption embedded in the process of quantification (Callon, 1998; Desroisères, 2015), but also the black-box of the processes of the creation of the epistemic, political, and strategic value of different forms of quantification.
2. Literature review 
2.1. Knowledge controversies and the production of indicators
Knowledge Controversies (from now on KC) are social situations in which knowledge claims become a subject of a dispute between experts disagreeing over the epistemic qualities and the ‘truth’ status of science (Whatmore, 2009). Vast literature in STS focused on the study of KC as a methodological tool of opening up the ‘black-box’ of knowledge production (Latour 1987; Callon, 1998) and enabling the exploration of implicit meanings, values, and interests inherent to production of objective ‘facts’. As such, the focus on KC can unveil the taken-for-granted assumptions that hold together institutionalized ways of doing things as they become questioned and more explicit (Petts & Brooks, 2006; Chilvers, 2008; Bosworth, 2017).
This area of scholarship evolved from a focus on scientific controversies and consensus formation to account for broader public, political, and environmental controversies (Martin & Richards, 1995). Within the production of knowledge for social and environmental problems, conflicts frequently emerge at the intersection of epistemic assumptions about the validity, reliability, and credibility of knowledge (Daviter, 2019). Of particular importance here is the role of knowledge practices in political life. Indeed, extant research pointed to the sources of KC as extending beyond purely epistemic factors (Donaldson et al., 2010) and also entailing political, social, and moral considerations (Nelkin, 1995). The central insight offered by this research is that the interplay between knowledge and politics in KC results in their insolvability purely on the basis of knowledge and expertise (Whatmore, 2009). Rather, the ‘closure’ of the controversy is more often accomplished by the changing configurations of actors, institutions, values, and objectives (Grundman & Stehr, 2012). 
The development of KC is driven by the different actors engaging in the process of knowledge production. The redistribution of heterogeneous expertise in complex governance challenges results in “an ever-growing, ever-more-varied cast of characters” (Callon, 1998, p.260) who produce knowledge and orchestrate its social ordering (Whatmore, 2009). Scholars have shown that the controversies generated by the use of specific technologies (e.g. computer simulation modelling – Landström et al., 2011) can contribute to the coproduction of knowledge that crosses disciplinary boundaries and epistemic practices (Donaldson et al., 2011; Chilvers, 2008). Simultaneously, participatory processes do not necessarily mitigate conflicts, as KC can become politicized in contested environments characterized by opposing demands and heterogeneous audiences (Callon, 1998) – e.g. in relation to the governmental response to the spread of diseases (Jasanoff, 1997) or in reaction to contested environmental issues such as the disposal of nuclear waste (Sarewitz, 2001). In scenarios entailing high levels of scientific uncertainty such as the above, the discrepancies among scientific, technical, environmental, and political ‘facts’ can make KC act as ‘uncertainty multipliers’ (Vaughan, 1999). This, in turn, has been shown to enable actors to advance political agendas by appealing to different bodies of legitimized knowledge to rationalize their decisions and develop rhetorical strategies (Martin & Richards, 1995).
In contexts that are profoundly affected by processes of quantification such as the transnational governance space (Mehrpouya & Samiolo, 2016; Scheel & Ustek-Spilda, 2019), KC is catalytic surface that pushes organizations to question and refine their measures and indicators and to search for innovative forms of knowledge production. And yet, the organizational and strategic dimensions of KC are understudied. Little is known about how knowledge-intensive organizations shape and react to an ongoing (rather than isolated) controversy and what new epistemic, political, and strategic arrangements emerge from the tensions among knowledge claims. In what follows, building on insights from the sociology of valuation, we seek to expand the understanding of ongoing KC in terms of struggles over value. 
2.2.  Valuation practices within the epistemic machineries of knowledge production
Recent years have witnessed a surge in interest in the interdisciplinary study of social processes of valuation (e.g. Stark, 2009; Beckert & Aspers, 2011; Lamont, 2012). This eclectic field of study has pushed interdisciplinary boundaries of economic sociology, STS, organization studies, human geography, and even developed ad hoc publication outlets (see Helgesson & Muniesa, 2013). At the center of this approach there is a “shift from value (a noun, a property) to valuation (a process, a practical action)” (Stark, 2011, p.335). From this perspective, valuation is a process “where the value or values of something are established, assessed, negotiated, provoked, maintained, constructed and/or contested” (Doganova et al., 2014, p.87).
While some scholars have argued for a differentiation between valuation practices (i.e. processes were value or worth is created) and evaluative practices (i.e. social practices trough which entities attain a specific worth) (Vatin, 2013), others contend that such practices are mutually constitutive (Kornberger et al., 2015) and called for the investigation of the politics of ‘moments’ and ‘sites’ of valuation (Berthoin-Antal et al., 2015). Importantly, processes of valuation occur in ‘markets’ understood as spaces of symbolic exchange (Simmel, 2008). In such spaces, competition can be witnessed as a public performance in which competitors are the “public’s representatives in [an] apparent exercise of free will, which occurs mostly in carefully controlled, if not staged, environments” (Preda, 2017, p.96). From this perspective, the forms and objects of competition are staged and evaluated as scarce goods by a variety of often black-boxed processes (Werron, 2015). 
