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Abstract—Information-based teaching is a process where the information 

technologies are actively integrated with the curriculum system, teaching objec-

tives and teaching content. In order to improve the information-based teaching 

design abilities of teachers, it is of practical significance to study the criteria and 

methods for evaluating their information-based teaching design abilities under 

the online and offline blended teaching model. Based on the visualized measure-

ment results of the keyword co-occurrence network, this paper constructed an 

evaluation indicator system for the information-based teaching design abilities of 

teachers under the online and offline blended teaching model, and gave the de-

tailed steps of fuzzy comprehensive evaluation. In order to identify the improve-

ments in the information-based teaching design abilities of teachers, it established 

a neural network prediction model for the information-based teaching design 

ability set of teachers based on the given evaluation indicator sample time series. 

At last, the scientificity of the proposed evaluation indicator system was verified 

through a test, with the prediction results of the model given. 

Keywords—blended teaching model, information-based teaching, teaching de-

sign ability evaluation 

1 Introduction 

With the arrival of the information age, modern information technologies have seen 

unprecedented development, and its deep integration with teaching has also prompted 

the update of education models and the extended application of educational informati-

zation [1-7]. The deep integration of information technology and teaching is not simply 

to use information technologies throughout the teaching process, but also to actively 

integrate these technologies with the curriculum system, teaching objectives, and teach-

ing content at a deep level [8-13]. To achieve this purpose, teachers are required to 

design the learning environment related to the teaching content based on the infor-

mation technologies available, to effectively enhance students’ learning interest and 

achieve better teaching effects [14-16]. With the further development of education in-

formatization, the blended teaching model that combines online and offline teaching 

elements has gained widespread attention in the academic circles [17-20]. In order to 

improve the information-based teaching design abilities of teachers, it is of practical 
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significance to study the evaluation criteria and methods for the information-based 

teaching design abilities of teachers under the online and offline blended teaching 

model. 

Currently, there are some problems regarding information-based teaching that need 

to be solved by educational researchers, like how to analyze the massive information to 

support students’ in-depth learning, and how to better present teaching content and op-

timize the teaching process with information technologies. Chen and Liu [21] pointed 

out that visualization of information involves acquisition, analysis, filtering, mining, 

expression, modification, and interaction. The information-based teaching abilities of 

teachers is the key to promoting their professional development. Yang et al. [22] con-

ducted an in-depth investigation on the information-based teaching abilities of the high 

school teachers in West China, with the teachers from three local high schools in Long-

chang County as the respondents. According to the characteristics of high school teach-

ers in the western region, the information-based teaching abilities of teachers were di-

vided into 5 aspects, and then 20 teachers were randomly selected as the respondents 

for a questionnaire survey. After that, the reliability and validity of the 178 question-

naires were tested, and finally 12 teachers from the three schools were selected as the 

samples for further interview, and the interview results and questionnaire data were 

analyzed. Chen [23] conducted a questionnaire survey and field interviews with teach-

ers from Jiangxi Agricultural University as the respondents. It analyzed in theory the 

problems faced by teachers in the development of information-based teaching, and also 

discussed teachers’ attitudes towards and cognition of information-based teaching, how 

well they mastered the information-based teaching skills, how they practiced infor-

mation-based teaching, the main problems existing in information-based teaching, and 

the obstacles hindering the development of their information-based teaching abilities. 

In order to solve the problems like low accuracy and long duration of the traditional 

evaluation method for information-based teaching of business English, Yang [24] pro-

posed a new evaluation method for information-based teaching of business English 

based on the balanced scorecard. On the basis of the teaching data collected, it used the 

Balanced Scorecard to establish an evaluation model for information-based teaching of 

business English, calculated the weights of the indicators, and completed the evaluation 

on the information-based teaching levels of business English. 

Through review of the relevant literatures, it can be found that the existing research 

on the information-based teaching design abilities of teachers under the blended teach-

ing model is not deep and systematic enough, nor is it pertinent and operable, and at 

the same time, there has been a lack of theoretical and empirical research on the internal 

evaluation indicators of information-based teaching abilities. Therefore, this paper con-

structed an evaluation indicator system for the information-based teaching design abil-

ities of teachers under the online and offline blended teaching model. The whole paper 

is organized as follows: Section 2 constructs the evaluation indicator system for the 

information-based teaching design abilities of teachers under the online and offline 

blended teaching model by reference to the visualized measurement results of the key-

word co-occurrence network, and gave the detailed steps of fuzzy comprehensive eval-

uation; in order to identify the improvements in the information-based teaching design 

abilities of teachers, Section 3 constructs a neural network prediction model for the 
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information-based teaching design ability set of teachers based on the given evaluation 

indicator sample time series; and after that, the scientificity of the proposed evaluation 

indicator system is analyzed, and the prediction results of the model are given and an-

alyzed. 

