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A b s t r a c t

From the Complex Dynamic Systems Theory (CDST) point of view, second language 
development has unpredictable and non-linear patterns that vary from learner to learner. 
Keeping track of such dynamic development requires longitudinal studies with sufficient 
data points. The present systematic literature review attempts to present an overview on the 
previously conducted longitudinal studies that have investigated the development of second 
language subsystems from the CDST perspective. Starting from 1884 publications, the system-
atic searching strategy led to 45 articles which were examined in order to highlight the state 
of the art. The observations of the reviewed studies are conclusively supportive of the CDST 
principles in second language development. The synthesis of the findings of the papers will 
be presented and, finally, a multitude of suggestions for further research will be provided 
which can help future studies clarify the existing gaps that exist in the literature.

Keywords: second language development, second language acquisition, CDST, systematic 
review

Introduction

During the past three decades a growing number of studies have start-
ed to focus on individual patterns of second language development instead 
of general developmental trends that can be observed among large groups 
(Larsen-Freeman, 1997; Larsen-Freeman, 2017; Han, 2020; Hiver et al., 2022; 
Rokoszewska, 2022). The introduction of Complex Dynamic Systems Theory 
(CDST) into the realm of applied linguistics has attracted attention to the un-
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predictability and uniqueness of second language development among learners 
(Larsen-Freeman & Cameron, 2008; Verspoor et al., 2011). According to this 
theory, language consists of numerous interconnected systems where the whole 
system can be drastically impacted by small changes in one subsystem or in the 
initial state of the system (de Bot et al., 2007; van Geert & Dijk, 2002).

Unlike group studies where the focus is on general developmental patterns 
of larger numbers of language learners (Verpoor et al., 2021), examining sec-
ond language development from the CDST perspective calls for longitudinal 
studies where usually fewer participants are examined (Lowie & Verspoor, 
2019). Such studies have examined the development of different subsystems 
(e.g., syntactic and lexical complexity, accuracy, and fluency) with respect to 
different language skills (especially writing and speaking). This systematic 
literature review aims to present a general summary of the literature of CDST 
studies focused on second language development. After applying the inclusion 
criteria to the 1884 initially identified papers, 45 of them were selected for 
the final review. In addition to their findings, different methodological aspects 
of these studies are examined and compared, such as their duration, data points, 
number of participants, participant type, the investigated subsystems and skills, 
data collection methods, measurement, and, finally, as an important aim of this 
systematic review, the gaps and areas which require further investigation are 
mentioned and suggestions for future research are provided.

Literature Review

The steps that we take during the journey of learning a new language 
have been of great interest for many researchers. Finding a specific path that 
all learners go through to acquire a second (or foreign) language can dissect 
this seemingly complicated developmental process. Many previous studies have 
tried to find general patterns in the development of various second language 
subskills in rather large sample sizes (Lowie et al., 2011; Verspoor et al., 2012) 
but such studies have inevitably overlooked the uniqueness of every individual’s 
improvement path during the acquisition of a new language (Verspoor et al.,  
2021). The objective of capturing a generalizable pattern is too simplistic 
in reality (Larsen-Freeman, 2006, 1997). From the perspective of Information 
Processing model (IP model), the development of a second language follows 
a linear and predictable trend (de Bot et al., 2007; Shanker & King, 2002). In 
contrast, other theories such as Cognitive Linguistics, Functional Linguistics, 
Emergentism, and Competition Model take into consideration the numerous 
independent variables (psychological, social, environmental, etc.) that can play 
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significant roles at different levels of the development of a second language. 
Being non-linear and unpredictable, second language development has been 
characterized as dynamic and complex (Verspoor et al., 2017).

According to Dörnyei (2014), a system with at least two interlinked elements 
that can independently experience changes over time is considered dynamic 
or complex. Conducting empirical research in the field of dynamic systems, 
especially in social sciences, is indeed more difficult because of the almost 
innumerable interconnected elements that function independently and with each 
other at the same time, making the system unpredictable. The interconnected-
ness of all variables in a dynamic system leads to the fact that changes in one 
variable in the system influence the other coexisting variables, a characteris-
tic called as “Complete Interconnectedness” (de Bot et al., 2007). Moreover, 
since the early states of dynamic systems are considerably influential on their 
development in the long run, the existence of the butterfly effect is another 
observable phenomenon in complex systems, causing small initial differences 
to have drastic long-term impacts.