STS research pointed to links between processes of valuation and ‘machineries of knowledge production’ (Knorr-Cetina, 1999) exploring how different forms of value are produced, accumulated, and assigned in different academic settings. Much of this research builds on the long-standing work utilizing the metaphor of capitalism to understand academic research production (Latour, 1987). Fochler (2016) referred to the valuation practices in this area as ‘epistemic capitalism’ in which scientific knowledge production acquires features akin to entrepreneurship whereby individuals accumulate various, not necessarily monetary, forms of worth (see Davies, 2014). According to this view, the valuation of different forms of research is necessary to accrue different forms of worth in the competitive set up of research production. Furthermore, studies have shown that valuation differs across epistemic cultures (Hessels et al., 2019) where specific ‘styles of valuation’ (Lee & Helgesson, 2019) can cause evaluative tensions and fraction. 
Research has shown that the state of fraction between various styles of valuation is not necessarily detrimental to the actors involved in it (Stark, 2009; Kornberger, 2017; Gatzweiler & Ronzani, 2019). In fact, in environments characterized by decentralized power, ambiguous goals, and multiple actors with diverse values and interests “contending frameworks of value can themselves be a valuable organizational resource” (Stark, 2009, p.6). That is because situations of evaluative tensions and dissonance can prompt and sustain processes of questioning, enquiry, and continual search of innovative forms of knowledge production (Quattrone, 2015; Gatzweiler & Ronzani, 2019). Hence, the evaluative tensions within the ‘epistemic machineries’ of knowledge production are not zero-sum games and call for the exploration of the organizations’ “capacity to influence and cope with valuation practices” (Kornberger, 2017, p.3). From this perspective, practices of valuation “emerge not as a kind of terra firma on which […] governance might rest, but as one more aspect of organizing that is itself in need of governance” (Gheman et al., 2013, p.106). 
Taken together, the literature on KC and on the sociology of valuation open up a new venue for exploring the epistemic practices in global governance spaces. In particular, the notions of competing approaches to quantification and their epistemic, political, and organisational consequences have been underexplored. In what follows, we address this issue by exploring the emergence of a ‘market of indicators’ within which the KC creates new opportunities for the assessment of values. 
3. Methods
3.1. The empirical setting: Poverty measurement as a knowledge controversy
Poverty measurement has long been a subject of ongoing controversy where different ideologies, institutions, and epistemic cultures clash (O’Connor, 2011). In particular, longstanding academic and policy debates gave rise to a plethora of measurement paradigms and approaches. Poverty itself is a difficult concept to grasp – it is vague, context-sensitive, ideologically and politically laden, and multifaceted. These features of the very notion of poverty also affect poverty measurement, which reflects the political character of the meanings of poverty (Gordon & Nandy, 2012). In fact, poverty can be seen through the lenses of needs, capabilities, or rights (Atkinson, 2019). These theoretical bases of the debate have salient methodological implications. They can translate into a measurement focus on a variety aspects including: a) income or consumption; b) exploring measurement in absolute or relative terms; c) multidimensional or monodimensional (monetary) approaches; d) defining the population of the poor through focusing on individual or household measures (Atkinson, 2019). These epistemological and methodological debates are reflected in the poverty measurement conducted by IOs. The scale of this KC can be illustrated by the growth of poverty measures over the last three decades from the International Poverty Line introduced by the World Bank in the 1990s to eight, offered by UNICEF, UNDP, and OPHI (see Table 1). 
The central actor in global poverty measurement since the second half of the 20th has been the World Bank (St Clair, 2006). The World Bank’s ‘dollar-per-day approach’ was developed in the 1990s and it has been re-assessed over the years (in 2001, 2008 and 2015), and is currently set at 1.9$ PPP (World Bank, 2018). It ignited debates regarding both the levels of poverty and the shortcomings of this approach, which is frequently seen as based on a narrow understanding of poverty (O’Connor, 2019). In recent times, the World Bank expanded its indicator portfolio to include two higher poverty lines set at 3.2$ and 5.5$, a societal poverty line, and a multidimensional poverty line (World Bank, 2018). 
By introducing their multidimensional poverty index, the World Bank joined the efforts of UNDP (with their MPI – Multidimensional Poverty Index) and UNICEF (with their MODA - Multidimensional Overlapping Deprivation Analysis, used predominantly to measure child poverty). These approaches were developed in the early 2000s and were focused on the shortcomings of the monetary approaches to capture poverty. The UNDP/OPHI is focused on human development (UNDP, 2019), building on the ‘capabilities’ approach (Sen, 1979). The approaches employed by UNICEF (the Bristol Approach and MODA) are based on the Convention on the Rights of the Child (UN Assembly, 1989). The newest approach – MODA (Multidimensional Overlapping Deprivation Analysis)[footnoteRef:2] – was developed in 2012, building on the Bristol Approach. The focus of this measure is on overlapping areas of deprivation.  [2:  See: https://www.unicef-irc.org/files/upload/documents/MODA_BROCHURE.pdf] 

