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Abstract

This study investigated the use of interactive qualitative analysis (IQA), as a research methodology, to develop an understanding of students’ experiences of learning statistics in a threshold concepts-enriched tutorial programme. Interactive qualitative analysis methodology offered a systematic, rigorous and accountable approach to conducting qualitative research. The participants constructed their own meaning of reality from their experiences of interacting with the phenomenon in context and, in its refutation of traditional qualitative norms of enquiry that casts the role of the researcher as the expert, IQA stands out – entrusting participants with data generation, analysis and interpretation. Participants’ reflections of their experiences of the phenomenon under study are classified according to variously identified emergent themes called ‘affinities’. Relationships between these affinities are extricated and characterised in a visual representation of the phenomenon called a systems influence diagram. Thus, the researcher’s role was purely facilitative, greatly limiting the potential for skewed power relations and bias which is often hazardous in qualitative research. The paramount value of this article was that it offered a practical methodological approach to using IQA in qualitative statistics education research, in particular, and mathematical sciences education research, in general. A summarised account of the main findings of the broader study was also presented.
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Introduction

In today’s data-driven technocratic society, data and statistics form the bedrock for informed decision making.1,2 As such, almost all disciplines have incorporated an introductory statistics course into their academic programme structure. Students majoring in other disciplines often make for very reluctant learners of statistics. This may be attributable to statistics often being described as a difficult subject to learn, because of the abstract nature of some of its concepts, the distinct way of thinking and analysis of problems that it requires, or the way in which it is traditionally taught. These issues manifest in high failure and dropout rates, and in concerns about the quality of learning (and teaching) in introductory statistics courses.3,4

This study was motivated by unanswered questions about statistics students’ learning at a South African university of technology. Observations imply that some students seem to struggle to grasp fundamental disciplinary concepts and practices. This holds back their learning and affects progression in the discipline. Even among those who have passed the introductory statistics course, some appear unable to transfer their knowledge to their specific research domain or to apply it meaningfully to interpret real-world events. In South Africa, features of this country’s higher education context may intensify the challenges faced by both students and teachers of statistics, with research reflecting concerns around poor academic performance and low throughput in introductory statistics classes across higher education institutions. This literature is dominated by quantitative studies determining the impact on performance because of students’ characteristics and prior academic attainment, behaviour and motivation, or educational interventions, in terms of pedagogical or teacher-focused interventions.5,6,7,8,9,10,11

For students, learning statistics can be viewed as requiring a mastery of essential concepts and modelling techniques that are associated with developing a new way of thinking, as they move through introductory modules and application to individual research interests – that is, a form of ‘transnumerative-thinking’ whereby students possess the skill to make sense of different representations of data to make sense of the world around them and their place in it.12 Students often experience this conceptual crossing or transformation as a difficult process, and many struggle to develop statistics understanding and acquire the necessary statistical ways of thinking and practice. Whilst this difficulty is widely acknowledged in statistics education research, its sources and the processes by which students reach conceptual mastery are diverse and are often characterised in the research literature as being either cognitive or affective in nature.13 Furthermore, in this view, disciplinary features interact with individual and contextual aspects in affecting the course of learning.

There is clearly a need to deepen the understanding of students’ learning and explore the potential ways in which it may be more effectively supported and facilitated, in introductory statistics in the South African context. Unanswered questions that emerge are broader than the focus of the existing body of quantitative research: contemplating the experiences and processes of students’ learning and the sources of difficulty they encounter implies a holistic and deep exploration of learning. Difficulty in itself has strong connotations of personal experiences and affective responses, which are not accounted for in the predominant quantitative approach14 and seem to require a more encompassing framing that can account for individual learners and their personal context in interaction with the discipline.15,16

Little or no qualitative or conceptual enquiry has been undertaken, and the understanding of how students learn statistics in South African higher education is superficial. Questions around the processes and experiences of learning statistics, and the sources and nature of difficulty encountered by students, remain largely unexplored. Consequently, teachers’ knowledge of how to support or facilitate learning is not supported by qualitative research, specifically research findings arising from qualitative studies that investigate learners’ experiences of disciplinary learning.

Qualitative research aims at generating a deep understanding of a specific phenomenon under study by weaving together an ‘explicit rendering of the structure, order and broad patterns found among a group of participants’.17 Qualitative researchers focus on the socially constructed nature of reality and how social experience is created and given meaning.18 This type of research offers a holistic perspective of the phenomenon by understanding that the phenomenon is a complex system of dynamic inter-dependencies and that these complex, multi-layered systems often cannot be reduced to simplistic systems. This is because of the phenomenon being subjected to a multitude of idiosyncratic interpretations and perspectives.19 Thus, in the interest of authenticity, qualitative research entails an interpretive, naturalistic approach, wherein the phenomenon is observed in its natural setting and interpreted using ‘thick descriptions representing the complexity of situations’,20 in the words of the individuals who are part of the phenomenon. Thus, this research approach makes meaning of the phenomenon from the standpoint of the individuals who are active participants of the phenomenon.20,21

However, qualitative research methodology is beset with issues arising from its supposed lack of rigour,22 credibility, transferability, dependability, confirmability, validity and reliability – the qualitative research criteria advocated over the positivist research criteria of validity and reliability.21 Interactive qualitative analysis (IQA)23 is a ground-breaking approach to qualitative research, offering a panacea to the issues of power relations and biases traditionally associated with the qualitative research approach.24 Interactive qualitative analysis methodology supports the ‘constructs such as credibility, transferability and dependability, while highlighting the concepts of validity and reliability’.23 Interactive qualitative analysis has built-in features promoting rigour in both data generation and analysis,25,26 which are evident in the design of the research. The research design is: (1) public and non-idiosyncratic, (2) replicable within reasonable bounds and (3) not dependent (especially for analysis) on the nature of the elements themselves.23 As such, with the IQA research design, the issues commonly associated with qualitative research such as researcher bias, reflexivity or trustworthiness are eliminated, by having a transparent audit trail of the steps followed according to rigorous, reliable and replicable rules.26

This article offers a practical methodological approach to using IQA in a qualitative statistics education study exploring students’ experiences of learning statistics in a threshold concepts-enriched tutorial programme. The study participants were enrolled in an introductory statistics course – Business Statistics II (BSTS 201) – at the Durban University of Technology. The detailed description of the IQA methodological process used in the study and presented in this article could be applied to other studies in the areas of mathematical science research.

