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1. Introduction to the Field Guide


			Rebecca Lave and Stuart N. Lane

			©2025 Rebecca Lave & Stuart N. Lane, CC BY-NC 4.0 https://doi.org/10.11647/OBP.0418.01

			Despite disagreement over its use and start date, the core premise of the Anthropocene within which we live is widely accepted. The environment is now fundamentally co-produced by biophysical and social forces, whether at the scale of the globe in terms of human-induced climate change, or more locally in how we manage the land. Landscapes and hydroscapes are shaped by climate dynamics and legacies of colonialism, gender norms and hydrological processes, soil chemistry and property rights, environmental injustice and pollution. We cannot fully understand our world without analysing these interactions, and that analysis requires a mixture of methods: qualitative and quantitative, biophysical and social.

			Yet even with this clear intellectual mandate for mixing methods in environmental research, it remains relatively rare. Indeed, we might hypothesise that there are more examples of how we should think about the Anthropocene than there are treatises on the kinds of methods that need to be mixed, and how, in order to study it. Both of us, the editors of this volume, have long histories of mixing methods in environmental research. We have experienced the challenges and frustrations of doing so, the intellectual battles within our own disciplines and with other disciplines when we have tried to do something that didn’t quite fit with established disciplinary norms. But we have also experienced the immense pleasure of being able to shape what we do to the questions being asked so that we could answer them in original and creative ways. This way of working needs additional time, effort, understanding, patience and above all humility but it is truly worth it. By mixing methods in thoughtful ways, we believe that both our research practices and research findings have become more intellectually robust and potentially transformative than if we had remained within a single methodological framework. Thus, we designed the Field Guide to inspire and enable you to conduct environmental research by mixing methods and to do so in a thoughtful and informed way.

			The audience we envisioned as we assembled the Field Guide is primarily early-career researchers working at the interface of the biophysical and social sciences: graduate students, postdoctoral scholars, and early career faculty who are interested in doing environmental research differently and need some help to set out on that path. Parts of this book, particularly Section 2, will also be of interest to undergraduates, as the authors have provided compelling case studies of environmental research and the way the questions you ask and answer change when you are willing to think between disciplines and to combine different methods. We also hope the Field Guide will be of interest to more established researchers who have slowly (or even suddenly!) come to question the boundaries of the fields in which they were trained. 

			
Listening when your field site “speaks back” to you

			Many words are used to describe research that mixes, or attempts to mix, biophysical and social methods, including cross-disciplinary, multidisciplinary, interdisciplinary, and transdisciplinary. We address the differences among these terms in Chapter 3, but for now we use the phrase “mixed methods” to describe research that brings approaches from across the biophysical and social sciences into conversation in order to speak thoughtfully and robustly about a particular site, question, or topic. 

			Between the two of us, over the decades of both successful and unsuccessful mixed-methods environmental research, we have learned the hard way that what to mix and how cannot be prescribed in advance. Rather, the skill in mixing methods is to be sufficiently engaged in and reflexive with respect to the place you are studying, your field site. All too often in conventional research we are asked to distance ourselves, as the researchers, from what it is we are researching, in the hope of making our research more objective and our results more general. We do not challenge the importance of being able to step back from what we are researching in thinking through, for example, what it is we have found. But we do argue that crucial to mixing methods, and even modifying them, is a careful response to your field site and what you want to learn about it. 
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			Fig. 1.1 Stuart N. Lane, 2023. When the “environment” tries to tell you that you are measuring the wrong thing.

			Following Isabelle Stengers (2005), we argue that research makes most progress when we put ourselves in a situation where we slow down enough to be able to look up from our research papers or books and engage with what is around us, which enables us to think about what we are studying in different ways. Metaphorically, we believe this is about “listening” when your field site tries to “speak” to you and to tell you how it wants to be studied. Social scientists are used to the idea of their research subjects talking back, but this may be more of a stretch for biophysical scientists studying organic carbon, salmonids, or landslides. Yet it is still the case that non-human processes and objects can tell you what is needed to understand them if you put yourself in situations where they can do so. For us, this means spending time in the field, using our sensory perceptions and intuitions to understand not only what we need to do to study something but even what the very questions are that we need to ask. This is why we called this volume a field guide rather than a handbook: the field is key. Grounding mixed methods in “working with the field” is common in many of the disciplines that feed into environmental research (think of anthropology, archaeology, geography, and geology, for example); what we are advocating is not as radical as it may initially appear.

			We have found that listening to our field sites requires learning to step back from the constraints of the disciplinary frames (how an academic field defines a good topic, a good question, and an appropriate set of methods, among other things; see Lane and Lave, Chapter 3) in which we were trained. Deep training in one or more disciplines is invaluable, but it is not sufficient. We work in an academy that is structured around disciplines, and for those wanting to remain in the academy it may be hard to progress without at least some of the belongings that come with a discipline. However, disciplines do constrain what we are able to do and may cause us to be more attached to disciplinary norms than to the things we are studying. When this happens, our disciplines begin to define what constitutes the world around us, rather than the world itself. As Isabelle Stengers (2013) points out, this lack of sensitivity to the empirical reality of what we are studying makes us less and not more scientific, however committed we are to what our disciplines tell us is “best practice”. This is why in using this Field Guide, we want you to be undisciplined with respect to academic disciplines, but disciplined in your commitment to what it is you are studying. In this Field Guide, we encourage you to do the expansive thinking and undisciplined methodological selection necessary to answer the questions your field site poses. That is not to say that we expect you to develop brand new methods, but that we encourage you to be creative in bringing existing methods into conversation.

			
Field Guide structure 

			We conceptualised the Field Guide as a cookery book. It is just possible that you have come across a classic example of these: Mrs Beeton’s Dictionary of Everyday Cookery. Isabella Beeton was a 19th-century writer and this dictionary was published posthumously in 1865. She is thought to be a pioneer in the history of cookery and her volume is still in publication. It was abridged, however, from a bigger undertaking, Mrs Beeton’s Dictionary of Household Management, published in 1861. Still in print, the latter not only contains recipes, but extensive information on what you need to run a kitchen, to acquire ingredients, and to bring them together in ways that produce edible food. She makes the point that recipes and ingredients are not enough; kitchens also determine what it is you can cook. Thus, in the first section of the Field Guide we reflect upon research kitchens, the challenges and constraints to building them, and a range of issues from the more general to the more specific about what should go in them. In the second section, we provide example research recipes that not only illustrate how methods can be mixed but reflect upon the challenges of doing so. We wanted this section to illustrate what mixing methods can achieve and to concretise the issues discussed in Section 1. In the third section, inspired by the ingredients that our recipe authors used, we identify a suite of methods that might be used in environmental research when mixing methods. 

			How to use the Field Guide


			As with most cookery books you are likely to get the maximum benefit from reading selectively and following your interests at any given moment rather than reading it cover-to-cover. Perhaps Section 1 is the exception as the chapters therein raise general issues, notably Chapters 3, 4 and 5, that you should be aware of when mixing methods. There is a strong emphasis on explaining how methods are mixed in different kinds of disciplinarity, and the structural challenges (related to disciplines) when you try to do this (Lane and Lave, Chapter 3). Biermann and Gibbes (Chapter 4) illustrate the critical point that only when findings from different methods are juxtaposed and triangulated can we start to get some confidence in what we are finding. Mixing methods can be an uphill struggle, not simply because it is methodologically challenging, but also because not everyone will support your attempts to do so (Lane and Lave, Chapter 3). There is an equally important reflection on ethical issues (Biermann and Gibbes, Chapter 4; Meadow et al., Chapter 5), all too often overlooked in many research projects, and the responsibilities that we acquire as researchers when we start to mix methods. Frameworks are provided for thinking about ethical responsibilities in both theory and practice. Section 1 also reflects on pedagogy and training, notably in practice, and these are likely to be most relevant as you plan a specific research project. We also include some short chapters on generic issues (environmental impact assessment, inclusivity, health and safety) that likely cut across all projects. These should be a part of research planning but, along with the chapters that address the tensions associated with research collaborations and working with people, also raise issues that you need to be continually aware of.

			Section 2 presents sample interdisciplinary research “recipes” that we hope will inspire you: powerful examples of mixed-methods research that explore eco-social landscapes and hydroscapes. In each chapter, the author(s) explains how they came to realise that they needed interdisciplinary approaches, and why the specific combinations of methodological ingredients they used allowed them to answer their research questions in ways that more traditional disciplinary approaches did not. Importantly, the authors reflect upon some of the challenges they have experienced in mixing methods: where their research recipes have gone wrong, and how they fixed them by creatively combining their existing methodological “ingredients” or by adding new ones. 

			You may wish to read Section 2 straight through, as each chapter contributes a different way of doing interdisciplinary environmental research. Alternatively, you may wish to pick and choose based on the topics or geographical regions that interest you, or the methods you think you might use in your own research. However, we want to add a word of caution. As the chapters in Section 1 argue, the essence of mixing methods effectively in environmental research is allowing what is mixed and how (the “recipe”) to be shaped by what it is you are studying, letting the environment “speak” to you. Thus, the recipes need to be seen as illustrations of mixing methods and not as skeletons or templates that you can simply transfer to your own research site. The skill in becoming a mixed-methods researcher comes not from being the kind of chef who can faithfully follow a given recipe, but from being the kind of chef who has the creativity, innovation, and willingness to experiment (see Salmond and Brierley, Chapter 6) in making new recipes. Doing so is not easy. It takes time and will, inevitably, mean being experimental in the sense of being willing to try things out and to learn from mistakes. As a community of researchers, we are not very good at reporting what does not work, including negative results. We probably should work harder to report our “brilliant failures”.1 Until that time, the best solution may be to exchange ideas and experiences with those who have done this kind of work already.