Key drivers of global poverty measurement have been the monitoring-through-goals programmes (Bierman, 2018) – the Sustainable Development Goals and their predecessors the Millennium Development Goals. SDG1 aims to ‘End poverty in all its forms everywhere’. The SDGs require monitoring of both the monetary poverty measurement (the International and country poverty lines) and the multidimensional poverty (as defined by the countries). The lack of consensus over the poverty measurement as well as a multiplicity of indicators produced in response to this diverse knowledge base reaffirms the KC point (O’Connor, 2001). The central quality of the controversy over poverty measurement is its diversity – it is not one singular controversy but rather an enduring controversy with multiple internal points of tension. 


Table 1. An overview of global poverty measures.
	Measure
	Institution
	Defining the population
	Dimensions of poverty

	International poverty line 
	The World Bank
	Household 
	Monetary

	MODA
	UNICEF
	Individual 
	Multidimensional
Dimensions include: Nutrition, Health, Water, Sanitation, Housing, Education, Information, Protection from violence

	The Bristol Approach
	UNICEF, University of Bristol
	Individual
	Education, Health, Nutrition, Water, Sanitation, Shelter, Information

	MPI
	OPHI, UNDP
	Household  
	Multidimensional. Dimensions include: Health, Education, Living standards

	Multidimensional Poverty Measure
	The World Bank
	Household  
	Multidimensional. Dimensions include: Monetary well-being, Education, Access to basic infrastructure, Health and Nutrition, Household Security

	Societal Poverty Line
	The World Bank
	Household  
	Monetary

	Middle-income country poverty line
	The World Bank
	Household  
	Monetary

	High-income country poverty line
	The World Bank
	Household  
	Monetary



Box 1
Sustainable Development Goal 1:
 “End Poverty in All Its Forms Everywhere”
Target 1.1: By 2030, eradicate extreme poverty for all people everywhere, currently measured as people living on less than $1.25 a day.
Indicator 1.1.1: Proportion of population below the international poverty line, by sex, age, employment status and geographical location (urban/rural).
Target 1.2: By 2030, reduce at least by half the proportion of men, women and children of all ages living in poverty in all its dimensions according to national definitions.
Indicator 1.2.1: Proportion of population living below the national poverty line, by sex and age.
Indicator 1.2.2: Proportion of men, women and children of all ages living in poverty in all its dimensions according to national definitions.

3.2.  Data collection and analysis 
The paper employs a comparative case study methodology exploring three key IOs responsible for global poverty measurement – the World Bank, UNICEF, and UNDP. Case selection was based on a comparison between ‘extreme’ cases (Bennett & Elman, 2006) in terms of their methodological approach to poverty measurement: The World Bank employing absolute poverty lines and drawing on household-level data, and UNICEF employing multidimensional poverty measurement drawing on individual-level data (exploring inter-household deprivations). 
The research draws on 46 semi-structured interviews with experts at different levels of seniority working for the IOs (e.g. economists, statisticians, policy analysts) as well as with other professionals working for the IOs in an advisory or consulting capacity[footnoteRef:3] (e.g. academics). The interviews followed a topic guide covering four main themes: Approaches to measuring poverty, challenges and facilitators of poverty measurement, collaboration with partners, and the role of measurement in poverty reduction. The interviewee selection was based on an initial list identifying central actors within the organisations based on their websites and documents, which was progressively narrowed down. The selection was guided by the following attributes of the interviewees, in order to assure diversity amongst participants: 1) seniority level; 2) disciplinary background; 3) demographic characteristics (nationality, age, gender); 4) employment status (current and former employees, advisors). Later on, the data collection also benefitted from ‘snowball sampling’, were some participants put us in touch directly with other key players in their IO or in other organizations.  [3:  Because of their background and the technocratic and expertise-driven nature of their profession, the participants had largely homogenous epistemic frameworks in relation to poverty measurement. Overall, the interviewees were aligned in their reliance on economic knowledge, in their references to measurement as the underlying basis for governing, and on their drawing on technocratic ideals of objectivity and methodological robustness as the ethos underpinning their practices.
] 



Table 2. Overview of interviewees.
	
