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Abstract 

This dissertation presents the results of a study investigating the diachronic development of 

complexity, accuracy, and fluency in second language oral production. Consistent with the 

axiology of dynamic systems theory, the mutable nature of the complex linguistic system as well 

as the emphasis on intra-individual variability are underscored within the methodological 

considerations informing this study. As such, a process-oriented, non-linear time series analysis 

was carried out to address the following research questions: (a) In what ways do the constructs of 

complexity, accuracy, and fluency develop longitudinally in a single untutored learner of ESL 

across multiple language tasks?; (b) To what extent do the relationships between these constructs 

change over one academic year in an English-speaking context?; and (c) In what ways does the 

diachronic development of syntactic complexity exhibit the characteristics of self-similarity (i.e., 

fractality)? Data were collected from an individual untutored learner of English as a second 

language on a weekly basis from two disparate oral tasks (viz., dialogic conversation and 

monologic narrative) for the period of one academic year. The density of data collection—

consistent with a complexity perspective—provided sufficient granularity for the developmental 

trajectories of nine subcomponents of complexity, accuracy, and fluency to be scrutinized in 

terms of their growth, regression, and, equally, the synergistic relationship among these 

constructs.  

 Results of the non-linear time analysis confirm several assumptions regarding the nature 

of language as a complex dynamic system. Findings illustrate the ways in which grammatical 

complexity, accuracy, and fluency develop uniquely across tasks. In addition, the complex 

relationships between these domains demonstrate the dynamism within the interconnectedness of 

the components of the complex linguistic system and, ultimately, how such relationships develop 
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uniquely over time to support language development. In addition, results indicate that, typical of 

chaotic systems, language development demonstrates self-similarity (i.e., fractality) across 

temporal levels and equally passes through periods of bifurcation in which complexity, accuracy, 

and fluency interact uniquely to promote the transition between attractor states.   

 Keywords: bifurcations, complexity dynamic systems, CAF, fractals, second language 

development   
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“Our hour or place of birth, our first gesture, our name, the very room in which we 

are born, the various ceremonies and rituals which usher us into the world—all this 

establishes the series of fortunate or unfortunate circumstances on which our future 

entirely depends. But if all of these factors are overwhelming as far as the calculus 

of human life is concerned, just think what things must be like when one takes into 

consideration the mysterious formulas which govern the order of the worlds” 

-Gérard de Nerval  
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Forward 

 

“Normal science does not aim at novelties of fact or theory  

and, when successful, finds none” (Kuhn, 1962, p. 52) 

 

The pursuit of understanding the mutable, emergent nature of human behavior—the crux 

of complex dynamic systems theory—has driven scholars to re-think the traditional 

methodological assumptions which have long guided the field of second language acquisition 

(SLA). Now understood as the dynamic turn in SLA (de Bot, 2015a), complexity-informed 

scholarship is predicated on a view which foregrounds the heterogeneity of language 

development, evidenced in the non-linearity and intra-individual variability that embody 

trajectories of language acquisition. Indelibly connected to the non-linear nature of such 

trajectories, complexity research places particular emphasis on the qualitative changes in 

behavior that emerge over time as complex systems self-organize and, at times, undergo abrupt, 

discontinuous changes in behavior, or phase transitions.  

By maintaining this perspective, as complexity theorists, we have come to uphold a 

peculiar posture within the field of applied linguistics—we have become defenders of a 

paradigm. This condition, I argue, is readily evinced by the small, yet burgeoning body of 

complexity-informed literature within the field. Even the most cursory glance at such scholarship 

reveals introductory paragraphs and theoretical frameworks that do not simply discuss the ways 

in which complexity theory informs a particular object of inquiry. Instead, resolute in their 

intentions, these scholars dig in their heels and make steadfast arguments as to the efficacy of 

complexity as a paradigm. Unmistakably, results of such scholarship have overwhelmingly 

contributed to our understanding of language development not as a product, but as a process. 

Such process metaphysics coupled with the requisite methodology appropriate to examine 
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language as a complex dynamic system have certainly motivated the claim that complexity 

informed scholarship indeed embodies a paradigm shift within the field.  

Yet contrary to Kuhn’s (1962) assertions regarding paradigm shifts, the concomitant 

resistance associated with a paradigm shift in the Kuhnian sense has not yet fully materialized 

within the field of second language development (cf. Baten & Håkansson, 2015). Consider, if 

you will, the outright rejection of a call for the expansion of SLA data and theory as proposed by 

Firth and Wagner (1997). The social turn in SLA, as these authors proposed, was met with 

fervent criticality (e.g., Kaspar, 1997) as such a proposal was in no way amenable to the 

traditionally held doctrines of the field. We must ask ourselves, then, whether certain individuals 

may harbor reticence toward complexity-informed research as it gains prominence and opens 

new avenues for discovery. Although no outward manifestation admonishing the new paradigm 

has surfaced at the time of this writing, I feel safe in suggesting that such sentiments do exist, 

particularly by those held fast by the dogma of the ‘normal science’ of SLA. Those interested in 

Gaussian distributions, measures of central tendency, generalizations to large populations and, 

particularly within the field of applied linguistics, sequential and predictable stages of 

development, must in some way take pause when confronted with the axiology of complexity 

theory. Of course, refutation of such positivistic science is not new (e.g., Flyvbjerg, 2006), yet I 

refer to James Gleick (1987) who relates that although phenomena may appear globally stable, 

they are often locally unpredictable. Complexity, I propose, through its scrutiny of individual 

variation at the local level, will allow for theory to unfold not through the process of large-N 

generalization typical of normal science, but through the analytic induction that results from the 

accretion of single cases. A caveat is offered, however, particularly as it concerns the problem of 

induction as outlined by Karl Popper (1959). To these ends, Popper writes that: 
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It is far from obvious, from a logical point of view, that we are justified in inferring 

universal statements from singular ones, no matter how numerous; for any conclusion 

drawn in this way may always turn out to be false: no matter how many instances of 

white swans we may observe, this does not justify the conclusion that all swans are 

white. (p. 4) 

In this marked split from verification-oriented positivism, Popper champions, instead, an 

epistemological program built upon falsification. In the Popperian tradition, infinite observations 

of white swans cannot generate conclusively a theory that all swans are white. On the contrary, 

however, the observation of one single black swan is sufficient to suggest that not all swans are 

white. I understand complexity to be not only commensurate with this assumption, but, in 

upholding the swan metaphor, to advance an epistemology in which all swans are necessarily 

black. The defining characteristics of complex systems (viz., non-linear development, the 

sensitive dependence on initial conditions, the emergence of stochastic behavior and 

deterministic chaos via contextually-dependent input) result in intrinsic diversity that 

unequivocally rejects nomothetic universalism as a predictor of human behavior. The 

consequence materializes as a search not for prediction, rather retrodiction—quite antithetical to 

the ‘normal science’ of the field.  

I am compelled, once again, to refer to Karl Popper (1959) who wrote the following: “For 

myself, I am interested in science and in philosophy only because I want to learn something 

about the riddle of the world in which we live, and the riddle of man’s knowledge of that world” 

(p. xxxvi). Riddles, it seems, challenge the human mind most outwardly given that their solution 

most often requires change in perception—resulting in a visual or mental gestalt (Kuhn, 1962). It 

is when the human mind transcends the metaphor of the riddle that clarity is achieved: “the 
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marks on the paper that were first seen as a bird are now seen as an antelope, or vice versa” 

(Kuhn, 1962, p. 85). Thus, the dynamic turn in SLA has been fueled by the unique capacity of 

complexity theory to permit a new manner of conceptualizing the phenomenon of language. I 

attempt to echo such a precedent in this dissertation by offering insights into language 

development based on much of the requisite assumptions of our post-Newtonian approach to 

scientific inquiry. In chapter five, for example, I put forth the bifurcation model of emergence 

which productively demonstrates the curious interplay between many system critical variables 

(Hilpert & Marchand, 2018) and emphasizes the non-linearity of the incipient complex linguistic 

system. Equally, in chapter six, I adopt the fractal metaphor that has intrigued scholars for some 

time to illustrate the self-similarity of complex syntax across multiple temporal timescales. From 

these analyses, new questions emerge; questions which, I hope, motivate deeper understandings 

of second language development.  

I conclude with a final thought. It is claimed that the dissertation defense of the Russian 

philosopher Mikhail Mikhailovich Bakhtin was nearly eleven hours. I imagine that for Bakhtin, 

these eleven hours were exceedingly dialogic. Unfortunately, the sociopolitical climate of Russia 

at that time forbade his ideas from being further disseminated to the интеллигенция 

(intelligentsia), thus, shutting down his sacred dialogue. For the work that I present herein, I 

hope for a quite antithetical fate. We know that scholars often latch onto new paradigms and hail 

them as scripture. I hope that, in time, my ideas here will enter into dialogue, that they will be 

disputed or confirmed, criticized or acclaimed. But that in time, that they will be overturned, as 

this is the only veritable way to move knowledge forward. 
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Chapter One: Introduction 

The introduction of complex dynamic systems theory into the field of second language 

acquisition (Larsen-Freeman, 1997) has provided novel insight into the unique ways in which 

language learning occurs over time. Now understood as the dynamic turn (de Bot, 2015a), this 

perspective has allowed second language acquisition (SLA) researchers to move away from a 

focus on the product of language acquisition towards a more fruitful understanding of language 

learning as a process (Lowie, 2017). In this sense, we now recognize that second language (L2) 

development is indeed a non-linear process (Beckner et al., 2009; Lowie & Verspoor, 2015) that 

demonstrates great inter- and intra-individual variability across language learners (Larsen-

Freeman, 2006; Verspoor, Lowie, Chan, & Vahtrick, 2017). While language development may 

proceed, at times, along stable (linear) trajectories, non-linear development is typical as learners 

frequently fluctuate between periods of apparent growth and ‘regression.’ This, of course, finds 

itself in contradistinction to many earlier models in SLA that posit stage-wise growth along 

clearly defined developmental ladders (Fischer, Yan, & Stewart, 2003). We understand, instead, 

that macro and microgenetic language development, as it occurs diachronically, is rife with 

proverbial ups and downs—a concept which has been documented across L2 capacities including 

listening comprehension (Dong, 2016), writing (Baba & Nitta, 2014; Spoelman & Verspoor, 

2010; Verspoor, Lowie, & van Dijk, 2008), and oral production (Hepford, 2017; Polat & Kim, 

2014; Roehr-Brackin, 2014).  

While the growing body of complexity-informed literature has focused on a broad array 

of topics ranging from the development of the German Perfekt (Roehr-Brackin, 2014) to the 

coordination and development of verbal and non-verbal learning patterns in young children (Sun 

et al., 2016), a limited number of studies have begun to examine the constructs of complexity, 
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accuracy, and fluency (Hepford, 2017; Larsen-Freeman, 2006; Polat & Kim, 2014; Spoelman & 

Verspoor, 2010; Yan & Sun, 2015) as the CAF triad has received somewhat pervasive attention 

within the field of applied linguistics over the past decades (Housen & Kuiken, 2009; Skehan, 

2009). Much of this previous work, however, due to its methodological bent towards static 

measures of proficiency, e.g., binary pre-test/post-test metrics or cross-sectional design, has 

reified the language-as-product assumption as noted above as such methodology is limited in its 

ability to trace the process of language development diachronically. Conversely, those studies 

which have approached CAF development from a complexity perspective have emphasized the 

process of development and have revealed the complex interplay and synergistic relationships 

among the domains of complexity, accuracy, and fluency as learners progress through the 

intricate process of becoming second language users. This work, in a marked departure from 

product-oriented measurement, accentuates the need for learner data to be collected at 

longitudinal, temporally consistent intervals so that scholars may view the development of 

second language proficiency unfold over time.   

From a complexity perspective, results of such process-oriented CAF scholarship have 

illustrated, for example, that language learners proceed along highly individualistic trajectories 

of L2 development which are often obscured when such behavior is reduced to group means 

(Larsen-Freeman, 2006; Lowie & Verspoor, 2018; Verspoor et al., 2017; Vyatkina, 2012). 

Furthermore, such trajectories rarely progress uniformly from conceptually lower to higher levels 

of performance without distinct periods of backsliding, or ‘regression,’ that accompany growth 

(e.g., Hepford, 2017; Larsen-Freeman, 2006; Yan & Sun, 2015). In addition, several complexity-

informed studies of CAF development have indicated the potential manifestation of phase 
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transitions, or periods of sudden, discontinuous change in behavior as complex systems move 

between attractor states (e.g., Baba & Nitta, 2014; Verspoor, Lowie, & van Dijk, 2008).  

Yet the small, but burgeoning body of complexity-informed applied linguistics 

scholarship has only begun to inform our understandings of the emergence of the incipient L2 

system. By and large, the work to date examining the diachronic development of the CAF 

constructs has focused on the individual trajectories of complexity, accuracy, and fluency in an 

attempt to discern how these constructs develop over time. Central to a complexity perspective, 

however, is the notion that the dynamic relationships between system components may be more 

remarkable than the actual components themselves (McGrath, 2016). This notion presupposes a 

focus on the dynamic interaction among components as they develop synergistically over time. 

Thus, in addition to viewing distinct developmental trajectories in isolation, scholars attempting 

to study complex systems are discouraged from neglecting the interaction among system 

components as this focus may draw attention to equally significant insight into system behavior.  

Likewise, few studies have drawn on more formal theoretical constructs of dynamic 

systems from fields such as mathematics and the physical sciences to investigate the 

development of second language proficiency (cf. Baba & Nitta, 2014). Notably, advances in 

medicine and biophysics, for example, have demonstrated the efficacy of applying 

interdisciplinary tools such as bifurcation theory (Tokuda, Horáček, Švec, & Herzel, 2008) and 

fractal analysis (e.g., Goldberger & West, 1987; Kello et al., 2008; Rhea et al., 2014; Rhea & 

Kuznetsov, 2017) to the study of human behavior. Equally, computational modeling of artificial 

neural networks has provided support not only for the fractal nature of learning, but so too for 

potential bifurcations in cognitive development (Lamb, Cavagnetto, & Akmal, 2016). The 

theoretical import from such scholarship has begun to change the way that we conceptualize, for 
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instance, the notion of pathology which was once understood to result from a loss of ‘order’ 

within a physiological system. What has emerged as a result of the fractal analysis of human 

physiology is a conceptualization of pathology instead as a decrease in the highly irregular, 

pseudo-random behaviors associated with chaos across multiple temporal levels (Varela, Ruiz-

Esteban, & Mestre de Juan, 2010). The question remains, then, as the extent to which formal 

theoretical constructs such as bifurcation theory and fractality, among others, may inform our 

growing understanding of the incipient L2 system.  

Given the potentiality of complexity theory as a lens through which to view second 

language development, in this dissertation I draw on the longitudinal production data of a learner 

of English as a second language across two oral tasks to investigate the dynamic development of 

L2 complexity, accuracy, and fluency. In keeping with the central tenets of complexity theory 

and the notion of language as process, I focus not only on the way(s) in which these constructs 

develop independently across oral tasks, but equally on the way(s) in which the relationships 

among complexity, accuracy, and fluency develop dynamically over time. To more fruitfully 

elucidate the interconnectedness of these constructs, I present a bifurcation model of 

development to illustrate to role of accuracy and fluency in the emergence of complex syntax. 

Finally, in a search to better understand the fractal nature of language, I explore the relationships 

among several constructs of syntactic complexity at multiple temporal levels. In doing so, I argue 

that our imperfect understanding of the true timescales of language development may benefit 

from more in-depth fractal analyses of the distinct components of the complex human language 

faculty.  

 In what follows, I begin by exploring complex dynamic systems theory as a theoretical 

frame through which to view L2 development while clearly identifying the differences between 
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complexity-informed research and the ‘normal science’ (Kuhn, 1962) of SLA. As this study 

explores the dynamic development of L2 complexity, accuracy, and fluency, I continue with a 

review of the CAF literature focusing specifically on the ways in which these constructs have 

been both conceptualized and investigated within the field, followed by the insights garnered by 

the CDST research which has recently began to look at these dimensions. Following a detailed 

description of the methodology, the results and a discussion of these findings are presented as 

they relate to our growing understanding of complexity-informed second language development.  
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Chapter Two: Theoretical Framework and Review of the Literature 

Complex Dynamic Systems Theory 

Complex dynamic systems theory (CDST) represents a theoretical shift in both the 

natural and behavioral sciences that presupposes several key ontological and epistemological 

assumptions regarding the nature of reality. Central to this view, complex systems are 

understood as emergent assemblies of interconnected components that, through interaction, give 

rise to and form a connected whole (Baicchi, 2015; Cameron, 2015; van Geert, 2008). Notable 

examples of such systems that have garnered significant attention include the Earth’s climate 

(e.g., Lorenz, 1963), organisms, populations (e.g., predator-prey models and speciation), 

ecosystems, economies (Mandelbrot & Hudson, 2004), and, of course, biological processes such 

as cognition and language.  

Emerging from a dynamic network of interconnected components, complex systems are 

far more than the simple sum of their component parts. On the contrary, the synergistic 

interaction of such components coupled with environmental input yield novel dynamics of 

behavior which cannot be described by examining the components alone. As system components 

continuously act and exert force upon all aspects of the system as a whole, the result is a 

perpetual state of flux and transformation (Cameron, 2015). Thus, complex systems are dynamic; 

their behavior categorically exhibits change over time. Due to the inherent change in such 

dynamic systems, complexity science is overtly concerned with both the description and 

explanation of such change over time (Byrne, 2005).  

While complex systems take many forms in the physical world, the view of language as a 

complex adaptive system (Beckner et al., 2009) has become more widely accepted in the field of 

second language acquisition given the dynamic, emergent, and non-linear nature of language 
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development. Owing in part to the recent instantiation of such a perspective within the field, 

however, clear consensus as to the status of CDST has not yet been achieved. While some 

position CDST as a metatheory (de Bot et al., 2012; Larsen-Freeman, 2018a), others suggest that 

it serves as a metamodeling strategy (Abraham, 1995), metaphorical model, or supra-theory 

given that it “produces methodological principles, rather than a ‘method’” (Cameron, 2015, p. 

42).  

Despite the varying meta-designations used to refer to complexity and DST, one thing is 

certain: complexity theory allows for a focus on the dynamic process of development and equally 

provides the necessary language, as well as the methodological principles, to support philosophy, 

theory, and research within this tradition (Haggis, 2008). Much of the discussion below, 

therefore, necessarily evokes the language of complexity in the attempt to expose the most 

salient features of complex, dynamic systems. I begin this section with an account of the nature 

of complex systems, the central tenets which undergird this theory, as well as how they are 

positioned within current models of L2 development. Subsequently, as CDST represents a 

marked split from traditional SLA research and theory, I enumerate such differences focusing 

specifically on the consequences of the epistemological tradition which has historically informed 

the field. Finally, I present the methodological distinctions commensurate with complexity 

research and, more importantly, discuss the specific ways in which the assumptions of 

complexity theory have impacted the design and implementation of the present study.  

The Nature of Complex Systems 

 In simple terms, complexity is complex. A true appreciation and/or mastery of the 

nuances of complexity theory transcends any one volume that deals with the subject. In fact, as 

complexity is truly transdisciplinary, scholars routinely draw on work from across fields in hopes 



BIFURCATIONS, FRACTALS, AND NON-LINEARITY IN SLD 8 

 

 

of uncovering the necessary tools to elucidate and describe particular phenomenon. Complex 

systems are said have several key properties which must be elaborated if the nature of 

complexity is to be understood. These include aspects such as non-linearity, self-organization, 

attractor states, the sensitive dependence on initial conditions, etc. However, a caveat is offered 

as a necessary preface. The reductionist orientations of the ‘normal science’ of SLA in the 

Kuhnian (1962) sense have been ardently criticized by complexity theorists, particularly in 

regard to the tendency to reduce phenomena to their component variables. Instead, complexity 

theorists have suggested that we “honor complexity by avoiding reductionism” (Larsen-Freeman 

& Cameron, 2008b, p. 206). Notably, however, it can be argued that complexity theory is, itself, 

a complex system; therefore, it becomes impossible to isolate completely each of the 

fundamental characteristics mentioned above. The discussion of change, for example, cannot be 

complete without a discussion of non-linearity and vice-versa. This being said, throughout this 

section, the fundamental characteristics of complexity theory are introduced first with italics so 

that specific attention is drawn to these concepts. Yet they do not—and cannot—exist in 

isolation.  

 The dynamics of change. At its core, the most salient aspect of a complex system is that 

of change. The dynamism of complex systems, however, is more than merely incremental gains 

or losses of a certain quantity. The change which characterizes these systems suggests that the 

dynamic nature of complex systems results in emergence of novel forms or states of existence 

which are categorically different from the system’s previous states (Byrne, 2002). As complex 

systems are said to emerge from the interaction between the components that comprise the 

system, the interplay between these forces gives way to change that is motivated by both internal 

and external (contextual) factors.  
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 System change can be gradual akin to a mutual fund accruing interest steadily over time, 

or, like a stock-market crash, can occur more suddenly and randomly. While systems may at 

times display trends of continuous change (i.e., linearity), larger, more drastic shifts may occur 

spontaneously, often unpredictably. To explain this phenomenon, complexity theorists frequently 

evoke the metaphor of a growing pile of sand which, although steadily increasing in size as 

grains of sand are added from above, will eventually collapse in an avalanche as the sides of the 

pile grow steeper and steeper (Bak, 1996). Though we understand intuitively that the sand pile 

will collapse at some critical moment, it is impossible to predict with any efficacy the exact grain 

of sand which surpasses the criticality needed to initiate the avalanche. Bak suggests that, at first, 

the accumulation of sand can be explained via the physical properties of the sand itself; however, 

at the point of criticality, the sand pile is no longer reducible to its component parts. Instead, it 

must be understood as a result of the properties of the entire pile and not just each individual 

grain of sand.  

 Nonlinearity. As the sand pile metaphor demonstrates, the emerging dynamics of a 

complex system may, for unspecified periods of time, display characteristics of sequential, linear 

development. Yet at a crucial, unpredictable moment, the dynamics of the system as a whole 

may lead to sudden, radical change. This change, which breaks the linear progression of 

development, demonstrates the non-linear nature of complex systems. In this way, complex 

systems are said to exhibit non-linear behavior when system change does not progress in a 

sequential, additive manner. The sand pile grows steadily until criticality is reached, after which 

the system rapidly destabilizes and a drastic change is manifested as a phase transition.  

From a mathematical perspective, nonlinear systems are represented by equations in 

which system outcomes are not necessarily proportional to input. Such nonlinear change is 
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motivated by two specific factors. To begin, the open, feedback sensitive nature of complex 

systems (Larsen-Freeman, 2015a) allows for a steady exchange of energy (i.e., input in the 

linguistic system) which initiates, in some way, a re-organization of the system over time (de 

Bot, 2015a). Second, the synergistic interaction of the internal components of a complex system 

equally results in spontaneous re-organization leading to more complex order (Larsen-Freeman, 

1997). It is in this way, curiously, that complex systems “generate novelty through their own 

activity” (Smith & Thelen, 2003, p. 343).   

Within the behavioral sciences specifically, the non-linear nature of complex systems 

presupposes a trajectory of human development that does not proceed in a sequential, additive 

manner. The early language learning of young children exhibits this concept as children 

habitually exhibit the overregularization of grammar forms leading to what outwardly appears as 

developmental regression (Marcus et al., 1992). As a case-in-point, children typically produce 

numerous appropriate irregular past tense verb forms (e.g., came and went) before more 

uniformly acquiring the inflectional –ed suffix which generates the regular past tense in English. 

Once this rule has been acquired, however, it is frequently overextended and, where once 

appropriate language was evidenced, children begin to erroneously produce forms such as comed 

and goed. This results, empirically, in child language data demonstrating a seemingly apparent 

‘regression’ in language capacity, even though such microgenetic regressions seldom, if at all, 

hinder the development of overall language capacity for more than brief moments in time.  

 When we apply a dynamic systems framework to the study of child language 

development, for example, the sudden shifts in the production of the English past tense embodies 

the notion of nonlinearity. In these particular examples, the complex system (i.e., child language) 

fails to demonstrate a sequential progression and, instead, reveals variation in development 
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typical of a non-linear system. Language development, in this sense, is not linear; rather, it is 

comprised of phases of growth and decline that result from the interaction of the system’s 

components and the environment (de Bot et al., 2012).  

 Perhaps the most salient theoretical import of the perpetual state of change and 

reorganization of dynamic systems (Beckner et al., 2009) resides in the inherent unpredictability 

of development. This results, therefore, in states or phases that are not predetermined perforce by 

biological tendencies, nor are the proportional outcome of environmental input. Such states, 

rather, emerge in largely unpredictable patterns (Baicchi, 2015). Of course, the unpredictable 

nature of human behavior has been broadly recognized in the literature (Larsen-Freeman & 

Cameron, 2008a), some going as far to suggest that “there does not and probably cannot exist 

predictive theory in social science” (Flyvbjerg, 2006, p. 223). A CDST perspective is certainly 

amenable to this view and, in fact, champions methodological applications which acknowledge 

and uphold the contextually-dependent nature of development (Dörnyei, 2009). This results, 

consequently, in a preference for single-subject, longitudinal case studies in which the situated 

nature of complex systems is foregrounded (see subsequent discussions of methodological 

considerations below).   

Self-organization and emergence. Although complex systems may, at times, 

demonstrate periods of stability or stasis within an attractor state, they are prone to abrupt, 

discontinuous changes in developmental trajectories as a result of the synergistic interaction of 

simpler components within the system. Etiologically, this phenomenon, characterized by highly 

variable, chaotic shifts in behavior, is a consequence of the process of self-organization. It is 

during this period that previous patterns of behavior within a system break down giving way to 

novel patterns of behavior and order (Lewis, 2000). As non-linear change is unpredictable, so too 



BIFURCATIONS, FRACTALS, AND NON-LINEARITY IN SLD 12 

 

 

is self-organization. For this reason, the novel patterns of behavior occasioned by this process are 

said to emerge spontaneously as the system iteratively adapts to new conditions (Cameron, 2015; 

de Bot & Larsen-Freeman, 2011; van Geert, 2008). Ultimately, the result of the tendency toward 

self-organization is a transition into “a more sophisticated arrangement of coordinated parts” 

(Lewis, 2000, p. 39).  

It is important to note, additionally, that the process of self-organization is global in that 

system components do not experience change in isolation; a shift in one subsystem will 

necessarily occasion a shift in others (Lewis, 2000). This, of course, relates directly to the 

interconnected nature of complex systems. It is in this way that (sub)system change may be 

understood as epiphenomenal, i.e., as “a by-product of something else, something more 

profound” (Givón, 2009, p. 128). Thus, self-organization directly affects all components of the 

system and, even when a certain subsystem is examined directly and independently, secondary 

consequences are ubiquitous. Given the paucity of literature discussing the epiphenomenal nature 

of system change within language development, the true character of this process remains 

imperfectly known.     

Phase transitions. Bak’s (1996) sand pile, at the moment of collapse, is fittingly a 

complex system undergoing the more sudden process known as a phase shift or phase transition. 

As a system undergoes the process of self-organization, abrupt, discontinuous changes in 

behavioral trajectories may occur resulting in qualitative changes to patterns of behavior (Howe 

& Lewis, 2005; Spencer, Austin, & Schutte, 2012). Such periods are generally understood to 

occur during moments of global reorganization of a complex system (Lewis, 2000) and 

frequently result in qualitative changes to patterns of behavior (Howe & Lewis, 2005). Important 

for behavioral science research, sudden phase transitions within system components are often 
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indicative of more substantial changes occurring within a system (Larsen-Freeman & Cameron, 

2008) and, as such, warrant exploration and description if the goal is to understand the 

idiosyncrasies of human development. Furthermore, Lewis (2000) notes that phase shifts are 

often global and abrupt. In this way, systems and subsystems do not experience change in 

isolation; a shift in one system will necessarily occasion a shift in others as well as in the 

associated subsystems that make up the nested levels of a complex system.  

Returning once again to the sand pile metaphor, we understand that the steady 

accumulation of grains of sand before the critical moment of collapse represents a momentary 

period of linear development within a complex system. This apparently stable condition within 

complexity theory is understood as an attractor state, or a discernable pattern equivalent to a 

‘pocket of stability’ (Hiver, 2015, p. 21) for complex systems. Outwardly, attractor states 

resemble periods of apparent order within a system, yet they are distinct from absolute stasis in 

that they are prone to local, albeit minimal levels of variability as well as future change (Larsen-

Freeman & Cameron, 2008a). The stability of an attractor state suggests that certain input(s) are 

not capable of disorienting the system to a degree that sudden jumps in the developmental 

trajectory (i.e., phase transitions) are motivated. At times, however, the input into a complex 

system will be sufficiently robust that an abrupt phase transition is triggered. As the system self-

organizes, the trajectory moves away from the previous attractor state towards a new one 

inherently more complex than the last. It is important to note, however, that the abrupt transition 

between attractor states, due to the deterministically chaotic nature of complex systems, makes 

prediction of phase transitions a futile endeavor. Instead, from a methodological standpoint, 

these events are often analyzed retrodictively (Dörnyei, 2014), that is, the process of 
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development is traced in a retrospective manner in an attempt to detail the factors that initiated 

such change.  

Variability. Central to the understanding of variability from a CDST perspective is the 

notion that not only do individuals differ in their developmental trajectories inter-individually, 

but that individuals themselves may demonstrate high levels of intra-individual variation as they 

progress through behavior development over time. The ebbs and flows associated with the 

emergence of new behavior on the intra-individual level is related directly to the inherent 

instability of complex systems resulting from the interconnected, dynamic relationship among 

the sub-components within the system. Traditionally, such variation was seen as measurement 

error (Larsen-Freeman, 2006) as early language study was predicated on the view that language 

acquisition was a linear process generalizable across learners (van Dijk, Verspoor, & Lowie, 

2011).  

