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This paper reports on the development of complexity and accuracy in English as a Second Language
(ESL) academic writing. Although research into complexity and accuracy development in second
language (L2) writing has been well established, few studies have assumed the multidimensionality of
these two constructs (Norris & Ortega, 2009) or endeavoured to make long-term observations on the
course of their development (Vyatkina, 2012). Given that recent research in the field of Second
Language Acquisition has moved towards a more holistic perspective on language learning and
development (Larsen-Freeman, 2011, 2012), there is a need to consider the potential dynamics of
the longitudinal development of these constructs in L2 writing.

This study addresses this issue by exploring the dynamic unfolding of complexity and accuracy
development in the academic writing of an advanced L2 learner during her postgraduate study in
Australia. The results suggested that both complexity and accuracy displayed the characteristics of a
dynamic system and their development was highly variable, non-linear, and idiosyncratic. Their
interaction, too, was dynamic and changed over time. The findings in this study confirm and
substantiate the Dynamic Systems Theory (DST) proposition of L2 developmental dynamics, including
the development of L2 academic writing.
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INTRODUCTION

Along with the rapid growth of global education and its corresponding demand on academic
writing skills, proficiency in academic English has become a vital factor in determining
academic success (Lillis & Curry, 2006). This situation presents itself as a major challenge
for international students (Leki, Cumming, & Silva, 2008; Paltridge & Starfield, 2007) who
have to write academically in their non-native language, English, and are assessed using the
same standard as the native students. Writing, being the most difficult skill to acquire
(Richard & Renandya, 2002), has long attracted the attention of many researchers, who have
endeavoured to understand its nature (Hyland, 2003; Silva, 1997, Silva & Reichelt, 2003);
writing academically in a second language (L2) involves a great deal of additional issues
(Ingvarsdottir & Arnbjoérnsdottir, 2013; Lillis & Curry, 2010) and has, therefore, become a
research domain itself (Cumming, 2006; Leki, 2011).
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One major issue in second language academic writing concerns the development of L2
writing. Theories and hypotheses have been put forward to explain the phenomenon from the
perspectives of sociolinguistics, psycholinguistics, systemic functional linguistics, and many
others (Manchon, 2012). A relatively recent approach that attempts a more comprehensive
description of L2 writing development is the Dynamic Systems Theory (DST) perspective
(de Bot & Larsen-Freeman, 2011). Assuming that language development is dynamic, studies
using a DST perspective take into account the multiple factors affecting (and therefore
shaping) L2 writing and its development (Verspoor, de Bot, & Lowie, 2004; Verspoor,
Schmid, & Xu, 2012).

Development in L2 writing mirrors the development of the learner’s language system
(Verspoor & Smiskova, 2012), as L2 writing involves the active use of all facets of language,
from lexical to grammatical, from semantic to pragmatic, and discourse levels of language
features. Therefore, L2 writing provides an avenue for understanding L2 development.
However, despite the potential to offer a comprehensive account of L2 development, few
studies have been attempted using in this line of inquiry.

This study addresses this gap by exploring the dynamic development of L2 academic writing
in terms of the development of complexity and accuracy constructs. The study reported here
is part of a larger study that addresses the issue of multidimensionality of the constructs in L2
writing, and explores the dynamic interactions among the three constructs of language
performance (complexity, accuracy, and fluency; henceforth CAF) from the perspective of
Dynamic Systems Theory. The purpose is to explore both the development and the
interaction of those constructs in L2 academic writing. However, only two constructs are
discussed in this paper: complexity and accuracy.

LITERATURE REVIEW

In the attempt to gain insight into second language acquisition (SLA), researchers have tried
to explore and measure language development by gauging the progress in learners’
performance in L2 production. Nonetheless, the constructs of L2 production are
multidimensional (Housen & Kuiken, 2009; Norris & Ortega, 2009; Pallotti, 2009) and are
therefore not reducible to one single aspect. Consequently, many models have been
established to attempt a better description of learner performance. These include the
communicative competence framework (Council of Europe, 2001), which has been
commonly used in language testing and assessment practice. These models divide the
proficiency/performance continuum into several categories (scales and/or subscales) and
offer a very detailed description of what learners in each category “can do” with language.

Another way of understanding such a complex phenomenon is through an exploration into its
multi-components. Many researchers contend that the pivotal aspects of L2 performance can

76 DYNAMIC DEVELOPMENT OF COMPLEXITY AND ACCURACY: A CASE STUDY IN SECOND LANGUAGE ACADEMIC WRITING



ARTICLES

effectively be captured by the Complexity, Accuracy, and Fluency (CAF) constructs. Being
the principal constructs of language performance, the CAF triad gauges, describes and
benchmarks L2 production. An added advantage of the triad is that each construct
encompasses various traits which can be assessed by a number of measures, discussed in
more detail below.