	Number of interviewees

	World Bank
	15

	UNICEF
	14

	OPHI/UNDP
	7

	Collaborators
Academics/Consultants 
Other UN agencies
Government officials
	10
(4)
(2)
(4)

	Total
	46



The interviews were digitally recorded, transcribed, and coded in NVivo. The central analytical approach was inspired by the grounded theory, entailing multiple rounds coding (including descriptive, focused, and theoretical coding). The first round of coding entailed the creation of descriptive codes which were then contextualised in the theoretical debates in the following rounds of coding by introducing the key concepts (such as values, market, and controversy). Resulting from this iterative process was a coding scheme with a number of overarching themes, such as Knowledge Controversy, Collaboration and Competition between Organisations, Organisational strategies, Barriers and Facilitators of Indicator Production, Changes over time. Each of these themes entailed a number of sub-codes with more detailed and situated themes. This process allowed us to develop a sharper theoretical focus over time and led to the focus on the organizational consequences of the KC and practices of valuation as aggregate dimensions. 
4. Findings
4.1. The historical knowledge controversy as a force structuring competition among IOs
In what follows, we show how the malleability and indeterminate boundaries of the KC came to shape the global poverty measurement space by heterogenising a field driven predominantly by the processes of quantification and standardisation. The participants unanimously viewed the disagreements over poverty measurement as the key characteristics of their field. As summarised by one of the interviewees when asked about the consensus over measurement: “I guess we all agree that we care about poverty. And this is as far as the consensus goes” (WorldBank3). Crucially, the KC was not solely an ‘ontological disturbance’ (Whatmore, 2009) as the interviewees discussed the KC as a consistent and enduring element of this space, which guided the IOs’ strategies to poverty measurement and the relationships among competing ideologies of poverty eradication. 
The malleability of the controversy and its constant shifts in focus have led to the emergence of new ‘objects’ of controversy, such as new indicators. The interviewees discussed the change in the locus of the controversy from the debates over multidimensional versus monetary measurement to ones regarding the qualities of specific multidimensional measures. For example, the interviewees named issues such as the approaches to multidimensional poverty measurement design (e.g. type and measurement of specific dimensions), data collection level, or the question of (dis)aggregation of results as igniting debates and struggles. The controversy was perceived as enduring and not necessarily ‘solvable’: 
[More research] might not help with the range of options. […] Everybody’s got their own vision of what a good measure is. If that vision is a multidimensional measure, then they’ll sort of find evidence as to how it's worked. And if there is one that’s more of an income-based one, then they'll draw to why multidimensional measures don't work. I think it’ll be interesting to see the mix. […] There's no one winner unfortunately (UNICEF5).
This shift contributed to opening up new venues for the IOs’ activities and new publics in the country governments that were employing these measures. At the same time, the organisations had to assure their measurement strategies were sufficiently aligned with the widely accepted methodological guidelines. For example:
I don’t see us moving towards: ‘Oh, let’s all have one measure’ beyond the SDGs which we have all signed up for. What we have been pushing is: ‘Let’s all agree on what constitutes the right technical guidance’, understanding that technical guidance can be used to construct a child measure or it can be used to construct something else. That’s fine. What we shouldn’t be doing is say ‘this is the technically correct thing’. […] So, your starting point is the same but then you may end up in different places because of your institutional mandates (WorldBank6).

