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Writing competence is crucial for second language learners. Studying strange attractors in the development of writing competence
is essential in understanding the laws of language development of foreign students. This study is aimed at investigating the state
and laws of the development of Chinese as a second language (CSL) writing competence. Mathematical modeling and phase space
construction methods in sensor research were used to investigate strange attractors in high-level Chinese learners studying in
China in the development of CSL from the perspective of complexity theory based on the measurement framework of
complexity, accuracy, and fluency. The results showed the following: (1) there are trends in the concentration and volatility of
trigonometric function in different dimensions; (2) the group dynamic characteristics of writing development in CSL are
simulated precisely by mathematical modeling; and (3) there are strange attractors with lexical density in CSL writing
development. The development of CSL writing tends to maintain the state of strange attractors. The strange attractor reflects
regularity in the dynamic, complex, and chaotic development of Chinese for international students, revealing the probabilistic
prediction competence of different states in the development of CSL.

1. Introduction

Quantitative experimental research under the paradigm of
reductionism has explored the statistical law of language
development by controlling changes of factors, making this
approach the mainstream method of second language writ-
ing research since the 1980s. However, research through
the lens of complexity theory has found that the develop-
ment of learners’ written language is a nonliner adaptive sys-
tem, in which interconnectedness and dynamic changes
produce significant individual characteristics. Therefore,
language development is difficult to precisely predict. With-
out constructing the unified research paradigm, researchers
have aimed to explore the consilience of reductionism and
complexity theory to probe the statistical characteristics of
second language development hidden in the differentiated
developments of second language writing [1–3]. The attrac-
tor in complexity theory is considered a crucial construct
that combines the two paradigms. An attractor is the state
or pattern that complex systems tend to develop and may
be the key to revealing different patterns of learners’ lan-

guage development and revealing the statistical law of
language development in chaotic, dynamic individual differ-
ences [4, 5]. This research is aimed at finding strange attrac-
tors in the development of Chinese as a second language
(CSL) writing competence, with two novelties. (1) Few
empirical studies have referred to attractors in second lan-
guage development, which is still in the early stages of theo-
retical concept development [6–8]. The study of strange
attractors in this research aids in further understanding this
crucial construct in the complex system of language develop-
ment; (2) there is a lack of effective methods to analyze
attractors in the social sciences. The present study incorpo-
rates phase space construction and mathematical modeling
methods used in sensor research to explore attractors. Previ-
ous studies have used a series of statistical methods, such as
variance analysis, structural equation modeling, Monte
Carlo simulation, and meta-analysis, which represent a chal-
lenge in exploring strange attractors. The application of
interdisciplinary methods in the present research is the first
instance of which academia has explored the strange
attractors in the development of CSL writing competence,
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providing a reference for future research. Accordingly, this
research uses the interdisciplinary methods of mathematical
modeling and phase space construction that have been
widely used in the sensor research to detect strange attrac-
tors in the development of CSL among high-level interna-
tional students studying in China.

2. Literature Review

In this section, two paradigms in second language research
are introduced, after which the definitions of attractors and
strange attractors, as well as relevant research and recent
developments, are reviewed.

2.1. Theoretical Paradigms in Second Language Research.
Reductionism and complexity theory are two paradigms in
research into second language writing development. Reduc-
tionism has been the mainstream method of second
language writing research for decades, on which the develop-
ment of second language writing has long been recognized as
a rule-based process in which the effect of experimental var-
iables on development can be explored by controlling vari-
ables through experimental design and using statistical
methods based on mean values to examine the law of the
average value of language development in statistics. Com-
plexity theory is a theoretical cluster on which case studies
have been conducted to produce a blueprint of second lan-
guage development characterized by dynamic and individu-
alized paths [7, 9–12]. This field is challenging, and there is
conflict between complexity theory and reductionism in per-
spectives and methods in that reductionism embraces the
perspective of averaging individual differences in learners’
language development.

The conflicting positions of the two paradigms hinder
the unification of second language writing research in per-
spectives and methods. Therefore, researchers have called
for the study of complex theory to concentrate on differences
in language development and pay attention to statistical laws
to explore language development patterns and the consil-
ience between the two paradigms [2, 13–15]. However, there
are a few studies from a complexity theory perspective that
have focused on statistical pattern characteristics that
emerge from individual differences. For example, Yu and
Lowie [8] found improvements in general developmental
trends of both complexity and accuracy, whereas there is a
complex interplay between complexity and accuracy that
has transformed from a competitive relationship to a sup-
portive relationship on a group level. However, the rules of
learners’ language development process in the relevant
research have been inducted by concentrating on observa-
tion and speculation methods, lacking a mathematical dis-
cussion of the group’s CSL development patterns.

