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There is little overt engagement with research paradigms in ICT4D research but what there is shows a dominance of positivism and interpretivism. In this paper we explore the value of a "third way" research paradigm: critical realism. We concisely review the main features of critical realism: its ontological realism combined with epistemological relativism; its iterative, pluralist and reflexive methodology; and its emancipatory values. Alongside the general value of explicit use of any research paradigm, we argue two particular types of value of critical realism for ICT4D research. First, generic values including exposure of context, a contingent causality that reflects real-world ICT4D experiences, legitimisation of different stakeholder views and reduction of research bias, and support for ICT4D's interventionist approach and its goal of delivering international development. Second, specific value in addressing current trends in ICT4D research: the growing search for causal links between "ICT" and "D", and the political and ethical turns in ICT4D that are spurring researchers to engage more with issues of power, rights and justice. We conclude that delivery of critical realism's utility will require the ICT4D research community to take actions that enable this emergent research paradigm to flourish.

Introduction

From the turn of the 21 st century, there has been an ever-growing body of research and publication examining the role of information and communication technologies in socio-economic development (ICT4D). 1 Within this body of work, explicit consideration of research philosophy generally and of specific research paradigms is rare [START_REF] Gomez | Research questions, paradigms and methods in ICT for development[END_REF]. However, analysis has been undertaken to infer the paradigms being used which finds that interpretivist and positivist approaches dominate the cur-rent body of ICT4D research [START_REF] Walsham | Research on information systems in developing countries[END_REF], Gomez & Day 2013) 2 . Alongside generic concerns about the limitations imposed by this philosophical duopoly, each of these two paradigms individually has a number of limitations which constrain ICT4D (and other) research. Recognition of these limitations many years ago within social science overall resulted in a revisiting of the realist paradigm, and its development into a particular body of philosophical thought that has come to be known as "critical realism" (e.g. [START_REF] Bhaskar | A Realist Theory of Science[END_REF][START_REF] Bhaskar | The Possibility of Naturalism[END_REF]. From these philosophical origins, critical realism has spread into use in a number of academic disciplines including one of ICT4D's main cognate disciplines, information systems (e.g. Mingers 2004a, Mingers 2004b). 3Given the relative absence of explicit critical realism in ICT4D research, and the lack of discussion about research philosophy, we perceived a knowledge gap. In this paper our aim is therefore to explore the relevance of critical realism as a philosophical paradigm for ICT4D research. In Section 2 of the paper, we outline the main features of critical realism. We then compare these to features of ICT4D research looking for both the generic, enduring value of critical realism in ICT4D research, and also for specific fit with current trends in the field. After noting challenges of applying critical realism, we draw final conclusions and thoughts about possible actions.

The Features of Critical Realism

It is possible to trace a historical trajectory within social science that is dominated first by positivism which is then joined by interpretivism. 

2.1

The Ontology of Critical Realism Critical realism adopts a three-level "stratified ontology", as summarised in Fig. 1 (Mingers 2004a). Within the domain of the real lie generative mechanisms: "causal structures that generate observable events" (Henfridsson & Bygstad 2013:911). These mechanisms have an "intransitive" objective reality independent of human thought or belief: they are not merely social constructions. An example of an ICT4D-related mechanism would be an information infrastructure of technology and people in a country that attracts digital service providers, who create new services and thus attract more users, thereby strengthening the information infrastructure and creating a virtuous circle [START_REF] Bygstad | In search of mechanisms[END_REF].

Within the domain of the actual lie events: "specific happenings resulting from causal mechanisms being enacted in some social and physical structure within a particular ... context" (Williams & Karahanna 2013:939). An example of ICT4D-related events might be appointment of an ICT4D champion, formation of an ICT4D strategy group, or design of an ICT4D app. However, critical realism rejects linear notions of causality between mechanisms and events. It takes an open systems view of the world in which multiple mechanisms intersect, thus creating a "contingent causality" that is context-dependent [START_REF] Smith | Testable theory development for small-n studies[END_REF].