			Inspired by Section 2 to cook up a mixed-methods research project for yourself, but not sure which approaches to combine? Section 3 of the Field Guide provides an “ingredient list”: succinct overviews of individual biophysical and social methods used in the chapters in Section 2. These short chapters address each method’s strengths and weaknesses, compatibility with other methods, and ethical considerations to keep in mind when employing them. We recommend you read selectively in Section 3 on an “as needed” basis. Although the more than two dozen methods covered are but a small portion of the vast universe of existing research approaches, there are still a lot of them! You may wish to start with descriptions of methods you have already heard of or know a bit about and then expand from there. These descriptions are not designed to be either complete or sufficient. Rather, they are designed to be entry points, to help you to decide if a particular method might be a good fit for your recipe and, if so, what issues you need to think about before you begin to research and to use a method further.

			We trust you will take our advice with a grain of salt and use the Field Guide to develop your own research recipe, one best suited to you and your field site. 
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2. Introduction to building the research ‘kitchen’

			Stuart N. Lane and Rebecca Lave

			©2025 Stuart N. Lane & Rebecca Lave, CC BY-NC 4.0 https://doi.org/10.11647/OBP.0418.02

			Research is not developed in a vacuum but is rather shaped and influenced by the discipline in which the research is to be done. Here, we describe this by analogy as the kitchen (research environment) in which different ingredients (methods, see Section 3) will be brought together according to recipes (examples, see Section 2), ultimately defined by the cook (the researcher). Like kitchens in homes over many centuries, the space within which research is done, the research environment, does not exist in isolation. It is shaped by what research has been done before and the wider social, cultural and education system that houses it; as research is practised, so the research environment will change. In environmental research, the kitchen, or the research environment, often has to be built and re-built by the researcher.

			The aim of Section 1 is to introduce a range of topics to help you to build your research kitchen and so create a research environment appropriate for answering challenging environmental questions. By analogy with a research kitchen, Lane and Lave (Chapter 3) begin by reflecting on whether or not you need to build a new one. The chapter reviews theoretically the notions of disciplines, multidisciplinarity, interdisciplinarity, and transdisciplinarity. Most disciplines already have well-established methodological approaches and methods (existing kitchens). In cross-disciplinary research, you might use the methods of two or more disciplines, each providing their own ways of working and results, so as to answer a question. In multidisciplinary research, there may be more emphasis on combining results from different disciplines to go beyond the answers that each individually provide. In both cross- and multidisciplinary research, the disciplinary kitchens are left intact. In interdisciplinary research, new kitchens are built by combining and developing methodological approaches and methods better suited to answering the questions of interest. In transdisciplinary research, attention is given to who is allowed to decide how the new kitchen is built (i.e., how it is arranged and what is easy to make), opening up the possibility that what is being researched, and by whom, can influence how that research is done. Lane and Lave (Chapter 3) also consider the difficulties of doing research outside the bounds of individual disciplines; there are costs associated with building new kitchens!

			Biermann and Gibbes (Chapter 4) then reflect upon why mixing methods in new kinds of research kitchens is important. They argue that mixing methods is not just about seeing whether different methodological approaches give you the same or similar answers. Instead, combining methods may reveal unexpected or unintended findings enabling a richer understanding of what is being studied, how disciplines constrain our research, and how wider social, economic, and political relations influence what we do and how we do it. Especially in a transdisciplinary framework, mixing methods may make us more attentive to those who have to live with the consequences of our research. Biermann and Gibbes advocate working with the points of disagreement and tensions that different methodological approaches reveal. This may benefit from being done collaboratively as it may be important to be sufficiently expert in the methods need to answer a research question. Such expertise may not only be needed for deployment but also to modify them to make them fit for purpose. Interdisciplinary and multidisciplinary research kitchens sometimes function best when they involve many chefs but such kitchens may take more time to build and may need to evolve as they are used. We should also not forget that “too many cooks may spoil the broth”, and projects with too many collaborators may prevent effective mixing of methods.

			Complex environmental questions will commonly require methods that work with people, many of whom live on a day-to-day basis with the very questions and challenges that a research project is seeking to address. Even if the methods being mixed don’t directly involve people, they may lead to research outcomes that do. This is why the research kitchen needs to be sensitive to research ethics and this is addressed by Meadow et al. (Chapter 5), and in all the chapters on individual methods in Section 3. Some research areas already require consent from participants (e.g., in clinical research or in social science research involving interviews). However, as Meadow et al. outline, research ethics is about more than just consent. They present the CARE approach (Collective Benefit, Authority to Control, Responsibility, and Ethics) to providing a broader framework for directing research that during its practice or afterwards could have consequences for humans (and potentially non-humans). Mirroring the observations of Lane and Lave (Chapter 3) and Biermann and Gibbes (Chapter 4), the authors argue that the research kitchen itself must be constructed in different ways if it is to properly engage with ethical questions. 

			Although this volume largely focuses on how to conduct mixed-methods environmental research, it requires training to construct a new kind of research kitchen and to be involved in mixed-methods research. Further, many of those who become experienced in mixing methods in environmental research will go on to teach them. This is why it is important to think about how we can improve teaching of mixed-methods research. Salmond and Brierley (Chapter 6) provide ideas for teaching mixed methods in environmental research as part of an initiative in Critical Physical Geography (CPG). CPG specifically advocates research at the interface of the social sciences and the biophysical sciences to address critical environmental questions (Lave et al., 2014) and this commonly implies drawing methods from very different kinds of disciplines. Salmond and Brierley propose adopting a more open-ended learning experience that directs students to look outwards rather than inwards, encouraging creativity, experimentation, and innovation. They share some of the challenges of this pedagogical approach, but also the rewards that can come from it. Salmond and Brierley’s argument is extended in the chapter by Johnson et al. (Chapter 7), who describe the process of developing an interdisciplinary multi-site research project and show how the research kitchen needs to have built-in time, space, and motivation for training to move beyond conventional practices. Johnson et al. illustrate some of the ethical challenges this entails, as when moving across cultures requires participants to work outside of their normal “comfort zones”. Questions of power, experience and language are answered through ways of working that are inclusionary, open-ended, and above all sensitive to not only where the research is being done but also those who are doing it. It is a good reminder that we may be building research kitchens in very different cultural and political contexts to those where we have been trained, which requires a particular commitment to reflexivity during the research process.

			
			In the final part of Section 1, the chapters address three more practical and focused topics relevant to all mixed-methods research projects. First, for too long we have overlooked the considerable environmental costs of the research that we do. That research does involve choices and so Lane (Chapter 8) presents a framework for thinking through and then minimising the potential environmental impacts of field research. Second, environmental research is often place-based and involves fieldwork, yet we often overlook the challenges associated with doing fieldwork, especially in relation to diversity and inclusion. Thus, Miesen and Gevers (Chapter 9) bring to the research kitchen the importance of thinking through how we can make fieldwork in particular, and research in general, more inclusive. Finally, undertaking research requires us to think through the risks of doing so. Thus, Miesen (Chapter 10) presents a basic framework for identifying risks and mitigating them when planning and undertaking research.
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3. Frames, disciplines and mixing methods in environmental research
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			Introduction

			The aim of this chapter is to set out the relationship between how we frame research questions and research projects, how frames can change, and the power of disciplines in constraining the emergence of new frames. Our premise is that mixing methods in environmental research is a means of escaping the confines of particular frames and disciplines. 

			A frame can be defined as an idea that organises concepts, beliefs, observations etc. in order to give them sense and to draw out a key message (Bateson 1955). According to Goffman (1974), we render events meaningful by drawing upon one or more primary frames, which need not be clearly defined or even consciously employed. Frames, then, are organisational devices (Snow et al., 1986) that we use to make sense of the world around us. They are similar to paradigms, perhaps only differing in the senses that the social sciences tend to talk of frames and the biophysical sciences tend to talk of paradigms; and that paradigms may be more than just organisational, describing a particular ontological or epistemological view of the world. 

			We begin by defining a three-part classification of frames which allows us to illustrate some basic characteristics of how frames function and how they change. Such mutation happens within networks of researchers, laboratories, field sites, etc. We briefly describe work, often highly empirical, that has shown the importance of frames in research practices and revealed their substantial power in determining what are acceptable methods and how they may be mixed. In turn this ties questions of frames to disciplines and the political economy of the academy. Escaping disciplinary confines is, we believe, necessary for mixing methods but also central to challenging disciplinary powers. Thus, we consider the different ways methods can be mixed “beyond disciplines” in cross-disciplinary, multi-disciplinary, interdisciplinary, and transdisciplinary research.

			Kinds of frames

			There are three broad kinds of frames that relate to environmental research: theoretical, empirical, and positional (which focuses on the relationship between a researcher and their research). A theoretical frame is clearly dissociated from the empirical specifics—the where or when—of a research question. Rusca and Mazzoleni (Chapter 14) contrast two different theoretical frames around water and governance. One comes from hydrology and focuses on explaining water resource issues as a function of a largely biophysical description of the water cycle and the human interventions, such as climate change, that modify it. A second comes from political ecology and focuses on explaining differential access to clean and safe water as a function of political and economic systems, such as those related to governance. 

			Both theoretical frames could apply in almost any place or time, but they would shape research design in quite distinct ways. The hydrological frame leads to a focus on numerical models of the flux of water between different compartments of the hydrological cycle and a whole suite of established practices and communities of practice concerned with hydrological modelling. The political ecology frame focuses on who has access to clean and safe water, how this access is differentially distributed, and the structural factors and histories of inequality that create unequal access. Rusca and Mazzoleni’s chapter also demonstrates that the role of frames is not limited to how we research it but also the interventions that might follow. A hydrological frame, for instance, might focus on the need to restore the water cycle to a more natural state and how to mitigate for and adapt to future climate change; a political ecology frame might focus on the need to address inequities in access to that water. 