2.2. Attractors and Strange Attractors. Attractors in complex
theories are a crucial construct in addressing research gaps.
Attractors are the state or behavior patterns of preference
to which the complex system has a tendency to develop
[5]. Phase space is a technique for analyzing attractors and
is a prescribed space that represents all possible states of

the system, also known as state space. The state of the system
is defined by different dimensions. As such, a one-
dimensional phase space, for example, can be defined based
on the writing scores of language learners, where each writ-
ing score of an international student corresponds to a
unique point in the phase space. According to the character-
istics of attractors in phase space, attractors can be divided
into three types: fixed-point attractors, cyclic attractors,
and strange attractors. The fixed-point attractor
(Figure 1(a)) is a point in the phase space, which is a rela-
tively constant state of the system in any dimension of the
phase space. The cyclic attractor (Figure 1(b)) is multiple
points in the phase space, representing the system in multi-
ple states with periodic change. The strange attractor is the
type of attractor and a feature of the complex system charac-
terized with the most prominent chaos, also known as cha-
otic attractor. The butterfly-shaped area in Figure 1(c) is
Lorenz’s strange attractor [16]. The shape of the strange
attractor is ambiguous, and its chaotic nature is reflected in
the chaotic behavior of the system is disordered, but not ran-
dom, and the trajectory has no obvious regularity [17].
Attractors are typical patterns emerging from system self-
organization from the perspective of complexity theory,
representing table and predictable aspects of development
differences of the dynamic system, which are crucial ways
in revealing different patterns of learner language develop-
ment [4]. Studying strange attractors in the development of
second language writing may reveal statistical rules con-
tained in individual differences, which is a potential point
of convergence to promote the unification of the two
research paradigms.

Researchers have gained a limited understanding of
attractors in the development of CSL in the field of applied
linguistics. Complex theory originated in the field of natural
sciences and has been widely applied in the field of sensor
research, in which there exists proven methods for analyzing
attractors in complex systems. The mathematical modeling
method, for example, is an effective way of studying strange
attractors by fitting development data captured by sensors.
Through mathematical modeling, the state equation that
characterizes the dynamic characteristics of the development
of the CSL learners may be established, and the shape and
boundary of the strange attractor in the phase space by sim-
ulating and drawing the state equation in the phase space
can be analyzed. Therefore, using this interdisciplinary par-
adigm, this research takes international Chinese learners
studying in China with high levels of language proficiency
as the participants and examines strange attractors in the
development of CSL writing, aiming to determine CSL
development patterns hidden in individual differences based
on complex theory.

3. Method

3.1. Research Questions. The present research focuses on pat-
terns in the dynamic language development of high-level
Chinese learners to examine potential strange attractors
based on an analysis for characteristics of sensor data.
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Therefore, the following three research questions are
formulated.

(RQ1) What are the statistical dynamic characteristics of
the development of CSL writing for international students in
China?

(RQ2) Can the statistical dynamic characteristics of the
development of CSL writing by international students in
China be fitted by mathematical models?

(RQ3) Are there any strange attractors in the develop-
ment of CSL writing for international students in China? If
so, what are their characteristics in the phase space?

3.2. Participants. This research focuses on a group of high-
level CSL learners’ development of Chinese writing compe-
tence; 19 Chinese learners from four comprehensive
universities in China were chosen as participants. Among
these learners, 15 Thai international students studied in a
first-class university in northern China, had passed the
placement test, and were assigned to upper classes, all com-
pleting HSK Level 4. The other four international students
were from two ordinary universities in the same province
and had achieved HSK Level 5.

3.3. Writing Task. Sampling based on language teaching was
used in this present research. In the research process, writing
tasks were not assigned by the researchers; the writing texts
produced by the learners within a limited time in class were
collected. Participants were required to study teaching content
ranging from six to eight units based on the writing curricu-
lum. After each unit, there was a classroom writing task. The
interval between the two tasks was approximately one month.
The writing tasks were all based on selecting topics, involving
learners’ hometown, food, culture, personal career, daily life,
school, critical thinking, etc. One-semester Chinese composi-
tions written by international students were collected.