From the perspective of Complex Dynamic Theory (CDST), second lan-
guage development varies from person to person due to the multitude of im-
pactful individual factors that vary among learners (de Bot et al., 2007; Larsen-
Freeman & Cameron, 2008). Since this theory was introduced into the area 
of language acquisition about three decades ago (Larsen-Freeman, 1994), many 
researchers in different fields of applied linguistics have examined different 
aspects of CSDT in their studies (Hiver et al., 2022). This theory brings to our 
attention the non-linearity of second language development in addition to the 
variability that exists between and within learners’ second language develop-
mental patterns (van Dijk et al., 2011; Larsen-Freeman, 1997, 2006; Verspoor et 
al., 2008). According to CDST, language development is an emergent, context-
dependent and dynamic process filled with complex connections (de Bot, 2008; 
Hiver et al., 2022). The developmental variability in the examined language 
subsystems and also the multitude of unpredictable interactions among them 
have been repeatedly observed in the literature (e.g., Spoelman & Verspoor, 
2010; Verspoor et al., 2008; Verspoor et al., 2021; Verspoor and van Dijk, 2011). 
Even after averaging out a number of specific learner trajectories, Verspoor 
et al. (2011) as well as Larsen-Freeman (2006) have reported that the remain-
ing developmental patterns of the examined groups were different from that 
of every group member. The development of different second language subsys-
tems can take place in different orders and at different stages. In addition, the 
interactions between such subsystems are intertwined, adding to the complexity 
and unpredictability of the dynamic development. It should also be noted that 
while the dynamicity of second language development makes it unpredictable, 
it does not mean that this development is totally random (Larsen-Freeman & 
Cameron, 2008). 
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According to CDST, accurate observation of second language development 
requires longitudinal studies focused on the language development of individu-
als with enough data points (Lowie & Verspoor 2019; Verpoor et al., 2021). 
While the value of the contributions and findings of group studies even with 
few data points is undeniable, such studies are unable to keep track of the 
unique and flexible developmental trends of each learner. Some of the numer-
ous cognitive and environmental factors that impact the dynamic development 
of a second language include motivation, anxiety, memory capacity, age, ap-
titude, intelligence, available learning time, available knowledge, level of edu-
cation, maturity, and the amount of exposure to the new language (de Bot 
et al., 2007; Kliesch & Pfenninger, 2021; Zhang et al., 2022). For example, 
the study conducted by Piniel and Csizér (2015) indicated that learners with 
higher degrees of motivation and lower degrees of anxiety had more variable 
developmental patterns in comparison with others. Working memory capacity 
has been reported to correlate with the success of second language acquisition 
(Linck et al., 2014; Serafini, 2017). Additionally, previous studies that examined 
how age can influence the cognitive performance of second language learners 
have reported inconclusive findings. In two studies conducted by Bak et al. 
(2016) and Wong et al. (2019), the observations were supportive of better cog-
nitive performance of older second language learners. However, such cognitive 
benefits were not reported by Berggren et al. (2020) and Ramos et al. (2016).

A multitude of previous studies have attempted to examine different areas 
of second language development from the CDST viewpoint. Such investigated are-
as include complexity, accuracy, and fluency (CAF) in speaking (Larsen-Freeman, 
2006; Lowie et al., 2017; Sauer & Ellis, 2019), and writing (Larsen-Freeman, 2006; 
Spoelman & Verspoor, 2010; Verspoor et al., 2021; Zhang et al., 2022), in addition 
to vocabulary (Caspi & Lowie, 2013; Zheng, 2016), and pronunciation (Munro 
& Derwing, 2008). A number of previous studies have also examined how the 
dynamic development of a second language is influenced by issues such as 
self-concept (Mercer, 2011), motivation (Han & Hiver, 2018; Lowie & Verspoor, 
2019; Nitta & Baba, 2015; Nitta & Baba, 2018; Zhang et al., 2022), individual 
differences (Lowie & Verspoor, 2019; Nitta & Baba, 2018; Pfenninger, 2022), 
and also corrective feedback (Fogal & Koyama, 2022). While these factors are 
indeed impactful on language developmental patterns, it does not mean that 
grouping learners by these variables can necessarily result in exactly similar 
learning patterns. For example, even after grouping the participants by their 
aptitude and motivation, no similar developmental patterns were observed by 
Lowie and Verspoor (2019).