			
			Crucially, very different theoretical frames of the same problem can co-exist in ways that are either (1) mutually independent but neutral (both the hydrological frame and the political ecology frame can co-exist, one without the other); (2) mutually independent but antagonistic (is the lack of clean and safe water explained better by climate change or by distributional problems?); or (3) in ways that are mutually intertwined. As Rusca and Mazzoleni show, there is a political ecology of hydrological modelling; how hydrological models are applied and their results interpreted are bound with decisions over how water is managed. 

			Secondly, a frame can be more empirical, or even personal, constructed by one’s experience of a particular place or places at a time or through time. We all develop such frames through the day-to-day rolling on of our normal lives. But frames based upon observation are also an important element of environmental research. For example, we can observe the consequences of human activities directly (e.g., habitat loss; floodplain management) or indirectly (e.g., the consequences of pollution due to agricultural runoff as seen in shifts in lake ecology). For the first author of this chapter, living in a village that was repeatedly cut off by flooding framed his realisation of the role of complex floodplain structures (housing, walls, ditches) in determining flood inundation. Existing treatment of such structures as things that simply slowed the flow (as “roughness elements”) rather than blocking it (dry stone walls) was brought to reality on a dark night when the road across the floodplain had flooded after water caused a brick wall to fail, and he fell in the water because his bicycle wheel hit hidden bricks. It motivated him to develop a new approach to modelling flood inundation based upon explicit representation of blockage rather than upscaling of roughness elements to represent the effects of blockage (Yu and Lane 2006).

			However, empirical frames may also develop through the process of doing research. Malone (Chapter 16) describes her growing interest in, and realisation of the need to understand, contamination in urban community gardens. This frame came not only from biophysical observations of urban soil contamination but also from her observations of poor community awareness of contamination and very different community definitions of what it constitutes. She then developed new empirical frames for her research question that challenged a more conventional biophysical frame based on contamination concentrations in soil. This discussion of empirical frames emphasises that all frames can and do change and that a marker of a good practice in research is letting what you are studying metaphorically “speak back” and reshaping your frame(s) as you experience what you are studying.

			Thirdly, frames also differ along an important axis that goes from the positive to the normative. Positive frames seek to describe, state, or explain what is being studied. In a positive frame, the researcher seeks to elicit supposedly factual statements that exist independently of the researcher and their intentions. This approach implies separation or distance between the researcher and their subject, as is often a stated goal of conventional scientific method. In a normative frame, there is a shift from research being undertaken to describe “what is” to research being designed to determine “what should be”, where there is a more-or-less moral judgement being made as part of the research process. Antithetical to positivist frames of research, Science and Technology Studies have questioned the extent to which any of the research we do is conducted without at least some normative frame (Latour and Woolgar 1979). 

			Some normative frames are epistemological, illustrated by “this is how we should study the world in order to know it”, and commonly traced into particular schools of thought, sub-disciplines, or even disciplines. Rusca and Mazzoleni (Chapter 14) introduce the field of socio-hydrology, the proponents of which (e.g., Sivapalan et al. 2012) provide a good example of an epistemological normative frame. They wrote;

			We argue in this paper for a new science of socio-hydrology that treats people as an endogenous part of the water cycle, interacting with the system in multiple ways, including through water consumption for food, energy and drinking water supply, through pollution of freshwater resources, and through policies, markets, and technology … We insist, however, that socio-hydrology must strive to be a quantitative science. While broad narratives may be important for context, quantitative descriptions are needed for testing hypotheses, for modelling the system and for predicting possible future trajectories of system states (Sivapalan et al. 2012, 1275). 

			
			The proponents state both what is needed in research (normative) and how it should be conducted (epistemological). One of the common mistakes in positivist research is to assume objectivity when there may be normative epistemological frames that are implicit or hidden. Such frames may define what are acceptable ways of knowing the world. When they are used normatively, they prevent you from allowing what you are studying having the capacity to frame how it is studied. Epistemological frames can have considerable power, enabling certain accounts of the world while constraining others. We return to the relationship of this challenge to mixed methods below.

			The second kind of normative frame occurs when research is motivated by potentially transformative change. Such frames can be traced back to action research, originating with challenges surrounding improving inter-group relations within society (Lewin 1946). Lewin observes that the entry point for action research is not the desired change itself, followed by doing the research to support it. Rather, the entry point is where transformative change is accepted as needed but what that change could or should be is not known. Lewin wrote 

			Two basic facts emerged from these contacts: there exists a great amount of good-will, of readiness to face the problem squarely and really to do something about it. If this amount of serious goodwill could be transformed into organized, efficient action, there would be no danger for intergroup relations in the United States. But exactly here lies the difficulty. These eager people feel to be in the fog. They feel in the fog on three counts: 1. What is the present situation? 2. What are the dangers? 3. And most important of all, what shall we do? (Lewin 1946: 34)

			 The quote illustrates that a normative frame originates with a problem that then motivates research that may lead to transformative change, rather than with the desired change itself and the research needed to justify it.

			Malone (Chapter 16) provides an excellent example of the relationship between a normative research frame and transformative change when she talks about communities living with urban soil contamination. There is a gap between what they are told the problem is in conventional risk assessment terms (e.g., Environmental Protection Agency contamination guidelines) and how they physically experience contamination in their day-to-day lives through growing the food they need on urban soils. This is a problem that motivates a need for new kinds of frames that might support transformative change. The research that is then needed to identify what that change should be is very different to traditional risk assessment of contaminated soil. 

			Lewin (1946) also shows how the normative frames associated with action research often need certain kinds of research epistemologies. In noting the superficial nature of traditional social surveys, he describes the importance of more in-depth investigation of the “motivations behind the sentiments expressed” (Lewin 1946: 37). He relates an experiment in which delegates to a meeting in Connecticut (USA) concerned with race relations came from initially opposing backgrounds and interests but, through working together to understand what the challenges were, ended up identifying a series of actions that were broadly accepted. This is an example of what anthropologists call emic research, conducted “with people”, in contrast to etic research where a culture is studied from the perspective of the outside looking in, that is “on people”. Lewin (1946) argued that the broader acceptability of the research findings and actions that result may require more emic approaches. Although action research is quite often emic in nature (e.g., Malone, Chapter 16) it should be emphasised that it is not necessarily so. Dorling (2023), for example, provides an example of a more etic account of inequality in the United Kingdom which, at the same time, has a clear normative purpose in identifying what needs to be done to prevent the United Kingdom becoming “a failed state”. That said, framing is not simply an academic exercise as the frame chosen may impact quite strongly on the social, political, and more general acceptability of the results.

			Characteristics of frames

			The different kinds of frames introduced above were chosen to draw out and illustrate some key properties of frames (Table 3.1); understanding these properties is important for understanding the rationale behind and challenges for mixing methods.

			Table 3.1 Characteristics of frames in research

			
				
					
				
				
					
							
							
									Frames matter for how we conceptualise the world—they are needed and can’t be avoided, but they also have enormous power, both constraining and enabling research.

									Frames determine how we study the world, the choice of methodological approach and of specific methods, and how we apply them.

									Frames set up the kinds of interventions that follow and so can have significant consequences for the impact of research.

									Frames may impact the acceptability of research results for those who are the subjects of the research and so sometimes frames need to change if they are to be transformative.

									Frames may be complementary, antagonistic or entwined. Sometimes the most interesting moments in research arrive when two or more frames are set in juxtaposition and cause the bases of those frames to be questioned. 

									Frames can and do evolve, and this may lead to new kinds of frames.

									Mixing methods may contribute to both questioning frames and forcing their evolution, especially where they reveal contradictions in what it is we think we know.

							

						
					

				
			

			Two specific questions need to be addressed following this discussion: how and when can frames evolve; and, given the power that frames have, how do they relate to the academy? For instance, certain kinds of disciplines or sub-disciplines may adopt some frames and exclude others. Thus, the question of how and when frames evolve is also related to disciplines and different kinds of disciplinarity and we show below how disciplines may influence the mixing of methods in environmental research.

			Evolving frames

			Snow et al. (1986) describe the four main ways in which frames may evolve. First, frame bridging involves the linkage of two or more frames that are compatible but unrelated to one another. This tends to leave the frames intact. Second, frame amplification involves the accumulation of information that supports and so reinforces a given frame. The frame also remains intact. Third, frame extension involves changes in the scope of a frame to include additional perspectives, a potentially emancipatory process wherein the nature of the frame begins to evolve. Finally, frame transformation is when existing frames can’t be reconciled through bridging, amplification, or extension, catalysing a fundamental change in how we come to perceive or to understand the frame itself. In frame transformation, the evidence does not necessarily change, but how we interpret it does, and so we develop new kinds of research questions and projects.

			Changing frames relates to a wider conversation about changing the overarching paradigms that guide research. Following Kuhn (1962) individual scientific activities tend to cluster themselves on what is taken as a current paradigm during periods of normal science. A paradigm is a frame, in the language of Goffman (1974), in that it allows us to organise and justify our ideas, to develop meaningful research questions and approaches and so to participate in the paradigm (and the research community) of which it is a part. Kuhn (1962) was clear that multiple paradigms (and hence frames) can exist, and this results in scientists embarking upon different kinds of research programmes. These programmes may co-exist without knowledge of each other; sometimes they may be brought together in ways that are compatible with each other (frame bridging). 

			During the process of normal science, research produces information and often this reinforces individual frames. However, it may also produce anomalies. These may lead to refinement of the frame (frame extension), but progressive accumulation of anomalies may lead to a crisis where it is realised that accumulated anomalies render the whole paradigm or frame no longer tenable with respect to what is now known. A paradigm shift occurs (frame transformation) with a fundamental change in how we understand the anomalies that have accumulated. The new paradigm ushers in a new phase of normal science, or a new kind of accepted frame.

