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Multi-theoretic research designs are increasingly seen as a useful approach to connect and compare multiple theories employed in the in-depth investigation of specific research settings or specific phenomena. Central to multi-theoretic designs is the comparison of the analytical accounts arising from the application of different theoretical lenses to data relating to the same research setting. We argue that the selection of a suitable unit of analysis is critical to the legitimacy of these acts of comparison. This paper discusses the issues arising from consideration of the unit of analysis in multi-theoretic research designs and illustrates these issues with examples drawn from the Social Unit of Learning project. The degree of correspondence between the units of analysis employed in the different analyses has implications for the connections that might be made between the parallel analyses.

Introduction

Multi-theoretic research designs are increasingly seen as a useful approach to connect and contrast multiple theoretical perspectives on the same research settings or in relation to the same phenomena (Bikner-Ahsbahs & Prediger, 2014;[START_REF] Clarke | Multitheoretic approaches to understanding the science classroom[END_REF]. Such research designs generally involve the parallel application of multiple theories and associated research methodologies and methods within a single research design for analysing data relating to the same setting or situation in order to investigate the phenomenon and the theories of interest. Although many educational researchers over the years have drawn from multiple perspectives in their work (cf. [START_REF] Cobb | Putting philosophy to work: Coping with multiple theoretical perspectives[END_REF], the meta discussion of the issues, contradictions, and affordances of such research designs is an emerging discourse in the field of educational research, resembling the discourse concerning mixed methods research designs in the early 2000s [START_REF] Johnson | Mixed methods research: A research paradigm whose time has come[END_REF]. This paper particularly addresses the issues arise from the consideration of the unit of analysis in multi-theoretic research designs.

Multi-theoretic research studies (e.g., [START_REF] Clarke | Multitheoretic approaches to understanding the science classroom[END_REF][START_REF] Even | Implications of competing interpretations of practice for research and theory in mathematics education[END_REF] create a need for researchers to consider more carefully the epistemological, theoretical and practical implications for juxtaposing multiple theoretical perspectives within a single research study. As argued elsewhere (Chan & Clarke, 2017a), we posit that theories can be complementary in their conceptual totality (having different epistemological and ontological bases) but nonetheless invoke operationalised versions of specific constructs common to both theories, which could be used to interrogate the setting, and form the basis for interpretive accounts which can then be juxtaposed with respect to their implications for practice. Commensurability was suggested as a possible important consideration in multi-theoretic research, as it obliges researchers to articulate the nature of the comparability between theoretically-grounded interpretive accounts when juxtaposing theories. We argue that the commensurability between separate analyses can be examined in terms of: (a) what constitutes evidence within the realm of an analytical framework, (b) the unit of analysis, and (c) the conclusions that can be drawn from the analyses (Chan & Clarke, 2017a).

The unit of analysis

Central to multi-theoretic designs is the need to compare and connect the analytical accounts arising from the application of different theoretical lenses to data relating to the same research setting. We argue that the selection of a suitable unit of analysis is critical to the legitimacy of these acts of comparison. [START_REF] Säljö | Learning, theories of learning, and units of analysis in research[END_REF] suggested that in the area of learning theories, there is a need to recognise the differences and possible incompatibilities in ontologies and epistemologies between different research traditions (e.g., behavioural, cognitive, and socio-cultural theories) through dialogues regarding what counts as evidence of learning in these different traditions. This paper argues that the discussion of the unit of analysis can serve such an important dialogic function because the unit of analysis reflects "the choice of a conceptualisation of a phenomenon that corresponds to a theoretical perspective or framework" (Säljö, 2009, p. 206). We take the position that the unit of analysis also operationalises the focal construct in terms of specific empirical data.

According to [START_REF] Neuman | Social research methods: Qualitative and quantitative approaches[END_REF], unit of analysis refers to "the type of unit a researcher uses when measuring" (p. 156). The unit of analysis employed in a study can differ depending on the field of research (e.g., psychology or sociology), research techniques (e.g., survey or content analysis), and research topics and questions. Although the concept of the unit of analysis seems to have come from quantitative research, the concept appears to be a useful research consideration in other forms of research (e.g., qualitative research) for examining the internal coherence of a study [START_REF] Neuman | Social research methods: Qualitative and quantitative approaches[END_REF] and the commensurability between studies (Chan & Clarke, 2017a). In order to expand the concept of unit of analysis to go beyond quantitative studies in terms of measurement, we define unit of analysis as the unit of empirical data a researcher uses to make distinction in relation to a focal construct. This definition is further elaborated.