On the contrary, CDST approaches variability not as error but instead as a vital source of 

information (Bassano & van Geert, 2007; de Bot, 2015; Lowie, 2017) as variability provides a 

window into the underlying processes of dynamic systems (Larsen-Freeman & Cameron, 2008 

article; Spoelman & Verspoor, 2010; van Geert, 2008). As CDST researchers, this variability 

allows us to study how systems change and develop over time as well as how those systems are 

dynamically related to one another (Verspoor et al., 2008). By following patterns of variation 

over time, particularly as they occur intra-individually (Lowie, 2017; van Dijk & van Geert, 

2007), a focus on variability may provide insight into relationships of subsystems which may 

promote, support, or compete against each other over time (de Bot, Lowie, & Verspoor, 2007; 

van Geert, 1994). Although variability is inherent in any complex system, the degree of 

variability may change if a system is unstable (Verspoor et al., 2008), particularly if it’s near a 
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moment of phase transition. Therefore, studying such variability may allow us to uncover 

transitional phases (Verspoor & van Dijk, 2013) while equally discovering the conditions that 

preceded their occurrence (Larsen-Freeman & Cameron, 2008a).  

It is important to note that variability is suggested to be the expression of adaptability of a 

complex system (Verspoor et al., 2008). In this sense, variation may be a necessary condition for 

development to occur (de Bot, 2015), and perhaps, on a much more abstract scale, for life in 

general (Potts, 1996; van Geert, 1994). As both external and internal environments develop over 

time, individuals must adapt their behaviors to cope with this change. Van Geert (1994) 

discusses such adaptability as it relates to the ‘ideas and principles’ that guide behavior 

suggesting that “old ones work fine until you encounter an unsolvable problem. Then you need a 

mechanism of variation that produces a range of possibilities for you, which you can then 

explore and select dependent upon whether they are successful or not” (p. 187). Empirically, the 

adaptation that van Geert (1994) suggests results in increased variability within a system perhaps 

signaling that a learner is trying something out (Lowie & Verspoor, 2015; Verspoor & van Dijk, 

2013). This exploration may, in turn, lead to more long-term change within the complex system 

(Lowie, 2017).  

Alternatively, variability may be associated with the dynamic interaction of the many 

components that make up a complex system, particularly during periods of self-organization. In 

this way, Lowie (2017) explains that, outwardly, fluctuations “may signal changing relationships 

among two or more subsystems” (p. 131). This, of course, harkens back to the notion of the 

‘complete interconnectedness’ (de Bot & Larsen-Freeman, 2011; Larsen-Freeman & Cameron, 

2008a) of all components of a complex system and suggests that change cannot occur in 

isolation. Sometimes referred to as co-adaptation (Larsen-Freeman, 2016), the emergent nature 
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of a complex system is such that a change in one sub-system will necessarily yield change in 

others. To better explain this phenomenon, van Geert (1994) introduced the idea of connected 

growers, or dynamic connections between and amongst the components of a complex system. In 

this view, he proposed three general relationships between such dynamic connections which can 

be supportive, competitive, or precursory in nature.  

As its name would suggest, connected growers with a supportive relationship often show 

similar trajectories with a ‘proportional and positive effect’ (Bassano & van Geert, 2007, p. 592) 

between the two variables. This has been demonstrated, for example, to occur between lexical 

complexity (morphemes per word) and NP complexity (words per NP) in L2 writing (Spoelman 

& Verspoor, 2010) suggesting that an increase in one variable is correlated with an increase in 

another. Contrastingly, those variables which demonstrate a reciprocal relationship are said to be 

competitive growers. In this way, growth in one variable is correlated with a decrease in the 

other. Verspoor et al. (2008), for example, found a strong competitive relationship between 

sentence length and lexical diversity (type-token ratio) so that as sentence length increased, the 

diversity of the learner’s vocabulary decreased. Finally, a precursory—or conditional—

relationship suggests that a certain level of a prerequisite variable must be available in order for a 

dependent variable to emerge and develop.  

 Initial conditions and context dependency. The importance of a system’s initial 

conditions emanates from the work of Edward Lorenz (1963) who, while attempting to create 

arguably the first computer-simulated meteorological model, discovered that a minute rounding 

error in the system’s initial input resulted in grossly anomalous weather patterns unconceivable 

in the natural world (see Gleick, 1987 for fuller description). Although seemingly insignificant—

his rounded input differed .000127 from the initial figure—Lorenz’s error gave way to what 
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would come to be known as ‘the sensitive dependence on initial conditions,’ or the butterfly 

effect. Lorenz argued that even minute differences in system input may result in trajectories of 

development that are critically contingent on the initial states of a system. In essence, a simple 

change in initial conditions—equivalent to a butterfly flapping its wings—has the potential to 

drastically affect weather patterns in relatively short periods of time (Byrne, 1998).  

 Developmental patterns of human behavior, it is argued, function much the same way as 

slight derivations in input result in disparate trajectories of behavior among individuals. These 

differences may be subtle as all physically capable human infants transition from crawling to 

walking at generally consistent time periods, yet the exact moments of a child’s first steps vary 

among individuals. Other differences, however, may be more pronounced. Human language 

acquisition varies greatly and exhibits a sensitive dependence to numerous factors (e.g., 

geographic location, social interaction, educational experience, etc.) resulting in the acquisition 

of various accents, dialects, and even mutually-unintelligible languages. Some go so far as to 

suggest, much in support of the sensitivity to initial conditions argued here, that named 

languages as ontological entities do not exist. Instead, each individual, whose language is borne 

out of unique circumstances of input and production, possesses an idiolect—a language that is 

particular only to that individual (George, 1990; see also Scollon, 2003). Clearly, human 

behavior demonstrates a sensitive dependence to many input forces including physical, 

psychological, social, and environmental factors (Lowie & Verspoor, 2015). The context-

dependent nature of human development has been broadly noted (de Bot, 2015a; see also Potts, 

1996 for an ecological perspective on the phylogeny of the genus Homo) and, accordingly, a 

complexity view considers contextual factors as inherent components of the system itself 

(Larsen-Freeman, 1997).   
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Perhaps the greatest challenge for applied linguistics research within a DST perspective, 

and most significant for the work presented here, is finding ways to appropriately account for the 

interconnectedness of the learner/learning as a complex system and the environment in which it 

occurs (Larsen-Freeman, 2007). The assumption that context is an inherent component of a 

complex system poses two specific hurdles for complexity science. To begin, the nature of 

context is such that the scope of possible variables is infinite (i.e., infinite degrees of freedom; 

Gleick, 1987). Thus, it becomes theoretically impossible to isolate specific variables in the vain 

search for causality. Second, as we rarely witness the inception of language, we can never fully 

ascertain the initial conditions of the linguistic system. Insofar as the methodology of the 

complexity program has yet to reconcile this notion, Verspoor (2015) has argued that “when 

considering initial conditions, the researcher should make an educated guess at the level of 

entrenchment of the sub-systems to be studied” (pp. 44-45). When the sensitive dependence of 

initial conditions is coupled with the external influence of the context, we see that it becomes 

difficult to come to terms with many of the facets of a complex system. Therefore, the 

contextually-dependent nature of complex systems requires that researchers remain acutely 

aware of how context invariably shapes the phenomena under study.  

Timescales of change. As the development of all human behaviors occurs over varying 

periods of time (Smith & Thelen, 2003), any theoretical discussion of the process of change 

must, in some way, account for the specific timescales over which such change is feasibly 

expected to occur. Considerations of both timescales and time windows (de Bot, 2015b), 

therefore, figure prominently in complexity-informed research, particularly as this work 

highlights the need for iterative, dense data collection occurring over extended periods time 

(Lowie, 2017). The distinction between timescales and time windows is made clear in de Bot 
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(2015b) with the former referring to the granularity of developmental processes in the sense that 

some behaviors develop over longer, protracted periods, while others appear rapidly within an 

individual. Time windows, conversely, are generally indicative of the entire period of a 

developmental process or, in methodological terms, the overall length of data collection. In the 

educational setting, for example, a study of the longitudinal effects of a particular instructional 

strategy may occur over a time window of one academic semester with individual periods of data 

collection occurring at weekly or even daily timescales. Thus, as a CDST perspective 

emphasizes change over time, attention must be given to both timescales and time windows, 

particularly as they relate to the appropriate levels of granularity of the development of human 

behavior.  

The ‘Normal Science’ of Applied Linguistics 

 Arguably the first attempt to introduce complexity theory into the field of second 

language acquisition occurred with Larsen-Freeman (1997). In this paper, Larsen-Freeman set 

the course for what would come to be viewed as the ‘dynamic turn’ within the field (de Bot, 

2015a). Two decades later, this turn has evolved more thoroughly and is now recognized broadly 

as a paradigm shift (de Bot, 2015a; de Bot et al., 2012; van Geert, 2011). In the Kuhnian sense, a 

paradigm shift represents a marked departure from what he terms ‘normal science’ (Kuhn, 1962) 

towards a new way of conceptualizing and empirically studying the problems within a field. 

Within second language acquisition, the split from normal science has materialized and, as de 

Bot et al. (2012) suggest, “acknowledging that language development is a dynamic process also 

challenges the most widely used methods of data gathering and analysis” (p. 188). Consequently, 

much of the theoretical and methodological considerations of DST find themselves in 
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contradistinction to the ‘normal science’ of SLA and, as such, the notion of a paradigm shift 

seems warranted.  

 Perhaps the greatest divergence between traditional applied linguistics investigation and 

complexity-informed research lies in the process-oriented approach inherent to the latter. 

Traditional investigation in the field of second language acquisition frequently employs methods 

intrinsically promoting a language-as-product view given the nature of binary metrics of 

language acquisition (e.g., pre-test/post-test design) as well as cross-sectional studies which seek 

to quantitatively understand difference vis-à-vis synchronic measures of linguistic competence 

across heterogeneous participant groups at subjectively determined ‘levels.’ The process-oriented 

approach called for by CDST (Lowie & Verspoor, 2015), conversely, emphasizes not the 

endpoint of acquisition or developmental outcomes (de Bot, 2015), but instead focuses on the 

process by which new forms of language emerge diachronically. Not unrelated, this disjuncture, 

in part, has led to the call by many scholars for a move away from the traditional nomenclature 

associated with the field of second language acquisition toward a more process-oriented, 

context-dependent understanding of second language development (Larsen-Freeman, 2015b). 

Whether or not the new distinction will remain is irrelevant; the groundwork has been set for an 

emphatic shift from reductionism to more ecological understandings of language as a complex 

system (Larsen-Freeman, 2015a).  

In addition, as the study of complex systems concerns itself primarily with the intra-

individual variability associated with development, a move away from large sample, quantitative 

design has been advocated by the field (Dörnyei, 2009; Larsen-Freeman & Cameron, 2008a). To 

these ends, Larsen-Freeman (2006) writes that “it is well known that group averages can conceal 

a great deal of variability” (p. 598); thus, CDST rejects the putative assumption of universally 
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applicable, nomothetic claims of human behavior (Byrne, 2005). Accordingly, in what van Geert 

(2011) refers to as the “highly impoverished notion of generalization” (p. 276), group means and 

Gaussian distributions, though perhaps reflective of the behavior of the group, do very little to 

tell us about the behavior of the individual. At its extreme, it is suggested that “in some situations 

the central tendency observed in a group may not be true of any particular person in the 

participant sample” (Dörnyei, 2014, p. 83). This, of course, is reminiscent of the Popperian black 

swan. While an infinite number of observations is not enough to conclude that all swans are 

white, the observation of just one black swan is enough to falsify this claim (Popper, 1959). The 

black swan, therefore, represents what is traditionally known as the deviant (Firestone, 1993) or 

negative case (Anfara, Brown, & Mangione, 2002). Foregrounded by statistical analysis based on 

group means, quantitative inquiry may readily obscure the idiosyncrasy associated with such 

‘deviant,’ black swan cases. In this way, nomothetic claims of human behavior may be both 

conceived and perpetuated erroneously if the mean behavior of the group is the primary 

mechanism of theorization.  

Similarly, the reductionist tendency of the ‘normal science’ of applied linguistics has met 

with direct confrontation from the complexity paradigm. The mere definition of a complex 

system as emerging from the synergistic interaction of its component parts certainly hints at the 

fallacy of reductionism insofar as it seeks to isolate and define variables as descriptors of change. 

Often, reductionist experimentation strives to manipulate those elements in an attempt to 

establish causality (Byrne, 2014). Epistemologically, complexity-informed research rejects the 

notion of reductionism and, instead, seeks to understand complex systems holistically. As the 

number of variables acting on a system is theoretically infinite (i.e., infinite degrees of freedom; 

Gleick, 1987), reductionist accounts will never succeed in explaining the behavior of complex 
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systems as all variables (or system components) can never be fully known (Larsen-Freeman & 

Cameron, 2008). The anti-reductionist stance of DST has been succinctly summarized by Byrne 

(1998) who writes that “not only can the complex not always be derived, even in principle, from 

the less complex, but, as we shall see, we can often only understand the simpler in terms of its 

origins in the more complex” (p. 16). Moving away from reductionism, complexity-informed 

research, instead, promotes a research program focused on change as it is manifested in the self-

organization and emergence of complex systems (Larsen-Freeman & Cameron, 2008).   

Methodological Distinctions within Complexity Research 

Subsequent to the call for greater incorporation of complexity theory into applied 

linguistics (Larsen-Freeman, 1997), over the past two decades, scholars have gradually begun to 

both theorize and implement complexity-informed methods within second language acquisition 

research. Although consensus regarding the most appropriate methods of studying dynamic L2 

systems has not yet been achieved, numerous volumes have taken up this issue (e.g., Dörnyei, 

MacIntyre, & Henry, 2015; Larsen-Freeman & Cameron, 2008; Verspoor, de Bot, & Lowie, 

2011). While some scholars have posited the potential efficacy of specific methodologies such as 

action research (Ahmadian & Tavakoli, 2011), others have made more general recommendations 

to complexity-informed qualitative inquiry (Dörnyei, 2014). Additionally, specific analytic 

considerations have been put forward as they relate to coding and extracting data (Schmid, 

Verspoor, & MacWhinney, 2011), modeling development and change (Lowie, Caspi, van Geert, 

& Steenbeek, 2011; van Geert, 2014), and visualizing interaction between variables (Verspoor & 

van Dijk, 2011). In this section, I explore the theory-methods interface in light of the axiology of 

dynamic systems theory and how they relate to the methodological considerations that have 

informed complexity research in applied linguistics to date.  
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Given the theoretical assumptions of CDST that systems are feedback sensitive (Larsen-

Freeman, 2015a), emergent (Beckner et al., 2009; Thelen, 2005), and in constant states of flux 

(Cameron, 2015), appropriate examination of a complex system emphasizes that system change 

be measured diachronically (i.e., over an extended period of time) if the dynamics of change are 

to be detailed with fidelity. This has led to the theoretical assumption that dynamic systems are 

best studied via longitudinal case studies (de Bot, 2015a; Verspoor et al., 2017) which employ 

frequent measurements on more temporally-contingent timescales (Lowie & Verspoor, 2015). de 

Bot (2015) makes the argument that while many systems may demonstrate change on much 

larger timescales (e.g., pragmatic competence), others may demonstrate much more acute shifts 

(e.g., pronunciation, motivation). In this regard, a DST approach not only accommodates, but 

theoretically emphasizes both micro- and macrogenetic development as the high-frequency of 

measurements over extended periods of time allow researchers to view system change globally, 

yet equally permits tracing development as it occurs at more local levels (e.g., daily, weekly, 

monthly, etc.). Understanding development in terms of timescales of change across much 

broader time windows (i.e., the period of study in its entirety) will prove indispensable to deeper 

understandings of L2 system development, particularly when the complexity perspective of 

language-as-process is assumed.  

As CDST presupposes a shift in focus from the group to the individual given the intrinsic 

diversity of individual variation (Beckner et al., 2009), complexity scholars frequently cite the 

need for single-subject, longitudinal case studies focusing on change rather than variables 

(Dörnyei, 2009) which may provide greater insight into the idiosyncratic nature of development. 

This, of course, stems directly from the assumption that group means and Gaussian distributions, 

while adequate to examine breadth, do very little to provide depth (Flyvbjerg, 2006) as it relates 
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to individual difference. Once again, the adequacy of measures of central tendency to permit 

insight into behavior from the group to the individual level is called into question (Dörnyei, 

2014; Larsen-Freeman, 2006; Lowie & Verspoor, 2015). Thus, CDST necessitates more 

individual-level analyses as the intra-individual variation of non-linear developmental 

trajectories may differ greatly from the mean patterns of groups (Dörnyei, 2009). As such, much 

of the recent work in this area has been designed around small participant groups so that more 

nuanced understandings of inter-individual variability can be conceived (see for example Dong, 

2016; Hepford, 2017; Larsen-Freeman, 2006; Polat & Kim, 2014; Roehr-Brackin, 2014; 

Spoelman & Verspoor, 2010).    

In addition to highly-individualistic variability, the influence of contextual factors on 

dynamic systems has been thoroughly delineated within the CDST literature (de Bot, 2015a; 

Lowie & Verspoor, 2015; Ushioda, 2015). Local adaptations occur within dynamic systems as a 

response to contextually-dependent input which, in turn, accounts for the emergent nature of 

development (Larsen-Freeman & Cameron, 2008a). Furthermore, dynamic systems are 

understood to arise from the synergistic interaction of all of their component parts (Prigogine & 

Stengers, 1984) which include cognitive, social, physical, and social factors (Larsen-Freeman & 

Cameron, 2008b). Alongside the interrelated component parts, a CDST perspective within the 

behavioral sciences and, in particular, within applied linguistics has consistently cited the need to 

thoroughly account for contextual factors given their potential influence on the development of 

the dynamic system (Dörnyei, 2009; Hiver & Al-Hoorie, 2016). Harkening back to the oft-cited 

call for ‘thick description’ in ethnographic inquiry (Geertz, 1973), such a notion has been 

extended into complexity-informed research focusing specifically on the “thick description of the 



BIFURCATIONS, FRACTALS, AND NON-LINEARITY IN SLD 25 

 

 

natural context” (Dörnyei, 2009, p. 242), thus, emphasizing the need to investigate language use 

as it occurs within the natural setting.  

Context-dependent research, therefore, has been foregrounded within a complexity 

perspective and is evidenced in much scholarly work. Dong (2016), for example, examined the 

development of listening strategy use and listening performance in one participant over a 40-

week time window. Although a listening strategy questionnaire provided quantitative data 

regarding strategy use over time, a much more in-depth account of the contextual factors related 

to strategy use and listening performance was provided. Introspective learner data via participant 

diaries were collected and analyzed and, as such, allowed the author to provide a more 

contextually-dependent account of listening development. Supporting the construct of the 

sensitive dependence on initial conditions (Lorenz, 1963; see also Cameron, 2015; de Bot & 

Larsen-Freeman, 2011), Dong demonstrated the role that previous knowledge plays in cognitive 

strategy use. Such findings reaffirm the importance of context (i.e., an understanding of prior 

knowledge) in complexity research.  

Similarly, Baba and Nitta (2014) examined the development of L2 writing of 22 students 

enrolled in an academic writing course in Japan. Consistent with the assumption that smaller 

participant groups equate to greater detail of development, the authors chose to specifically 

elucidate the cases of two participants within their paper. Although the authors operationalized 

writing development as a measure of the fluency of written text, the participants were asked to 

provide reflective commentary on their writing throughout the course. This insight proved 

significant in understanding the nature of the phase transitions, or moments of abrupt, 

discontinuous change, that were demonstrated in the data. The qualitative analysis of learner 

affect via reflective commentary in this study is indicative of the need to understand factors such 
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as motivation not as nomothetic entities generalizable over large participant groups and across 

binary time scales, but rather as context-dependent, nonlinear systems that are closely tied with 

task type, engagement, metacognition, etc. Additionally, findings from this study suggest that 

phenomena such as phase transitions may not be fully cognitive in the sense that they occur 

strictly as a result of the reorganization of a mental grammar responsible for producing 

increasingly fluent language. On the contrary, the qualitative analysis demonstrated here evinces 

the efficacy of affective factors as agents of change within a linguistic system. Thus, the resultant 

epistemological implication for the study of language development lies in the requisite 

exploration of participant introspection vis-à-vis language production. 

In this section, I have demonstrated that complexity-informed research presupposes 

certain methodological considerations grounded in the theoretical assumptions outlined above. In 

sum, such considerations include longitudinal study design emphasizing development over time 

and focusing on the process not the product of change (Lowie, 2017). Furthermore, the 

contextually-dependent nature of dynamic systems, particularly those governing human 

behavior, reiterate the primacy of the natural context and, in turn, its priority within complexity-

informed research. A final methodological note on system study is warranted, however, 

specifically as it pertains to the comprehensive nature with which dynamic systems are to be 

studied. Although somewhat counterintuitive to the complexity program, van Geert (2008) 

wisely reminds us that “in order to study complex dynamics… it is strategically wise to 

conceptually reduce the complex system to a single dimension or very simple state space, in 

which the qualitative properties of the system dynamics can be observed” (p. 185). This concept 

differs from the reductionist approaches of the ‘normal science’ of the field in two significant 

ways. To begin, it suggests not an isolation of variables in an attempt to study their behavior 



BIFURCATIONS, FRACTALS, AND NON-LINEARITY IN SLD 27 

 

 

independently, rather an examination of specific system components as they interact within the 

complex system as a whole. Second, van Geert’s assertion equally challenges approaches which 

seek to manipulate certain variables to study the effect on behavior. What is suggested here is 

clearly a more heuristic approach. As the number of variables acting on a system is theoretically 

infinite (i.e., infinite degrees of freedom; Gleick, 1987), examining all of the nested components 

and subcomponents at one time becomes empirically untenable. 

Instead, complexity research must foreground specific developmental trajectories while 

allowing others to continue along their natural paths (Larsen-Freeman & Cameron, 2008a). 

Commensurate with van Geert’s claim above, we understand that complexity research will rarely 

pursue the objective of representing a complex system in its entirety (Hiver & Al-Hoorie, 2016). 

This notion has been demonstrated in the overwhelming majority of empirical study which have 

adopted this perspective. The focal point of research has included listening strategy use and 

performance (Dong, 2016), writing fluency (Baba & Nitta, 2014), the development of 

complexity, accuracy, and fluency (e.g., Hepford, 2017; Larsen-Freeman, 2006; Polat & Kim, 

2014), and the intra-individual variability of L2 learning (Spoelman & Verspoor, 2010; 

Verspoor, Lowie, & van Dijk, 2008), among others. When taken together, the emergence of 

language as a complex adaptive system will become more clear.  

The Present Study  

 Several key methodological choices have been made in accordance with the theoretical 

underpinnings of CDST, namely, the necessity for longitudinal, time-series data at a level of 

granularity that allows for non-linear change to be identified and scrutinized. In addition, as 

CDST scholars within the field of applied linguistics have championed the focus on individual 

trajectories of development through small N case studies, I present data from a single learner of 
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English as a second language over the period of one academic year. To reiterate, the study of 

variability in the behavioral science, particularly as it relates to individual development, is of 

great importance as it is understood as both a driving force in development (Howe & Lewis, 

2005) as well as an indicator of the of the self-organization of complex systems leading from 

conceptually lower to higher levels of order (van Geert, Savelsbergh, & van der Maas, 1999). In 

this way, a more detailed picture can be drawn of the idiosyncratic development of language 

competence specifically as it relates to intra-individual variability. 

Literature Review 

CAF in Studies of Second Language Acquisition 

The domains of complexity, accuracy, and fluency (CAF) in second language acquisition 

have permeated research within the field of applied linguistics and have provided a significant 

benchmark for accounting for and comparing L2 development (Housen & Kuiken, 2009; Skehan, 

2009). Originally born from the branch of SLA focusing on task-based language learning (see 

Skehan, 2003 for a review), the efficacy of these constructs to accurately measure and portray 

growth in language proficiency has been widely cited (Housen, Kuiken, & Vedder, 2012; 

Lambert & Kormos, 2014; Skehan, 2009). Fortunately for the field, these measures have not 

been accepted blindly and considerable scrutiny has problematized the ways in which the 

individual CAF measures have been both theorized and operationalized in their application to L2 

research (Bulté & Housen, 2012; Foster & Wigglesworth, 2016; Housen, Kuiken, & Vedder, 

2012; Norris & Ortega, 2009; Pallotti, 2009). These responses have led to a more uniform 

understanding of what each domain seeks to measure as well as the most appropriate manner of 

achieving this goal. The importance of this work stems from the epistemological relationship 

between empirical research and theory construction in SLA (Norris & Ortega, 2003), particularly 
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as it relates to language teaching and assessment (Lambert & Kormos, 2014), thus emphasizing 

the need to develop theoretically sound methods of investigation. Given the concerns of many 

CAF scholars, I begin by presenting the theoretical considerations germane to discussions of 

complexity, accuracy, and fluency in an effort to answer the call to both specify and clearly 

define the underlying constructs which will be investigated in this study (Bulté & Housen, 2012; 

Pallotti, 2009).  

Complexity. While many distinct definitions of complexity can be found within the 

literature, a common thread among them relates to the number of specific components that make 

up a system as well as the number and nature of the relationships among those components 

(Bulté & Housen, 2012). Within the CAF literature specifically, the term complexity is often 

used to refer to syntactic or grammatical complexity. In this manner, definitions frequently 

reflect in some way the quantification of syntactic features coupled with the elaborateness or 

sophistication of these grammatical forms (Ortega, 2003). At a more abstract level, Bulté and 

Housen (2012) begin their discussion of complexity by distinguishing between both relative and 

absolute complexity. The former, relative complexity, assumes a distinct relationship between 

the acquisition of certain linguistic forms or features and the amount of cognitive difficulty 

associated with this process (Bulté & Housen, 2012). The latter, instead, refers to complexity “in 

objective, quantitative terms as the number of discrete components that a language feature or a 

language system consists of, and the number of connections between the different components” 

(Bulté & Housen, 2012, p. 24, emphasis in original).  

Relative and absolute complexity are taken as a starting point for the taxonomy of L2 

complexity as proposed by Bulté and Housen (2012; see Figure 1 below). Conceptual 

discussions of linguistic complexity, then, are found embedded within the vein of absolute 
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complexity and, for the purpose of the present study, I focus specifically on the nature of 

syntactic complexity as it is represented within this taxonomy. As a functional measure of 

complexity within an L2 learner’s language, Bulté and Housen (2012) suggest that syntactic 

complexity consists of three distinct domains in which complexification occurs at the phrasal, 

clausal, and sentential level. This analysis is not inconsistent with other work in the area as 

scholars such as Norris and Ortega (2009) have argued for more ecological measures of syntactic 

complexity which account for complexification across similar constructs.  

Unique to Bulté and Housen (2012), however, is a discussion of the conceptual levels at 

which linguistic complexity can be examined. This stems, rightfully, from their observation that 

investigations of linguistic complexity rarely specify the types of complexity constructs included 

in such work. As a result, they propose that the inclusion of any measurement criteria be 

considered regarding three levels of specification. To begin, at the theoretical level, complexity 

may be defined in terms of the elaborateness of construct components (e.g., subordination occurs 

broadly via adverbial and relative clauses containing both finite and non-finite verbs), as well as 

the relationships between constructs (e.g., if… and would… clauses are generally found together 

in English conditional constructions). Second, at the observational level, it is necessary to specify 

the way(s) in which the identified constructs are manifested within discourse, generally 

accompanied by samples of actual language. Finally, once these distinctions have been made 

clear, Bulté and Housen (2012) argue that definitive construct operationalization can occur in 

which measures of complexity can be rationalized in regard to both the theoretical and 

observational levels. In sum, the need to clearly define and defend the ways in which complex 

syntax is operationalized in SLA research has been the topic of much work in the field. Thus, 



BIFURCATIONS, FRACTALS, AND NON-LINEARITY IN SLD 31 

 

 

taking these suggestions into consideration may ensure both validity of measures as well as 

results garnered from this work.  

 

 

Figure 1. Bulté and Housen’s (2012) taxonomy of complexity constructs.  

 Syntactic complexity in empirical CAF studies. Several important strands of empirical 

work within the CAF paradigm have informed our understanding of the intricate relationship of 

these domains in areas such as development across levels of proficiency, the effect of task format 

and design on performance, as well as the ways in which complexity, accuracy, and fluency 

interact across time. To begin, as CAF metrics have been lauded for their ability to account for 

and compare L2 development (Skehan, 2009), scholars have frequently examined L2 learners’ 

performance in these areas in an effort to distinguish differences across levels of proficiency. 

The findings from such work indicate that learners at varying levels exhibit differences in 
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performance in many linguistic constructs (De Clerq & Housen, 2017; Inoue, 2016; Iwashita et 

al., 2008; Neary-Sundquist, 2017). Although conflicting results have been reported, syntactic 

complexity via subordination has been shown to be indicative of proficiency levels in both L2 

English (De Clerq & Housen, 2017) and L2 German (Neary-Sundquist, 2017). In contrast, 

Iwashita et al. (2008) demonstrated a significant increase only in the measure of mean length of 

utterance (MLU) in a broader range of both levels (five) and oral tasks (five). Inoue (2016), 

however, found no significant difference in measures of grammatical complexity, although 

accuracy operationalized as errors per 100 words most accurately captured performance across 

levels.  

 The work of De Clerq and Housen (2017) is unique, however, in that it may represent the 

first attempt to examine complexity vis-à-vis measures of syntactic diversity. Recall that within 

the typology of complex syntax presented in Bulté and Housen (2012), discussions of both 

systemic and structural complexity appear at the theoretical level and include conceptual 

definitions of complex constructs. Within this realm, the authors cite the range or ‘breadth’ of L2 

grammar, yet traditional measures of syntactic complexity via elaboration at the phrasal, clausal, 

and even sentential level have not been reflective of this idea. As De Clerq and Housen (2017) 

point out, the degree of syntactic elaboration represents only one facet of complexity as 

subordination may occur repeatedly in a learner’s interlanguage, but with limited range in terms 

of the variation of grammatical structures.  

