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ABSTRACT 
 

With the continuous development of business incubator nowadays, the existing evaluation method of 
enterprise incubator’s hatch ability has been unable to meet the needs of small and medium-sized 
enterprises. This paper proposes a small and medium-sized enterprise incubator’s hatch ability evaluation 
model based on multiclass method, this model introduced the principal component analysis and factor 
analysis, first, it selects small and medium-sized enterprise incubator’s hatch ability evaluation index, then 
it makes data conversion to these indicators, then it carries out the variable correlation analysis, and finally 
do the hatch ability evaluation. The experimental results show that the small and medium-sized enterprise 
incubator’s hatch ability evaluation model based on multiclass can evaluate effectively small and medium-
sized enterprise incubator’s ability, that is to say this model is practical and effective. 

Keywords: Principal Component Analysis, Factor Analysis Method, Small and Medium-sized Enterprise 
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1. INTRODUCTION  
 

Business incubator is a new type of social and 
economic organization, it reduces venture business 
risk and business cost, enhances the enterprises’ 
survival rate and the success rate through providing 
the research, developing, and managing site, the 
sharing facilities like communication, network and 
office tools, and by providing the systematic 
training and consulting, and the supporting of 
political, financial, legal and market promotion [1]. 
However, with the continuous development of our 
country’s enterprise incubator, it also appears some 
problems in its operation, such as the lag of basic 
services ability, the low of incubation effect, the 
low quality of incubator management personnel, 
these all affect the enterprise’s ability of incubator 
hatch ability (2-3). Therefore, when our eyes are 
focusing on the achievement of our country’s 
enterprise incubator over twenty years, we also 
should notice the problems that we have [4-6]. 

For the research of enterprise incubator’s hatch 
ability evaluation, such as Chan and Lau put 
forward the science and technology business 
incubator related assessment framework by using 
the organization theory and cluster theory, the 
framework including nine evaluation criteria: 
resource collection, resource sharing, consulting 
services, public image, the network platform, 
geographical advantages, cost advantage, and 

financing support (7), In Mo Guang Zheng’study of 
higher school social service evaluation, he put 
forward a enterprise incubator hatchability index 
system in university science and technology park, 
constructing the incubator’s hard and soft 
environment condition, incubator’s financing 
ability, management ability, talent gathered ability, 
marketing ability, and the key factors, which 
consists of 17 indicators [8]. As for foreign study, 
foreign scholars started earlier the study of the 
assessment and research of business incubator, who 
has made great achievements, and latter they also 
use a quantitative method to evaluate and analysis, 
which has the certain scientific, but lack of system 
related theory, and no specialized hatch ability 
analysis, what’s more, the research according to the 
actual situation of the country’s enterprise 
incubator’s development, the research results has a 
certain significance to the evaluation theory of 
enterprise incubator hatchability, but we need more 
study about our country enterprise incubator’s hatch 
ability’s research and evaluation. 

Based on the evaluation and research status of 
small and medium-sized enterprise incubator’s 
hatch ability, this paper put forward a kind of small 
and medium-sized enterprise incubator’s hatch 
ability evaluation based on multiclass analysis, and 
using principal component analysis and factor 
analysis to go the comprehensive evaluation. 
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2. PINCIPLE COMPONENT ANALYSIS 
 

Principal component analysis is a kind of 
commonly used multivariate statistical method, 
which has been widely used in the social economy, 
enterprise management and geological, biochemical, 
pharmaceutical, and other fields, such as clothing 
finalize the design, enterprise's economic benefit 
analysis, and the aim making of new development 
project [9]. 

The target of principal component analysis is to 
simplify the multivariate statistics system. That is 
to say, we carry out the dimensional reduction 
treatment to the high dimension variable space 
under the principle of least losing the data 
information [10]. 

