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Abstract — To improve the rationality and efficiency of higher education evaluation in large data environment, an evaluation 
method using multi-agent convolutional neural network (CNN) algorithm is proposed. Firstly: i) we study the program evaluation 
index of innovative education of colleges, ii) the input items of education evaluation model are divided into four categories: moral, 
intellectual, education process and teaching condition. Secondly: i) we build convolutional neural network model to evaluate 
innovative education programs, and ii) implement parallel operation of CNN algorithm relying on multi-agent framework to 
improve the evaluation effect. Finally: i) experimental results on the standard test set show that the proposed method has higher 
evaluation accuracy and efficiency, and ii) the effectiveness of the algorithm is verified. 
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I. INTRODUCTION 

Higher education evaluation is mainly targeted at 
comprehensive evaluation involving in various factors of the 
school, including the school condition, student quality, 
theory teaching, practice teaching, teacher quality and 
teaching management. It possesses several characteristics, 
such as multi-factor, ambiguity, dynamic, and so on. All 
sorts of feedback information can be obtained by evaluation; 
by analyzing the feedback information, the problem of the 
education can be identified, the related cause can be found 
and the corresponding countermeasure can be adopted, so as 
to promote the improvement of higher education quality. 

Due to the relative lagging of research on higher 
education evaluation in our country, the evaluation only 
experienced short time and was still in its infancy. At present, 
there are several problems in the evaluation of higher 
education: 

(1) Evaluation theory system and operation system are 
not perfect. The actual time that the theory research and 
practice of higher education evaluation is implemented in our 
country is relative short. Currently, most evaluation theories 
and experiences used in our country are learned and 
transplanted from other countries and the evaluation theory 
system and operation system for higher education which is 
consistent with national circumstances of our country has not 
yet been established. 

(2) Relative backwardness of evaluation mode. The 
higher education evaluation in our country has experienced 
three modes: 

Stage of manual evaluation mode. This mode mainly 
adopts questionnaire or expert scoring. The filled forms are 
collected and handed to special statistician for statistics, 
analysis and obtaining results. This mode not only costs too 
much human resource, financial resource and time, but also 
brings quite cumbersome statistical work. Meanwhile, the 
statistics is not convenient for preservation. 

Stage of stand-alone evaluation mode. This mode 
employs computer to conduct statistics, analysis and 
conclusion, based on manual evaluation mode. Comparing 
with manual evaluation mode, it holds higher efficiency. 
However, its system openness and information sharing is 
poor. At the same time, it is easy to form information islands. 

Stage of network evaluation mode. Take computer 
networks as operation platform to realize all the functions of 
higher education evaluation. This mode achieves the 
connection of computer hardware. Comparing with the 
former two modes, it has certain advantages; however, it 
does not achieve the connectivity of all higher education 
evaluation resources and the problem of information islands 
is not solved actually. 

This paper puts forward an evaluation method of 
innovative education program of colleges based on multi-
agent CNN algorithm in large data environment, so as to 
improve the rationality and efficiency of higher education 
evaluation in large data environment. 

II. EVALUATION INDEX OF INNOVATIVE 

EDUCATION PROGRAM OF COLLEGES 

The National Evaluation Standards of Higher Education 
(referred to Evaluation Standards) issued by Ministry of 
Construction in 2003 strictly gives strict and detailed rules on 
education quality, education process and teaching condition, 
etc. The author extracted 18 evaluation indexes from the 
evaluation standards document to be the input items of the 
model. The selection and setting of evaluation indexes 
directly affects the result, and the selection of evaluation 
indexes complies with two principles: ①consider whether 
the index can reflect evaluation standards fully and 
effectively from the perspective of evaluation expert; ②
consider whether the index can promote the discipline 
construction and sustainable development of profession from 
the perspective of colleges. 
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The evaluation index system is established according to 
the above principles, shown in table 1. The establishment of 
index system weakens the evaluation index which does not 
have great effect on the result. Where the evaluation grade is 
divided into great, good, ordinary, poor, bad, and the 
equivalent scores respectively are 5, 4, 3, 2, 1; where the 

evaluation grade is divided into good (adequate), ordinary 
and poor (inadequate), the equivalent scores of index 
respectively are 4, 3, 2; where the evaluation grade is divided 
into reasonable and unreasonable, the equivalent scores of 
index respectively are 4 and 2. 