			Viewed from the outside, Kuhn’s (1962) ideas lead to the view that most research frames exist through a long period of stasis (one could call it “boredom”) ended by very short periods of very rapid change (one could call it “terror”). In this view, the conditions associated with terror are created by the accumulation of knowledge of the frame whilst in a period of apparent boredom or stasis. However, this account is descriptive and overlooks the fact that there is a political, cultural, and social economy with which science is bound and which in turn may impact this stasis. 

			Researching frames

			The motivation of Snow et al.’s (1986) description of how frames evolve was to understand the conditions in which social movements might change rapidly. Empirical research, notably in Science and Technology Studies, has revealed the extent to which frames are a dominant characteristic of scientific research. Fleck (1935), in a study of the history of the Wasserman reactor as a test for the illness syphilis identified “thought collectives” or “thought styles” which can be labelled as frames. They can become active and powerful devices that can be used to control both what scientists are allowed to do and how the results of research are interpreted (Fleck 1935). 

			In an anthropological study of medical scientist Roger Guillemin’s laboratory at the Salk Institute, California, Latour and Woolgar (1979) showed what produced such frames. Firstly, the material, technical, and human resources of the laboratory limited what research could be done (see Blond, Chapter 20 for another example of how available methods can constrain environmental reconstruction). Secondly, Latour and Woolgar (1979) signalled how research relies upon necessary hypotheses or assumptions to make it feasible, assumptions that may not actually hold for the real world being studied. Shackley et al.’s (1999) study of climate modelling is the classic example in relation to environmental research, where empirical adjustment of heat, water, and momentum fluxes in global climate models, which has no a priori physical basis, is required to reproduce the current climate (IPCC 2013). The acceptability of such assumptions was traced both to different epistemological traditions (Shackley et al. 1999; Sundberg 2009; Brysee et al. 2012) and to the desire that the models produced predictions useful for policymakers (Shackley et al. 1999). Shackley et al. framed this approach as “pragmatist” and showed that for pragmatists, abandoning such a frame becomes costly from the perspective of what a climate modeler can do (provide predictions of the future) or say (inform policy). In this volume, both Kelley (Chapter 19) and Walters et al. (Chapter 13) describe how, in forest ecology, a biophysical frame centred on spaceborne remote sensing assumes that what is seen from above represents what is below, as to do otherwise would constrain the relevance of spaceborne remote sensing; but this then leads to particular kinds of explanations that exclude others that can only be seen from within a forest canopy or experienced by forest dwellers. Reliance on particular frames produces particular kinds of knowledge.

			Thirdly, and perhaps most importantly, Latour and Woolgar (1979) showed that facts emerge in networks (made up of scientists and the things that they study) and what constitutes a fact and how these facts are presented and diffused (see Chignell et al., Chapter 18) has a crucial impact upon knowledge. This is the essence of framing. Whilst a frame may evolve or even take on a new form, networks produce particular frames and those frames only survive as long as the networks can maintain them. Latour (1999) illustrated this when he participated in a scientific expedition to the Amazon to study the dynamics of tropical rain forest expansion and contraction. Latour describes how scientists from three different disciplines—a botanist, a soil scientist and a geomorphologist—each brought to the research process their own frames. Some of the frames were technical, notably those objects (e.g., equipment, measurement protocols) that each scientist felt were needed to make the field site measurable according to the wider approaches and presumptions associated with their discipline. Such standards and protocols permeate biophysical research and if left unchallenged can have a profound impact on research results (see Malone, Chapter 16). For Latour, each technological-methodological frame was necessary to make the results from the field site comparable to those obtained from different field sites by researchers from the same disciplines. However, framing is not simply a technological-methodological exercise but also the means by which observations are translated into knowledge that sits comfortably with each discipline (Latour 1999). What survives the translation is a combination of both the constraints of the real world (Gooding 1990; see also Blond, Chapter 20) and the way that disciplines determine what is and what is not acceptable translation. 

			
			To summarise this section, empirical studies of research in practice have demonstrated the critical role played by frames. These frames (1) provide methodological-technical constraints regarding what a researcher can do; (2) define the hypotheses and assumptions needed to allow the research to be done; and (3) constitute networks of researchers, concepts, theories, epistemologies, methods, and tools that shape what research is done, by whom, and how. In an academic context, there is one additional dimension: the relation between frames and disciplines.

			Frames, disciplines and dinosaurs

			The practice of academic research is highly organised around disciplines. Following Bolman and Deal’s (1984) model of organisations, academic disciplines are founded on four different dimensions: structures, human resources, symbols, and politics. Structures refer to primarily top-down imposed organisational systems needed to render an organisation functional (e.g., a university department). They include roles, responsibilities, practices, routines, and incentives (Reinholz and Apkarian 2018). Human resources are commonly deployed to academic disciplines. Although there may be individual goals, agencies, needs, and identities (Reinholz and Apkarian 2018), disciplines normally contain people with shared or common ground. This often comes from a shared or similar background and training. Symbols are the language, knowledge, methodologies, and methods associated with a discipline. Finally, politics is always at play within disciplines (Reinholz and Apkarian 2018), important in maintaining disciplinary identity and reinforcing a discipline structurally. Disciplines, then, have significant power in determining what is acceptable knowledge and, crucially in terms of mixed methods, how it should be produced. Disciplines are often criticised for the ways in which they “inhibit communication, stifle innovation, thwart the search for integrated solutions to social problems, inhibit the economic contributions of universities and provide a fragmented education for undergraduates” (Jacobs 2014: 13). 

			The power of disciplines and the strategies they use to maintain themselves are well known (e.g., Jacobs 2014). A key outcome of such strategies is disciplinary practitioners, who accept shared knowledge and methods (Schoenberger 2001) and in so doing control the structures, human resources, symbols, and distribution of power that in turn reproduce those disciplines. 

			Campbell (1969) described disciplines as functioning like tribes that steer research towards those topics that the discipline currently deems to be central. This inwards steering is crucial because it constrains what a researcher has to think about (Bruce et al. 2004) and so stops them from realising that there may be other kinds of frames that could ultimately question the foundations on which a discipline is built. Swales (1997) developed Tyrannosaurus Rex as a metaphor for the ways in which English was becoming increasingly dominant as a world language, “gobbling up the other denizens of the academic linguistic grazing ground” (p. 374). It is hard not to see disciplines as dinosaurs for the ways in which, as part of their own reproduction, they consume those ideas, methods, and findings that come sufficiently close to warrant a threat.

			Disciplines (and not just the frames themselves) play a role in maintaining certain kinds of frames (Polanyi 1966). This matters because disciplines frame environmental research in different ways. Armstrong et al. (2022), for instance, describe a disciplinary divide about how the environmental impacts of urbanisation are framed by authors from ecology backgrounds compared with urban planning backgrounds. For ecologists, urbanisation was framed as a negative through a focus on local land conversion and habitat loss. For urban planners, whilst recognising some ecological consequences, the focus was more on the possible benefits of denser human settlement patterns. Urban areas in Europe, for example, have lower carbon footprints that rural areas (Armstrong et al. 2022) and it is now recognised that even urbanised environments can have significant ecological value (Salomon Cavin 2013). Armstrong et al. (2022) attributed these differences to disciplinary training: ecologists are rarely (if ever) trained in urban planning and sustainable urbanism; for their part, urban planners are rarely (if ever) trained in ecology and the consequences of habitat loss. The lack of conversation between these two disciplinary frames is unfortunate in this example and is why it is common to bemoan the existence of “disciplinary silos” (Petts et al. 2008). Remaining in disciplinary silos serves the disciplines, but radically limits our ability to understand and manage the environmental issues that a discipline may seek to address.

			
			Beyond disciplinary frames and mixing methods

			There are four ways in which research may move beyond disciplinary frames and so start to mix methods in different ways: cross-disciplinary research; multidisciplinary research; interdisciplinary research; and transdisciplinary research. Each kind of “beyond disciplinarity” treats disciplinary frames in different ways, and so impacts upon which methods are used in a research project and how they are combined together.

			
Cross-disciplinary research: borrowing the methods developed by others


			In cross-disciplinary research, the researcher stays within their home discipline and its frames, but borrows research topics or methods from other disciplines (Nicolini et al. 2012). The function served by being cross-disciplinary may be practical, notably in providing methods that allow a particular discipline to answer questions it cannot within its dominant frame. The discipline may develop good practice in the use of those methods but the methods themselves remain the “property” of the discipline that developed them. 

			A good example of cross-disciplinarity is in environmental research that uses remote sensing. Kasvi (Chapter 45) describes the use of Uncrewed Airborne Systems (UAS) in environmental research. The transformation of raw imagery into geometrically correct imagery (i.e., without distortions due to the sensor, or relief of the surface being mapped) requires processing techniques developed in the discipline of engineering surveying (notably photogrammetry, which is the basis of “Structure from Motion”, SfM) and computer vision (for the automation of data extraction, which is the basis of Multi-View Stereo matching, MVS). Researchers then make use of methods that have and are being developed in different disciplines. As Kasvi notes, the correct use of SfM-MVS photogrammetry is not straightforward and in a truly cross-disciplinary approach, a researcher would develop care and good practice in their application of SfM-MVS photogrammetry. This may in turn require at least some training in disciplines other than their own. Many of the more technical methods chapters in this volume (e.g., hydraulic modelling, Lane, Chapter 30; hydrological modelling, Melsen, Chapter 31; remote sensing, Braun, Chapter 39) have this cross-disciplinary characteristic of method transfer. Indeed, some have argued that such cross-disciplinarity is a necessity to maintain the capacity of disciplines to be innovative and disruptive (Park et al. 2023).