The shifts in the debates were partly enabled by the blurred boundaries of the controversy and required specific organisational responses. In this sense, the approach to measurement became a strategic imperative to navigate the emerging shifts in influence among different actors in the field. As such, poverty measurement became a sphere of what one interviewee described as “organisational vested interests” (UNDP3). For example, the decision of the World Bank to introduce the multidimensional poverty index was seen as a threat to other actors. This issue was referred to as a problem of being a ‘one-indicator organisation’: 
We play a leadership role on the monetary metric and the measurement and the monitoring, but we are not a one indicator institution, for good and for bad! We have tonnes of things that we put out, we are doing business, and we have a human capital project. Our identity, our fundraising, and our business model is not predicated on the basis of a single measurement […]. Whereas UNDP has the Human Development Index, OPHI has MPI and their missions are narrower and they are very anchored around these measures, which has huge advantages because it allows to be much more focused, your messages are clear, but I think it has also some disadvantages that are if you feel like somebody is stepping into your field all of a sudden what does that mean (World Bank1).
The organisations responded to the increasing methodological diversity by either expanding their measurement portfolio while risking the focus of their message (e.g. World Bank) or by continuing the promotion of one indicator while risking losing the competitive advantage in cases in which multiple organisations compete over the implementation of similar measures. In this sense, the KC emerged as a structuring force that that came to shape the IOs’ focus and their indicator portfolio. 
4.2. The market of indicators – Knowledge controversy as a locus of competition
A consequence of the heterogeneising power of KC was the multiplication of indicators measuring seemingly similar phenomena (e.g. multidimensional poverty in Table 1), which exacerbated competitive behaviours among IOs and consolidated a space that can be seen as a market for indicators. In this space, IOs act competitively as providers of know-how and technical assistance to country officials who are making decisions regarding the form of measurement to employ in their contexts. 
Most of the interviewees acknowledged that the competition enables different forms of knowledge creation and referred to ‘spurring’ innovation and improving the existing measures. This view, akin to the ‘epistemological value’ of competition (Davies, 2014), assumed competition to have positive effects on performance as it motivates actors to constantly innovate (LeGrand, 2003). At the same time, this was contrasted by a recognition of ‘resource detriment’ of competition as the interviewees discussed organisational and political risks associated with the market of multidimensional indicators:
I don’t think it’s a very good outcome that we have three multidimensional [measures], I think it’s confusing to people, it duplicates work. […] I think there is certainly a competition, competition is good if different measures study different things and it spurs innovation. But it might also distract and consume resources (WorldBank4).
The KC impacted the competition among IOs by preventing the emergence of a central actor with sufficient power and legitimacy to make standard-setting decisions regarding measurement. This could be illustrated by the infrastructure of SDG 1.1.2 which – unlike the vast majority of targets – lacks a ‘custodial agency’:
[One of the few targets] where no international organization have any responsibilities to multi-dimensional poverty measure. I don’t know why that is. UNICEF does a bit of help, the World Bank does a bit of help, UNDP does a bit of help. It’s no one’s job. Of course, you then get World Bank, UNDP, UNICEF, proposing different things, which is less than helpful if you’re a national statistical office. […] Of course, regional organizations try and also suggest different things, and academics suggest different things. You end up with a nice selection, and no one [recommendation] (UNICEF14).
Consequently, the competition was driven predominantly by actors outside of the competitors themselves – the ‘customers’ of the poverty indicators which in this setting entailed the decision-makers i.e. the representatives of the country governments and national statistical agencies. In order to persuade and attract their ‘customers’, the IOs became increasingly focused on differentiating their approaches from others while adhering to technical baselines. 
For instance, the World Bank introduced the monetary dimension, UNICEF focused on individual (child-level) rather than household-level data (OPHI’s approach). Furthermore, the organisations strengthened their ‘unique selling points’ on the market by making claims regarding organisational advantages, for example existing networks or available expertise:
The World Bank is starting to look more into the multidimensional aspects. […] It’s interesting how everybody’s moving a little bit into each other’s realms. We’re all becoming a bit more alike. […] I don’t see it as an issue because they’re doing things that we can’t do, and there’s still things that we can do that they can’t do. So what we have which they don’t have is field presence for example, which they sometimes rely on. […] And the established government relationship we have, we’re maybe a bit more of a trusted partner in every country. On the other hand, they can do things that we can’t. For example estimate monetary child poverty. […]  So we absolutely rely on them for that (UNICEF3).