Social structures underlie and create the mechanisms within the domain of the real. There is therefore a danger that critical realism might be seen as structuralist: focusing on social structures as explanations and ignoring or downplaying the role of human agency. But this is inherently not so [START_REF] Njihia | The broader context for ICT4D projects: a morphogenetic analysis[END_REF]. One of the most explicit explanations has come from Archer (e.g. 1995) and the notion of morphogenesis; a cycle of three phases: "(a) the existing structure that shapes but does not determine actions that are about to take place; (b) social interaction, which in turn leads to; (c) structural elaboration that either changes ["morphogenesis"] or reproduces ["mor-phostasis"] the social structure" (Ram et al. 2014:465). We can understand this as a rolling iteration between structure and agency; between the real and the actual.

The Epistemology of Critical Realism

Within the domain of the empirical lie human experiences and observations of the events generated within the actual. The underlying, intransitive structures and mechanisms of the real domain cannot therefore be directly experienced; hence they cannot be directly measured by research [START_REF] Danermark | Explaining Society: Critical Realism in the Social Sciences[END_REF]. But, as Fig. 1 indicates, the empirical is contained within the actual and the real. Thus, any experience is shaped by the context of that experience: it is not objective but is contingent and transient. Different observers will give different accounts of events depending on, for example, their own historical experiences and their own position within social structures (Dobson 2001).

The Methodology of Critical Realism

Three methodological features of critical realism will be identified here: iterative retroduction, pluralism, and reflexivity. Retroduction -literally meaning leading backwards -is a "…mode of inference in which events are explained by postulating (and identifying) mechanisms which are capable of producing them…" (Sayer 1992:107). It therefore means moving back across the domains from the empirical via the actual to the real, and represents the way by which the domains are connected within active research. Though potentially a one-time movement, in practice, retroduction is more generally understood as part of an iterative cycle in which mechanisms are postulated from existing data, evidenced or otherwise through gathering of new data, and supported or revised or rejected iteratively during the analysis of that data [START_REF] Easton | Critical realism in case study research[END_REF]).

Given the transitive relation between the empirical and the actual, critical realism requires pluralism of methods in order to improve the validity of insights into events (and, hence, into underlying mechanisms) [START_REF] Downward | Retroduction as mixed-methods triangulation in economic research[END_REF]. This is typically understood in terms of two types of triangulation. Data triangulation is most often operationalised by gathering data from different stakeholders, thus allowing for multiple perspectives and inter-subjective insights into the events of the actual. Method triangulation means critical realism is associated with mixed-methods research: combining qualitative and quantitative methods [START_REF] Zachariadis | Methodological implications of critical realism for mixed-methods research[END_REF]: see Fig. 2).

Because the empirical is subject to the influence of context then data gathered will be value-laden. And this will also be true of the research process itself. Critical realism therefore asks of its researchers that they and their research participants be reflexive: "a dynamic process of interaction within and between ourselves and our participants, and the data that inform decisions, actions and interpretations at all stages of research" (Etherington 2004:36). This process can also be retroductive: seeking to expose the underlying mechanisms that can explain the events of the research process. 

2.4

The Axiology of Critical Realism So far our explanation has been more realist than critical. The extent and nature of the critical within critical realism is debated [START_REF] Klein | Seeking the new and the critical in critical realism: déjà vu?[END_REF]): for example, it could just mean critique of prior research paradigms. But there is a central thread within many writings on critical realism that associate it with critical theory [START_REF] Bhaskar | Reclaiming Reality[END_REF]). From this outlook, critical realism contrasts itself to positivism's notions of value-free research in two ways. Like interpretivism its epistemology recognises observation and research to be value-laden: shaped by experience and context. But additionally, it seeks research to be values-driven: specifically driven by the values of emancipation. This means recognising the way in which the social structures and mechanisms of the real domain can sometimes serve to generate events and processes that are oppressive and outcomes that are unequal. But beyond merely understanding the world, the critical of critical realism inspires changing the world through engagement with practice: "developing ways of working with practitioners to help them understand their situation, identify barriers and opportunities for change and implement solutions" (Ram et al. 2014:465).

Critical Realism and ICT4D Research

In this section, we will look at the potential value that critical realism can bring to ICT4D research. We will also acknowledge some challenges.