Hiver and Al-Hoorie (2016) argued that the main goals of CDST research 
in the area of applied linguistics include (a) representations of definite complex 
systems at different scales; (b) identification of the outcomes of emergent sys-
tems and their dynamic patterns of change; (c) tracing and possibly modeling 
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the complex mechanisms of the emerging patterns; and (d) understanding how 
the behavior of the systems can be influenced by the relevant parameters. As 
a classic example among the studies that have attempted to examine and keep 
track of the dynamic development of second language, Larsen-Freeman (2006) 
examined the developmental patterns in speaking and writing of five Chinese 
second language learners of English at high-intermediate level of proficiency 
over the period of six months. The tasks that the participants were asked to 
complete were freely writing about past events in addition to retelling these sto-
ries orally three days after writing them. The participants completed four writ-
ing and four speaking tasks during the six-month time period. The developing 
linguistic subsystems under scrutiny were grammatical complexity (measured   
with average number of clauses per t-unit), vocabulary complexity (meas-
ured with word types per square root of two times the words), accura-
cy (measured with the proportion of error-free t-units to t-units), and  
fluency (measured with average number of words per t-unit). The results were 
indicative of the non-linearity of second language development, waxing and 
waning developmental patterns, and also inter- and intra-individual varia-
tions on the linguistic measures, all of which were supportive of CDST view 
of second language development. Although only four data points seem to be 
a small number considering the fact that tracking second language develop-
ment calls for numerous data points over long periods of time (in comparison 
with group studies), the aforementioned study was one of the pioneering ones 
that examined second language learning through the CDST angle. Since then, 
different fields of applied linguistics have benefitted from the contributions 
of CDST (Hiver et al., 2022). Such areas include language acquisition (Lowie 
et al., 2010; Verspoor et al., 2008), educational linguistics (Hult, 2010), the 
evolution of language (Mufwene et al., 2017), planning and policies in language 
(Bastardas-Boada, 2013; Larsen-Freeman, 2018), language ecology (Kramsch & 
Whiteside, 2008), and sociolinguistics (Blommaert, 2014) among other realms.

While previous studies in the literature have shed light on different aspects 
of dynamic development of second languages, there seems to be the lack and 
need of systematic reviews that can offer bigger pictures of the current state 
of the art in this field. The aspects of the previous studies that can be inves-
tigated through systematic reviews are the general focus of previous studies, 
their designs, the regularities within and contrasts between their findings, and 
the gaps which have not received sufficient attention yet. Hence this systematic 
literature review attempts to address the abovementioned issues in the literature 
of second/foreign language development from the CDST point of view. To be 
more specific, the present study aimed to address the following questions:

RQ1. What are the design and methodological characteristics adopted by the 
CDST studies in the field (including their conduction place, duration, number 
of data points, number and characteristics of participants, contexts, language 
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skills, data collection methods, the examined subsystems, and the utilized 
measurements)? 

RQ2. What are the important patterns in terms of findings?

Method

Design of Search Strategy

The online search for finding the relevant articles was done using Scopus. 
With the aim of finding thoroughly inclusive keywords for the search queries, 
after an initial scanning of the most cited papers in the relevant realm, the fol-
lowing string was chosen and searched for the titles, abstracts, and keywords 
of the articles in Scopus:

(((“L2” OR “second language” OR “foreign language”) w/2 (development 
OR acquisition OR learn* OR complexity)) AND (longitudinal OR “case 
stud*”)) OR ((“L2” OR “second language” OR “foreign language”) AND 
(“complex dynamic system* theory” OR “dynamic development” OR “com-
plex dynamic system*”))

Figure 1 illustrates a PRISMA flowchart of the search process. After ex-
cluding languages other than English and also irrelevant document types and 
subject areas (such as “Computer Science,” “Health Professions,” Engineering,” 

“Neuroscience,” “Mathematics,” and “Business, Management and Accounting”), 
1162 was the number of articles left. As the next step, title and abstract filtering 
was conducted after which 169 articles remained. Forty articles passed the full 
text filtering of these papers. Moreover, five additional articles were identified 
as studies that were referred to in the literature, were totally relevant, and 
completely met the inclusion criteria but had not been detected in the Scopus 
database search. The searching strategy led to 45 final articles that are included 
in the present systematic review.

More detailed criteria for the selection of the articles during the manual 
filtering phase were the followings:
 • Publications were included only if they involved empirical research.
 • Publications were included only if they were longitudinal with enough data 

points (at least four) since these two criteria are the fundamental elements 
present in studies investigating second language development from CDST 
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PRISMA Flowchart of the Search Process and Identification of Studies via 
Databases and Registers
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perspective. Studies with these two aforementioned traits were included even 
if “CDST” was not mentioned in them.

 • Since the purpose of this systematic review was to examine previous studies 
that have investigated the development of second language skills and their 
subsystems from CDST perspective, publications were included only if they 
kept track of the language development, and the ones focused on other vari-
ables such as attitude, motivation, awareness, willingness and perceptions 
were excluded.

 • Publications were excluded if they were only concerned with the effective-
ness of teaching methods and strategies and developmental patterns were 
not investigated.

 • Publications were excluded if they were focused on newborn bilingual chil-
dren who were learning two languages simultaneously. The reason for this 
exclusion was the fact that since newborns have not acquired their first 
language completely, the two languages that bilingual newborns learn at the 
same time cannot be distinctively identified with respect to which one can 
be considered as the first language and which one can be the second. 