2 Construction of the evaluation indicator system for the 

information-based teaching design abilities of teachers 

Information-based teaching, which utilizes information technologies as the auxiliary 

means in teaching, is an emerging modern form of teaching, consisting of four core 

elements: teachers, students, teaching content, and information media. The interactions 

among the above elements in the online and offline blended teaching environment will 

produce certain teaching effects. Figure 1 shows the relationships between the four el-

ements of information-based teaching. With the development of information technolo-

gies, the blended teaching model that combines multiple teaching elements online and 

offline has become an inevitable trend in the development of higher education. There-

fore, the information-based teaching design abilities of teachers under the online and 

offline blended teaching model are becoming increasingly important. 

 

Fig. 1. Relationships between the four elements of information-based teaching  

The keywords “blended teaching model” and “information-based teaching design 

abilities” were selected for literature search and visualized measurement. Figure 2 

shows the keyword co-occurrence network, from which, the search terms that co-occur 

with the keywords and their correlation directions are revealed. 

According to the definition and characteristics of the information-based teaching de-

sign abilities of teachers under the online and offline blended teaching model as well 

as the constraints hindering their development, based on the existing research results 

about evaluation indicator systems and the visualized measurement results of the key-

word co-occurrence network, an evaluation indicator system for the information-based 

teaching design abilities of teachers under the online and offline blended teaching 
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model was established. By the principles of scientificity, comprehensiveness, rational-

ity, operability and accessibility, 4 primary indicators and 14 secondary indicators were 

finally determined. The details are as follows: 

Primary indicators: DA1=teachers’ information awareness; DA2=teachers’ infor-

mation processing awareness; DA3=teachers’ information analysis abilities; 

DA4=teachers’ information-based teaching design abilities; 

Secondary indicators: DA11=actively using information tools; DA12=understanding 

and applying information-based teaching concepts; DA21= able to collect various online 

learning resources based on information tools; DA22= able to identify, analyze, and se-

lect information resources; DA23= able to process and integrate the information re-

sources required; DA31= able to analyze the learning situations under the online and 

offline blended teaching model; DA32= able to balance the use ratio of online and offline 

teaching models; DA33= able to select appropriate multimedia equipment based on the 

teaching content; DA34= able to allocate relevant information resources in accordance 

with the sequence of teaching content; DA41= able to design various teaching strategies 

and implement the online and offline blended teaching model; DA42= able to incorpo-

rate multiple forms such as micro-lectures, images, audio and animation, etc. into the 

design of the teaching plan; DA43= able to design novel teaching activities with infor-

mation technologies; DA44= able to make full use of information technologies to create 

simulated situations related to the teaching content; DA45= able to develop students’ 

autonomous learning, communication and collaboration abilities. 

 

Fig. 2. Figure 2 Keyword co-occurrence network  
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Figure 3 shows the construction process of the evaluation indicator system. After the 

indicators are selected, the eigenvalues and eigenvectors of the judgment matrix are 

calculated based on the principles of scientificity and measurability, and the weights of 

the evaluation indicators for information-based teaching design abilities of teachers are 

further determined. First, normalize the column vectors of the judgment matrix X:  

 

Fig. 3. Construction process of the evaluation indicator system  

 𝑄′
1𝑗 =

𝑥𝑖𝑗

∑ 𝑥𝑖𝑗
𝑚
𝑖=1

 (1) 

Sum up Q'ij row-wise, and there is: 

 𝑄′
1 = ∑ 𝑄′

𝑖𝑗
𝑚
𝑗=1  (2) 

Normalize Q'
τ, and then there is: 

 𝑄𝑖 =
𝑄′

𝑘

∑ 𝑄′
𝑘

𝑚
𝑗=1

 (3) 

Then, there is the eigenvector: 

 𝑄′
1 = (

𝑄1

⋯
𝑄𝑚

) (4) 

Calculate the maximum characteristic root μmax by the following formula: 

 𝜇𝑚𝑎𝑥 = ∑
𝑋𝑄𝑖

𝑚𝑄𝑖

𝑚
𝑖=1  (5) 
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In order to ensure that the relationships between the evaluation indicators are logical, 

the constructed judgment matrix needs to be tested for consistency, which takes three 

steps - calculating the consistency index, calculating the consistency ratio and perform-

ing the overall hierarchical ranking. The following formula can be used to calculate the 

consistency index YZ: 

 𝑌𝑍 =
𝜇𝑚𝑎𝑥−𝑚

𝑚−1
 (6) 

When the two evaluation indicators are completely consistent, YZ is equal to 0. The 

higher the consistency of the two evaluation indicators, the smaller the value of YZ. 

Based on the calculation result of YZ, the corresponding average random consistency 

index DB can be further obtained by looking up the table. The consistency ratio ZD is 

calculated by the following formula: 

 𝑍𝐷 =
𝑌𝑍

𝐷𝐵
 (7) 

When ZD is greater than 0.1, it can be deemed that the logic of relations between the 

evaluation indicators is unreasonable, and that the judgment matrix fails the consistency 

test and needs to be adjusted. 