Assuming the assessment questions has p ’s 
index 1 2, ,..., px x x ，these p ’s index indicate the 
natures of all the assessment objects, thus the 
observed p ’s index value of every object is a 
sample value, which is a vector of p ’s 
dimension. If there are n ’s objectives, there are 
n ’s vectors of p ’s dimension, showing in matrix 
X : 
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ijv is the variance of the variable of i ，thus the 
change status of these p ’s variables can also be 

indicated by 
1

p

ij
i

v
=
∑ . The problem now is whether 

we can find a pare of new variables 
1 2, ,..., ( )my y y m p< ，that can make  

, 1,...,j jy L x j m′= =                                 (4) 

{ : 1}jL L L Lγ ′∈ = = ， γ  is called the 

collection of regulated vectors of p ’s dimension. 

Which satisfy： 

（1） 1y is in all the similar forms to y L x′=  
reaching the maximum variance L γ∈ ； 

（2） 2y is in all the similar forms to y L x′=  
not related with 1y and reaching the maximum 
variance L γ∈ ； 

（3） ky is in all the similar forms to y L x′=  
not related with 1 1,..., ky y − and reaching the 
maximum variance L γ∈ ， 3,4,...,k m= . 

This problem is just to solve 
max ( ) ( )Var y Var L x L VL′ ′ = = ，and  

1L L′ =                                       (5) 

Using the Lagrange multiplier method to 
establish the objective function  

( 1)Q L VL L Lλ′ ′= − −                   (6) 

Thus 2 2Q VL L
L

λ∂
= −

∂
 

and 0Q
L

∂
=

∂
，then we have VL Lλ= ，

1L L′ = . 
This indicates that L  is the facture vector of 

matrix V ，and under the above formula, we have  
( )Var y L VL L Lλ λ′ ′= = =              (7) 

Namely characteristic root λ is variance of 
variable y . So only to solve the feature vector L  
corresponding to the biggest characteristic root, the 
main ingredients can work out. 

So the found new variables 1 2, ,..., my y y are all 
the linear combination of the original 
variable 1 2, ,..., px x x . The coordinate system 

constructed by 1 2, ,..., my y y  is got by the 
translation and orthogonal rotation of the original 
coordinate system; we say the space constructed by 

1 2, ,..., my y y  is the main hyperplane of m’s 
dimensions. 
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3. FACTOR ANALYSIS METHOD 

3.1 Factor Analysis Model 
Factor analysis using a small amount of 

comprehensive index (main factor) instead of 
multiple primary indexes, the got main factor is for 
the linear combination of the original index. 

Assuming there are p ’s observation variables 

1 2, ,..., px x x ，put these into standardization， 
making the mean of the variable as 0 after 
standardization, and the variance is 1. Recording 
the original public factor’s variables as 

1 2, ,..., mf f f ，and the public factors after the 
standardization are 1 2, ,..., ( )mF F F m p< ，m ’s 
public factors that can not presented are called 
special factors, marked as 1 2, ,..., pε ε ε . And the 
factor analysis model is  

1 11 1 12 2 1 1

2 21 1 22 2 2 2

1 1 2 2

...
...
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...

m m

m m

p p p pm m p
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 = + + + +

       (8) 

In which， ija is the factor loading, the greater 

the absolute value of ija is（ | | 1ija ≤ ）, ix depends 

greater on jF ,all the elements ija composing the 

factor loading matrix A . 

3.2 Assessment Steps 

(1)Constructing the original matrix X  according 
to the selected index system and the index data, and 
carry out the standardization to the matrix X , and 
get the standardized matrix Z ; 

(2) Using Z  to calculate correlation coefficient 

matrix R , order | | 0R lλ− = , and solving the 
characteristic value, the contribution rate and 
cumulative contribution rate of R  , under the 
principal of the main component characteristic root 
not less than 1 or main component’s variance 
cumulative contribution rate not less than 85% , 
thus we can determine the number of main factor 
(set m p< ); 

(3) Calculation feature vector and initial factor 
loading matrix A , using the method of regression to 
estimate factor score, taking the proportion of each 
factor’s variance contribution rate occupies total 
variance factor contribution rate as weight to go the 
weighted summary, finally get factor’s 
comprehensive analysis model 

1 2
1 2

1 1 1

... m
mm m m

i i i
i i i

F F F Fλλ λ

λ λ λ
= = =

= + + +

∑ ∑ ∑
        (9) 

(4) If factor loading quantity is averagely, and 
difficult to discriminate which indicator contacts 
closely with a certain factor, then using the 
maximum variance method to do orthogonal 
rotation of the initial factor, making the 
contribution of the public factors disperse the better, 
and the original index have the large load only in a 
public factor. In this way we can give the main 
factor reasonable economic meaning to analyze the 
researching problem. 