3.3.1. Writing Complexity. Complexity is a term that
includes both lexical complexity and syntactic complexity.
This research focuses on the lexical complexity of high-
level Chinese learners. Lexical complexity, which is also
called lexical richness, contains three dimensions, namely,
lexical density, lexical sophistication, and lexical diversity.
In the present research, lexical density was chosen to mea-
sure the learners’ lexical complexity. Lexical density refers
to the ratio of the number of content words in the text to
all words in the text [18]. Chinese content words include
nouns, verbs, adjectives, adverbs, distinguishing words,
numerals, quantifiers, pronouns, interjections, and ono-

matopoeias. The formula for calculating the lexical density
is as follows: lexical density = number of content words/
number of words.

3.3.2. Writing Fluency. Writing fluency can be divided into
process-based writing fluency and text-based writing fluency
[19]. Process-based writing fluency is a time-related concept
that mainly refers to the amount of text output per unit time,
with a relatively single dimension. On the other hand, text-
based writing fluency is related to text characteristics and
is a multidimensional construct. Cluster analysis research
shows that T unit length should be classified as complexity,
and the number of words produced per minute is more
appropriate for the concept of fluency, which represents
the amount of text completed in a given time [20, 21]. Based
on the characteristics of this research, the following process-
based measure was used to calculate writing fluency:
writing fluency = total number of symbols/total writing time.

When measuring total writing time used to calculate
writing fluency, this research incorporated sensor technol-
ogy. The sensor was able to accurately capture the writing
time of the participants. When the pen tip touches the paper,
the sensor under the paper will record the pressure-sensitive
signal and start timing; when the pen tip leaves the paper,
the sensor will stop timing. Through the sensor technology,
the writing time of all participants was recorded.

3.3.3. Writing Accuracy. The accuracy of written CSL refers
to the correct rate of words. Chinese composition is seg-
mented into words, and the author and the writing teacher
manually checked the words to measure accuracy. Word
selection, collocation, and word meaning errors were all con-
sidered lexical errors. Lexical accuracy was measured by cal-
culating the proportion of correctness in the composition
text [22]. Since competence using letters and words belong
to different constructs, they cannot be regarded as one
dimension. As such, the present research did not consider
letter errors when measuring lexical accuracy. The calcula-
tion method of accuracy is as follows: accuracy = number
of errors/total number of symbols.

3.4. Phase Space. A tool for studying strange attractors is
phase space in sensor research. After establishing the com-
plexity, accuracy, and fluency index, Matlab was used to
draw the three-dimensional phase space. A three-
dimensional coordinate system was constructed, in which
the accuracy was the x-axis, fluency the y-axis, and lexical
density the z-axis (0 < x < 1, y > 0, z > 0). Any point in the
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Figure 1: Three types of attractors.
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three-dimensional coordinate system corresponded to only
one state for language learners’ Chinese writing accuracy,
fluency, and complexity. Accordingly, the three-
dimensional coordinate system is the phase space of the
CSL development. By constructing the phase space, the gen-
eral scope of the development of complexity, accuracy, and
fluency of international students’ Chinese writing and the
distribution characteristics of the development dynamics in
each period in the phase space was observed. Based on this
method, the strange attractors can be confirmed.

3.5. Data Analysis. The data analysis of this study was driven
by the research questions. The first research question is
aimed at examining the statistical characteristics of the
development of Chinese writing text produced by learners.
Therefore, the three indicators of complexity, accuracy,
and fluency in the diachronic texts produced by studying
abroad were calculated. The word segmentation software
used the language technology platform developed by Harbin
Institute of Technology [23], and the results of word seg-
mentation and part-of-speech tagging were checked by the
author of this study and a graduate student one by one to
ensure that the word segmentation was correct. On the basis
of this first stage, the number of content words, the number
of errors, and the total number of characters were marked,
and complexity, accuracy, and fluency were calculated one
by one and recorded in a table in chronological order. An
iterative graph of the development data of CSL writing com-
petence was then constructed based on the task time as the
abscissa and second language writing competence develop-
ment indicator as the ordinate. The data of 21 participants
were drawn into this coordinate system in turn. When fit-
ting, coordinate time t is replaced by the real-time data by
a function. For example, if the first learner is sampled seven
times and the second learner is sampled eight times, the
number eight on the coordinate axis is replaced by number
one. If the number of samples is set to time t, complexity,
accuracy, and fluency are a function of task time. In addi-
tion, task time was marked on the abscissa; and complexity,
accuracy, and fluency data were marked on the ordinate, by
which a scatter distribution graph was drawn to visualize the
value range of international students’ writing complexity,
accuracy, and fluency in the given tasks. The iterative graph
represented participants’ individual characteristics and
micro changes in language development, whereas the scat-
tered point distribution graph highlighted participants’ sta-
tistical characteristics.

