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CHAPTER 5 

Unravelling the idiosyncrasy and 
commonality in L2 developmental processes: 

A time-series clustering methodology4 

Abstract | Informal mobile language learning (IMLL) can be characterized as contextualized, 

heterogeneous, and even idiosyncratic. In this study, we propose a time-series clustering 

methodology for researching IMLL learners’ learning and development of another language, with 

a view to unravelling the essential uniquenesses and commonalities in IMLL learners’ 

developmental processes. Intensive longitudinal writing samples from nine IMLL learners were 

collected and analysed with the methodology proposed, which first depicted individual-level 

developmental trajectories of writing complexity that were idiographic or individual-specific, and 

then distilled salient developmental patterns that transcended the individual heterogeneity. These 

typically emerging patterns across individuals demonstrate a more predictable and interpretable 

manifestation of IMLL learners’ developmental processes. Methodological and pedagogical 

implications of adopting the time-series clustering methodology are further discussed in the chapter. 

4 This chapter is based on: Peng, H., Jager, S., & Lowie. W. (submitted). Unravelling the idiosyncrasy and commonality in L2 
developmental processes: A time-series clustering methodology. 
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5.1 Introduction 

Influenced by the desire to unravel the process of language development (Lowie, 2017; Ortega & 

Byrnes, 2009), second and foreign language (L2) research has increasingly accepted the complex 

dynamic systems view that recognizes language as a complex system with many interconnected 

subsystems, and language development as a dynamic process wherein a multiplicity of factors are 

involved and interact with each other (e.g., Larsen-Freeman, 2006; de Bot et al., 2007; Verspoor et 

al., 2011). Given that the number of factors at play and the way in which they interact are often 

different for different learners, the process of L2 development may take a variety of forms (van 

Geert, 2019) and even be characterized as specific to each individual (Chan et al., 2015). This is 

especially the case in today’s globalized and technologized world where L2 learners have available 

a multiplicity of learning resources and materials online through which to explore personal, often 

largely distinct, learning goals, interests, and preferences, and which may lead to divergent learning 

experiences and developmental processes (Kusyk, 2017; Sockett & Toffoli, 2020).  

To provide insight into the dynamic, and often individually owned, process of L2 development, 

a growing number of studies have adopted a longitudinal case studies design (e.g., Bulté & Housen, 

2018; Larsen-Freeman, 2006; Chan et al., 2015). Longitudinal case studies with relatively dense 

observation points describe the developmental process for a single individual in great detail. 

However, this wealth of data at the individual level challenges L2 researchers seeking analytic 

methods that are insightful for drawing conclusions beyond the individual (Bulté & Housen, 2020a). 

This methodological challenge is even greater for researchers who are interested in learner-initiated 

language learning that occurs in informal, out-of-class contexts (Benson & Reinders, 2011; Kusyk 

2017; Sockett & Toffoli, 2020) where learners take control of their own learning in the absence of 

any pedagogical infrastructure. It is thus pertinent to find ecologically valid ways to generalize 

beyond individuals, which may help research on (informal) language learning transcend “the that’s 

interesting stage” (Gass, 2006, p. 213, emphasis in original) and arrive at “findings that are 

interpretable with some degree of confidence within the [specific] setting” (Byrnes, 2020, p. 242).  

Situated in an informal mobile language learning context, the present article introduces the use 

of a time-series clustering technique in describing the essential similarities and differences in 

developmental trajectories across individuals. Specifically, we will first examine individual-level 

developmental processes when L2 learners informally participate in varied learning activities 

outside the classroom, and then identify developmental patterns or similarities that transcend the 

individually distinct processes with a time-series clustering technique. In providing this explication 

we have three interrelated goals: first, to advance our understanding of L2 learning and 
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development in an increasingly technologized world by including learners’ informal learning in 

their lifeworlds; second, to develop innovative means for addressing the complexity of (informal) 

learning phenomena that accommodate individual variability and divergent developmental 

trajectories; and, third, to tentatively affirm and operationalize the generalizability of learners’ 

developmental trajectories, an issue potentially with educationally consequential implications 

(Byrnes 2019).  

 

5.2 Background 

5.2.1 Informal mobile language learning  

Emerging (mobile) technologies with accompanying multifarious online resources provide 

language learners with contextualized learning opportunities inside and outside the classroom 

(Reinhardt & Thorne, 2019). The present study takes a particular interest in L2 learners’ out-of-

class learning with technology. We use the term informal mobile language learning (IMLL) to refer to 

learner-initiated learning activities that involve the use of mobile technologies and that occur 

outside the classroom. Documented examples of IMLL include listening to songs, watching 

television series or films, surfing the websites, posting on social media, playing digital games, 

creating videos, and communicating with other learners on social networks. These activities expose 

learners to a wide range of lexical and grammatical forms and enable them to engage with language 

content that is more centrally embedded in their lifeworlds than classroom-based learning materials 

(Roos & Nicholas, 2020). 