As will be argued in this paper, the choice of the unit of analysis also affects the meaningful comparison between theoretical perspectives and between interpretive accounts (Chan & Clarke, 2017a). The next section provides an overview of a research project which utilised a multi-camera technology to generate a rich source of classroom data for multi-theoretic analyses. Three parallel analyses that were employed using the same data set are used in this paper as illustrative and contrasting examples. The paper addresses the questions, "What was the decision-making process involved, relating to the selection of the units of analysis in the project?" and "What are the possible consequences where the units of analysis employed in parallel analyses are the same or different?"

Method

The Social Unit of Learning Project used the Science of Learning Research Classroom (SLRC) at the University of Melbourne to examine individual, dyadic, small group (four to six students) and whole class problem solving in mathematics and the associated/consequent learning. The project aimed to distinguish the social aspects of learning and, particularly, those for which "the social" represents a fundamental and useful level of explanation, modelling and instructional intervention.

Data generation

The SLRC laboratory classroom is equipped with 10 built-in video cameras and up to 32 audio channels. Intact Year 7 classes were recruited with their usual teacher in order to exploit existing student-student and teacher-student interactive norms. Two classes of Year 7 students (12 to 13 years old; 50 students in total) provide the focus for this report. Each of the classes participated in a 60-minute session in the laboratory classroom involving three separate problem solving tasks (e.g., [START_REF] Sullivan | Catering to all abilities through "good" questions[END_REF] that required them to produce written solutions. The students attempted the first task individually (10 minutes), the second task in pairs (15 minutes), and the third task in groups of four to six students (20 minutes). The resulting data collected in the project included: all written material produced by the students; instructional material used by the teacher; video footage of all of the students during the session; video footage of the teacher tracked throughout the session; transcripts of teacher and student speech; and pre-and post-lesson teacher interviews.

Parallel data analyses

As an entry point for analysing the project data, the written solutions, transcripts, and video record were used to understand the social process that took place to produce the written solution. The instructional material and teacher pre-and post-lesson interviews provided insights about the class capabilities and social relationships that the researchers would not otherwise be able to access.

In this project, a theory was recruited for its capacity to address constructs, artefacts or situations distinct from those addressed in other theories being employedthat is, for its capacity to complement those already selected. Several parallel analyses were undertaken, drawing on the established research expertise of classroom research communities in multiple countries. This paper particularly focuses on three of the analyses as illustrative examples of different definitions of units of analysis: 1) Student negotiative foci led by Chan and Clarke;

2) The sophistication in mathematical exchange led by Tran; and 3) Student motivating desires led by Tuohilampi.

Chan and Clarke (2017b) conducted an analysis that identified the negotiative foci of the students' social interactions during collaborative problem solving, taking the social negotiation of meaning as a key constitutive element of learning (e.g., [START_REF] Clarke | Studying the classroom negotiation of meaning: Complementary accounts methodology[END_REF]. Tran [START_REF] Tran | Examining mathematical sophistications in collaborative problem solving[END_REF] examined the sophistication of the mathematical exchange between students by applying the frameworks of cognitive demand [START_REF] Stein | Instructional tasks and the development of student capacity to think and reason: An analysis of the relationship between teaching and learning in a reform mathematics project[END_REF] and mathematical practices (Common Core State Standards Initiative [CCSSI], 2010). While the cognitive demand framework assumes a hierarchy of skills, the mathematical practices framework does not assume a hierarchy and suggests possible co-occurrence and interrelation between each type of mathematical practice. [START_REF] Tuohilampi | Analyzing engagement in mathematical collaboration: What can we say with confidence[END_REF] carried out an investigation of the affective enablers and disablers of student participation in collaborative group work, drawing on the work of motivating desires [START_REF] Goldin | Beliefs and engagement structures: Behind the affective dimension of mathematical learning[END_REF] to explore the extent to which a group of students established a productive affective micro-culture.

These three analyses offer distinct perspectives and approaches for examining the data in the project. Initially, attempts were made to standardise the unit of all the analyses applied in this study in order to make "fair" comparisons between the coding. However, we soon realised that such standardisation would create a mismatch between the theories underpinning some of the analyses and the coding or categorisation that these different theories required to be applied to the data (cf. [START_REF] Säljö | Learning, theories of learning, and units of analysis in research[END_REF]. Several analytical approaches were considered, including: coding using a fixed, common transcript unit as the unit of analysis (e.g., negotiative events or speaker turns); the interpretive annotation of interactions; or the narrative reconstruction of interactive sequences. In each of these analytical approaches, the degree of researcher interpretation and reconstruction of the data is different. However, some of the particular analyses undertaken in this project (e.g., negotiative focus and mathematical sophistication) could be carried out using the same or very similar units of analysis, while some (e.g., student motivating desires) required a different unit of analysis entirely. The degree of correspondence between the different units of analysis has implications for the connections that might be made between the parallel analyses.