Results

Table 1 presents an overview of the 45 reviewed studies providing informa-
tion on their authors, years and places of publication, timespans, data points, 
the examined skills and subsystems, data collection methods, and measurement 
in addition to the number of participants and their backgrounds, first languages, 
second languages, and second language levels of proficiency. Additionally, dif-
ferent aspects and methodological characteristics of the articles are examined 
in this sections 

Second Language Development and CDST around the World

The 45 studies examined in this review have been conducted in 16 coun-
tries. The most research was conducted in the US with ten studies, comprising 
almost one fourth of all of the studies. Mostly due to the works of Verspoor 
and Lowie, the Netherlands is the next country where the number of contribu-
tions to the literature has been significantly more than that of other countries 
(seven studies). Except China with five studies, the number of articles in any 
other country does not exceed three. Figure 2 illustrates the distribution of the 
conducted studies around the world 
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Figure 2 

The Distribution of Previous Studies around the World

Duration and Data Points

Lengthier duration of the developmental tracking and the abundance of data 
points are two required fundamental characteristics of CDST in the field 
of second language development (Lowie & Verspoor, 2019; Verpoor et al., 
2021). As can be seen from Figure 3, the duration of the longitudinal CDST 
studies varies from two, in Casillas (2020), to 72 months, which was the times-
pan of the study conducted by Pfenninger (2022). The average duration of all 
of the reviewed articles is almost 18 months. It is worth-mentioning that the 
duration of twelve studies was an academic year (nine months). Out of all of  
the 45 studies, 18 of them lasted at least for one year which is indicative of the 
importance of longer studies for the investigation of second language develop-
ment from the CDST perspective.

The number of data collection points in the studies ranged from four 
(Larsen-Freeman, 2006) to 100 (Chan et al., 2015; Lowie et al., 2017). The 
approximate mean of data points among the reviewed studies was twenty-
three. As can be seen in Figure 4, the number of data points that the studies 
had were rather evenly distributed and they were not densely clustered around 
a specific number. As the most repeated number of data points, participants 
were tested 30 times in five of the conducted studies (Baba & Nitta, 2014; 
Baba & Nitta, 2021; Chang & Zhang, 2021; Evans & Larsen-Freeman, 2020; 
Zhang et al., 2022).
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Figure 3 

The Frequencies of Timespans

Participants and Settings

Figure 5 illustrates the number of participants in the reviewed studies. 
Although in two of the studies one hundred or more participants were examined 
(Baba & Nitta, 2021; Rokoszewska, 2022), these are rare cases in the realm 
of longitudinal CDST investigations of second language development. More 
than half of the studies had at most three participants whose second language 
developmental patterns were tracked. A considerable portion of the studies fo-
cused on the second language development of only one participant. Regarding 
the background of the participants (Figure 6), 22 studies examined university 
students. Next, school students, such as high school, secondary school and 
elementary school students (in ten studies), and immigrants (in six studies) 
comprised the biggest portion of the studied participants. Two of the papers 
studied the second language developmental patterns of identical twins with the 
aim of having a clearer comparison between participants and minimizing the 
impact of extraneous variables on second language development as much as 
possible (Chan et al., 2015; Lowie et al., 2017).

Figure 4

The Frequencies of Data Points
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Figure 5

The Frequencies of Number of Participants 

The participants of the reviewed studies had different first languages 
(Figure 7). Chinese (21%), English (15%), and Dutch (13%) were the most 
observed first languages. However, the second languages that the participants 
were learning were not so different (Figure 8). In more than two thirds of the 
studies, English was the language that participants were learning. The other 
learned second languages included Spanish, German, Finnish, Chinese, and 
Swedish. Among the 45 papers, 37 mentioned the second language proficiency 
levels of their participants. Figure 9 shows the distribution of participants’ level 
of proficiency in the reviewed studies. The biggest portion of the studies were 
focused on dynamic second language development of participants at beginner 
(A1) proficiency level.

Figure 6

The Frequency of Contexts
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Figure 7 

The Frequency of Participants’ First Languages 

Figure 8

The Frequency of Participants’ Second or Foreign Languages

Figure 9

The Frequency of Participants’ Level of Proficiency
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Language Skills, Data Collection Methods

More than half of the studies used writing in order to observe the develop-
ing trend of second languages among participants. Speaking, and a combination 
of speaking and writing were respectively 11 and five times the focus of the 
reviewed studies. Only five studies were dedicated to the dynamic second 
language development of other language skills and subskills, including pronun-
ciation, listening, academic reading, and academic writing. The fact that the 
development of a newly learned language can be more accurately traced in the 
production of utterances (as opposed to receiving utterances) explains the con-
siderably abundant writing and speaking studies in comparison with the reading 
and listening ones. It should also be noted that in some studies the aim was 
to investigate the development of specific grammar structures while speaking 
or writing were just ways through which the structures were investigated. For 
example, Eskildsen (2015), Eskildsen (2009), and Zhang (2004) attempted to 
keep track of the development of interrogatives, use of the modal verb “can,” 
and adjective makers respectively. Figure 10 illustrates the proportions of each 
language skill among the reviewed papers.