It has been hypothesized, and begun to be empirically confirmed, that these activities bear a 

positive relationship with L2 learning outcomes such as vocabulary, reading, listening, writing, and 

speaking (e.g., Lee, 2019; Sundqvist & Wikström, 2015; Sylvén & Sundqvist, 2012). While 

acknowledging the increasingly established benefits of technology for L2 learning gains, it should 

also be noted that “the Net is, by design, an interruption system, a machine geared for dividing 

attention” (Carr, 2011, p. 131), and that learners may experience “continually distracting challenges 

(especially with social media) caused to language study practices” (Murray et al., 2020, p. 251). As 

such, mobile technology may also negatively impact L2 learners’ IMLL experiences and learning 

outcomes. 

With a limited number of IMLL studies and their mixed results for language learning, IMLL 

as an emerging field has nearly no evidence for what should be considered typical learning 

outcomes for learners’ IMLL participation (see an overview in Sockett & Toffoli, 2020). It is 
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imperative that this field benefits from further investigation, particularly with a longitudinal design, 

that allows an in-depth examination of learners’ IMLL experiences and accompanying learning 

outcomes. As Byrnes (2019) noted:  

If we wish to understand in sophisticated and substantive ways the changing 

configurations that shape the teaching–learning context, we will need a stronger 

prism than the call for ‘longitudinal studies’ or the appeal to the dynamic and non-

linear nature of language development. (p. 525) 

Adopting a longitudinal, process-oriented approach to IMLL is also warranted by the complexity 

inherent in IMLL. That is, language learners typically use a variety of resources whose type, 

availability, and usefulness are likely to evolve. These publicly available and constantly expanding 

learning resources may not be uniformly noticed or taken advantage of. Rather, different learners 

variably interact with the diversified semiotic resources, which results in potentially divergent 

developmental processes where the same input may be acted upon in different ways that are 

contingent upon the learner’s immediate needs and goals. 

 

5.2.2 Making development a core construct for IMLL  

The term development is increasingly used as a key construct for understanding informal language 

learning (Godwin-Jones, 2019; Kusyk, 2017; Sockett & Toffoli, 2020). Its preferred use over terms 

learning/acquisition recognizes the highly contextualized and variable nature of L2 learning, as well 

as the dynamic and emergent process of language learning (Larsen-Freeman, 2015). Such a 

recognition is of particular relevance to informal language learning, which is characterized by 

learner variety and learning heterogeneity. That is, learners with personal learning interests and 

goals may differently interact with a diverse set of technological tools, resources, and materials, 

leading to their largely distinct learning experiences and developmental processes.  

Understanding the individually distinct developmental processes involves a shift away from 

traditional studies that collect one or a few data points from a group of learners in order to inform 

population-level conclusions. Rather, it entails collecting many data points from a small number of 

learners to intensely describe the unique properties of individual development. A corollary of this 

shift is that the modelling and description of variables at the group level cannot be directly 

translated into the understanding of a single individual’s developmental process (see detailed 

discussion on the ergodicity problem in Lowie & Verspoor, 2019; see also our Introduction). This 

point can be illustrated by Larsen-Freeman’s (2006) observation that, while the group average was 
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featured by a smoothly ascending curve, some individuals showed regress and progress in their 

language performance over time, and others remained relatively unchanged. She thus concluded 

that traditional group studies, despite insightful in presenting the grand sweep effects of factors 

affecting language use and development, lack the robustness in disclosing unique properties of 

each individual and should be complemented with longitudinal case studies that can “provide a 

true description of the behaviour of the individual” over time (p. 601).  

To uncover individual developmental processes with longitudinal case studies entails 

investigations into “person-centredness” to be conducted in applied linguistics research (Benson, 

2019, p. 67) and in IMLL research in particular (Godwin-Jones 2019). It should be noted that this 

is not a suggestion to revert back to “the abstraction of [learners’] attributes and behaviours” 

(Benson, 2019, p. 66), but to consider “the individual learner operating in a spatial-temporal context” 

(Larsen-Freeman, 2018, p. 59). To elaborate what person-centredness means, we presented a theoretical 

framework called person-centred approach in Chapter 3. Fundamental to the approach is a focus 

on the individual. Specifically, it views each individual as a dynamic system, with interwoven 

components jointly contributing to the process of individual development (Bergman & Magnusson, 

1997). As the components at play and the way in which they interact are often different for different 

individuals, the process of language development is likely to be individual-specific.  

Focusing on the developmental process at the individual level does not mean that we should 

abstain from searching for general regularities of language development across individuals. The 

person-centred approach posits that, although the process of development tends to be idiographic 

(i.e., specific to the individual), there still exists meaningful structure in the developmental 

characteristics across individuals (see Bergman & Lundh, 2015). In other words, typical 

developmental patterns (often limited in number) that transcend the individual uniqueness can 

appear at a higher and macro level (Baba & Nitta, 2014). Molenaar and Campbell (2009) suggested 

to uncover such patterns by means of identifying homogeneous groups composed of individuals 

who share similar patterns in a bottom-up manner. The salient patterns identified can serve as a 

more predictable manifestation of IMLL learners’ developmental processes, which help arrive at 

findings that are interpretable beyond the individual level to a group of similarly structured 

individuals.  