THE CAF TRIAD: A HISTORICAL OVERVIEW

Along with the rapidly expanding interest in first language development in the 1970s
(Brown, 1973; Hunt, 1965, 1970; Smith, 1973), researchers in the SLA field attempted to
find reliable measures to evaluate L2 development (Larsen-Freeman, 1976; Larsen-Freeman
& Storm, 1977; Wolfe-Quintero, Inagaki, & Kim, 1998). These measures were intended to
be the Index of Development—an ‘independent yardstick by which we can expediently and
reliably gauge proficiency in a second language’ (Larsen-Freeman, 1978, p. 439). In the early
stages, length-based measures were borrowed from the field of first language (L1)
acquisition to meet the immediate demand (Cooper, 1976; Flahive & Snow, 1980; Ho-Peng,
1983), and have since been widely adopted in SLA research. The most common ones are the
mean length of particular structures (Norris & Ortega, 2009); for example, MLU (Mean
Length of Utterances), MLS (Mean length of Sentences), and T-units (minimal terminable
units). Although these length-based measures are useful to some extent, they are not free of
problems. Beginner L2 learners, for example, rely heavily on rote-learned formulaic chunks
(Myles, 2012); therefore, a long string of such structures in their L2 output results in a
perceived development when length-based measures are used, hence giving a false
impression of progress. A more systematic measurement of development is needed and this
measurement should ideally give a more precise identification of the learners’ levels and
allow for a more comprehensive description of the multiple aspects of L2 production. In
order to arrive at the measurement system, we need to first understand what can be measured
in L2 performance.

The notions of Complexity, Accuracy, and Fluency (CAF) were proposed as the principal
constructs to capture the multidimensionality of the constructs in L2 performance (Skehan,
1998). In its early introduction in SLA research, the triad functioned mainly as dependent
variables in studies on the effects of factors and treatments assumed to affect L2 acquisition
(see Housen & Kuiken, 2009 for a list of such studies); however, in its more recent
application, the triad increasingly gained significance and has become a very important set of
constructs to describe L2 performance (Ellis & Barkhuizen, 2005; see also Wolfe-Quintero et al.,
1998 and Ortega, 2003 for a review of studies employing these measures).

Despite their wide application, there is no single unifying definition of the constructs in the
CAF triad. This is perhaps due to the fact that each construct in the triad encompasses traits
which are multi-faceted in their nature, and are therefore difficult, if not impossible, to fully
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define. However, a broad definition of each construct has been put forward; their detailed
operationalisation in each study may then derive from these general definitions and include
more facets of the traits they encompass. In its broadest sense, complexity is a measure of
‘the extent to which the language produced in performing a task is elaborate and varied’
(Ellis, 2003, p. 340), while accuracy measures ‘the degree of conformity to certain norms’
(Pallotti, 2009, p. 592) and reflects ‘the conformity of second language knowledge to the
target language norms’ (Wolfe-Quintero et al., 1998, p. 4). Fluency, on the other hand,
gauges ‘how comfortable the second language [learner] is with producing [the target]
language’ (Wolfe-Quintero et al., 1998, p. 9). Therefore, complexity describes the learners’
language knowledge while accuracy measures the appropriateness of language use and
fluency the automaticity of language use. These three constructs, as a triad, gauge the
learners’ development as a whole.

The CAF constructs are measured in three different ways: frequency counts, ratios, and
indices (Norris & Ortega, 2009; Wolfe-Quintero et al., 1998). In their survey of more than 50
studies in second language writing, Wolfe-Quintero et al. (1998) found that the T-unit
measure was the best general descriptor for each of the three constructs, as it corresponds
well with proficiency level. Its application is highly recommended, especially in combination
with other specific measures, in order to arrive at a more comprehensive description of
learners’ performance and development (Byrnes, Maxim, & Norris, 2010; Lu, 2011; Norris
& Ortega, 2009; Vyatkina, 2012, 2013).

The CAF triad is both descriptive and normative (Ortega, 2003) and has proven to be a good
yardstick for gauging L2 production (Ellis & Barkhuizen, 2005; Housen, Kuiken, & Vedder,
2012; Skehan, 2009). Being predominantly operationalised as a set of quantitative measures,
the triad not only offers better perceptibility of development (evidenced by the changes in the
numerical value of the indices) but also allows for better comparability across studies.

