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Conversational interaction is a complex, interactive, dynamic and multimodal activity, allowing us to transmit and receive information, to form and maintain social ties, and also perform many other cultural and ritualistic functions. Methodologies for studying conversation, and human discourse in general, vary across many levels of abstraction, with everything from the qualitative manual coding methods of Conversation Analysis, through to the quantitative processing and analysis of vocal qualities based on frequency spectra. In this review we focus on how the paired techniques of recurrence plotting and recurrence quantification analysis (RQA) have been utilized in the study of human discourse. We focus on recurrence analyses that have examined communication behaviors and activities in various institutional and social settings. Our review focusses along several key dimensions: discourse type, the role of time in the encoding of input data, and the challenges that multi-modality place on recurrence-based discourse analysis methods. We argue that recurrence analysis holds much promise for the ongoing study of discourse, and that its full potential has yet to be realized within this domain of application.
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INTRODUCTION

Conversational interaction is an incredible human joint accomplishment, requiring us to make use of not only our own semantic resources, but also the resources of our conversational partners. Conversation is dynamic and multimodal, allowing us to transmit and receive information, to form and maintain social ties, and also perform many other cultural and ritualistic functions.

Due to its inherent complexity, most studies of conversation tend to locate at a particular level of abstraction (e.g., phonetics, phonology, morphology, syntax, semantics, and pragmatics). Methodologies for studying conversation, and language in general, vary across these levels of abstraction, with everything from the qualitative manual coding methods of Conversation Analysis [1], through to the quantitative processing and analysis of vocal qualities based on frequency spectra. Each perspective offers different insights, but each also brings specific assumptions about the forms and functions of discourse.

The focus of this position piece is on how the paired techniques of recurrence plotting and recurrence quantification analysis (RQA) [2–5] have been utilized in the study of human discourse, framed from a Communication Studies perspective. Some of the most prominent, and indeed promising, applications of recurrence methods to language data have been in the arenas of psycholinguistics, human coordination and joint attention domains [6]. Rather than rehashing Fusaroli et al.'s [6] comprehensive review, we focus on more general studies of communication behaviors and activities and respond to some of the provocations and recommendations made therein. Our positions focus along several key dimensions: discourse type, the role of time in the encoding of input data, and the challenges that multi-modality place on recurrence-based discourse analysis methods.



RECURRENCE PLOTTING AND RECURRENCE QUANTIFICATION ANALYSIS

The recurrence plotting technique was initially invented as a technique to display and identify patterns from time series data, specifically data from high-dimensional dynamical systems [5]. The recurrence plot is a 2D plot where the horizontal and vertical axes represent time series data, and individual elements of the plot indicate times where the phase space trajectory of the system visits the same region of phase space, expressed as:
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Where [image: image] is a phase space trajectory, i is shown on a horizontal axis, and j is shown on a vertical axis.

Given n points in a time series, there are n2 − n recurrence values, or n(n − 1)/2 recurrence values if only one half of the diagonal is used (this is the case with conceptual recurrence plots). Recurrence plots tend to be rendered as dot-plots, where recurrences are expressed in a Boolean fashion, often using a threshold to determine if two points in the underlying time series are sufficiently close to indicate a match, however some applications use gray or color shading to indicate the strength of recurrence.

While visual inspection of recurrence plots is useful for revealing the structure and dynamics of dynamical systems, Recurrence Quantification Analysis (RQA) extends this technique by specifying a set of metrics designed to capture specific features of recurrence plots [3, 7]. In the 25 years following the original work of Eckmann et al. [5], recurrence analysis has been applied across diverse areas including financial analysis, neural recordings, engineering, earth science, and chemistry [2].



RECURRENCE PLOTS APPLIED TO LANGUAGE

One of the first applications of recurrence plotting to language was the work of Orsucci et al. [8], analyzing poems from a variety of languages by plotting the recurrence of three letter word stems, and also applying RQA metrics to determine the underlying structures and rhythms of poetry. Their analysis, like other recurrence-based analyses of written texts that have focussed specifically on the written form rely on the presence (and absence) of lexical coherences, and grammatical patterns that are present in structured texts such as poetry or other ordered prose. In their work they showed how analysis of recurrence could reveal a prosaic signature of specific authors. This notion of textual structure is a theme that we will return to later as it is particularly important when distinguishing natural (spoken) language from written language forms.