Consequently, the ‘market of indicators’ put contradictory pressures on the IOs: it required coordination among the approaches to establish methodological common ground and assure the credibility of the field, whilst the competition required differentiation of the measures to discriminate between actors. This was important as the countries could implement multiple measures – an aspect that was almost univocally perceived as problematic:
Many countries have just said OK we’ll take the UNICEF measure to track child poverty and we’ll take the World Bank’s measure to track extreme poverty and we’ll use our own national poverty line. It gets to a point of complete silliness, in countries like Vietnam, where you have two monetary poverty measures: One that is used by the Ministry of Labor, Invalids and Social Affairs which uses income; and another by the Office for National Statistics which uses consumption and reports the national poverty standards. Then you have two competing multidimensional approaches: One that has been produced by MOLISA with OPHI and UNDP, and another for child poverty produced in conjunction with UNICEF (UNICEF2).
The methodological differences between the various approaches in situations such as the one in Vietnam led to contradictory poverty numbers. Our interviewees were increasingly concerned about how the political use of multiple indicators could compromise consistent communication on poverty and/or the progress of anti-poverty initiatives at the country level:
Something I’ve seen at the country level is that, when they have to measure, they say: ‘OK but which one is it? Does it go up or down?’ It’s a very hard thing to explain. I say: ‘Well no, if you have this framework or if you have this framework you think poverty went up but if you have this framework this poverty went down’ (WorldBank6).
This contradictory messaging stemming from different measures was perceived to inhibit the policymakers’ ability to implement poverty action. The multiplicity of measures was open to the risk of ‘cherry-picking’ or even ‘gaming’ specific numbers to deliberately divert the attention of key actors and publics. The evidence presented thus far shows how the simultaneous pressures for alignment (in the form of adherence to methodological baselines) and differentiation not only shaped the IOs’ indicator portfolio but also brought to light the strategic nature of measurement approaches that were to coexist in the blurred boundaries of the KC.  Building on these insights on how the KC structured the institutional and competitive features poverty measurement space, in what follows we explore some of the ‘struggles over value’ by expert engaged in producing and promoting the different forms of measurement. 
4.3. Knowledge controversy as a resource for valuation 
The expansion and adoption of an indicator in the competitive space was not driven solely by the measure’s epistemic robustness. The predominant view expressed in the literature on knowledge controversies (and one that is strongly confirmed in our empirical data) is that controversies ‘open the black box’ of knowledge production to unveil the underpinning assumptions which are otherwise taken-for-granted (Callon, 1998; Whatmore, 2009). Yet, the case of the KC in global poverty measurement has unveiled another black-box that the controversy allows to ‘open up’ – that of the social practices of assigning epistemic, political, and strategic value to different indicators. These considerations are most of the time implicit, as the politics of measurement gets naturalised and institutionalised. However, in this case, the controversy resulted in an open debate and confrontation over the various dimensions of the worth of indicators. When advocating for their approaches (e.g. while discussing measurement strategies with country governments) experts made a number of arguments aimed at communicating the values of measurement. 
4.3.1. Epistemic value 
The central way in which the IOs differentiated their measures was through their methodological approach. Poverty is a complicated subject matter and a high number of the economists we interviewed acknowledged that no measurement approach can fully capture its inherent complexity. However, this limitation was not seen necessarily as an impediment to measurement as the ‘governability’ of poverty was perceived to be closely linked with the existence of multiple indicators. The claims to objectivity therefore filled in the gaps and drew boundaries around problems in poverty measurement. Consequently, a key argument used by the organisations to advocate for their measure was to refer to the capacity of their measure to capture the ‘correct’ aspects of poverty. The defence of one’s methodology was frequently followed by a critique of the other organisations’ measure: 
At [the research department] we’re a little bit more idealistic and academic. We do believe that poverty among children should be measured in a child-centric way, and so everybody should be investing their resources in coming up with a child-centric measure that makes sense to their country and not just collating the share of children living in MPI poor households (UNICEF1).
The approach of UNICEF […] would be that only individualised level indicators should be included in the measure. And there are other things that are very important for children’s wellbeing that is household-level indicators. By nature, by the way, they’re constructed. So those, we should exclude them from the measure. And that’s where I think the Bank is a bit more, yeah are you sure? Because if they don’t have good access to sanitation at a household level should you or not? And I think we have an agreement in some but that’s an interesting thing to discuss (WorldBank2). 
The epistemic value of measures was influenced by the practices of ‘advocacy’. The interviewees regarded advocacy as strategically necessary but they also highlighted how it could be at odds with the epistemic values of measures. Many interviewees discussed the risks involved in advocating for specific measures, as it required inflating the perceivably positive qualities and ignoring some of the methodological issues of the measures:
To become that leader [in the field] you are also then an advocate of [the measure] in some ways. And I think obviously in the ‘90s or in the early years of the consumption-based measure, the World Bank was an advocate for that measure. Now, I don’t think you read advocacy of that measure in our publications. […] I hope a much more descriptive discussion of it. And I think we publish a lot of work on criticisms of it, weaknesses of it (WorldBank11).
As indicated in the quote, multiple competing indicators risked leading to methodological dogmatism as the strengths of the measures were exacerbated. Hence, the KC was leading to increasingly antagonistic relationships between actors and to a simplification of the debate over the epistemic qualities of the indicator which, in turn, foregrounded the importance of the political value of measurement. 
4.3.2. Political value 
Assigning political value to an indicator was aligned with its epistemic value as, in the process of quantification, “the political and the moral become factual and calculable” (Desroisères, 2015, p.345). Consequently, indicators in political spaces are powerful as they govern implicitly through their appeal to neutrality and objectivity (Porter, 1995). In our controversy, these political qualities of numbers became openly debated and promoted. Through a focus on practices of valuation, the political and moral aspects of measurement were therefore brought to the foreground.