This bottom-up approach is particularly relevant for IMLL which is unscheduled, impromptu, 

and unofficial in nature; that is, there are no well-defined start and end time points, no unity of 

curriculum, and no predetermined or controlled learning circumstances for IMLL phenomena 

(Sockett & Toffoli, 2020). In other words, research into IMLL practices may not be capable of 
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legitimately studying the impact of a specific learning practice/activity on a given group of learners 

over a given period of time. A more feasible way, instead, is to first examine individual-level IMLL 

experiences and developmental trajectories, and then compare the developmental trajectories of 

different individuals, with a view to unveiling salient patterns that transcend the individual variety 

(Godwin-Jones, 2019). Such research potentially informs language instructors’ conception of L2 

learning and their design and integration of learners’ IMLL in L2 learning agenda.  

 

5.2.3 Proposing a time-series clustering methodology for identifying developmental patterns 

The present study adopts a time-series clustering technique to study learners’ language 

development through IMLL participation over ten months. The time-series clustering procedure 

consists of two consecutive analyses: first, a time series analysis to describe individual-level 

developmental trajectory; second, a cluster analysis to identify developmental patterns shared by 

different individuals. We will return to the two analyses and their combination in our Data analysis 

section.  

Previous examination of the change and variation in individual developmental process has 

adopted a wide range of analytic methods, such as analyses of variability, visualization techniques, 

and dynamic modelling techniques (e.g., Caspi, 2010; Chan et al., 2015; Larsen-Freeman, 2006). As 

the present study takes a particular interest in learners’ general developmental trajectories through 

IMLL participation, we opt for a time series analysis to detect developmental characteristics. Time 

series analysis is an analytic method appropriate for intensive longitudinal data at the individual 

level measured repeatedly at regular intervals (Velicer & Molenaar, 2013). It can shed light on 

important features of longitudinal data, such as developmental trend, rate of change, and temporal 

dependence, which all have been alluded to or emphasized in previous studies on L2 development 

(Baba & Nitta, 2014; Chan et al., 2015; Larsen-Freeman, 2006).  

The time-series analysis, together with previously used analytic methods (e.g., analyses of 

variability, visualization techniques, dynamic modelling techniques), focuses on the developmental 

dynamics specific to each individual. It is important to stress that, while learners may have 

individually owned developmental processes, salient patterns that hold across individuals may still 

emerge from the data, a point implied by the person-centred approach and previous studies (Bulté 

& Housen, 2020b; Caspi, 2010).  

Identifying the salient patterns, however, is no easy task. It requires (quantitative) methods 

that reliably capture the essential similarities and differences across individual dynamics. We 

propose a clustering technique which surfaces as a reliable tool serving the purpose. Cluster analysis 
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is an exploratory technique that allows “the classification of cases into a number of groups [or 

clusters]” (Crowther et al., 2020, p. 4; see also Staple & Biber, 2015), and, in language learning 

research, it has been used to identify hidden groups of learners (Papi & Teimouri, 2014) or to find 

similarities (or patterns) between individual cases (e.g., Geveke et al., 2017).  

Collectively, with a time-series clustering methodology, it is possible to depict individual-level 

trajectories of language development (which may be idiographic or individual-specific), and to distil 

developmental patterns that transcend the individual-level developmental heterogeneity as they 

emerge from the data. These salient patterns identified across individuals can shed light on 

signature dynamics of developmental processes, potentially contributing to the construction of 

models of how IMLL learners change and develop another language. 

 

5.3 The present study 

The present study reports on findings from a larger project that investigates Chinese university 

students’ informal engagement in English (as a foreign language) learning with technology. In the 

study, we use a time-series clustering methodology to analyse intensive writing samples we collect 

over a period of 10 months from nine Chinese EFL learners with extensive IMLL experiences, 

with a view to unravelling the essential uniquenesses and commonalities in learners’ developmental 

processes through IMLL participation. Given the novelty of the methodology, our research 

questions are modest:  

RQ1. Can we identify developmental patterns that transcend individual developmental 

trajectories? 

RQ2. Are these developmental patterns indicative of typical learning outcomes of learners’ 

IMLL participation over time? 

 

5.3.1 Participants 

This 10-month-long study was carried out in extracurricular, out-of-class environments. 

Participants were 9 Chinese university students majoring in physics (4 females, 5 males) who were 

on average 19.11 years old (SD = .92) and had learned English as a foreign language (EFL) for an 

average of 10.67 years (SD = 1.22). When the present study began, they had all passed the CET-4 

(College English Test Band 4, a national English proficiency test for non-English majors), and 

generally received 90 minutes’ English in-class instruction (Chinese as the medium of instruction) 

each week.  
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As the study focused on the participants’ IMLL experiences, we also collected information on 

the participants’ out-of-class engagement with learning resources and materials with mobile 

technology at the start of the study, with the questionnaire (see Appendix B) we designed for the 

study reported in Chapter 4. Generally, the participants would spend 2 to 3 hours every day learning 

English through (mobile) technologies outside the classroom on their own, searching English 

learning websites, watching English movies and television series, listening to English songs and 

news, posting on social media in English (e.g., WeChat), playing digital games in English, or 

communicating with other English learners through social networks. Sockett and Toffoli (2020) 

suggested to examine whether and how language learning takes place through learners’ informal 

participation in (mobile) learning activities “among learners who have no [or limited] formal 

contact” with target language (p. 481), so, in the present study, we used a nonrandom, purposeful 

sampling method (Merriam & Tisdell, 2016) and recruited 9 participants who (a) had passed their 

CET-4 and had limited in-class instruction, and (b) spent considerable amount of time learning 

English outside the classroom, largely with mobile technologies. 