With the recent integration of Dynamic Systems Theory into the field of second language
development research, researchers have become more and more aware of the
multidimensionality of language learning and the nonlinearity of language development (de
Bot, 2008; de Bot & Larsen-Freeman, 2011; de Bot, Lowie, & Verspoor, 2007; Larsen-
Freeman, 1997, 2002; Mercer, Ryan, & Williams, 2012; van Geert, 2008). As the constructs
of L2 performance, the development of CAF also reflects nonlinearity (Lowie & Verspoor,
2014). Such dynamic development has not been well accounted for within the contemporary
practices in CAF studies, which still show ‘a lack of attention to CAF as a dynamic and
interrelated set of constantly changing subsystems’ (Norris & Ortega, 2009, p. 555). More
longitudinal observations are called for in order to explore the dynamic nature of CAF
development (Larsen-Freeman, 2009). Dynamic Systems Theory, a meta-theory to explain
developmental dynamics (de Bot, Lowie, Thorne, & Verspoor, 2013; Overton & Lerner,
2014; van Geert, 2011; Witherington, 2007), is then proposed as a suitable, and possibly the
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most potentially fruitful, framework within which CAF studies can be attempted (Norris &
Ortega, 2009). In this framework, the CAF constructs are treated as dynamic (sub)systems,
whose growth is expected to be nonlinear and displays a high degree of variability as the
expression of development (Larsen-Freeman, 2012; van Dijk, Verspoor, & Lowie, 2011; van
Geert, 2014).

CAF STUDIES ADOPTING A DST PERSPECTIVE

In its essence, Dynamic Systems Theory (DST) describes how a dynamic system changes
and develops over time and how complexity emerges out of such behaviour (de Bot, 2008; de
Bot et al., 2007; de Bot, Verspoor, & Lowie, 2005; Larsen-Freeman, 2002; van Geert, 2008).
A dynamic system is defined as a system with many interconnected subsystems which
comprise a large number of highly intertwined components (Caspi & Lowie, 2010; de Bot &
Larsen-Freeman, 2011). Both the development of these constructs and the interactions among
them are dynamic and change over time; therefore, the outcome of such behaviours is
nonlinear, seemingly chaotic, and displays a high degree of variability (van Dijk et al., 2011;
Verspoor, Lowie, & van Dijk, 2008).

DST emphasises that variability is an integral part of development. Variability allows for
room to accommodate changes in the system while the system is going through its self-
restructuring process. Therefore, variability is not only an expression of the system’s
adaptability to changes but also a ‘prerequisite to development’ (van Dijk et al., 2011, p. 58).
A dynamic system displays a high degree of variability during its development (Verspoor &
Behrens, 2011). Examining the degree of changes in variability along developmental
trajectories will, from the DST perspective, unveil the mechanisms underlying the changes
and offer insights into how development unfolds (de Bot & Larsen-Freeman, 2011).

Given the dynamic nature of language development and all its highly interconnected
components, the outcome of these interactions is also bound to be dynamic and non-linear. In
order to capture the dynamics of language development, it is essential to attempt more
observations of longitudinal nature (Larsen-Freeman & Cameron, 2008; Norris & Ortega,
2009; van Dijk et al., 2011) from a dynamic perspective that allows for exploration of the
multi facets of development over different time scales.

Following this line of suggestions, some studies have endeavoured to explore the dynamic
development of L2 production from a DST perspective. Given the scope of this paper, only
the most recent ones are discussed here. Verspoor et al.’s (2008) longitudinal study (over a
period of 3 years) on the academic writing of an advanced learner of English found a
competitive relation between the sentence length measure and the type token ratio. This
finding suggested that the learner might not be able to allocate her resources equally and this
resulted in the non-concurrent development of the two levels of language use. Furthermore,
the study found a great amount of variability in the learner’s development suggesting that the
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relationship between the two measures under scrutiny was non-linear and changed over time.
These findings substantiate the DST prediction of a dynamic system’s behaviour and confirm
that language development is indeed dynamic.

Another three-year longitudinal study is that of Spoelman and Verspoor (2010), which
looked into the interaction between accuracy measures and complexity measures in a Dutch
student learning Finnish in an academic setting. They found that accuracy fluctuated
considerably in the early stages, but soon settled down as the learner developed further.
However, the authors also noted that the nature of the interactions between accuracy and
complexity measures changed over time (i.e., a short-term negative correlation suggesting
competition and a positive association suggesting simultaneous growth for most of the time),
confirming the DST proposition that the system’s behaviour is dynamic and non-linear.

Larsen-Freeman’s (2006) study also supported the DST claim of high intra- and inter-
individual variability accompanying developmental processes, as each participant in the
study showed different developmental trajectories although the overall group average of CAF
measures showed a general increasing trend over time."