Webber and Zbilut [9] were amongst the first to use recurrence to analyse transcribed speech, examining monologs by people with schizophrenia against control cases to locate differences in RQA measures between these groups. The results compared transcripts from a control group (scientists) who they postulated would be speaking with intent and purpose, vs. transcripts from the schizophrenia case that they postulated would be more abstract and less coherent. The resulting plots and RQA measures did reveal differences between these groups that aligned with these pre-held hypotheses.

Dale and Spivey [10] were also early pioneers of RQA for conversation, analyzing child and care provider conversations at the lexical level to reveal structural features that are indicative of language learning by children. Dale and Spivey [11] later extended their initial 2005 study by codifying the child and care provider data according to the grammatical class of each word. They used the RQA measure, Recurrence Rate, to track grammatical coordination between speakers postulating that such coordination may be further evidence of language learning. These studies were particularly important given that they included spontaneous conversations, revealing how RQA could be used to analyse conversation in its natural context.

Over the past decade, recurrence plotting and RQA for analysis of discourse have been further adapted through the Conceptual Recurrence Plotting approach [12, 13]. This recurrence method creates a conceptual coding of each turn in a conversation using a topic model or other appropriate vector representation of language, enabling comparisons and the construction of a recurrence plot on the conceptual similarity between all turn-pairs [14].

The first Conceptual Recurrence Plots [12, 13] used a Bayes-inspired natural language processing engine. Prior to the construction of the conceptual recurrence plot an input document (text transcript) was used to construct a Bayes statistical model using word frequency and co-occurrence data. This language model is then used to conceptually tag each turn or paragraph break in the input text (usually along ~100 unique conceptual dimensions). A cosine similarity is then applied between the concept vectors of all text segment pairs to construct the recurrence plot. Unlike a traditional recurrence plot construction process, no threshold is applied to these similarities; instead recurrences are retained as floating point numbers between 0.0 and 1.0 and displayed using varying visual intensity to represent the strength of recurrence between each pair of text segments.

The conceptual recurrence plot was initially designed for conversation transcripts and many of its visual affordances are designed to support such inputs. In the basic visual output conversational turns sequentially according to their order in the input file. Each turn is displayed as colored squares along a diagonal line. The next deviation from traditional recurrence plotting is that the length of each turn (word count, or real timing data if known) is reflected through the size of the square, and the color of each diagonal square is determined by the channel, usually attributed as individuals, or groups of conversational participants. Recurrences appearing below the diagonal are colored according to whether they correspond to a recurrence by the same channel or between different channels, using the same color for a single channel, and splitting the recurrence element rectangle into two triangles for recurrences between different channels, using each of these different channels' colors (For an example see Figure 1).


[image: Figure 1]
FIGURE 1. An example conceptual recurrence plot of an interaction between a doctor and patient. Reproduced from Angus et al. [15] with permission.


The use of color and non-binary recurrence values is informed from the intended use as an analytical support tool for conversation and discourse analysists. Color allows analysts to quickly obtain useful information such as turn ordering and dominant recurrence patterns indicating speakers who are repeating themselves perhaps more than other speakers. The use of varied recurrence block sizing helps to reveal periods where participants are engaging in longer turn structures, a point we will return to in discussing time and encoding.

Conceptual Recurrence Plots were later extended by Angus et al. [13] to generate a range of RQA-inspired metrics for the quantification of communicative interaction within a given dataset. They designed 12 primitives to measure patterns of conceptual recurrence throughout a conversational dataset, derived from all possible combinations of the following three principal dimensions: time scale (short, medium, or long range), direction (forward or backward) and type (self or other). As one example, the primitive “Long Backward Self” provides a measure of the degree to which turns of a given speaker include concepts that the same speaker (type: self) has mentioned previously (direction: backward) when examined across the entire conversation (time scale: long). Another example is “Short Forward Other”, which captures the degree to which concepts mentioned by a given speaker have been shared by the conversation partner (type: other) in the turn immediately (time scale: short) following (direction: forward).