The analysis of negotiative foci by [START_REF] Chan | Structured affordances in the use of open-ended tasks to facilitate collaborative problem solving[END_REF] employed the negotiative event as the unit of analysis for analysing the transcripts. In this analysis, a negotiative event is defined as "an utterance sequence constituting a social interaction with a single identifiable purpose" [START_REF] Clarke | Untangling uncertainty, negotiation and intersubjectivity[END_REF]. For example, consider the following excerpt during the discussion of the Task 2 pair activity between Pandit and Anna (the number within the square brackets denotes speaker turn):

[28] Pandit: … The average. So there's one dude that's 13 years old. Year 7 is 13 years old.

The excerpt began with Pandit and Anna trying to clarify each other's understanding of average. When Pandit persisted and requested an answer from Anna (Turn 36), Anna changed the subject (Turn 37) and revisited the task instructions in terms of the Year 7 student that they had to take into account as part of the task. Turns 28 to 36 can be considered a single negotiative event related to clarifying each other's understanding of average (a goal that is not really achieved), while Turns 37 to 39 constitute a separate negotiative event. In the negotiative foci analysis, the full transcript was partitioned into negotiative events and then subsequently coded according to the negotiative focus of each event (mathematical, sociomathematical, or other social focus).

In the case of Tran's analysis [START_REF] Tran | Examining mathematical sophistications in collaborative problem solving[END_REF], he initially considered an overall rating of each group of students in terms of the mathematical sophistication of the students' exchange. However, an overall rating of the entire interaction was deemed too coarse grained, as it overlooked the dynamics of the student reasoning as the conversation progressed. Tran's later analytical approach involved interpretive annotation of student interactions looking for demonstration of a particular level of thinking process (e.g., unsystematic or non-productive exploration; memorisation; use of procedures without connections to concepts, meaning, and/or understanding; or use of procedures with connections to concepts, meaning, and/or understanding) (see [START_REF] Stein | Instructional tasks and the development of student capacity to think and reason: An analysis of the relationship between teaching and learning in a reform mathematics project[END_REF] or a particular set of mathematical practices (e.g., making sense of problems and persevering in solving them; reasoning abstractly and quantitatively; constructing viable arguments and critiquing the reasoning of others; model with mathematics; etc.) (CCSSI, 2010, pp. 6-8). Also applying negotiative events as the unit of analysis [START_REF] Clarke | Untangling uncertainty, negotiation and intersubjectivity[END_REF], Tran summarised the student interactions in terms of the highest level of cognitive demand attached and types of mathematics practices displayed by the student pair within each negotiative event. Different from [START_REF] Chan | Structured affordances in the use of open-ended tasks to facilitate collaborative problem solving[END_REF], only verbal exchange between students with a mathematical focus was considered in the coding. The definition of "negotiative focus" was also re-defined in his analysis in terms of mathematical reasoning resulting in generally larger "event chunks" than that in the analysis conducted by Chan and Clarke. In addition, employing an entirely different unit of analysis, Tran also created storylines to trace the reasoning of the students individually and as a cognising student pair and a small group unit.

The analysis of motivating desires by [START_REF] Tuohilampi | Analyzing engagement in mathematical collaboration: What can we say with confidence[END_REF] focused on the key affective events [START_REF] Goldin | Motivating desires for classroom engagement in the learning of mathematics[END_REF] of student interactions. Her analysis involved reconstructing the interactive sequences between the students during video episodes of half a minute to one minute each. For example, Tuohilampi (2018) described a one-minute episode (Episode 0) involving Anna, Pandit, John, and Arman during the group task (Task 3). During that episode, the motivating desire of John appeared to be Commitment, where he was pondering about the task on his own without a lot of interaction with the other three people in the group. However, when the previous half-minute episode (Episode -1) was taken into consideration, the interpretation of John's motivating desires in the initial episode had to be revised to account for his apparent difficulty with communicating with the other people in the group due to language difficulties (Avoidance). Yet, when another halfminute episode (Episode -2) which took place one minute before the initial episode (Episode 0) was considered, John's language difficulty did not seem to have affected his friendly interaction with Arman. The researcher's interpretation of the students' motivating desires therefore could change as more episodes and more background information about the students were considered.

Discussion

Using unit of analysis as a connecting construct, we can begin to examine the commensurability (Chan & Clarke, 2017a) between the various analytical approaches reported in this paper. Consistent with [START_REF] Säljö | Learning, theories of learning, and units of analysis in research[END_REF], central to the decision-making process involved relating to the selection of the units of analysis in the project, is consideration of the correspondence between the unit of analysis, the conceptualisation of the phenomenon of interest, and the theoretical perspective employed. The above examples of parallel analyses applied in the Social Unit of Learning Project illustrate the close connection between the unit of analysis and the conceptualisation of the phenomenon of interest, which in turn corresponds to the theoretical perspective or framework. In the case of the negotiative focus analysis, the social negotiation of meaning was taken as a key constitutive element of learning (e.g., [START_REF] Clarke | Studying the classroom negotiation of meaning: Complementary accounts methodology[END_REF]. The application of negotiative events as unit of analysis [START_REF] Clarke | Untangling uncertainty, negotiation and intersubjectivity[END_REF] helps the researchers to focus on the purpose and content of the student exchange.