Similar results were also found in a study by Vyatkina (2012) who examined the longitudinal
and cross-sectional development of lexicogrammatical complexity in the writing of learners
of German at college level. Besides confirming that length-based complexity measures
correlated well with proficiency levels, Vyatkina also found a general upward trend in the
development of lexicogrammatical complexity measures as established in previous CAF
studies. Moreover, she also detected significant variability in individual and cross-sectional
data: each participant’s developmental pattern was highly dynamic and idiosyncratic. Each
participant used different strategies to make his/her writing more complex. Such individual
differences are expected within the DST framework, and the findings in this study provide
further and more substantial evidence for the DST account of L2 development.

The most recent study of CAF development within the DST framework is that of Polat and
Kim (2013). The authors explored the dynamics of complexity and accuracy in the L2
development of a Turkish immigrant in the USA in an untutored situation. It was found that
their participant’s syntactic complexity and lexical diversity developed well while accuracy
seemed very constrained. They concluded that the participant’s interlanguage was highly
variable, but was perhaps nested within a relatively stable state.’™
the first study to attempt a longitudinal observation of the development of CAF constructs in

Polat and Kim’s study was

a naturalistic learning context. More such studies were called for in order to unveil the nature
of L2 development, and more specifically, CAF development and interactions.

Very much in line with Polat and Kim’s suggestion, the current study explores the dynamic
unfolding of complexity and accuracy development in L2 academic writing. This paper reports
on the first part of a larger project which investigates the development of multidimensional
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constructs in second language writing to look for developmental transitions and to identify
interactional pattern(s) between the CAF measures over time by applying variability analyses
within the DST framework (van Dijk & van Geert, 2007). Although the larger project
involves four participants over an academic year, only one semester of data from one
participant is reported in this paper. The data reported here were collected from an advanced
English learner’s academic writing during her postgraduate study in Australia. This paper
traces the development of complexity and accuracy constructs in her academic writing over a
period of one academic semester and explores the interaction between these two constructs
along the course of development. The current study contributes to unveiling the dynamic
relationship between these two measures and advancing our understanding of L2 academic
writing development.

RESEARCH QUESTIONS

This study was designed to answer the following two research questions:
1) How do complexity and accuracy measures develop in L2 academic writing?

2) How do these two measures interact over time during the one academic semester
observation period?

RESEARCH DESIGN

This study is a quantitative case-study investigation, based on a longitudinal observation of a
single participant’s written production over one academic semester. It examines the
development of two constructs (complexity and accuracy) in the participant’s academic
writing. The data were collected and coded using a quantitative approach and submitted to
statistical analyses to answer the research questions.

PARTICIPANT AND SETTING

The participant in this study was Machiko (pseudonym), a 32-year-old female Japanese
student who came to Australia for the first time to study at a postgraduate level in an
Australian university. Prior to her arrival in Australia, she had been studying English in her
country (in a foreign language context) for about 15 years. Her exposure to English was
mainly in a classroom context. Prior to coming to Australia, she had worked for a few years
as a high-school English teacher in Japan. Her university enrolment in Australia was her first
experience of studying in an English speaking country. As required for the program
admission, she took a standardised English test (an IELTS test) prior to commencing her
study and achieved a score of 6.5, which was equivalent to the B2 level on the CEFR scale;
hence she was an advanced learner.
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DATA

This study adopted a time-series approach to trace the development of complexity and
accuracy constructs in the written output (academic essays) of the participant over one
academic semester. The essays were the assignments for the courses she was enrolled in.
These assignments were mainly argumentative essays (of approximately 2000-2500 words
per essay) on topics in the TESOL area in which she majored. The topics for the assignments
were announced at the beginning of the semester and the submission dates” were also
specified beforehand. The assignments were completed at home and she had access to both
the internet and word processing software. The researcher was not present during the writing
process, which was also untimed. These assignments abided by the guidelines set up by the
faculty and the course coordinator. Following their submission, copies of the assignments
were sent to the researcher and served as the data for this study.

The rationale for choosing to collect the data from the very first semester was underpinned
by the assumption within the DST framework that sudden proliferation of both input and use
of an L2 may set the whole interlanguage system into chaos (de Bot & Lowie, 2010; Lowie,
Verspoor, & de Bot, 2009; Verspoor, de Bot, & Xu, 2011; Verspoor, Lowie, & de Bot,
2009), resulting in high degree of variability which eventually leads to development (de Bot,
Chan, Lowie, Plat, & Verspoor, 2012; de Bot et al., 2013; Larsen-Freeman, 2011; van Dijk et
al., 2011; van Geert, 2009a). DST maintains that any dynamic system has the potential to fall
into chaos and then restructure; hence, contrary to the common belief, ‘even for an advanced
learner, the system can be far from stable’ (Verspoor et al., 2008, p. 229). Therefore, a high
degree of variability was expected in this study and will offer key information unveiling the
nature of development (de Bot & Larsen-Freeman, 2011; van Dijk et al., 2011).