Selections of these 12 conceptual recurrence primitives were also combined to generate eight metrics that provide specific measures for concept usage, such as topic repetition, introduction, reiteration, consistency, and novelty by one or more participants in the short- medium-, and long-term range for their own utterances and, if applicable, those of the conversation partner. As an example, the “Longterm Topic Consistency Other” metric measures the degree to which utterances of a given speaker repeat concepts brought up by their conversation partner over the entire conversation. These metrics and primitives were introduced under the banner of Multiple Participant Recurrence (MPR) metrics and have been used in a range of studies, but mostly in health communication [16–18].

Tolston et al. [19] further refined the RQA measures proposed by Angus et al. [13] through creative combinations of these RQA metrics that they revealed offered strong correlative power to observed communicative states. A multiscale (hierarchical) approach to measuring recurrence between individuals and groups of speakers in multiparty discourse was also introduced [20].

In addition to studies of the lexicosemantics of transcribed speech and written texts, there have been many studies across other important discursive modalities including gaze [21, 22], bodily movements [23], gesture [24], prosody [25], and speech acoustics [26]. Many of these studies have tended toward dyads (conversations or interactions between two people), and much of the focus has been on shared attention or mirroring of specific conversational behaviors, for example shared gaze, or mimicry of gestures. We will return to this later when discussing issues regarding non-lexicosemantic modalities, and also on the difference between dyads and multiparty conversation.

A summary and synthesis of many of the aforementioned approaches was offered by Leonardi [27]. In addition, the availability of practical instruction on the design and implementation of recurrence analyses of language data have also been made available by Wallot [28] and, Wallot and Leonardi [29].



THE DISCURSIS SOFTWARE

As mentioned above, conceptual recurrence plots were first proposed by Angus et al. [12], and soon after extended to include a range of bespoke recurrence quantification metrics tailored specifically to multi-party conversation [13]. These recurrence approaches were packaged together within a standalone software toolkit known as Discursis.

Discursis was developed primarily for communication researchers as an analytical support tool that can process text transcripts of temporally organized texts, including conversation, social media, or other discourse data. The creators of the technique made their intention clear that as a technique it does not replace the need for human analysts, “rather they are tools to help analysts perform and draw greater insight from their data” [14]. This responds to a key point of methodological friction, as one of the more active disciplines that is involved in the study of discourse, Conversation Analysis (CA) [1], is fiercely defensive of the use of qualitative close reading of conversation as a foundation of any analysis. Many adherents of CA are skeptical of computational methods, or anything that they deem moves them as an analyst “away from the data”.

Despite the skepticism above, for the past two decades, computer-aided qualitative data analysis software (CAQDAS) have been used to provide semi-automated analysis of conversational data [30–35], enhancing traditional analysis methods through informative and interactive graphical interfaces. CAQDAS systems build data relationships based on user coding which allows users to input variables and visualize the relationships between them. Such systems include the use of text, audio, and video data to measure various features associated with discourse analysis, including but not limited to: time that participants spend talking; voice pitch and prosody; and identification of participant dominance during discourse. Examples of well-established CAQDAS systems include NVivo [36], ATLAS.ti [37], and MAXQDA [38].

Discursis has been positioned as a CAQDAS system (direct reference being made in [14]), despite it also allowing more quantitative RQA analysis to be performed. Discursis' user interface allows analysts to quickly load a conversation transcript and visualize a recurrence plot, and also export metric data that can be used directly, or further processed to derive RQA measures.

Discursis' analytical process starts with the loading of a conversation text. The software accepts input text transcripts as comma separated value formatted text, where each line represents a “turn” in a conversation. The only mark-up required in the transcript is the lexical information. This text is first used to inform the construction of a statistical language model using word occurrence and co-occurrence statistics derived from only this input text under analysis (facility does exist though to pre-seed this model with other texts). The software then tags each line in the input transcript based on each segment's conceptual content. As an example, if the words dog, ball, pet, and food, are strong evidence for the concept dog, and enough of these terms appear in a text segment the concept dog will be tagged against that segment. The more evidence, and more selectively words appear together, the stronger such associations become.