As a result, the authors introduce the syntactic diversity index (SDI) to address this 

methodological and theoretical shortcoming. In effect, the SDI consists of coding each selected 

unit of analysis (e.g., AS-unit, T-unit, C-unit) in terms of its underlying grammatical structure 

taking into account several clause types (matrix, coordinated, subordinated) as well as formal 
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(finite/non-finite) and functional (complement/adverbial/relative) subtypes of complex syntax 

(see De Clerq & Housen, 2017, for a more complete description). In this way, the diversity, or 

range, of L2 learner grammar can be scrutinized by comparing the frequency of unique codes 

within and across samples. Applying this measure to a broad sample of L1 Dutch learners of L2 

English and French, the authors conclude that “French and English L2 learners both 

progressively use more subordinate clauses and that this development is also accompanied by a 

diversification of formal and functional subordinate clause types” (p. 330). While this represents 

a positive first step in expanding our theoretical understanding of L2 grammar development by 

including measures of syntactic diversity, the manner in which the SDI conflates all functional 

subtypes into three limited measures (e.g., complement/adverbial/relative) limits the ability to 

discriminate a broader scope of grammatical structures. In response to the call for a more 

exhaustive description of linguistic complexity (Ross, 2014), researchers may find it prudent to 

further distinguish between the functional subtypes of complex syntax as many adverbial 

clauses, for example, function differently within discourse.  

Accuracy. Relating specifically to the ability of a learner to produce error-free language 

(Housen & Kuiken, 2009; Housen, Kuiken, & Vedder, 2012), accuracy is often suggested to be 

the most straightforward, consistent domain of the CAF constructs (Housen, Kuiken, & Vedder, 

2012; Pallotti, 2009; Tavakoli & Skehan, 2005). Historically, discussions of accuracy in L2 

learning have generally been norm referenced in that a target standard has represented the 

idealized ultimate attainment of second-language learning. Inaccuracy, therefore, has been 

understood as the degree to which language production deviates from such an arbitrary target 

(Housen, Kuiken, & Vedder, 2012). This, of course, raises the ‘thorny issue of criteria’ against 

which learner language is evaluated and, equally, leaves room for discussions of non-standard or 
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even non-native use as both acceptable and appropriate ‘targets’ to which language learners may 

aspire (Housen & Kuiken, 2009).  

Although scholars such as Housen and Kuiken (2009) acknowledge that prescriptive 

norms may not derive solely from native speakers, the case presented by Skehan (1996) is 

arguably more learner centered, focusing squarely on accuracy which “relates to a learner’s 

belief in norms” (p. 46, emphasis added). In this way, Skehan (1996) not only recognizes, but 

reifies the agency of the individual as more than a language learner but also a language user in 

his or her own right. This idea brings to the foreground the context within which the language is 

being learned, particularly in the second-language setting, as a learner’s belief in certain norms 

may be heavily influenced by those norms which are most readily found in that particular 

context. This, of course, is dependent upon many learner-specific factors, yet inaccuracy in the 

L2 learner’s immediate context “could impair communicative effectiveness, it could stigmatize, 

it could fossilize, and finally self-perceived inaccuracy could be demoralizing to the learner” 

(Skehan, 1996, p. 46).  

Finally, from a methodological perspective, differentiation has been made between local 

and global measures of accuracy and the way(s) in which these may appropriately capture L2 

development (Foster & Wigglesworth, 2016). In this way, local accuracy is selective and 

represents a focus on predetermined constructs generally related to grammar production. This 

level of analysis may emphasize grammatical forms such as the simple present tense (Polat & 

Kim, 2014), auxiliary verb omission (Hepford, 2017), preposition use (De Clerq & Housen, 

2017), or the accuracy of case production in languages with complex case systems such as 

Finnish (Spoelman & Verspoor, 2010). Operationalizing local measures of accuracy in this way 

is consistent with the definitions put forth by Foster and Wigglesworth (2016), yet these authors 
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caution that “a researcher using a local measure to reflect a learner’s overall L2 development 

faces the knotty problem of having to decide which grammatical feature will provide its best 

reflection” (p. 101). The knotty problem to which Foster and Wigglesworth (2016) allude serves 

to problematize such local measures, particularly if they are selected a priori as a study is 

conceptualized. I argue that this problem may be mitigated if the selection of local measures of 

accuracy are allowed to emerge from post-hoc analysis of language production data once 

researchers have carefully scrutinized those measures which seem most challenging to the 

learner.  

Global measures of accuracy, alternatively, take into consideration all erroneous forms 

present in production and are reflected as indices of performance in terms of ratios or proportions 

of errors per a given linguistic unit. At the global level, accuracy is most frequently 

operationalized as the number of errors per 100 words (Bajuniemi, 2015; Leonard & Shea, 2017; 

Révész, Ekiert, & Torgensen, 2016), the proportion of error-free units (De Jong & Vercellotti, 

2016; Larsen-Freeman, 2006; Yang & Sun, 2015), and mean errors per a given linguistic unit 

(Hepford, 2017). While Foster and Wigglesworth (2016) argue that global measures of accuracy 

may provide greater insight than local measures into L2 development, they do concede that the 

specificity of local measures may be more appropriate for experimental design which seeks to 

understand the effect of particular interventions.  

Fluency. While accuracy may be the most consistent of the CAF measures, fluency is 

suggested to be the most well researched given the relative salience of dysfluency in language 

production (Inoue, 2016). Although a myriad of definitions exist to explain the construct, fluency 

is most often defined as the extent of language learners’ linguistic knowledge (de Jong & 

Perfetti, 2011) as well as control over the use of such knowledge (Housen & Kuiken, 2009) in 
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terms of “the speed and efficiency with which [learners] can access and implement relevant L2 

information to communicate meanings in real time” (Housen, Kuiken, & Vedder, 2012, p. 6). 

What many of these definitions share, whether overtly or more tacitly, is a reference to the 

underlying cognitive processes that relate directly to the proceduralization of linguistic 

knowledge; a process which may signal changes in the cognitive mechanisms associated with 

language production (de Jong & Perfetti, 2011).  

Similar to the constructs of complexity and accuracy, the multidimensional nature of 

fluency has equally been established in the literature and distinctions are often made regarding 

the three subcategories proposed by Skehan (2009) which include speed, breakdown, and repair 

fluency. To begin, speed fluency is temporal in nature and refers generally to the rate with which 

language is produced, most frequently measured in syllables, morphemes, or words per minute. 

As its name suggests, breakdown fluency relates to the instances in which oral production breaks 

down and is operationalized as a function of pauses and filled gaps. Finally, repair fluency refers 

to the frequency of self-corrections and repetitions within the language sample. These three 

functions of fluency often behave distinctively, and when viewed together, provide important 

insight into the development of L2 proficiency.  

It is important to note that fluency has equally been problematized in the literature, 

particularly when used to compare between groups of L2 learners as well as across native and 

non-native speakers. Towell (2012), for example, offers a word of caution when comparing 

measures of fluency across groups given that language learners may show improvement in 

fluency measures over time, yet speaking rate in the L1 is highly idiosyncratic and must be 

accounted for in these measures. In a similar vein, Skehan (2009) argues that dysfluency features 

such as pausing are not distinct to non-native speakers, though native speakers may pause more 
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frequently at clausal boundaries as a mechanism for online planning. Non-native speakers, on the 

other hand, may demonstrate more clause-internal pauses; thus, research into this area may 

provide insight into the nature of pausing across language users. 

Task design. Focusing specifically on the CAF constructs, other research has looked at 

the effect of task format (i.e., monologue vs. dialogue) on L2 oral performance. To these ends, 

Michel, Kuiken, and Vedder (2007) elicited oral production data from participants across two 

task conditions (monologue and dialogue) and Ahmadi and Sadeghi (2016) across three 

(monologue, interview, and group interaction). Not surprisingly, the monologic condition in both 

studies led to higher levels of syntactic complexity (see also Ferrari, 2012), with participants 

producing longer AS-units in this format (Ahmadi & Sadeghi, 2016). Such a result may be due, 

in part, to the nature of monologic tasks which assume no common reference between 

interlocutors; thus, a greater need to embed extraneous detail is implicit in the task as assumed 

familiarity (Prince, 1981) remains low. Studies examining the effects of within-task differences 

have also contributed significantly to our understand of task conditions and L2 performance. 

Tavakoli (2009), for instance, found a significant difference in task design as increased storyline 

complexity (i.e., narratives with both foreground and background storylines) promoted an 

increase in participants’ syntactic complexity, while de Jong and Vercellotti (2016) suggest that 

the choice of prompt in narrative re-telling performance may not significantly affect indices of 

complex syntax. Indeed, the results of de Jong and Vercellotti (2016) are methodologically 

relevant as the authors posit that oral data elicited from a single prompt may not sufficiently 

provide an adequate representation of learner language. Taken together, these findings indicate 

that while both monologic task formats and multiple layers of storyline complexity may generate 
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more complex L2 speech, the particular choice of prompt does not seem to affect performance in 

this area.  

Although these studies support the idea that measures of complexity, accuracy, and 

fluency differ in unique ways across proficiency levels (De Clerq & Housen, 2017), across tasks 

(Ahmadi & Sadeghi, 2016; Michel, Kuiken, & Vedder, 2007) as well as within tasks as an effect 

of prompt (de Jong & Vercellotti, 2016; Tavakoli, 2009), the way(s) in which these dimensions 

develop longitudinally, particularly at finer levels of granularity, has not been fully explored (cf. 

Ferrari, 2012). This, of course, represents a significant methodological limitation of many CAF 

studies insofar as synchronic measurements of language production tend to obscure 

developmental trends as they interact and develop across time. In addition, if researchers are 

interested in examining L2 learners’ complete linguistic repertoires, it may be prudent to elicit 

data from multiple tasks with multiple levels of complexity (Biber, Gray, & Staples, 2016).  

L1 and L2 Differences in Complex Syntax  

Curiously, while the emergence of complex syntax in child language learners has been 

shown to exhibit great variability (Bassano & van Geert, 2007; Vasilyeva, Waterfall, & 

Huttenlocher, 2008), ultimately, adult L1 speakers of English come to demonstrate little age-

related difference in complex grammar (Nippold, Cramond, & Hayward-Mayhew, 2014). Very 

much in line with a usage-based view of language development (Bybee, 2006, 2009), these 

findings are indicative of a process of L1 acquisition that, although initially variable, eventually 

converges on target-language norms. In order to better understand the difference in grammatical 

complexity between speakers of English as an L1 or L2, scholars have examined various 

linguistic constructs and have determined that usage indeed differs between both native and non-

native groups (Basterrechea & Weinert, 2017; Ferrari, 2012; Michel, 2013; Mora & Valls-Ferrer, 
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2012). Although both L1 and L2 users may equally produce more complex language on 

monologic versus dialogic tasks (Ferrari, 2012), it has been demonstrated, for example, that L1 

and L2 speakers of English differ in their use and preference of conjunctions in oral production 

(Michel, 2013). Similarly, Basterrechea and Weinert (2017) evidenced a difference in the use of 

if-clauses between native and non-native speakers, even though the two groups produced the 

structure with relatively equal frequency. The findings of Mora and Valls-Ferrer (2012) suggest 

that in regard to measures of fluency, non-native speakers of English produce more clause-

internal pauses than native speakers who, it has been suggested, prefer clausal or supra-clausal 

boundaries for online planning (Skehan, 2009). Relying on synchronic measures of language use, 

however, these studies cannot make claims as to how the use of complex syntax develops over 

time and, in particular, if it approaches native speaker norms. From a CDST perspective, a 

sojourn in an English-speaking context, for example, would provide the L2 learner with 

consistent input into their complex linguistic system. This input, if provided by L1 speakers, may 

direct the trajectory of development toward more native-like use.   

In conclusion, the efficacy of complexity, accuracy, and fluency to accurately measure 

and assess second language development has been demonstrated widely within the literature and 

has provided insights into the ways in which these domains interact across proficiency levels, 

across tasks, and even across modes of production. Noticeable, however, in any review of this 

literature is the lack of longitudinal research focusing specifically on the growth of these 

measures in L2 speakers over time. This is not to suggest, of course, that CAF studies have 

abandoned more process-oriented methods completely (see for example Larsen-Freeman, 2006; 

Spoelman & Verspoor, 2010); rather, it highlights the need for research in this area to assume 
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more longitudinal perspectives when attempting to demonstrate how L2 development occurs 

over time.  

Finally, as Norris and Ortega (2009) have suggested, “complexity, accuracy, and fluency 

are each quite complex subsystems with multiple parts, and trying to get a good look at all of the 

elements that constitute any one of these constructs is a major measurement endeavor” (p. 556). I 

concede that even attempts to view language development somewhat holistically via the CAF 

constructs might prove shortsighted as such analysis may obscure the interrelated development 

of all components of the complex linguistic system, particularly those associated with receptive 

skills. Nevertheless, the particular ways in which L2 development is operationalized within this 

paper has permitted the DST analytic ‘toolkit’ (de Bot et al., 2013) to successfully capture the 

dynamic, longitudinal trajectories of L2 complexity, accuracy, and fluency.  

Complexity-Informed Research 

There appears to be superficially, if not more profoundly, a significant epistemological 

drawback to large sample studies of language acquisition, particularly those employing cross-

sectional methodologies found frequently in measures of CAF. Such a limitation is manifested, 

thus, in the necessary abstraction away from the individual to the group in terms of behavioral 

tendencies given the lack of focus on the inter-individual variation in trajectories of 

development. Of course, it has been suggested that when studying the characteristics of 

processes, group data actually provide very little insight into development (Kunnen, 2012) or, 

more significantly, that group trends often do not reveal the independent trajectories of 

participants when examined individually (Larsen-Freeman, 2006; Lowie & Verspoor, 2018; 

Verspoor, Lowie, & van Dijk, 2008). To these ends, Haggis (2008) writes that “current 

epistemologies do not really provide a way of conceptualizing either the unique individual (other 
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than as an example of a larger class) or of investigating uniquely individual differences in a 

meaningful way” (p. 164). It is this distinct shortcoming that complexity-informed research has 

attempted to address within the developmental sciences, particularly given its theoretical and 

methodological emphasis on the individual and the preference for longitudinal, time-series data 

that allow for trajectories of development to be scrutinized in greater detail (Mellow, Reeder, & 

Forster, 1999).  

As a theoretical framework and modelling tool, the contributions of CDST to the 

developmental sciences have been well acclaimed in the literature (Hollenstein, 2011; Howe & 

Lewis, 2005; Spencer, Austin, & Schutte, 2012; van Geert, 2011). The foremost impact of this 

theoretical perspective, given that the central tenets of CDST focus on the change in systems 

over time, relates to the ways in which such change has been both conceptualized and 

operationalized in studies of human behavior. In addition to providing the theoretical 

groundwork for describing changes in system states as they occur longitudinally (van Geert, 

2011), CDST has allowed scholars to develop formal modelling tools as well as statistical 

analyses that can capture and describe the emergence of behavior diachronically (Bassano & van 

Geert, 2007; Howe & Lewis, 2005; Spencer, Austin, & Schutte, 2012). Certainly this view 

proves attractive to developmental psychologists whose interests lie not in stable states of 

behavior, but overtly in “the mechanisms of change that lead from one state to the next” (Howe 

& Lewis, 2005, p. 248).  

The notion of language as a complex, dynamic system (Beckner et al., 2009) is amenable 

to this assumption as it is predicated on the view that linguistic systems are not static, stable 

entities, rather complex systems in constant states of flux and change (Larsen-Freeman & 

Cameron, 2008). In fact, the majority of complexity-informed applied linguistics research 
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supports many of the theoretical assumptions of CDST including the non-linearity of 

development (Churchill, 2008; Hepford, 2017; Polat & Kim, 2014; Verspoor, Lowie, & van 

Dijk, 2008), the emergence of linguistic forms (Larsen-Freeman, 2006), and the occurrence of 

phase transitions resulting from the self-organization of the complex linguistic system (Baba & 

Nitta, 2014) to name a few. In addition, a CDST approach to applied linguistics has provided 

overwhelming evidence of both inter-individual (Chan, Verspoor, & Vahtrick, 2015; Baba & 

Nitta, 2014; Larsen-Freeman, 2006; Nekrasova-Beker, 2016) as well as intra-individual 

variability (Churchill, 2008; Hepford, 2017; Polat & Kim, 2014; Spoelman & Verspoor, 2010; 

Verspoor & Smiskova, 2012) in the developmental trajectories of second language learners. 

Combined, these findings have shed new light on many of the traditional assumptions of second 

language acquisition and have furthered our understanding of the idiosyncratic ways in which L2 

proficiency develops over time.  

In one particular vein of complexity-informed research, several studies have looked at the 

development of specific aspects of writing development in the L2. Verspoor and Smiskova 

(2012), for example, examined the development of formulaic sequences (lexical chunks) in 

informal writing tasks in both high-input and low-input groups of learners, looking particularly 

for developmental jumps in performance. While both groups showed overall improvement, the 

authors indicate that the high-input group approximated potential developmental jumps whereas 

the low-input group did not. Similarly, Verspoor, Lowie, and van Dijk (2008) investigated the 

development of vocabulary and complexity in L2 academic writing and concluded that possible 

developmental jumps occurred in average word length (as demonstrated by min-max graphs) and 

that such periods were proceeded by increases in variation in the target structure. This, of course, 

leaves us with important considerations when examining discontinuous development as phase 
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transitions seem to vary between learners in regard to the amount of L2 input (Verspoor & 

Smiskova, 2012) as well as the constructs under investigation (Verspoor, Lowie, & van Dijk, 

2008). 

Furthermore, several studies have looked specifically at the CAF variables from a 

complexity perspective in both writing (Larsen-Freeman, 2006; Spoelman & Verspoor, 2010; 

Yan & Sun, 2015) and oral language (Bajuniemi, 2015; Hepford, 2017; Larsen-Freeman, 2006; 

Lowie, Verspoor, & van Dijk, 2018; Polat & Kim, 2014). Scholarship in this area foregrounds 

the change in complexity, accuracy, and fluency and, as such, the longitudinal nature of this 

work has provided critical insight into how these constructs develop diachronically. Once again, 

results have highlighted the non-linear and highly individual nature of the developmental 

trajectories of such variables. This intra-individual variability, which has traditionally been 

viewed as measurement error (Larsen-Freeman, 2006, 2007), is significant within complexity-

informed L2 research given that such variation, “if properly described and understood, may 

contain information about the underlying short-term dynamics and its effect on the long-term 

dynamics of increasing L2 performance” (van Geert, 2008, p. 191).  

In addition, the findings from such studies have provided important insight into the 

development of syntactic complexity from a CDST perspective. Somewhat ubiquitous is the 

notion that all language constructs demonstrate certain levels of variation in development (e.g., 

Nekrasova-Beker, 2016; Polat & Kim, 2014; Roehr-Brackin, 2014), yet dissimilar conclusions 

have been drawn as they specifically relate to syntactic complexity. While Polat and Kim (2014)  

found that an untutored learner—an individual not directly involved in an instructed SLA 

setting—demonstrated stagnation in syntactic complexity (Polat & Kim, 2014), the results of 

Hepford (2017) oppose this finding as her participant revealed an increase specifically in levels 
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of subordination. Spoelman and Verspoor (2010) investigated the acquisition of morphology and 

complexity in an L2 learner of Finnish and found a decrease in simple sentences over time as 

well as a progressive increase in complex sentences in academic writing. Interestingly, the 

findings of Spoelman and Verspoor (2010), largely in accordance with the prevailing 

understanding of syntactic complexity as multivariate (Bulté & Housen, 2012; Norris & Ortega, 

2009), indicate that varying language constructs may exhibit both competitive and supportive 

relationships in development. In this way, the authors point to the supportive relationship 

between the development of word and noun phrase complexity, as well as word complexity and 

sentence complexity. Within CDST, these relationships are suggestive of connected growers or 

variables that interact in such a way that growth in variable A contributes to, or supports, growth 

in variable B (van Geert, 1994). Most importantly, the nascent focus on the dynamic nature of L2 

development holds promise as a means to further identify the relationship between language 

constructs (such as the CAF variables) as well as the ways in which these variables interact and 

change over time.   

Phase Transitions in Developmental Psychology 

Commensurate with the CDST framework, a substantial body of research within the field 

of developmental psychology has sought to examine the ways in which human behavior exhibits 

characteristics of both continuous and discontinuous development. Working from the premise 

that variability in behavior functions as both a potential driving force for development (Howe & 

Lewis, 2005) as well as a potential indicator of growth (van Geert & van Dijk, 2002), scholarship 

in this area has focused largely on the intra-individual differences in behavioral development that 

often demonstrate fluctuations between continuous and discontinuous growth. In this way, 

developmental trajectories exhibit discontinuity by means of abrupt transitions from conceptually 
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lower levels to higher levels of behavior without the presence of an intermediary position (van 

Dijk & van Geert, 2007).  

While some variability-focused studies have relied on experimental designs with single 

periods of data collection and manipulation of control variables (Jansen & van der Maas, 2001), 

others have examined the development of behavior as it occurs longitudinally (Bassano & van 

Geert, 2007; Hosenfeld, van der Maas, & van den Boom, 1997; Ruhland & van Geert, 1998; van 

Dijk & van Geert, 2007). What many of these studies share, however, is their commitment to 

examining discontinuity (i.e., phase transitions) via the multiple criteria for the detection of 

discontinuous, non-linear transitions set forth in catastrophe theory (van der Maas & Molenaar, 

1992). These criteria, known as catastrophe flags (e.g., anomalous variance, sudden jumps, 

bimodality; Gilmore, 1981), are indicative of discontinuities in development and allow 

researchers to apply a methodologically rigorous framework to distinguish whether abrupt, 

sudden jumps in behavior have truly occurred (Kunnen & van Geert, 2012).  

In this way, both Hosenfeld et al. (1997) and Jansen and van der Maas (2001) focused 

specifically on the identification of catastrophe flags in the growth of various developmental 

skills in elementary aged children. The results of their analysis revealed strong evidence for 

several catastrophe flags, thus allowing the authors to confirm the assumption of discontinuous 

development in analogical reasoning (Hosenfeld et al., 1997) as well as rule-governed responses 

in a Piagetian balance scale task (Jansen & van der Maas, 2001). Curiously, however, Jansen and 

van der Maas (2001) report that anomalous variance was not included in their analysis simply 

due to the fact that they were unaware of which children were within proximity to a catastrophic 

transition. This points to a significant methodological limitation in that Jansen and van der Maas 

(2001) relied on a single period of data collection with a large participant sample and, as such, 
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the overall trajectories of development simply could not be discerned. The time-series design 

championed within CDST (de Bot, 2015b; Lowie, 2017; Lowie & Verspoor, 2015; van Geert & 

Steenbeek, 2005) and employed in studies of discontinuous phase transitions (e.g., Baba & Nitta, 

2014; Larsen-Freeman, 2006) offers a suitable solution to this issue as it allows for anomalous 

variance to be examined across more frequent periods of measurement.  

Unlike the results of the previous studies, many changes in behavior may outwardly 

appear as phase transitions, yet the assumption of discontinuous change is rejected following the 

search for catastrophe flags. Employing the catastrophe model, Ruhland and van Geert (1998) 

demonstrated periods of accelerated learning in closed-class function word use (e.g., articles and 

modals) in child learners of Dutch, yet found neither bimodality nor anomalous variance in the 

emergence of these forms. They conclude by suggesting that “there is no strong evidence for 

catastrophic change in language development” (p. 65); however, their analysis is limited to a 

specific linguistic construct (closed-class function words) from data collected in one specific 

language. Equally important, the authors concede that the validity of their operationalization of 

anomalous variance within this study remains unclear.  

Overall, the usefulness of the catastrophe flags in behavioral science research has been 

cited in the literature (van der Maas & Molenaar, 1992), particularly given the efficacy of these 

criteria to identify transitions even in the absence of known control variables (Hosenfeld et al., 

1999) which often prove difficult to identify in human behavior, including language 

development (Ruhland & van Geert, 1998). Equally, such research has demonstrated the 

importance of seeking what van Dijk and van Geert (2007) refer to as the converging criteria of 

non-linear development which, as they suggest, allow for increased credibility that true 

discontinuity has occurred. The importance of identifying and examining discontinuous phase 
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transitions cannot be understated. As van Geert, Savelsbergh, and van der Maas (1999) suggest, 

“discontinuities are of special interest because they may indicate self-organization in the system, 

that is a spontaneous organization from a lower to a higher level of order by means of a phase 

transition” (p. XII); thus, complexity-informed research in applied linguistics will benefit from a 

more detailed focus on the developmental trajectories of language acquisition as individuals pass 

through periods of discontinuous change. 

Phase Transitions in Second Language Acquisition Research 

Equally significant is the applied linguistics research which makes mention of potential 

phase transitions or discontinuous jumps in behavior (e.g., Dong, 2016; Hepford, 2017; Larsen-

Freeman, 2006; Polat & Kim, 2014; Roehr-Brackin, 2014; Spoelman & Verspoor, 2010; 

Verspoor & Smiskova, 2012; Verspoor, Lowie, & van Dijk, 2008). The evidence from such 

studies supports the notion that phase transitions may be inherently characteristic of L2 

development in the areas of specific language constructions (Roehr-Brackin, 2014), listening 

comprehension (Dong, 2016), the use of formulaic sequences in writing (Verspoor & Smiskova, 

2012), as well as the development of several CAF constructs in both writing (Verspoor, Lowie, 

& van Dijk, 2008) and speaking (Polat & Kim, 2014). Although these studies have indicated 

potential phase shifts in the diachronic development of many areas of L2 proficiency, the extent 

to which the observed jumps actually constitute phase transitions is rarely discussed further.  

Nevertheless, the results of these studies are methodologically relevant in that potential 

discontinuities are cited via moving window min-max graphs as a method of examining 

anomalous variance (e.g., Dong, 2016; Polat & Kim, 2014; Spoelman & Verspoor, 2010; 

Verspoor & Smiskova, 2012; Verspoor, Lowie, & van Dijk, 2008). Such analysis points to the 

efficacy of implementing this particular method as a tool to identify potential developmental 
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jumps given that increased variability in trajectories—visible as greater distance or ‘bandwidth’ 

(van Geert et al., 2011) between minima and maxima—often proceeds phase transitions within 

CDST (Verspoor, Lowie, & van Dijk, 2008). Though indicative of discontinuous development, 

however, the observation of such jumps coupled with the potential anomalous variance gleaned 

from min-max graphs may not provide sufficient evidence in and of itself to discriminate 

between a genuine discontinuity and mere rapid acceleration in development (Hosenfeld et al., 

1997). For this reason, a more robust conceptual framework—such as that proposed by 

catastrophe theory and employed more broadly in developmental psychology—is necessary as a 

manner of securing the converging criteria which more appropriately allow researchers to 

identify phase transitions (van Dijk & van Geert, 2007).  

At the time of this writing, only one study has answered the call for more 

methodologically rigorous examination of phase transitions in L2 development. Baba and Nitta 

(2014) examined the writing fluency in two Japanese learners of English as a second language. 

Collected over the course of one academic year, the authors analyzed the writing fluency, 

operationalized as the total number of words produced in 10 minutes, in the participants’ weekly 

writing samples. Through the systematic application of catastrophe flags to longitudinal L2 data, 

the authors confirmed that phase transitions indeed occurred across the period of data collection, 

yet the ways in which such discontinuities were manifested differed across the two participants. 

The results in Baba and Nitta (2014) contribute significantly to complexity-informed discussions 

within SLA confirming not only the non-linear trajectories of writing development, but equally 

the inter-individual variability in terms of the critical moments of discontinuous development 

between individual learners.  
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In sum, our emerging understanding of the non-linear nature of L2 development posits 

the need to further examine the ways in which linguistic capacities develop both continuously 

and discontinuously across time. Whether or not all language learning, or all language learners 

for that matter, pass through phases of catastrophic phase transition is still unclear (see Ruhland 

& van Geert, 1998). Therefore, our limited understanding, coupled with the paucity of literature 

within the field of applied linguistics specifically investigating the dynamic development of L2 

learner language, particularly during moments of phase transition, reiterates the need for further 

research into the phenomenon of discontinuous development.  

I conclude with a final point. In his seminal paper on zygote morphogenesis, Turing 

(1952) writes that: 

Unstable equilibrium is not, of course, a condition which occurs very naturally. It usually 

requires some rather artificial interference, such as placing a marble on the top of a dome. 

Since systems tend to leave unstable equilibria they cannot often be in them. Such 

equilibria can, however, occur naturally through a stable equilibrium changing into an 

unstable one. (p. 43, emphasis added) 

In the same way that Jansen and van der Maas (2001) could not determine anomalous variance 

from their single period of data collection, the infrequency of periods of unstable equilibria as 

noted by Turing (1952) require prolonged observation and measurement of behavior if such 

periods are the desired focal point of investigation. In CDST terms, attractor states are both 

resilient and durable, yet lack permanency. At some point, although clearly unpredictable and 

highly predicated on the initial conditions of the system, all complex systems will oscillate 

between periods of stable and unstable equilibria.  
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Although a growing body of applied linguistics scholarship informed by CDST has 

provided empirical evidence of the variability associated with L2 development, the paucity of 

literature specifically examining the mutable, interconnected nature of the complex L2 linguistic 

system clearly indicates the need for more detailed investigations in this area. To reiterate that 

which was mentioned above, the non-linear, highly variable nature of the development of human 

behavior has the potential to provide valuable insight into the spontaneous self-organization of 

systems (van Dijk & van Geert, 2007). As such, the present study was guided by the following 

research questions: 

1. In what ways do the constructs of complexity, accuracy, and fluency develop 

longitudinally in a single untutored learner of ESL across multiple language tasks? 

2. In what ways do the synergistic relationships between the constructs of complexity, 

accuracy, and fluency change over time? 

3. In what ways does the diachronic development of syntactic complexity exhibit the 

characteristics of self-similarity (i.e., fractality)? 
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Chapter Three: Methods 

 As outlined in chapter two above, adopting a CDST theoretical frame presupposes 

several methodological considerations which reflect the axiological assumptions of complexity 

theory. While this theory in no way specifies a concrete set of requisite methods, the attention to 

process must be upheld if the goal is to trace the development of a complex system over time. 

Given these understandings, the study presented within this dissertation represents a non-linear 

time series analysis (Kantz & Schreiber, 2000) of the diachronic development of three constructs 

of L2 learner language. In no way does the delineation of these specific constructs, however, 

suggest that they alone embody the human language faculty in its entirety. This idea represents a 

significant challenge to complexity research and must be addressed before moving forward. 