The second research question is aimed at fitting the sta-
tistical characteristics of the development of Chinese writing
by international students through mathematics. In the field
of natural science, the premise of examining a strange attrac-
tor involves constructing an equation of state [24]. Although
the development of CSL writing of international students
does not follow a specific equation in the social sciences, it
is still possible to use mathematical models to fit statistical
development dynamics [25]. By analyzing the development
trend of CSL writing competence using scatter distribution,
a mathematical model was constructed to simulate the
development trend. This study used Matlab to fit the group

development dynamics of the complexity, accuracy, and flu-
ency for the development of CSL writing in China, on which
a fitted state equation for the development of CSL writing
was constructed based on the data of these three indicators.
The change of the state with the equation in the phase space
indicated a tendency for the development of CSL writing.
According to nonlinearity view on the complex system,
Matlab was used to calculate the root mean square error
(RMSE) of the fitted equation to evaluate the degree of
model fitting.

The third research question is aimed at examining the
strange attractor based on the fitted equation of state. There-
fore, data were imported into Matlab to draw the curve of
the fitting equation development in the phase space. By sim-
ulating a large amount of data, the corresponding position of
the equation in the phase space was visualized. The higher
the simulation time, the clearer the tendency area of the
equation, and the clearer the outline of the strange attractor
in the phase space [17]. Similar to the method of establishing
development dynamics by simulating a large amount of
data, this technique was applied to the research based on
dynamic systems theory; the Monte Carlo simulation is
based on this idea [26]. In the present research, 800 time
simulations were performed to confirm the characteristics
of the strange attractor in the phase space.

4. Results

4.1. The Dynamics of the Development of CSL Writing for
International Students in China. The iterative graph of the
development data of CSL writing competence (Figure 2) pre-
sents significant individual differences among learners. The
maximum value of accuracy is close to 1, whereas the mini-
mum value is close to 0.73. The maximum value of writing
fluency is close to 0.4, and the minimum value is close to
0.05. The maximum value of lexical density is above 0.9,
and the minimum is close to 0.6. In addition, no two seg-
ments of the same curve can be found in the graph, indicat-
ing that the development path of the Chinese language of
international students is unique. The development of the
second language writing is different, showing progress, ret-
rogression, variability, and turbulence.

To visualize the development of CSL writing compe-
tence, a scatter plot of complexity, accuracy, and fluency
data was drawn (Figure 3), in which accuracy and lexical
density overlap and overall line changes are relatively stable.
The lexical density (gray area), for example, presents fluctu-
ates of maxima and minima over time, that is, from the first
to the eighth writing index changes are approximated by a
trigonometric function (a wavy line, closer to a sine func-
tion). In the change of lexical density, the index value
reaches a lower maxima at the second time and reaches
a higher maxima at the third time, dropping slightly and
then rising. The overall range of changes is clear, in which
the lowest value is approximately 0.6, and the highest
value is 0.979.

The two-dimensional diagram provides a description of
the individual characteristic and group development of
learners’ CSL writing competence, clarifying the direction
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for examining strange attractors for the current research.
There may be individual differences with fluctuations and
variabilities in language competence development, showing
stable characteristics in statistics and indicating that the sta-
tistical law exists. In addition, the fluctuation of the index
shows the characteristics of trigonometric functions, and
the development process is nonlinear, showing that it is rea-
sonable for trigonometric function models (e.g., Fourier
transform) to construct a mathematical model for the
development tendencies of Chinese writing competence.
Therefore, in the present study, sine and cosine functions
were chosen to construct a mathematical model to fit
learners’ group development dynamics.

4.2. Mathematical Model of the Development of CSL Writing
Competence. Mathematical modeling describes the dynamic
trend of the development of international students’ CSL
writing competence. In the present study, function fitting

was used with the task time as an independent variable, with
complexity, accuracy, and fluency as dependent variables.
After several adjustments, the fitting function of CSL writing
competence was established (Table 1). After calculating
accuracy (RMSE = 0:003), fluency (RMSE = 0:013), and
complexity (RMSE = 0:034), the root mean square error of
the fitting function was lower than 0.1, showing that the
development of the three dimensions of complexity, accu-
racy, and fluency was effectively fitted for international stu-
dents’ CSL writing competence.