 

5.3.2 Fanfiction task         

To track language development in an ecologically valid manner, we used a task that originates in 

informal online practice—Fanfiction—to collect written data from January 2019 and October 2019. 

Fanfiction refers to “writing that continues, interrupts, reimagines, or just riffs on stories and 

characters other people have already written about” (Jamison, 2013, p. 17). In the present study, 

all fanfiction tasks were related a British television drama series Silk. This TV mini-series is episodic, 

with the same group of characters experiencing different, but analogous, situations from week to 

week. Using analogous tasks instead of a repeated-task design, we tried to minimize the task effect 

on the participants’ written products while avoiding having the participants performing the same 

task repeatedly. The episodic TV series was also chosen because of its potentially motivating effect; 

that is, the participants might become interested in following the further twists and turns 

undergone by characters they have gotten to know. 

We used a writing prompt for each fanfiction task. Table 5.1 depicts one such task prompt. 

During the task completion process, the participants had access to any online resources and 

materials that helped them generate ideas, collect related information, and overcome English 

language difficulties. To maintain the participants’ motivation to write every month, the first author 

wrote some encouraging comments on all compositions the participants wrote. Throughout the 
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study, a total of 90 writing samples were collected, with each participant completing 10 fanfiction 

tasks.        

 

Table 5. 1 Example fanfiction task prompt 

Task assignment Watch Silk Episode 1, Season 1 closely, choose a character you 

like the most, and write/retell the story in 300–400 English 

words from the perspective and voice of the particular 

character you choose. 

Task description You may use online resources and materials (e.g., websites, 

dictionaries) to help you understand and develop the story; 

You may also borrow words and phrases from the episode you 

watched in your writing process.   

 

5.3.3 Complexity measures 

The writing samples collected were analysed on seven complexity measures (shown in Table 5.2) 

that have long been used to gauge “the extent to which language produced in performing a task is 

elaborate and varied” in L2 research (Ellis, 2003, p. 140). Specifically, the seven measures can 

capture different aspects of syntactic and lexical complexity (see also Mazgutova & Kormos, 2015), 

as corroborated and suggested in a number of studies (e.g., Bulté & Housen, 2020a; Jarvis, 2013; 

Norris & Ortega, 2009). 

 

Table 5. 2 Information on linguistic complexity measures 

Variable   Measures 

Syntactic complexity  at the sentential level the Mean Length of T-unit (MLTU) 

at the clausal level the mean number of dependent clauses per T-unit (DC/TU) 

at the phrasal level the mean number of complex nominals (CN) 

the mean number of modifiers per noun phrase (M/NP) 

Lexical complexity  lexical variability  the measure of textual lexical diversity (MTLD) 

lexical rarity the log frequency of content words (LFCW) 

lexical disparity  the latent semantic analysis index (LSA)   

 

Syntactic complexity at the sentential level was measured by means of the Mean Length of T-

unit (MLTU), which was often used as an indicator of overall syntactic complexity. The mean 

number of dependent clauses per T-unit (DC/TU) was adopted to capture complexity at the clausal 
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level, which is a common metric measure amount of subordination. At the phrasal level, complexity 

is measured by calculating the mean number of complex nominals (CN). All three measures were 

retrieved via Synlex. In consideration of the recent recognition of the use of complex phrasal 

constructions (e.g., noun modifiers) as a characteristic of the writings of advanced learners (Biber 

et al. 2011), we also included the mean number of modifiers per noun phrase (M/NP) to reflect 

syntactic complexity at the phrasal level, calculated through Coh-Metrix 3.0 (Graesser et al., 2011). 

These four syntactic complexity measures gauged complexification at the sentential, the clausal, 

and the phrasal level. According to Norris and Ortega (2009), L2 learners complexify these 

different levels of syntactic organization at different stages of development so the inclusion of all 

three levels helps depict a fuller trajectory of L2 development. 

In terms of lexical complexity, we incorporated Jarvis’ (2013) recent work on lexical diversity, 

examining lexical rarity, volume, variability, evenness, disparity, and dispersion. As suggested by 

Jarvis, volume (i.e., the total number of words produced in the text), evenness (i.e., how evenly 

word tokens are distributed across types), and dispersion (i.e., the mean distance between different 

tokens of the same type) are highly intercorrelated. Given that in this study the number of words 

the participants produced was specified in the task prompt, we decided to focus on the rarity, 

variability, and disparity dimensions. The most common measure of lexical variability used in L2 

research is Type-Token Ratio (TTR) (Templin, 1957), defined as the ratio of the number of 

different lexical items (i.e., words) to the total number of words. Considering some severe criticisms 

of the use of TTR (Engber, 1995), we employed the measure of textual lexical diversity (MTLD), 

which has been found least affected by text length (McCarthy, 2005). MTLD was computed in 

Coh-Metrix 3.0. To assess lexical rarity, we used the log frequency of content words (LFCW). The 

use of the log frequency measure instead of the raw frequency value was motivated by Davis’ (2005) 

suggestion that the log statistics can differentiate among the frequency values of rare words better 

than the lemmatized count. As regards disparity (i.e., the degree of differentiation between lexical 

types in a text, Jarvis, 2013), the latent semantic analysis (LSA) index was applied. The measure 

establishes the relevance of ideas to the topic and determines the similarity of meaning between 

words, sentences and paragraphs. All three measures were calculated through Coh-Metrix 3.0. 

