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Abstract: In response to the growing
demand for effective second language (L2)
writing strategies, this study aims to explore
and optimize L2 writing strategies from a
dynamic systems perspective. Utilizing
computer simulation, the research
investigates the interaction and adaptation
of writing strategies in L2 learners. The
research method involves the development
of a computational model that simulates the
writing process of L2 learners. This model
captures various writing strategies, such as
planning, drafting, revising, and
self-monitoring, and analyzes how these
strategies evolve over time in response to
different linguistic and cognitive challenges.
Data from L2 learners’ writing samples and
writing process logs are used to calibrate
and validate the simulation model. The
results of the computer simulation
demonstrate that L2 writing strategies are
not static but rather adapt dynamically to
the writer’s proficiency level, task demands,
and cognitive resources. The simulation
reveals that certain strategies, such as
frequent self-monitoring and adaptive
planning, are more effective in improving
writing quality and efficiency. Additionally,
the study identifies individual differences in
strategy use, with some learners benefiting
more from specific strategies than others.
The findings underscore the complexity of
L2 writing and suggest that personalized
feedback and strategy training based on the
simulation outcomes can significantly
enhance L2 writing performance. The
findings reveal significant insights into the
dynamic nature of writing strategies,
highlighting the importance of individual
differences and context. The study
concludes that computer simulation offers a

promising approach for understanding and
enhancing L2 writing strategies, potentially
leading to more personalized and efficient
writing instruction.
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1. Introduction
In the context of globalization, second
language writing ability has become an
important criterion for measuring learners’
comprehensive language quality. However, the
second language writing process involves
multiple factors, such as language ability,
cognitive processes, emotional states, etc.
These factors interact with each other, making
the selection and application of writing
strategies complicated. In recent years,
Dynamic Systems Theory (DST) has provided
a new perspective for understanding this
complexity. It emphasizes the dynamics,
nonlinearity, openness and interaction of the
system, which is important for revealing
second language writing strategies. The
internal mechanism is of great significance.
This study aims to explore the optimization of
second language writing strategies through
computer simulation methods using the
perspective of dynamic systems theory.
Combined with computer simulation
technology, a dynamic system model is
constructed to simulate the use process of
second language writing strategies. Through
the analysis of simulation data, we explore the
impact of different writing strategies on
writing quality and the development of
learners’ writing abilities, and how to optimize
these strategies to improve writing effects.
This study aims to reveal the dynamic changes
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in the use of strategies in the process of second
language writing and how these strategies
affect the quality of writing and the
development of learners’ writing abilities,
thereby providing theoretical basis and
practical guidance for second language writing
teaching.

2. Theoretical Overview

2.1 Overview of Dynamic System Theory
A research paradigm that applies Dynamic
Systems Theory to the field of second
language acquisition. This theory holds that
second language acquisition is a complex,
dynamic, and nonlinear process involving
multiple interacting subsystems, and changes
in these subsystems over time lead to the
overall development of the learners’ language
ability.
The main manifestations of dynamic system
theory in second language writing involve: (1)
Complexity and dynamics: Second language
acquisition is regarded as a complex dynamic
system, in which the learner's language ability
is composed of multiple interrelated
subsystems (Such as grammar, vocabulary,
pronunciation, pragmatics, etc.). These
subsystems are constantly changing,
influencing each other, and together constitute
the learner's overall language ability. [1] (2)
Non-linear development: Learners’ language
development is not simply linear progress, but
shows non-linear characteristics, including
stagnation, regression and rapid development.
This nonlinear development means that
learners may learn at different speeds and
effects at different stages. [2] (3)
Self-organization: The learner’s language
system has the ability to self-organize and can
develop and adapt without external
instructions. This means that learners can
self-adjust in language use to adapt to new
language input and environmental
requirements. [3]