Unlike case study inquiry which seeks to understand a ‘bounded’ system (Merriam, 1998), 

complexity theory recognizes that the interactions between complex systems and their 

environment are theoretically limitless (hence the infinite degrees of freedom; Gleick, 1987). 

Therefore, assuming that a complex system is bounded in any way seems contradictory to our 

understanding of the ways in which such systems function.  

 In addition, it may appear outwardly that, as a case study, the unit of analysis in this 

dissertation would be the individual participant whose language was studied for one academic 

year. A complexity approach would somewhat refute this claim. What are being studied, instead, 

are complex systems (i.e., fluency) and sub-systems (i.e., repair fluency) that, in turn, make up 

larger (i.e., the language faculty) and larger systems (i.e., cognition, the individual, social groups, 

humanity, etc.) ad infinitum. The goal of such study is to determine how these systems and sub-

systems function along nested levels to permit the emergence of larger systems with greater and 

greater levels of complexity.  
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 Yet the nature of complex systems and their theoretically infinite interactions with their 

environment require a certain degree of delineation so that the dynamics of the systems under 

study can be fruitfully ascertained. Of course, complexity research will seldom seek to represent 

a system in its entirety (Hiver & Al-Hoorie, 2016). Instead, it seems prudent “to conceptually 

reduce the complex system to a single dimension or very simple state space, in which the 

qualitative properties of the system dynamics can be observed” (van Geert, 2008, p. 185). As 

such, the present dissertation exemplifies a non-linear time series analysis of the systems and 

sub-systems of complexity, accuracy, and fluency that make up part of the developing L2 faculty 

of a single learner of English as a second language. To achieve these goals, the non-linear time 

series approach adopted here necessitates closely spaced measurements of these constructs at 

consecutive intervals (Hilpert & Marchand, 2018), often referred to as granularity (de Bot, 

2015b), for a given period of time. Such an approach to the study of second language 

development has received growing attention from applied linguists in recent years and holds 

promise as a viable way to investigate this phenomenon over time.  

Participant 

 As this study sought to examine the longitudinal L2 development of several constructs of 

language proficiency within an individual learner of English as a second language, nonrandom, 

purposeful sampling (Merriam & Tisdell, 2016) was used to identify and select a suitable 

participant. As such, a single adult participant1, Alceste, was chosen to participate in this study 

given that he was (a) a learner of English as a second language, (b) had not previously resided or 

spent any length of time in English-speaking countries, and (c) had moved to the United States 

within one week of the beginning of data collection.   

                                                 
1 All names are pseudonyms. 
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 Alceste. Originally from the French-speaking region of Switzerland, Alceste arrived to 

the United States in August of 2017 for the purpose of teaching French at a large public 

university in Western New York. Having had only two years of formal classroom education in 

English at the secondary level, Alceste suggested that the majority of his language abilities in 

English were developed informally through contact with English-speaking friends in 

Switzerland. At 27 years old, Alceste’s language upon arrival was characterized by frequent false 

starts, repetitions, and abandoned utterances due to lexical retrieval. In addition, he complained 

that native English speakers expressed difficulty in comprehending his speech which he 

attributed to a strong accent. Working to improve his accent, therefore, was one of the objectives 

that Alceste had determined for his sojourn in the United States. Initial approximation based on 

performance on both conversation and narrative tasks suggested that Alceste’s oral language was 

at the intermediate low level (ACTFL, 2012). This conclusion was equally confirmed by a 

colleague with extensive knowledge of second language assessment.  

 Informal conversations with Alceste revealed a strong desire to take advantage of his 

time in the United States to improve his competency in English, particularly in the area of 

pronunciation. He frequently sought opportunities to interact with native speakers of English and 

also suggested that he looked forward to our weekly conversations as they afforded him a space 

to speak English in a comfortable setting. During the period of data collection and analysis 

reported here, Alceste did not enroll in any formal instruction in English as a second language. 

Therefore, he is considered an untutored L2 learner as his exposure to English did not come from 

the instructed SLA setting. His interactions with English, however, were numerous as he dealt 

with students in English on a daily basis, sought interaction with colleagues, and frequented an 

indoor rock-climbing gymnasium which allowed him to establish and maintain several 
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friendships. Although Alceste was aware that I was studying his linguistic development for the 

purpose of this study, he remained unaware of the specific areas of proficiency that I sought to 

examine. From time to time during our weekly conversations, I would ask Alceste about his 

goals as a user of English as a second language and he would frequently comment on his 

thoughts regarding his progress. This metacommentary often provided valuable insight into the 

process of his development as a speaker of English.  

Data Collection 

Unlike CAF studies relying on single data points (e.g., de Jong & Vercellotti, 2016; Sadri 

Mirdamadi, & de Jong, 2015), binary pre-test/post-test metrics (e.g., Bulté & Housen, 2015; 

Leonard & Shea, 2017; Tonkyn, 2012), or cross-sectional studies which seek to examine 

constructs across participant levels (e.g., Neary-Sundquist, 2017; Résész, Ekiert, & Torgensen, 

2016), data collection for the present study was informed by the theoretical assumptions of 

complex dynamic systems theory. A CDST perspective presupposes a higher frequency of data 

collection as opposed to traditional research in SLA and, as such, a period of one academic year 

with data collection occurring on a weekly timescale was selected. Data collection began within 

one week of Alceste’s arrival and continued throughout the two academic semesters during 

which he taught and resided within the United States. Although no lapse in data collection 

occurred during the two semesters, Alceste returned to Switzerland for a period of six weeks 

during the period of winter break and no data were collected at that time.    

The longitudinal data. Commensurate with the CDST perspective that language is both 

situated within and distributed across contexts, agents, and cultural surroundings, de Bot (2015a) 

has argued for a move away from monologue as the primary source of language production data 

as it necessarily divorces the speaker from social interaction. Intuitively, he highlights the 
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fundamental difference between interaction and monologue in terms of speaker performance. It 

can be argued, however, that monologue equally constitutes language in use and presupposes 

certain objectives which often take into consideration the role of the listener (i.e., the agent 

within a dynamic system). Somewhat a propos, Cameron (2015) suggests that “a complex 

dynamic systems perspective inevitably points our attention to interaction, to ‘language-ing’ 

rather than to ‘language’” (pp. 42-43). While performance undoubtedly differs across tasks given 

the disparate nature and objectives of interaction versus monologue (Ahmadi & Sadeghi, 2016; 

Michel, Kuiken, & Vedder, 2007), I argue that both interactional and monologic tasks equate to 

‘language-ing’ in the sense that production serves to achieve a discourse objective situated 

within a social context. What’s more, language elicitation from multiple tasks may allow for 

more accurate insight into language capacity as different tasks may elicit more diverse discourse 

(Biber, Gray, & Staples, 2016). This, of course, aligns with the call for a more exhaustive 

description of complexity (Ross, 2014) as it allows for a greater range of competence to be 

observed. For this reason, two tasks were designed to elicit data from both dialogic conversations 

between the participants and myself as well as monologic oral production in the form of 

narrative re-telling. These tasks are described below.  

 Naturalistic conversation. Conversations between Alceste and myself were collected on 

a weekly basis as a method of obtaining holistic language use in a natural context. Although 

conversations were not scripted in any way, I often began by asking him about his week, the 

opportunities that he had to engage in English conversation, as well as anything exciting that was 

happening in his life. This provided consistency at the beginning of each conversation and 

allowed the participant to become comfortable as the interaction progressed. Typical of 

conversations between friends in a naturalistic setting, we frequently discussed topics such as his 
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position as an instructor of French, his interest in French literature, cultural differences between 

the United States and Switzerland, and his life in New York. Weekly conversations were held for 

a minimum of 20 minutes, although the desire for prolonged conversation was never impeded. 

To maintain consistency, however, analysis of the conversation task was limited to the first 20 

minutes.  

Narrative task. Once a week, Alceste was asked to provide a narrative in which he 

recounted a movie or television show that he had viewed, or a book that he had read that 

particular week. As de Jong and Vercellotti (2016) demonstrated no significant effect of prompt 

choice on both grammatical complexity and accuracy (and only a minor effect on fluency vis-à-

vis pause length), the choice of prompt was not controlled in any way2 (see also Michel, Kuiken, 

& Vedder, 2007). Furthermore, as this study sought to examine the most natural occurrence of 

language, Alceste freely selected the prompts that he wished to re-tell. In this way, the narrative 

task resembled a casual conversation between familiar interlocutors in which one individual 

recounted something that they had recently viewed or read for an extended period of time. This 

methodological choice served to maintain the naturalistic nature of the narrative to the greatest 

extent possible. As the content of the television shows or books was unknown to me, I made this 

clear before Alceste began his narration; thus, no previous knowledge of the media was assumed 

on my behalf, essentially limiting the contextually-dependent knowledge of the topic of the 

narration (see also Ferrari, 2012). Finally, my participation in this task was kept to a minimum as 

I provided nothing more than backchannel cues as Alceste spoke (e.g., head nods, facial 

expressions, and short asyntactic utterances such as uh-huh and hmm). Each narrative task 

                                                 
2 Although level checks and probes are designed to ‘push’ second language users to their maximum level of 

proficiency, specifically probing in this way may have detracted from the most natural occurrence of language that 

was sought in data collection.   
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produced a minimum of five minutes of oral data, yet similar to the conversation task, Alceste 

was never interrupted if his narrative exceeded this amount of time. Equally, analysis of the 

narrative task was limited to the first five minutes of production to maintain consistency.  

Unit of Analysis and Measures 

 All spoken data were recorded and orthographically transcribed in their entirety. Similar 

studies investigating the development of oral language, particularly those working with larger 

sets of oral data (e.g., Polat & Kim, 2014), have extracted shorter samples of learner language 

given the cumbersome task of analysis of oral data. In this study, however, I analyzed the 

complete conversations as well as the narratives produced by the participant each week. The 

analysis of speech unit (AS-unit; Foster, Tonkyn, & Wigglesworth, 2000) was chosen as the 

linguistic unit of analysis for this study given its relevance to the analysis of oral data. In what 

follows, I discuss the AS-unit and its appropriateness for the analysis of oral language as well as 

the ways in which the construct of syntactic complexity has been operationalized in this study.  

 The AS-unit. Chosen specifically for its utility in segmenting and analyzing spoken 

language, the analysis of speech unit (Foster, Tonkyn, & Wigglesworth, 2000) was adopted as 

the unit of analysis for this study. The AS-unit is defined minimally as any “independent clause, 

or sub-clausal unit, together with any subordinate clause(s) associated with either” (Foster, 

Tonkyn, & Wigglesworth, 2000, p. 365). The AS-unit, unlike other units of analysis employed in 

text/discourse studies (viz., C-unit, T-unit, idea unit, sentence, etc.), uniquely allows for the 

inclusion of sub-clausal units in linguistic analysis. Such sub-clausal units, contrasting 

independent clauses, equate to utterances that do not necessarily contain a finite verb (and/or 

other syntactic elements), yet figure prominently in dialogic oral data (Norris & Ortega, 2009). 

The following example demonstrates the role of sub-clausal units in conversation. 
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(1) Reid:  Have you had any interaction with your students during office hours? 

     Alceste:  | Yeah a lot this week |       

In this exchange, I inquire as to the interaction between Alceste and his students during 

office hours. Alceste’s response demonstrates a speech act and can be elaborated to a full clause 

once the elided information has been recovered (Foster, Tonkyn, & Wigglesworth, 2000). Such 

an utterance would appear as ‘yeah, [I had] a lot this week,’ thus regaining the propositional 

content of the original utterance.  

 In addition to sub-clausal units, the AS-unit also accommodates the occurrence of non-

finite verbs that function as catenative verbal complements.  

(2) Alceste:  | I want :: to be more fluent | and still {I have to} I want :: to (..) {can} tell 

everything :: I want for basic stuff at least |  

 

The verbal infinitives to be and to tell in (2) function as non-finite verbal complements and, as 

such, are included within the AS-unit (see discussion of subordination below for further 

clarification). The relative clause that I want for basic stuff… is also distinguished by the double 

colon ( :: ) indicating a clausal boundary.  

Finally, a methodological note is warranted as few CAF studies employing the AS-unit 

discuss the levels of application which are adopted for analysis (cf. Tonkyn, 2012). Foster, 

Tonkyn, and Wigglesworth (2000) delineate three specific levels of application which, by means 

of principled exclusion, allow researchers to purposefully select data to be included relative to 

the purpose of analysis. It is important to note that level of application equates to potentially 

disparate findings when quantifying metrics are applied to AS-unit and clause analysis. 

Transparency on behalf of researchers as to the selected level of application is necessary if meta-

synthesis of findings across studies is to be attempted. Given the highly interactive nature of the 

conversation task, I chose to employ the AS-unit at the second level. Intrinsically, interactive 
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conversations contain frequent one-word minor utterances as well as verbatim echoic responses 

that do not demonstrate illocutionary force. This is demonstrated in (3) below: 

 (3) Reid:   Did you learn anything new in English? 

Alceste: | yeah (&) | it was not a student :: but 'I cannot help it' | I didn't 

know this expression | so I use it now @ | 

Reid:   I cannot help it. 

Alceste:  | I cannot help it | yeah |  

Reid:   Like something that I can’t avoid.  

Alceste:  | yeah | 

In (3), Alceste’s one-word minor utterance yeah as well as the verbatim echoic response I cannot 

help it are excluded from analysis at the second level and, as such, are not counted as AS-units. 

Such utterances were not present in the narrative task; thus, applying the second level of analysis 

fostered consistency between both data sets. This methodological consideration proved highly 

significant as developmental trajectories of the CAF constructs were examined across tasks. 

Table 1 below provides the AS-unit transcription conventions used during data analysis.  

Table 1 

Transcription Conventions 

Symbol or format Description 

Upright slash ( | ) 

Double colon ( :: ) 

Brackets { } 

(?)* 

(.)* 

(&)* 

AS-unit boundary 

Clausal boundary 

Self-repair 

Rising intonation 

Unfilled pauses 

Filled pauses 

Note. *Denotes conventions not originally suggested by Foster et al. (2000). 

 Complexity. In consideration of the multidimensional nature of the constructs of 

complexity, accuracy, and fluency (Norris & Ortega, 2009), in this study I adopt four specific 

measures of grammatical complexity informed, in part, by the theoretical distinctions proposed 

by Bulté and Housen (2012; see Figure 1 above). To begin, three length-based measures were 

included to account for the various mechanisms of sentential complexification. Sentences may be 
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lengthened by (a) the aggregation of (in)dependent clauses via parataxis and hypotaxis, (b) the 

elaboration of clauses via noun phrase complexification and/or the addition of modifiers, or (c) a 

combination of both of these mechanisms. By selecting the specific measures detailed below, 

overall sentential complexification via length-based measures can be examined vis-à-vis the 

interaction of the two mechanisms that underlie this process. To accommodate these processes, I 

view syntactic complexity as: 

 Mean length of AS-unit in words (sentential complexification; ML/AS-unit) 

 Mean length of clauses in words (clausal elaboration; ML/C) 

 Clauses per AS-unit (complexification via hypotaxis; C/AS-unit) 

In addition to these three length-based complexification measures, I included a fourth measure of 

complexity specifically examining the diversity or range of syntactic constructions. As suggested 

by De Clerq and Housen (2017), this particular analysis of syntax has been notably absent from 

the literature with the efforts of these authors being recognized as arguably the first to account 

for such in L2 development. Building on the syntactic diversity index introduced by De Clerq 

and Housen (2017), I developed a metric of syntactic diversity in which distinct syntactic 

constructions (e.g., finite/non-finite relative and adverbial clauses, complement clauses, pseudo-

clefts, noun phrase ellipsis, etc.) were measured on a weekly basis and analyzed via a modified 

type-token ratio. 

Generally implemented in lexical analysis, type-token ratios (TTRs) measure diversity by 

dividing all unique words (types) by the total number of words (tokens) within a given sample. 

As with all empirical methods, TTRs, however, are not unproblematic. It is noted that these 

measures are highly susceptible to changes in text length (i.e., increased tokens; van Hout & 

Vermeer, 2007). To remediate these potential discrepancies, an adjusted TTR was introduced by 
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Guiraud (1953) which accounts for differences in text length by dividing the total types over the 

square root of the total tokens within a sample. Similar to Guiraud (1953), the measure of 

syntactic diversity that I include herein controls for text length by dividing the number of unique 

syntactic constructions (types) by the square root of the total number of syntactic constructions 

(tokens) within Alceste’s dialogic and monologic tasks. Thus, an adjusted, or corrected, type-

token ratio was employed (CTTR) to measure the development of syntactic diversity. The 

complete typology of syntactic constructions included in this analysis can be found in Appendix 

A.   

Finally, as the clauses per AS-unit measure specifically targets subordinate structures, a 

methodological note is warranted as the operationalization included here may differ from some 

perspectives within the field of linguistics. Although not traditionally viewed as subordination3, 

measuring grammatical complexity via clauses per AS-unit also included base form, infinitival, 

and gerundive verbal complements. The choice to include these elements was theoretically 

motivated for two particular reasons. To begin, the AS-unit accommodates catenative verbal 

complements as seen in (2) above; therefore, the inclusion of such elements provides 

methodological consistency with the unit of analysis. Second, it is argued that differences 

between base, infinitival, and gerundive complements “are hard to predict just from the meaning 

of verbs: they are simple lexical specifications which language users need to learn” (Kim & 

Sells, 2008, p. 89). As such, selecting and employing the correct non-finite complement may 

prove challenging to learners of English as a second language.  

                                                 
3 Role and Reference Grammar (Van Valin, 2001), for example, views constructions such as I need to leave  not as 

embedded constructions, rather as non-subordinate nexus types. In addition, Van Valin (2005) argues that infinitival 

complements do not constitute subordination syntactically given that they do not cleft nor passivize analogous to 

similar constructions (i.e., gerunds and that-clauses). While these views conflict theoretically, the decision to include 

such constructions as instantiations of subordination in this paper is consistent with the definitions of the unit of 

analysis as outlined by Foster, Tonkyn, and Wigglesworth (2000).  
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In addition, verbal ellipsis both within and across clauses is a common feature of spoken 

English. In this manner, traditional conjuncts (e.g., and, or) serve not to coordinate clauses via 

parataxis; rather, they allow for main verbs to be elided in complex verbal predicates. This 

notion further complicates the use of non-finite verbal complements as coordinator-imposed 

featural agreement (Ross, 2014) is not obligatory in these constructions. This phenomenon is 

demonstrated in (4) below.  

(4) Alceste:  | {and when} and the president doesn't have any power for that decision | 

he just have :: to take it and :: to let people speak and :: wait for the 

decision of the people yeah | 

 

In (4), the auxiliary have combines with the infinitive to plus base-form complements take it and 

let people speak as well as with the infinitiveless base-form complement wait for the decision of 

the people. This utterance exemplifies the ability of auxiliaries to select infinitival complements, 

yet equally permit infinitiveless base-form complements via coordination. Indeed, the verb 

phrase he just have (sic) is successfully elided and can be recovered to the full clause “he just 

have to take it and [he have] to let people speak…” Utterances containing elided elements via the 

coordination of verbal predicates may impose greater challenges to L2 speakers given the 

morphosyntactic unpredictability from the main verb alone (Kim & Sells, 2008). As such, 

coordinated verbal complements were included in analysis as clausal and not AS-unit 

boundaries.  

 Similarly, supra-clausal subject ellipsis, in which subject NPs are elided in coordinated 

clauses, is equally present in spoken English. This process is highlighted in (5) below. The elided 

elements are denoted by ∅.  

(5) Alceste:  | he came back to his old castle :: and ∅ just fixed it again :: to be an actual 

(&) noble lord | 
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In this example, Alceste discusses the plot of a novel by the French author Theophile Gautier. 

Within this single AS-unit, two clauses appear coordinated via the conjunct and, yet the subject 

NP he is elided across the clausal boundary. Although the second conjunct in (5) is not 

subordinated to the first, the anaphoric element he finds its antecedent in the initial clause; thus, 

the clause containing the subject NP argument is restricted to the initial position as anaphoric 

elements cannot appear before their antecedents (Fabricius-Hansen & Ramm, 2008). 

Furthermore, the canonical symmetry condition characteristic of coordination is absent in this 

construction; therefore, the propositional content in (5) is necessarily dissimilar to that in (5a).  

(5a) Alceste: *And [he] just fixed it again and he came back to his old castle. 

The ellipsis present in (5) does not allow ‘and just fixed it again’ to stand alone as an 

independent clause. Given these conditions, instances of supra-clausal subject NP ellipsis were 

marked as (::) denoting clausal and not AS-unit boundaries.  

Accuracy. Taking into consideration the suggestion that global measures of accuracy 

may best account for L2 development (Foster & Wigglesworth, 2016), accuracy was 

operationalized as the mean number of errors per AS-unit (see also Inoue, 2016; Li, Chen, & 

Sun, 2015; Michel, Kuiken, & Vedder, 2007; Mora & Valls-Ferrer, 2012). This decision was 

further motivated by the limited number of errors present in Alceste’s oral production. The 

inconsistency of error production related to specific constructs across the data set would have 

made claims regarding L2 development challenging (see the discussion of Foster & 

Wigglesworth, 2016 above). Similar to Li, Chen, and Sun (2015), errors were defined as 

inaccurate production in the areas of lexical choice, morphology, and syntax (see also Yoon & 

Polio, 2017). These are exemplified in (6a) and (6b) below. 
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(6a) | so the guy in the novel, nobody understand :: why he want :: to become 

an actor | 

(6b) | it's like a mixture of every characters’ imaginary | 

In (6a), for example, Alceste produces two erroneous verb forms (e.g., understand, want) as the 

inflectional third person singular morpheme –s is missing from these constructions. The example 

in (6b) represents inaccuracy in lexical choice as the word imaginary is used instead of the 

correct form imagination.  

Fluency. In this study, fluency was operationalized in accordance with the three 

subcategories of speed, breakdown, and repair fluency as suggested by Skehan (2009). In this 

way, speed fluency was viewed globally as a measure of words per minute (WPM). It is worth 

noting that measures of speed fluency can vary greatly in dialogic interaction as the contribution 

of the interlocutor to the overall conversation may change each week; therefore, an imbalance 

may exist in total talk time each week thus confounding results. As the monologic task was 

carried out solely by the participant, WPM in this task was a more accurate measure of speed 

fluency performance; however, speed fluency was measured in both tasks. Three measures of 

breakdown fluency were included in analysis: silent pauses, filled gaps (e.g., um, em, etc.), and 

pause clusters (Towell, 2002). Pause clusters are defined as a sequence in which pauses and 

filled gaps are found in unison. The frequency of pause clusters has been found to strongly 

influence language evaluators’ assessments of oral L2 production (Kormos & Trebits, 2012). As 

such, this measure was included as an indicator of development over time. Finally, repair fluency 

was measured as a function of self-repair or the successful and/or failed attempts on behalf of the 

participant to self-correct his language. As depicted in Table 1 above, brackets { } were used 
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within the transcripts to designate self-repair. This can be seen in the following example in which 

Alceste self-corrects his incorrect use of the present progressive tense: 

(7) | she missed something | and so {she humiliating} she's humiliating her | 

A complete list of the nine measures of complexity, accuracy, and fluency examined in this study 

can be seen in Table 2 below.  

Table 2 

Measures of Complexity, Accuracy, and Fluency 

Construct Measure 

Complexity 

Sentential level: Mean length of AS-unit (ML/AS-unit) 

(Supra)clausal level: Clauses per AS-unit (C/AS-unit) 

Clausal level: Mean length of clause (ML/C) 

Syntactic diversity (Syn-D) 

Accuracy 
Errors per AS-unit 

Fluency 

Silent pauses 

Filled gaps 

Pause clusters 

Self-repair 

 

Data Analysis 

 In order to address the research questions set forth at the beginning of this paper, the 

longitudinal data set was examined in regard to the nine measures of complexity, accuracy, and 

fluency as they developed diachronically across a monologic (narrative) and a dialogic 

(conversation) task. In accordance with Glesne’s (2006) suggestion that “data analysis done 

simultaneously with data collection enables you to focus and shape the study as it proceeds” (p. 

148), all data were transcribed orthographically and analyzed each week. In addition, all data 

were reanalyzed at least four months after initial collection as a means to ensure internal 

consistency (see Trustworthiness below).  
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Analysis began each week by first demarcating all utterances for AS-unit and clausal 

boundaries commensurate with the methodological suggestions of Foster, Tonkyn, and 

Wigglesworth (2002). Next the nine measures of complexity, accuracy, and fluency were 

calculated as per the operationalizations outlined above. Once this analysis was complete, 

graphic representations known as state space or phase space plots (Kantz & Schreiber, 2000) of 

the developmental trajectories were prepared showing the CAF constructs on the Y axis as a 

function of time on the X axis. This analysis is consistent with much of the complexity-informed 

literature (e.g., Spoelman & Verspoor, 2010) and permitted a view of Alceste’s L2 proficiency as 

it developed at weekly timescales. The importance of representing numerical data as graphic 

trajectories in time cannot be understated as such a method “provides a powerful basis for both 

visualizing and quantifying the dynamics of both nonlinear and chaotic systems” (McCamley & 

Harrison, 2016, p. 13). Such visual inspection plays an important role in non-linear time series 

analyses as it yields insight into the dynamics of the system (Kantz & Schreiber, 2000).  

In the addition to the quantitative analysis of the CAF data, I examined the dynamic 

trajectories of Alceste’s L2 proficiency qualitatively throughout the entire data set in order to 

provide a more nuanced interpretation of the specific way(s) in which his language developed 

over time. This analysis was driven largely by visual inspection of the graphic representations 

produced via the quantitative analysis. In this way, I was able to more thoroughly scrutinize 

moments of particularly anomalous variance in an attempt to garner insight into the (change in) 

language production during these periods.  

 Dynamic interaction analysis. The second research question addressed in this 

dissertation looked specifically at the dynamic interaction between the complexity, accuracy, and 

fluency constructs over time. The search for such dynamic interactions was motivated by the 
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suggestion that the synergistic interaction between the components within a complex system is 

perhaps more important than understanding the components themselves (McGrath, 2016). 

Although all interactions are equally important, I’ve restricted the discussion within this 

dissertation to the unique relationships between syntactic complexity and the construct of 

accuracy. In this way, the potential relationships between accuracy and fluency were not 

addressed as has been done elsewhere (e.g., Hepford, 2017). This decision does not, in any way, 

trivialize the dynamic relationship between these constructs. Instead, a specific focus on 

syntactic complexity and accuracy allowed for a more nuanced examination and description of 

the ways in which the relationships between these constructs developed over time. The dynamic 

interaction analysis was completed in three ways. 

 To begin, Pearson product-moment correlations were run between the global measure of 

accuracy (errors/AS-unit) and the three length-based measures of complex syntax (clausal and 

sentential elaboration and subordination). Similar to other complexity-informed studies (e.g., 

Spoelman & Verspoor, 2010), the significance of these correlations was calculated via a Monte 

Carlo simulation. As a means of determining whether or not a correlation is based on 

coincidence, Monte Carlo simulations estimate p-values by calculating the correlations of 

resampled (or shuffled) data over a given number of iterations. For this study, 10,000 iterations 

were run between the variables. The p-value is calculated by dividing the number of times the 

simulated value is greater or equal to the observed value by the total number of iterations 

(Spoelman & Verspoor, 2010). Results of these analyses were interpreted as indicators of the 

overall trends in the relationships between these constructs.  

However, this type of linear correlation analysis views a dataset statically (i.e., it does not 

account for changes in relationships among variables over time), thus failing to recognize the 
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non-ergodic nature of complex systems. As ergodicity, or “the assumption that the structure and 

strength of the relationships among model components are stable over time” (Hilpert & 

Marchand, 2018, p. 3), cannot be assumed for the complex L2 system (Lowie & Verspoor, 

2018), a more dynamic understanding of the relationship between system components is 

warranted. To accommodate such non-ergodic processes, I then employed the tool of moving 

window correlations (Verspoor, de Bot, & Lowie, 2011) as a means to visualize the dynamic 

relationship between total error production and the use of complex syntax. This is accomplished 

by first establishing the relationship between a fixed number of data points in a time series (i.e., 

T1 to T5) and progressively viewing the changes in these relationships by then correlating T2 to 

T6, T3 to T7, T4 to T8, and so on. When the results of the moving correlations are plotted 

graphically, the fluctuations in the trajectories provide insight into the ways in which correlations 

between constructs change over time.  

The idea that the components within a complex system are intrinsically related is not 

new, and the potential relationships that may exist have been discussed (van Geert, 1994). Those 

components demonstrating interconnectedness over time are referred to as connected growers, or 

components whose growth (or regression) is dependent on the growth (or regression) of other 

components. If the moving window correlations reveal a strong positive correlation, i.e., the 

growth in one construct occasions equal growth in another, these components are said to have a 

supportive relationship. By contrast, a competitive relationship exists between those constructs 

which demonstrate a strong negative correlation, i.e., the growth in one construct results in the 

regression of another (van Geert, 1994).  

Next, to understand the local dynamics of the development of a specific syntactic 

construction, I followed the relationships between complexity, accuracy, and fluency 
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qualitatively as they related to non-finite adverbial clauses. Specifically, before- and without-

headed adverbial clauses demonstrated a curious path of development and led to the 

conceptualization of the bifurcation model outlined in the results section in chapter five. In this 

way, the usage of these constructs in Alceste’s oral production was plotted graphically to 

represent (a) the emergence of forms, (b) as well as the accuracy and fluency with which they 

were produced.  

Fractal analysis. In order to address the potential self-similarity of complex syntax (see 

research question three), the relationships between subordination, clausal elaboration, and 

sentential elaboration were examined across three temporal levels. This included the successive 

enlargement of the oral production data from the level of the entire dataset (30 weeks), to 30 

conversation turns within one week, and finally to 28 AS-units within a single conversation turn 

as 28 was the maximum number of continuously produced AS-units within a single turn. Typical 

of non-linear time series analyses, visual inspection (Kantz & Schreiber, 2000) of the phase 

space plots for each successive temporal level was then completed and each trajectory was 

compared to determine self-similarity across timescales. Admittedly, the exploratory nature of 

the fractal analysis described herein is limiting as more robust measures of fractality typically 

rely on datasets containing hundreds if not thousands of individual data points most frequently 

generated with the aid of computerized instrumentation.  