 

5.3.4 Data analysis 

To be able to visualize and analyse the concurrent development of the seven complexity measures, 

we used standardized scores (i.e., z-scores) to bring them to the same scale, following Larsen-

Freeman (2006), and Bulté and Housen (2020b).  
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In order to capture the developmental trajectories of the participants’ complexity, we 

performed time series analyses at the individual level. That is, for each participant, we ran a time 

series analysis on his/her seven complexity measures respectively. Each time series analysis yielded 

three parameters: intercept, slope, and autocorrelation. The first parameter, intercept, refers to the 

starting value of a linear regression line fitted to the longitudinal data of complexity. The second 

parameter, slope, estimates the rate of change of complexity over time. It reveals whether the 

participants’ written complexity is increasing, decreasing, or keeping constant. The autocorrelation 

parameter measures “the linear relationship between various values of an observed time series”, 

indicating the degree of dependence in the longitudinal data under examination (Maharaj et al., 

2019, p. 12). Commonly expected values for such autocorrelation in human developmental data 

range between 0 and 1, and a near-zero autocorrelation means that the measure value at any time 

point is immune to the value measured on previous occasions. It is worth noting that there are 

different time series statistical models that can be used for different goals, such as describing the 

process of change through time, examining concurrent development of and interaction between 

variables, and exploring the effect of an intervention or critical event (Jebb et al., 2015). In this 

study, we chose a linear regression model that depicts the simplest developmental characteristics, 

because it made the interpretation of data straightforward (Singer & Willett, 2003), and, more 

importantly, because the time-series parameters (intercept, slope, and autocorrelation) yielded here 

can shed light on issues concerning whether, to what extent, and in what ways learners develop 

their L2 through IMLL participation, issues inadequately evidenced in the IMLL field. In 

calculating the time-series parameters, we followed the procedure described in Simplilearn (2018).  

To identify the typical developmental patterns that have the potential to transcend the 

individual trajectories, we applied a cluster analysis on the three parameters yielded in the time 

series analysis. Specifically, an agglomerative hierarchical clustering algorithm was employed in the 

analysis, which assumes no particular number of clusters, and allows homogeneous clusters to 

emerge from the data. During the clustering procedure, Ward’s method as a linkage method and 

Euclidean as a distance measurement were chosen to minimize within-cluster variance (Crowther 

et al., 2020). R script for the cluster analysis can be found in Appendix D.  

 

5.4 Results 

The results will be presented in two parts corresponding with the two research questions asked. 

The main set of analyses (i.e., the time-series clustering procedure) identified developmental 

patterns that emerged from the relatively intensive dataset (RQ1), results of which will be first 
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presented. The second part related to the development of different aspects of complexity through 

participants’ IMLL participation (RQ2).      

 

5.4.1 Identifying developmental patterns with the time-series clustering technique 

A separate time series analysis was performed on each complexity measure for each participant. A 

total of 63 (9 participants x 7 measures) time series analyses were carried out, revealing the 

developmental rate, route, and ultimate outcomes of different complexity measures for different 

participants. A descriptive summary of the 63 time-series parameters can be found in Appendix E.  

The time-series parameters (i.e., intercept, slope, and autocorrelation) varied greatly in the 

seven measures for each participant and across participants as well, which causes problems for the 

visual identification of potential patterns, as acknowledged in previous research (e.g., Chan et al., 

2015). Instead of using averaged values to abstract and make sense of the overall picture of 

complexity development in the IMLL context, we employed a cluster analysis to identify 

developmental patterns of complexity that emerge from the data. 

As a statistical technique, cluster analysis is useful for classifying cases into clusters based on 

similarities in developmental processes, and components in each cluster are strongly self-similar. 

While various system levels can be set as cases (e.g., a class, an institution, an individual), this study 

tactically regarded different measures of complexity as cases that can be understood to have their 

own developmental trajectories, following Wright and Zimmermann’s (2019) suggestion. That is, 

the dataset for cluster analysis consists of 63 cases (7 complexity measures for 9 participants), each 

with three parameters (i.e., intercept, slope, and autocorrelation). It should be noted that, prior to 

the clustering procedure, the data were assessed for multivariate outliers using a Mahalanobis 

Distance Test (Tabachnick & Fidell, 2013). Five multivariate outliers were identified and removed 

(see Appendix E). As cluster analysis is “based on strength of and relationships among several 

variables” (Papi & Teimouri, 2014, p. 495), including these outliers would lead to biased estimates 

of cluster formation. 

The cluster analysis performed on the time-series parameters yielded five clusters. Each cluster 

consisted of cases that had similar parameter combinations (i.e., intercept, slope, and 

autocorrelation). A visual representation of the five clustered groups is presented in Figure 5.1, and 

final cluster membership (which was also used for group comparisons) is presented in Table 5.3. 