The multiple analytical approaches used by Tran [START_REF] Tran | Examining mathematical sophistications in collaborative problem solving[END_REF] highlighted the variety of possibilities for examining the mathematical sophistication of student exchanges. When the goal of the analysis of the mathematical sophistication level of the student exchange was set at the characterisation of the overall individual, student pair, or student group level, this focus on "mathematical sophistication" as a generalised attribute true of a particular social unit (individual, pair, group), demonstrated throughout a particular episode, reflected a theory of competency of learning, where a person's behaviours are a reflection of the skills or knowledge that the person holds (cf. [START_REF] Gagné | The acquisition of knowledge[END_REF]. Despite the re-conception of the unit of analysis as indicative of levels of thinking processes displayed throughout the student exchange, the approach still assumes a hierarchy of behaviours consistent with a competency view of learning. The application of the mathematical practices framework (CCSSI, 2010), on the other hand, appears to assume a process model where students may call upon or generate different skills and knowledge as they interact with each other during a collaborative task. [START_REF] Tuohilampi | Analyzing engagement in mathematical collaboration: What can we say with confidence[END_REF] analysis suggests that a fixed unit of analysis such as negotiative events employed in the negotiative focus analysis [START_REF] Chan | Structured affordances in the use of open-ended tasks to facilitate collaborative problem solving[END_REF] and the analysis of the mathematical sophistication of student exchange [START_REF] Tran | Examining mathematical sophistications in collaborative problem solving[END_REF] is unsuitable for the analysis of motivating desires. A negotiative event based on the transcript appears to be too restrictive to interpret a person's affective responses and ascertain the person's motivating desire. The analysis of motivating desire requires interpreting the intention(s) of the actor, where the intention(s) are fluid and can be defined and re-defined depending on how the situation perceived by the researcher, taking in to account the prior and subsequent behaviours of the people involved, and the consequence(s) of the interactions.

The second question that this paper addresses is: "What are the possible consequences where the units of analysis employed in parallel analyses are the same or different?" The multi-theoretic research design of this study makes possible the comparison and contrasting of multiple analytical approaches. While the use of a standardised unit of analysis may suggest that it is possible to directly compare the results of the parallel analyses in terms of their application to a specific "piece" of data, the validity of individual analyses could be compromised in terms of their correspondence to the theoretical perspective and the phenomenon of interest. In order to preserve the coherence of individual analyses, the standardisation possible between analytical approaches is limited. Nevertheless, the common data source and setting that the separate analyses draw upon provide important points of connection between the analyses.

In the past, our capacity to connect analyses of the learning process employing different theoretical perspectives has been limited to comparison of the reports of research undertaken in relation to different individuals interacting in different learning environments. The inevitable internal alignment of data with the choice of analytical lens within each separate report has made the comparison and connection of these separate analytical accounts difficult. Multi-theoretic research designs afford the comparison and connection of analytical accounts in relation to the same setting and data source. This represents a significant advance in our capacity to deal with the complexity of a particular social setting, through the combination of perspectives offered by multi-theoretical designs. This also affords the delineation of the zone of applicability of each of the theoretical lenses applied. These advantages remain whether or not the different analytical accounts employ the same unit of analysis.

The use of multiple theories is motivated by two goals: understanding of the setting and delineation of the field of feasible application of the theory. Careful attention to the unit of analysis is required, if these two goals are to be met. It is through analytical accounts grounded in the designated units of analysis that comparisons are made and whether comparison of these accounts can serve as an adequate surrogate for the comparison of the related theories will depend on the coherence with which each unit of analysis is connected to the relevant superordinate construct and the theory from which it was drawn.

Conclusion

Acts of comparison are fundamental to all forms of research, and are dependent on the careful selection of the units of analysis by which these acts of comparison are undertaken. Our use of multiple theories serves to highlight this critical consideration. It is not surprising that analyses informed by different theories should require different units of analysis. We would like to emphasise, however, that strategic consideration of the units of analysis can facilitate the identification of connection and distinction between multiple theories and therefore enhance our understanding of both the theories and the phenomenon of interest. With the emerging metadiscourse about multi-theoretic research, it is hoped that the explication of the issues concerning units of analysis provided in this paper will contribute to the further theorisation of multi-theoretical research approaches.
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