The graph of the fitting function in the abscissa [1, 5]
interval is presented in Figure 4, which is fitted through dis-
crete points; that is, there are only integer time of tasks on
the abscissa, and the fitting data between two adjacent inte-
ger points only has mathematical meaning. The graph of the
accuracy fitting function (Figure 4(a)) shows that the partic-
ipants’ CSL writing accuracy is approximately 0.95 in the
first task, slightly increases in the second task, and continues
to decline from the third to the fifth task. The graph of the
fluency fitting function (Figure 4(b)) reflects the tendency
of the participants’ fluency in CSL writing from the first task
to the third task and then continues to rise. The graph of the
complexity fitting function (Figure 4(c)) shows an overall
trend of the participants’ CSL writing complexity falling
and rising. The function graphs accurately present the statis-
tical characteristics of the development of complexity, accu-
racy, and fluency in the scatter distribution map of the
development data of CSL writing competence.

4.3. Strange Attractors in the Development of CSL Writing.
The attractor is a tendency pattern for the development of
complex systems and is mapped as a region in the phase
space. Therefore, the phase space graph was constructed to
examine a strange attractor with accuracy as the x-axis, flu-
ency as the y-axis, and vocabulary density as the z-axis. The
three-dimensional scatter graph of the state equation of
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complexity, accuracy, and fluency development (Figure 5)
shows that the scatter points are mainly blue and blue-green,
indicating that the lexical density is distributed in interval
[0.6, 0.9], demonstrating the possibility of the attractors
and the tendency of the complex system of international
students in CSL writing.

According to the analyses in Section 4.2, the fitted equa-
tion of state for strange attractor is as follows:

x = 0:917 + 0:075 sin 3:272 tð Þ ;
y = 0:24 + 0:137 cos tð Þ ;
z = 0:8 + 0:11 sin 0:14 tð Þ sin 0:052 t + t2

� �
:

8
>><

>>:
ð1Þ

Based on the fitted equation of state, the function of the
strange attractor simulated 800 times in the interval [1, 50]
was drawn as three-dimensional graph (Figure 6), demon-
strating that the data points are distributed in the interval
of lexical density [0.70, 0.91], accuracy [0.84, 0.99], and flu-
ency [0.10, 0.38] to form a rectangular area approximately,
in which a large number of data points are distributed in
the graph of fitted function, and a few data points outside
the rectangular area will return to the area soon, indicating
the tendency of development of CSL writing competence
for international students. The behavior of the system in
this phase space region is disorderly and unpredictable,
though its boundary is relatively clear. Therefore, the rect-
angular area in the phase space is confirmed to be a strange
attractor. Comparing Figures 2 and 3, the strange attractor
is in the scatter of the development of CSL writing compe-
tence, and the fitting equation is consistent with develop-
ment distribution.

By examining the language ability development data of
19 participants, the accuracy of their CSL writing develop-
ment left strange attractors 10 times, accounting for 7.5%

of total times. Furthermore, participants’ fluency develop-
ment left strange attractors eight times, accounting for
6.0% of total times, the complexity development left strange
attractors 16 times, accounting for 12.0% of total times. The
development of the second language writing of 17 partici-
pants escaped from the strange attractor, whereas the devel-
opment of the second language writing of only two
participants (Lin and Chen) escaped from the attractor for
two consecutive tasks (the value of accuracy is 37 and 38,
and the value of lexical density is 70, 71). The Chinese writ-
ing development data of two international students (Table 2)
shows that Lin’s writing accuracy was lower than the mini-
mum (i.e., 0.84) of strange attractor twice in the third and
fourth tasks, whereas Chen’s writing complexity was lower
than the minimum (i.e., 0.70) of strange attractor in the last
two tasks. Once the second language writing development of
other learners escaped from the rectangular area, they had to
return to the strange attractor state in the next writing task.
The above analysis shows that the development of Chinese
writing by international students tends to develop towards
and remain in strange attractors.

5. Discussion

A statistical analysis of the three indicator dimensions of the
development of the CSL writing competence of international
students was conducted to examine the statistical character-
istics of the development of Chinese writing competence
among international students and the strange attractors in
the phase space. Through the development curve fitting
and mathematical modeling, the strange attractor in the
development of CSL writing competence was confirmed.
These findings show difference, regularity, predictability,
and complex are interconnected in language development.
These features are discussed in the following section.

Table 1: Fitting function and evaluation of fitting degree of CSL writing development.