			
Multidisciplinary research: a set of methods each making their own contribution


			Multidisciplinary research recognises that there are research questions and problems that merit being approached from different disciplinary perspectives and researchers from different disciplines need to work together to do so. Each discipline brings its own particular frame but those frames are left largely intact (Petts et al. 2008). There are then interactions between disciplines (Hunt and Shackley 1999) but this does not go beyond frame-bridging and normally does not lead to synthesis or synergy in developing research findings (Bruce et al. 2004). In a multidisciplinary project, methodological expertise is typically brought and retained by disciplines, each discipline providing what it can do best. 

			De Feo et al. (2018) provide a good example of a multidisciplinary research project for bringing sustainability criteria into urban regeneration. Defining sustainability in social, economic, and environmental terms, the problem was addressed using methods from sociology to inform an extensive questionnaire-based survey to identify socially sound regeneration alternatives; from economics to determine the costs of each alternative; and from the environmental sciences to determine their environmental impacts. In this case there was some synthesis into a single measure of sustainability, but the methods used came from and remained true to the disciplines that supplied them. 

			
Interdisciplinary research: when the mix of methods is shaped by the problem being addressed


			Interdisciplinarity is not an easy term to define as there are different understandings of what it is (e.g., Brewer 1999; Karlqvist 1999; Lattuca 2001; Tress et al. 2005). In its most general sense, interdisciplinarity involves comparing, contrasting and modifying the frames brought by disciplines in a search for coherence and synthesis around an “inter-discipline” (Petts et al. 2008). This does not necessarily require integrating the biophysical and social sciences as within those broad disciplinary groupings, interdisciplinarity can emerge. However, this general definition raises the question as to what the focus is of the coherence or synthesis. What is it that motivates the integration and what does the integration allow to be done? This is why interdisciplinarity has become more specifically associated with research that is motivated by a particular problem rather than a discipline’s frame of what constitutes admissible research ideas, foci, methodology, or methods (Campbell 1969; Brewer 1999; Aligica 2004; Tress et al. 2005). This problem focus is viewed as necessary for environmental research to become more policy-relevant (Lane et al. 2006). The applied focus of such policy-relevant research was labelled as “Mode 2” by Gibbons et al. (1994) to set it apart from research motivated by traditional academic frames (“Mode 1”), centred on disciplines and the questions they deem important.

			Interdisciplinarity implies a fundamental shift in research practice that inevitably requires a radical mixing of methods. In the classical model of scientific progress of Kuhn (1962) described above, frames change progressively by accumulating anomalies (i.e., where one or more parts of a frame is wrong and has to be modified) to the point at which the frame is no longer recognizable in its prior form. Such progressive evolution of a particular frame also implies progressive methodological development. When dealing with applied problems and where the motivation is finding solutions, the traditional scientific logic that progress is made through anomalies, through being wrong, is replaced by a new imperative to provide answers that are right however philosophically illogical that might be (Lane et al. 2006). 

			When the motivation is a research question or a research problem, not the method available, and the question or problem is used to define the methods needed, then there is likely a need to mix methods and to adapt them such that they can answer the question being asked. Blond (Chapter 20) illustrates this mixing of methods in an interdisciplinary approach to researching the reconstruction of historical landscapes as socio-ecological systems. Her starting point is a given landscape, such as cultivated terraces in Ethiopia. In order to understand why this landscape is the way it is, teasing out both historical and contemporary influences, it is necessary to mobilise a range of different disciplines and sub-disciplines (archaeology, sedimentology, geomorphology, history, social science), to select the relevant elements of each, and to apply them in ways that are feasible given the cases being investigated. This methodological pluralism is needed for her work, but it can be risky both personally or for a discipline if the particular method one individual or discipline brings is subsequently found to be inappropriate or unnecessary. It is not surprising that many disciplines find interdisciplinary research uncomfortable, a threat to their existence (Bruce et al. 2004).

			
Transdisciplinary research: mixing methods in a truly scientific fashion


			The assumption in interdisciplinarity is that the disciplines themselves are left intact, though they may be found to be redundant as a research question becomes better defined, and the methods they bring may be challenged or even forced to evolve. But interdisciplinarity does not go as far as the hybridisation (Hunt and Shackley 1999) associated with creating new disciplines, when disciplinary boundaries are dissolved and new (‘hybrid’) disciplines are formed (Lane et al. 2006). This is commonly called transdisciplinarity. Whilst there may be some debate, or at least some ambivalence, over the extent to which interdisciplinarity must be problem-oriented, transdisciplinarity starts from the view that the frames and disciplines that exist to address a problem must fundamentally change in order to address that problem adequately (Petts et al. 2008). One of the reasons environmental problems are known as “wicked” is that how we frame a problem begets the way it is solved (Rittel and Webber 1973). Transdisciplinarity explicitly seeks to challenge conventional frames of problems. The question then is how, and what makes this different to interdisciplinarity.

			A distinction between interdisciplinarity and transdisciplinarity is in how to make disciplines change. Whilst interdisciplinarity tends to leave disciplines intact, if sometimes redundant, or facing the limits of their own methodologies and methods, transdisciplinarity is often associated with methods that can challenge disciplinary dinosaurs, and especially the frames they bring. Most of us are constrained by, and have to remain true to, our disciplines. As Stengers (2005) argued, disciplines are then one of the basic reasons why we as scientists stop being scientific. Building upon a loose conceptualisation of the logic of falsification, she describes the challenge of putting ourselves in a position with respect to our research where we get those seeds of doubt that cause us to slow down, interrogate the frames upon which our research and our disciplines are built, and try to explore the world in a different way. It is right to discover that we are wrong, and being scientific means being true to the empirical nature of what we study and not the disciplines that tell us what to study and in what way. Blond (Chapter 20) also shows transdisciplinarity in her work. Not only does she mobilise a mix of methods in an interdisciplinary way but her work shows a methodological dynamism that comes from putting methods into tension with one another in response to what she is studying. It is this commitment to an informal empiricism in her method, one that slows her down and causes her to look at problems differently, that captures what Stengers (2005) argues it is to be scientific. It also captures the inherent uncertainties of environmental research, which is commonly poorly bounded, theoretically less developed, empirically challenging, and where flexibility in mixing methods is critical. 

			How can we do the kind of slowing down that Stengers (2005) advocates and which may be a necessary precursor of transdisciplinarity? There are two broad approaches, and both involve changing the positionality of the researcher with respect to the researched. The first recognises that one of the things that can slow us down is being placed in what Gieryn (2006) calls truth spots. These are “delimited geographical locations”, places, that comprise “irreducibly: (1) the material stuff agglomerated there, both natural and human-built; and (2) cultural interpretations and narrations (more or less explicit) that give meaning to the spot” (Gieryn 2006, 29). This is the kind of frame more typical of case study research (Lane, Chapter 24), and where the frames brought by disciplines are challenged explicitly by the empirical experience of being at a place in time. A case study focus is one of the distinguishing characteristics of the mixed-methods examples in this volume (Rusca and Mazzoleni, Chapter 14; Booth and Druschke, Chapter 15; Malone, Chapter 16; Chignell et al., Chapter 18; Kelley, Chapter 19; Blond, Chapter 20). Central to this kind of work is metaphorically letting the environment or a place “speak back” to the researcher, guiding the researcher in terms of how it wants to be studied. 

			However, the notion of a researcher putting themselves geographically and historically in a position where the environment can speak back does not escape the tensions that come from being a member of a discipline or part of the academy. This is why transdisciplinarity is increasingly associated with a more radical change in positionality: letting those who are concerned by the research but who are not researchers themselves (research subjects) into the research process and giving them the power to influence how the research is conceptualised and undertaken, and what methods are used. This repositioning often leads to methods that are more participatory (see Sayre, Chapter 34; Landström, Chapter 35; Mokos, Chapter 36). Hence this kind of transdisciplinarity is strongly emic. Inviting the subjects of research into the research process rather than leaving them as subjects to be studied appears to be anathema to the basic tenets of the scientific method, which seems to suppose a separation between the researcher and the researched. However, given the power that disciplines have in the traditional conduct of research, it is less an anathema and more a transition of power away from those who do research and towards those to whom the research pertains. Stengers (2013) argues that this should be the basis of a more democratic science.

			Landström et al. (2011) provide an example of a transdisciplinary research project centred on this second kind of repositioning of scientists with respect to the subject of their research. They followed two scientists through a participatory research project designed to reduce flood risk. They showed how the scientists’ starting point was their disciplines and disciplinary experiences, the kinds of rural land management solutions to reduce flood risk that were circulating in the academy, the hydrological and hydraulic models that were accepted by their scientific communities, and the traditional data sources and data collection systems deemed necessary. Then in working with people to understand what was driving the flood risk and what could be used to mitigate it, the scientists turned away from their normal networks of practice, and the range of frames associated with them, towards a new network constructed around residents participating in the project and for whom flooding was a matter of concern (Landström et al., 2011). The methods that were chosen were a function of the participatory process and were forced to change radically as it was realised that existing methods locked in certain kinds of solutions. A new model framework and approach emerged from this re-orientation and in turn identified other kinds of flood risk management options for further testing that had previously been excluded. 

			The outcome was not only different options but also a new “public” who, through working together, were able to make a political intervention that shifted the whole flood risk management approach in the region and beyond. The scientists never wrote up their new modelling framework (until other scientists, much later on, started to use it; Dixon et al., 2016) because in the new network that they were a part of it just didn’t seem necessary. The research was valorised in different ways (e.g., the work becoming a government demonstration project for others to use).

