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Abstract. Based on the study of latent variables, this paper uses the estimation model
to verify the relationship between the latent variables. Taking the social network and
the social integration of rural migrant workers as an example, the quantitative relation-
ship between them is analyzed by mathematical model. We collect relevant data and use
exploratory analysis to test the dimensions of social network and social integration of
migrant workers. The correlation coefficient analysis shows that the correlation of the
social integration dimensions and the social network dimensions is higher.Through re-
gression analysis, we verify the effect of social network on various dimensions of rural
migrant workers’ social integration. Specially, through logistic regression analysis, we get
the data of the influence of migrant workers’ social network and demographic variables on
social integration intention. The results show that migrant workers’ social network and
demographic variables have a significant impact on the willingness of social integration.
The results of this study can provide a useful reference for expanding the social network
of migrant workers and promoting the social integration of migrant workers in China.
Keywords: Correlation Analysis, Regression Analysis, Factor Analysis, Latent Vari-
able, Social network of Rural Migrant Worker , Social Integration of Rural Migrant
Worker

1. Introduction. In the correlation analysis of two latent variables, such as the influence
social network on social integration of rural migrant workers, we often need to investigate
the correlation of social network and social integration. They are all latent variables
which are related and decided by one or more observed variables. For example, the social
network of rural migrant worker is related to three factors, the social network scale, the
social heterogeneity and the social network position. Meanwhile, the social network scale
is related to the number of compatriots, the number of friends, the number of persons
keeping in touch, and so on. So, the social network is a latent variable. In this paper, we
address on estimating the relationships between unobserved constructs (latent variables)
from observable variables. We employ Factor analysis model to estimate the dimensions
of latent variable. Then the correlation of latent variables is estimated by using Pearson
product-moment correlation coefficient and regression analysis.

This paper is organized as followed. In Section 2, we use the regression model to
estimate the latent variables. In Section 3, the Pearson product-moment correlation

680



A Model for Estimating the Correlation of Latent Variable 681

coefficient is used. In Section 4, we show the model for estimating the correlation of
latent variables in social network and social integration.
In Section5, we show the result and give an example analysis by using the dataset of social
network and social integration of rural migrant worker. And our method is concluded in
Section 6.

2. Using Regression Model to Estimate Latent Variables.

2.1. Latent variable. The latent variable reflects two main characteristics. First, it is
latent rather than appearing. Secondly, its structure is changeable rather than constant.
Finally, latent variables will change in intensity or magnitude. In statistics, latent vari-
ables are variables that are not directly observed, and it must be inferred from other
variables that are observed. The latent variables usually represent shared variance, or the
degree of change between the variables.The latent variables that are not relevant can not
produce a potential structural model based on commom factors. The latent variable can
be inferred in terms of mathematical models by using observed variables.

Latent variable models are used in a large number of scientific research fields, such
as psychology, economics, medicine, physics, artificial intelligence, bioinformatics, agri-
cultural, econometric and management. Probabilistic latent semantic analysis, Factor
analysis, Principal component analysis and Analytical Hierarchy Process are always used
for inferring latent variables.

2.2. Logistic regression model. Logistic regression can be seen as a special case of
generalized linear model which measures the relationship between the categorical depen-
dent variable and one or more independent variables by estimating probabilities using a
logistic function. The logistic function can be defined as follows [2]:

σ(t) =
et

et + 1
=

1

1 + e-t
(1)

We can then express t as follows:

t = β0 + βx (2)

And the logistic function can now be written as follows, where F(x) can be interpreted
as the probability of the dependent variable [3]:

F(x) =
1

1 + e-(β0+βx)
(3)

This equation converts a number between -1 and +1 to a probability of [0,1]. In this
paper, we define the cost function as a logarithmic loss function:

cost(F (x),y) = -ylog(F (x))-(1-y)log(1-F (x))

= -ylog[δ(-(β0 + βx))]-(1-y)log[1-δ(-(β0 + βx))]
(4)

Therefore, the loss function is expressed as follows:

L(β0, β) = − 1

m

n∑
i=1

cost(F (x),y) (5)
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2.3. Parameter Estimation. The gradient descent method is used to minimize the loss
function L(β, β0) to evaluate parameter ? and ?0. The gradient of loss function is:
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Table 1. Factors of social Integration

∂

∂β
(L(β, β0)) = − 1
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∂
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1
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∂
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1
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1
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1-[δ-(β0 + βx(i))]
)δ[-(β0 + βx(i))][1-δ(-(β0 + βx(i)))]

∂[-(β0 + βx(i))]

∂β

=
1

m

n∑
i=1

(y(i) − F (x(i)))x(i)

(6)

∂

∂β0
(L(β, β0)) =

1

m

n∑
i=1

(y(i) − F (x(i))) (7)

In this paper, we use the random gradient descent method. The update for each sample
(x(i), y(i)) can be shown as follows:

β = β + α ∗ (y(i)-F (x(i))) ∗ x(i) (8)

β0 = β0 + α ∗ (y(i)-F (x(i))) (9)
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Table 2. Factors of of social network

In order to accelerate the speed of learning, we use the TONE technology. The TONE
has a parameter a distance interval. The samples in the distance, even if the correct
judgment, are needed to learn their features. Algorithm 1 gives the parameter estimation
to get the logical regression model accord to Eq. (8), (9).