A nonparametric Kruskal-Wallis rank sum test revealed significant differences between the five 

groups in terms of intercept (H(4) = 44.81, p = .000), slope (H(4) = 34.29, p = .000), and 

autocorrelation (H(4) = 11.64, p = .020). 
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 Figure 5. 1 Five-cluster dendrogram 

 
 
Table 5. 3 Summary of the five clusters in terms of time series parameters 

  Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5   

(N = 2) (N = 4) (N = 10) (N = 33) (N = 9)   

Mean(SD) Mean(SD) Mean(SD)    Mean(SD) Mean(SD)   

   Slope -3.22(0.05) -1.01(0.60) -0.15(0.13) 0.19(0.20) 0.57(0.60)   

   Intercept 30.48(0.05) 16.83(1.85) 5.15(1.48) 0.94(1.41) -6.33(2.99)   

Auto-correlation 0.41(0.01) 0.18(0.14) 0.11(0.09) 0.23(0.13) 0.26(0.15)   

  
 

To visually inspect how the five clusters of complexity measures developed over the course of 

the study (i.e., 10 months), we plotted concurrent developmental paths of the five clustered groups, 

as shown in Figure 5.2. An average for the entire sample measures was also plotted, which served 

as a point of reference for the developmental trajectories of the five clusters identified. The sample 

average appeared to increase over the period of 10 moths, albeit in a nonlinear manner. It is also 

evident in Figure 5.2 that the five clusters seemed to have followed divergent developmental paths, 

an observation supported by the descriptive statistics of each cluster (shown in Table 5.3).   



560485-L-bw-Peng560485-L-bw-Peng560485-L-bw-Peng560485-L-bw-Peng
Processed on: 26-5-2021Processed on: 26-5-2021Processed on: 26-5-2021Processed on: 26-5-2021 PDF page: 96PDF page: 96PDF page: 96PDF page: 96

Chapter 5 

 

84 

 

Figure 5. 2 Concurrent developmental trajectories of the five clusters 

 

In Table 5.3, we present the clusters in the ascending order of slope (indicative of rate of change) 

from Cluster 1 to Cluster 5. The slope as a function of time describes the degree to which 

complexity measures are changing, explicating both the directionality (increasing or decreasing) and 

magnitude of the development over time. Specifically, Clusters 1, 2, and 3 with slope values ranging 

from -3.22 to -0.15 underwent a downward developmental trend over time. Evident in Figure 5.2 

is that the Clusters 1, 2, and 3 would have been completely obscured, had we used the sample 

average to make sense of the overall picture of complexity development as did in previous group 

studies. 

As for the remaining two clusters (i.e., Clusters 4 and 5), an upward trend was detected. Among 

the total of 63 cases, 42 (66.7%) belonged to these two clusters, which means the majority of the 

complexity measures experienced an increase over time in their developmental trajectories. More 

specifically, Cluster 5 was characterized by the highest value in slope (0.57), indicating a relatively 

rapid increase over time. Components of Cluster 4, increasing at a relatively slow rate (i.e., slope 

value at 0.19), mirrored the developmental trend of the sample average the most. And this is the 

cluster that contained more than half of the cases (52.3%). 

In sum, the quantitative analyses (i.e., the time-series clustering technique) revealed that, while 

all the cases (i.e., complexity measures) examined in this study were found idiosyncratic (i.e., having 

their individually owned developmental trajectories), they also showed commonalities or patterns in 

terms of developmental rate, route, and ultimate outcomes (as indicated by the time-series 

parameters of each cluster) across cases at the cluster-level. In other words, all the complexity 
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measures can be characterized as one of the five developmental patterns identified in the five 

clusters.  

 

5.4.2 Mapping the developmental patterns onto the development of different aspects of 

complexity 

In the preceding section we have confirmed the existence of and identified distinctly different 

developmental patterns of complexity measures at the cluster level. To better understand how the 

participants’ different aspects of complexity developed over time, we further examined the 

components that composed each cluster, which are presented in Table 5.4. 

Instead of presenting a comprehensive analysis of all the components of the five clusters, here 

we pay specific attention to certain developmental patterns of complexity that held for a majority 

of the participants (i.e., at least five participants in our case).  

Table 5.5 shows the development of different aspects of complexity for different participants. 

As far as syntactic complexity measures are concerned, most participants (i.e., five participants or 

more) experienced the developmental pattern of Cluster 4 (i.e., an increase over the course of the 

study) in their MLTU (a measure of syntactic complexity at the sentential level). The development 

of other three syntactic complexity measures (DC/TU, M/NP, CN) was more complicated, with 

no unified developmental patterns found that held for a majority of the participants. In the case of 

clausal complexity (as measured by DC/TU), for example, some participants had the 

developmental pattern of Cluster 2, others had the developmental pattern of Cluster 4, and still 

others had the developmental pattern of Cluster 5.  

With regard to lexical complexity measures, a majority of the participants (i.e., at least five 

participants) underwent the developmental pattern of Cluster 4 in their MTLD (a measure of lexical 

variability) and LFCW (a measure of lexical rarity). Again, the development of the lexical disparity 

(as measured by LSA) was more complicated, without a unified developmental pattern found that 

held for most of the participants. 