SAMPLING AND CODING

The data were coded for complexity and accuracy constructs. However, as some measures
for complexity, including those adopted in this study, are very sensitive to text length and
correlate negatively with word count (Wolfe-Quintero et al., 1998), the text length in this
study was controlled. A purposive sampling of approximately 200 words (+10% of the
original text) was conducted to filter out paragraphs with dense paraphrases and quotations as
these may give a false impression of the learner’s performance. As a result of this purposive
sampling, a total of 10 pieces of sample text were obtained. These sample texts were then
submitted to two coders and two independent raters for coding procedures.

Firstly, the data were coded for two complexity traits: syntactical diversity and overall
grammatical complexity. Two types of measures were employed to measure these two traits,
respectively: a frequency count of sentence types and a ratio measure of grammatical
complexity. The sample texts were first coded for sentence types: simple (Si), compound
(Co), complex (Cx) and compound-complex (CoCx) sentences (after Verspoor and Sauter’s
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[2000] definitions of each sentence type). The results were then tallied. The aim of this
procedure was to see the distribution of sentence types in the participant’s writing, hence a
description of syntactical diversity.

Then, the sample texts were further coded for the second trait: overall grammatical
complexity. Instead of employing some commonly used indices like MLT (Mean Length of
T-units) or MLS (Mean Length of Sentences) and DepC (Dependent Clause for
subordination amount) to measure general complexity, this study adopted another type of
measure. As Verspoor et al. (2008) pointed out, such separate indices do not capture the
entire degree of complexity because ‘they do not bring to light additional complex
construction such as longer NPs [Noun Phrases] or non-finite constructions’ (p. 220).
Especially in the case of advanced learners, coordination and subordination are not the only
two strategies used in their writing. Advanced learners also use complex nominal structures
and/or non-finite structures in their writing, especially in their academic writing (Biber, Gray,
& Poonpon, 2011). A good measure of grammatical complexity should therefore account not
only for subordination and coordination but also for complex nominal structures and non-
finite structures. Separate indices, however, can only measure one complexification strategy
at a time. Therefore, this study employed a W/FV (word per finite-verb) ratio” to calculate
the overall degree of sentence complexity. Besides measuring subordination and
coordination, this ratio also takes into account complex noun structures, which are prevalent
in academic writing but are not measurable by the other complexity measures, and combines
them into a single measure to reflect the overall degree of complexity. This ratio measures
the complexity of the sentences as a whole (Verspoor et al., 2008). Higher indices mean that
the sentences are more complex.

Two accuracy traits were also explored: error types and overall accuracy ratio. The errors
detected in the sample texts were coded, following Thewissen’s (2013) study,” as Global
Errors (GE), Local Errors (LE), and Mechanical Errors (ME). Global errors span entire
clauses and affect the sentences as a whole; they include grammatical errors, and errors such
as unclear/incomplete sentences. Local errors affect accuracy at the phrasal level and include
errors at the word, lexical, and lexico-grammatical levels. Mechanical errors are errors at the
stylistic level including form/spelling and punctuation. All occurrences of these errors in the
participant’s writing were then tallied and combined accordingly into the above-mentioned
three categories of errors. The resulting distribution chart shows the error types and their
frequency of occurrence.

Then, clauses that contained no error at all were coded as error free clauses (EFC) and each
one of such clauses was counted as one EFC. The total number of EFCs in each sample was
counted and then compared to the total number of clauses (C) to obtain the EFC/C ratio
which described the portion of error-free structures in comparison to the entire text in the
samples. The use of such a ratio of accurate production is highly recommended in the
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literature as it tells ‘the true story in measuring the accuracy of the learners’ written
production’ (Jiang, 2013, p. 21).

The following table summarises the coding scheme employed in this study.

Table 1. Complexity and Accuracy Measure:

Measures Frequency Counts Ratios

Sentence types:
. Simple (Si)
COMPLEXITY . Compound (Co)

Word/Finite Verb

(W/EV)
e  Complex (Cx)

. Compound-complex (CoCx)

Error types:
e  Global Errors

(GE - grammar & style)
Error-Free Clause/ Clause

ACCURACY . Local Errors
(EFC/C)

(LE - word, lexical, & lexico-grammar)
e Mechanical Errors

(ME - form & punctuation)

INTER-CODER RELIABILITY

As mentioned in the previous section, the sample texts were submitted to two coders and two
independent raters. The author was coder 1. Coder 2 was an English teacher with more than 8
years of teaching experience. Coder 2 was given training sessions prior to doing the coding.
Two editors who had more than 20 years of experience editing and proofreading L2 writing
were also invited as the independent raters for this study. Their role was mainly to assist
accuracy coding. After the data had been coded by the two coders, the coded data were
passed to these two native raters. They then checked the coding for accuracy and gave
suggestions to resolve any discrepancy between coders.