Literature review

Interactive qualitative analysis23 is a systematic, rigorous, accountable framework for the analysis of qualitative data.24 Winston27 describes IQA as a systematic, protocol-driven research method that combines the quantitative rigour of data analysis with the qualitative depth of descriptive interviews. The method involves generating data through two phases – conducting a focus group session with participants (or constituents in IQA terminology) and semi-structured individual interviews of participants. ‘Constituents’ is the favoured term in IQA to reflect the ‘knowledge and power’ influence. Whilst noting the aptness of this term, the word ‘participant’ was chosen to be used interchangeably with ‘constituent’ because it reflects students’ participation in the tutorial programme over the semester and the focus group and individual interviews.

In the first phase – the focus group session (and the focus of this article) – participants write down their thoughts, feelings, reflections and experiences of the phenomenon under study, which they then classify according to various themes called ‘affinities’. The participants then suggest a system of influence that exists between these affinities, which results in a unified systems influence diagram (SID). The SID is a graphical presentation of the phenomenon under study. The IQA method is congruent with a social constructivist approach to data generation and analysis,26 as it lends itself to the precept that knowledge (of the phenomenon) is socially constructed from human experiences. The participants construct their own meaning of reality from their experiences of interacting with the phenomenon in context and in its refutation of traditional qualitative norms of enquiry that casts the role of the researcher as the expert, IQA stands out, entrusting participants with data generation, analysis and interpretation. Thus, the researcher’s role is purely facilitative, greatly limiting the potential for skewed power relations and bias often hazardous issues in qualitative research.

Theoretical framework

In this section, the philosophical assumptions of IQA, as they informed the study’s method and design, are described. The epistemological and ontological stance of IQA is captioned as the ‘Beliefs and Values Redux’ of IQA and is presented as a series of points by Northcutt and McCoy,23 which will be briefly explained, as it relates to this study, in the following paragraphs.

Ontological perspective

‘IQA presumes that knowledge and power are largely dependent, that power influences which knowledge is determined to be relevant and irrelevant, important and unimportant’.23 One of the IQA criteria for constituent (participant) selection is the degree of power that the constituency has over the phenomenon. This assumption is reflected in this study by selecting constituents from among the participants in the threshold concepts-enriched tutorial group to participate in the IQA focus group. Because these students were inextricably linked to the phenomenon under study – experience of learning statistics in a threshold concepts-enriched tutorial programme – they had the power and knowledge to reflect on their experiences of learning statistics.

‘IQA presumes that the observer and the observed are dependent (or … interdependent)’.23 Qualitative research methods that may adopt the notion that data collection and analysis are separate and distinct processes and only the researcher is capable of interpreting the data are eschewed by IQA methodology. Interactive qualitative analysis methods involve the participants in generating, analysing and interpreting the data, whereas the researcher’s role is that of facilitator. In this study, the participants generated data by reflecting on their experiences of learning statistics, in a threshold concepts-enriched tutorial programme during the focus group sessions and in the follow-up semi-structured individual interviews. Participants analysed the data by grouping their reflections, thoughts and experiences various themes (affinities). Participants interpreted these data by suggesting a system of influence between the affinities. An SID is the final, visual representation of the phenomenon under study ‘prepared according to the rigorous and replicable rules for the purpose of achieving complexity, simplicity, comprehensiveness and interpretability’.23

‘The object of research in IQA is clearly reality in consciousness’.23 The second criterion of IQA for constituent selection is that of distance from (or closeness to) the phenomenon. The participants in the tutorial programme were chosen because they were closest to the phenomenon and, therefore, had the experience and authority to represent and dissect their reality of learning statistics in the threshold concepts-enriched tutorial programme. Their group realities were initially socially constructed and expressed in the focus group sessions, followed by an elaboration on their individual realities in the individual interviews.

Epistemological perspective

‘IQA insists that both deduction and induction are necessary to the investigation of meaning’.23 During the focus group session, participants were required to categorise the generated data into categories of meaning (affinities) using induction, then to refine and define these affinities using both induction and deduction and then to finally, deductively, identify relationships of influence among the affinities:


These three stages of data roduction/analysis – correspond to the three formal classes of analysis of coding: emergent, axial and theoretical … IQA contends that econtextualized descriptions are useful and possible as long as they are backed up or grounded by highly contextualised ones, and as long as the process by which the text was decontextualized is public, accessible and accountable.23(p. 17)



This article endeavours to provide the reader with the broader context within which this research situates itself by weaving this study’s findings into the expansive quilt of statistics education research.23 Interactive qualitative analysis allows the constituents to weave together an interpretive quilt of their reality of experience of the phenomenon.26

‘IQA is clearly favourable to theory, both from the point of view of inducing theory and of testing it’.23 The SID – being the final product of IQA – is a visual representation of a mind-map of the group’s reality of the phenomenon under study, rather than a model imposed by previous research findings or theorists.23 The mental model produced by the participants in this study is their theory of their conscious reality of their lived experiences of learning statistics, in a threshold concepts-enriched tutorial programme.23

Methodology

The first phase of the IQA process entails the selection of constituents to participate in the focus group session that results in the generation of a visual representation of the dynamics of the phenomenon. The second phase of the IQA process involves conducting semi-structured individual interviews with the constituents. The aim of these interviews is to further probe individual meanings of the affinities generated in the focus group session and provide an opportunity for constituents to theorise and rationalise their understanding about the relationship between affinities. The main processes of the first phase of the IQA process will be outlined below in relation to the study of students’ experiences of learning statistics, in a threshold concepts-enriched tutorial programme.

Identifying constituents (participants)

The first phase of IQA is the creation of the focus group. The task of the focus group participants is to represent their reality of the phenomenon in terms of its components of meaning and to propose their hypotheses of the relationships amongst these components.28 This is in harmony with the guiding principle of social constructivism that meaning making is socially constructed. The IQA’s criteria for the selection of constituents are as follows: (1) extent of power over the phenomenon and (2) distance from, or the extent to which, the constituent experienced the phenomenon.23 In keeping with these criteria, the constituents for this study’s focus group were 17 participants who voluntarily participated in the semester-long threshold concepts-enriched tutorial programme. The participants in the tutorial programme were chosen because they were closest to the phenomenon, and therefore had the experience and authority to represent and dissect their reality of learning statistics. Furthermore, these participants shared a collective, zoomed-in experience of the phenomenon.