2.2 Current Research Status of Computer
Simulation in Second Language Writing
The application of computer simulations in L2
writing research is a relatively new field that
utilizes computational techniques to simulate
learners’ writing processes in order to better
understand the complexity of the writing act.
The following is an overview of the current

research status of computer simulation in
second language writing: (1) Simulation of the
writing process: Computer simulation is used
to explore the non-linear development model
of second language writing. The simulation
model reproduces the fluctuations and changes
of learners in writing, which helps to
understand the dynamic development of
writing ability. [4] Researchers use computer
simulations to explore second language
learners' cognitive mechanisms during the
writing process, such as attention allocation,
information processing, and strategy selection.
[5] (2) Optimization of writing strategies:
Through computer simulation experiments, the
effects of different writing tasks and teaching
interventions on the development of learners’
writing abilities were compared, providing
empirical evidence for writing teaching in
accordance with. [6] Computer simulations
were used to test the impact of different
writing strategies on writing quality and
efficiency. Through simulation, researchers
can evaluate which strategies are most
effective in improving learners' writing skills.
[7] (3) Personalized teaching support:
Combining theories from cognitive science,
computer science, and education, using
computer simulations to study cognitive
processes in second language writing and
learner behavior patterns. [8] Computer
simulations can provide personalized writing
feedback and guidance. By analyzing learners’
writing data, simulation systems can provide
learners with customized exercises and
suggestions. [9] (4) Development of writing
assessment tools: Computer simulation
technology is also used to develop automated
writing assessment tools. These tools can
quickly and objectively assess learners’
writing abilities and provide assistance to
teachers. [10] Although computer simulation
has made certain progress in second language
writing research, the field still faces some
challenges, such as the accuracy of simulation
models, the interoperability of simulation
results, and the popularity of simulation tools.

3. Model Design
In the field of second language writing
research, the application of computer
simulation and optimization models provides a
new perspective for understanding learners'
writing strategies and their effects. This study
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aims to construct a computer simulation and
optimization model of second language
writing strategies. Its design concept and
operating mechanism are not only based on an
in-depth analysis of existing theories, but also
focus on the adaptability and application value
of actual teaching scenarios. The design of the
model is not just a simple list of the functions
of each module, but also reveals the internal
connections and interactions between the
modules through analytical content, thereby
providing more scientific and systematic
guidance for second language writing
teaching.

3.1 Model Design Concept
The design concept of this model is based on
the understanding of the cognitive process of
second language writing, emphasizing the
dynamics and adaptability of writing strategies.
Dynamic Systems Theory (DST) provides us
with a theoretical basis, arguing that second
language writing is a nonlinear, dynamically
changing system in which there are complex
interactions among learners, environments,
tasks, and strategies. Therefore, the design
concept of the model includes the following
points: First, the selection and application of
writing strategies is a dynamic adjustment
process that needs to be adjusted in real time
according to the learner's cognitive status and
environmental factors. Second, the model
should be able to simulate learners' cognitive
activities at different stages of writing,
including information processing, strategy
selection, and self-regulation. Finally, the
optimization goal of the model is to improve
learners' writing efficiency, that is, to improve
learners' writing strategy usage efficiency and
writing quality through simulation and
optimization.

3.2 Model Operating Mechanism
The operating mechanism of the model is the
specific implementation of the design concept,
which includes the following key parts:
(1) Writing strategy simulation: This part
simulates learners’ strategy selection and
application in the writing process. By building
a strategy library, the model can simulate
different writing strategies, such as conception,
organization, revision, etc., and dynamically
adjust the use of strategies according to the
learner's cognitive load and writing task needs.

(2) Cognitive process modeling: Cognitive
process modeling is the core of understanding
how learners execute writing strategies. The
model reveals the cognitive mechanism behind
strategy execution by simulating learners'
cognitive processes such as attention
allocation, memory retrieval, and problem
solving.
(3) Environment and learner interaction: The
model considers the interaction between
learners and the environment, including the
characteristics of writing tasks, social and
cultural background, teacher feedback, etc.
This interaction affects the learner's strategy
selection and cognitive process, and is an
important manifestation of the dynamic nature
of the model.
(4) Optimization algorithm: The model’s
optimization algorithm is based on the
simulation results and optimizes the writing
strategy through machine learning technology.
The goal of the algorithm is to find the
combination of strategies that best suits the
learner's current cognitive state and the writing
task.