Political considerations were evident in the way the experts discussed the usability of the measures. The proponents of MPI and MODA claimed that their measures are effective as they promote inter-sectoral approaches to social protection, as the measurement itself is steering different government departments to work together for comprehensive solutions. Contrariwise, the proponents of monetary measures linked their political value to steering economic tools aimed at increasing economic growth. For example: 
A measure like MPI is not particularly useful for guiding policy. It’s good for advocacy, for raising issues that wellbeing is beyond just whatever can be aggregated through prices in the market. [The monetary measures] basically translate quite naturally through policies around growth and equity. They also focus policymakers on ‘OK you care about poverty, what are you going to do to raise the resources of the 12% of your country that are just living on below $1.90 a day?’. And then that nationally leads into: ‘OK, what’s the basis of production for these households? What are the transfers they receive? What are the constraints they have for investment? What are the risks they face?’ Blah-blah-blah like the whole suite of economic tools around choice and resource allocation (WorldBank12).
Furthermore, when promoting their measures to the country governments, the experts made claims regarding their political value. For example, the proponents of multidimensional poverty measurement highlighted their quick response time to changes in existing policy programmes, which opened up opportunities for claiming political wins:
For politics, they need to be able to show their genuine results and you need to do that within an election cycle. And if you measure monetary poverty and you put a child in school, you need to wait until this child finished the school and enter the job market until you see the results. But within the MPI putting a child in school is something you measure and that in itself leads to an MPI going down. It is making visible policy improvements in people‘s lives that may not be captured for a long time or ever in the income property (OPHI2).
As such, when speaking to some groups of policy audiences, the interviewees prioritised the political worth of the measurement. Therefore, the valuation of indicators as political tools was made explicit in the situation of competition ignited by the KC. 
4.3.3. Strategic value  
The controversy and the mounting tensions among the epistemic and the political dimensions of poverty measurement resulted in increasingly strategic responses by the IOs. In particular, they adapted their existing strategies to valuation and introduced new ones to challenge other key players in the poverty measurement field. The experts aimed to influence the assessment criteria of specific measures by the country-level agencies in ways that benefited their own indicators. In this context, methodological robustness and political usefulness were supported by valuing the forms of measurements that were significantly different. For example:
As we were having that discussion [on multidimensional poverty] we obviously were very aware that, unlike the monetary space where I think we’ve been leaders in the field as an institution, on the non-monetary space there’s lots happening already. There’s OPHI, UNDP, there’s lots of people that are already in that space doing very good work, so our thinking was: ‘Either we are adding value to that conversation or it doesn’t really make sense for us to come up with yet another multidimensional poverty measure that doesn’t bring anything new to the conversation’ (WorldBank8).
As highlighted in the quote, the interviewees from the World Bank justified entering the multidimensional space by offering a new perspective on measurement. The experts working within all three organisations perceived their measures to be significantly different from other organisations. At the same time, this differentiation was very closely aligned with the priorities and specific cultures of measurement within the IO. The World Bank’s claims to value were based on integrating the monetary dimension into the measurement: 
We decided that there were two things where we could add value and enrich what was already quite a sophisticated conversation. The first one was by just looking at what others were doing. […] Because we are an institution that has a monetary goal we thought: ‘OK, that wouldn’t make a lot of sense’. […] So, it was clear that the monetary extreme poverty metric had to be part of the multidimensional package and that’s different from what others are doing and it’s driven by the fact that we still wanted to reaffirm that that was our main goal. Then, the other area where we could add value was by exploring some dimensions that others hadn’t explored and that we were only able to do for a very small number of countries. I think we did some interesting work in looking at issues having to do with violence and with risk to climate shocks, etc. (WorldBank10).
Therefore, the value of the poverty measure could not be set based on the epistemic and political criteria only, but also it had to be made in a relational way – by referring to other players and prioritising the criteria of assessment which could make organisation’s approaches more successful. 
Building on these insights, in the following section we tease out the theoretical implications of the KC in the field of global poverty measurement. In particular, we foreground how the KC played a crucial governance function in this field and introduce the notion of ‘governing by controversy’. Secondly, we explore the KC’s generative role in enticing and sustaining social processes of valuation and theorize how KC can be seen as ‘engines of valuation’. In so doing, we expand the remit of the notion of KC by exploring its governance function and unpacking some of its key strategic and organizational aspects that are thus far undertheorized.
5. Concluding discussion
5.1. Governing by controversy
Our empirical study shows how the controversy came to structure the global space of poverty measurement and enables us to expand remit of the notion of KC. Extant literature has acknowledged that controversies are generative political events (Callon, 1998; Whatmore, 2009; Landström et al., 2011; Bosworth, 2017). However, foregrounding primarily their epistemic and political (Sarewitz, 2001) aspects, it has provided little insights on how KC can govern expertise-driven organizational spaces. Not only does the literature tend to focus on individual controversies and their related policy responses (Jasanoff, 1997; Barry, 2012), but it depicts controversies as ‘one-off’ events that constitute the exception rather than the norm in specific epistemic communities. In our setting, the controversy became part and parcel of governing global poverty measurement, which was profoundly impacted by the processes detailed below. 
First, the KC shaped the focus and the indicator portfolio of the IOs. Our interviewees highlighted how the disputed boundaries of the KC brought to the forefront the need for legitimation and ‘market penetration’ strategies. This tension pushed the IOs to adopt the following strategies. Different IOs could either consolidate their indicators to become ‘market leaders’ in a specific niche – a strategy constitutively open to the risk of losing field advantage in the implementation of other measures. Alternately, other IOs – e.g. World Bank – tackled the controversy by expanding their indicator portfolio and risking the focus of their message and their leadership in monetary approaches. Hence, the KC played a crucial role in shaping how measurement approaches come to be perceived as legitimate in the field and put isomorphic pressures on IOs to either become ‘one-indicator organizations’ with near-standard setting capacity or niche players with more ‘differentiated’ measurement portfolios. Hence, the controversy contributed to establishing legitimacy boundaries and thresholds (Rutherford & Buller, 2007) to be perceived as credible organizations in the poverty measurement field. 