Dimension RMSE Function

Accuracy 0.003 Accuracy = 0:917 + 0:075 sin 3:272 tð Þ
Fluency 0.013 Fluency = 0:24 + 0:137 cos tð Þ
Complexity 0.034 Density = 0:8 + 0:11 sin 0:14 tð Þ sin 0:052 t + t2
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Figure 4: The fitting function graph of CSL writing accuracy, fluency, and complexity.
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5.1. The Chaos of Strange Attractors in the Development of
CSL. The results on the development dynamics of CSL writ-
ing competence show that there are a large number of indi-
vidual differences in language development manifested in
many aspects of development dynamics. There are no two
participants with the same development dynamics, and the
development curve of the learners’ CSL writing competence
shows increases, decreases, leaps, and temporary stagnation.
The iterative graph of the complexity, accuracy, and fluency
of the CSL writing competence shows that the development
curve of international students in different dimensions is the
identity of each participant. Therefore, learners’ develop-
ment dynamics in each dimension are unique, and the cha-
otic development trajectory of the strange attractor reflects
this characteristic. Complexity theory provides a view that
the environment as a complex system constantly changes,
in which different learners have different system compo-
nents in a period of time (for example, a month). Therefore,
there are individual differences in the interconnectedness of
the subsystems, and it is the dynamic interaction of the sys-
tem elements that forms the dynamics of differentiated lan-
guage development [27]. Interconnectedness, the prominent
feature of the complex system, dominates the interactions of
the subsystems of complexity, accuracy, and fluency in the
development of CSL writing to form individual characteris-
tics, in which learners’ language development shows chaotic
characteristics, making it almost impossible to precisely pre-

dict the development path of learners’ language competence
[13]. Due to the variability, interconnectedness, and sensitiv-
ity to the initial state of the system, the subsystems in a com-
plex system are in constant change. As a consequence,
learners will never follow the same path of second language
writing development [11, 26].

5.2. Statistical Law of Strange Attractors in the Development
of CSL Writing Competence. Strange attraction is a model of
development of foreign students’ Chinese in the dynamics of
individual differences and chaos. The development of Chi-
nese writing ability of foreign students in singular attractor
changes dynamically throughout the process but tends to
remain within a specific range with vocabulary density
[0.70, 0.91], accuracy [0.84, 1], and fluency [0.10, 0.38] in a
specific state area. The results of the lexical density dimen-
sion are consistent with previous research results on high-
level CSL writing [28], indicating that the strange attractor
found in this study may be a common state of the develop-
ment of high-level Chinese in China. The dynamic develop-
ment of learners’ writing competence presents a tendency
towards strange attractors, in which the development of Chi-
nese writing for international students escapes for a short
time but then returns (Figure 1). The graph of the equation
of state (Figure 5) also displayed this feature of the strange
attractors, indicating that the strange attractor is a state in
which participants’ Chinese writing competence tends to
stay. In addition, the participants are CSL learners with
high-level proficiency. Therefore, it may be considered that
the strange attractor is a state achieved by the participant
group through self-organization of the complex system of
Chinese development after long-term acquisition; the
strange attractor is also a state in which learners tend to
develop. Strange attractors seem to “attract” the develop-
ment of Chinese writing by international students in China
from beginner to a high-level proficiency Chinese learners,
which is the statistical law and certainty that emerges from
the interaction and chaotic development of CSL writing
competence.

The analysis of strange attractors in the development of
Chinese writing competence by international students sug-
gests that construction emergence may play a key role in this
process. Construction is the pairing of form and semantics/-
function with conventional characteristics [29]. Emergence
is the showing of new states of the system that cannot be
explained with existing parts and interactions [30]. Lexical
density is the proportion of content words in a text, and
using construction may help language learners to call on
more language resources and organize more complex sen-
tences, thus, significantly increasing their lexical density
and generating more fluent language [31, 32]. Although
the participants were Chinese learners with high-level profi-
ciency, the analysis showed that some of the more advanced
constructs (e.g., Chinese slot and frame construction) were
in constant change, in which the degree of solidification of
the construction representation was not high, and the
constructs were still in the process of acquisition. The
development system of CSL writing competence in the
strange attractor is not stable; there are mismatches and
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intensification in the process of construction emergence,
which evolves on an individual level and shows as statistical
characteristics. In addition, there is a feedback mechanism in
the process of learners’ interactions with the environment.
Feedback refers to the impact of the current state on the sub-
sequent state of the system, and the effect of the negative
feedback is one of the most common attractor influence sys-
tem mechanisms [33]. In this study, once the development
path of CSL writing competence of international students
in China leaves the strange attractor, there seems to be an
invisible force that urges the development state to return to
the singular attractor. This process derives from the system’s
negative feedback mechanism. The strange attractor of the
learner’s language complexity, accuracy, and fluency is the
result of the long-term self-organization and stability of the
system, in which the attractor is adapted to the cognitive
resources that the learner is able to call. When the need of
a certain dimension exceeds the learner’s cognitive compe-
tence at a certain level (e.g., a learner tries to use an unfamil-
iar construction), the three dimensions of language
performance compete for cognitive resources. A competitive
growth forms in the internal dimensions, further decreasing
available cognitive resources [34, 35]. The completive state is
a negative experience for learners and cannot be maintained
for an extended period, which triggers the negative feedback
mechanism of the system and reduces the difference between
the states of the complex system and the strange attractors,
showing that the system tends to return to the strange
attractor after leaving the strange attractor.