Figure 10

The Portions of Examined Language Skills

A variety of ways were adopted to collect data from the participants 
(Table 2). In order to examine the development of participants’ writing, the 
studies utilized class writing tasks, academic writing samples, and narratives 
essays in addition to writings about chosen topics, TOEFL topics, and IELTS 
topics. The studies focused on spoken language of the participants utilized 
interviews, recorded speech, narratives, and tasks about IELTS and TOEFL 
topics. As a technique that requires participants to repeat words and phrases 
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after hearing them, delayed repetition was used by Munro and Derwing (2008) 
for collection of data on participants’ pronunciation. This method was combined 
with reading out loud in Casillas (2020). As the only two studies which focused 
on the developmental patterns of receptive skills, Gui et al. (2021) and Chang 
and Zhang (2021) used a pen and paper and IELTS listening tests respectively 
to investigate their participants’ development in academic reading and listening.

Subsystems and Measurement 

Table 3 presents an overview of the subsystems which were investigated 
in the reviewed papers. Complexity (both syntactic or lexical), accuracy, and 
fluency (CAF), as three central aspects of language used for measuring sec-
ond language development (Barrot & Agdeppa, 2021), have been the most 
commonly investigated facets of language production in the reviewed papers. 
Among the 41 studies where the development of writing and speaking were 
investigated, 28 kept track of the development of at least one of CAF elements. 
The rest of the examined subsystems include academic vocabulary, linguistic 
constructs, and interrogatives. The measurements utilized for each subsystem 
in each study can also be seen Table 1.

General Observations

All of the reviewed papers reported findings that were supportive of the 
CDST principles in second language development. Inter- and intra-individual 
variability, non-linearity, and dynamicity were the characteristics that the 45 
reviewed articles repeatedly used to describe the developmental patterns of the 
different examined subsystems among learners. It should also be noted that 20 
papers reported the existence of at least some degree of similarities between 
how the examined subsystems developed among learners. Such similarities in-
cluded general developmental trends, second language trajectories, and learning 
prototypes. The detection of such similarities does not contradict the dynamic-
ity and variability of second language development since only some aspects 
of developmental patterns were reported to follow regularities. Finally, a few 
studies reported the significant role of individual characteristics like age and 
level of proficiency in second language developmental patterns.
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Table 2

Data Collection Methods among Language Skills

Skills Data collection methods Count

Writing

Academic writings 4

Free writing 2

Writing about specified topics 6

Writing about TOEFL topics 3

Writing narratives 6

Writing tasks IELTS 2

Written class essays 6

Reading

Pen and paper test 1

Listening

IELTS listening test

Speaking

Interviews 4

Recorded speech 5

Speaking about IELTS topics 1

Speaking about specified topics 1

Speaking about TOEFL topics 2

Telling narratives 3

Pronunciation

Delayed repetition and reading 1

Delayed repetition 1

Table 3

The Examined Subsystems among Language Skills

Skills The examined subsystems Count

Writing
Academic vocabulary recognition, recall,  

controlled and free production 1

Authorial voice 1

CAF 2

Chinese numeral classifier system (fluency, diversity, and accuracy) 1

Complexity 1
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Complexity and accuracy 2
Complexity: acquisition of resolutions of the argument dependencies 

of verbs 1

Composition, grammar, and mechanics 1

Fluency 3

Lexical complexity 1

Lexical complexity, syntactic complexity, accuracy, and fluency 2

Lexical phrases development and appropriateness 1

Syntactic and lexical complexity 3

Syntactic and lexical complexity, and fluency 1

Syntactic complexity 3

Speaking

Adjective marker -de in Chinese 1

Complexity and accuracy 1

General development 1

Lexical complexity 1

Lexical complexity, syntactic complexity, accuracy, and fluency 1

Lexical complexity, syntactic complexity, and accuracy 1

Making requests 1

Morphosyntactic development and grammaticalization 1

Speaking and integrative L2 skills 1

Syntactic complexity 1

Usage of "can" 1

Yes/no and WH interrogatives 1

Speaking and writing

Lexical complexity, syntactic complexity, accuracy, and fluency 2

Syntactic and lexical complexity 1

Syntactic complexity 1

Verbal and adjectival constructs 1

Listening

General listening performance 1

Reading

Academic reading ability in chemistry 1

Pronunciation

Development of Spanish stop voicing contrasts 1

Vowel intelligibility 1
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Discussion

The two research questions that this review has attempted to investigate 
were focused on the methodological characteristics, and also the patterns 
of findings in previous CDST studies in the field of second language develop-
ment. Regarding the first research question, most of the studies were expectedly 
focused on productive language skills (speaking and writing) as their develop-
ment can be more easily measured and traced. More than half of the papers 
examined the development of at least one of the CAF subsystems. Abundance 
of data points and lengthier timespans were other expected characteristics which  
were observed. The biggest portion of the studies (73%) had participants who were  
either university students or school students. Additionally, the participants in 14 
studies were at beginner level with respect to the second language they were 
acquiring.