			Conclusions

			Mixing methods in environmental research does not happen in a vacuum. It happens in an academy with established norms and practices that shape what is and is not acceptable. If we develop the metaphor adopted in the introduction, we have sketched out how the construction of the “research kitchen” frames what can be “cooked” and how. Escaping the constraints imposed by frames, especially given the power of disciplines, is likely central in moving towards a more scientific approach to environmental research: one framed by what is being researched rather than how disciplines say it should be researched. 

			We outlined how this mixing can happen in four different ways. Cross-disciplinary research mixes methods by borrowing those of other disciplines. This allows new questions to be answered in what can be very mature research areas, but often these methods are developed by others and not always easy for the uninitiated to apply. It can lead to friction when those who feel they “own” methods see them being used in ways that were not intended. 

			In multi-disciplinary research, frames and their associated methods are left intact. Each frame brings its own methods and these can co-exist. There may be some synthesis of results but the methods are not really challenged and if the methods are “ingredients” they remain poorly mixed. Multi-disciplinary collaboration tends to be comfortable in disciplinary terms as the frames and methods are neither questioned nor changed. 

			Interdisciplinary research rests on the principle that there are gaps between disciplines where combining different frames and mixing methods together leads to new kinds of knowledge, even new kinds of frames, that challenge the status quo. Increasingly, interdisciplinary research has become seen as problem-oriented, where the problem itself defines what ingredients are needed and how they should be mixed.

			In transdisciplinary research, the inherent uncertainties in undertaking environmental research, notably around what the question or problem is and so what methods are needed to study it, are dealt with by mixing and modifying methods through the research process. Whilst the lack of a priori research design may seem ascientific, it can actually be more scientific where it is grounded in letting the environmental speak back, telling you how it wants to be studied as you study it. This tends to require a change in position of the researcher with respect to what they are researching. This change may be geographical, through more intensive case-study-based research or, increasingly commonly, by letting those who are being researched have a direct say in how that should happen.

			Behind these different ways of mixing methods are some important challenges. These include the power of disciplines in determining what are acceptable frames, what constitutes acceptable practice; debates over the extent to which research can adopt normative frames and still be labelled as research; the challenges that come from both more etic and more emic approaches to research and the importance of mixing them. Mixing methods is generative but also difficult and, in doing it, researchers need to be sensitive to wider debates regarding the nature and practice of research.
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			Introduction

			Our world is replete with examples of interwoven biophysical and social processes. Phenomena that were once primarily framed as biophysical and investigated using biophysical scientific methods are increasingly conceptualised as shaped by social processes. Similarly, the material biophysical dimensions of phenomena generally recognised as social—for example, slavery (Bruno 2022), imperialism (Greer et al. 2023), and genocide (Colucci et al. 2021)—have begun to be studied as well. To address and understand the hybrid, often messy material worlds we inhabit requires research approaches that are themselves hybrid and often messy: “if we accept the Anthropocene’s foundational premise… that the biophysical world is now profoundly social, surely our methods must be, too” (Biermann et al. 2021: 808).

			But despite recognition of the value of integrative, interdisciplinary, and transdisciplinary environmental research, much research remains siloed in its own disciplinary domain. While it is relatively common for research to address the social implications of biophysical findings, or the biophysical context for a social scientific study, the pursuit of mixed biophysical-social methods remains notably less common (Biermann et al. 2021). One reason for this, we believe, is that tensions often arise as biophysical and social methods (and the results they yield) are put into conversation with one another. As researchers, it may be tempting to try to avoid or minimise such tensions because they challenge conventional ways of designing and carrying out research and may require a slowing down of data collection, analysis, and publication-unfavourable outcomes in the current political economy of academic research (see Lane and Lave, Chapter 3; Lane 2017). 

			There is much to gain, however, in embracing the messiness inherent to mixed-methods approaches. We can come to see the world differently, ask new questions, disobey conventional wisdom, and reposition ourselves in relation to our research subjects (Lane 2017, drawing on Stengers 2005). In this chapter we explore some of the productive tensions that researchers engage with when pursuing mixed-methods environmental research. Following Elwood (2010), we consider mixed method approaches to be “those that rely upon multiple types of data, modes of analysis, or ways of knowing, but may use these elements in a variety of ways in relationship to one another, for multiple intellectual or analytical purposes” (95). Tensions may arise not only when methods from the social and biophysical sciences are mixed, but when any methods are mixed, and even when a seemingly singular method is used to produce or analyse different forms of data (e.g., using GIS to analyse quantitative and qualitative data (Preston and Wilson 2014)).

			For example, researchers may struggle to accommodate differences in the resolution, scale, and areal or temporal extent of different datasets. More broadly, different methods are often associated with vastly different ways of knowing (epistemologies), histories, and values. Methods may also yield information about slightly different research objects. Critical physical geographer Lisa Kelley (Chapter 19) used both remote sensing and qualitative humanistic methods to investigate what seems to be a single topic: commodity crop expansion in the Sulawesi province of Indonesia. But these methods yielded information about different aspects of the situation. Remote sensing (Braun, Chapter 39) produced knowledge specifically about macro-scale patterns of cacao expansion and forest cover change that altered the spectral signature of pixels within an image. In contrast, interviews (Johnston and Longhurst, Chapter 32) and oral histories (Chakov et al., Chapter 33) revealed how people experienced land use and land cover changes and how social dynamics influenced their land use decisions. This mixing of methods produced some results that were consistent with or corroborated one another. Both remote sensing and humanistic methods revealed links between cacao and deforestation, for example. But the mixed-methods approach also yielded silences, gaps, and discrepancies among results, and it is these tensions that enabled Kelley to produce a richer understanding of the situation in Sulawesi, ultimately challenging the overly simplistic, mono-causal explanation for deforestation that has predominantly informed resource management policies in Indonesia. 

			In this way, mixing methods allows researchers to “fill gaps, add context, envision multiple truths, play different sources of data off each other, and provide a sense of both the general and the particular” (Elwood and Cope 2009: 5). The benefits of mixed-methods approaches include increased breadth, depth, flexibility, and a greater emphasis on the process of research (versus solely the outcomes or products). At the same time, however, mixed-methods approaches raise challenging questions for researchers. How do we engage in conversation with collaborators about not only which methods are used but also “how they are used to ask which kinds of questions and how the results are interpreted” (Nightingale 2003: 79)? How do we determine whether un-matching results indicate material differences or just different ways of knowing and seeing the world? In applied research, is it possible to recognise and address tensions between methods while still weighing and offering potential solutions to real-world problems? We contend that not only are these issues inevitable, but that researchers can and should recognise and explore them rather than minimise or attempt to eliminate them. Further, we argue that mixed-methods approaches are valuable not in spite of the tensions they engender, but indeed because of these tensions, as they require a more reflexive research practice and in turn allow for a richer understanding of the world.

			In the following section, we provide a brief overview of different aims of mixed method approaches. We then discuss specific issues that may arise when mixing methods.

			Mixed-methods approaches: triangulation and beyond

			Triangulation is one common approach to mixed-methods research. Triangulation, however, has itself been defined and understood in multiple ways. As initially applied to social science research, triangulation was an extension of the land surveying and geodesy technique of using multiple known locations to identify an unknown point or position (Freeman 2020). Land surveyors combine the location of a known control point and a measurement of the azimuth to calculate the position of a second control point. The two control points serve as known positions from which a third position can be calculated. The first three known positions form the baseline triangle, the sides of which enable the calculation of additional locations and distances. This creates a network of known positions from which unknown locations can be determined. The more known positions there are, the more precise the position of an unknown point becomes. When applied to research, triangulation uses multiple methods to cross-reference evidence, validate findings, and increase precision and credibility (Denzin 1989). This understanding of triangulation—referred to by Elwood (2010) as a validation-oriented approach—emphasises that consistency and corroboration of findings from multiple methods can increase the explanatory power of research. This approach is rooted in the assumption that there is a knowable and fixed reality that we can directly gather information about and represent through research (Nightingale 2003, 2009). However, mixed-methods research often proceeds much differently than land surveying, revealing a multiplicity of possible realities rather than a singular position.

			The validation-oriented approach to triangulation stands in contrast to approaches that emphasise complementarity (rather than integration or validation) to generate new insights. Such approaches generally have a different epistemological starting point, recognising that all knowledge is situated and partial, and that different methods can help to reveal how knowledge is shaped by the context in which it is produced (Haraway 1988). Because the results of all methods are assumed “incomplete” (Nightingale 2003: 77), mixing methods can help to broaden the viewpoint of the researcher and produce a more detailed and multi-faceted account of the phenomena being studied. Here, what is important is not necessarily how data sources match or correspond with one another but rather the silences, gaps, and contradictions between them (Nightingale 2003; Elwood 2010). The relationship between the representations of reality depicted through different methods or data sources can be likened to a kaleidoscope (Gray 2002; Nightingale 2016). Each analytical starting point, and each method or data source, produces a slightly different (or at times vastly different) representation of reality, so that “when the kaleidoscope is turned, a new pattern can emerge—albeit one that is always partial and situated—and when different patterns are compared, new insights can emerge” (Nightingale 2016: 41). Just as in a kaleidoscope, no two patterns match exactly. This is not considered problematic but is instead viewed as a function of how different methods represent and produce reality in different ways. No one method is privileged or viewed as more or less accurate, and if results across multiple methods do match, it is not assumed to be evidence of a singular reality. Other terms that have been used to describe similar complementary approaches to mixing methods include epistemological pluralism (Nightingale 2016), crystallisation (Ellingson 2009), and collage (Freeman 2020).