TABLE 1. INPUT ITEMS OF EDUCATION EVALUATION MODEL 

Category Evaluation standard Grade 

Moral education standard  Good, ordinary, poor 

Intellectual education standard 

Designed content
Relevant knowledge 
Technical content 
Practical content 
Mastery of foreign language 
Sports standard 

great, good, ordinary, poor, bad 
great, good, ordinary, poor, bad 
great, good, ordinary, poor, bad 
great, good, ordinary, poor, bad 
good, ordinary, poor 
good, ordinary, poor 

Education process 

Teaching plan and teaching document
Teaching management 
Implementation of curriculum teaching 
Internship 
Graduation project

great, good, ordinary, poor, bad 
great, good, ordinary, poor, bad 
great, good, ordinary, poor, bad 
great, good, ordinary, poor, bad 
great, good, ordinary, poor, bad 

Teaching condition 

Amount and structure of teachers
Academic level of teacher 
Teaching materials 
Teaching equipment 
Teaching fund 

Reasonable, unreasonable 
Great, good, ordinary, poor, bad 
adequate, ordinary, inadequate 
great, good, ordinary, poor, bad 
adequate, ordinary, inadequate 

 

 
(a) Node multi-agent of sink 

 
(b) Multi-agent of accessory node 

Figure 1. Multi-agent structure 

The evaluation result is divided into four categories: 
positive evaluation, with 7-year qualified validity; positive 
evaluation, with 4-year qualified validity; basically positive 
evaluation, with 4-year conditioned validity; negative 
evaluation. The evaluation result is quantified in the 

established model, and the four results are expressed by 
integers 8, 6, 4, 2 respectively. In the practical application, 
the evaluated sample can be calculated and judged to belong 
or approach to which kind of result because the range of 
neuron function is [0, 1]. 

III. CONVOLUTIONAL NEURAL NETWORK 

A.  Parallel Convolutional Neural Network Based on Multi-
agent 

Fig. 1a is the Agents framework of sink, which is mainly 
constituted by: 

(1) Sink Management Agent (SMA) is a static Agent, 
which uploads and updates the data of Sink Blackboard by 
using GPS information to calculate reference direction. It 
selects the center sink which is nearest to trunk by 
calculating weight coefficient and euclidean distance of 
adjacent node. Through global major center threshold mthD  
and local center threshold lthD , SMA is triggered by the user 
in data fusion center; (2) Major Center Selection Agent 
(MCSA) is a mobile Agent which is triggered by SMA based 
on the weight coefficient and euclidean distance between 
adjacent nodes. MCSA takes charges for the selection of 
major center of convolutional neural network; (3) Sink 
Blackboard is the knowledge base which can be read and 
updated by SMA and MCSA and it is used to store 
information connected by node. 

Fig. 1b is the Agent framework of sensor node, which is 
mainly constituted by: 

(1) Node Management Agent is a static Agent which 
control the “on” or “off” of nodes. (2) Local Auxiliary 
Selection Agent (LASA) is triggered by NMA. LASA gets 
output value of convolutional neutral network from NBB and 
sends it to adjacent node. 
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(3) Local Auxiliary Agent is a mobile Agent driven by 
NMA. It obtains information of local path and local data 
fusion in NBB and moves to the next local center along 
accessory neuro. LAA takes charge for every visit to the 
local center and conveys the information to its connected 
main neuro sink along accessory neuro. 

(4) Major Aggregation Agent (MAA) is a mobile Agent 
driven by NMA. It obtains information of major center path 
and conveys the fusion data of accessory neuro connecting 
with it to node of sink along main neuro. The fifth is Sink 
Blackboard which has the similar definition with SBB. 