Trustworthiness 

Triangulation. The two oral tasks discussed above represent data methods triangulation 

(Denzin, 1978) given that the constructs of complexity, accuracy, and fluency are known to 

differ across tasks. As “triangulation prevents the investigator from accepting too readily the 

validity of initial impressions” (LeCompte & Preissle, 1993, p. 48), viewing Alceste’s L2 
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development across tasks allowed me to look beyond the claims of developmental stagnation in 

grammatical complexity that have been reported in studies examining one particular task (e.g., 

Polat & Kim, 2014). In addition, member checks, or respondent validation (Merriam & Tisdell, 

2016), provided additional confirmation, particularly when I was unable interpret the oral data 

during the process of transcription.  

Methods of triangulation as they are understood in the canonical sense are employed 

generally to seek confirmatory or disconfirmatory evidence through a process of cross-checking 

(Merriam & Tisdell, 2016) broadly across a data set. The triangulation between the data from 

both the conversation and narrative tasks in this study is consistent with this understanding and, 

insofar as it looks across the entire dataset longitudinally, I refer specifically to this method as 

breadth-of-data triangulation. The fractal analysis cited above, however, allows for claims to be 

supported not broadly across a dataset, rather by examining phenomena more deeply at finer and 

finer temporal timescales. Thus, I suggest that fractal analysis represents a method of depth-of-

data triangulation. As the results of this analysis demonstrated the self-similarity of complex 

syntax at each temporal level, the trustworthiness of this claim is supported by such depth-of-

data triangulation.  

 Interrater reliability. Although interrater reliability was not calculated specifically for 

analysis, decisions as to the accuracy of slightly ambiguous forms were made in consultation 

with native speakers. These speakers included both individuals with expertise in the area of 

applied linguistics as well as those who were unfamiliar with the field. General consensus was 

achieved through discussion before accuracy analysis was completed.  

 Intrarater reliability. Similar to Vasylets, Gilabert, and Manchón (2017), intrarater 

reliability was calculated through a re-analysis of all data at least four weeks after initial 
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collection. Re-calculated complexity measures (C/AS-unit, ML/AS-unit, ML/C) as well as those 

of accuracy and fluency achieved over 97% agreement between the two periods of analysis. Any 

dissimilarity was examined and discussed with knowledgeable colleagues so that consensus of 

analysis could be achieved.      

 Peer debriefing. Informal discussion with knowledgeable colleagues throughout the 

design phase as well as during data collection allowed for an audit trail (Guba & Lincoln, 1982) 

in which consistent feedback was sought when making theoretical, methodological, and/or 

analytic choices. As this dissertation is transdisciplinary in that it incorporates concepts from 

both physics (e.g., dynamic systems theory) and mathematics (e.g., fractal geometry), scholars in 

these fields were consulted when new findings emerged.  
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Chapter Four: The Longitudinal Development of Complexity, Accuracy, and Fluency 

 In this chapter, I present the results of the analysis of the complexity, accuracy, and 

fluency of Alceste’s speech over one academic year as outlined in chapter three. By not enrolling 

in any formal ESL coursework during his stay in the United States, Alceste’s L2 experience was 

similar to that of many second language users around the world. In this sense, untutored L2 users 

receive the majority of their linguistic input not in the classroom setting, rather through 

experience and interaction within the L2 environment. To reiterate, while completing a one-year 

exchange with a university in Western New York, Alceste functioned as a legitimate user of his 

second language, engaging daily in linguistic exchanges with his students, colleagues, and 

friends in addition to the myriad interactions in his environment with native and non-native 

speakers alike. Undoubtedly, his linguistic proficiency experienced ‘growth’ in certain constructs 

over this period in the traditional sense of marked increase on specific metrics. In other areas, 

however, these metrics demonstrated stagnation or even decline as was the case with several 

measures of fluency. Viewed superficially, this lack of progression and/or decline may be 

interpreted outwardly as evidence that mere exposure to the L2 environment is insufficient in 

spawning the development of linguistic proficiency. A more detailed analysis, however, reveals 

that decreases in constructs such as fluency, for example, may serve to support growth in areas 

such as accuracy. This, of course, is consistent with the complexity framework informing this 

study, and aligns with the notion that certain relationships exist between the components and 

sub-components of complex systems (van Geert, 1994).  

 The first research question within this dissertation seeks to identify the ways in which the 

constructs of complexity, accuracy, and fluency develop diachronically across two specific 

language tasks—a monologic narrative retelling and a dialogic conversation. Although it is well 
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established in the literature that clear performance differences exist between such tasks, the 

significance of this study comes from the process-oriented approach to language development 

offered by a CDST theoretical frame. In this way, the data presented here allow us to view the 

longitudinal trajectories of development as measurement occurred on a weekly basis over one 

academic year.  

 As the first research question looks specifically at longitudinal changes in complexity, 

accuracy, and fluency across tasks, in the subsequent sections, I present the analysis of these 

constructs independently. In this way, each of the following figures demonstrates the 

developmental trajectories of specific constructs from both the conversation and narrative task.   

Syntactic Complexity 

 Four overall measures of syntactic complexity were calculated on a weekly basis. Two of 

these measures examined elaboration at the sentential (ML/AS-unit) and clausal (ML/C) levels, 

thus reflecting length-based complexification. Complexity via subordination was calculated via a 

density-based measure of the total number of clauses per AS-unit (C/AS-unit). Finally, with the 

Syntactic Diversity Index of De Clerq and Housen (2017) taken as a point of departure, the 

diversity of subordination was measured via a corrected type-token ratio in which the number of 

unique types of syntactic structures was divided by the square root of the total tokens within the 

data set each week (Syn-D). All data within the phase space graphs are plotted in raw scores in 

order to illustrate the differences between each task. In addition, consistent with previous CDST 

studies, polynomial trendlines have been added to aid in the visualization of developmental 

trends over time.  
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Figure 2. Subordination as measured by clauses per AS-unit in conversation and narrative tasks. 

 

Figure 3. Mean length of AS-units in words in conversation and narrative tasks. 
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Figure 4. Mean length of clause in words in conversation and narrative tasks. 
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figures above, however, is that the trajectories of these constructs over time are indeed non-

linear. At no time is Alceste’s use of complex syntax within the conversation task isomorphic 

from week to week.   

 Similarly, the trajectories of syntactic complexity within the monologic narrative task are 

equally non-linear. Yet by contrast, this task demonstrates clear change within the length-based 

measures as both sentential and clausal elaboration seemingly decrease over time (see Figures 3 

& 4). Although a decrease in sentential elaboration is noted over the academic year, the raw 

scores indicate that this construct remains significantly above the levels of the conversation task. 

That is, Alceste consistently produced longer AS-units in the narrative than he did in 

conversation. Conversely, the most dramatic change in these measures is noted in Alceste’s 

clausal elaboration which, over time, begins to greatly approximate the levels seen within the 

conversation task. In this way, it appears as though a convergence in clausal elaboration has 

occurred between both tasks with several weeks indicating nearly identical levels.  

 

Figure 5. Diversity of subordinate structures in conversation and narrative tasks. 
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 Syntactic diversity. Finally, the fourth measure of complex syntax sought to identify the 

changes in diversity of subordinate structures over the period of data collection. While density-

based measures of subordination may give insight into the progressive complexification of oral 

speech over time, these measures must be interpreted with caution. Potentially confounding 

results may arise if language users demonstrate a numerical increase in subordination via the 

overreliance of a limited number of subordinate structures. Given the recursive nature of human 

language, highly subordinate utterances may be produced by simply adding numerous clauses of 

similar type. Because-headed adverbial clauses, for example, may be iteratively stacked thus 

resulting in subordinately-dense, yet narrowly diverse speech. To address this potential 

shortcoming, diversity-based measures of complexity yield insight into the acquisition of novel 

syntactic structures as well as the distribution of these structures within speech.  

 Results of this analysis as seen in Figure 5 above reveal that syntactic diversity differs in 

its developmental trajectory across dialogic and monologic tasks. Although the overall density-

based measures of subordination indicate limited increase over one academic year, viewing the 

trajectories of syntactic diversity suggest that Alceste’s oral production indeed became more 

diverse throughout his sojourn in the English-speaking environment. Salient in Alceste’s data 

were two specific syntactic forms that both emerged and increased in usage. These included 

parenthetical phrases and coordinated verbal complements.  

(4a) Alceste:  | because they told us :: and they're right :: that we have {to speak} (.) :: to 

teach them :: how to communicate :: and to find situations and stuff | 

 (Conversation – Week 28) 

 In (4a), Alceste introduces the parenthetical phrase and they’re right, thus successfully 

distancing the verb told from the complement phrase that follows. In addition, coordinated verbal 

complements such as and to find above serve to complexify language as new dependencies are 
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added to specific utterances. Once again, the results shed light on the disparate nature of oral 

production across tasks as the monologic narrative task elicited consistently more diverse speech 

while the conversation task demonstrated sustained growth in levels of diversity over one 

academic year.  

Accuracy 

 Whereas several measures of complex syntax demonstrated stagnation or decline in the 

dataset, perhaps the most significant growth in Alceste’s language production came in the area of 

accuracy. To reiterate, the construct of accuracy was viewed as a global measure of the mean 

number of errors per AS-unit. More specific measures of accuracy were excluded from analysis 

given that the overall infrequency of errors would have provided little insight into local areas 

such as present- or past-tense morphosyntax, plural marking, word choice, etc.  

 

Figure 6. Global accuracy as a measure of errors per AS-unit in conversation and narrative tasks. 

 Figure 6 displays the development of accuracy in both the dialogic and monologic tasks. 
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progressively fewer errors throughout his time in the United States. Clearly, the narrative task (in 

orange above) demonstrates initially greater levels of erroneous forms as well as greater 

variability over time. This finding suggests a particular sensitivity to task type in that the 

discursive demands of a narrative retelling may occasion increased target-deviant production 

perhaps due to increases in cognitive load (see also Révész, Michel, & Gilabert, 2016). By 

approximately week 21, over two-thirds of the way into his stay, the average number of errors 

per AS-unit finally began to converge between both tasks and seemed to reach a period of 

relative stability. This is not to say, of course, that all errors disappeared completely from 

Alceste’s language production; yet the occurrence of target-deviant linguistic forms beyond 

week 23 was significantly diminished. As a standalone finding, the noteworthy improvement in 

the construct of accuracy should be encouraging to language learners and teachers alike. 

However, the true methodological and theoretical significance of these findings comes from the 

understanding of the complex synergistic interaction between accuracy and the construct of 

fluency. This relationship will be discussed further in the chapter five.  

Fluency 

 Four measures of fluency were calculated on a weekly basis in accordance with the 

subcategories of speed, breakdown, and repair fluency as proposed by Skehan (2009). These 

measures included words per minute (WPM), silent pauses (SPs), filled gaps (FGs), pause 

clusters (PCs; Towell, 2002), and instances of self-repair (S-R).  

 Speed fluency.  
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Figure 7. Global fluency as words per minute in conversation and narrative tasks. 
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Figure 8. Silent pauses per minute in conversation and narrative tasks. 

 

Figure 9. Filled gaps per minute in conversation and narrative tasks. 
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regression in proficiency over this time period. This interpretation, however, would fail to 

account for the relationship between these and other components of the complex linguistic 

system. As the nature of such relationships is the subject of the second research question guiding 

this dissertation, a fuller discussion can be found in subsequent sections.  

 A particularly salient conclusion can be drawn, however, when the apparent increases in 

silent pauses and filled gaps are interpreted alongside the increasing trajectory of speed fluency 

(words per minute) within the narrative task specifically. On the surface, an increase in 

dysfluency features in language production (i.e., less talk time due to silent pauses and filled 

gaps) would suggest a unfavorable effect on overall speed fluency. That is, as a language user 

demonstrates greater breakdown dysfluency in their speech, the anticipated outcome would be a 

diminished number of words produced in a given time period. Alceste’s results prove contrary to 

this assumption. While dysfluency features increased dramatically in the narrative task, for 

example, the overall rate at which Alceste’s speech was produced equally grew. This is 

suggestive of growth in the overall density of his speech in the sense that his growing proficiency 

allowed for an increase in the rate at which words were articulated. Although he paused more as 

the weeks passed, the speech produced between these pauses became progressively more fluent. 

Unfortunately, such fluency was not captured from the metrics employed within this study and 

can only be inferred from a concurrent interpretation of the graphs displayed above.  

 Pause clusters. As an additional measure of breakdown fluency, I calculated the mean 

number of pause clusters in Alceste’s oral production each week. As pause clusters have been 

demonstrated to correlate highly with language evaluators’ assessments of linguistic proficiency 

(Tonkyn, 2012), these instances of combined silent pauses and filled gaps may provide realistic 

insight into development over time. As Figure 10 demonstrates below, the number of pause 
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clusters per minute in both conversation and narrative tasks remained relatively consistent over 

the period of data collection, with the polynomial trendline indicating a slight decrease in this 

dysfluency feature towards the middle of the academic year. Clearly, the narrative task 

demonstrated not only the greatest number of pause clusters, but equally the most variable 

trajectories of development.  

 

Figure 10. Pause clusters per minute in conversation and narrative tasks. 
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 (Conversation – Week 1) 

(5b) Alceste:  | and he just (&) (.) lend us (.) a camp bed not even a real bed | 

 (Conversation – Week 8) 

(5c) Alceste:  | then a very {huge} (.) (&) huge cord | a lot of people around {the} (.) the 

rest of the house | 

 (Narrative – Week 25) 

In these examples, Alceste relies on pause clusters to provide the additional time 

necessary for taxed lexical retrieval. In (5a) and (5b), for example, he struggles to find the words 

pirate and lend to convey the message of his utterance. Ultimately, these lexical items are 

successfully retrieved and produced in a target-like manner. In (5c), however, Alceste is 

searching for the word crowd—which he subsequently admitted was new to him—and was 

unable to produce the target-like form. Instead, somewhat aware of this mistake, he appropriately 

expresses the idea of a large group of people in his next utterance through the process of 

circumlocution. Not all instances of pause clusters, however, resulted in the successful retrieval 

and/or production of target-like forms. Instead, pause clusters often led to the termination or 

abandonment of utterances when specific lexical items could not be successfully retrieved. This 

is demonstrated in (6a) and (6b) below.  

 (6a) Alceste:  | he's like :: sure hospitality is one of my (&) (.) | it's something :: you have 

:: to do :: when you're a noble person | 

 (Narrative – Week 26) 

(6b) Alceste:  | there's a (.) (&) | how do you call that? | not a factory but (&) (.) a place 

where people are working on the commercials so |  

 (Conversation – Week 28) 

Here the failure of lexical retrieval results in the termination and abandonment of specific 

utterances as the appropriate word(s) cannot be recalled. It is worth pointing out, nevertheless, 

that the discourse strategy following these abandoned utterances differs between both narrative 

and conversation tasks. As demonstrated in (6a), the narrative task, in which no interlocutor 
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feedback is available, requires that Alceste rely on circumlocution without direct appeal to the 

interlocutor. It can be speculated that he was seeking the word duties in his abandoned 

utterance—a term which he successfully describes in his subsequent turn. By contrast, the 

discursive dynamics of the conversation task allow him to make a direct appeal to the 

interlocutor even though an attempt at circumlocution is made. This signals a noteworthy 

difference between the tasks and is suggestive of the fact that monologic tasks may prove more 

challenging in that they require that the language learner rely solely on his or her linguistic 

abilities to achieve meaning making. Taken a step further, without interlocutor feedback save for 

backchannel cues, the language user must assume that their language production communicates 

their intended meaning successfully. This may indeed add an additional layer of complexity to 

monologic tasks.  

 In addition to the difficulty expressed with lexical retrieval, pause clusters equally 

appeared at certain moments in which Alceste seemingly struggled with syntactic structures. 

Curiously, several of these pause clusters co-occurred with novel syntactic forms such as 

parenthetical phrases (7a) as well as those forms which had presented habitual challenge to 

Alceste (e.g., non-finite adverbial clauses; 7b).  

(7a) Alceste:  | so the mother Aruru :: I think :: that's her name in English :: (&) (.) create 

a new god from the dust like in the bible | 

 (Narrative – Week 12) 

(7b) Alceste:  | and some modern artists just (&) (.) instead of having the original words 

:: they put some lines black lines |  

 (Conversation – Week 19) 

In (7a), the addition of the parenthetical phrase I think that’s her name in English served to 

extend the dependency distance between the subject NP the mother Aruru and the finite head of 

the predicate that followed. This increased dependency distance occasioned a pause cluster as 
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Alceste searched for the appropriate conjugation of the verb create. Producing an erroneous 

form, he was unable to achieve dependency resolution and the verb was ultimately conjugated 

incorrectly. The significance of this pause cluster comes from the insight that it provides into 

dependency resolution, particularly when this distance is increased via the aggregation of 

complex syntax, given that complex dependencies may prove challenging to language learners 

(Mellow, 2008). Here, Alceste struggled to retain the original dependency as the complexity of 

the sentence increased, indicated by the occurrence of the lengthy pause cluster before the verb 

was produced.      

 In (7b), the introduction of a non-finite adverbial phrase—constructions which had been 

particularly challenging to Alceste—was preceded by a pause cluster providing him with the 

necessary online planning to produce a target-like structure. As with the parenthetical phrase in 

(7a), the pause clusters demonstrated within these utterances evidence the development of 

automaticity, that is, a process by which linguistic structures are produced with greater and 

greater fluency as a result of increased linguistic knowledge. As these syntactic structures were 

relatively novel in Alceste’s data, he had not yet developed the appropriate automaticity to 

produce these structures fluently.  

The particular co-occurrence of pause clusters with taxed lexical retrieval as well as the 

production of complex syntax, as demonstrated here, was rather ubiquitous throughout the period 

of data collection and represents a significant function of these sequences in Alceste’s 

development. Clearly, such pause clusters emerged at those moments in which Alceste seemed to 

have struggled the most, thus providing him with extended opportunity to retrieve lexical items 

or to produce complex syntax. The methodological relevance of these sequences is also apparent 

in that detailed scrutiny of the occurrence of pause clusters seemingly yields critical insight into 
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the process of language development. In this case, identifying pause clusters shed light onto the 

emergence of complex syntactic structures and illustrated the challenges associated with the 

development of complex grammar.  

A final point regarding pause clusters must be mentioned particularly as the occurrence 

of these structures relates to a potential overall increase in the dysfluency measures of silent 

pauses and filled gaps. Naturally, as pause clusters are dysfluency sequences in which silent 

pauses and filled gaps appear concomitantly, an increase in these features should theoretically 

provide the language user with increased opportunities for pause clusters to occur. In Alceste’s 

data, however, the relative intensification of silent pauses and filled gaps did not result in a 

marked increase in pause clusters over time. This may be related, in part, to the apparent function 

of pause clusters discussed above in that these dysfluency features often accompany sustained 

periods of lexical retrieval. Whereas silent pauses and filled gaps provide the language user with 

brief moments of online planning, the extended dysfluency occasioned by pause clusters seems 

to be reserved for the retrieval and/or production of those structures which most challenge the 

language user. As language proficiency grows over time, the need for these weighty disfluency 

sequences may diminish as automaticity improves. When scrutinized in greater detail, the insight 

garnered from the analysis of pause clusters may provide deeper insight into the process of 

development at a much finer level.  

Repair fluency. Finally, repair fluency was measured as a function of the mean 

occurrence of self-repair per minute. Similar to the trajectories of breakdown fluency, viz., silent 

pauses and filled gaps, Alceste gradually employed increasing amounts of self-repair in both the 

conversation and narrative tasks (see Figure 11).  
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Figure 11. Self-repair per minute in conversation and narrative tasks. 
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process of phrase selection (8b) in which one phrase is chosen over a previously uttered phrase. 

As is the case with second language users, for example, the latter process may be related in part 

to uncertainty with target-like forms, thus resulting in a vacillation between phrases. The 

majority of self-repair in Alceste’s data during the first half of the academic year reflected this 

particular use of self-repair; few, if any, instances of self-repair related to the correction of 

erroneous forms during this period.  

 As the trajectories of self-repair in both the conversation and narrative tasks began to rise 

toward the second half of data collection, a novel use of this tool began to appear in the data. In 

this way, self-repair initiated sequences in which Alceste produced a target-deviant structure and 

subsequently corrected his erroneous utterances. This process is exemplified below.  

(9a) Alceste:  | {he lose} (&) {he loses it} he loses it in the street | 

 (Narrative – Week 18) 

(9b) Alceste:  | yeah he was {fascinating} fascinated by that |  

 (Conversation – Week 21) 

(9c) Alceste:  | the other guy :: who is now {young} {more younger} younger than Don 

Diegue wanted the place very badly |  

 (Narrative – Week 28) 

 The transition revealed by the analysis of self-repair features is significant in the 

development of second language proficiency. At the outset, Alceste remained seemingly 

unaware of the errors that he produced while speaking. Yet through sustained contact and 

exposure to the L2 environment, paired with the internal self-organization of his complex 

linguistic system, he developed the capacity to monitor his oral production and move toward 

increased levels of accuracy. As a case in point, the present-tense third person singular –s marker 

presented considerable difficulty at the beginning of his academic year abroad. This idea was 

echoed in one particular discussion between Alceste and me toward the end of the first semester.  
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Alceste:  ‘Cause (&) I was listening to a friend in English and I was wondering like 

when does he use [the third person singular], and he uses that every time. 

Reid:  Always. 

Alceste:  And for him it's normal, but for me it was impressive. Like this is pretty 

hard to say sometimes. But for him… and I was like trying to repeat that 

in my mind. 

 (Conversation – Week 11) 

Clearly, Alceste’s awareness of this feature in his linguistic input drove him to improve 

significantly over time. Although the third person singular –s marker is not perceptually salient 

in English speech, his attentiveness to the production of his native-speaking peers ultimately 

moved him toward greater attentiveness to this feature in his own language production.  

Conclusion 

 In this chapter, I have explored the longitudinal development of the complexity, 

accuracy, and fluency (CAF) of a single untutored learner of English as a second language over 

one academic year in the United States. In accordance with much previous complexity-informed 

scholarship in applied linguistics, the visualization of the CAF data effectively demonstrates the 

non-linear nature of the diachronic development of second language proficiency. Equally, as the 

developmental trajectories of each construct wax and wane independently over time, this 

analysis reifies the significant inter-individual variation that has been noted within the CDST 

literature. In sum, we see that while certain constructs such as complexity may demonstrate little 

growth over time, others may improve significantly, as was the case for accuracy. In addition, 

the dramatic increase in dysfluency features, namely silent pauses, filled gaps, and self-repair, 

may serve to complicate our underlying assumptions regarding L2 proficiency. While notable 

changes in these features occurred over time, their increase was ultimately tied to greater 

syntactic diversity as well as considerable decreases in target-deviant production. Thus, it must 
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be emphasized that the quantitative change in specific measures may be reflective of the overall 

amount that each construct is produced, yet such change may equally reflect a qualitative 

transformation in the function of each construct. This finding clearly suggests that certain 

constructs, particularly fluency, require a more nuanced view in terms of proficiency 

development, particularly from a process-oriented framework such as that of complexity theory.  

 In addition, the dramatic increase in self-repair in both conversation and narrative tasks 

provided insight into the role of this dysfluency feature in L2 development. At the outset, Alceste 

relied on self-repair mainly as a mechanism to address slips of the tongue or changes in intended 

ideas. As time progressed, however, the function of this feature changed as he increasingly 

monitored his output and corrected erroneous forms. As such, an in-depth analysis of self-repair 

yields insight into the process of language development.  

 Finally, as the research question addressed in this chapter focuses squarely on the 

development of the CAF constructs across linguistic tasks, the analysis presented above clearly 

evidences the significant variation that exists between monologic and dialogic oral tasks. 

Whereas an awareness of task difference is not new, the process-oriented approach inherent to 

CDST research adds to this body of knowledge. In this way, the results presented here 

demonstrate that not only does oral production differ synchronically across tasks, but that over 

time, it indeed develops dissimilarly across tasks as well. This is evidenced most clearly in the 

trajectories of certain aspects of complex syntax, notably syntactic diversity and clausal 

elaboration, as well as in overall fluency measured in words per minute. The disparate 

trajectories of these constructs affirm that not only does language behave differently relative to 

discourse demands, but that it develops in an equally disparate manner throughout the process of 

L2 development.  
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 Furthermore, it appears as though the discourse demands of both monologic and dialogic 

tasks result in dissimilar language production. The qualitative analysis of pause clusters supports 

this assumption in that failed lexical retrieval, noted by the lengthy pause clusters that precede 

these instances, often leads to circumlocution in the narrative task as an interlocutor is not 

present for immediate input. In the conversation task, conversely, similar instances of failed 

lexical retrieval were accompanied by petitions to the interlocutor to supply the missing 

vocabulary. Taken together, these results posit several developmental differences between task 

types and are suggestive of the need to provide language learners with the opportunity to engage 

in both conversation and monologue to encourage development.  
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Chapter Five: The Dynamic Relationship between Complexity, Accuracy, and Fluency 

“Complexity requires a certain level of coordination between the multiple 

components that compose the system. Interactions between the components are 

thought to be more important than the components themselves, and the whole is 

greater than the sum of its parts” 

-McGrath (2016, p. 273) 

 As McGrath (2016) suggests, it is often the interactions among the elements within a 

complex system that are the most important, and perhaps the most interesting, when seeking to 

understand the dynamics that result in the emergent behavior of the complex systems that 

surround us. In the previous chapter, Alceste’s incipient linguistic system was scrutinized in an 

attempt to demonstrate the intra-individual variation within the developmental trajectories of 

complexity, accuracy, and fluency. Although slight inference was made to the curious interplay 

between the constructs of accuracy and fluency, in this chapter, I further explore the dynamic 

relationships between these components. In this way, this chapter addresses the second research 

question related to the way(s) in which the interactions between the constructs of complexity, 

accuracy, and fluency develop longitudinally. Of course, central to the complexity framework 

informing this study is the notion that all components within a complex dynamic system are 

somehow interconnected. This is reflected in the analysis presented herein as the changing 

relationships among system variables seemingly cannot be understood through an examination of 

each individual variable alone. 

While complete analysis and description of all of the potential relationships would 

certainly yield new insight into the dynamics of development, such a comprehensive analysis 

would be beyond the scope of any single dissertation. Instead, I focus specifically on the ways in 

which syntactic complexity was demonstrated to engender both dysfluency and inaccuracy over 

time. Admittedly, this notion may be misleading as it tends to convey a relationship in which 



BIFURCATIONS, FRACTALS, AND NON-LINEARITY IN SLD 94 

 

 

complex syntax unilaterally influences the accuracy and fluency of production. This is not the 

case. As demonstrated below, the relationship(s) between these components is reciprocal, 

evidencing a dynamic give and take between linguistic resources which, ultimately, resulted in 

the accurate, fluent production of complex syntactic structures.  

This chapter is organized in two parts. In part one, I establish the general relationships 

between the CAF domains as well as how these dynamic relationships developed longitudinally 

in Alceste’s oral production. In part two, I narrow the focus to a discussion of non-finite 

adverbial clauses to specifically demonstrate how the emergence of target-like syntactic 

structures transition through periods of accuracy and inaccuracy, fluency and dysfluency. 

Drawing specifically on the data from before-headed adverbial clauses, I present a model of L2 

complexity development that mirrors the construct of bifurcations germane to the behavior of 

complex systems. This model accentuates the importance of accuracy and fluency in the 

emergence of L2 proficiency and illustrates how an in-depth analysis of these features in oral 

production yields significant insight into the process of development.  

Part I: The Relationship between Complex Syntax and Error Production 

 To highlight any potential relationships between the domains of complexity and accuracy 

across the entire dataset, a Pearson product-moment correlation was run between these 

constructs. Correlation analyses revealed that the overall relationship between accuracy and 

complex syntax varied between both the conversation and narrative tasks. In the conversation 

task specifically, a moderate positive correlation existed between error production and all three 

constructs of grammatical complexity (i.e., ML/AS-unit, ML/C, C/AS-unit), with the strongest 

relationship being evidenced between error production and sentential elaboration (ML/AS-unit). 

The narrative task, conversely, demonstrated significant positive correlations between error 
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production and clausal elaboration (r = .72, p < .01) as well as sentential elaboration (r = .47, p < 

.01), yet curiously, no apparent relationship was evidenced between overall error production and 

subordination (r = -.02, p > .05). These results suggest that the mechanisms most closely 

associated with error production varied across tasks. These results are illustrated in Tables 3 and 

4 below.  

Table 3 

Accuracy and Complex Syntax in the Conversation Task 

 Sub ML/AS-unit ML/C 

Errors .41 .56 .46 

 

Table 4 

Accuracy and Complex Syntax in the Narrative Task 

  Sub ML/AS-unit ML/C 

Errors -.02 .47 .72 

 

The results of static correlation analyses, however, must be interpreted with caution as 

these measures do not account for the non-ergodic relationship between constructs over time (see 

discussion in methods section in chapter three). In fact, the Pearson product-moment correlation 

may potentially obscure such changes in relationships as it attempts to calculate an effect size 

synchronically across an entire dataset. As relationships between the components of a complex 

system are understood to be dynamic, complexity-informed research has frequently relied on 

moving window correlations (Verspoor, de Bot, & Lowie, 2011) in an attempt to shed light on 

the ways in which these relationships change over time. Therefore, in order to more fruitfully 

examine the mutable relationship between the constructs of accuracy and complexity, I present 



BIFURCATIONS, FRACTALS, AND NON-LINEARITY IN SLD 96 

 

 

two further analyses of these measures. These include (a) the graphic representation of accuracy 

and complexity over time as well as (b) moving window correlations of these constructs. In this 

way, the developing relationship between these constructs can be discerned.  