To ensure inter-coder reliability, a positive overlap ratio (POR) was calculated instead of the
more commonly used Pearson’s correlation R value. The decision to employ POR was
statistically motivated. Pearson’s R value measures whether the total number of confirmed
cases in each sample picked up by coder 1 increases (or decreases) correspondingly with the
total number picked up by coder 2. It results in a high value if the increases (or decreases)
correspond although the two coders may actually pick up totally different cases. Hence, it is
not a genuine reflection of agreement or reliability between coders. To measure reliability,
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this study therefore adopted an overlap index, which reflects the percentage of overlapping
positive cases confirmed by both coders. It is a relatively better measure of reliability as it
shows the portion of the cases that are actually picked up and confirmed by both coders. For
the formula to calculate the POR value, please refer to van Geert and van Dijk (2003).

In this study, the POR value reached 95% for the complexity measure and 78% for the
accuracy measure. As accuracy measures the appropriateness of language use and is hence a
relatively more ambiguous concept in its nature, a lower percentage had been expected. In
fact, for such ambiguous phenomena, ‘high agreement would be an indicator of low quality
rating, for instance based on common errors and shared biases’ (van Geert & van Dijk, 2003,
p- 273). Justification of the quality of coding can be attempted through explicitly stated
procedures; the results are then considered valid and trustworthy (van Geert & van Dijk,
2003). In this study, disagreement between coders was resolved by a discussion between the
coders and the independent raters.

STATISTICAL PROCEDURES

The coded data were then submitted to two stages of analysis: the descriptive and the
correlation analyses. Each stage corresponded to and answered the research questions
respectively: the nature of development of the complexity and accuracy measures and the
nature of interaction between them. At the descriptive stage, the data were plotted in
developmental graphs to visualise the dynamics along the trajectories. Distributional bar
charts were also presented to show the portion of each sentence type and each error type in
the sample texts. This stage of analysis explored the nature of the development and hence
answered the first research question.

A correlation analysis was then conducted to explore the association between the two
constructs. The data were first smoothed to capture the general trends; a moving averages
smoothing method*" was chosen to accommodate the non-linear nature of data (van Geert &
van Dijk, 2002; Verspoor & van Dijk, 2011). Both data sets were then normalised for
comparison purposes. Finally, a moving correlation analysis' was conducted to explore the
association between the two constructs. The results of this analysis answered the second

research question regarding the relationship between the two constructs.

RESULTS

The development of complexity and accuracy measures in Machiko’s writing in the
observation period showed a great deal of variability. The data collected from her academic
writing were analysed and the results are presented below.
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RESULT 1: THE NATURE OF THE DEVELOPMENT OF COMPLEXITY AND ACCURACY

Figure 1 presents the developmental graph of the overall grammatical complexity level in
Machiko’s academic writing throughout the semester. As shown by the fluctuation in the
graph, the development of complexity was non-linear and very dynamic, characterised by a
high degree of variability along the trajectory. The changes over time showed that Machiko’s
writing became relatively more complex at measurement point no. 3, but then ebbed and
flowed until a point (no. 9) at which the measure dropped to a level that almost equalled the
start of the semester. On the surface, it seemed that Machiko had regressed; however, from a
DST perspective, such a seemingly regressing trend is also an expression of development (de
Bot, 2008; de Bot, Lowie, & Verspoor, 2005; van Dijk et al., 2011).

- -
Machiko_complexity

25.00
20.00
15.00

W/FV
10.00
5.00

000 T T T T T
1 2 3 4 5 6 7 8 9 10
Measurement point W/FV = Word/Finite Verb

Figure 1. Complexity development over one semester

Figure 2 gives a better illustration of how complex the sentences in the texts were, as it
shows the distribution of sentence types in each text. As can be seen in Figure 2, Machiko
produced simple, complex, and compound-complex sentences™ in these 10 sample texts.
Nonetheless, their distribution was not, at all, balanced. She produced complex sentences
most of the time.
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Machiko_Sentence Types
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Figure 2. Sentence type distribution