While Discursis has most commonly employed the aforementioned bag-of-words natural language processing approach, it is entirely plausible to substitute other language processing approaches. The key principle of using recurrence plotting to compare utterances for their semantic overlap is able to be achieved using a number of conventional language processing toolkits. Although unpublished, a new prototype of Discursis is currently being developed using the top-down ontologically-driven Paraphrase model [39].



“NATURAL” LANGUAGE

Recurrence plotting of language focussing on the analysis of semantics has done so primarily using lexical, symbolic and syntactic approaches that measure recurrence of alphabetic characters, single words, and higher order concepts [8–11, 13, 40]. RQA measures have also been used in similar cases [8–11, 13].

As many of the prior examples demonstrate, the use of recurrence-based approaches to study language is gaining traction, and as part of this growth in interest we have also seen the field grapple more with different forms of linguistic data. While language data is often transcribed into text, transcribed spontaneous speech and written text (prose) are two very different phenomena. And even within these classes, there is an incredible degree of diversity in the forms of speech and text data to be found, i.e., not all conversation can be considered the same.

The diverse nature of text and language data seems self-evident, however there can be a tendency in practice to allow data formats dictate the choice of methodology, rather than considering the data type and source context be the primary guiding mechanisms behind methodological decision making. In practical terms, rather than asking “I have conversation data that is in a text-based format, what methods allow me to process text?” researchers would be better to frame decision making around “I have conversation data from a specific domain that is formatted as text, what methods help me to answer my research questions?” This speaks closely to points made by Fusaroli et al. [6] on the need for theory to enrich recurrence analyses of language, in this case how theory can bring important domain-specific considerations that go deeper than surface-level considerations around data formats.

An example of how communication theory and recurrence plotting can work together can be found in studies that have combined Communication Accommodation Theory (CAT) [41] with conceptual recurrence plots [15, 18, 42]. CAT argues that conversational participants adjust their speech, vocal patterns, physical gestures, and posture, to accommodate (or not accommodate) other participants. One accommodation process described by CAT is convergence, characterized by participants' attempts to align (accommodate) the behaviors of their interlocutors, often as an attempt to minimize social distance. Using conceptual recurrence approaches, the physical manifestations of these convergence behaviors using transcribed speech can be quantified using a recurrence analysis approaches.

Theories such as CAT allow researchers to deal with the messy, and context-sensitive nature of communication data. Within the domains of speech and literature, data is complicated due to the many varied norms and practices that are dependent on contexts that may be informed by social traditions, technological affordances, limits of biology, or other conventions. As Moerman put it “Unless we know how occasions of speech are socially organized, we can neither fully understand nor properly evaluate our data. We collect cultural artifacts that come mounted in a context that gives them their momentary enlivened meaning. We must preserve their interactional matric, not pretend to scoop nuggets from a swamp” [43]. Communication norms are shaped by various exogenous and endogenous social forces, and are neither devoid of context, nor static, as the example from Dale and Spivey [11] indicates with regard to the changing speech patterns and language learning by children. While conversations are defined by many layers of complexity, this does not mean that recurrence plotting can't help in revealing interesting and informative aspects of them. In their study of 101 television talk show “Andrew Denton's Enough Rope” interviews, Angus et al. [44] revealed how communication norms are shaped by particular speaker roles, evidenced by distinctive recurrence patterns that aligned to these expectations (see Figure 2).


[image: Figure 2]
FIGURE 2. Conceptual recurrence plots of accountability and expert interviews from the Enough Rope television program. Reproduced from Angus et al. [44] with permission.