3.3 Interactions between Modules
Find the optimal writing strategy through
algorithms such as genetic algorithm or
particle swarm optimization algorithm. The
optimization results are in turn used to adjust
the parameters of the dynamic simulation
module to make it closer to the learner's actual
writing behavior.
The interaction between the feedback module
and other modules is reflected in the
transmission of information and feedback
loops. It receives the optimal writing strategies
from the optimization algorithm module and
displays them visually to learners in the form
of charts, text, etc. At the same time, this
module collects feedback from learners, such
as their understanding, acceptance, and
practical application effects of the strategy.
This feedback information is used to adjust the
work of modules such as data collection, data
processing, and dynamic simulation, forming a
closed feedback loop road.
In addition, the interaction between various
modules is also reflected in the system's
adaptability and dynamic adjustment. As
learners’ writing skills improve, the data
collection module may need to adjust the
parameters of the collection to capture more
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subtle writing behaviors; the data processing
module may need to update the algorithm to
adapt to new data characteristics; the dynamic
simulation module and optimization algorithm
module also need to continuously Iterate to
provide more accurate simulation and
optimization results.
In short, the interaction between modules is
the key for the system to realize its functions.
They are interdependent and influence each
other, and together they constitute a dynamic
and adaptive second language writing strategy
optimization system. Through this interaction,
the system can provide effective writing
support for learners and promote the
improvement of their writing skills.

3.4 Model Verification
After constructing a second language writing
strategy computer simulation and optimization
system based on a dynamic system perspective,
model verification is a key step to ensure its
effectiveness and reliability. The process of
model verification involves the following
important aspects:
Data validation is the basis of model validation.
We need to ensure that the data collected by
the data collection module is accurate and
complete. This includes checking the
consistency of the data, verifying the
reliability of the data sources, and confirming
that the data covers all necessary writing
characteristics. Data validation can be
performed through methods such as
cross-checking, repeated testing, and
third-party data review.
Model accuracy verification is the core link.
This requires us to compare the output of the
dynamic simulation module with the writing
performance of actual learners. Accuracy
verification can be carried out through the
following steps: (1) Select a representative
sample of learners to ensure that the sample
covers different writing levels. (2) Collect the
actual writing data of these learners and
compare it with the results predicted by the
model. (3) Use statistical methods, such as
correlation analysis, mean square error (MSE),
etc., to quantify the accuracy of model
predictions. (4) Analyze the deviation in the
model prediction and determine whether it is
due to problems with the model structure or
parameter settings.
The validity verification of the model focuses

on whether the model can achieve the
expected goals. This includes: (1) Testing
whether the model can correctly identify
learners’ writing strategies and existing
problems. (2) Evaluate whether the
optimization algorithm module can provide
effective writing strategy optimization
suggestions. (3) Through experimental design,
observe whether learners’ writing skills
improve after receiving model feedback.
Verification of model robustness is
indispensable. This involves testing how the
model performs under different conditions,
such as: (1) Test using data sets of different
sizes and characteristics to test the
generalization ability of the model. (2) By
changing model parameters, observe changes
in model performance to evaluate the stability
of the model. (3) Simulate extreme situations
or abnormal data to test the reliability of the
model.