In terms of accuracy development, Machiko’s writing shows a great degree of variability
with more visible fluctuations. Figure 3 shows that Machiko’s accuracy level shot up to a
perceived peak at measurement point 5 but dropped afterward and stayed low for a while. It
then rose, again, to a quite similar peak at measurement point 8 and maintained a high
accuracy level afterwards. Machiko’s accuracy level seemed to have improved toward the
end of the semester.
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Figure 3. Accuracy development over one semester

To gain further insight into the types of errors Machiko made in her writing, each error
occurrence was coded and calculated, and the results are shown in a distributional bar chart.
Figure 4 shows the distribution of error types in the sample texts in percentage terms.
Evidently, Machiko made many grammatical errors with the highest portion reaching 65% of
the total errors at measurement point 7. As for the local errors, their occurrence was also
evidenced in every sample text, with the highest portion being 60% of the total errors at
measurement point 6. Interestingly, mechanical errors were also detected in the sample texts.
The fact that Machiko was an advanced learner and that the assignments were written with a
word processor would have given the impression that spelling and punctuation errors would
not occur much. However, the occurrence of such errors was still evidenced in 90% of the
sample texts (in 9 out of the 10 samples). A further investigation into the sample texts
revealed that most punctuation errors resulted from the absence of a comma in its obligatory
contexts, such as the one preceding a non-defining relative clause.
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Figure 4. Error type distribution
RESULT 2: THE INTERACTION BETWEEN COMPLEXITY AND ACCURACY

To explore the interactions between complexity and accuracy in the sample texts, the data
were first smoothed to accentuate the trends in the data. However, given the dynamic nature
of the data, a linear regression was highly unlikely to provide the best fit for the data.
Therefore, a two window moving averages method was chosen and the data were smoothed
for both the complexity and accuracy indices. The results were then normalised for
comparison purposes and presented in Figure 5.
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Figure 5. The interaction between complexity and accuracy

Figure 5 shows that the two indices were moving in the opposite direction for a while at the
beginning of the semester, i.c., when complexity increased, accuracy decreased, although not to
the same extent. However, towards the end of the semester, the two indices seemed to be moving
together in the same direction. Visual inspection of the graph reveals that the nature of the
relationship between the two variables changed from a negative association to a positive one. In
order to illustrate such dynamics, a 3-window moving correlation analysis was performed to reveal
the temporal interactions between the two measures. The result is shown in Figure 6.
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Figure 6. Moving correlation between complexity and accuracy
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Within the ten sample texts, the association between complexity and accuracy measures
fluctuated between a moderate and a strong negative association and then it changed to a
strong positive relationship toward the end of the semester. The results suggest a potential
trade-off relationship (Ferrari, 2012; Skehan, 2009; Skehan & Foster, 1999, 2007, 2012)
between the two constructs at the beginning of the semester but such a competition vanished
toward the end of the semester where the two constructs supported each other’s development
and became connected growers, in dynamic systems parlance. However, a further
examination of the specific levels of both the complexity and accuracy measures, and an
analysis of the rest of the texts, is needed before such a claim can be made. The possibility of
other factors being at play, such as fluency, task characteristics, and task difficulty, etc.,
which affect and shape the interactions between the two constructs under observation
(Housen et al., 2012; Levkina & Gilabert, 2012) should also be taken into consideration in
the further attempt to explain the nature of their interaction.

DISCUSSION

The findings in this study show that both complexity and accuracy development reflect the
behaviour of a dynamic system, i.e., non-linear, dynamic, and displaying a high degree of
variability along its trajectories. Such findings are in line with the findings of Verspoor et al.
(2004), Spoelman and Verspoor (2010), Vyatkina (2012, 2013), Polat and Kim (2013) and
Thewissen (2013), in which a substantial amount of variability was evidenced in L2
development. These findings also lend support to the DST proposition of the existence of
intra-individual variability in any (sub)system of language development (de Bot et al., 2012;
de Bot et al., 2013; de Bot et al., 2007; van Dijk et al., 2011; van Geert, 2009a, 2009b, 2012;
van Geert, Steenbeek, & van Dijk, 2011). Given the nature of the system, such dynamics,
according to DST, are to be expected (de Bot, 2008; de Bot & Larsen-Freeman, 2011;
Larsen-Freeman, 2009, 2010, 2011, 2012; Larsen-Freeman & Cameron, 2008; van Geert,
2008; Verspoor et al., 2008).

There is no single direction of development (Verspoor et al., 2008). Learners progress and
regress; development ebbs and flows. Therefore simple terms of general trends are not
sufficient to describe such a dynamic process. Each measure has its own pattern of
development and is idiosyncratic (Jiang, 2013; Polat & Kim, 2013; Thewissen, 2013;
Vyatkina, 2012, 2013). In fact, this micro level idiosyncrasy reflects what is going on at the
macro level, i.e., each learner is idiosyncratic in terms of his/her development (de Bot, 2008;
Kim & Sankey, 2009, 2010; Verspoor et al., 2008). The findings in this study therefore
substantiate the DST proposition of L2 developmental dynamics.