			With Elwood (2010), we also identify a third approach to mixed-methods research: hybrid approaches that pursue both validation and contradiction, consistencies and inconsistencies. Such approaches recognise that where we start from analytically and how we conceptualise a problem (as well as the broader social relations in which research is embedded) affect our research questions, methods, and findings (King and Tadaki 2018). Many Critical Physical Geography studies follow an approach such as this (e.g., Lave et al. 2018; Luthra et al. 2022; Malone and McClintock 2022). However, this hybrid approach can raise a challenging question: if there is no expectation that results will match or corroborate one another, how can we determine if discrepancies among results from different methods reflect material differences or simply different ways of seeing and making sense of the world (or some combination of the two)? For some, it may be that this question is moot—from their perspective, representations of reality may be all that there is. For others, this is a key tension that must be grappled with in the research process (see Lebek and Krueger, Chapter 12; Kelley, Chapter 19).

			We now turn to specific concerns that arise when mixing methods, drawing on examples from our own research projects, as well as those of others, to illustrate how these issues may play out in the research process.

			Tensions in resolution, scale, and areal or temporal extent of data

			Scale, resolution, and spatial or temporal extent are defining characteristics of geographic research, and the methodological tensions they generate get a good deal of attention in geographic literature. This attention, however, does not indicate that these issues are easily settled. On the contrary, the complexity inherent in bringing together multiple scales, resolutions, and/or extents continues to present challenges as researchers debate not only how, but if, scale and concepts of hierarchy in scale are appropriate (Margulies et al. 2016). Despite ongoing debates, researchers commonly conduct multi- and cross-scale studies aimed at understanding the dynamics of social-environmental systems by integrating data of varying spatiotemporal scales, resolutions, and extents (e.g., Tian et al. 2015; Walker et al. 2018). This integration means that researchers are working with collections of observations that cover different units of analysis, geographic areas, and time periods. 

			Data with varying resolutions can result from a single approach or because of the use of different methods. Remote sensing (Braun, Chapter 39), for example, can yield measurements ranging from a single tree (high-resolution) to a landscape (moderate- or low-resolution). High spatial resolution data (such as drone imagery (Kasvi, Chapter 45)) are frequently associated with reduced spatial and temporal extents and decreased temporal frequency, while low-resolution imagery tends to have broader spatial coverage, longer temporal extents, and more frequent repeat observation (see Braun, Chapter 39 and Kasvi, Chapter 45). For example, the Advanced Very High Resolution Radiometer (AVHRR) offers multiple scans of the Earth per day with global coverage of Earth observations for more than 40 years, but the spatial resolution of the data is actually quite coarse. Because of these tradeoffs, remote sensing analyses regularly integrate moderate-resolution datasets. These offer landscape-scale observations over extended periods of time (~50 years) that are commonly interpreted in relation to dominant drivers of landscape change (e.g., climate patterns) or can be linked to social processes that may have lagged impacts (e.g., shifts in policy). To interpret and augment large-scale remote sensing analyses and draw causal inferences, researchers may rely on downscaling methods or turn to methods such as case studies, household surveys, archival analysis, interviews, and oral histories (see Cope, Chapter 22; Lane, Chapter 24; Johnston and Longhurst, Chapter 32; Chakov et al., Chapter 33; Winata and McLafferty, Chapter 43). Often (though not always) these methods produce higher-resolution observations across a relatively small areal extent (Magliocca et al. 2018). For some data, it may be challenging to attempt to integrate or reduce rich contextual knowledge into a specific state of time or into the Euclidean space of latitude and longitude coordinates (Preston and Wilson 2014; Margulies et al. 2016). 

			Our own research illuminates some of the challenges and tensions that arise from using data with different scales, resolutions, and extents. In our work, we have utilised dendrochronology (tree-ring dating and analysis) alongside remote sensing to study the response of species and landscapes to large-scale processes such as climate shifts. One benefit of this integrative approach is that dendrochronology offers a long time series of annually resolved data (i.e., long temporal extent and high frequency of observation) (Rozendaal et al. 2010), while remote sensing often yields more spatially extensive data. For example, in Southworth et al. (2013), colleagues and I (Cerian Gibbes) used tree-ring analysis and remotely sensed measures of net primary production (NPP) to examine how declining precipitation has affected vegetation in Botswana’s Okavango Delta. A pattern of decline was identified in both annual tree growth and NPP in association with decreased precipitation across much of the study region (with exceptions found in the driest areas and in the parts of the study region characterised by wetland ecosystems). When guided by triangulation, remote sensing and dendrochronology cross-check one another, corroborating a third position: a relationship between precipitation and vegetation. However, when guided by a hybrid approach that pursues both validation and contradiction, consistencies and inconsistencies, we came to identify multiple, not necessarily parallel, stories of how vegetation is impacted across ecozones. We suggest that the inconsistencies (in this case in the patterns found across the study region) that become apparent when mixed methods are applied offer opportunities for reflection which can then direct future research questions.

			As the mixing of methods becomes more ambitious and wider ranging, the probability of generating multiple parallel accounts increases. In a study of climate and landscape change within the savannas of southern Africa, colleagues and I (Cerian Gibbes) analysed historical climate data, remote sensing data, key informant interviews, and environmental histories (Gibbes et al. 2013, 2014). These methods resulted in datasets that spanned different time periods and geographic extents and differed also in their representations of the connectivity of the landscape. For example, an interpolated representation of rainfall from the 1950s to the present yielded a seemingly complete and continuous representation of climate across a significant portion of a continent (Gibbes et al. 2014). In contrast, environmental histories constructed with community members produced understandings of rainfall that focused on notable time periods and often varied in space and scale. Individuals’ experiences and recollections of rainfall relied on multiple temporal scales marked in individuals’ minds by important personal events and linked to their mobility within the study area. Thus, the ways in which rainfall was presented through different methods criss-crossed spatial and temporal extents. The question then became how to represent this knowledge and understand these complicated presentations of rainfall without reinforcing existing scalar hierarchies. A mixed-methods approach may identify a kaleidoscope of patterns and processes impossible to observe with the use of any one method, but how do we justly represent the range of patterns that emerge from mixed methods without segregating the results into individual stories? 

			Representing the different geographic extents and landscape connectivity present in these varied forms of data proved challenging and conflicted with our initially envisioned research objective to develop a single understanding of climate and landscape change. Instead, the mixed-methods approach revealed multiple rainfall realities associated with differing perspectives on rainfall, consequences of rainfall, and ways of measuring rainfall. To begin to address this challenge, the research process itself needs adequate space and time to adapt and to adjust the initial research objective—in other words, to allow the subject of the research to “speak back” to “engender that slightly different understanding of the world around us, one that makes the curious practice of science so creative and exciting” (see Lane and Lave, Chapter 3; Lane 2017: 99). This, however, can be especially challenging if research aims to be directly usable for policymaking and decision-making, as we will touch on in the next section.

			
			Tensions between different values, epistemologies, and histories build into methods

			When mixing methods, it is crucial to address the values, epistemologies, worldviews, and histories associated with or informing particular methods or data sources. In addition, it is also important to consider how a method or data source is perceived or valued by different entities or institutions. Understanding what is accepted as evidence and how this acceptance differs within and across institutions is necessary and may serve to mitigate the overuse of one methodological approach. Quantitative analytical methods provide standardised ways to represent complex phenomena and are frequently associated with objectivity. Other methods (e.g., qualitative methods such as ethnography; see Sayre, Chapter 34) are more commonly associated with subjective experiences and may be less privileged than those typically associated with ‘truth’ and objectivity. This perceived objectivity of quantitative approaches is often a false one, however. Quantification has become particularly attractive not because it is inherently more rigorous but rather, Porter (1995) argues, because it has allowed some actors (e.g., business and government) to make decisions while being—or appearing to be—shielded from external pressures or politics, thereby diffusing accountability for the outcomes of decisions. 

			Intentional use of mixed methods offers space to question the assumptions embedded within different methods, such as the idea that quantitative methods are more objective. Associations among methods, values, and worldviews are not fixed, and in fact are shaped by the ways in which methods are applied and how results are used. Methodological approaches can be re-envisioned in ways that interrupt previous associations, directly addressing and confronting the conceptual hegemony of certain methods and ways of knowing. For example, critical, humanistic, and feminist GIS scholars have examined how GIS, commonly critiqued as a positivist mode of knowledge production, can be re-imagined to create new GIS practices (Wilson 2017; Zhao 2022). In this case, the method itself is used to challenge its privileged position.

			The design and conceptualisation of research generally determine the selection of methods, yet some methods are more readily implemented within certain conceptual frameworks (and frames; see Lane and Lave, Chapter 3). Conceptual approaches that highlight nuanced multiple realities (including both the complementary and hybrid-stye approaches discussed above) are better supported by methods that permit the ‘seeing’ of multiple realities. In addition, research that assumes a shared experience might be more likely to utilise a method that foregrounds the common and not the individual (e.g., focus groups; see Longhurst and Johnston, Chapter 27). In contrast, when research participants are framed from the outset as empowered contributors to the research process (e.g., as in participatory action research or other community-based research frameworks), methods that highlight individual voices, insights, and experiences and empower participants to direct what is included in the “data” are more readily applied (e.g., as in photovoice) (Gibbes and Skop 2022). 

			Yet, the ease and apparent logic of connection between conceptualisation and method can result in the default use of a particular method. This overdependence on a single method or suite of methods may ultimately obscure relevant processes or details. For example, remote sensing and other quantitative approaches are commonly used to measure the extent of forest cover, and data from these methods are highly valued in environmental management and policy making. However, such data provide a partial perspective of complex, multi-scalar deforestation and reforestation processes. If forest extent as measured by remote sensing is the only method used to understand deforestation and reforestation processes, there is the possibility that complex processes will be overlooked (Blaikie 1985, Davis 2018). For example, Fairhead and Leach (2000) discuss how quantification of deforestation was used in international settings to determine conservation policy in West Africa. Such measurements neglected to consider locally specific historical descriptions of forest cover. As a result, the “baseline” reference for extent of forest cover was overstated, and thus the amount of deforestation was exaggerated. In a similar example from Nepal, Nightingale (2003) used oral histories (Chakov et al., Chapter 33), participant observation (Sayre, Chapter 34), interviews (Johnston and Longhurst, Chapter 32), aerial photo interpretation, and quantitative vegetation inventory to assess and understand forest change. Putting these methods directly in conversation—and in tension—with one another revealed “the importance of challenging ‘dominant’ representations of forest change—in this case aerial photo interpretation—not by rejecting them outright, but by demonstrating explicitly how they provide only one part of the story of forest change” (Nightingale 2003: 80).