To summarize, all participants were found having experienced an increase in complexity over 

10 months’ IMLL participation, mastering both syntactically and lexically more complex language 

use in their written production. More specifically, consistent upward patterns that held for the 

majority of the participants were found in the development of sentential complexity, lexical 

variability, and lexical rarity.  
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Table 5. 5 Different complexity measures related to different clusters for different participants 

     S1  S2  S3  S4  S5  S6  S7  S8 S9 

Syntactic 

Complexity 

Measures 

 MLTU C5 C4   C4   C4 C4 C4 C3 

 DC/TU C4 C2 C5 C4 C2   C4 C4 C5 

 M/NP C5 C4 C3 C1 C4 C4 C4 C5  C3 

 CN C5 C4 C3 C4 C2 C4 C3 C3 C5 

Lexical 

Complexity 

Measures 

 MTLD C4 C4 C4 C4 C4 C3 C3 C4 
 

 LFCW C4 C4 C4 C4 C4 C4 C4 C4 C1 

 LSA C5 C4 C3 C3   C4 C4 C5 C2 

Note. C1, C2, C3, C4, and C5 are short for Cluster 1, Cluster 2, Cluster 3, Cluster 4, and Cluster 5 respectively.  
 

 

5.5 Discussion  

This study focused on Chinese university students’ self-initiated English learning experiences 

outside the classroom. We wanted to know firstly whether the time-series clustering technique can 

reliably describe the individual-level developmental trajectories over time and quantitatively identify 

the developmental patterns/similarities that emerge from the data (RQ1), and secondly whether 

such data-generating developmental patterns can be considered typical learning outcomes of 

learners’ IMLL participation to be acted upon by well-specified curricular contexts (RQ2).   

The first research question (RQ1) focused on the identification of developmental patterns. 

The time-series clustering procedure serving this purpose consisted of time series analyses and a 

cluster analysis. Results of the former demonstrated that each participant underwent different 

trajectories for the development of different aspects of complexity, and that the developmental 

processes of complexity also varied greatly among participants, as evidenced by the different time-

series parameters. This observation was consistent with a number of previous studies on L2 

(complexity) development (e.g., Bulté & Housen, 2018, 2020a). The cluster analysis further 

simplified the results of time series analyses, distilling the salient patterns that transcended 

individual variety in terms of developmental trajectories of complexity. That is, we identified five 

developmental patterns of complexity (i.e., in five clusters) with distinctly different developmental 

rate, route, and ultimate outcomes (as indicated by the time-series parameters of each cluster), and 

all the complexity measures can be characterized as one of the five patterns identified. This 

corroborated Baba and Nitta’s (2014) view that salient patterns of language learning and 

development can appear at a higher and macro level, regardless of “the nature of the phenomena 

on which the focus is placed, the level of observation, and the elements that are involved” (p. 28).  
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Combined, the time-series clustering methodology is capable of depicting individual-level 

developmental processes that are often idiographic or specific to the individual, identifying 

developmental patterns (e.g., depicted with statistical parameters) that transcend the individual 

heterogeneity, and yielding findings that are generalizable to a wider population (i.e., to the cluster 

level).   

The second research question (RQ2) concerned the development of different aspects of 

complexity through learners’ IMLL participation. The developmental patterns identified with the 

time-series clustering methodology were further found related to the participants’ development of 

sentential complexity (i.e., increased use of longer sentences and T-units), lexical variability (i.e., 

increased use of varied lexical items), and lexical rarity (i.e., increased use of less frequent words). 

Such patterns extended the finding in Kusyk (2017)—which similarly examined L2 learners’ 

informal participation in online learning activities—that L2 learners show “great inter- and intra-

individual variation” in their developmental trajectories (p. 92). Rather, these developmental 

patterns of syntactic and lexical complexity signalled typical learning outcomes to be expected when 

L2 learners engage in a wide range of mobile learning activities outside the classroom. That is, 

through IMLL participation over time, learners are likely to become developmentally more 

complex in their repertoire of lexical and syntactic choices.  

Our finding concerning syntactic and lexical development also constructively contested 

Sockett and Kusyk’s (2015) observation that learners, especially those of relatively advanced 

proficiency, often make little linguistic progress in informal contexts without any pedagogical 

infrastructure. Instead, we found that learners’ repertoire of choices of specific syntactic and lexical 

features changed, or expanded, through their constant participation in varied IMLL activities, an 

observation that is informative about the question—“What is being learnt through the informal language 

learning practices of today beyond the existing studies of chunk uptake”—raised by Sockett and Toffoli (2020, 

p. 482, emphasis added) in their comprehensive overview of informal language learning with 

technology. Informal language learning has received relatively little research attention compared 

with other language learning areas, which is possibly due to the limited positive learning outcomes 

this field witnessed (Sockett & Kusyk, 2015). The findings of the present study hence encourage 

more (empirical) studies on informal (mobile) language learning to be conducted, exploring 

different layers of affective, cognitive, and spatial-temporal specificities L2 learners have in 

informal contexts. 
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5.6 Implication of the time-series clustering methodology  