There are similarities in the development path of Chi-
nese writing competence among learners with the same
strange attractors, and the system shows order under these
strange attractors. The self-organization of the system leads
to the order of the complex system of CSL writing compe-
tence to reduce the degree of freedom of the system [36]
and finally converge the development of the system to sev-
eral possible patterns. Variability and self-organization are
crucial characteristics of complex systems, in which variabil-
ity leads to individual differences and unpredictability in the
development of learners’ CSL writing competence, whereas
self-organization makes the development of learners’ CSL
writing more statistical to eventually form attractors. A sta-
ble system makes the macroscopic characteristics of nonlin-
ear systems more prominent [33]. Strange attractors
represent the tendency of learners’ writing competence to
develop in the form of accuracy, fluency, and complexity.
The strange attractor, for example, corresponds to learners’

tendency towards accuracy [0.84, 1], fluency [0.10, 0.38],
and lexical density [0.70, 0.91] in the three-dimensional
phase space region. The fitting function of the development
state and the superimposed graph of writing competence
development of all indicators show that the development
of the group at a specific time presents a specific interval
characteristic.

5.3. Probabilistic Predictability of Strange Attractors in the
Development of CSL Writing Competence. The essence of sci-
ence is predictability ([17] p.6). In the past, language
research based on complexity theory has avoided mention-
ing the “predictability” of language, and the interconnected-
ness and openness of language development complex system
make it almost impossible to precisely predict language
development as a chaotic trajectory inside the strange attrac-
tor. Therefore, empirical research based on complex theory
has used the “retrospective” approach in essence, concen-
trating on the reality of language development. The research
source must be the dynamic trajectory of the system that has
occurred [13]. The strange attractor indicates that, when the
individual differences and laws of language development are
considered, language development shows significant statisti-
cal laws that can be predicted to a certain extent. The char-
acteristics of strange attractors in the development of CSL
writing competence indicate that it may predict the dynamic
range of language development in the next moment
although it is difficult to precisely predict the development
of the next moment and find clear rules from the dynamics,
which is the consilience between individual differences and
statistical rules, as well as reductionism and complexity in
the development of a second language.

The development of learners’ CSL writing competence
tends to be in state with accuracy in [0.84, 1], fluency in
[0.10, 0.38], and complexity in [0.70, 0.91], in which the
accuracy of the second language writing of all participants
in the state last for at least six months. The probability of
the participant maintaining the strange attractor in the sev-
enth month is higher than the probability of phase transition
to other states. For individuals such as Chen, the probability
that the lexical density of the next written text as [0.629,
0.778] is significantly higher than the probability of leaving
this interval, in that the lexical density of her writing in the
first six months is at the strange attractor. The language per-
formance in the first six months is a condition, and the con-
ditional probability of the state at time t may be expressed as
P ðXt ∣ Xt−1, Xt−2,⋯, X1Þ, showing that it is possible to

Table 2: Data on Chinese writing development of two international students in China.

No. Accuracy Fluency Complexity No. Accuracy Fluency Complexity

Lin

1 0.930 0.123 0.837

Chen

1 0.957 0.235 0.719

2 0.899 0.112 0.893 2 0.926 0.244 0.750

3 0.835 0.123 0.846 3 0.941 0.239 0.736

4 0.819 0.122 0.828 4 0.923 0.235 0.736

5 0.894 0.143 0.804 5 0.932 0.207 0.778

6 0.919 0.158 0.861 6 0.930 0.213 0.629

7 0.933 0.181 0.906 7 0.922 0.218 0.693
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predict that the same attractor state will be maintained at a
later time and predict the development interval for attrac-
tors. This prediction is reasonable based on the characteris-
tics of the attractor based on previous sufficient
observations. In other words, the language development
state of the learner in the attractor at the next moment is
not infinite, which conforms to the conditional probability
distribution that the probability of being in a different state
at the next moment is different, which may be predicted.
The analysis shows that language development can be pre-
dicted to a certain extent, and this prediction conforms to
the probability distribution. The extent to which language
development can be predicted is determined by the state of
the strange attractor, which depends on the conditional
probability corresponding to the development of the learner
in the dimension. The state of attractor, which is difficult to
measure directly, is called the hidden state. The state of com-
plexity, accuracy, and fluency, which can be measured
directly, is the explicit state. The hidden state implies the
complexity of the laws of language; it is difficult to find the
laws from a bunch of individual data, and the hidden state
must be found using statistical tools. However, the attractor,
as a hidden state, provides the possibility of predicting the
dynamic path of language development.