Generic Value of Research Paradigms in ICT4D Research

We have previously noted that explicit consideration of research paradigms is rare in ICT4D publications. Is this a problem? There are certainly arguments, beyond use of any specific approach, about the general value of such consideration. Beyond the direct contribution to a particular ICT4D research project or publication, "explicit recognition of research philosophies can help researchers' self-development, their capacity to analyze the work of themselves and others, and the academic credibility of a research field" (Heeks & Bailur 2007:252). There is also a current value to ICT4D as a research sub-discipline. If it is to achieve greater maturity and academic recognition then there will need to be greater attention to, and use of, research paradigms.

Ontological Value of Critical Realism in ICT4D Research

There is widespread agreement in ICT4D research on the importance of context; for instance, the way in which the outcome of ICT4D projects is influenced by the interests of stakeholder groups [START_REF] Bailur | Using stakeholder theory to analyze telecenter projects[END_REF] We can identify two further values that the contextualist ontology of critical realism brings to the current state of ICT4D research. The first is its incorporation of causality. The open systems view taken by critical realism is one that does not provide for causal mechanisms that operate in the same way at all times and in all contexts; but it does develop an understanding of causality. As Njihia and Merali (2013:866) explain, critical realism "should tell us with good reason why things are as they are now and where they could be heading, based on the causal tendencies of identified generative mechanisms". This is especially relevant in ICT4D today. The focus of ICT4D research has been shifting over time from issues of readiness and availability through adoption to development impact (Heeks 2014b). But the current interest in development impact has been hampered by lack of research that investigates or demonstrates a causal connection between technology and development [START_REF] Andersson | What are we doing?[END_REF]. Critical realism helps engage with that causal connection.

The second timely value of critical realism is its relevance to what we might call the "political turn" in ICT4D. This has arisen to reflect the growing role of ICTs in politics in developing countries (e.g. Breuer & Welp 2014), the length and depth of diffusion of ICTs such that they are starting to impact structures of power in developing countries (Heeks 2016), and the greater salience of politics within international development and development studies [START_REF] Hickey | Thinking about the Politics of Inclusive Development[END_REF] Critical realism, unlike other research paradigms, has particular features that facilitate political research. Political theory often conceives power in terms of underlying structures and mechanisms that shape but do not determine (e.g. Hearn 2012). This is, of course, precisely the ontological perspective of critical realism. It contrasts with the determinism of positivism (and its logical impossibility of denying the politics of research and observation while researching politics) and interpretivism's struggles to recognise social structure or the way in which power constitutes beliefs [START_REF] Torgerson | Between knowledge and politics[END_REF][START_REF] Bevir | Interpretation and its others[END_REF]. In addition, the critical aspect of critical realism means it has a central concern with the ways in which power structures society. Hence we find examples of explicitly critical realist research on issues of power and politics (e.g. Patomaki 2002).

Epistemological Value of Critical Realism in ICT4D Research

Critical realism's understanding of the empirical domain allows for different perceptions of common events within an ICT4D project. This legitimises an observed reality of such projects: that different individuals and groups will express different views [START_REF] Chib | Multi-stakeholder perspectives influencing policyresearch-practice[END_REF]); something which positivism at least can labour to encompass. Further, of course, through reference to the mechanisms of the real domain, critical realism allows for an explanation of why those differences occur. Alongside the methodological requirement for triangulation of multiple perspectives, critical realism therefore facilitates use of stakeholder theory in ICT4D research (and use of stakeholder analysis in ICT4D practice); something which has been advocated as a means to provide greater insights into the trajectories of ICT4D projects [START_REF] Bailur | Using stakeholder theory to analyze telecenter projects[END_REF]).

Methodological Value of Critical Realism in ICT4D Research

Concerns about lack of rigour in research can be found in every academic discipline. As already discussed, ICT4D research is seen to suffer from a lack of credible investigation into causality (May & Diga 2015), something which undermines internal research validity. Both positivism and critical realism address this but critical realism has an arguable additional value because its iterative retroduction forces ongoing contemplation and critique of the relation between causes and effects. And, as again noted, its contingent approach to causality provides a better reflection of the varied cause-effect patterns seen in ICT4D in practice.