The interactive qualitative analysis focus group: A collective reality

Focus groups are considered a key data collection method in qualitative research.29 Northcutt and McCoy23 recommend a 12- to 20-member participation in the focus group, and the IQA prescribed format does not centre on verbal discussion, so as to reduce the possibility of bias being introduced by domineering personalities during the coding phase. The IQA focus group data collection techniques assist participants ‘in articulating perceived relationships among these experiences to produce a theory in perception or a conceptual map’.23 In this study, the participants in the focus group generated responses to issue statements (see Ananth30) that would capture the essence of and shed light on the participants’ experiences of learning statistics in a threshold concepts-enriched tutorial programme. The participants then engaged in approximately 45 min of silent brainstorming, during which they recorded all their individual, spontaneous responses on index cards, writing one thought or experience per card using words, phrases, sentences or drawings. Once it was apparent that most participants had captured all their responses on index cards, these were collected and randomly affixed to the wall. In all, 217 responses were generated (see Ananth30). The researcher’s role was strictly facilitative – guiding the group through the IQA procedures – being conscious of not imposing one’s interpretation of the emergent data or influencing data generation with one’s perceptions of the phenomenon of students’ learning experiences of statistics. The following paragraphs contain an outline of the IQA focus group procedure as it related to this study.

Generating and naming affinities

At the commencement of the session, the participants were presented with index cards and issue statements. The issue statements were designed to probe and elicit answers to the research questions. The first task for the focus group participants was silent brainstorming. Northcutt and McCoy23 suggest using guided imagery to help participants relax and clear their minds for the session. A silent brainstorming session ensued, allowing participants to engage with the issue statements. Participants recorded all their responses to individual problem statements on index cards, writing one thought/experience per card using words, phrases, sentences or imagery. After the brainstorming session – approximately 45 min – the index cards were randomly taped along a wall.

The clarification of meaning stage followed: the facilitator read each card out loud to achieve clarity and consensus on the meaning of the card – this lay the foundation for constructing a shared reality in the group.31 Next, in the stage known as inductive coding,23 participants were requested to silently organise the cards into groups of meaning or themes, known as affinities. The next stage was axial coding, a deductive process that required the participants (as a group) to decide on a name to give to each cluster of response (affinity naming) and to sort any cards that might have been miscategorised into the appropriate group. The concept of affinities is akin to cogs turning a wheel – a minor but necessary component in the workings of the system.

This entire session took approximately 4 h to complete. Although IQA calls for a single focus group session, in this study two sessions were scheduled, 5 days apart, which allowed the write-up of the affinity meanings – a consolidated description of the meaning of the affinity, grounded in specific responses or examples – after the first session, for the group to check and confirm at the second session.

The affinity write-ups as confirmed by the participants provided thick, detailed reflections of their experience with the phenomenon under study and are provided in Boxes 1–4.
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The affinities described above may be considered as the system building blocks or components of the group’s shared reality of their experiences of learning statistics and participating in the threshold concepts-enriched tutorial programme. These affinities were used to draw up the affinity relationship table (ART), the next task that students had to complete in the follow-up focus group session. Participants had to fill in the ART to explain how they perceive these affinities to relate to each other. This task is completed through a deductive process, according to IQA protocol.

Identifying relationships among factors

This process entailed theoretical coding and was conducted in the second focus group session. Once the participants checked and confirmed the description of the affinities that were prepared, they were asked to analyse the nature of the relationships of influence between each of the affinities, which were recorded in a matrix called an ART. For any pair of affinities (A and B), participants had to decide whether: A influences B (A → B), B influences A (A ← B) or no relationship of influence existed. Participants were also asked to provide a specific example, in everyday language, or as an ‘if … then’ hypothesis, to indicate how they saw the directionality.

The ARTs were analysed at a group level to create a composite inter-relationship diagram (IRD) – a matrix of all the perceived relationships in the system23 – aggregating the responses for each relationship pair in the completed ARTs from 17 participants.

Interactive qualitative analysis adopts the Pareto principle (named after Economist Vilfredo Pareto who developed the concept in the context of the distribution of income and wealth among the Italian population) to statistically determine which of the inter-relationships should be included in the IRD. The Pareto principle or 80/20 rule observes that 20% of the variables in a system will account for 80% of the total variation in outcomes in the system.23

Northcutt and McCoy23 encourage a parsimonious representation of the system (the Law of Parsimony or Occam’s Razor advocates that an explanation of a natural phenomenon should be portrayed with economical descriptions reflecting simple but evocative models) – the optimal number of relationships to be included in the model of the system is also ‘the fewest number of relationships … that represents the greatest amount of variation (for the sake of comprehensiveness and richness)’.23

In applying this principle, the steps prescribed by IQA were followed. The process and its outcomes are displayed in Table 1.30
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The first step is to conduct a frequency tally – the ‘votes’ for each of the 12 affinity pair relationships were counted and then recorded in an Excel spreadsheet. In total, the participants cast 100 votes for relationships of influence. No participant voted for ‘no relationship’ between any of the affinity pairs. The relationships were sorted in descending order of votes (frequency) and then the cumulative frequency was calculated (columns 1–4 in Table 1).

As each additional affinity pair was considered, the cumulative percentage of total possible relationships was calculated (column 5). Each additional relationship added 1/12 or 8.33% of the total (thus, the first three relationships, cumulatively, accounted for 25% or 3/12 of all possible relationships, whereas all 12 relationships accounted for 100%). The sixth column shows the cumulative percentage of frequency, that is, of votes cast (based on the total of 100 votes) for the successive affinity pairs. Thus, the first relationship drew 17 of the 100 votes or 17%; the first four relationships accounted for 58% or 58/100 votes. In other words, the entries in this column reflected how much of the total variation in the system (= 100 votes) was accounted for by the cumulative relationship pairs. The final column, Power, was calculated as cumulative percentage frequency, less cumulative percentage relationships.

Interactive qualitative analysis applies the MinMax criterion in deciding which relationships should be included in the group IRD. MinMax is a statistics decision rule used in game theory to minimise loss in the face of a maximum loss scenario. In IQA, it is used to determine the minimum number of relationships needed to be analysed, which accounts for the maximum variation in the system.23


The decision involves optimizing a trade-off between two criteria: The composite should account for maximizing variation in the system (cumulative percentage based upon frequency) while minimizing the number of relationships in the interest of parsimony (cumulative percentage based on relations).23



In line with the Pareto principle, in this study, although the proportions were not exactly 80/20, it was still clear from Table 1 that a relatively smaller proportion of the relationships accounted for most of the variation – six relationships (50% of the total) account for 81% of the variation in the system. Power reached a maximum value at six relationships, which accounts for of the variation in the system. Therefore, six relationships would be a justifiable choice for inclusion in the group IRD because it was the optimal number in the sense of the MinMax criterion.