			We have argued that it is crucial to consider the contradictions, silences, and gaps among insights yielded by multiple methods and data sources. It is also important to consider broader differences between epistemologies. The concept of Two-Eyed Seeing (or Etuaptmumk in Mi’kmaw), and its use as a research framework, provides an example. Two-Eyed Seeing is a process of learning “to see from one eye with the strengths of Indigenous knowledges and ways of knowing, and from the other eye with the strengths of mainstream knowledges and ways of knowing, and to use both of these eyes together, for the benefit of all” (Bartlett et al. 2012: 335). This framework has been used in academic research on long-term change in delta ecosystems (Abu et al. 2019), fisheries management (Reid et al. 2021), health and medicine (Forbes et al. 2020), and wildlife conservation (Rayne et al. 2020). On the one hand, some consider Two-Eyed Seeing as a process of triangulation or validation, where Indigenous knowledge and Western scientific data are integrated with an eye toward corroboration (Kutz and Tomaselli 2019). On the other hand, Two-Eyed Seeing has also been interpreted as a process of bringing multiple perspectives together toward knowledge coexistence and complementarity, rather than integration (which risks assimilation) (Reid et al. 2021). 

			Even beyond bringing multiple perspectives together, the centring of different epistemologies offers a model for co-production of entirely new understandings of the world. Co-production refers to a collaborative process of knowledge production that is compositional in nature and present throughout the entirety of the research process (Klenk et al. 2017). For example, in a study of flood risk science, Lane et al. (2011) described the production of novel solutions when “certified” (academicians/scientists) and “non-certified” (local people impacted by floods) experts were brought together not only to address flooding but also to practice interdisciplinary public science, in which both academics and the public work together to co-produce knowledge. Regardless of the approach, however, there is tension between what Broadhead and Howard (2021: 111) refer to as “the desire to… generate a trans-cultural ‘third space’ of understanding… and the denial or suppression of major contradictions between predominantly holistic Indigenous and predominantly reductionist Eurocentric worldviews”. It is these types of concerns that, we believe, cannot be avoided and thus should not be ignored when performing research that engages multiple methods or ways of knowing. 

			Tensions between methods that yield information about different research objects

			Bringing methods into tension with each other also includes considering how different methods yield information about different research objects. This consideration does not necessarily facilitate triangulation but rather is central to some complementary or hybrid approaches. The goal at the outset is not for methods to corroborate one another but instead for each method to inform data collection and interpretation using another method. Our own research provides an example here.

			I (Christine Biermann) initially set out to investigate how tree growth is affected by climate using dendrochronological methods. Specifically, I was interested in if and how relationships between climate and tree growth change over time. Do trees change what climatic factors they are responding to and the strength of their responses? And if so, does this hinder scientists’ ability to reconstruct past climate using tree-rings as a proxy measure? In the process of developing and investigating these questions, I came to recognise that my formulation of these questions was shaped by social and political dynamics in the science of dendroclimatology and the broader political economy of climate science.

			This led me to new questions that foregrounded the relationship between our collective knowledge of tree growth-climate relationships and the social dynamics of science. How are tree-ring scientists addressing and interpreting potential changes in growth responses over time, and what social factors are shaping their practices? To pursue these two distinct lines of inquiry—one focusing on tree growth-climate interactions and the other on science as a social practice—I relied on different methods. First, I performed dendrochronology and statistical analysis of trees’ growth responses to climate. Second, I surveyed tree-ring scientists about their views, experiences, methodological approaches, and perceptions of stability or instability of trees’ growth responses to climate over time. 

			As I tacked back and forth between methods and datasets, each came to shape how I approached the other. Right away this raised tensions and questions. Would my analysis of tree growth patterns be influenced by my survey findings? Would certain interpretations of the datasets rise to the surface over others? Working through these questions, I came to realise that the answer to both was a vehement yes. Survey data (both qualitative and quantitative) about scientific practices informed my interpretation of tree growth patterns, highlighted shortcomings of particular methods, and even brought forward unseen facets (e.g., politics) that influenced my own choice of dendrochronological methods and thereby my findings. Analysis of tree-growth patterns, on the other hand, allowed me to experience through my own scientific practice how different analytical starting points can lead to vastly different research findings and interpretations (Biermann 2018).

			When these two distinct research objects were pursued in tandem, a third object emerged: partiality and the situatedness of knowledge. As I played each dataset off of the other, I came to see how each approach represented a particular way of seeing and understanding the world. I began to focus on the silences and partial truths of each method. What was ignored, concealed, or unaccounted for? On the one hand, having multiple research objects, and correspondingly using multiple research methods, provided a more holistic understanding of the relationships among trees, climate, and scientific methods. On the other hand, the outputs generated by this research were nuanced but untidy, deeply contextual but arguably lacking in clear conclusions.

			We see similar issues arise in research on coupled human-environment systems, where distinct methods are often used to produce information about different parts of a system under study. Methods inform each other, and quantitative and qualitative approaches are commonly used alongside each other (Chiang et al. 2012). For example, household surveys can be used to inform modelling efforts. The concept of a coupled human-environment system emphasises connections and flows across human and environmental components of the system. Such systems are complex, so it is imperative that methods and the data they generate be in dialogue with each other. 

			
			This purposeful use of methods in tension with one another can make otherwise invisible relationships evident. As Elwood (2003: 96) states, “qualitative analysis of interviews may potentially illuminate meanings, relationships, and interactions not made visible through quantitative analysis of survey data. Alternatively, quantitative analysis of survey data might reveal patterns helpful in examining broader social relationships.” However, Chiang et al. (2012) caution against the haphazard inclusion of too great a diversity of methods as this can lead to research participant fatigue and may introduce uncertainty. This caution highlights the need for mixed-methods approaches to be used in a deliberate manner, requiring researchers to consider how our understandings of research objects are informed by the method and how the methods will intermingle within the research process and setting (see Lane and Lave, Chapter 3; Lave and Lane, Chapter 21). A deliberate mixing of methods, however, should still be fluid. As we undertake a project and our knowledge of a situation develops and changes, our methods, research questions, and frameworks should evolve as well. As Lane and Lave (Chapter 3) discuss, this leads to a more reflexive research process in which our methods not only challenge our understandings of the world, but our research findings also challenge how we do research.

			Conclusion

			Mixed methods serve various aims. One of these aims is validation of results, as in a triangulation-focused approach. There are other purposes, however, that are less widely recognised. First, as stated at the outset, mixed methods help us to engage with the complexity present in the interconnected biophysical and social worlds. More specifically, various methods can allow us to observe and conceptualise complexity in different ways. Seeking out both overlaps and discrepancies across different data sources or methods allows us to work against the fragmented knowledge that our disciplinary silos create and uphold. Second, mixed methods can help us to consider the politics of science and knowledge production, illustrating how social, cultural, and political economic relations affect our research frameworks, questions, and findings. Third, we can use mixed methods to attend to the material impacts and political consequences of our research. For example, mixing methods can help to challenge the hegemony of particular methods or data sources and bring new forms of knowledge, as well as knowledge producers, into policy and decision-making processes.

			Challenges will inevitably arise as we employ mixed methods toward these aims. While some mixed method approaches seek to measure the exact same phenomenon, others interrogate a shared topic through multiple research objects, epistemologies, or scales. Rather than attempting to minimise or ignore discrepancies among methods or data sources, we advocate for recognition and exploration of tension. Holding methods and their results in tension can build a richer understanding of the subject of study and allow us to reflect on how we design and conduct research. As Fuller (2008) indicates, the question of “how to do” [science] is as important as what we do in science. Mixing methods, and attending to the many issues that emerge in the process, can shift the focus of research away from a single outcome—a map, a model, an answer to a problem—and toward the process of research itself (Preston and Wilson 2014). 

			Recasting tension as opportunity does not suggest that mixing methods comes without risk or challenge. One challenge can be seen as researchers begin to intermingle biophysical and social framings of phenomena and thus need to venture into the realms of new (to them) methods. As Martin (2020: 13) cautions,

			when [biophysical science] researchers do not have adequate training, knowledge, and experience, their social scientific studies are often poorly designed, neglect vast bodies of social scientific knowledge, and are full of methodological flaws. Ultimately these problems may lead to misinterpretation of the results and unsubstantiated conclusions.

			 Similar issues may arise as social scientists wade into biophysical methods or data sources. We therefore urge researchers to develop wide-ranging, diverse interdisciplinary collaborations that challenge each member to expand their concept of data, knowledge, and method. 

			Accepting and even inviting frictions among different methods, worldviews, epistemologies, research objects, and scales can advance knowledge about the hybrid worlds we inhabit, even as it poses new risks and challenges. The questions society needs to address are increasingly difficult and the potential that mixed method approaches hold is too great to avoid on account of risk or difficulty. It is essential, however, that existing research systems—funders, reviewers, institutions—are fundamentally altered to reduce the risk to individual researchers and encourage genuine collaborative, reflexive, and iterative inquiry into the gaps, silences, and frictions generated by mixed-methods approaches. In other words, attention to tension should not be an afterthought, considered only when the results are being written up and reflected upon, but should be a central part of every stage of mixed method research. 
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