To begin, the raw scores for accuracy and complexity were converted to z-scores as such 

standardization allowed for a more precise visual interpretation of these trajectories when viewed 

jointly. Figures 12 and 13 below illustrate the relationship between the measures of complexity 

and accuracy in the narrative and conversation tasks respectively. Salient in the graphic 

representations below is the dramatic decrease in total errors that occurred in both conversation 

and narrative tasks beginning around weeks 21 to 23. The apparent stabilization of target-like 

forms in Alceste’s language production occasioned a shift away from a more distinct relationship 

between complex syntax and error production. Notably, the dashed lines representing total errors 

seem to correlate more highly with the measures of syntactic complexity until the point at which 

the stabilization in his accuracy occurs. The dynamism of this relationship, which is discussed 

below, is clearly obscured in the correlation analysis. 
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Figure 12. Syntactic complexity and error production in the narrative task (z-scores). 

 

Figure 13. Sentential elaboration and error production in the conversation task (z-scores). 
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 Following the trajectory of errors in the figures above, it is clear that for the majority of 

the period of data collection, error production seems to follow the peaks and valleys of complex 

syntax. While the relationship appears more balanced in the conversation task, the trajectory of 

error production in the narrative task outwardly demonstrates a stronger relationship with length-

based measures of complexity and less with subordination. This relationship was indicated by the 

correlation analysis above. In both tasks, however, the interactions between grammatical 

complexity and accuracy become less clear at or around week 21 as a significant drop in errors 

occurred in Alceste’s oral production. At this point, the relationship between these constructs 

changes—a point which is masked by a synchronic correlation analysis.  

 

Figure 14. Moving window correlations between syntactic complexity and accuracy in the 

conversation task (five-week moving window). 
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Figure 15. Moving window correlations between syntactic complexity and accuracy in the 

narrative task (five-week moving window). 

 The graphs of the moving window correlations above equally demonstrate this dynamic 

relationship. Clearly, the rather balanced interaction between the three constructs of complex 

syntax and accuracy in the conversation task is evidenced in Figure 14. In the same way, Figure 

15 supports the insignificant relationship between subordination and accuracy in the narrative 

task as uncovered by the correlation analysis. Most importantly, however, is the decrease in the 

graphs as seen beginning around week 21. At this point, as an apparent stabilization occurs in 

overall error production, the subcomponents of complex syntax seem to account for less of the 

inaccuracy in Alceste’s speech. The stabilization in accuracy may be reflective of an equal 

stabilization of grammatical complexity at this point; thus, greater automaticity was achieved in 

the use of mechanisms by which utterances can be complexified. Such proceduralization of 

syntactic structures resulted in fewer errors as the production of complex grammar was less 

cognitively taxing.  

To reiterate the results outlined in chapter four, the diachronic change in grammatical 

complexity via clausal elaboration occurred divergently across tasks with a significant drop in 
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mean clause length in the narrative task as opposed to the relative stability of this measure 

evidenced in the conversation. As such, it seems as though this apparent decrease resulted in the 

production of fewer errors in the narrative task specifically, perhaps due to the decreased 

complexity of shorter clauses. When examined qualitatively, the relationship between clause 

length and error production becomes more clear. Typical of Alceste’s speech throughout the 

beginning months of his stay in the United States, he frequently relied on modifiers, or those 

expressions appearing in the predicate which are not selected by the verb (Kim & Sells, 2008). 

This process added additional layers of complexity as his clauses grew in length. This is 

demonstrated in (10a) and (10b) below. 

(10a) Alceste:  | in this place it is very {futurist} futuristic like (.) in future like with 

NASA | 

 (Narrative – Week 7) 

(10b) Alceste:  | and he has :: to speak with his grandfather online :: to see :: {what} when 

they're gonna meet to the wedding | 

 (Narrative – Week 11) 

Here, the non-target-like in future is uttered in (10a) as Alceste attempts to stack such modifiers 

within a single clause. Similarly, at week 11, Alceste produces an increasingly complex sentence 

as noted by the extent of subordination, yet the preposition confusion in meet to the wedding 

occurs as he attempts to add an additional modifier to the utterance. Errors of this type were 

somewhat ubiquitous throughout the beginning months of data collection, yet seem to precipitate 

out of his language production as he began to gain control of these structures. Given the 

trajectories depicted in Figures 14 and 15 above, it can be suggested that the stabilization of 

accuracy in Alceste’s oral production equated to a shift towards a randomization of errors 

whereas the length-based mechanisms of complexification originally accounted for much of the 
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inaccuracy present in the data. Thus, the relationship between the constructs of accuracy and 

grammatical complexity not only varied between tasks, but also evolved as proficiency grew.  

Complexity via Subordination and Error Production 

 Table 3 above equally indicates a moderate positive correlation of r(30) = .41, p = .03 

between error production and complexification via subordination in the conversation task. This 

relationship merits further exploration, particularly given the increase in the diversity of syntactic 

structures evidenced throughout the period of data collection. The overall diversification of 

subordinate structures resulted from the emergence of novel syntactic forms in Alceste’s speech 

(see the discussion of parenthetical phrases in chapter four). Frequently, as these novel structures 

were attempted for the first time, such instantiations were accompanied by inaccuracy. This is 

exemplified in (11) below. 

(11) Alceste:  | I really want :: to lose my accent at least a little bit :: and (&) to don't 

have :: to think :: before to talk  | 

 (Conversation – Week 1) 

 In this example, both the coordinated verbal complement and to don’t have as well as the 

non-finite adverbial before to talk function to complexify the utterance via hypotaxis, yet both 

clauses are produced erroneously. Both of these structures challenged Alceste, particularly 

during the early stages, yet their increased usage led to the diversification of subordinate 

structures over time. The errors produced in the previous example signal an unfamiliarity with 

the target-like production of these subordinate structures and, thus, an increase in subordination 

seemingly equates to a decrease in accuracy. Similarly, as the weeks progressed, Alceste began 

experimenting with NP ellipsis—a structure which is not licensed as freely in his native French.  

(12) Alceste:  | like he just walk across the countries :: and be adopt by a lot people | 

 (Narrative – Week 6) 
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Here, as he attempts to elide the subject NP for the first time, Alceste inaccurately coordinates 

the non-finite base form be whereas a tensed verb is required in this construction. As his 

experience with the English language grew, these inaccurate forms slowly began to precipitate 

out of his speech, thus contributing to the sharp decline in total errors beginning around week 21. 

Given the interaction between the increase in syntactic diversity and error production in the 

conversation task, it seems as though relationship was related, in part, to both the emergence of 

syntactic forms as well as to the development of proficiency with these structures over time.  

Part II: Bifurcations in Complex Syntax 

In order to further elaborate on the analysis presented above, in this section I look 

specifically at the relationships between complexity, accuracy, and fluency as they relate to the 

dynamic development of a specific syntactic structure—non-finite adverbial clauses. Drawing on 

bifurcation theory to explain the qualitative changes in phase space typical of the behavior of 

dynamic systems (Crawford, 1991), I present a qualitative analysis of before- and without-

headed non-finite adverbial clauses which demonstrate distinct bifurcations in their 

developmental trajectories. In this way, I demonstrate that a detailed, process-oriented analysis 

has the potential to reveal significant insight into the relationships that exist between the many 

components of a complex system and, additionally, how these relationships facilitate growth in 

the canonical sense of language proficiency.  

While the phase space analysis of complex syntax clearly confirms the non-linear nature 

of language development, the trajectories of subordination as seen in Figure 2 in chapter four are 

suggestive of potential stagnation or even decline in Alceste’s ability in this area over one 

academic year. The mere fact, however, that the density of subordinate structures appears stable 

across the data collection period potentially obscures the development of syntactic diversity—a 
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detail that is distinctly evident in the analysis of syntactic diversity presented above (see Figure 

5). Taken together, these analyses reveal that while an individual language learner may not 

progressively complexify his or her speech via ever-increasing levels of subordination, the range 

(or diversity) of subordinate structures may indeed increase over time. This, of course, presents 

the learner with increased meaning-making potentials as varied syntactic structures allow for the 

expression of varied information. 

Non-finite Adverbial Clauses 

The progressive development of non-finite adverbial clauses, when viewed qualitatively, 

shed light on the critical interaction between the components of the incipient L2 linguistic 

system. As a preface, the characteristic of finiteness is reflective of the information that a verb 

expresses in terms of tense, person, or number (Tallerman, 2015). Generally speaking, those 

verbs which have been conjugated so that their morphosyntactic form exists in agreement with 

their subject NP are said to be finite (Fenn & Schwab, 2017). Although English morphosyntax 

frequently underspecifies a significant amount of information regarding person and number 

when compared to other languages (e.g., Romance languages), subject-verb agreement is a 

critical aspect of finite verbs. Non-finite verbs, by contrast, lack information regarding tense, 

person, and number and are said to be unconjugated. The contrast is apparent in the following 

example: John prefers to drink white wine while cooking dinner. This sentence contains both a 

finite, or conjugated, verb (prefers) evidenced by the third-person singular –s marker, as well as 

two non-finite verb forms (to drink; cooking) which do not contain information related to tense, 

person, or number.  

One specific role of non-finite verbs in English is to function as verbal modifiers. While 

such phrases may take many forms, it was noted from the beginning of data collection that 
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adverbial clauses with –ing participles proved challenging for Alceste. In particular, many non-

finite adverbial clauses headed by prepositions (e.g., before, without, about) were produced 

erroneously, yet appeared fluent as no dysfluency features were present in their production. This 

was overtly apparent in the target-deviant before + infinitive constructions that were consistently 

produced throughout the beginning weeks of data collection. These are evidenced in (13a) and 

(13b) below: 

(13a) Alceste:  | I really want :: to {lost} lose my accent at least a little bit | and (&) to 

don’t have :: to think :: before to talk | 

 (Conversation – Week 1) 

(13b) Alceste:  | I want :: to be sure :: before to tell her | 

 (Conversation – Week 5) 

In this way, Alceste formulated these specific subordinate clauses by combining the preposition 

before with infinitive constructions, thus producing the target-deviant forms seen above. Yet the 

first several occurrences of the postmodifying before + infinitive constructions, however, were 

uttered confidently and fluently as neither silent pauses, filled gaps, pause clusters, nor self-

repair were evidenced in Alceste’s speech. To return once again to the theoretical framework 

informing this study, the fluency with which these forms were produced may be indicative of the 

phenomenon known as an attractor state, or a discernable pattern which represents a ‘pocket of 

stability’ (Hiver, 2015, p. 21) for a dynamic system.  

It was not until week nine, however, that the fluency associated with such structures 

began to waver, thus evidencing the initial perturbations to the original attractor state. During our 

weekly conversation, Alceste and I were discussing the laws regarding alcohol use in both 

Switzerland and the United States. It was at this point that he suggested the following: 

(14) Alceste:  | yeah so you can drink a beer :: before to drive (.) {could drive} |  

 (Conversation – Week 9) 
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In this example, Alceste postmodifies the independent clause you can drink a beer with his 

typical manner of before to drive, but briefly hesitates (.) and attempts to self-correct with the 

phrase could drive. Interpretation of this utterance suggests that, at this time, Alceste may have 

been aware that this construct was erroneous at least to some extent. Looking forward, the 

attractor state governing the production of these structures was nearing a moment of criticality as 

these adverbial clauses would soon experience a qualitative change. It must be noted, however, 

that as complex dynamic systems are feedback sensitive, meaning that they consistently adapt to 

input in their environments, the positive feedback from living in an English-speaking context 

may have prompted the ensuing development toward target-like production.    

 Finally at week 16, the first occurrence of a target-like adverbial clause headed by before 

became apparent in Alceste’s speech. While discussing his frequent early arrival to school, he 

produced the following utterance: 

(15) Alceste:  | I can just read a little bit :: (.) before starting the class |  

 (Conversation – Week 16) 

Previous to this utterance, Alceste had not successfully produced a target-like before clause by 

combining the preposition with the –ing participle as characteristic of English usage. Again, the 

role of fluency must be stressed with this example given that the target-like construction was 

accompanied by a silent pause indicating that Alceste may have used this brief instant as a 

moment of online planning before correctly producing the phrase.  

 Curiously, as many stepwise theories of language acquisition attest, the first appearance 

of a target-like before + -ing clause did not mark a fluid, linear progression from incorrect to 

correct in Alceste’s speech. In fact, after transitioning to the target-like before + -ing construction 

for the first time at week 16, an alternative form appeared and, for approximately four weeks, 

coexisted with the target-like construction. An example is provided in (15) below: 
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(15) Alceste:  | he didn’t experienced everything :: before explain {them} them (.) 

through the literature |  

 (Conversation – Week 20) 

In this instance, Alceste introduced an erroneous before + base form construction that had not 

been seen previously in his speech. During the time between weeks 16 and 20, both target-like 

and target-deviant forms were present, thus emphasizing the bimodality of his language 

production. Such bimodality, understood as two potential states or equilibria within a behavior 

(Ruhland & van Geert, 1998), is indicative of a transition from one state to another (see 

catastrophe theory; Gilman, 1981; Thom, 1975). This transition is evidenced in Figure 16 below.  

 

Figure 16. Bifurcation region of before-headed non-finite adverbial clauses.  

 Figure 16 demonstrates the progression from target-deviant to target-like before-headed 

non-finite adverbial clauses in Alceste’s speech production over one academic year. Importantly, 

several key features of this model must be clarified to allow for the appropriate interpretation of 
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this figure. To begin, the dashed lines visible toward the beginning of the trajectory mark the 

target-deviant nature of the forms produced during these periods, whereas the solid lines 

represent target-like forms that emerged as data collection progressed. Furthermore, the 

oscillating lines visible between weeks 9 and 22 are indicative of the dysfluency features that 

were present in the production of these structures (viz., silent pauses, filled gaps, self-repair). 

Thus, oscillating dashed lines, for example, represent dysfluent, target-deviant forms. Visual 

interpretation of the phenomenon in this way readily evinces the apparent bifurcation that 

occurred in the production of these forms as well as the concomitant dysfluency that 

accompanied this marked divergence.  

 From a complexity perspective, this model allows us to glean the apparent attractor states 

that governed the production of these forms and, most significantly, the process that was 

associated with this transition. Although initially fluent in their production, the erroneous before 

+ infinitive (e.g., before to come) constructions quickly entered a period of instability as the first 

attractor state was unable to maintain its equilibrium. In what followed, this instability increased 

to a point at which a significant bifurcation occurred at week 16 and included, for a period of 

roughly four weeks, the production of both target-like and target-deviant forms. Referring once 

again to the model in Figure 16 above, we note the oscillation in the line representing the first 

four weeks of target-like before + -ing constructions. The importance of this period cannot be 

understated. As both correct and incorrect forms existed during these four weeks with varying 

degrees of fluency, this transition period is marked by the inherent instability within the incipient 

linguistic system. From this chaotic period, however, through sustained contact with the English-

speaking context, new order emerged that was both target-like and fluent.  
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Additionally, the growing stability of the second attractor state evidenced above allowed 

for a further bifurcation to occur at week 27 (see Figure 16 above). At this moment, Alceste used 

the expression before even reading it as a premodifier, that is, an expression occurring in the 

sentence-initial position preceding the finite verb that it modifies. As a milestone of linguistic 

development, the instantiation of this combinatorial structure is significant in that the before 

clause introduces a fronted referentially dependent null element that appears before the subject 

NP—a phenomenon known as backward anaphora. This is expressed in (16) below (the 

dependency is denoted with i).  

(16) Alceste: | before even i reading it :: when I i hear that… I’m i like wow |  

 (Conversation – Week 27) 

 Taken together, the detailed analysis of this particular construct on a week-by-week basis 

allows us to view the developmental transition that occurred in Alceste’s speech over 30 weeks. 

This trajectory sheds invaluable light on the process of language development which simply 

cannot be gleaned from the quantitative analysis alone.  

Without-headed non-finite adverbials. Similar to the before-headed constructions 

outlined above, those non-finite adverbial clauses introduced by the preposition without present 

an equally unique developmental trajectory in Alceste’s emerging L2. Curiously, both non-finite 

before and without clauses are morphosyntactically isomorphic in that these prepositions 

combine with –ing participles, yet their development proved to be somewhat distinct. Although 

the initial occurrence of this form was indeed target-like at week three (see (17) below), the 

ensuing dysfluent and/or inaccurate forms produced in the coming weeks were indicative of the 

inherent instability within Alceste’s linguistic system.  

(17) Alceste:  | he was writing :: without stopping too |  

 (Conversation – Week 3) 



BIFURCATIONS, FRACTALS, AND NON-LINEARITY IN SLD 109 

 

 

The ostensibly target-like nature of these utterances quickly began to waver between 

accurate and inaccurate forms as the weeks progressed, thus demonstrating Alceste’s uncertainty 

with these constructions. At week eight, Alceste produced a target-like, yet dysfluent without 

clause which provides significant insight into his language ability.  

(18) Alceste:  | I like the fact :: that you can speak with somebody in Spanish :: without 

(.) {to} being in a class |  

 (Conversation – Week 8) 

As we discussed the weekly Spanish roundtable held within the university’s Romance 

language department, Alceste added the sentence-final adverbial clause to his utterance to 

emphasize the non-credit-bearing nature of these dialogues. As seen in (18) above, this clause 

contains both a silent pause and a self-correction that exist in conjunction. Interpretation of this 

utterance provides insight into the process of articulation. In this way, it appears as though after 

first initiating the clause, Alceste hesitated for a moment, caught himself as he produced the 

erroneous infinitival marker to, then abandoned this construction in favor of the target-like being 

in a class. Although the clause is ultimately produced accurately, further examination of this 

utterance points to a moment of instability in which conflicting (bimodal) syntactic knowledge 

leads to a breakdown in fluency.  

Subsequent to the utterance in week eight, Alceste continues to vacillate between both 

accurate and inaccurate without clauses. Most strikingly, however, is the change that is noted in 

his speech at week 12 and that remains present until week 17. In this way, Alceste begins to 

directly mirror the bifurcation apparent in his before clauses by producing target-deviant without 

+ base form constructions. These are demonstrated in (19a), (19b), and (19c) below.  

(19a) Alceste:  | you have :: to make sense :: without even (.) read the book |  

 (Conversation – Week 12) 
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(19b) Alceste:  | he decides :: to just (.) {run} go running for three years :: (&) without 

stop |  

 (Narrative – Week 13) 

(19c) Alceste:  | yeah understand it :: without (.) explain the language |  

 (Conversation – Week 17) 

The three examples provided here, all of which present dysfluency features, clearly reflect the 

form produced in the before-clause bifurcation noted in the previous section. The co-occurrence 

of these forms suggests a process of linguistic development that may, at times, permeate all 

structurally isomorphic syntax. Furthermore, the abundance of dysfluency features indicated 

above posits the instability of the complex linguistic system during this time.  

 Finally, an additional bifurcation was noted in Alceste’s linguistic production which 

equates to a move toward higher levels of linguistic complexity. At week 27, nearing the end of 

his sojourn in the United States, Alceste expands his potential regarding without adverbial 

clauses to include perfect participle predicates. Though still non-finite in nature, the perfect 

participle is constructed with two distinct non-finite verbs as demonstrated in (20). It seems as 

though the increasing stability of the target-like structure allowed Alceste to extend his 

proficiency with these forms to include aspectual information which is not expressed in the 

without + -ing form alone.  

(20) Alceste:  | you cannot have a PhD in French literature :: without (.) having read at 

least one of his novels |  

 (Conversation – Week 27) 

By this point, the target-deviant preposition + base form constructions present in both before- 

and without-headed clauses had precipitated out of Alceste’s language production. The new-

found stability of the second attractor state had thus produced new levels of equilibrium within 

the system to an extent that both fluent and accurate forms were ubiquitous within the data. Most 
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notably, the move at week 27 toward higher levels of complexity via without + perfect participle 

clauses co-occurred with the novel flexibility of before adverbial clauses to appear in sentence 

initial position. Whereas the numerical analysis of Alceste’s complexity, accuracy, and fluency 

development indicated relatively stable trendlines of syntactic density and slight increases in 

syntactic diversity, the qualitative analysis detailed here presents a more complete picture of the 

ways in which certain syntactic structures develop over time.  

 In this section, I have traced the developmental trajectories of two specific non-finite 

adverbial constructions in Alceste’s incipient L2 system from a qualitative perspective. In this 

way, the process of language development has not only been emphasized but, more importantly, 

has been scrutinized as to provide deeper insight into the way(s) in which linguistic knowledge 

unfolds over time. Such a dynamic process, as argued from the outset of this paper, is amenable 

to the complexity-informed perspective adopted here in that we easily note the non-linear nature 

of language development rife with increasing instability and points of divergence that ultimately 

push the boundaries between order and chaos. Recognizing the significance of these moments of 

bifurcation as integral to the process of L2 development is not new (Plaza-Pust, 2008). However, 

the focus on expressions of both accuracy and fluency as indicators of potential bifurcations 

certainly allows for a more fruitful analysis in the interpretation of dense longitudinal data.  

In all, the data presented in this section serve to accentuate the non-linear nature of L2 

development as learning does not exist on a simple continuum of right and wrong. In fact, this 

analysis not only supports the notion of U-shaped development (Gass, 2013), but furthers this 

argument by suggesting that outward developmental ‘regressions’ may in fact be the essential 

elements from which true linguistic development can occur. In sum, the transition from target-

deviant to target-like is non-linear and cannot be conceived as a fluid transition between forms. 
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The bifurcation model presented above, consistent with transdisciplinary ideas within complexity 

theory, illustrates the role that accuracy and fluency may play in pushing language production 

from one attractor state to the next.  
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Chapter Six: On the Self-Similarity of Complex Syntax 

 The third, and final, research question addressed in this dissertation relates to a broader 

metaphysical understanding of the nature of language and the process by which language 

proficiency develops ontogenetically. Specifically, I draw on the notion of self-similarity to 

illustrate the fractal nature of complex syntax, that is, the way that syntactic structures, and the 

relationships between such structures, appear self-similar when examined at various temporal 

levels. The empirical data that I present below, when viewed superficially, serve merely to 

illustrate the point that syntactic complexity demonstrates self-similarity across such timescales. 

My goal in addressing this research question, however, is perhaps more ambitious. In this way, I 

hope to advance the latent potential of fractal analysis as both a tool as well as a prospective 

research program within the field of applied linguistics. The analysis presented here, like most 

inductive inquiry, leaves us with many more questions than it answers. Therefore, it is my 

intention to outline what may be a fruitful trajectory for the field of second language acquisition 

by capitalizing on the nascent understanding of fractal analysis from many seemingly disparate 

fields of study. 

 To accomplish this task, I will touch upon several critical concepts related to the fractal 

nature of human physiology and biology, emphasizing the ubiquity of fractal behavior and, 

importantly, the adaptability or flexibility that such self-similarity affords. To begin, I will return 

to a discussion of the concept of fractals before presenting a complete analysis of the 

development of Alceste’s grammatical complexity at three distinct timescales. Next, I will situate 

these findings within the broader scope of self-similarity from a transdisciplinary perspective. 

Finally, I define what I term the timescale problem specifically as it relates to the field of applied 

linguistics and posit the potential benefit of fractal analysis as a means of addressing this issue.   
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The Nature of Fractals  

Originally coined by the mathematician Benoit Mandelbrot, the term fractal refers to a 

class of geometric figures that, when magnified, reveal increasingly smaller, yet self-similar 

structures on every scale. These fractal structures are the result of iterative mathematical 

equations capable of expressing an infinite amount of detail in a seemingly finite space (Chávez 

& Ragan, 2016). This process is demonstrated, for example, in the often cited Sierpiński triangle. 

The Sierpiński triangle is created via an iterative process in which the central triangle within an 

equilateral triangle is removed leaving four similar triangles. When this process is repeated 

iteratively with the remaining triangles, an interesting figure begins to emerge (see Figure 17 

below). The Sierpiński triangle displays two critical properties of geometric fractals—that of 

self-similarity and scale-invariance. When a segment of the Sierpiński triangle is amplified as 

seen below, the details that it reveals are identical to those of the entire geometric figure. As this 

process may be repeated ad infinitum with similar results, the Sierpiński triangle demonstrates 

scale-invariance as each iteration at smaller and smaller scales produces equal amounts of detail.  
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Figure 17. The Sierpiński triangle demonstrating scale-invariance.  

 A distinction must be made, however, between geometric fractals, or those which 

produce recursive and seemingly limitless hypnotic iterations, and those fractals found most 

commonly in nature. Although equally products of complex systems, natural fractals do not 

necessarily display the same degree of exact self-similarity as their geometric brethren, due in 

significant part to the stochastic, chaotic nature of natural processes (McGrath, 2016; Varela et 

al., 2010). While geometric fractals clearly possess the property of scale-invariance, true fractals 

in this sense do not occur in nature (Feldman, 2012). Instead, the scaling of natural fractals is not 

limitless; a finite range of scales, although self-similar, clearly defines these structures (McGrath, 

2016).  

 Curiously, the fractal nature of many physiological structures as well as human behaviors 

has been discussed and language has proven to be no exception. Of course, the iterative, 

recursive processes from which fractals are produced are similar to those which have been noted 

in language given the primacy of such recursion as a fundamental feature of the human language 



BIFURCATIONS, FRACTALS, AND NON-LINEARITY IN SLD 116 

 

 

faculty (Chomsky, 1957, 1965). Generally speaking, however, discussions of linguistic recursion 

have stemmed from synchronic representations of nestedness at the level of the utterance, that is, 

at a single temporal timescale. This representation, while productive, remains atavistic in that it 

fails to account for diachronic recursion over broader temporal timescales and, from a 

complexity standpoint, for the ways in which such recursion may lead to language development 

over time. If we are to assume, under the auspices of complexity theory, the veritable dynamism 

of complex systems over time, we may equally assume that such change demonstrates scale-

invariance in systems that exhibit fractal characteristics. The importance of such recursion on 

various timescales, as I will argue below, equates to the ability of language to adapt to the 

contextually-situated needs of the language user at every temporal level. Thus, Shanon’s (1993) 

assertion rings true that “a language not maintaining invariance across domains would be… of 

practically no use” (p. 107).  

The Self-similarity of Complex Syntax  

Before presenting the data regarding the self-similarity of Alceste’s complex syntax over 

one academic year, I urge the reader to recall the specific ways in which grammatical complexity 

was operationalized within this dissertation. Drawing on Bulté and Housen’s (2012) taxonomy of 

complexity constructs (see Figure 1 above), I analyzed structural complexity in the following 

ways: (a) at the sentential level via mean length of AS-unit (ML/AS-unit); (b) as a function of 

the density of clauses per AS-unit (C/AS-unit); and (c) as a function of clausal elaboration via 

mean length of clause in words (ML/C). Figure 18 below illustrates the non-linear trajectory of 

these constructs over one academic year in the conversation task.  
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 Figure 18. Alceste’s syntactic complexity over 30 weeks (z-scores). 

 Clearly evidenced in Figure 18 is the non-linear nature of Alceste’s complex syntax over 

30 weeks. Although no construct demonstrated a significant increase during the period of data 

collection, several interesting observations can be made. To begin, we see that overall sentential 

elaboration varies significantly over one academic year. At times, a degree of relative 

consistency can be observed (e.g., weeks 16 through 21), while at others, there are much larger 

differences between the peaks and valleys of the trajectory (e.g., weeks 11 to 13). Next, the 

dynamic relationship between subordination and clausal elaboration can be seen as they relate to 

sentential elaboration. While it seems that sentential elaboration is, at times, accounted for by 

clausal elaboration and subordination rather equally (e.g., weeks 1 through 3), at other weeks, 

there appears to be significant disparity between the mechanisms which best account for 

sentence length (e.g., week 4). Given the stochastic nature of these processes, at no point 

throughout the data set does it seem possible to predict the outward manifestation of these 

constructs, nor the ways in which clausal elaboration and subordination work together to 

lengthen Alceste’s utterances.  
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Figure 19. Alceste’s syntactic complexity over 30 conversation turns (z-scores).  

 

Figure 20. Alceste’s syntactic complexity over 28 AS-units (z-scores). 

 Next, to illustrate the self-similarity and scale-invariance of complex syntax, Figures 19 

and 20 reveal the trajectories of these constructs in Alceste’s language production at further 

reduced scales—that of 30 conversation turns within one week and that of 28 AS-units within 

one conversation turn (28 was the maximum number of consecutive AS-units produced within 

one given conversation). The scaling of this analysis was chosen specifically to reflect the 

possible adaptations of complex syntax over the various legitimate timescales of discourse—

within one conversation turn, then abstracted to a single conversation, and finally abstracted 

again to 30 conversations over one academic year.  
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 When viewing the three charts together, the similarity between the trajectories of 

subordination, clausal elaboration, and sentential elaboration are strikingly similar. In fact, any 

significant differences between the three are clearly indistinguishable. At every temporal scale, 

the analysis reveals a complex interplay between the three constructs of syntactic complexity. As 

utterance length varies, the mechanisms by which this process occurs vacillate between a 

reliance on subordination and clausal elaboration. At times, these two constructs function in 

unison to complexify Alceste’s speech; at others, they appear to exist in competition. Perhaps 

most importantly, however, is that the trajectories of these constructs maintain their non-linearity 

at every temporal scale. Thus, the data presented here provide evidence for the self-similar, 

fractal nature of complex syntax. Nevertheless, a complete appreciation of the significance of 

these results cannot be garnered without further discussion of fractal patterns within human 

physiology as well as the biological benefits that such self-similarity and scale-invariance affords 

the human organism.  

Fractal Patterns in Human Physiology  

Much like the results presented here, recent work has demonstrated the pervasiveness of 

fractal scaling in human behavior and physiology (Stephen, Arzamarski, & Michaels, 2010). 

Indeed, language has figured prominently in these discussions as scholars have found evidence 

of fractal scaling in areas such as acoustic patterns in word production (Kello et al., 2008), the 

acquisition of French tense and aspect (Lyle, 2009), the flow of information within conversations 

(Youmans & Pfeifer, 2005), as well as the fractal nature of discourse (Proctor, 2015). What can 

be discerned from this scholarship, notably, is the fact that, in terms of the nature of human 

physiology and behavior, fractal scaling appears to be the norm and not the exception.  
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 Beyond the language faculty, the norm of fractal scaling, demonstrated by the non-linear, 

non-deterministic patterns of human behavior, has come to be recognized as an important 

characteristic of a ‘healthy’ biological system. Importantly, Varela and colleagues (2010) refer to 

the fact that health is often incorrectly attributed to ‘order’ within the physiological system. On 

the contrary, these authors quickly point out that living systems are rarely in states of equilibrium 

and that “most healthy behaviors are highly irregular and pseudo-random” (p. 585). While 

pathology was once understood as chaos and disorder within a physiological system, in many 

ways it is now viewed as a decrease in the patterns of self-similarity in aging or diseased systems 

(Rhea & Kuznetsov, 2017).  