Constructing the inter-relationship diagram

During the process of ‘rationalizing the system’,23 the first step is to display a summary of the optimal number of perceived relationships in the system in the form of a matrix called the IRD. The IRD is created by placing arrows in the table, thus showing the direction of influence (cause or effect) in an affinity pair relationship. Arrows point only left or up and each relationship is recorded twice in the IRD. For example, in Table 2,30 in row one, the up arrow in the column headed 2 indicated that affinity 1 (tut group) influenced affinity 2 (journey of understanding). The same relationship was captured in the second entry for that affinity pair, in row two, where the left arrow in the column headed 1 showed that that affinity was influenced by affinity 1. In both instances, the arrows point away from 1 towards 2. (In a typical IRD constructed according to IQA protocol, the affinity names are omitted. The names are included here purely for explanatory purposes.) The six relationship pairs identified for inclusion using the MinMax criterion were recorded in Table 2.
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The value of delta is used to designate the relative position of an affinity within the system. With reference to this study, affinities with positive Δs such as tut group and journey of understanding were relative drivers or causes in the system, whilst those with negative Δs such as emotions and personal journey were relative outcomes or effects in the system. Those relative positions might be classified further. A driver that had many ‘out’ arrows and no ‘in’ arrows might be called a primary driver (tut group). ‘Primary driver has a high positive delta and is a major cause that affects many other affinities but is not affected by others’.23 A secondary driver is distinguished as having more ‘outs’ than ‘ins’ (journey of understanding). It had a relative cause or influence on affinities in the system. The primary outcome is characterised by a high negative delta resulting from many ‘ins’ but no ‘outs’ (emotions). Thus, the primary outcome was a significant outcome that was affected by many of the affinities in the system. A secondary outcome revealed a relative effect and was identified as having more ‘ins’ than ‘outs’ (personal journey). Often affinities might have equal numbers of ‘ins’ and ‘outs’ – these affinities are referred to as circulator or pivot in the final representation of the system. In this study, there were no affinities that fit this description; thus, there were no circulator/pivot in this system.

The tentative assignment of affinities in the system is shown in Table 4.30
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This activity is called theoretical coding and creates an extended reality for the group through further discourse. The goal of this stage is ‘to identify the skeleton of a “theory in perception”’.23

Constructing the systems influence diagram

The information presented in the IRD is graphically represented in the form of the SID. The SID is a graphical presentation of the entire system of influences and outcomes – a visual system of affinities and relationships among them.23

The cluttered systems influence diagram

In developing the SID, all the affinities are arranged according to the tentative SID assignment table in topological zones: primary drivers to the left and primary outcomes to the right. Secondary drivers and secondary outcomes should be placed in-between the primaries. In zones that contain more than one affinity, these affinities should be placed vertically in descending order of delta. Arrows are then drawn, as connections between each affinity pair, in the direction of the relationship as represented in the IRD. This version of the SID is referred to as the cluttered SID as it is ‘saturated’ with each link present in the IRD.23

Figure 1 shows the cluttered SID, which is a vivid representation of the system dynamics. The cluttered SID is the visual culmination of the findings from the focus group.30
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Uncluttered systems influence diagram

The cluttered SID serves the purpose of offering a comprehensive and rich description of the system but lacks in the objective of parsimony of an SID.23 In other words, the detailed comprehensiveness of the cluttered SID, saturated with the many links, can dilute the explanatory power of the SID as the system becomes ‘boggled down by the details of the relationships’.23 To reconcile the ‘richness-parsimony dialectic’ of the SID,23 IQA proposes the removal of redundant links, i.e. remove direct links which instead can be facilitated by mediating affinities. Redundant links are removed by considering affinities at the extreme left (highest Δ) and the extreme right (lowest Δ). If there are alternate paths between the two deltas other than the direct link, then that direct link can be removed. To illustrate the point, in the cluttered SID for this study, link 1→3 would be considered redundant because 1→2 and 2→3, and thus the direct 1→3 link could be removed.

By eliminating the redundant links from the cluttered SID, the system is said to be ‘rationalized’,23 thus yielding the uncluttered SID: ‘a simpler, more interpretable mental model – one that has optimum explanatory power’.23

The uncluttered SID representing the participants’ experiences of learning statistics in a threshold concepts-enriched tutorial programme is presented in Figure 2.30
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Because of its simplicity, the uncluttered SID paradoxically has the most explanatory power offering a visual composite mind map or mental model of the participants’ experiences in its rationalised form.23

The visual representation may be expressed through language as follows.

The dynamics of participating in the tut group drove participants’ learning in statistics by influencing their journey of understanding in the discipline. Their disciplinary journey of understanding brought about a shift in the way students think about statistics and in the way they think about learning, in general. This shift in thinking about learning impacted on students’ personal journey, which culminated in an influence on their emotions.

Feedback loops, zooming and naming

A feedback loop comprises a system of at least three affinities wherein each affinity influences the other either directly or indirectly. For example, consider an arbitrary system, the links (A→B; B→C; C→A) comprises a feedback loop in which each of the three affinities, A, B and C, influences each other. Thus, in a feedback loop, the distinction between drivers and outcomes is blurred. A, B and C have individual, independent meanings but through their interconnectedness they have a collective meaning as a dynamic set of affinities.

Zooming refers to naming feedback loops with a name that succinctly captures the essence of the individual components comprising the feedback loop. By zooming out, simpler views of the SID are constructed. Northcutt and McCoy23 explain that ‘zooming is actually just another form of affinity analysis conducted by the investigator for interpretive purposes’.

In this study, the SID featured no feedback loops. The uncluttered SID featured a simple, although evocative, linear system with no branching. However, the sequential interaction of tut group, journey of understanding and personal journey evoked connotations of a spiritual journey or pilgrimage of sorts. It was spiritual in the sense that participation in the tut group impacted on students’ understanding in the discipline (journey of the mind), which ultimately had bearing on students’ personal journey of self-discovery (spiritual journey). This pilgrimage captured the essence of a mind–soul connection – students initially embarked on a cognitive journey of the mind by participating in a threshold concepts-enriched tut group (a pedagogical tool) and ended in a personal journey of enlightenment and awareness of oneself. Thus, the sequential interaction between tut group, journey of understanding and personal journey was named ‘a pedagogical pilgrimage’ (Figure 3).