Television (TV) talk shows are considered to be profoundly different to spontaneous conversations unfolding in everyday life [45]. TV talk shows are based on conversations between a host and their interview partners. The norms that guide conversational behavior throughout these interviews will typically arise from obligations to fulfill the interests of media networks, sponsors, audiences, and those of the respective institutions represented by the host and, if applicable, the guest. As talk show conversations unfold, hosts and guests interact via asking and answering questions, making statements, and so forth, thereby “talking content into being”, or “mutually creating an account” of a given topic, event, or experience [45]. This process is characterized by a continuous negotiation of both the interview content and the roles of the interviewer (host) and interviewee (guest) while they interact for the benefit of an “overhearing audience” [45–47]. This complex host-controlled, guest-shaped, audience-oriented environment affects any speech act occurring within the talk show interview, making it non-commensurate with other “ordinary” spontaneous private conversations.

Recurrence plots rather than RQA were key to the analysis of Enough Rope [44], principally due to their ability to be used as highly salient visual evidence of specific communication practices. Returning to points made earlier with regard to the use (and higher preference in some cases) of qualitative methods within the field of discourse analysis, the recurrence plot allow connections to be made between known communicative repertoires and visual motifs. The task then is to educate a reader on how to read such a plot and interpret its findings by link those motifs with their existing highly nuanced understanding of communication norms and behaviors. This is not a new theme in recurrence analysis, with many practitioners being highly adept at recognizing specific recurrence motifs, and being able to link them to known functions. The challenge is in convincing a field that has historically shunned the use of visualization and numerical methods to find value in these new approaches.

Back to the point raised on the specificity of conversation though, and how discourse is shaped by various factors that situate outside of the conversation as it is recorded and transcribed. The situated nature of conversation and language should not be used to dampen enthusiasm for translating methods across domains, or used to suggest that methods or insights gained from studying one genre are wholly unsuitable for another. This said, care must be taken. In searching for patterns of recurrence the most informative aspects of these differing forms of communication can vary substantially. To return to example of poetry, we can find that word orders, repetition, syntactic rules, pagination, and grammars are all fair game for a poet to mix and recast in their own creative way. And that in the case of poetry recurrence analysis is a useful way to reveal signature styles and (a)symmetries [8]. However, it may not be true that word order choices are as informative in a study of doctor/patient communication.

The need for context sensitivity was strongly evident in work that we performed (and that is still ongoing) on the analysis of Dementia conversation. Having previously applied conceptual recurrence plotting to the analysis of doctor/patient communication [15], in our first application of the technique to conversations between care providers and people living with dementia [48] we were startled by the relatively low level of recurrence displayed in plots generated from transcribed conversations. In working with our collaborators (speech pathologists and social psychologists with decades of combined experience in the linguistics and communicative effects of dementia), we soon learned that what we (computer scientists) had considered to be low levels of recurrence, were from their standards very high levels of within and between speaker recurrence, given the severity of the impact of dementia on speech and language processing in the cases under analysis. Without domain expertise, and insight into the nature of the recordings, the results of this analysis may have been easily dismissed as inconclusive. This is also a cautionary point on the sharing of data, and of conversation data in particular, for what value does this data have if it is not also accompanied by insight?

Wallot [28] captured many of the points raised above through their analysis of the spoken performance of written texts. Wallot's analysis showed how rhythms of the spoken production by readers of the text varied across a cohort, and looked to key demographic information to hypothesize what may impact this variation. Although never intended to be part of their analysis, it is clear how an analysis of the simple lexical transcripts of these monologs alone, without considering the prosody of the speech would have yielded little insight.

In this section we have considered how conversations are more than simply information passing, and how context can shape the process of human interaction. In many ways this is the greatest strength of dynamical systems approaches, as they consider systems under analysis to be complex. What is clear though is that language data is often messy, and choices that we make with regard to the recording, encoding and transcription of data can have a profound impact on downstream analyses.



TIME AND ENCODING

Time is a central factor in the study of language. Within studies of conversation the organization of talk and pause have been studied extensively [49, 50] where much of the work has been on describing turn-taking and sequence organization, and psychosocial correlates to talk organization and timing.

Recurrence analyses of language tend to begin from two dominant starting points, one being to organize input discourse along a regular sampling interval, such as the case with recurrence of symbols (letters), words, or those of non-lexical features such as speech acoustics. The other starting point is to sample from time in a non-uniform manner, such as the case of conceptual recurrence plots that discretize speech into turns. Where a turn can constitute something as simple as a single barely audible grunt, to a long monolog.