6. Conclusion

Based on an analysis of the characteristics of attractors, this
study demonstrated the coexistence of individual differences
and statistical laws in the development of CSL writing. Indi-
vidual difference was manifested in the unique dynamic
curve of language development, and statistical law was man-
ifested learners’ CSL writing development, which preferred
certain intervals with fluctuations. In this study, the state
equation for the development of CSL writing competence
was constructed, and characteristics of participants’ CSL
writing competence development were simulated using
mathematical modeling and phase space construction. The
trajectory of the development of CSL writing in the phase
space based on the equation of state suggests that there is a
strange attractor in the development of CSL writing compe-
tence among international students in China, which are
mapped in the phase space as accuracy in [0.84, 1], fluency
in [0.10, 0.38], and complexity in [0.70, 0.91]. The strange
attractor shows a more general, tendentious state in CSL
dynamic development with significant individual differ-
ences, reflecting the statistical law of the development of
the CSL and the probabilistic predictive characteristics of
the state.

The theoretical significance of this research is to use the
strange attractor as an approach to address key issues of
complexity theory and reductionism, or to what extent is
language development individual and to what extent do laws
or patterns exist [2]. The emergence of complexity theory
interrupts the authority of reductionism. However, there is
a fundamental difference between the two paradigms on lan-
guage development. The results indicate the consilience of
complexity theory and reductionism in language research,
and the research paradigm may be further expanded. In

addition, this research has value for the teaching and
research of second language writing. First, reductionist
research can use diachronic experimental design to explore
the dynamics and complexity of potential factors and con-
firm which types of learners are more in line with statistical
law under reductionism. Research based on complexity the-
ory may use a large sample, focusing on statistical law and
patterning characteristics contained in the dynamics of indi-
vidual differences. Second, as a hidden state, the strange
attractor may become a classification label for learners to
guide the implementation of differentiated teaching. This
research used interdisciplinary paradigms such as mathe-
matical modeling of dynamics in statistics, providing an
effective method to detect strange attractors. Third, the
strange attractor found was a law and phenomenon. The
detection of attractors in learners’ second language develop-
ment helps language teachers to determine teaching strate-
gies and analyze control parameters. Teachers could assist
learners in maintaining a positive state and escaping from
the negative aspects of CSL development. Fourth, using sen-
sors to detect participants’ writing time and sensor-based
mathematical modeling methods to detect strange attractors
in this study may provide references for language research.

The method of detecting the strange attractor in this
study could be further improved. The study on attractors
in the language development is still in its early stages, and
the method of detecting attractors in language development
is still in its exploratory stage. Therefore, this research used
mathematical modeling, spatial mapping, and other sensor
fields to establish strange attractors. These interdisciplinary
methods still have limitations in the field of language
research. The individual learner’s development is complex
and chaotic, making it impossible to accurately follow a cer-
tain mathematical equation. The fitted state equation is the
mathematical simulation of the dynamic tendency of CSL
learners’ development. Although it may often be necessary
to eliminate some details in language research to explore sta-
tistical laws, more accurate models need to be further
explored to more precisely describe the actual state of lan-
guage development.

7. Future Research

The limitations of this research may be addressed in future
research. The method of probing strange attractors should
be enhanced in said research. Because academic research
into attractors in language development of learners is still
in its early stages, the method of confirming attractors in
language development is also still in its exploratory stage.
In the future, more interdisciplinary methods may be incor-
porated to explore strange attractors in further detail (e.g.,
computer modeling based on deep learning). Furthermore,
computer modeling can address limitations that are difficult
to solve with mathematical modeling and more accurately
depict the development of CSL writing competence among
foreign students in China. In addition, a further study of a
longer duration may be conducted to describe the attractor
formation process and learners’ language development
dynamics more clearly, comprehensively describing the
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distribution of attractors among language learners and the
group law of attractors. Furthermore, future research may
use a higher number of participants to more comprehen-
sively reveal the distribution law and formation process of
attractors.
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