[image: TD-16-786-F3.jpg]

This minimised linear view of the system cannot be simplified further and comprises only two elements, ‘the bare minimum for a system’.23 Students’ pedagogical pilgrimage ultimately impacts their emotions.

Interactive qualitative analysis interviews – Individual meaning making

The second phase of IQA entails conducting semi-structured individual interviews that serve a twofold purpose23:


	Axial interview is an open-ended design to capture rich descriptions of the affinities from the participants, and the interviewer (researcher) probes the participants’ meaning of the affinities.

	The structured, theoretical interview design probes participants’ meanings of relationships between affinities.



The interview protocol is only drafted after the focus group and ART phase, because participants are expected to elaborate on their interpretation of the meaning of the affinities and the relationships between them. Whereas the focus group dealt with the generation of data that was socially constructed, representing the participants’ shared experience of the reality presented by the issue statements,23 the individual interview stage created an opportunity to explore ‘individual differences in meanings vis-à-vis the issue’.23 The composite interview mind-maps (the outcome of the individual interview stage) served as a source of data triangulation in the sense that if the participant ‘is representative of the constituency from which the group SID was derived, then the composite of all such interviews should be similar to the focus group SID’.23 Interactive qualitative analysis relies on composite quotes, woven together from individual sources to sound like a single voice, to elaborate the affinities. This practice presents a trade-off, where, whilst a holistic and nuanced picture is created for the group, individual voices are not reflected or tracked in these aggregated quotes.

Findings

The focus group identified four affinities – themes or components of meaning of their learning in the tutorial programme – and the IQA processes led to the construction of the SID above, which captures how the group theorised the inter-relationships among these affinities. The features of the SID as a whole suggest some insights regarding the group’s understanding of their learning, which were substantiated by the thicker descriptive data from the reflective writings of the focus group brainstorming session, interviews and written journal reflections. The primary driver of the system was tut group, which impacted on every other affinity. The journey of understanding was a secondary driver and personal journey was a secondary outcome, whilst emotions was analysed to be a primary outcome.

Tut group – the group interactions and processes arising through the multiplicity of pedagogical approaches adopted (small group cooperative learning, activities involving the analysis of real data, keeping of reflective journals, being provided with the solution to tasks, and instructor immediacy) in the tutorial programme – enabled and supported cognitive, metacognitive and affective aspects of learning. Through processes of discussion and articulation within the group, students constructed an understanding of statistics concepts. They recognised this understanding based on ‘knowing why’ as being quite different to the mechanistic analysis they had tended to resort to in response to traditional lectured delivery. However, the progression in their understanding was difficult, and impasse was commonplace, where their primary source seemed to be in the abstract nature of many statistics concepts. Seeing their use through relatable applications facilitated understanding, and enhanced agency as students felt they were gaining worthwhile, empowering knowledge. Comprehending particular concepts and techniques was often experienced as a breakthrough that enabled the understanding of related ideas.

Cumulatively, these understandings constituted the development of students’ journey of understanding – a statistics point of view, which afforded them a changed perspective on real-world events. Their changing conceptions of knowledge were reflected in deeper approaches to learning and were accompanied by a sense of empowerment and capability, where before, many had felt self-doubt. These new conceptions of knowledge and learning, and of themselves as capable learners, were important metacognitive shifts that made up personal journey.

Emotions – affective responses, both positive and negative, emanated from learning and engaging with content, from assessment, and from the learning environment. Persisting and progressing in learning made demands on students’ psychological resources, such as self-awareness, self-belief, hope and resilience. Tut group had a significant influence on emotions: the sense of belonging, comfort and safety among peers and a sense of the teacher’s immediacy in the tutorial group encouraged students to express themselves freely, and for many, facilitated the emergence of a clearer sense of self in relation to the discipline. Student’s predominant feelings and emotions of their experiences of learning in statistics was one of the senses of achievement and accomplishment that translated into joy and love for the subject.

These summarised key findings of the larger study30 highlight that learning has strongly affective aspects entwined with the cognitive; that it might entail periods of stuckness and liminality32; that particular concepts are likely to be both troublesome and – once mastered – transformative33 and that disciplinary learning has implications for students’ worldview and identity. Additional insights are suggested by participants’ portrayal of the influential role of tut group in their learning. Peers, teacher immediacy and the blending of multiple learning processes appear to hold significant potential for supporting cognitive, metacognitive and affective aspects of learning, and facilitating the emergence of a new sense of self in relation to the discipline.

Adapting Northcutt and McCoy’s interactive qualitative analysis framework for the South African higher education context

Interactive qualitative analysis is a novel method, which, as far as could be determined, has not been used in the extant statistics education research literature. In South Africa, IQA has been applied in the fields of educational psychology.24,25 In a context similar to that of the current study, in students’ learning of economic threshold concepts, Goebel31 draws a comparison with the IQA methodology and the ‘transactional curriculum inquiry’ feature of the threshold concepts framework. This is done because in IQA methodology, researcher and students work together iteratively to explore the dynamics of the phenomenon, which is similar to the collective efforts of academics, students and curriculum developers in threshold concepts research.34 Issues of trustworthiness, dependability and confirmability are significantly reduced in the IQA methodology,25 as the participants are solely responsible for generating, analysing and interpreting the data.

The written reflections requested of participants were an addition to standard IQA practice, wherein it was hoped that it might offset some of the concerns around silence or conflict noted above, as a less focused and more private medium, reflective writing, might be a channel for insights students would not mention in the focus groups or interviews. Confidence in the affinities was increased when it was found that the reflective writing could be accounted for within those categories of meaning. This modification to IQA may also have enhanced the quality of the data by predisposing the participants to think more widely or introspectively during the focus group phase, because they would have reflected regularly on their learning over the preceding weeks.