The choice of sampling strategy can largely impact the visibility of micro and macro visual patterns in recurrence plots of discourse. Particularly when it comes to approaches such as the conceptual recurrence plotting method, a long turn will often contain a more diverse vocabulary, and therefore be more likely to be encoded with a denser conceptual vector (leading to higher chance of recurrence with other turns), whereas, small turns are less likely to have dense concept vectors leading to lower recurrence scores. To illustrate this case, we present two conceptual recurrence plots of an Enough Rope conversation where Prof Brian Cox, a well-known physicist and science communicator, is interviewed by Andrew Denton. These plots are both generated using the same conceptual mapping, the only difference is that one uses the length of turns to scale the recurrence elements, the other uses a uniform mapping where every turn is the same size (see Figure 3). In this example the use of uniform non-proportionately-sized squares fails to visually capture Prof Cox's turn-taking and interaction dynamics as well as the proportionately-sized squares (that he takes longer turns, and repeats his own concepts preferentially).


[image: Figure 3]
FIGURE 3. Comparing conceptual recurrence plots with regular vs. proportionally sized recurrence elements (proportional size is based on length of conversation turns).


Time as a critical dimension in the study of discourse is further complicated due to the messy nature of talk and interaction. Speakers in a conversation do not necessarily wait to speak in an orderly fashion, rather turn structure includes overlaps, pause, and delays that can vary according to the many contextual and cultural factors spoken of previously. This is addressed by Fusaroli and Tylén [25] in the development of a multi-modal RQA approach which specifically models pause/speech by individual speakers. Another approach to this issue is that of PauseCode [51], an open source speech/pause coding toolkit designed to encode multi-party speech data into discrete codes that indicate state transitions in patterns of speaker talk as a pre-cursor to recurrence or other statistical analysis.

Many of these issues with regard to the temporal encoding in conversation are brought about by the presence of multiple speakers. Fusaroli et al. [6] observe how the majority of conversational recurrence studies have tended toward dyads, or monologs. The challenge they identify is how to preserve group dynamics when analyzing multi-party conversation, pointing to techniques from joint recurrence, network theory, or probabilistic graphical models as potential avenues for exploration. One solution that emerged in response is that of pyramid of conceptual recurrence metrics [20].

The pyramid of conceptual recurrence creates a hierarchy of group membership amongst conversational participants to accumulate recurrence between participants based on group (non)membership (see Figure 4). A set of RQA-inspired metrics are included that seek to capture interaction across whole conversation, group-group, person-person, and turn-turn time scales. Conceptual recurrence rate (CRR) seeks to determine the overall amount of conceptual recurrence for a given interaction:

[image: image]

Where N is the total number of conversation turns (utterances), and Ri,j is the recurrence element at time points i and j.


[image: Figure 4]
FIGURE 4. CRQA pyramid measures. This diagram [reproduced from Angus and Wiles [20] with permission] shows how recurrence can be aggregated over different levels, from individual interlocutors to social groups.


The Group-group (G2G) and Person-person (P2P) measures seek to determine the degree of conceptual recurrence between groups and individual conversation participants, respectively. These measures are formulated similarly, the difference between them principally being the corresponding membership vectors which determine the individual or group-based membership of each turn:

[image: image]

Where ga and gb are vectors that denote the time points of utterances by groups a and b respectively, and Ri,j is the recurrence element at time points i and j.

The resulting G2G and P2P metrics can be used to inform the creation of “social semantic networks” which display the degree of conceptual recurrence between participants in a network, and color nodes according to social groups to which they belong. The analysis included in Angus and Wiles [20] includes several large panel talk shows where up to 30 participants are interacting over 1 h, and reveal how experts and laypeople differ in their conversational norms and behaviors based on the values of recurrence measures.



MODALITY

Although the speech/verbal modality is considered to be a very robust communication channel in any social interaction, it is well-established that when available, non-verbal modalities are important in almost any spoken interaction [52, 53]. Non-verbal modalities involve observable changes such as hand and body gestures, eye movements, and facial expressions [54].