The time-series clustering methodology proposed in this chapter can insightfully unpack the 

complexity, dynamism, and heterogeneity of the IMLL phenomenon, a methodological challenge 

long faced by researchers in the informal language learning field (see Sockett & Toffoli, 2020). As 

we mentioned earlier, investigations into IMLL practices may not be capable of legitimately 

studying the impact of a specific learning practice/activity on a given group of learners over a given 

time period, due to its “impromptu, unscheduled, and unofficial” nature (Toffoli & Sockett, 2010, 

p. 19). As a feasible alternative, one may take a bottom-up methodology (e.g., the time-series 

clustering technique), first depicting developmental processes at the individual level, comparing the 

developmental processes of different individuals, and aggregating the individuals who share similar 

developmental patterns. These “salient patterns—or essential underlying mechanisms—associated 

with typical system outcomes” (Dörnyei, 2014, p. 89) can provide insights into the extent to which 

uptake from informal language exposure supports language learning and help research on informal 

(mobile) language learning yield findings that are interpretable within the specific context (Byrnes, 

2020). 

 The identification of typical developmental patterns that hold for different individuals also 

provides added value for advancing our understanding of L2 developmental processes in general. 

In a critical appraisal of previous investigations into L2 (complexity) development, Bulté and 

Housen (2020a) point out: 

On the basis of these raw data, it seems impossible to identify similarities between 

the developmental paths of the different learners, or to formulate observations that 

hold for a majority of the learners. The only constant is that there is considerable 

variation within and across learners, and that individual scores are “all over the 

place”, showing peaks and dips. (p. 224) 

Bulté & Housen (2020a) thus argue that future L2 development research should also endeavour to 

make claims beyond the level of single learners. We agree with this view, and propose a bottom-

up methodology of doing so. That is, by adopting a time-series clustering methodology, the present 

study not only described individual-level developmental trajectories that were idiosyncratic or 

individual-specific, but identified typical developmental patterns that held for a majority of our 

participants. As such, we managed to show patterned outcomes that are generalizable beyond the 

individual level to a wider population. 

As regards to what extent we can generalize findings from individuals, the time-series clustering 

methodology proposed here can shed important light, advancing our understanding of the 
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ergodicity problem in studies of L2 development (Lowie & Verspoor, 2019). According to the 

ergodic principle, group statistics cannot be generalized to the individual, and vice versa, unless 

two conditions are met. One condition is that a priori group should be homogeneous and the 

individuals composing the group must have the same statistical characteristics. In our study, this 

condition, which concerns the three time-series parameters, was violated at the sample/group level. 

In fact, the differences in the parameters (yielded in the time series analysis) between individual 

cases were the reason why clusters were able to be identified through the clustering technique. In 

the clusters identified, components of each cluster have similar time-series parameters; therefore, 

the clusters arguably satisfy the condition of being homogeneous. This improvement in ergodicity 

is important to generalizability. That is, although it may not be appropriate to generalize between 

an individual and the group as a whole, it is viable to generalize between an individual and a cluster 

identified.  

Given the novelty of this methodology, we tried to make the modelling of the intensive 

longitudinal data transparent and easy to meaningfully interpret; that is, we opted for a linear 

regression model to depict individuals’ processes of change and development. Future research may 

want to attend to the non-linear features (e.g., bifurcations) when seeking patterned outcomes with 

the bottom-up methodology proposed, advancing our understanding of the developmental 

dynamics such as sudden jumps, anomalous variance, divergence, and qualitative change in the 

attractor. Of note are also other techniques (e.g., state-space modelling and dynamic factor analysis) 

that can accurately and adequately model the idiosyncratic, within-subject, and time-lagged 

relationships of latent and/or measured variables to be employed in future research (Chow et al., 

2010; Ram et al., 2013). 

  

5.7 Conclusion  

By collecting and analysing intensive longitudinal data from nine IMLL learners, the study captured 

individual-level developmental trajectories of complexity and distilled salient developmental 

patterns that transcend the individual variety and heterogeneity. The salient patterns identified with 

the time-series clustering technique reveal that, over ten months’ IMLL participation, the syntactic 

and lexical features of learners’ writing progressed to a developmentally more advanced level.  

The finding should be interpreted with caution, however, as it is based on a small sample of 

college-level English learners in Southwest China. Future research may look at learners of others 

languages (e.g., Japanese, Chinese) whose learning resources and materials were not commonly 

available online. In addition, as the time-series clustering technique is a novel procedure, our 
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analyses were exploratory in nature. Future research may benefit from other techniques such as 

model-based clustering algorithm which may be more theoretically motivated and statistically 

principled (Lee et al., 2019).  

To conclude, our research confirmed the developmental affordances of learners’ IMLL 

experiences; therefore, the study of informal language learning with (mobile) technology may 

feature more prominently in future research agendas on L2 learning. It is also hoped that the time-

series clustering methodology proposed in this article shed light on patterned outcomes that were 

overshadowed by the learning variety evident in IMLL: different learners with different learning 

interests and goals interact with a diverse set of devices and resources in multiple ways (Kusyk, 

2017). In other words, the identification of typically occurring patterns could lead to a more 

predictable manifestation of learners’ IMLL experiences and developmental processes. The 

methodological insights about the idiosyncrasy and commonality in L2 developmental processes 

provided in our study can also inform future process-oriented research in applied linguistics. 
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