4. Data Demonstration
In this study, we conducted an in-depth
analysis of the writing samples of 39
intermediate-level English learners, aiming to
explore the relationship between writing
variability and improvement in writing
proficiency. These learners all participated in a
one-year English writing course, during which
they submitted a total of 12 writing
assignments. We first calculated the variability
of each learner in each writing task. The
specific method is as follows:

4.1 Data Collection and Processing
(1) Writing samples:
12 writing samples from 39 learners were
collected, with the number of words in each
sample ranging from 200 to 300 words.
(2) Variation index:
The standard deviation (SD) is used as a
measure of variability and standardized to
Z-score to eliminate the influence of different
learners’ writing length.
(3) Data analysis results:
Through statistical analysis of the variability
of 12 writing samples, we found that the
average value of the variability index Z is 0.52,
and the standard deviation is 0.34. Regression
analysis shows that there is a significant
positive correlation between the variability
index Z and the improvement of writing
performance. Specifically, the correlation
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coefficient is 0.68 (p < 0.01), which means
that for every one standard deviation increase
in variability, writing scores increase by
approximately 0.68 standard deviations.
To further verify this relationship, we divided
learners into a high variation group (Z > 0.5)
and a low variation group (Z < 0.5). The
results showed that learners in the high
variation group improved their writing scores
by an average of 15.6 points at the end of the
course, while learners in the low variation
group improved by an average of 9.2 points (t
= 2.48, p < 0.05).

4.2 Detailed Analysis of Dynamic
Development Model
Through cluster analysis, we identified four
patterns of written language development.
Learners in Mode A (accounting for 25%)
show sustained high variability and stable
improvement in writing level, and the average
value of their variability index Z is 0.76.
Learners in Mode B (accounting for 30%)
show high variability in the early stages of
writing, but as time goes by, the variability
gradually decreases and the improvement of
writing level slows down. The average value
of their variability index Z is 0.42.
Learners in Mode C (accounting for 20%)
have always had low variability, but their
writing level has shown steady improvement,
and the average value of their variability index
Z is 0.28.
There is no significant change in learner
variability and writing level in Mode D
(accounting for 25%), and the average value of
its variability index Z is 0.31.

4.3 Detailed Results of Computer
Simulation
We built an agent-based computer model that
simulated learners’ writing processes over a
one-year writing course. Model parameters
include writing task diversity, task complexity,
learner interaction frequency, etc.
The simulation results show that under
conditions of high diversity and complexity of
writing tasks, learners’ writing variability
increases significantly, and the average
variability index Z increases from 0.4 to 0.7.
At the same time, the improvement of writing
level has also accelerated, with the average
score increasing by 18.2 points.
In the comparative experiment, we reduced the

diversity and complexity of writing tasks and
found that learners’ writing variability and
writing level improvement speed both
decreased, and the average score only
increased by 12.5 points.
In summary, this study reveals the close
relationship between writing variability and
writing level improvement through detailed
data analysis and computer simulation, and
provides empirical basis for optimizing second
language writing strategies. These findings
have important implications for designing
more effective L2 writing teaching methods
and interventions.

5. Conclusion
From the perspective of dynamic systems, this
study constructed a computer simulation and
optimization model of second language
writing strategies, and through a series of
verification steps, explored its application
value in second language writing teaching.
After in-depth analysis, this article draws the
following conclusions:
Dynamic systems theory provides a new
perspective and methodology for
understanding and optimizing second language
writing strategies. Through computer
simulation, we can intuitively observe the
changes in learners’ strategies during the
writing process, revealing the complexity and
dynamics of writing behavior. This shows that
second language writing teaching should not
be limited to static writing results, but should
focus on strategic adjustments and individual
differences in the writing process.
Computer simulation and optimization models
from the perspective of dynamic systems have
strong robustness and generalization
capabilities. The model helps learners identify
and improve problems in writing through
real-time feedback and personalized
suggestions, thereby improving the quality of
writing. The validation results show that the
model achieves the expected goals in terms of
accuracy, effectiveness, and user acceptance.
This study provides a new idea for second
language writing teaching and research.
Through computer simulation and
optimization from the perspective of dynamic
systems, we can better understand learners’
writing behavior and provide empirical basis
for teaching practice. However, this study still
has certain limitations, such as the limited
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sample range and the need for further
optimization of model parameter settings.
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