 To address the second research question, the observations of the 45 re-
viewed studies conclusively support the dynamicity of second language de-
velopment. The studies tracked the development of participants with various 
characteristics from different backgrounds and also in different contexts and, al-
though some general regularities and patterns were seen, all of the studies were 
supportive of the CDST view in second language development. Consistently, 
patterns of participants’ second language development were indicative of within 
and between individual variability. Patterns of development were non-linear and 
various between and within participants. The examined subsystems showed in-
terconnectedness as well. The innumerable individual and extraneous variables 
that impact second language acquisition make this development a dynamic 
one. A few of such variables include affect, motivation, environmental factors 
(Khomeijani et al., 2020; Zhang et al., 2022), age of onset (Pfenninger, 2022), 
first language fluency, individual learner investment, amount of available free 
time, and competition among learners (Kliesch & Pfenninger, 2021).

While the majority of the reviewed studies were focused on development 
of subsystems (especially complexity, accuracy, and fluency) in writing and 
speaking, the dynamic nature of second language development was also sup-
ported in the few studies which were focused on the receptive language skills 
(reading and listening). Keeping track of the reading ability gains of 27 English 
learners 12 times over an academic semester, Gui et al. (2021) observed that 
the development among the learners was individual and non-linear. The per-
formance of three Chinese learners of English in IELTS listening tests during 
3.5 years was also supportive of the dynamicity of second language listening 
development in Chang and Zhang (2021).

Among the reviewed papers, two separate studies attempted to investigate 
and compare second language development among identical twins (Chan et al., 
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2015; Lowie et al., 2017). Consistent with CDST, the findings of both studies 
showed that second language acquisition is idiosyncratic and patterns of de-
velopment and even the degree of variability changed from twin to twin. The 
study conducted by Wind (2021) showed that even the development of self-
reflection was individual and dynamic. The development of phonetic skills was 
similarly shown as dynamic and non-linear in Munro and Derwing (2008) and 
Casillas (2020).

Some of the studies have found ways of roughly categorizing the dynamic 
development of learners. In the research conducted by Zhang et al. (2022), three 
different prototypical patterns were observed, which included three groups 
of participants: participants with continuous stable development, participants 
with initial fluctuating development followed by steady development, and 
participants with constant fluctuating developmental patterns. Similarly, gen-
eral patterns of development were shared among three groups of participants 
in Baba and Nitta (2021). Examining the narrative writing tasks of university 
students, collected 30 times over an academic year, showed three general de-
velopmental patterns including a stagnating, steadily growing, and markedly 
growing patterns. A number of common syntactic and lexical developmental 
patterns were also revealed among learners in Verspoor et al. (2021).

The two studies which focused on the age of second language learners, 
in different settings, did not find congruent findings. Among the 71 examined 
participants, Pfenninger (2022) observed that the ones who started learning 
English at the age of seven gained higher degrees of proficiency with different 
second language trajectories in comparison with the participants who started 
learning when they were nine years of age. Nevertheless, the study conducted by 
Kliesch and Pfenninger (2021) which tested 28 participants over the age of 64 
did not show any significant impact of age and even some older participants 
performed better than their younger peers.

Different directions of development were observed with respect to the 
language subsystems in the course of second language acquisition. The devel-
opment of CAF subsystems were reported to have different and inconsistent 
directions, fluctuating between supportive and competitive at different stages 
(Evans & Larsen-Freeman, 2020; Spoelman & Verspoor, 2010; Yu & Lowie, 
2020; Wind, 2021; Zhang et al., 2022). Zhang et al. (2022) observed that accu-
racy had trade-off effects with the other subsystems (complexity and fluency). 
The study conducted by Rokoszewska (2022) was indicative of negative associa-
tions between the development of the syntactic and lexical complexity, accuracy, 
and fluency, while supportive within-subsystem relationships were observed 
(e.g., subordination, coordination, and nominalization). The varied and flexible 
associations between the development of linguistic subsystems are indicative 
of the interconnectedness as a characteristics of complex and dynamic systems.
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An interesting observation which was reported several times is that more 
variability and fluctuation in second language development seems to correlate 
with increased proficiency (Gui et al., 2021; Huang et al., 2021; Lesonen, 2021). 
The study conducted by Zhang et al. (2022) showed that among the three pro-
totypes of learners, the prototype with constant variability in the development 
had more overall progress compared to the other prototypes. Among the two 
remaining ones, the participants with only initial variability had improved 
more than the participants with constant steady developmental patterns. The 
correlation between variability and linguistic ability gains was also observed 
in the only study that focused on reading in second language development (Gui 
et al., 2021). In addition, variability was positively related with the measures 
of aptitude, motivation, and exposure in Lowie and Verspoor (2019). Moreover, 
Kliesch and Pfenninger (2021), Khomeijani et al. (2020), Spoelman and 
Verspoor (2010), and Bulté and Housen (2018) observed that the association 
between variability and second language development was strongest at lower 
levels of proficiency and it seemed to wane when certain degrees of progress 
occurred. Lower degrees of variability was also negatively associated with 
second language development among the examined identical twins in Lowie 
et al. (2017). Even in the development of pronunciation subskills, Munro 
and Derwing (2008) observed that more changes occurred during the initial 
stages of participants’ developmental patterns and the variability decreased 
as participants grew more proficient in their pronunciation.