 It comes as no surprise, then, that physiological systems derive benefit from their fractal 

characteristics, particularly when considering the adaptability and/or flexibility that scale-

invariant self-similarity affords. From an evolutionary perspective, the redundancy of fractal 

systems at every timescale permits the organism to overcome and adapt to both the stress and 

unpredictability of environments (McGrath, 2016)—on the order of milliseconds in cellular 

functions to the entire lifespan, and perhaps on even greater timescales such as that of phylogeny 

(Potts, 1996). Such self-similarity equates, outwardly, to fluctuations in performance resulting in 

manifold behavioral assemblies allowing biological systems to be ‘optimally sensitive’ to 

environmental change (Stephen, Arzamarski, & Michaels, 2010). The resulting flexibility and 

adaptability of human behavior to the perennial dynamism of our environment has been heralded 

as perhaps the defining characteristic of the genus Homo (Potts, 1996; Potts & Faith, 2015).  

 Yet the fitness of our phenotypes is hardly the sole beneficiary of fractal scaling as, 

inwardly, the human cognitive function has equally developed to derive benefit from self-

similarity. As natural fractals are constructed via iterative processes in which simple rules 
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engender self-similar structures at various temporal scales, the cognitive load required to 

generate multiple hierarchical levels of self-similarity is greatly reduced (Fischmeister et al., 

2017). While this may extend to the biological structures of the human organism such as neural 

and arterial networks, respiratory pathways, etc., it has been argued that the representation of 

multiple hierarchical levels by a single rule at the level of cognition may equally reduce 

cognitive demands (Dias Martins et al., 2014). As hierarchical structures are pervasive in nature, 

particularly in language as demonstrated in Alceste’s data above, the flexibility afforded by the 

self-similarity of language at various timescales may greatly aid in parsing complex, recursive 

structures (Dias Martins et al., 2014; Fischmeister et al., 2017). Taken further, others have 

suggested that self-similarity and recursion are more than simply ‘hallmark traits’ of cognitive 

processing; instead, these may fully equate to the default mode of human cognitive function 

(Fischmeister et al., 2017).  

The Study of Fractal Behavior  

Having established the pervasive nature of fractal scaling in human physiology as well as 

the biological benefit that self-similar hierarchies endow, the value of the empirical investigation 

of fractal behavior should be apparent. To date, the findings of those who have conducted 

research in this area have provided significant insight into pathology and medicine and have 

opened new avenues to examine current issues in these fields (Varela et al., 2010). Employing 

new tools from chaos theory and non-linear dynamics, such novel approaches in movement 

analysis, for example, have “given rise to new ways of thinking about variability, adaptability, 

health, and motor learning” (McGrath, 2016, p. 283). This has extended to the ways in which we 

conceptualize human motor control and, specifically as it relates to gait, it has been suggested 

that rehabilitative intervention with fractal gait patterns may have restorative benefits for 
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pathologies such as Parkinson’s Disease (Rhea et al., 2014; Rhea & Kuznetsov, 2017). As it 

relates to language production, the fractal scaling of spontaneous speech may serve as a potential 

tool in the detection and diagnosis of Alzheimer’s Disease (López-de-Ipiña et al., 2015).  

Insofar as the fractal nature of learning, Stephen, Arzamarski, and Michaels (2010) 

sought to determine the role of fractal scaling in perceptual learning as individuals wielded 

unseen geometric objects and made inferences as to characteristics such as length, width, and 

weight. In this way, the authors concluded that increases in performance (i.e., the growing 

appropriateness of judgments) were directly related to the fractal nature of exploratory behavior 

within the haptic perceptual system. Importantly, they suggest that “fractal fluctuations in 

explorations would entail fluctuations at all time scales, allowing perceptual systems a flexible 

way to detect information at all time scales” (p. 1161). As human behavior must be receptive to 

environmental changes across all temporal scales, findings such as these reinforce the 

importance of the self-similarity in human cognition.   

In all, such scholarship has made significant inroads into the potential of fractal analysis 

as a means to achieve more profound understandings of the human organism. Given these 

conclusions, I argue that this potentiality can be extended to the field of second language 

acquisition to address previously untenable questions related to the development of L2 

proficiency.  

Fractal Analysis in Applied Linguistics  

By now it is clear that complexity-informed applied linguistics research has begun to 

garner increasing fervor within the field. This stems, in part, from the novelty in 

conceptualization of language—a point that is echoed by Larsen-Freeman (2012) who writes that 

“complexity theory inspires us to think differently about language and language development” 
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(p. 202). Naturally, different ways of conceptualizing a construct require different ways of 

approaching that construct both theoretically and methodologically; thus, new paradigms often 

emerge concomitantly with new problems to be solved as well as with new tools to examine 

natural phenomena (Kuhn, 1962). Thus, the process metaphysics championed within dynamic 

systems theory have spawned the application of new tools of analysis such as moving window 

min-max graphs, moving correlations, Monte Carlo analyses, retrodictive qualitative modeling 

(Hiver, 2017), etc.   

In the case of second language development, one such issue that has arisen as a result of 

our new understanding is what I refer to as the timescale problem. As the temporal fractal 

metaphor suggests, linguistic processes do not develop in a stage-wise manner (Fischer et al., 

2003); that is, the learner does not progress from one conceptual level of general linguistic ability 

to another in linear fashion. This is supported by the vast majority of the previous scholarship 

detailing the diachronic development of L2 proficiency from a complexity perspective (e.g., 

Larsen-Freeman, 2006, Spoelman & Verspoor, 2010; Verspoor, Lowie, & van Dijk, 2008). 

Instead, distinct properties of linguistic proficiency develop recursively according to their own 

subjective timescales. As de Bot (2015b) suggests, many systems may demonstrate change on 

larger timescales (e.g., pragmatic competence), while others may demonstrate much more acute, 

perhaps discontinuous shifts (e.g., pronunciation). The acknowledgement of the disparate 

timescales of development is without question a salient contribution of the complexity paradigm. 

Thus the timescale problem stems from our imperfect understanding of the temporal scales of 

language development given that such timescales present a significant conceptual hurdle to 

applied linguistics research (Ruhland & van Geert, 1998).  
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In addition, as a foundational precept of complexity theory, the dynamics of complex 

systems are said to emerge as the result of the synergistic relationship between the components 

within the system. In fact, such interaction is suggested to be of greater importance to the 

understanding of complex systems than knowledge of the specific components themselves. This 

understanding takes the timescale problem a step further. As van Geert (1994) prudently 

outlines, for example, not only do the components of complex systems develop in a stochastic 

manner, but the inherent relationships between these components express equal dynamism over 

time, a point which is echoed in the preceding chapters of this dissertation. Importantly, as the 

system progresses through periods of self-organization, the dynamic relationship between some 

system components may both support and/or hinder the development of others. In addition, some 

relationships may even be precursory in nature given that the emergence of one behavior is 

predicated on the existence of another (van Geert, 1994). This conjecture begs the question, then, 

as to the ways in which certain constructs developing at shorter timescales may ultimately serve 

to influence the development of other constructs over longer periods of time. I suggest that the 

fractal analysis of the language faculty, in which trajectories of development are plotted and 

scrutinized at hierarchically temporal scales, may serve as an effective tool capable of providing 

insight into the timescale problem.   

Returning to the visual interpretations of Alceste’s data presented above, we see that the 

patterns of variability of complex syntax appear self-similar across three distinct temporal scales.  

Perhaps one of the greatest drawbacks to the analysis presented here stems from the fact that 

Alceste’s use of complex grammar (in terms of the density of subordinate structures) did not 

experience growth in the customary sense of a marked increase over time. This may be due, in 

part, to the advanced nature of his language before arriving to the United States or, equally, to his 
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status as an untutored learner receiving little to no explicit linguistic input regarding grammatical 

concepts during his residency. The consequence of such stagnation is that, from this particular 

dataset, we are unable to glean the ways in which these trajectories may have changed, on 

various timescales, had he entered the United States with lower levels of proficiency. What these 

data do suggest, however, is that complex syntax, like many human behaviors, demonstrates 

scale-invariant temporal flexibility, thus allowing language to adapt to the needs of the speaker 

across timescales. Within a single conversation turn, the variable relationship of sentence length, 

clause length, and density of subordination permit the speaker to expressly communicate their 

developing thoughts on a moment-to-moment basis. Across an entire conversation, the same 

flexibility allows for changes in topic and context as well as for dynamic discourse pragmatics 

including givenness and familiarity as well as stylistic choices such as linguistic repertoire. 

Finally, the macrogenetic flexibility exhibited at greater timescales (i.e., one academic year or 

beyond) accommodates the slower dynamics associated with changes in sociolinguistic 

environment, brain maturation in children, levels of education, interpersonal relationships, etc. 

Further examination of language in this way certainly has the potential to reveal the factors 

which influence the development of linguistic proficiency over time.  

From a methodological perspective, had a discontinuous jump, or phase shift, occurred in 

Alceste’s data at a certain timescale—say at the level of weeks—this particular transition 

between attractor states may have indicated a point at which to focus a fractal analysis. When 

transitions are noticed from one attractor state to another, further scrutiny of linguistic 

performance from a fractal perspective may provide insight into the mechanics of such change. 

Visualizing developmental data on diverse timescales (such as that demonstrated above) may 

equally provide indication to the researcher as to the precise moments that merit further scrutiny. 
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If discontinuity is detected on moment-by-moment timescales, fractal analysis may prove fruitful 

in understanding such microgenetic development and provide clues as to what occasioned such 

change within the system. This is not to suggest, however, that all behaviors experience discrete 

discontinuous jumps, yet these particular moments may be related, in part, to the self-

organization of the complex system (van Geert, 1994).  

If discontinuity is detected, for example, within a single conversation turn or across 

multiple turns within a conversation, more detailed qualitative analysis of those moments, such 

as that afforded by microethnographic methods (Erickson, 2006; LeBaron, 2008), may be 

productive as a way to interpret the relationship between micro and macrogenetic development. 

Doing so would allow scholars to make comparative claims regarding the situatedness of micro 

levels of development as they relate to development across much broader temporal scales. For 

example, clarification requests on behalf of the native speaker may resolve unintelligibility 

within brief timescales, yet these processes may not equate to sustainable development over 

longer periods. On the contrary, if clarification requests prove to be iterative in nature in that 

they occur with sufficient frequency to reinforce certain language use, overall L2 proficiency in 

this area may increase.  

In all, understanding rates of change in regard to both timescales and larger time 

windows will prove indispensable to deeper understandings of system development. The 

importance of timescales reifies the methodological significance of dense data collection over 

extended periods of time, for only in this manner can the true fractal nature of development be 

understood.   
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Conclusions  

The fractal analysis presented here, although rudimentary, draws from multiple 

disciplines, but is reflective of the analyses which, at the time of this writing, have become 

canonical in complexity-informed studies in SLA. In other disciplines such as psychology, 

physiology, and medicine, fractal analyses have relied, rightfully so, on dense quantitative 

measurements of behavior and physiological processes facilitated greatly by advances in 

technology. These have been extended by complex analytic methods such as power-law 

distributions, detrended fluctuation analysis, the box counting dimension, 1/f scaling, etc. As the 

data and the interpretations presented in this dissertation are exploratory in nature, the 

application of these tools is suggestive of a logical next step. In SLA, much of the work in this 

area has equally relied on numerical data which, when plotted graphically, is analyzed according 

to the non-linear trajectories of certain constructs and the relationships between such constructs. 

Fractal analyses, in which the dynamics of development are viewed across temporally 

hierarchical levels, may help further shape our understanding of the interconnectedness of the 

components of the complex linguistic system and, ultimately, how these relationships change 

over time. In sum, fractal analysis aligns with the goals of CDST research in that we seek to 

“represent and understand specific complex systems at various scales of description” (Hiver & 

Al-Hoorie, 2016). Yet the fact remains that we are still unaware of what scales of description 

may be the most important in language development, thus, examining self-similarity across 

temporal levels may yield insight into this phenomenon.  
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Chapter Seven: Discussion and Implications 

  Informed by the theoretical framework of complex dynamic systems theory (CDST), in 

this dissertation I have examined the diachronic development of the constructs of complexity, 

accuracy, and fluency within a single untutored learner of English as a second language. 

Specifically, the results presented in the preceding chapters have sought to address three 

particular research questions. These include: (a) In what way(s) do the constructs of complexity, 

accuracy, and fluency develop longitudinally in a single untutored learner of ESL across multiple 

language tasks?; (b) To what extent do the relationships between these constructs change over 

one academic year in an English-speaking context?; and (c) In what way(s) does the diachronic 

development of syntactic complexity exhibit the characteristics of self-similarity (i.e., fractality)?

 By attempting to address these questions, this dissertation makes several significant 

contributions to our understanding of the complex nature of second language development as 

well as to the methodological approaches used to study this phenomenon. To begin, while the 

process-oriented approach championed by CDST has yielded substantial insight into L2 learning, 

the majority of this scholarship has dealt almost exclusively with the written mode (e.g., Lowie 

& Verspoor, 2018; Spoelman & Verspoor, 2010; Verspoor et al., 2017; Zheng, 2016), focusing 

predominately on syntactic complexity and lexical development (Lowie, Verspoor, & van Dijk, 

2018). As such, this work contributes to the small but growing body of complexity literature 

examining the development of L2 oral proficiency over time (e.g., Bajuniemi, 2015; Hepford, 

2017; Polat & Kim, 2014). In addition, discussions of the effect of task within the field of 

applied linguistics have notoriously relied on product-oriented designs (e.g., Ahmadi & Sadeghi, 

2016; Michel, 2013; Tavakoli, 2009). In this way, our understanding of task difference has been 

informed predominately by cross-sectional studies seeking to determine differences in 
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performance from limited measurements. As far as I am aware, this dissertation marks the first 

effort to examine the non-linear development of task difference from a complexity-informed, 

process-oriented perspective as both a monologic and a dialogic task were consistently 

completed and analyzed independently each week for an entire academic year.  

 Next, as the interaction between the components of a complex system may be more 

important than the individual components themselves (McGrath, 2016), the results delineated in 

chapter five contribute to our limited understanding of the dynamic relationships among the 

components of the L2 linguistic system and how these components support development over 

time. Specifically, the synergistic interaction of complexity, accuracy, and fluency during 

periods of instability and bifurcation (i.e., the edge of chaos; Kauffman, 1995) are particularly 

salient as, together, these constructs seem to function to move the linguistic system toward 

higher orders of complexity. Finally, the fractal analysis presented in chapter six provides what 

may be the first empirical evidence of the self-similarity of the behavioral trajectories of complex 

syntax across multiple timescales. Analyses of this type approach the timescale problem which 

seeks to understand the precise timescales of L2 development in addition to the unique ways in 

which linguistic constructs interact on various temporal levels to promote language proficiency.  

The Longitudinal Development of Complexity, Accuracy, and Fluency 

 The first research question within this dissertation addressed the diachronic development 

of complexity, accuracy, and fluency over one academic year across multiple oral tasks. Perhaps 

the most salient observation is that these domains follow their own independent trajectories of 

development. Whereas relationships between these constructs cannot be ignored, the moment-to-

moment dynamism evidenced in the movement of such constructs through phase space is both 

non-linear and unpredictable. At times, the subcomponents of syntactic complexity, for example, 
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seemed to converge in a supportive relationship of global complexification, while at others, one 

construct demonstrated clear preference over the others. Overall, some domains exhibited 

marked improvement over the course of the academic year (e.g., accuracy, syntactic diversity), 

several demonstrated regression (e.g., silent pauses, filled gaps), yet others appeared more 

quiescent in their dynamism (e.g., mean length of AS-unit, clauses per AS-unit). The 

development of each of these domains will be discussed independently.  

 Complexity. In this dissertation, syntactic complexity was operationalized in four ways 

and included measures of length-based elaboration (mean length of AS-unit; clauses per AS-

unit), subordination (clauses per AS-unit), as well as a unique measure of syntactic diversity. Of 

these measures, the majority demonstrated relatively little overall change over the period of data 

collection in the dialogic conversation task specifically. In this way, Alceste’s use of 

subordination remained consistent in terms of the density of subordinate structures in his dialogic 

interaction. Equally, his complexification at the clausal and sentential levels evidenced relative 

stability over 30 weeks. In terms of syntactic diversity, alternatively, Alceste’s oral production in 

the conversation task witnessed consistent (though non-linear) growth during this time period. 

Further analysis revealed that the emergence of novel syntactic forms within the conversation 

task specifically led to the overall diversification of his use of subordinate structures. This is 

discussed further below.  

 In contrast to the dialogic conversation task, a slight decrease in the majority of the 

complexity measures was witnessed. Both length-based elaboration measures (clausal and 

sentential) experienced regression with clausal elaboration demonstrating the most significant 

decrease over time. Although complexification via subordination evidenced a relatively strong 

period of growth throughout the middle of his sojourn in the United States, this measure 
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eventually returned to the levels witnessed at the beginning of data collection. These findings, 

however, should not be viewed as a decrease in overall proficiency, particularly when the overall 

improvement in accuracy is taken into consideration. Instead, if the assertion holds true that tasks 

with greater complexity such as monologue are more cognitively difficult or demanding than 

dialogue (Révész, Michel, & Gilabert, 2016), the decrease in many of these complexity measures 

in the monologic narrative task may be indicative of a tacit realization of this notion. Although I 

do not suggest that Alceste became cognitively aware of this idea, it may be that the decreased 

reliance on clausal and sentential elaboration reduced the overall cognitive load thus allowing 

him to focus on the accuracy of his performance.  

Unfortunately, measures of communicative adequacy (Révész, Ekiert, & Torgensen, 

2016) or discourse pragmatics, for example, were not considered within this study. As such, it 

cannot be suggested that the decrease in clausal and sentential elaboration led to an increase in 

communicability, but this notion may equally serve to explain the decreasing trajectories. Thus, 

including measures of these concepts may be fruitful in studies of longitudinal L2 development, 

principally when increases in proficiency are paired with decreases in complexity.  

Syntactic diversity. As discussions of syntactic diversity are remarkably nascent in 

studies of grammatical complexity (see De Clerq & Housen, 2017), this finding contributes 

significantly to our emerging understanding of this process. Whereas De Clerq and Housen 

(2017) found increased levels of syntactic diversity across proficiency levels of speakers of both 

English and French as an L2, these results were cross-sectional in nature and cannot be 

interpreted in terms of the trajectory of development. This, of course, does not detract from the 

significance of their contribution; however, the findings presented herein serve to reify the 

importance of syntactic diversity as a critical subcomponent of grammatical complexity. Instead, 
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the relative stability of Alceste’s syntactic diversity over time in the narrative task when 

compared to the steady increase in this construct in the conversation task is suggestive of a 

significant task difference regarding how disparate oral tasks may push development over time. 

As fewer novel syntactic structures emerged in the monologic task over the period of data 

collection, this finding may lend support to the notion cited above that monologue is inherently 

more challenging (i.e., cognitively difficult) than dialogue (Révész, Michel, & Gilabert, 2016). 

In this way, the increased cognitive difficulty disallowed Alceste to experiment with novel 

syntactic forms; alternatively, it seems as though a consistent range of complex syntax remained 

preferential as Alceste demonstrated automaticity with these structures. Accordingly, if dialogic 

conversation tasks are truly less demanding in terms of cognitive demand, conversation may 

provide learners with a platform to further experiment with linguistic forms, thus driving 

development.  

 Accuracy. Although accuracy is suggested to be the most straightforward of the CAF 

domains (Housen, Kuiken, & Vedder, 2012; Pallotti, 2009; Tavakoli & Skehan, 2005), further 

consideration of this construct is warranted, particularly as a complexity-informed view of 

second language development has advocated for a move away from native-speaker norms 

(Larsen-Freeman, 2015). Along these lines, Skehan (2009) argues for a more learner-centered 

view of accuracy in which our conceptualization of error “relates to a learner’s belief in norms” 

(p. 46, emphasis added). In this way, the analysis of target-like production as it related to the 

third person singular –s, for example, was guided by Alceste’s overt commentary related to these 

structures. Not only did he clearly recognize the need for appropriate verb conjugation, he 

actively sought to improve in this area.  
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 Consideration of the language user’s beliefs in norms, therefore, validates the agency 

with which they function as legitimate users of a second language; it also makes the analysis of 

this construct unique. As the robust literature on motivation has demonstrated, the ability to learn 

a language is often greatly facilitated by a learner’s enthusiasm. Alceste clearly expressed the 

intrinsic motivation to master the third person singular –s morpheme and became rather 

successful in his attempt. Although he never produced language that was completely error free, 

he indeed demonstrated a dramatic decrease in total error production beginning approximately 

two-thirds of the way through his sojourn in the English-speaking context. Most curiously, the 

rather distinct trajectories of accuracy between the monologic and dialogic tasks converged at 

this period and settled into a relatively stable state which remained until the end of his year living 

in the L2 context. The significant decrease in error production coupled with the apparent 

convergence of total errors across tasks may be indicative of the process of self-organization 

within Alceste’s complex linguistic system. In this way, it seems as though the sustained 

exposure to the external affordances (Larsen-Freeman, 2018b) of the target language 

environment triggered the endogenous restructuring typical of complex systems which ultimately 

allowed Alceste to produce highly accurate speech somewhat ubiquitously across linguistic 

tasks.    

 The growth in accuracy demonstrated here should come as no surprise, particularly given 

that even relatively short periods in the target-language environment have been shown to 

positively affect accuracy (Mora & Valls-Ferrer, 2012). In as little as 10 weeks, language 

learners participating in intensive L2 programs have demonstrated gains in areas such as overall 

error density and the ability to produce longer error-free linguistic units (Tonkyn, 2012). 

Cautious optimism is warranted, however, when interpreting these results as such growth may 
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not be readily perceivable in the minds of language evaluators. Tonkyn (2012), for example, 

posits that certain errors, such as those related to syntax, may be overly influential in evaluators’ 

judgments of proficiency level, yet may be less likely to demonstrate growth in short periods. 

The relatively slow growth of accurate syntactic forms may require more robust periods of 

exposure, production, and self-organization to demonstrate development. This is supported when 

examining the extended period of development that Alceste required to accurately produce the 

non-finite adverbial clauses discussed in chapter four.  

 Fluency. While oral fluency may be the most well researched CAF construct (Inoue, 

2016), it has received little attention from a complexity perspective. This has resulted in an 

overreliance of product-oriented scholarship to inform our understand of development within this 

domain. In addition, researchers have generally focused on numerical increases or decreases of 

fluency as indicators of growth, yet have rarely discussed the qualitative role of fluency as it 

relates to growth in other areas of linguistic proficiency. This study responds to the call for a 

more qualitative focus on fluency development (de Jong & Perfetti, 2011), particularly as it 

relates to pause cluster dysfluency sequences (Towell, 2002).  

Of the four measures of fluency reported here, Alceste demonstrated increasing trendlines 

(i.e., greater dysfluency) in three. These included silent pauses, filled gaps, and instances of self-

repair. The fourth measure, pause clusters, exhibited tremendous variability over the academic 

year, yet little overall change was noted in this measure. From Alceste’s data, several significant 

conclusions regarding the construct of fluency can be drawn. To begin, it is clear that the 

dynamic development of fluency over time is still somewhat imperfectly understood. Secondly, 

by qualitatively scrutinizing the changing function of dysfluency features such as self-repair, the 

role of dysfluency in language use must be of equal importance as the numerical increases or 
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decreases in quantitative measures. Finally, as a methodological implication, it appears as though 

fluency provides a window into the developmental process, particularly when changes in fluency 

are viewed diachronically.  

 Overall, somewhat contradictory results have been reported in the literature as they 

regard fluency development over time. These have ranged from suggestions that significant gains 

in fluency may be achieved in brief study abroad experiences (Mora & Valls-Ferrer, 2012), to 

others who have reported only modest increases during intensive immersion courses (Tonkyn, 

2012). In the instructed SLA setting, fluency studies have demonstrated that pedagogical 

interventions explicitly designed to target fluency may achieve significant gains (Tonkyn, 

Campbell, & McCormack 2016) as do instructional tasks that focus on repetition (de Jong & 

Perfetti, 2011) and pre-task planning time (Tavakoli & Skehan, 2005).  

 As the study presented in this dissertation investigated an untutored learner of English as 

a second language, the results tend to more appropriately align with those studies investigating 

the study abroad context. In this way, the general decrease in fluency somewhat contradicts the 

findings of Mora and Valls-Ferrer (2012) who reported gains in temporal measures such as 

speech rate as well as decreases in breakdown fluency after three months in the target-language 

context. While quantitatively it appears as though Alceste regressed in the area of fluency, the 

most significant changes occurred in the qualitative role of fluency in his language production. 

By examining the development of fluency on a weekly basis, the dynamism in this area became 

evident, thus indicating that the role of fluency in promoting overall linguistic proficiency merits 

further investigation.  

 In this manner, the numerical increases in Alceste’s data are indicative of a regression in 

self-repair over one academic year. This comes as no surprise as results elsewhere have 
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questioned the efficacy of this construct to distinguish between L2 proficiency levels (Baker-

Smemoe et al., 2014), while others have found no significant increase in repair fluency over a 

one-year study abroad (Huensch & Tracey-Ventura, 2017). The numerical regression in 

Alceste’s data, however, fails to account for the dynamic nature of this construct as the role of 

self-repair changed significantly over the period of data collection. At first, instantiations of self-

repair related almost exclusively to changes in thought patterns or slips of the tongue during 

speech. This equated to self-repair as a corrective measure when lexical items were pronounced 

incorrectly or ideas required modification. Yet a change occurred in this role as time progressed. 

As demonstrated in the data, Alceste’s knowledge of grammatical forms (e.g., verb conjugation) 

became more proceduralized over time and, as such, self-repair became a tool to correct 

grammatical inaccuracies. Frequently, self-correction accompanied target-deviant language 

production suggesting that Alceste became more aware of the language that he produced. This 

dynamic development in the function of self-repair is significant in that it may explain the 

apparent stagnation that has been evidenced in previous studies. Inherently, the quantification of 

self-repair alone does not seem effective in making claims regarding proficiency.   

 Pause clusters. Equally significant is the unique role of pause clusters in L2 learner 

speech and the insight that such hesitations provide into the underlying difficulty in L2 

production (Sadri Mirdamadi & de Jong, 2015). From the very beginning, the role of pause 

clusters in Alceste’s oral data related to moments of overly taxed lexical retrieval and the 

production of complex syntax. As many complex syntactic structures, particularly those 

associated with subordination, extend the dependency distance between constituents, the 

overreliance on pause cluster sequences may equate to the increased demand of producing 

complex syntax (see also Mellow, 2008). Curiously, the substantial increases in other dysfluency 
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features, namely silent pauses and filled gaps, did not result in an equivalent increase in pause 

clusters in either the narrative or conversation tasks. As Alceste’s vocabulary and grammatical 

knowledge became more proceduralized (de Jong & Perfetti, 2011; Skehan, 1996), the less time 

he spent ‘searching’ for these forms. As a result, shorter, less intrusive pauses allowed him to 

accomplish the same function as the lengthier pause clusters had at the outset. In sum, the need 

for more qualitative analyses of fluency sequences such as pause clusters and self-repair (de Jong 

& Perfetti, 2011) is certainly supported as these are potentially indicative of the self-organization 

of the complex linguistic system.  

 Oral L2 development from a complexity perspective. In terms of overall development 

from a complexity perspective, this study somewhat supports the findings of Polat and Kim 

(2014) as well as those of Hepford (2017), but the relationship is unique. Whereas Polat and Kim 

(2014), for example, found apparent stagnation in the syntactic complexity of an untutored 

learner of English over a one year period, Hepford (2017) showed that her participant’s 

proficiency with complex syntax grew in the area of subordination, yet remained somewhat 

stable in sentential elaboration. A methodological difference must be noted, however, as the 

elicitation tasks between these two studies differed. Relying specifically on a dialogic 

conversation task, Polat and Kim (2014) did not measure linguistic development in other 

formats. Equally, Hepford’s (2017) analysis conflated multiple tasks (i.e., conversation, narrative 

retelling, picture description, etc.) into a single trajectory.  

The results reported here potentially shed light on both of these findings in that Alceste 

equally demonstrated a slight decrease in subordination in conversation, but the trajectories of 

development were dissimilar across tasks. The findings related to the disparate development of 

language constructs across tasks is suggestive of the need to maintain the distinction between 
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monologue and dialogue when completing analyses over time. In addition, the increase in 

syntactic diversity discussed above equally reaffirms the need for more diverse measures of 

grammatical complexity that move beyond length-based measures.    

Task Difference in the Development of Oral Proficiency 

 As the first research question sought not only to identify the mutable nature of the CAF 

constructs over time, but equally to identify the differences that were manifested in these 

constructs across tasks, a more detailed discussion of task difference is warranted. Of course, the 

significance of this discussion stems from the suggestion that examining language proficiency 

across multiple tasks (Biber, Gray, & Staples, 2016; Neary-Sundquist, 2017) as well as multiple 

prompts (De Jong & Vercellotti, 2016) will ultimately yield more accurate insight into the 

process of L2 development.  

 Perhaps most superficially, the longitudinal trajectories of Alceste’s L2 development 

support many of the findings set forth in the work which has viewed task difference 

synchronically. In this way, Alceste’s language production corroborates the suggestion that 

monologic tasks result in more syntactically complex speech (Ahmadi & Sadeghi, 2016; Michel, 

Kuiken, & Vedder, 2007) as he evidenced greater syntactic complexity via subordination, 

sentential elaboration, and syntactic diversity in the monologic task. In the same way, others 

have demonstrated that the dialogic condition results in greater accuracy (Michel, Kuiken, & 

Vedder, 2007) as well as increased fluency (Ferrari, 2012) when compared to monologue. These 

finding were equally upheld as Alceste’s oral production within the conversation consistently 

contained fewer errors and fewer dysfluency features over time.  