2.4. Feature Variables. For predicting the influence of social network on social inte-
gration, we choose fourteen influencing factors which grouped by three categories as the
feature variables of social Integration.Table 1 describes the factors of social Integration.

And we design fifteen features to represent the social network shown in Table 2.

2.5. Estimating the Latent Variables. By using the influencing factors of social in-
tegration as features, we learned three logistic regression models to represent three kinds
of social integration latent variables. By using x1 to x4, we built a regression model to
express Economic Integration EI(x) as:

x1 = EI(m) =
1

1 + e-(α0+α1u1+α2u2+α3u3+.α4u4)
(10)

For Culture Integration CI(x), we use x5 to x8, while for PsychologicalIntegrationPI(x)
we employ x9 to x14.

x2 = CI(m) =
1

1 + e-(β0+β1u5+β2u6+β3u7+.β4u8)
(11)

x3 = PI(m) =
1

1 + e-(γ0+γ1u9+γ2u10+γ3u11+γ4u12+γ5u13+γ6u14)
(12)
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Similarly, we trained three social network models to express the latent variables,
Socialnetworkscale SNS(y), Social Heterogeneity SH(y), Social Network Position SNP (y)
are defined as:

y1 = SNS(y) =
1

1 + e-(λ0+λ1v1+λ2v2+λ3v3+λ4v4)
(13)

y2 = SH(y) =
1

1 + e-(ε0+ε1v5+ε2v6+ε3v7+ε4v8+ε5v9+ε6v10)
(14)

y3 = SNP (y) =
1

1 + e-(ω0+ω1v11+ω2v12+ω3v13+ω4v14+ω5v15)
(15)

3. Correlation Coefficient.

3.1. Definition. Correlation analysis can be used to determine whether the two variables
are related. At the same time, it provides a tool to measure the linear relationship
between variables. In general, correlation coefficient can accurately reflect the correlation
degree between variables. The Pearson product-moment correlation coefficient which was
developed by Karl Pearson in the 1880s is a measure of the linear correlation between
two variables X and Y[4].The value of Pearson product-moment correlation coefficient is
between +1 and ?1.Pearson’s correlation coefficient is usually represented by the letter r,
Supposing that the dataset x1, ..., xn has n value, and another set of data y1, ..., yn with
n value, then r can be defined as [5]:

r = rxy =

∑n
i=1 (xi − x̄)(yi − ȳ)√∑n

i=1 (xi − x̄)2
√∑n

i=1 (yi − ȳ)2
(16)

where

xi = EI(mi),

yi = SNS(zi)
′

x=
1

n

n∑
i=1

xi,

y=
1

n

n∑
i=1

yi

(17)

using the following formula for r:

r = rxy =

∑
xiyi − nxy

(n− 1)sxsy
(18)

where

sx =

√
1

n−1

n∑
i=1

(xi − x)2, sy =

√
1

n−1

n∑
i=1

(yi − y)2 (19)
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3.2. Pearson’s correlation and least squares regression analysis. The square of
the sample correlation coefficient is typically denoted r2. If we have the observed dataset
y1, . . . , yn and the fitted dataset f1, . . . fn, and we denote the fitted dataset f1, . . . fn with
ŷ1, . . . , ŷn, then as a starting point the total variation in the Yi around their average value
can be decomposed as follows:∑

i

(Yi − Ȳ )
2

=
∑
i

(Yi − Ŷi)
2
+
∑
i

(Ŷi − Ȳ )
2

(20)

Next, we apply a property of least square regression models, that the sample covariance
between Yi and Y i − Ŷi is zero. Thus, the sample correlation coefficient between the
observed and fitted response values in the regression can be written[6]:

r(Y, Ŷ ) =

∑
i (Yi − Ȳ )(Ŷi − Ȳ )√∑

i (Yi − Ȳ )
2 ·

∑
i (Ŷi − Ȳ )

2

=

∑
i (Yi − Ŷi + Ŷi − Ȳ )(Ŷi − Ȳ )√∑

i (Yi − Ȳ )
2 ·

∑
i (Ŷi − Ȳ )

2

=

∑
i [(Yi − Ŷi)(Ŷi − Ȳ ) + (Ŷi − Ȳ )

2
]√∑

i (Yi − Ȳ )
2 ·

∑
i (Ŷi − Ȳ )

2

=

∑
i (Ŷi − Ȳ )

2√∑
i (Yi − Ȳ )

2 ·
∑

i (Ŷi − Ȳ )
2

=

√√√√∑
i (Ŷi − Ȳ )

2∑
i (Yi − Ȳ )

2

(21)

Thus

r(Y, Ŷ )
2

=

∑
i (Ŷi − Ȳ )

2∑
i (Yi − Ȳ )

2 (22)

4. Model for Estimating the Correlation. Figure 1 shows the model for estimating
the correlation of latent variables in social network and social integration.