B. Construction of Network Mapping 

In the pattern recognition algorithm based on CNN 
network, the input data is required to be expressed as feature 
mapping form. The input data shall be expressed in two-
dimensional array and presented in pixel-based of horizontal
x and vertical y . CNN network is operating in practicing and 
testing period. Feature of navel orange pest can be observed 
through input value by the window which is used to input 
image. 

There are many types of input forms for DNN matrix 
currently. In this context, two-dimensional convolution 
operation can be conducted. It can realize the normalized 
operation of frequency and time simultaneously. Or, only the 
normalized operation of frequency is taken into account here. 
In this case, the same features of navel orange pest are 
combined as one single-dimensional feature mapping. Once 
the feature vector is input, it will be activated and operated in 
convolutional layer and convergence layer respectively. 
Similar to input layer, the convolutional layer and 
convergence layer of this unit can also be expressed in 
mapping matrix form. In the CNN term, convolutional layer 
and convergence layer can be expressed as one CNN layer. 

C. CNN Convolutional Layer 

As shown in Fig. 2, to every feature mapping, given that 
I is mapping gross, ( 1, , )iO i I  , connecting to several 

feature mapping (given that J is the amount), ( 1, , )jQ j J  , 
convolutional layer based on local weight matrix is I J ,

 , 1, , ; 1, ,i j I j Jw   . Mapping can be shown as 
convolution operation in signal processing. Given that the 
feature mapping input is single-dimensional, the feature 
mapping of each neural convolutional layer can be calculated 
as: 

  , , -1 , , ,
1

) , 1, ,
I F

j rm i n m i j n o j
i l n

q o w w j J 
 

 
   

 
   (1) 

In the formula, ,i mo is the i input of feature mapping iO of 

neuro m ; ,j mq is the j input of neuro m of convolutional layer 

feature mapping ,j mq ; F is the size of filter which determined 
the band number of feature mapping of each convolutional 
layer input. 

 

Figure 2. Operating structure of CNN network 

Due to the locality of features mapping of navel orange 
pest, the feature mapping is defined in the area of signal 
feature of navel orange pest. Based on the convolution 
formula, formula (8) can be simplified in matrix form: 

 ,
1

( ), ( 1, , )
I

j i i j
i

Q O j J


   w   (2) 

In the formula, iO is the i input feature mapping; ,i jw is 
local weight matrix. When based on signal-dimensional 
feature mapping, both iO and ,i jw are vectors; when based on 

two-dimensional feature mapping, both iO and ,i jw are 
matrixes. 

D. CNN Convergence Layer 

As shown in Fig. 2, convergence operation in 
convolutional layer can generate corresponding convergence 
layer. Convergence function is used in each convolutional 
feature mapping independently. When using maximum 
convergence function, CNN convergence layer can be 
defined as [14]: 

  , , 11
max

G

i m i m s nn
p q   

  (3) 

In this formula, G is the scale of convergence layer; s is 
shift to determine the contact ratio of adjacent convergence 
windows. Similarly, when using average function, the output 
can be calculated as: 

 , ,( 1)
1

G

i m i rm s n
n

p r q   


   (4) 

In the formula, r is scale factor which can be learnt. 
Generally speaking, in application of image recognition, 
there is no interspace between them under the restriction of
G s , when convergence windows do not overlap. In this 
case, the maximum convergence feature mapping expression 
is superior to the average convergence feature mapping 
expression. Independent adjustment method of G and s is 
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adopted in this paper. In addition, nonlinear activation 
function is employed to produce final output. Fig. 3 displays 
the schematic of convergence process when the size of 
convergence layer is 3. Each convergence layer receives the 
neuro input from three convolutional layers in the same 
feature mapping. When G=s, the size of convergence will be 
one third of the convolutional layer. 