Future Research

While previous findings are incontrovertibly indicative of the fact that 
second language development is dynamic, the next steps that need to be taken 
seem to be finding potential regularities, establishing dynamic models for 
second language development, and testing for optimized learning methods and 
activities in accordance with potentially predictable developmental patterns. 
From the perspective of CDST, second language learning is unpredictable 
although not random (Larsen-Freeman & Cameron, 2008). However, con-
sidering other complex systems, it can be observed that the unpredictability 
and uncertainty of complex systems are more pronounced in the long term. 
Different tools and methods have been established to investigate complex sys-
tems in different realms such as biology (Karr et al., 2012), climate science 
(Lau & Ploshay, 2013), chemistry (Lewars, 2011), and physics (Holovatch et 
al., 2017). Comparably, complex systems have not been sufficiently examined 
in agent-based systems where autonomous decision-making agents like people 



A Systematic Review of Second Language… TAPSLA.14669 p. 31/39

exist (An et al., 2021; Hilpert & Marchand, 2018; Schulze et al., 2017). It is 
a shortcoming which stems from the fact that traditional mathematical modeling 
is significantly more difficult for agent-based systems. A new line of research 
can be the pursuit of appropriate mathematical models and analyses for ap-
proximate prediction of patterns and trends of second language development. 
As an example of the symptoms that can potentially predict the short-term 
trend of development, Evans and Larsen-Freeman (2020) observed that phases 
of instability, characterized by increase in the flow disruptions and also produc-
tion bimodality, were indicative of phase shifts in the developmental patterns 
of their participants. More studies can attempt to identify trends in the dynamic 
development of second languages, like Zhang et al. (2022) and Baba and Nitta 
(2021) where three prototypes for individual learning patterns were observed. 
Additionally, Gui et al. (2021) reported seven developmental patterns among 
the reading development of participants over time.

In addition to providing deeper theoretical understanding about the dy-
namic patterns of second language development, being able to roughly  predict 
these patterns has numerous implications. For example, considering the ups 
and downs and phase shifts that a learner experiences in their development 
of second language speaking subskills, being able to predict the short-term 
developmental fluctuations can help them set their IELTS speaking exam at 
a peak of this pattern of speaking development. While CDST emphasizes the 
uniqueness of language acquisition for each learner (Lesonen, 2021), attempt-
ing to find regularities in second language development is of great importance 
(Dornyei, 2014; Ellis, 2007; Lowie & Verspoor, 2019; Pfenninger, 2022; Zhang, 
2022). Bulté and Housen (2018) propose the utilization of true dynamic methods 
and adding mathematical models in future studies. Leveraging big data, future 
studies can benefit from computational linguistics and data science for further 
investigation of the dynamic development of second language. They can also 
open the doors for future studies focused on adopting targeted instructions 
and feedback which would optimize second language development of learners.

There is a number of other issues on which future research can shed more 
light. While some previous studies have revealed that more variability in sec-
ond language development leads to higher degrees of proficiency (Kliesch 
& Pfenninger, 2021; Lesonen, 2021), future studies specifically focused on 
this relationship can show the significance of such a correlation. Munro and 
Derwing (2008), Kliesch and Pfenninger (2021), Spoelman and Verspoor (2010), 
and Khomeijani et al. (2020) observed that the association between variability 
and proficiency gains is stronger at lower proficiency levels. Future experiments 
can clarify the waning of such correlation at higher proficiency levels.

A specific question that can be pursued is the degree of dynamicity in the 
development of different linguistic subsystems. As an example, Kliesch and 
Pfenninger (2021) observed that the group developmental pattern of fluency bet-
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ter presented the individual trajectories of the participants in comparison with 
that of lexical richness. Also, another subject which needs further investigation 
are the relationships and interactions between different language subsystems  
during second language development (especially syntactic and lexical complex-
ity). Different associations with variable directions have been reported in the 
literature (Khomeijani et al., 2020; Rokoszewska, 2022; Spoelman & Verspoor, 
2010; Yu & Lowie, 2020; Zhang et al., 2022). Examining the existence of such 
supportive or competitive associations between and within the subsystems can 
further clarify them. The rate and speed comparisons of development in CAF 
subsystems can be another issue requiring further examination. Verspoor et al. 
(2017) emphasized the need for different linguistic measures for different profi-
ciency levels in order to increase the accuracy of developmental measurements.