In Figure 1, we divide the social integration features into three categories. The fea-
ture u1 to u4 are responsible for economic integration, the feature u5 to u8 are used to
determine the culture integration, and the feature u9 to u14 are exploited to compute the
psychological integration. We use the logical model to estimate the three social integra-
tion latent variables. Similarly, the feature v1 to v4 are responsible for social network
scale, the feature v5 to v10 are applied to determine the social heterogeneity and v11 to
v15 are used to estimate the social network position. Then the achieved latent variables
are used to relationship computation. Then we can get the co-relationship of each latent
variable of social integration and social network.

5. Example Analysis. We take social network and social integration of rural migrant
worker as the example to verify the proposed method in this Section. In order to testify
the proposed method on the research field of the influence of social network on the social
integration of rural migrant worker, we design the questionnaires and collect 426 effective
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Table 3. Factor load and reliability of migrant workers’ social network

Table 4. Factor load and reliability of migrant workers’ social integration
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Figure 1. The Model for Estimating the Correlation

Table 5. Correlation analysis of social network and social integration

results which record the social network and social integration data of rural migrant work-
ers. The questionnaires are all paper questionnaire. Questionnaires were distributed 500,
recovery of 489 copies, of which there are 426 effective questionnaires and the effective
questionnaire recovery rate of up to 85.2%. The basic characteristics of the respondents
shows that the male respondents (61.03%), having not received skills training of migrant
workers(66.2%), most of them at the age of 35 years and below (62.2%), the education
level of high school is below 89.2%, mainly in the service (40.8%), the manufacturing
industry(35.1%), construction (24.1%). On the whole, the sample basically reflects the
low level of migrant workers education, most of the new generation of migrant workers,
as well as the main characteristics of the service industry and manufacturing enterprises.

5.1. Factor and Reliability Analysis. In order to prove that the questionnaire has
good reliability, we do the following analysis. Table 4 shows the factor load, reliability
of the social network and its each dimension respectively. Table 5 shows the factor load
and reliability of migrant workers’ social integration. From Table 4 and Table 5, we can
see that the total alpha coefficient was 0.89 and 0.87. And Social Network Scale, Social
Heterogeneity and Social Network Position coefficient of each dimension is 0.84, 0.86, 0.78.
And the Economic Integration, Culture Integration and Physiological coefficient of each
dimension is 0.84, 0.76, 0.83. The statistical analysis of the factor analysis and reliability
test showed that the social inclusion questionnaire used in this study has good reliability.

5.2. Correlation analysis of social network and social integration. Table 6 shows
the result of correlation analysis of social network and social integration. Table 6 lists the
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Table 6. Correlation analysis of social network and social integration

Pearson correlation coefficients among the variables of this research. From the data in
the table, we can see that network scale, network heterogeneity and network position are
significantly positive correlation with the social integration of rural migrant workers at
0.01 level. The network scale and economic integration are the highest correlation with
the coefficient being 0.665 ∗ ∗, network heterogeneity and the psychological integration
correlation coefficient is 0.712 ∗ ∗, and correlation coefficient of social networking position
and psychological integration is 0.704 ∗ ∗. But the correlation coefficient is lower between
network heterogeneity and the psychological integration. Overall, the network scale and
economic integration are of the highest correlation.

5.3. Regression analysis of social network and social integration. Regression
analysis results of social network and each dimension of social integration are showed
in Table 6. The experimental results show that when the whole social network is viewed
as independent variables, economic integration, cultural integration, psychological inte-
gration are viewed as the dependent variable, the standardized regression coefficients are
respectively 0.612, 0.587, 0.533. At the same time, when we take the dimensions of the
social network of rural migrant worker as independent variables, and take economic in-
tegration, cultural integration, the psychological integration as the dependent variable,
the regression equation of F value are are respectively 120.265, 98.365, 89.322.The coeffi-
cient of determination adjusted multiple regression is 0.465, 0.512.0.447, which show that
the social network has a good explanation for social integration of rural migrant workers.
From the significance test of regression coefficient, the significant level is all less than 0.05,
which pass the test. Therefore, from the perspective of the results, the social network and
its dimensions for the positive impact of three dimensions of social integration have been
verified Logistic regression analysis results of demographic variables, social network and
willingness of social integration are showed in Table7.

6. Conclusion. Based on the results of exploratory factor analysis, as the latent vari-
ables, social integration has been extracted from three common factors, namely economic
integration, cultural integration and psychological integration. Social network has also
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Table 7. Logistic regression of social network and willingness of social integration

been extracted from three common factors, namely network scale, network heterogeneity
and network location. Pearson correlation coefficient is used to estimate the correlation
degree between variables. The results show that all dimensions of social network have
good correlation with all dimensions of social integration. Taking the various dimensions
of social networks as independent variables, and taking each dimension of social integra-
tion as the dependent variable, we use regression analysis to carry out data processing,
the results show that the independent variable has a significant effect on the dependent
variable. Using logistic regression analysis to measure the correlation of variables, we
come to the conclusion that sex, age, education level, skill training, social network scale,
social network heterogeneity and social network position have a positive impact on the
desire for social integration of migrant workers.
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