 Unique to this study, however, is the insight permitted by viewing the development of 

these constructs over time via a non-linear time series analysis. To complement the view that 
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language use differs between tasks, the results presented here are suggestive of the fact that it 

develops differently across tasks as well. This is most evident in the area of grammatical 

complexity with several measures exhibiting a decrease in the monologic task while retaining 

relative stability in the conversation task. This difference is most clearly illustrated when 

examining the trajectories of length-based measures (e.g., clausal and sentential elaboration). 

Over time, Alceste moved toward shorter clauses and, in turn, toward shorter overall AS-units. 

As discussed in chapter four, this decrease resulted from a reduced dependence on adjuncts, or 

those expressions which complement the predicate but are not directly selected by the verb. As 

such adjuncts are truly optional (Kim & Sells, 2008), the move away from their sustained use is 

indicative of a process by which the speaker moves toward shorter clauses, thus perhaps 

reducing cognitive load (Révész, Michel, & Gilabert, 2016). As overall error production 

demonstrated a close relationship to clausal elaboration in the monologic task (r = .72), it could 

be suggested that the increased dependence on more concise clauses ultimately permitted Alceste 

to focus on the accuracy of his production.  

 Unlike the complexity measures, however, the trajectories of accuracy and fluency over 

time exhibited greater variability in the monologic task, yet these constructs seemingly 

developed in tandem across both monologue and conversation. This was evidenced most clearly 

in the development of accuracy, particularly as it reached a point of stabilization approximately 

two thirds of the way through the period of data collection. At this time, the line graphs 

representing error production converged and relative parity was achieved across tasks in the total 

number of errors per AS-unit. This finding raises questions as to the purported cognitive 

difficulty that monologue holds over conversation. For the first five months, as inaccurate 

production was consistently higher in the monologic narrative, the findings reported here support 
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the claim that increased difficulty may equate to increased error production. At a certain point, 

however, levels of inaccuracy reached uniformity across tasks, thus suggesting that proficiency 

in oral production may reach a point at which accuracy is equally available to the L2 user 

independent of the task at hand. This may result from the proceduralization of grammatical 

knowledge that comes from extended exposure to the target language.  

The Dynamic Relationship between Complexity, Accuracy, and Fluency 

 The second research question within this dissertation sought specifically to examine the 

dynamic relationships among the components of complexity, accuracy, and fluency. To address 

this question, I explored these relationships in three particular ways. To begin, a traditional 

correlation analysis was completed to establish overall relationships between error production 

and complex syntax. Next, typical of complexity-informed studies, I employed moving-window 

correlations to illustrate the ways in which these relationships changed over time. Finally, I 

completed a more detailed qualitative analysis of the relationships between complexity, 

accuracy, and fluency specifically as they relate to non-finite adverbial clauses. These analyses, 

of course, are not exhaustive by any means, yet the insight provided sheds light on the dynamic 

relationships within the complex linguistic system.  

 As it relates specifically to the domains of complex syntax and accuracy, the results of 

the interaction analysis revealed unique, yet dynamic interactions over time. Given the relative 

paucity of CAF studies examining such relationships, the interactions evidenced here contribute 

to our understanding of the function of the complex linguistic system. In a similar study, Hepford 

(2017) suggested a competitive relationship between syntactic complexity and accuracy as 

sentential elaboration (words per AS-unit) and target-like production demonstrated a consistently 

negative correlation. That is, as the length of AS-units increased, so too did the tendency for 
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inaccurate speech. Alceste’s data support this finding, yet take our understanding of this 

relationship a step further. By looking explicitly at three subcomponents of syntactic 

complexity—sentential elaboration, clausal elaboration, and subordination—we see that each of 

these constructs functioned dissimilarly to motivate error production across tasks. In the 

conversation task specifically, a somewhat balanced relationship between accuracy and all three 

complexity measures was evidenced. By contrast, the narrative task demonstrated little to no 

relationship between error production and complexification via subordination. The dynamic 

relationship between accuracy and the three subconstructs of complexity is supportive of the 

multidimensional nature of complex syntax (Norris & Ortega, 2009).  

 The disparate relationship between accuracy and measures of syntactic complexity across 

tasks can most likely be explained when the diversity of complex syntax is taken into account. 

As Alceste demonstrated substantial growth in the diversity of syntactic structures in the 

conversation task alone, it seems reasonable that the emergence of these novel forms was most 

often accompanied by both inaccuracy and dysfluency. Again, the results put forth in Hepford 

(2017) lend support to these arguments. Similarly, her participant, Juan, began experimenting 

with auxiliary verb use which led to an increase in errors associated with these forms, thus 

echoing the inaccuracy and dysfluency witnessed with the emergence of syntactic structures in 

Alceste’s oral production. Taken together, these findings provide a more nuanced understanding 

of the local interactions between the emergence of syntactic forms and the accuracy with which 

they are produced. 

Bifurcations in CAF development. From a more qualitative perspective, however, 

perhaps the most significant relationship between the domains of complexity, accuracy, and 

fluency can be gleaned from the analysis of the progressive development of non-finite adverbial 
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clauses outlined in Chapter Five. To reiterate, non-finite adverbial clauses are those syntactic 

structures which, subordinate to the matrix clause, provide peripheral modification to the main 

verb in terms of information related to time, cause, manner, condition, etc. The analysis of such 

structures in Alceste’s oral production—specifically before- and without-headed clauses—clearly 

illustrates the patterns of local interaction that arise as the incipient linguistic system moves from 

one stable attractor state to another through apparent bifurcations in phase space (Prigogine & 

Stengers, 1984). This transition seemingly ensued according to the following sequence: (a) a 

stable, target-deviant yet fluent form was consistently produced for several weeks; (b) the target-

deviant form became unstable for a brief period indicated by the concomitant dysfluency; (c) at a 

critical point, a bifurcation occurred during which both the target-like form as well as a novel 

target-deviant form were produced; (d) finally, a new attractor state emerged characterized by the 

accurate and fluent production of the syntactic structure.  

The bifurcation in non-finite adverbial clauses described above, in which the emergence 

of complex syntax is understood in conjunction with accuracy and fluency, allows us to approach 

an imperfectly understood area of L2 development. Larsen-Freeman (2006), in her discussion of 

the longitudinal trajectories of complexity, accuracy, and fluency in five Chinese learners of 

English, judiciously asserts that: 

What one would like to know as an applied linguist is if any of [the variation presented in 

her data] is indicative of the bifurcations that signal the instability alluded to earlier, the 

instability that precedes a phase shift in the system. (p. 611, emphasis added)  

It seems as though the bifurcations in Alceste’s development of complex syntax would confirm 

this assertion. Not only does the self-organization of the complex linguistic system result in a 

phase shift between attractor states, but equally we see that the periods of instability (i.e., 
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variations in accuracy and fluency) are indelibly linked to this process. Seen in this way, applied 

linguists interested in further pursuing investigation into bifurcations may benefit from greater 

attunement to the periods of (potentially anomalous) instability characteristic of deterministically 

chaotic systems.  

Viewing language development as a bifurcation, however, leaves us with an equally 

important question. In their discussion of bifurcation phenomena, Prigogine and Stengers (1984) 

address the characteristic split in trajectories in which multiple solutions or states are available to 

a complex dynamic system. At these critical moments, it seems as though the choice between 

following either of the two possible trajectories is ambivalent to the system, yet frequently one 

state demonstrates preference over the other. Hence, the question remains as to where the system 

will choose to go when moments of bifurcation are reached. In the case presented above, 

Alceste’s developing linguistic system moved away from target-deviant non-finite adverbials 

toward the production of fluent, target-like forms. This move seems to be indicative of the 

influence of the properties of the external environment on the incipient language faculty (de Bot, 

2015b; Larsen-Freeman, 1997). Although focused on the development of physical systems, 

Prigogine and Stengers (1984) suggest that “external fields… can be ‘perceived’ by the system, 

creating the possibility of pattern selection” (p. 163). Clearly, the external ‘field’ of the L2 

system was perceived through continued exposure; thus, the emergent pattern selection 

evidenced above resulted from the influence of the L2 context.  

 If the bifurcation model of emergence holds true, it is suggestive of a reconceptualization 

of the notion of error and dysfluency. Traditional models of proficiency presuppose a gradual 

decline in these features as learners progress from one conceptual level to the next. If 

bifurcations are truly the ‘milestones’ (Plaza-Pust, 2008) of language development, it is 
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reasonable to assume that the dysfluency and inaccuracy associated with these periods of 

instability are actually indicative of growth and not regression as intuition would suggest. This 

idea, of course, is highly amenable to our understanding of development from a complexity 

perspective in that trajectories of human behavior exhibit the proverbial ups and downs 

characteristic of non-linear systems. 

The bifurcation model presented here extends this understanding. Although overall 

growth in accuracy and fluency may be evident within a dataset, the oscillations in their 

trajectories may be indicative of those moments in which linguistic knowledge passes through 

bifurcations and eventually converges on new orders of complexity. This notion clearly echoes 

the neologism put forth by Prigogine and Stengers (1984) of  “order through fluctuation” (p. 

178). Attempting to view language development, particularly as it regards complex syntax, as 

periods of bifurcation is distinctly reminiscent of the way in which fluctuation, or oscillations 

within state space, ultimately leads to conceptually higher levels of order. Importantly, the 

significance of bifurcations in language development strongly reaffirms that not only should 

variation be acknowledged (Larsen-Freeman, 2015), but that studying such variation provides a 

critical window into the development of human behavior (de Bot, 2015; de Bot, Lowie, & 

Verspoor, 2007; Lowie, 2017; van der Steen et al., 2014; van Geert, 2008).  

In sum, the changing relationships between complexity constructs and accuracy over time 

may indeed be explained by dynamic competition for attentional resources (Spoelman & 

Verspoor, 2010). In this way, periods of negative correlation are indicative of decreased 

competition between accuracy and complexity as learners are able to dedicate cognitive 

resources to both complex and accurate speech. Conversely, stronger positive correlations reveal 

that at particular moments, learners allocate more attentional resources to one construct at the 
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expense of others. Similar findings between these relationships have been found in both oral 

production (Hepford, 2017) and writing (Spoelman & Verspoor, 2010). I suggest that the 

dynamic relationship presented here may also be the result of the bifurcations discussed above. 

Periods of greater competition between attentional resources may be indicative of the underlying 

cognitive process of self-organization and, as such, merit more detailed consideration of how 

these processes occur. At the moment of bifurcation, i.e., the ‘edge of chaos,’ the instability 

associated with the transition from one attractor state to the next likely occasions certain 

regressions in performance in disparate, yet connected areas of competency. The final path that 

language development appears to follow, it seems, is indelibly linked to the external linguistic 

environment—a concept which has clearly resonated within discussions of language as a 

complex system (de Bot, 2015b; Larsen-Freeman & Cameron, 2008b; Lowie & Verspoor, 2015). 

Methodological Implications 

 Undoubtedly, the non-linear time series analysis presented in this dissertation serves to 

support the claim that syntactic complexity is a multidimensional construct (Norris & Ortega, 

2009) with each of the subcomponents investigated here demonstrating unique developmental 

trajectories over time and across tasks. Building on the analysis of syntactic diversity set forth in 

De Clerq and Housen (2017), however, I argue that diversity-based measures must equally 

complement the density-based measures typical of CAF studies. Although a relative decrease in 

overall subordination was witnessed in the conversation task, the diversity of subordinate 

structures grew steadily over time. With the syntactic diversity measure as an indicator of 

growth, a more in-depth analysis of the emergence of complex syntax revealed unique 

improvement in this area that would have been obscured by measures of syntactic density alone. 

Whereas De Clerq and Housen (2017) posited differences in syntactic diversity across 
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proficiency levels, from this study, we see that examining diversity over time is equally telling of 

the process of L2 development.  

As it regards the second research question posited at the outset, the importance of 

scrutinizing the interconnectedness of the components of a complex system cannot be 

understated. Given the nature of the development of accuracy and complexity outlined above, 

even relationships that appear connected at some point may become disconnected at others. 

While evidence of this phenomenon is certainly visible in the moving window correlation 

analyses typical of complexity-informed research, following the emergence and development of 

specific syntactic structures seems to provide increased insight into the developmental process. 

Conceptualizing the interconnectedness of components in this way allows us to better understand 

the outward manifestation of these relationships. In addition, the transitions between competitive 

and supportive relationships (van Geert, 1994) visible on moving window graphs signal to the 

researcher that potentially significant changes have occurred. Thus it seems fruitful to further 

explore these moments of transition once changes have been detected in the production data.  

Additionally, although the analysis in this dissertation looked explicitly at one type of 

subordinate construction, namely non-finite adverbial clauses, the results of the non-linear time 

series analysis permitted the bifurcations in development as well as the associated inaccuracy 

and dysfluency to be viewed conjointly. Of course, I cannot suggest that similar periods of 

bifurcation may transpire pervasively in all aspects of L2 development; however, it seems 

reasonable that this process may extend beyond the development of complex syntax. In fact, as 

bifurcations in neurological pathways have been evidenced in computational models of learning 

(Lamb et al., 2016), this process may not only be typical, but fundamental to the development of 

dynamic systems. Future process-oriented investigation into L2 development may benefit from 
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exploring similar periods of bifurcation while equally viewing the relationship between the 

components of the complex linguistic system.  

Pedagogical Implications 

 Complementing the methodological implications outlined above, several pedagogical 

considerations can be taken away from the findings presented here. To begin, the task differences 

exhibited in the output between dialogue and monologue are suggestive of the need to provide 

space for language learners to engage in each type of task. The growth in syntactic diversity, for 

example, which was evidenced in the conversation task but not the narrative task supports this 

assumption. Although similar developmental trajectories may not be true for learners at different 

levels, it appears as though both monologue and dialogue promote language development 

somewhat dissimilarly. While opportunities for both tasks may be more conceivable in the 

language classroom, this demonstrates a unique challenge for untutored learners, similar to the 

participant in this study. Living and working in the L2 context undoubtedly provides ample 

opportunities for dialogue; yet sustained periods of monologic narration may not be as abundant. 

Therefore, encouraging L2 learners to engage in independent monologue as a means of practice 

may enhance these opportunities. This extends, undoubtedly, as a recommendation to L2 learners 

in the instructed setting as well, particularly as monologue does not require the presence of an 

interlocutor and can be completed as additional practice outside of the language classroom.  

 On the other hand, sufficient opportunity for engaging in conversation seems equally 

beneficial, in particular as this task type may equate to reduced cognitive load (Révész, Michel, 

& Gilabert, 2016). In this way, learners may focus more on factors such as accuracy and, 

similarly, in experimentation with complex syntactic forms. Certainly, opportunities for dialogic 

interaction are more abundant for untutored learners living in the target-language context, yet 
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this is not necessarily true for L2 learners in the instructed foreign language context. This 

suggestion clearly extends, too, to those students who find themselves studying in the L2 

context. Institutional language centers which furnish opportunities for dialogic interaction, i.e., 

conversation clubs, etc., should be encouraged to promote these programs more extensively.   

 In addition, the use of lengthy pause clusters, which are highly indicative of dysfluency to 

language evaluators (Tonkyn, 2012), is suggestive of the need to instruct learners in appropriate 

methods of circumlocution. As illustrated above, pause clusters seemingly relate to those 

moments of oral production that most challenge the L2 user. In many instances, failed lexical 

retrieval results in the termination of an utterance and, as such, thwarts communication. Within 

conversation specifically, the presence of an interlocutor allows for learners to elicit input 

regarding vocabulary; this convenience is not available in monologic tasks. Often seen as 

gatekeepers to educational opportunities in the L2 context, proficiency exams such as the 

TOEFL and IELTS frequently require speech samples based on monologic production. Effective 

circumlocution strategies, thus, may ease the communication breakdown that often accompanies 

dysfluency sequences such as pause clusters.  

 Finally, the synergistic interactions between the constructs and sub-constructs of 

complexity, accuracy, and fluency are suggestive of a reconceptualization of the roles of 

accuracy and fluency in L2 language development. Similar to the premise of u-shaped patterns of 

development (Gass, 2013), initially erroneous, but fluent grammatical forms may enter periods 

of destabilization at or around critical bifurcation regions. The inaccuracy and dysfluency 

associated with these periods may push initial attractors states towards the ‘edge of chaos’ 

(Kauffman, 1995; see also Urry, 2006), thus resulting in the restructuring of the complex 

linguistic system. In the L2 classroom setting, language educators may benefit from 
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understanding these periods not as indices of regression, rather as moments in which new levels 

of complexity may emerge. Taken further, the periods of instability associated with bifurcations 

may equate to moments of increased sensitivity to input; thus, educators may set aside frustration 

for more productive approaches which motivate the restructuring and emergence of target-like 

forms. During these periods in which the incipient linguistic system resides at the edge of chaos, 

focused pedagogical interventions may motivate the transition between attractor states more 

readily (Larsen-Freeman, 2006).  

 Self-similarity in language learning. Perhaps one of the most striking characteristics of 

the human language capacity is the ability of the linguistic system to adapt to the moment-to-

moment needs of communication. From an ontogenetic perspective, humans develop nuanced, 

contextualized ways of speaking that change continuously across the lifespan. Within a single 

conversation, this adaptability allows us as speakers to accommodate subtle fluctuations in 

discourse demands ranging from register to changes in subject matter. At even smaller levels of 

granularity, within a single turn of a conversation, the flexibility of our linguistic system permits 

us to verbalize our thoughts with incredible efficiency, adapt to visual clues from our 

interlocutors suggesting comprehension, and so forth. At every level, language is mutable. Thus, 

it may be prudent to capitalize on these manifold levels of adaptability in L2 instruction. In this 

way, language learners should be continuously pushed to exercise this flexibility at every level. 

If linearity truly is representative of physiological pathology (Rhea & Kuznetsov, 2017), 

learners may benefit from non-linearity much in the same way that our physiological systems 

thrive under conditions of self-similarity across many different levels. How this may play out in 

the language classroom has yet to be explored; however, it seems as though cyclical fluctuations 

within constructs may inspire growth. This notion is echoed by Lamb et al. (2016) who posit the 
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potential benefit of recursive curriculum in which educators promote “a constant examination of 

the relative position of the current cognitive state in relation to the stabilized achaotic attractor” 

(p. 202). Had Alceste, for example, been provided with more explicit opportunity to use before-

headed clauses in a variety of non-linear ways (i.e., finite vs. non-finite, pre- vs. post-modifier, 

progressive vs. perfective aspect, etc.), undoubtedly the appearance of his bifurcation chart 

would have changed considerably. Likewise, if variability is truly “the expression of adaptability 

of the system” (Verspoor, Lowie, & van Dijk, 2008, p. 215), simple exercises such as asking 

students to produce progressively longer and longer utterances via recursively stacking 

subordinate clauses may motivate growth in complexification. Of course, the timescale problem 

outlined in chapter six limits our understanding of the timescales on which language 

development occurs. Nevertheless, through continued inquiry into the timescales of development 

from a complexity perspective, our grasp of such phenomena will likely become more clear.  

Limitations 

As a preface to any discussion of methodological limitations, it is important to comment 

first that the notion of limitations is highly subjective and, in no small part, is contingent upon 

the specific metaphysical orientations held by those who scrutinize this type of work. To begin, 

many scholars will be quick to point out the fallacy that single-subject research fails to address 

the ‘bigger picture’ as generalizations to larger populations are impossible given the zero degrees 

of freedom resulting from an N of one. When considered epistemologically, such a limitation 

functions conceptually only if the paradigm from which an individual works distinguishes this as 

a limitation. Arguments of this nature are highly teleological in the sense that they only serve to 

support the axioms of the paradigms from which they are derived. Thus, if we accept the 

unpredictability that results from human idiosyncrasy paired with the notion that phenomena 
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may appear globally stable, yet locally unpredictable (Gleick, 1985), single-subject research 

becomes not only more palatable, but more appealing as well (Barbot & Perchec, 2015). 

That being said, a considerable limitation of this study instead relates to time. 

Undoubtedly, one academic year represents only a fraction of the overall process of language 

learning. In the most opportune setting, we would seek to trace the development of the L2 faculty 

from its inception to the uppermost reaches of proficiency. Besides being a most daunting 

endeavor, this notion seems logistically improbable in all but the most controlled settings. The 

fact that much scholarship in applied linguistics deals exclusively with adult L2 learners at 

intermediate levels of proficiency and beyond is not unknown. Thus, the conclusions from the 

present dissertation are limited in that sense. Alceste arrived to the United States with a certain 

level of proficiency that allowed him to navigate his environment. This does not suggest that he 

did not struggle in many linguistic situations; he most certainly did. Instead, this fact made it 

impossible to discern the initial conditions of L2 learning that prove most significant for 

complexity-informed studies.  

Likewise, the results of the fractal analysis of complex syntax indicate an additional 

methodological limitation. As data were collected on a weekly basis, any attempt to view self-

similarity could only be completed at one point within one week. Though the opportunity never 

arose, it would have been prudent to, at least once, collect measurements with even greater levels 

of density within a single week. This could have been as simple as meeting for perhaps three 

consecutive days to permit a much more in-depth analysis of self-similarity. Much in the same 

way, discontinuity in the developmental trajectories of complex syntax was not evidenced. As 

these moments of abrupt change are indicative of phase transitions within a complex system 

(Bak, 1996; Howe & Lewis, 2005), this study was unable to capture the dynamics of self-
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similarity during the critical moment(s) of self-organization. Lastly, as the investigation of the 

self-similarity of complex syntax was exploratory in nature, the fractal features of this construct 

could not be compared to other areas of the language faculty. The emphasis on the 

interconnectedness of the components of a complex system points directly to the potential 

significance of viewing self-similarity in this way. By looking at the dynamic interactions 

between components across multiple timescales, the changing relationships between constructs 

may be viewed as both macro and microgenetic phenomenon.    



BIFURCATIONS, FRACTALS, AND NON-LINEARITY IN SLD 153 

 

 

Chapter Eight: Conclusions 

By way of conclusion, I return to the theoretical lens adopted at the outset of this 

dissertation. Given the relative novelty of complexity theory in the field of applied linguistics, 

pursuing investigation in this area not only yields insight into the process of language 

development, but equally into the legitimacy of CDST as a theoretical lens to view human 

behavior. From the beginning, I have advanced several epistemological and ontological 

assumptions regarding the nature of language as a complex dynamic system. Therefore, I will 

begin by outlining the ways in which these findings fit with the theoretical assumptions of 

complexity theory.  

 At its core, complexity theory is a theory of change. Complex systems are said to be 

dynamic, that is, the synergistic interaction among the component parts results in systems that 

are intrinsically mutable (Prigogine & Stengers, 1984; Ellis, 2011). Arising from the curious 

interplay between the manifold components both internal and external to the system, such 

dynamism, however, occurs non-linearly. In this way, trajectories of behavior development do 

not proceed systematically from one conceptual level to the next; instead, development is 

characterized by seemingly random periods of both growth and regression (Verspoor, Lowie, & 

van Dijk, 2008). The analysis of Alceste’s L2 linguistic development over one academic year, 

rife with the peaks and valleys of non-linearity, clearly supports this assumption. Even those 

constructs failing to demonstrate marked increase or decrease over the period of data collection 

did not proceed linearly. Of course, previous work in this area has posited the non-linear nature 

of many, if not all, linguistic constructs (e.g., Larsen-Freeman, 2006; Schmid, Kopke, & de Bot, 

2013; Spoelman & Verspoor, 2010), and the findings presented here certainly reify the validity 

of this belief.    
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 Equally essential to discussions of the behavior of complex systems is the notion of 

emergence. Owing to the internal process of self-organization, the longitudinal development of 

complex systems often results in the emergence of novel behavior. In language in particular, this 

phenomenon is said to be reflective of the novel linguistic forms that appear in learner data as 

they proceed through the unique process of language development (Larsen-Freeman, 2006; 

Mellow, 2006, 2008). The growth in syntactic diversity over time discussed in chapter four is 

indeed indicative of the emergence of behavior as a result of the complex interactions within 

Alceste’s incipient linguistic system. Not only did he produce novel syntactic forms by way of 

parenthetical phrases and NP ellipsis, but equally he demonstrated increased diversification and 

competence in producing structures such as coordinated verbal complements. Had he possessed 

more limited language proficiency at the outset of data collection, perhaps the emergence of 

further linguistic forms would have been captured in the data. Nevertheless, the increased 

diversity of complex syntax serves to corroborate the assumption of emergence.  

An additional point must be made as it regards the epistemological binary of quantitative 

vs. qualitative inquiry. Moving away from this distinction, complexity theorists often cite the 

more fruitful process-oriented approach given the dynamic, emergent nature of complex systems 

(Lowie, 2017). By contrast, product-oriented investigations continue to view language from the 

object-to-be-acquired perspective and, as a result, place less emphasis on the process of 

development. The process- vs. product-oriented dualism, then, more appropriately distinguishes 

between research designs, particularly as complexity-informed research accommodates—and 

perhaps necessitates—both numerical as well as qualitative data. This is evidenced in the vast 

array of complexity studies that illustrate development via graphic representations of (numerical) 

trajectories of complex systems, yet do not employ traditional statistical tests based on measures 
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of centrality. Instead, quantitative data is said to be interpreted (Byrne, 2002), frequently by 

visualizing the dynamics of non-linear systems as they move through phase space (McCamley & 

Harrison, 2016). Clearly, this approach permitted the results outlined in the previous chapters as 

the process-oriented nature of data collection, with measurements taken on weekly timescales, 

allowed for the development of Alceste’s L2 proficiency to be viewed as a trajectory through 

phase space.  

In this way, the success of this dissertation in upholding the methodological 

considerations of complexity theory is apparent. The emphasis on longitudinal design (Lowie, 

2017; Lowie & Verspoor, 2015), with measurements on frequent, consistent timescales (de Bot, 

2015), coupled with the response to the call for more qualitative research on dynamic systems 

(Dörnyei, 2009) ultimately motivated an analysis in which the process of language development, 

as well as the relationships between the components of the linguistic system (Larsen-Freeman, 

2012) were uncovered. The clear advantage of complexity-informed methodology is apparent in 

its ability to reveal the process of language development—a feature that is somewhat obscured in 

product-oriented methods such as cross-sectional designs and pre-test/post-test metrics.   

Overall, this dissertation reaffirms that language proficiency in general, and L2 learner 

language in particular, are truly complex systems that are constituted by dynamic, mutable 

relationships among component parts. In accordance with the call for a move away from 

analytical reductionism (Byrne, 2002; Larsen-Freeman & Cameron, 2008b), attempting to view 

learner language from the independent analysis of its components and subcomponents (e.g., 

complexity, accuracy, and fluency) seems futile. Instead, our emerging understanding of the 

nature of second language development requires that we begin to view the incipient linguistic 

systems as a complex interplay among essential, interconnected component parts. Following 
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Byrne (2002), this suggests that complex systems be “understood not in terms of their parts, the 

analytical error, nor in terms of their wholes, the reverse holistic error, but in terms of their parts, 

interactions among parts, the whole, and the interaction of the whole with the parts” (p. 16). By 

doing so, more complete pictures of the process of development—such as the bifurcation model 

proposed here—can be established.  

Yet our analysis of complex systems requires a step further. As discussed in chapter six, 

the timescale problem leaves us with important questions, primarily those related to the self-

similarity of the language capacity over varied temporal scales. As such timescales of 

development remain somewhat unclear, it seems as though fractal analyses may offer critical 

insight into this phenomenon. The fractal analysis of complex syntax presented here, due to its 

exploratory nature, is just the beginning. If we uphold the suggestion that understanding the 

interaction between system components is perhaps more important than components themselves 

(McGrath, 2016), the study of such interaction at both micro and macro levels seems valid.  

Future Directions 

It has been suggested that CAF measures need to capture the full ecology of development 

as it is situated within learning contexts (Norris & Ortega, 2009). Understanding the role of 

context in language choice across communicative tasks (and modes) is certainly amenable to a 

complexity perspective which argues for the inclusion of context as part of the system under 

investigation (Larsen-Freeman & Cameron, 2008). This leaves us, then, with an important issue 

to be investigated within CAF research from a complexity perspective: the influences of 

(ecological) context on complex grammar vis-à-vis interlocutor relationship remain imperfectly 

known. Moving forward, examining such influence may provide insight into global levels of 

subordination which have appeared stagnant (Polat & Kim, 2014), or have even demonstrated 
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decreases over time (see Figure 2 above). A more thorough understanding of the qualitative 

changes to subordinate constructions looking specifically at how they relate epistemically to the 

growing ecological context of conversational discourse may shed light on this issue.  

As demonstrated within this paper, data from multiple oral tasks allow for a more 

complete understanding of CAF development given the unique characteristics and social 

dynamics of each task. Future research may consider continuing within this tradition, particular 

if interested in looking at intraindividual variability from a CDST perspective. The results of 

such study may inform our understanding of the unique influences that communication in the 

interpersonal, interpretive, and presentational modes has on overall achievement in L2 

proficiency.  
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Appendix A 

Typology of Syntactic Constructions for Syn-D Analysis 

TOKEN TYPE (QTY) 
COMP.FIN.Initial  

COMP.FIN.Medial  

COMP.FIN.Final  

ADV.FIN.Initial  

ADV.FIN.Medial  

ADV.FIN.Final  

ADV.NF.Initial  

ADV.NF.Medial  

ADV.NF.Final  

REL.FIN.Initial  

REL.FIN.Medial  

REL.FIN.Final  

REL.NF.Initial  

REL.NF.Medial  

REL.NF.Final  

VC.IF.ADJ  

VC.IF.Non-ADJ  

VC.BSE.ADJ  

VC.BSE.Non-ADJ  

VC.Gerund  

Coord.ADV.FIN  

Coord.VC.IF  

Coord.VC.BSE  

Coord.VC.Gerund  

ADJ.IF.A  

ADJ.IF.NA  

ADJ.BSE.A  

RS.FIN (Reported Speech)  

RS.NF (Reported Speech)  

Cleft  

Pseudo-cleft  

VP ellipsis  

∅ NP elipsis  
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