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Abstract. Based on the complex dynamical systems theory, this study used the
EM iterative algorithm in order to study the willingness to communicate of sec-
ond language learners from a dynamic perspective. The students are assigned
to a certain cluster according to the characteristics of their willingness to com-
municate and the representative categories of their willingness to communicate
are classified. Then the cluster analysis is carried out. The results show that the
diversity of different groups’ willingness to communicate is obvious, showing a
dynamic development, and has a high correlation with the level of oral proficiency.
The research has certain guiding significance for seeking the countermeasure to
promote the willingne to communicate, deepening the research of Oral English
teaching and improving the language teaching method.
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1 Introduction

So far, studies have been conducted to track the dynamic development and internal
interaction patterns of complexity, accuracy and fluency (CAF) in oral English with
the help of complex dynamic system theory (CDST)(Yu & Lowie, 2020; Polat & Kim,
2014; Yu Hanjing, 2020; Zheng Yongyan, Liu Feifeng, 2020), The findings enrich the
research on L2 oral dynamic development and deepen the understanding of L2 learners’
oral competence by language researchers and teachers, which proves the applicability
and validity of CDST in the study of research on second language Development [1]. At
present, most studies can investigate the dynamic development of language dimensions,
as well as the internal and external factors of the fluctuation of oral communication
level. However, few studies have explored the reasons which leads to the difference of
oral English level or the fluctuation of communication willingness at different stages
of the same individual from the perspective of “Dynamic”, neglecting the interaction
and relationship between the willingness to communicate as a situational variable with
these internal and external factors, which make the study lack of comprehensive and
systematic.
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To determine the important factors that affect the system development is one of
the core tasks of CDST research. Both the intrinsic factor (motivation) and extrinsic
factor (learning situations) influence the development of the complex system of lan-
guage by affecting the willingness to communicate. In view of this, based on CDST,
this research uses the clustering analysis of EM algorithm, the combination of quan-
titative research and qualitative research to observe the communication willingness of
the research objects from a dynamic perspective, and summarizes the dynamic char-
acteristics of the communication willingness, identify the representative categories of
willingness to communicate. It is expected that the teacher can find the corresponding
countermeasures to adjust effectively, optimize the oral teaching methods and improve
the students’ oral English level.

2 Complex Dynamical Systems Theory

2.1 The Introduction, Connotation, Theoretical Basis and Development Trend
of CDST

In 1997, complex Dynamical systems theory (de Bot & Larsen-freeman 2011; Larsen-
freeman 2015; Larsen-Freeman & Cameron 2008; Ortega & Han 2017) was first intro-
duced into applied linguistics research by Professor Diane Larsen-freeman of the Uni-
versity of Michigan. The theory was originally applied to mathematics, advocating a
systematic view of the problem, that is, by understanding the relationship among parts
in order to grasp the whole [2, 3].

The introduction of this theory has just started in China. Papers published in foreign
language journals include Shen Changhong, Lu Min (2008), Wang Tao (2010, 2011),
Li Lanxia (2011), Zheng Yongyan (2011), Wei Xiaobao (2012), Dai Yuncai and Wang
Tongshun (2012) [4]. Its theoretical basis is the self-organization theory of the 1970s,
Prigogine’s synergetics and M. Eigen’s hypercycle theory [5]. That is, complex phe-
nomena are not static and isolated states, but interactive and dynamic processes in the
perspective of “Complex Dynamical systems theory”. The system theory has ten char-
acteristics, there are: dynamic, complex, nonlinear, chaotic, unpredictable, sensitive at
the initial state, developed, self-organized, sensitive feedback and self-adaptation [6].

In recent years, the theory shows a new trend of interdisciplinary integration and as
a latest theory in the field of second language acquisition (SLA) research, which has
attracted much attention from both the international and domestic applied linguistics
[7].

2.2 Dynamic Changes in the Characteristics of the Willingness to Communicate
Based on Complex Dynamical Systems Theory

Different from previous studies, this study uses qualitative and quantitative methods
(such as Han & Hiver, 2018) based on the CDST perspective to simplify the research
subjects, by long-term tracking and in-depth data mining of individual learners’ commu-
nicationwillingness, this paper studies the importance of the communicationwillingness
as a situation variable in second language learning from a “Dynamic” perspective, which
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can present the state of learners’ willingness to communicate and the process of change
and development in the real language learning environment. The results show that learn-
ers’ willingness to communicate varies, constantly changes and develops in different
ways under the influence of various factors.