Limitations of interactive qualitative analysis methodology as experienced in this study

The use of IQA revealed some limitations and possible hazards, as well as the advantages noted in describing the approach above. Many of the concerns relate to the pivotal role of the focus group, on which the rest of the approach may be seen to depend. Firstly, the communal nature of the focus group and its emphasis on group reality seem to reflect an assumption that there exists a single, albeit complex, group reality that can be satisfactorily captured in the SID. The IQA guidelines23 do not offer steps to follow if participants cannot reach complete agreement before time and energy run out. In the focus groups, the researcher’s observations suggested that the participants reached consensus relatively smoothly, and therefore did not have to respond to this type of dilemma. A concern remains, however, that in seeking consensus, the focus group processes might simply be masking conflict and attaining compromise – the appearance of agreement. The silent nature of brainstorming and clustering in IQA, whilst offering advantages, may not reveal unresolved conflicts of meaning among participants.

The interviews may address some of the concerns around consensus and silence, by offering an opportunity to explore individual variations in the meaning of affinities. However, the interviews are themselves bounded and structured by the affinities, which inform the interview protocol and therefore largely determine the issues to be discussed. Thus, whilst the grounded, participant-driven nature of affinities (and their inter-relationships as depicted in the SID) is one of the IQA’s key strengths, this may be a double-edged sword: once confirmed, the affinities are set, and the researcher and readers are called on to trust that they are a fair representation of the participants’ reality. Whilst Northcutt and McCoy23 point out that the interviews can act as a check of the affinities and influences, they do not offer comment on the possibility that the affinities and system produced by the focus group in the first place may be flawed. Again, this underlines the critical importance of the execution and functioning of the focus group.

Although IQA calls for a single focus group session, in this study had two scheduled sessions, 5 days apart, which allowed the time to write up the affinity meanings (as described above) after the first session, for the group to check and confirm at the second. Their agreement would subsequently affect the SID, the interviews and ultimately the findings of the study. In short, IQA protocol is not self-driving: the focus group phase needs careful planning and management, because all the phases that follow hang on the credibility of the affinities. Practical considerations should not be overlooked, given the importance of this phase. The focus group sessions were found to be more time-consuming than anticipated, and at times logistically challenging, with 17 participants ranging back and forth along the array of cards attached to a wall. Allowing for two consecutive sessions might be an advisable adjustment to the IQA prescriptions, although it also increases the demands made on participants.

It is believed that the willingness of the participants in this study to commit so much of their time to the focus group sessions and subsequent individual interviews was because of several factors, including the relationship established between the researcher with the group over the semester; their relationships with one another, their understanding and support of the purpose of the research; an appreciation of having their views heard and last, but certainly not least, the general improvement in understanding of content knowledge that they experienced in their working through of the tutorial activities. The level of commitment of the participants was essential to obtaining the depth of data that were generated in these phases of IQA.

Discussion

Together, the IQA processes of: (1) focus group and (2) semi-structured individual interviews enabled the generation of socially constructed descriptions of students’ experiences of learning statistics. The affinities (the elements of meaning of the phenomenon) and their perceived cause-and-effect interactions were grounded in the thick, rich descriptions in the words of the participants.

In this manner, IQA methodology attempts to reveal ‘truth’ as constructed by an individual or group by deliberately incorporating concepts from the following three important understandings of the meaning or theories of truth: correspondence theory of truth (CTT), coherence theory of truth (CoTT) and constructive theory of truth.23

The CTT interprets truth as a correspondence with facts or reality as described through participants’ experiences. In this study, findings corresponded with participants’ lived reality of their experiences in learning statistics in the threshold concepts-enriched tutorial programme, as observed through the data sources.26,31

The CoTT sees truth as being consistent with other true statements. The CoTT has three criteria:


	Structural coherence – coherence between ‘elements’ and ‘relationships’ that make-up a meaningful structure. In this study, this interpretation of truth would be reflected among the affinities and affinity relationships.

	Referential coherence – the study fits into a larger system with other studies – such as broader theoretical perspectives in this case.

	Dramatic coherence – where the characters are relatable and resonate with our own experience. This may be construed as participants’ individual meanings/interpretations of affinities and relationships of influence amongst affinities.



The constructivist theory of truth conveys the value of truth as being ‘useful’ or ‘pragmatic’ and that the ‘real’ truth of a proposition ‘lies in its potential for solving a problem’.23 This study’s findings offer vivid descriptions of the phenomenon – insights into students’ learning in statistics – with implications for practical interventions in the statistics classroom and potential for further research.

This article set out to offer an exposition of IQA23 and an example of its practical application. It drew attention to its particular merits, especially as it relates to affording voice and participation of research participants. Interactive qualitative analysis has special appeal in that it proposes a highly systematic research protocol that offers a very clear audit trail, as it relates to data collection, analysis and the development of research themes or findings in a study. As such issues of rigour, validity and reliability become transparent, making the assertions and insights gained more credible.
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BOX 4: Personal journey.

This affinity refers to the personal outcomes or life lessons that students gained by learning in BSTS 201 and the threshold concepts-enriched tutorial programme.

Responses reflected personal growth or development: ‘Learning statistics did change the way | thought about the world. Yes it did. | never thought that they are people who are
not from your family who could help you to do better each an[d] every day. Who can help you reach your goal’ [..] ‘I just believe in myself and now | am still does’ [...] ‘Learning
statistics has helped me to see myself at large, it made me believe that there are changes for me to become a better person in future. It made me believe there is a 95% for me
to leave a mark in this world’ [...] ‘The one thing | learnt from this tut group and statistics 201 is that you can achieve anything you set your mind to’ [...] ‘You can achieve
anything if you put your mind into it’ [..] “School life hasn’t been easy but the journey has taught me perseverance and not to be afraid to aim high and work very hard to
achieve and to reach full potential’ [..] ‘In spite of being terrified by people about how difficult business Statistics is, | said to myself ‘I will fight, | am not a loser, everything has
got its limitations”. | had a hope that | will overcome any unforeseen obstacles in Business stats’ [...] I have learned to be persistent’ [..] ‘What | learned is that if | set goals for
myself, | put in the effort and | work tirelessly | will achieve what | want to achieve and I'll succeed in whatever | put my mind to'.

Also participating in the tutorial group and interacting with their peers and lecturer grew students’ confidence in their abilities: “My own learning and thought processes actually
improved by being part of this tut programme’ [...] ‘My group working skills have improved because most of the time the experiments we did in the tut required us to work in
groups’ [...] ‘The way | dealt with challenges was that if | get stuck, Mrs. Ananth is here to simplify things so | would seek help in the tut session. Then that helped take the
negative thoughts | had about stats being hard away’ [...] ‘In this tut programme | learnt to work with my peers which is something | was not used to as | preferred studying/
working on my own before [...] ‘Mrs. Ananth's positivity and constant patience has helped me deal with negative emotions/challenges’.