(5) According to the sample factor score to do 
the comprehensive analysis and evaluation, the 
higher the score shows the better properties of the 
sample. 

4. EVALUATION MODEL OF INCUBATOR 
HATCHABILITY 

4.1 Index Choosing 
When evaluating the small and medium-sized 

enterprise’s incubator hatchability, we must first 
select evaluation index.  

The quantitative indicators selected by this 
article show as follows: small and medium-sized 

enterprise incubator site area 1x , small and medium-

sized enterprise graduation rates 2x , the number of 

employees of enterprise in hatch 3x ,the total 

income of the enterprises in hatch 4x , the tax 

payment of the enterprises in hatch 5x , staff’s high 

quality structure 6x , the number of new hatched 

enterprises 7x , the net value of fixed assets by the 

end of the year 8x , the total fund obtained by small 

and medium-sized enterprise incubator 9x . 

4.2 Data Conversion 
In order to make it possible for the comparison 

between the indexes, and eliminate the possible 
influence on the evaluation result caused by 
observation and dimension differences, thus we 
need to carry out the standardization processing to 
the index data of incubator hatchability, using SPSS 
software to start the original data standardization 
process. The specific computation formula is as 
follows: 

Assuming the original data matrix is 
( )( 1,2,..., ; 1,2,..., )ijx x i p j N= = =        (10) 
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In which ijx
 is the j ’s index value of i ’s 

incubator sample, N  is the evaluation index 
number. Then carry out the Dimensionless 
processing according to the formula below: 

( )ij j
ij

j

x
Z

S
µ−

=                 (11) 

In the formula(6), ijZ
 is the standard value of 

data ijx
, jµ

is the average value of index j , jS
 is 

the standard error of index j . 
After the standardization processing of the 

sample observed data ijx
,we can get the average 

value 0 of the standard value 
( 1,2,..., )ijZ j p=

,variance 1. 

4.3 Correlation Analysis of The Variance 
Because one of the main task of the factor 

analysis is to concentrate the original variables, 
which is to put forward the overlaps information of 
the original variable and integrate into the factor, 
and finally realize the purpose of reduce the number 
of variables, for this progress, it requires a strong 
correlation between the original variable, or if the 
original variables are independent, it cannot be 
concentrated, and also has no need for factor 
analysis. 

Checking whether there is relationship between 
variables, we usually can use the method of 
calculating simple correlation coefficient matrix, 
calculating the inverse image correlation matrix 
(Anti-image correlation matrix), and the Bartlett 
Sphericity inspection (Bartlett of Sphericity), KMO 
(Kaiser - Meyer - Olkin) inspection methods to 
study the relationship between the original 
variables. This paper takes KMO and Bartlett 
spherical to analyze the correlation of variables. 

5. INCUBATOR’S HATCH ABILITY 
EVALUATION OF SMALL AND 
MEDIUM-SIZED ENTERPRISE 

 
This paper selects 134 small business incubators 

as a sample for incubator’s hatch ability evaluation. 
First take KMO and Bartlett spherical to analyze 
the correlation of variables. 

Table 1 shows the test results, the first behavior 
test the correlation KMO statistics between 
variables, its value is 0.742 > 0.5, shows that factor 
analysis effect is good; The second line hypothesis 
the test chi-square value is 433.719, the associated 
probability is 0.000, less than significance level 

0.05, obviously, the correlation coefficient matrix is 
not unit array, and it has strong correlation between 
variances. Therefore, the original data selected by 
this paper is proper to use the factor analysis. And 
through the various factor extent sizes, the main 
factors of these nine factors are first three factors. 