The study has some enlightening significance on the field of tracing the develop-
ment mode further and influencing factors of communication willingness, the influence
of communication willingness mode on oral English learning, and instructs teachers
to seek corresponding strategies for effective adjustment in order to promote benign
development.

3 Study on Clustering Analysis for the Dynamic Feature
of Communication Willingness Based on EM Algorithm

3.1 EM Algorithm and Process

Em (ExpectationMaximization) algorithm is an excellent algorithm to solve the problem
of data incompleteness. The most common problem of data incompleteness is that the
data contains hidden variables that can not be directly observed [8].

In this study, when we use the EM algorithm to cluster the acquired data, we do not
assign the objects (refer to students in this paper) to a certain cluster, instead, it allo-
cates objects according to the probability of the affiliation between objects and clusters
[9]. In the data mining, the variables (attributes) of students’ communication behavior,
manner, habit and preference are set to be observed and tested directly through certain
questionnaires and tests, They are accessible data, while the students’ willingness to
communicate represented by these data is a hidden variables which can not be observed
directly and needs to be discovered. Therefore, the whole clustering procedure need to
be finished based on the occurrence of the above learners’ willingness to communicate.

The EMalgorithm is essentially an iterative algorithm to cluster the dynamic features
of willingness to communicate. For the observed Data X, it is not known which branch
it is from, so it is incomplete data. The complete data should be expressed as (x, y),
where y denotes the label of the branch to which X belongs and takes a range of value
y ∈ {1,…, g}. The probability density of the overall data can be expressed as:

f (x, y; θ) =
∑g

i
rifi(x, y; θi)

In the above formula, “g” is the number of density branches; r1, r2, … rg is the
proportion of the total distribution of each branch point,

∑g
i ri = 1; “fi” is the density

of the ith branch, “θi” is the unknown parameter of the corresponding branch. With
the observation data sets {x1, x2, …, xn}, the value is evaluated using the maximum
likelihood method.

It starts with the initial solution “θ0”, for t = 0,1,2,… by repeating iteratively to get
the θ1, …, θt .

In each iteration, the expected value of the Logarithmic likelihood function for the
complete data is calculated with the observed data and the current solution “θt”given.
Then, a new parameter “θt+1” is chosen to maximize the expected value of the Log-
likelihood function. And then we iterate back and forth, and we get “θt”, until we get
convergence. As shown in the Fig. 1.
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Fig. 1. An iterative flowchart (Self-drawing)

3.2 Test and Classify the Characteristics of Communication Willingness

Data from 1. The communication willingness questionnaire (McCroskey, 1992), α =
952, consisted of 24 questions. Participants were asked to rate their possibility of inter-
personal communication freely with others in Chinese/English on a scale ranging from
0 to 100, 0 means “Never”, 100 means “Always”; 2. Self-assessment of communicative
competence by McCroskey (1988), α = 867, with 12 items, was assessed on a scale
ranging from 0(no communication ability at all) to 100(having complete communica-
tion ability), rate your ability to communicate in Chinese/English on a given occasion.
The social situations include public speech, delivering on a large conference, speaking
in a group; strangers, acquaintances and friends are all involved [10]. Then, according to
the degree of integration score, the willingness to communicate was divided into three
types: High (H) level, Medium (M) level and Low (L) level.

4 Conclusion

Based on the CDST, the research used the EM algorithm to make a cluster analysis
(CA) on the communicative willingness of language learning groups, and got a good
result. There are obvious characteristics in the choice of communicative willingness and
self-assessment of communicative competence of different types of students in different
situations when they use English or Chinese, which are basically consistent with the
reality. Here are what the study found:

i. The communicative willingness of the learning group is influenced by some factors,
which shows the characteristics of diversity, and has a certain correlation with the
level of oral English proficiency;

ii. Based on the data mining of students’ communicative behavior, manner, habit
and preference, the representative categories of communicative willingness can be
classified by clustering analysis with EM algorithm;

iii. At different stages of the same individual, the willingness to communicate changes
and shows a dynamic development.
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The study of this paper made a preliminary attempt to the study of the dynamic
characteristics and cluster analysis of communicative willingness, which provided a
reference for tracking the dynamic development trend and influencing factors of learners’
willingness to communicate in the next stage and exploring the law of development of
learners’ willingness to communicate comprehensively.
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