There are also frequent concerns about bias in ICT4D research and the way in which it can undermine both reliability and validity. These include biases of case and respondent selection [START_REF] Burrell | What constitutes good ICTD research?[END_REF], biases of the researchers themselves (Krauss 2012), and biases of individual research methods [START_REF] Dearden | See no evil? Ethics in an interventionist ICTD[END_REF]. Interpretivism seeks to address respondent and researcher bias by embracing them as integral to its worldview, but it struggles to deal with the other biases. By contrast, critical realism's methodological pluralism and triangulation force multiple viewpoints and data sources and methods to be incorporated. More generally, critical realism's mandated reflexivity forces ongoing introspection about the nature of the research process and its overall rigour including biases of context, respondents and researcher. In sodoing, it may be able to improve rigour and mitigate biases. Critical realism also forces reflection on the value of ICT4D research; something, again, that is a concern from those seeking to develop the field (ibid., Krauss & Turpin 2013).

Axiological Value of Critical Realism in ICT4D Research

Some academic disciplines lend themselves to theorisation and abstraction. ICT4D is not such a field: from its very definition it is oriented to practice and it centres around ICT-based interventions in developing countries [START_REF] Marathe | In search of missing pieces: a re-examination of trends in ICTD research[END_REF]). In a general way, critical realism's concern with engagement and change is supportive of practiceoriented disciplines. But the role of ICT4D goes beyond the unspecific notion of practice. As the "4D" element directly indicates, it is seeking to achieve progressive social change; seeking to deliver specific development goals. While individual goals vary, foundational orientations of the Sustainable Development Goals are towards transformation: changing underlying systems of development; and towards inclusion: addressing both symptoms and causes of inequality (Heeks 2014a). The congruence of critical realism can therefore be argued given its fit with at least these main goals of development. As discussed above, critical realism is values-driven and orients not only towards understanding how structures and mechanisms constrain development, but also towards interventions that bring about emancipatory change. Dodson et al. (2013:27) argue that the additional concerns of ICT4D, relating to both practice and change, create a problem: "the [ICT4D] research community is not unified on how to harmonize the difficult and sometimes competing goals of conducting experiments, producing social change, and studying the phenomena of ICT use in developing countries". Critical realism emerges as a basis for this harmonisation given that it encompasses research, practice, and developmental social change. This is particularly timely because of its relevance to what we might call the "ethical turn" in ICT4D. This has been advanced by the growing use of Amartya Sen's work -with its focus on justice [START_REF] Sen | The Idea of Justice[END_REF]) -within ICT4D, and by the growing interest in ethics and social justice within wider development [START_REF] Oosterlaken | ICT4D and ethics[END_REF]. It is reflected by literature on ethics in ICT4D research and practice [START_REF] Traxler | Ethics and ICTD research[END_REF], Mthoko & Pade-Khene 2013). The exact relation of critical realism to ethics and justice is debated [START_REF] Norrie | Dialectic and Difference[END_REF]. At a basic level, the emancipatory impulses of critical realism resonate with the ideas of ethics, and critical realism would thus be supportive of work on ICT4D and ethics. But at a deeper level, one might argue that the foundations of rights, ethics and justice in the ICT4D field lie within the structures of society: that these all derive from and are largely determined by social structures [START_REF] Heeks | Data justice for development: what would it mean?, Information Development[END_REF]. If that argument is accepted, then critical realism becomes uniquely appropriate for work on ICT4D and ethics given its combined desire to both understand and progressively change the social structures that envelop ICT4D.

Challenges of Using Critical Realism in ICT4D Research

Critical realism faces challenges:

• Philosophical challenges: from a positivist perspective, critical realism is criticised due to its lack of objectivity; the limitations it places on the generalisation of findings; and the "provisional, fallible, incomplete, and extendable" nature of its explanations (Dobson 2009:808). From an interpretive perspective, it is the realism of critical realism that is misguided. • Practical challenges: critical realism has been criticised as hard to understand and "difficult, time-consuming and resource-intensive" to operationalise (Reed 2009:436).