Second, the KC played another governance function by contributing to the creation of a market of poverty indicators, prompting and sustaining competitive behaviours among the IOs. The availability of competing indicators shifted the locus of decision-making in the adoption of poverty measures to country governments that were faced with more measures and approaches to choose from. For this reason, the IOs started to deploy substantial resources in advocacy activities to market themselves as rigorous providers of scientific know-how and technical assistance to country officials implementing poverty measurement and policies. In this context, the competition among IOs was not focused anymore on providing expert justifications or defending the epistemic robustness of their measures vis-à-vis other approaches; rather, more and more competition emerged to gain the attention and persuade policy makers and country officials. 
Importantly, our participants were reflexive about the implications of these competitive pressures; hence, they did not appear to be merely at the mercy of market mechanisms and neoliberal ideologies (Merry, 2011). Whilst they acknowledged how the multiplicity of measures is an outcome of ‘organizational vested interests’, they also defended the epistemological value of competition (Davies, 2014) by linking it to its capacity to entice the willingness to compete and innovate (LeGrand, 2003; Stark, 2009). In this sense, our participants frequently looked beyond individual rivalries and measurement struggles and acknowledged how the KC pushed for increasing coordination among approaches to establish methodological common ground and assure the credibility of the field. This not only highlights the ‘market making’ capacity of KC, but it also qualifies some of their more far reaching generative aspects that exceed epistemic arguments and struggles.  
Third, the findings showed how the KC established a symbiotic relationship with social processes of quantification. The controversy-quantification nexus balanced alignment and differentiation among the IOs’ activities and opened up new avenues for influence over poverty measurement. Whilst a plethora of studies has investigated the issue of ‘governing by numbers’ in different organizational contexts (e.g. Porter, 1995; Power, 1997; Merry, 2011; Rottenburg et al., 2015; Mennicken & Espeland, 2019), the governing function of KC is underexplored. In our fieldwork, the language of quantification worked hand in hand with the compatibility of the epistemic frameworks and repertoires of practices (Knorr-Cetina, 1999) of the communities of experts. However, the field driven exclusively by quantification risks at being homogenised. In this context, the controversy over measurement allowed for a dynamic of both expansive quantification and diversification of knowledge practices. As such, the KC partly counteracted the standardising force of numerical epistemic frameworks but also further enabled their spread and perceived quality and robustness.  
The three processes summarized in this discussion in relation to KC – namely its capacity to shape the focus and domain of action of organizations, its market-making power, and its symbiotic relationship with quantification – constitutes the conceptual  infrastructure of what we call ‘governing by controversy’. 
5.2. Knowledge controversies as engines of valuation 
By opening the ‘black box’ of the social practices of assigning epistemic, political, and strategic value to different indicators and measurement approaches, our findings showed how the KC functioned as an engine of valuation. Research has shown that the resolution of controversies seldom occurs and they are most often the result of a restructuring of political alignments and institutional structures rather than methodological statements (Whatmore, 2009; Donaldson et al., 2010; Grundman & Stehr, 2012). In our findings, this seemingly intractable quality of KC played a central role in the valuation of measurement approaches and we detailed some of the struggles through which IOs carve out their numerical turf and develop strategies to expand the influence of their measures.
We exposed a so far under-investigated dynamic of the poverty measurement field, namely the fact that in this space competition takes place on the level of valuation practices (see Kornberger, 2017) and IOs deploy considerable resources to advance their measurement agendas and penetrate the market of indicators. The insolvability of the controversy allowed for the iterative assessment of value and prompted the reconfiguration of qualities through which the valuation process occurs. The participants were nearly unanimous in highlighting how – despite the risk of politicized uses of competing measures – this influenced positively the quality of the debates and the strengths of their measures. In this sense, the KC opened up the space for competition between multiple different yet authoritative measurement approaches. This is interesting in a setting characterized by complex relations of co-dependency (Barry, 2012), in which IOs on the one hand aim to achieve the common goal poverty eradication and, on the other hand, are pushed to compete by the homogenisation of the policy field and the blurred boundaries around the IOs’ organisational remits. 
We showed that valuation is key in these processes. The sociology of valuation highlights the generative power of evaluative tensions and frictions in social processes of valuation (Stark, 2009; Lamont, 2012; Quattrone, 2015). In our fieldwork, we showed how the KC over poverty measurement set a fertile ground for the development of indicator portfolios that are assessed based on a multiplicity of competing value criteria. In particular, our findings show that the controversy bolstered and perpetuated struggles that far exceed principled methodological disagreements among experts. In fact, the measurement approaches were assessed on the basis of a measure’s scientific quality and methodological robustness (epistemic value), their ease of applicability and capacity to be appropriated and discussed in political arenas (political value), and the way in which they can interface, interfere, and influence other IOs’ valuation practices and measurement approaches (strategic value). 
Our findings illustrated the IOs’ strategic agency in response to the rivalry that is engendered by the practices of valuation sustained by a KC. Also, the actors were shown to internalize value criteria that would allow their organization to cope with and influence other IOs’ measurement approaches. Similarly, the IOs also tried to impose their measures and valuation criteria with the objective to make a set of indicators a ‘standard’ in the indicator market. In this sense, the epistemic tensions in poverty measurement are not a ‘moment’ of valuation (Berthoin-Antal et al., 2015), but an enduring property and engine for valuation that is linked to the strategic agency of IOs.
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