Students also credited their participation in the tutorial programme for overcoming their aversion to working with mathematics: ‘The more classes | attended, the more | started
to have interest in mathematics’ [...] ‘Learning stats for the first time this semester felt like here we go again, what is maths doing now. We never became friends with maths. But
look at me now. Who knew | would get 70% on stats. Lol!!’ [..] ‘| used to think DUT never loved us coz this maths but you can actually use it wherever you go, so it's all good".

Students’ perception of learning, in general, improved: I have a better opinion about learning as a whole and how stats can be useful in our daily lives’ [...] ‘Being the inquisitive
person | am | have learned that | enjoy statistics a lot, because | always want to question the knowledge | am given. I've also learned that maths is not so bad if you practice’ and

“My background and my personality affected me in my learning journey by understanding certain things on how did they come about it, but after learning the statistics it made
me really eliminate certain things in my personality’.

Source:Adapted from: Ananth A. Students’ experiences of learning statistics in a threshold-concepts enriched tutorial programme [unpublished dissertation]. Durban: University of KwaZulu-Natal; 2020.
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BOX 3: Emotions.

This affinity represents the range of emotions students experienced whilst learning BSTS 201 and participating in the tut group.

Some mentioned their initial feelings of fear: ‘The moment | saw that | will be taking Business Statistics this semester, | trembled, frightened and scared since | heard rumours
people saying the worst is yet to come. Stats gonna show us flames’ [...] ‘My initial thought about statistics was that it was very difficult, | had a skeptical view, wasn't even sure if
1 will pass the module’.

Many students expressed positive feelings for the tutorial sessions, saying: ‘My feelings of learning statistics changed from feeling bored to excited about learning statistics

because of the tut and seeing how it is applied in real life circumstances’ [...] ‘Best decision ever” [...] It has been an amazing experience’ [...] ‘Figuring out how to calculate an
equation is the most AWESOME feeling’. Sketches of smiley faces and hearts reflected these positive emotions: ‘Fun and informative (my experience ©)' .. ‘Right now 'm ©
happy’ [..] ‘I statistics now yipeee'. As well as: ‘In over all I'm very happy and | think | have fallen in love with this module as it changed the way | see the world as a whole’. @

Even test results brought out some positive emotions: ‘80% — test one — 90% — test two — (picture of balloons with A's written in them) — exam (final)’ and ‘Second test was
actually fun and exciting ... ® wish | wrote all my tests like that".

Some students experienced positive emotions after mastering new concepts: ‘Figuring out how to calculate an equation is the most AWESOME feeling’.

However, there was one negative response in the form of: ‘@

Source: Adapted from: Ananth A. Students’ experiences of learning statistics in a threshold-concepts enriched tutorial programme [unpublished dissertation]. Durban: University of KwaZulu-Natal; 2020.
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BOX 2: Journey of understanding.

This affinity encompasses students’ progression of understanding of statistical concepts. It documents their journey in the learning process from moments of ‘stuckness’ to
triumphant moments of realisation or insight and perseverance with the module that helped them across this spectrum of understanding. This particular affinity resonates
strongly with the principles of the Threshold Concepts Framework to learning, alluding to cognitive and affective factors essential to one’s successful journey across disciplinary
thresholds.

Many students’ responses detailed their personal dedication and commitment towards their attempt to understanding the subject that helped to make their journey of
understanding a successful one: ‘The negative emotions in my learning, | deal with it by giving the learning the time to try and practice more and also seeking help from others’

“Pretty much statistics is not an easy module it needs time and commitment. But through hard work and dedication it becomes easier and even fun especially during tut
sessions’

“When | struggled to understand something the tut came in handy as | would either ask our lecturer or tut group mates which made things even easier for me than to go over
hours trying to figure something on my own’

“My knowledge of my own learning did change by being in this tut group because | learnt new things and found ways to understand stats by even using everyday problems’.
Students also noted specific statistical concepts that caused impasse:

I thought binomial distribution was hard coz | wasn't getting the answers everyone was getting only to find its coz | wasn’t | don’t know what do when P(X < 1) or P(X > 1) after |
understand it was smooth sailing’

‘Probability is the one topic that got me stucked like no other. Tioh it was just too much | guess’.

Students noting specific moments of insight as follows:

‘I realised how important statistics is by learning some aspects of it, | was tempted to say to myself’

‘Oh Stats SA uses these things were learn to make some statements and predictions’

‘AHHAI!! P and q are constant * | never noticed that until | got it in the group tut’

‘After taking time and re-doing what was done in the class, it all made sense as | understood the purpose and use of regression, then | felt little bit relieved".

Some students described their journey of understanding as starting off rocky but ending on a happy note: ‘Pretty much statistics is not an easy module it needs time and
commitment. But through hard work and dedication it becomes easier and even fun especially during tut sessions’ [...]

‘Negative thoughts into positive thoughts — improvement’ [...]

“Everything was still very fuzzy especially during simple linear regression and sampling distribution but the tut sessions really did help together with hard work’.
Students credited their participation in the tut group as being a pivotal element in their journey of understanding:

‘It [tut group] did change the way | learnt as there were people who you would discuss the content with and it made it easier to understand. It made it more fun. @ [..]
I understood my own learning after | attend this tut group’ [..]

“When | struggled to understand something the tut came in handy as | would either ask our lecturer or tut group mates which made things even easier for me than to go over
hours trying to figure something on my own’ [..

“My knowledge of my own learning did change by being in this tut group because | learnt new things and found ways to understand stats by even using everyday problems’.
Students felt that mathematics is a key component in one’s successful understanding of statistics:

‘It took me time to adjust to Business Statistics cause I'm used to straight mathematics which is what we did in BCAL but with stats it seemed different’ [...]

Yust a bit but its still calculations at the end of the day. So you still see statistics and remember high school with pure maths’ [...]

“The way | overcome my stuckness was that since | did maths in high school and figured I did get through statistics in maths | should apply same knowledge | got, especially in
probability’.

The overarching sentiment shared by the students is that their journey of understanding statistics has been a positive one:

‘By learning at home, in class and in the tut | came to understand the new knowledge taught in Business Statistics because | could solve my problems faster and get ready for my
tests better”

‘I have come to an understanding that | can relate what | am learning into reality’.