Comparing dynamic second language development between different ages, 
different L1 fluency levels, and different levels of second language proficiency 
are other topics which have not received specific but sporadic attention in the 
literature. Since initial states of complex systems can strongly influence the 
long-term conditions of these systems (an impact also known as the butterfly 
effect), the aforementioned learner characteristics can considerably impact the 
progression and outcome of second language acquisition. In addition, a num-
ber of previous studies have mentioned task effect an extraneous variable the 
impact of which could not be controlled (Lesonen et al., 2021; Menke and 
Strawbridge, 2019; Vyatkina et al., 2015). Controlling for this factor can add to 
the accuracy of the observations in future research. The effects of targeted feed-
back can also be tested on the subsystems with slower developing subsystems 
(Rokoszewska, 2022). Another issue is the summer gaps that occurred during 
the data collection of studies which examined the development of students 
during academic years. Such gaps stop the continuous tracking of participants’ 
developmental patterns and can be delimited in future studies.

While the acquisition and development of specific second language subsys-
tems, especially complexity accuracy and fluency, has been repeatedly inves-
tigated, few studies have focused on development of other aspects of second 
language (such as the use of “can,” authorial voice, and interrogatives). Future 
research can delve into the development of such other subsystems from the 
CDST viewpoint. Additionally, the development of listening and reading has not 
received sufficient attention since only two studies (Chang & Zhang, 2021; Gui 
et al., 2021) have examined second language development in receptive language 
skills. Future studies can alleviate the shortage in this realm. 
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Conclusion

From the perspective of CDST, second language development is a unique 
and different process for every single person. The present systematic literature 
review has attempted to examine previous studies which examined second lan-
guage development from CDST viewpoint. The main three goals of this review 
were presenting an overview of the methodological characteristics of the previ-
ous studies in the field, providing a synthesis of their findings, and identifying 
the gaps and areas which require further investigation in future studies. The 
searching strategy of this review led to finding 45 articles in the literature.  
Since CDST studies need keeping track of learners’ linguistic development over 
longer periods of time in a detailed manner, longitudinal design and abundance 
of data points were the two important characteristics of the reviewed papers. 
Speaking and writing were the most investigated skills, while complexity, ac-
curacy, and fluency were the most examined subsystems. The observations 
of all of the reviewed papers supported the CDST principles in second language 
development. The reports indicated that developmental patterns were non-linear 
and variable between and within participants. A number of repeated, but yet 
inconclusive correlations were observed. Increased fluctuations in developmen-
tal patterns of a subsystem were associated with more development of that 
subsystem. Moreover, developmental fluctuations seem to decrease as a learner 
becomes more proficient. While such issues require further examination, other 
important areas which require research are modeling the dynamic development 
of second languages and searching for potential regularities, prototypes, and 
trajectories 
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Soheil Behdarvandirad

Systematische Übersicht des Zweitspracherwerbs  
aus der Perspektive der Theorie komplexer dynamischer Systeme

Z u s a m m e n f a s s u n g

Aus der Sicht der Theorie komplexer dynamischer Systeme (CDST) weist die 
Zweitsprachentwicklung unvorhersehbare und nicht-lineare Muster auf, die von Lerner 
zu Lerner variieren können. Um diese dynamische Entwicklung nachzuvollziehen, sind 
Längsschnittstudien mit einer entsprechenden Anzahl von Datenpunkten erforderlich. Die 
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vorliegende systematische Literaturübersicht versucht, einen Überblick über die bisher 
durchgeführten Längsschnittstudien zu geben, welche die Entwicklung der zweitsprach-
lichen Teilsysteme im Hinblick auf die CDST-Theorie verfolgt haben. Ausgehend von 
Veröffentlichungen aus dem Jahre 1884 werden im Rahmen der systematischen Suchstrategie 
insgesamt 45 Artikel einer Analyse unterzogen, um den aktuellen Stand der Forschung dar-
zulegen. Die untersuchten Studien sprechen eindeutig für die Umsetzung der CDST-Prinzipien 
in der Zweitsprachentwicklung. Es wird eine Synthese der Ergebnisse von Arbeiten vorgestellt 
und abschließend eine Vielzahl von Vorschlägen für weitere Forschung gegeben, die zukünf-
tigen Studien helfen können, die bestehenden Lücken in der Literatur zu klären.

Schlüsselwörter: Zweitsprachentwicklung, Zweitspracherwerb, CDST, systematische Übersicht