Moreover, the interaction between (sub)systems in language development is also dynamic
and non-linear. The interaction between complexity and accuracy in this study, too, was
dynamic and non-linear. The two constructs were competing for a period of time before
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changing their interaction towards a positive supporting relationship. Such a change in the
nature of relationship is in accordance with the DST account of dynamic interaction in
complex systems.

CONCLUSIONS

The results of this study support the DST proposition regarding the non-linearity of
development and the high degree of variability during development. The two variables
measured in this study displayed very different patterns. This augments the findings of
Vyatkina (2012, 2013) and supports the claim that every development is idiosyncratic in its
nature. The existence of variability throughout the developmental process also confirms the
DST hypotheses about the behaviour of a dynamic system. Such high intra-individual
variability was also detected in Spoelman and Verspoor (2010), and lends further support to
the DST proposition about the central role of variability in shaping development.

Nevertheless, this study has demonstrated that complexity and accuracy constructs are highly
dynamic and their development shows characteristics of a dynamic system, being non-linear
and highly variable. The two constructs develop through different patterns and there is no
single comprehensive term to name such pattern other than dynamic. Not only are the
constructs dynamic and idiosyncratic, but also the learner, being the macro level of
development, is idiosyncratic. No two learners experience the same development, and there
is, therefore, no such thing as a typical/average learner.

LIMITATIONS AND FUTURE DIRECTIONS

This study is limited by the small number of text samples and the length of observation
period (only one academic semester). The data analysed in this study were also sampled
through a process of purposive sampling which was both statistically* and methodologically™
motivated, resulting in a corpus of about 2,100 words. Therefore, this study is limited in the
amount of data analysed. Any findings, including the association between the two measures
(complexity and accuracy) can therefore only be interpreted within the context of the sample
texts; no claim beyond the scope of this study and beyond this set of data can be made.
Whether or not the association will continue to exist, or change into another manifestation,
will require more data points for further examination. Such an attempt is currently being
undertaken and the results will be reported upon completion of the project.

Potential remedies™ to the limitations in this study include attempting a more in-depth study
with more participants and for a longer observation period. Ideally, the whole texts would be
analysed instead of sample texts. Expanding the measures to include both global and specific
measures of each construct would have the potential to unveil the dynamics underpinning the

behaviour of the constructs. Lastly, qualitative analysis of the writing quality to complement
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the quantitative findings would offer further insights into the development of second
language academic writing.
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ENDNOTES

i Wolfe-Quintero et al. (1998) recommended that the best measure for complexity was C/T,
fluency W/T, and accuracy EFT/T; all of them were ratio measures using T-unit count as the
denominator.

ii The study, however, was designed as a repeated-task experiment and used the same task over
the six-month observation period. Therefore, one may doubt whether the progress at the end of
the study resulted from familiarity with the task through repetition or genuine development.

il A relatively stable state, in the DST parlance, refers to a state in which not much perceptible
development takes place.

iv The submission dates were: 03 Sept, 19 Sept, 21 Sept, 02 Oct, 05 Oct, 23 Oct, 05 Nov, 07 Nov,
21 Nov, and 23 Nov 2012 (in the order from the first task to the 10th task).

v This ratio is calculated by first dividing the number of finite verbs in each sentence by the word
length of each sentence and then the resulting values are averaged for the entire text in each
sample.

vi This study contains a very detailed list of errors in its EFL corpus.

vii In this study, a two-window moving average smoothing technique was applied: T1 and T2 were

first averaged, then T2 and T3 were averaged. Next, T3 and T4 were averaged, and this
procedure was repeated until T9 and T10 were averaged.

viii In this study, a three-window moving correlation analysis was conducted to explore the
interaction between the complexity and accuracy measures. T1-T3, T2-T4, T3-T5, and so on
were the time window for the moving correlation in this study. The correlation between the two
measures in each time window was calculated and the resulting values were then plotted in a
moving correlation graph.
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xi

xii

That compound sentences were not evidenced in these sample texts does not necessarily mean
that Machiko did not produce compound sentences in her writing at all. A further examination
of the rest of the texts is needed to complement the findings reported here.

to normalise the size of each text for comparison purposes and to achieve better measures of
complexity.

to filter out paragraphs with a substantial number of paraphrases and/or quotations.

These recommendations are taken into consideration and applied in the bigger project.
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