Well-supported ICT4D doctoral researchers may have the time and training to develop the knowledge and skills necessary to address these challenges, but for most ICT4D researchers, they will present important barriers.

These are issues facing any user of critical realism but we can also reflect on challenges specific to the ICT4D research domain: the lack of ICT4D academic culture and capabilities around critical realism means a lack of both drivers and enablers to greater use of critical realism. In practical terms, for example, there are few supervisors and reviewers who demand use of critical realism, and few supervisors and reviewers who are able to guide and comment on critical realism. This in turn perpetuates the lack of culture and capabilities. It will require express intervention, say of ICT4D journal editors, to encourage greater engagement with research paradigms; developing a more fertile ground for critical realism -among other paradigms -to flourish.

Conclusions

There is general value of direct engagement with any research paradigm in enhancing ICT4D researchers' analytical capacity and the overall credibility of themselves and our sub-discipline. But our specific interest was one particular paradigm -critical realism -and its potential value in ICT4D.

There is a generic ability of critical realism to address issues seen as concerns for ICT4D research. It engages with underlying structure: helping to expose causal mechanisms and, for example, facilitating use of theoretical frames that connect ICTs to development impact. It encompasses difference: reflecting the contingent and contextualised link between cause and effect seen in ICT4D practice, and legitimising the views of different stakeholders on ICT4D phenomena. It triangulates: reducing the bias of individual ICT4D respondents, researchers or methods. It asks for reflexivity: pressing the ICT4D researcher for deeper insights into their work. And it seeks progressive social change: supporting ICT4D's intervention-orientation and its goal of delivering international development.

We also identified particular value of critical realism to current trends in ICT4D research. It supports the recent and growing search for causality within ICT4D. It supports the "political turn" in ICT4D: exposing the structures and mechanisms of power that underpin application of ICTs in development contexts, but still allowing space for consideration of human agency. And it supports the "ethical turn" in ICT4D: seeking the outcome of a more just and equitable society, and necessitating investigation of the social structures that underpin rights, ethics and justice.

There are both general and domain-specific challenges to further use of critical realism within ICT4D research; not least the orientation of many ICT4D researchers towards alternative paradigms. But for those who share recognition of critical realism's value there can be a number of enabling actions. These could be critical realism-specific or relate more generally to research paradigms with specific incorporation of critical realism. Examples include: commissioning of special issues and conference tracks; training and development activities for researchers such as workshops; and pressure from conference chairs, editors and reviewers for more explicit incorporation of research paradigms within the methodology sections of papers.
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  . It is reflected in conference tracks and journal special issues dealing with political perspectives on ICT4D (Andrade & Urquhart 2012a, Heeks et al. 2016) and by calls for more political analysis in ICT4D research and practice (Andrade & Urquhart 2012b, Roberts 2015).

  Methodology: what research strategy, methods and techniques the paradigm uses in order to gather and analyse data.• Axiology: what the paradigm does and does not value in research.

Both paradigms have been subject to various criticisms (e.g. Kanellis & Papadopoulos 2009, Bevir & Rhodes 2005, Smith 2005). These criticisms of interpretivist and positivist approaches have led a number of scholars to search for a "third way" (Allen et al. 2013:835). Critical realism has been put forward as one such, and in the following sections we will give a very brief overview based on the four main differentiators of research paradigms (Cresswell 2013):

• Ontology: what the paradigm understands to be the nature of reality.

• Epistemology: what the paradigm understands about how we construct and evaluate knowledge about that reality. •

299 publications during

2001-2005; 1,840 during 2006-2010; and 4,150 during 2011-2015 (Google Scholar: English language only; excluding patents and citations).

With some sub-domain differences: e.g. IFIP WG9.4 conferences tend more towards interpretive work; ICTD conferences tend more towards positivist work (Gallivan & Tao 2013, Gomez & Day 2013).

[START_REF] Andrade | Special issue on the politics of ICT for development[END_REF] There is much less discussion of research philosophy in the other main cognate disciplinedevelopment studies -and little or no explicit discussion of critical realism.