 

Figure 3. CNN network of weight sharing regularization 

IV. EXPERIMENTAL ANALYSIS 

Ministry of education implement qualification evaluation 
to the authorized unit of doctorate and master degree 
regularly, checking their basic condition. The authorized 
qualification of unqualified one will be deprived. The 
simulative expert evaluation mentioned in this paper can be 
used in the evaluation item. The operation process is as 
follows: 

(1) Quantification of index. Expert scoring adopts 
absolute value in comprehensive evaluation. Therefore, 
index quantification shall employ a method combining direct 
quantification with quantitative index and layer analysis with 
qualitative index. At the same time, taking in account the 
convenience of network training, all the quantification 
indexes shall experience corresponding processing, 
transferring them into decimals between 0 and 1. 

(2) Selection of sample. Select part of historical data of 
qualified evaluation in 2013 to be the sample data after 
related process. After the treatment, we received 20 sets of 
data, in which 14 are used as training sample while 6 being 
used as testing sample, shown in Table 2 and Table 3. 

 (3) Network training and test. Input the training sample 
and test sample in to computer program used for network 
practicing. After 4500 times of training, the relative error 
between training sample and its corresponding network 
calculated value as well as the he relative error between test 
sample and its corresponding network calculated value is 
small. The network training achieves a satisfied effect. 

In this training, the average relative error of testing set is 
9.3, shown in Table 4. The accuracy is enough for evaluation. 
Thus, a conclusion can be drawn that extensiveness of 
network is high and this network can be used to simulate 
expert evaluation in future qualification evaluation item. 

 

TABLE 2. NETWORK TRAINING SAMPLE 

Sample No. Moral education standard Intellectual education 
standard Education process Teaching condition Comprehensive score 

1 0.743 0.946 0.914 0.4 0.573 

2 0.681 0.867 1.002 0.6 0.641 

3 0.062 0.812 0.913 0.4 0.543 

4 0.938 0.654 0.008 1.0 0.516 

5 0.744 0.836 0.987 0.4 0.571 

6 0.865 0.964 0.983 0.4 0.608 

7 0.228 0.558 0.251 0.6 0.456 

8 0.516 0.319 0.916 0.8 0.572 

9 0.733 0.875 0.854 0.2 0.504 

10 0.683 0.742 0.564 0.7 0.543 

11 0.681 0.774 0.916 0.6 0.496 

12 0.797 0.908 0.901 0.2 0.521 

13 0.002 0.796 1.003 0.6 0.521 

14 0.763 1.005 1.007 0.8 0.689 
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TABLE 3. NETWORK TEST SAMPLE 

Sample No. Moral education standard Intellectual education 
standard Education process Teaching condition Comprehensive score 

1 0.516 0.497 0.913 0.4 0.578 

2 0.687 0.003 0.002 1.0 0.513 

3 0.513 0.317 0.884 0.3 0.608 

4 0.668 0.006 0.356 1.0 0.524 

5 0.483 0.284 0.983 0.1 0.543 

6 0.462 0.259 0.9802 0.6 0.701 

TABLE 4. OUTPUT VALUE OF TEST SAMPLE AND CALCULATED VALUE OF NEURAL NETWORK AS WELL AS RELATIVE ERror 

Sample No. Sample value Evaluation value Relative error Sample No. Sample value Evaluation value Relative error 

1 0.578 0.557 0.032 4 0.524 0.482 0.083 

2 0.513 0.4712 0.079 5 0.543 0.526 0.035 

3 0.608 0.535 0.118 6 0.701 0.552 0.207 

 

V. CONCLUSIONS 

This paper puts forward an evaluation method of 
innovative education program of colleges based on multi-
agent convolutional neural network (CNN) algorithm in 
large data environment. Taking moral education standard, 
intellectual education standard, education process and 
teaching condition as evaluation index, it realizes evaluation 
of innovative education program of colleges with CNN 
parallel algorithm based on multi-agent structure, and the 
experimental results confirm the validity of the algorithm. 
However, only four categories of indexes are taken in 
account in the stage of model design, while a variety of 
factors have effects on the evaluation of innovative education 
program of colleges. Therefore, it has been a research 
priority to study how to assess the influence of the four 
programs on evaluation results in theory. 
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