Previous research on the dynamics of non-verbal interaction indicates that while many social cues are intentional (i.e., a conscious drive to accomplish specific aim within the discussion), many of the other signals are the consequence of unintentional and unconscious processes [55]. Additionally, humans involved in an act of communication can recognize social cues quickly, unconsciously and with high accuracy. There is also a significant work related to more complex processing of these signals in social situations related to social identities, high level relationships of our social world based on deeper internal conditions of participants [56]. It is also known that social behavior and social constructs are regulated by the demonstration and recognition of non-verbal signals, in many circumstances without depending on spoken language at all [55].

While studies of single modalities are important, present there is a call for more research that can bridge different modalities. Underpinning this call is a need for methods that can bridge modalities and faithfully combine information from these various communication channels to better understand speaker behaviors. Recurrence plotting and recurrence quantification analysis are clearly suited to this roll, and the work of Fusaroli and Tylén [25] is particularly important in this regard as it offers an approach to investigate multiple aspects of communicative symmetry simultaneously, in this case prosody, lexical choice and pause/speech. Despite this excellent work, data encoding and the non-uniformity of time across different social processes still looms as a significant challenge for progress on solving the challenge of multi-modality. Cross recurrence methods require that time series information be sampled at the same rate, or at the very least be regularly sampled. However, as discussed in the previous section, social processes operate on different time scales [noted also as a key challenge by Fusaroli et al. [6]], and encodings of these processes can be non-uniform in time. This is as relevant for those using recurrence methods in other fields where processes occur across massively different time scales, yet model fidelity requires the incorporation of information from these multiple different modalities, e.g., earth sciences, or physiology.

The challenges of multi-modal communication analysis are greatly assisted through the collection and provision of open source datasets by members of the multimodal interaction community. Much of this growth is spurred on by the development of human-machine interaction systems, and the commercial interest in speech-enabled mobile devices. As one example, Czyzewski et al. [57] released a corpus containing 31 h of recordings which includes high-resolution, high-framerate stereoscopic video, multi-channel audio, and manually annotated lexical transcripts. This dataset, and others, provide diverse materials to develop and test new multi-modal recurrence approaches.

A final consideration for multi-modality relates to the decision on where along the processing pipeline information is combined or utilized. As in the case of the language recurrence methods, some studies have generated recurrence from letters, some from words, and others from concepts. Each can be considered a level of abstraction higher than the last, each incorporating and aggregating more information before subjecting discrete input units to recurrence comparison operations. For example, we could consider an option that extra modalities such as pitch, speech intensity, or other prosodic markers could be incorporated as an extra layer of abstraction prior to any similarity calculations that would be the basis of the construction of a recurrence plot. However, the risk with any approach in in reducing the complexity of the system under study and missing critical non-linearity.



CONCLUSION

The focus of this position piece was on how recurrence methods have been utilized in the study of human discourse, framed specifically from a Communication Studies perspective. Our positions focussed along several key dimensions: discourse type, the role of time in the encoding of input data, and the challenges that multi-modality place on recurrence-based discourse analysis methods.

With regard to discourse type, we focussed on issues of the need for context sensitivity when it comes to recurrence-based analysis of discourse, and on how theoretical perspectives such as that of Communication Accommodation Theory can act as a useful anchor to generalize and contextualize findings. We then touched on issues of time and data encoding, discussing challenges regarding non-uniformity of sampling in discourse data, and also of multi-party discourse. One solution for analyzing multi-party discourse, the pyramid of conceptual recurrence approach was discussed. Lastly we touched on issues of multi-modality, and how time and encoding present extra challenges to multi-modal recurrence methods. Without diminishing the difficulties faced with regard to the required methodological and theoretical development, we also spoke of how the growth in data availability from the field of multi-modal interaction may assist in future exploration.

It is clear that recurrence analysis of communication data has come a long way over the past two decades. And that the paired approaches of visual recurrence plots, and recurrence quantification analysis each provide important entry points for scholars from both qualitative and quantitative traditions. I believe that the coming years will see exciting new advances and answers to many of the challenges identified here, and a continued growth in acceptance of these powerful methods amongst members of the discourse analysis community.
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