 
Table 1: KMO and Bartlett’s Test 

Kaiser-Meyer-Olkin Measure of Sampling 

  0.742 

Adequacy 

Bartlett’s Test of Approx.Chi-Sqiare 433.719 

Sphericity df 36 

 Sig. 0.000 

 
Then use Varimax method to carry on the factor 

rotation of first three factors, the results show as 
table 2 and table 3, in which the table 2 is the factor 
loading matrix before rotating, table 3 is the factor 
loading matrix after rotating.  

Table 2: Component Matrix（a） 
 Component 

 1 2 3 

Zscore（x1） 0.479 0.225 0.263 

Zscore（x2） -0.058 0.041 0.780 

Zscore（x3） 0.913 0.092 0.000 

Zscore（x4） 0.863 -0.322 0.027 

Zscore（x5） 0.782 -0.193 -0.013 

Zscore（x6） 0.135 0.676 -0.241 

Zscore（x7） 0.856 -0.001 -0.150 

Zscore（x8） 0.247 0.419 0.490 

Zscore（x9） 0.299 0.714 -0.179 

 
Table 3:Rotated Component Matrix（A） 

 Component 

 1 2 3 

Zscore（x1） 0.395 0.225 0.377 

Zscore（x2） -0.106 -0.228 0.742 

Zscore（x3） 0.907 0.112 0.089 

Zscore（x4） 0.913 -0.119 0.037 

Zscore（x5） 0.805 -0.005 0.029 

Zscore（x6） -0.022 0.730 -0.006 

Zscore（x7） 0.837 0.232 -0.034 

Zscore（x8） 0.111 0.281 0.621 

Zscore（x9） 0.125 0.780 0.085 
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We can see it out the constructive relation 
between factors from the factors after the rotation 

of Table 3. Among them, the first factor 1F  mainly 
reflects the enterprise personnel number in the 
hatch, enterprise income in hatch, the new hatch 
enterprise number and the pay taxes, and the first 
factor mainly manifests the enterprise incubator's 
innovation ability and their incubation scale. The 

second factor 2F mainly reflects the incubation 
fund and staff’s high quality structure, mainly 
manifests the enterprise incubator’s management 
and service ability, the superior the quality of the 
staff structure is, the stronger of its management 
ability is, but as for incubation fund, it has the 
influence to the self development of enterprise 
incubator.  

The third factor 3F  reflects the enterprise 
graduation rates and net value of fixed assets by the 
end of the year, which mainly manifests the 
enterprise incubator’s self development ability and 
incubation efficiency. The above three factors 
covers 8 of the 9 indicators, who is good for 
representativeness and explanatory.  

We can get from Table 3 the proportion of each 
factor extracts each index information. Thus, we 
can see that:  

In the first principal component 1F , employees of 
enterprise in hatch, total income of the enterprise in 
hatch, the tax payment and new hatch enterprise are 
with high load, which explains this several 
variables has a strong relationship with this factor, 
and the higher the index value is, the stronger the 
relationship is between the variables and factor, or 
it becomes more distance, from that, we can see 
that in the variables who reflect the enterprise 
incubator innovation ability, the important 
influence factors is the total income of enterprise in 
hatch.  

In the second principal components 2F , the 
structure of staff quality and incubation fund have 
high load, so it demonstrates that the two variables 
have a closely relationship with the factors, and 
incubation fund has the largest contribution for 
main components, which reflects in the incubator 
self-development ability, the important factors are 
the incubation fund.  

In the third principal component 3F , enterprise 
graduation rates and net value of fixed assets by the 
end of the year are with high load, so it 
demonstrates that the two variables have the closely 
relationship with the factors, and enterprise 
graduation rate has the largest contribution for main 

components 3F , which reflects the enterprise 
graduation rate is also an important factor which 
influences the enterprise incubator innovation 
ability. 
 
6. CONCLUSION 

 
This paper evaluates the incubate ability of SME 

incubator with the principle component analysis 
and factor analysis, and makes the example 
evaluation to the incubate ability of 134 SME 
incubators in our country. Results show that, the 
proposed evaluation method is practical and 
effective; it is worth for spreading use. 
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