One student responded:

‘I do not want to lie learning statistics this semester was stressful’.

Source: Adapted from: Ananth A. Students’ experiences of learning statistics in a threshold-concepts enriched tutorial programme [unpublished dissertation]. Durbal

Iniversity of KwaZulu-Natal; 2020.
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BOX 1: Tut group.

This affinity was informed by the constructs that characterised the threshold concepts enriched-tutorial programme in which the students voluntarily participated. The
participants identified the tut group as an essential conduit to their understanding in the BSTS 201 module.

specifically, the teaching methods/instruments used in the tut sessions were viewed by the students as being beneficial to their grasping of statistical concepts. The teaching
methods that the students credited for their improved understanding in statistics were as follows: collaboration (group work); the use of real data to solve real-world problems;
writing in reflective journals and being provided with the detailed solution after each tut activity.

These were reflected in many responses referring to the teaching methods used in the tut programme:

‘Joining the tut sessions was a really good move because we were put into groups where we all had to work together and it is sometimes easy to understand something when
you hear someone explain it clearly to you, and how they think it should be done plus it was always fun too’ [..]

“The feeling | had joining this group was that it would make Statistics easier for me cause more heads will be joined together in finding solutions than just me alone’ [...
‘Working in groups, having the ability to voice your opinion either through writing or just by talking’

“The learning in this tut programme has real[ly] changed the way | viewed statistical concepts because we in the group help each other and by linking the statistic with the real
world was interesting and | enjoyed it’ [..]

‘Reason for joining this group as because | wanted to learn more about stats and how its used in the outside world’ [...]
‘In the tut sessions we were given questions to ask and then the solutions of the tasks to see where you went wrong’
I liked the idea of having a journal so we'd get feedback from some of the thing | didn’t understand in class. Also to give my point of view on or after the activity’

‘Our first meeting and activity as a group at first was intimidating, but reflective journals was good on what | thought and enjoy, but as time goes on, | enjoyed the group and felt
at home'.

This affinity also reflected the students’ positive response to easy access of the instructor during the tut period:

]

“This group teaches me something that | didn’t thought | will ever do. Speaking with a lecturer. YO! YO! | am a very shy person. | never thought that | will ever ask a lecturer a
question but now. Hey ©’

‘I also had a chance to get help from the lecturer if | didn’t understand a concept in class’ [.

‘Now talking about the tut session as a whole, | had fun with it and our tutor/lecturer not sure what to call her 111’
The overwhelming consensus on participation in the tut group was:
“This tut group helped me understand the new knowledge about statistics because of the activities that we did together’

‘I feel great about the tut group, it has helped me a lot and | have no regrets of joining it, it has been an awesome experience in learning’

‘If I were to rate the tut | would say 11/10 ® If it were a hotel | would say it’s a 6 star hotel lol!!"

Source: Adapted from: Ananth A. Students’ experiences of learning statistics in a threshold-concepts enriched tutorial programme [unpublished dissertation]. Durba

niversity of KwaZulu-Natal; 2020.
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Source: Adapted from: Ananth A. Students’ experiences of learning statistics in a threshold-

concepts enriched tutorial programme [unpublished dissertation]. Durban: University of
KwaZulu-Natal; 2020.

FIGURE 3: A pedagogical pilgrimage.
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TABLE 4: Focus group: Tentative systems influence diagram assignment.

Number Affinity Assignment

1 Tut group Primary driver

2 Journey of understanding Secondary driver

4 Personal journey. Secondary outcome
3 Emotions Primary outcome

Source: Adapted from: Ananth A. Students’ experiences of learning statistics in a threshold-
concepts enriched tutorial programme [unpublished dissertation]. Durban: University of
KwaZulu-Natal: 2020.
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TABLE 3: Tabular inter-relationship diagram sorted in descending order of A.

Affinity Number 1 2 3 4 Out In A
Tut group 1 - T 1T 1T 3 o0

Journey of understanding 2 « - T T 2 1 1
Personal journey 4 « « T i@ Al
Emotions 3 ¢« & - &« 0 3 3

Source: Adapted from: Ananth A. Students’ experiences of learning statistics in a threshold-
concepts enriched tutorial programme [unpublished dissertation]. Durban: University of

KwaZulu-Natal: 2020.
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: Tabular inter-relationship diagram.

Affinity Number 1 2 3 4 out In A
Tut group 1 - T T T 3 0 3
Journey of 2 < - T T 2 1 1
understanding

Emotions 3 « € - « 0 3 -3
Personal journey 4 < < T - 1 2 -1

Source: Adapted from:

KwaZulu-Natal; 2020.

The arrows for each row are then tallied. (1) are counted as Outs and (¢-) arrows as Ins. The
Outs minus the Ins determines the value of A (delta). The table is then sorted in descending

order of delta (Table 3).

nanth A. Students’ experiences of learning statistics in a threshold-
concepts enriched tutorial programme [unpublished dissertation]. Durban: University of
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TABLE 1: Affinities in descending order of frequency with Pareto and power
analyses.

Number Affinity pair Frequency Cumulative ~ Cumulative  Cumulative Power
relationship frequency relationships (%) frequency (%)

1 152 17 17 833 1700 867

2 154 15 32 16.67 3200 1533
3 153 14 46 25.00 4600  21.00
4 253 12 58 33.33 5800  24.67
5 254 12 70 4167 7000 2833
6 3¢4 11 81 50.00 8100  31.00
7 2¢3 6 87 58.33 87.00 2867
8 354 6 93 66.67 9300 2633
9 2¢4 4 97 75.00 97.00  22.00
10 1¢3 2 99 83.33 99.00 1567
11 1¢4 1 100 91.67 10000 833

12 1¢2 0 100 100.00 10000 0.00

Source: Adapted from: Ananth A. Students’ experiences of learning statistics in a threshold-
concepts enriched tutorial programme [unpublished dissertation]. Durban: University of
KwaZulu-Natal: 2020.
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Source: Adapted from: Ananth A. Students’ experiences of learning statistics in a threshold-
concepts enriched tutorial programme [unpublished dissertation]. Durban: University of
KwaZulu-Natal; 2020.

FIGURE 2: Uncluttered systems influence diagram.
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Source: Adapted from: Ananth A. Students’ experiences of learning statistics in a threshold-

concepts enriched tutorial programme [unpublished dissertation]. Durban: University of
KwaZulu-Natal; 2020.

FIGURE 1: Cluttered systems influence diagram.