In order to obtain a reasonable overall hierarchical ranking, it is necessary to obtain 

the weights of the evaluation indicators on the same layer relative to those on the lower 

layer from the criterion layer to the scheme layer. Suppose that the upper layer which 

the evaluation indicators are on is layer X, and that the ranking results of all the indica-

tors are x1,...xn; that the lower layer is Y, and that the weights of the indicators relative 

to the indicator Xj on the upper layer are y1j,...,ymj. The following formula shows how 

to calculate the weight of each evaluation indicator in layer Y relative to layer X: 

 𝑦𝑖 = ∑ 𝑦𝑖𝑗𝑥𝑗
𝑛
𝑗=1 , 𝑖 = 1, . . . , 𝑚 (8) 

Finally, perform the consistency test on the overall hierarchical ranking: 

 𝑍𝐷𝐴𝑅 =
∑ 𝑌𝑍(𝑗)𝑥𝑗

𝑛
𝑗=1

∑ 𝐷𝐵(𝑗)𝑥𝑗
𝑛
𝑗=1

 (9) 

When ZD is less than 0.1, the overall hierarchical ranking passes the consistency 

test. 

Below are the detailed steps to perform fuzzy comprehensive evaluation on the in-

formation-based teaching design abilities of teachers under the online and offline 

blended teaching model. Assuming that the total number of evaluation indicators is 

represented by mEI, the evaluation indicator set is first determined as follows: 

 𝑉 = (𝑣1, 𝑣2, . . . , 𝑣𝑚𝐸𝐼
) (10) 

Assuming that the j-th evaluation result is represented by uj, where j=1,2,…,n, and 

that the total number of evaluation results by mCO, the total set of possible ratings in-

cluding excellent, good, medium and poor is defined as follows: 

 𝑈 = (𝑢1, 𝑢2, . . . , 𝑢𝑚𝐶𝑂
) (11) 
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Let the fuzzy weight distribution vector obtained in the previous section be repre-

sented by Y=(y1, y2,...ymEI), and the weight of the i-th indicator by yi, and suppose that 

0<xi<1 and that Σxi=1. Here, the weight of each indicator has been obtained in the pre-

vious section. 

Next, the fuzzy single-factor evaluation is performed on the information-based 

teaching design abilities of teachers, that is, the evaluation is carried out with one indi-

cator to determine the degree of membership of the evaluation target to U. After the 

hierarchical fuzzy subsets are constructed, the evaluated target is quantified from each 

evaluation indicator vi, and the obtained fuzzy relation matrix is expressed as follows: 

 𝐺𝑋 = (

𝑠11 ⋯ 𝑠1𝑛

⋮ ⋱ ⋮
𝑠𝑚𝐸𝐼1 ⋯ 𝑠𝑚𝐸𝐼𝑛

) (12) 

where, 

𝑠𝑖𝑗 =
Number of experts rating the indicator 𝑖 relative to indicator 𝑗

Total number of experts
 (13) 

Based on the weighted average fuzzy operator, synthesize Y and GX, and then the 

corresponding fuzzy comprehensive evaluation results are obtained. Assuming that the 

degree of membership of the evaluation target as a whole to Uj is represented by rj, 

there is:  
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 (14) 

The result of fuzzy comprehensive evaluation is usually a fuzzy vector, which pro-

vides rich information. To compare and sort multiple evaluation targets, it is necessary 

to process the fuzzy comprehensive evaluation result R=(r1,r2,...,rm) using the weighted 

average principle. According to the formula Di=Ri·M, the comprehensive scores of 

evaluation indicators at all levels can be obtained. 

3 Prediction of the information-based teaching design abilities 

of teachers 

The information-based teaching design abilities of teachers are trained by stage. In 

order to identify the improvements in the information-based teaching design abilities 

of teachers, this paper first briefly introduced the feedforward neural network used, and 

then constructed a neural network prediction model for the information-based teaching 

design ability set of teachers based on the given evaluation indicator sample time series. 

Figure 4 shows the structure of the feedforward neural network used. 
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Fig. 4. Structure of the feedforward neural network 

In the sample learning process of the feedforward neural network used, the neurons 

in the input layer receive the input of the evaluation indicator sample data, and propa-

gate them forward to each neuron in the hidden layer. Suppose that the connection 

weight between the i-th neuron in the input layer and the j-th one in the hidden layer is 

represented by φji, that the input sample data series by λi, that the bias of the j-th neuron 

in the hidden layer by ωj, the output of the j-th neuron in the hidden layer by bj, and 

that the activation function of the neurons in the hidden layer by g(.). The following 

formula shows how to calculate the output of each neuron in the hidden layer: 

 𝑏𝑗 = 𝑔(∑ 𝜙𝑗𝑖𝜆𝑖 − 𝜔𝑗
𝑛
𝑖=1 ) = 𝑔(𝑛𝑒𝑡𝑗) (15) 

The input of the output layer is the output of the hidden layer. Suppose that the con-

nection weight between the hidden layer and the output is represented by φlj, that the 

bias of the neuron in the output layer by ωl, that the final output of the i-th neuron in 

the output layer by SU(τ+1), and that the activation function of the output layer by h(.). 

The following formula shows how to calculate the output of each neuron in the hidden 

layer: 

 𝑆𝑈(𝜏 + 1) = ℎ(∑ 𝜙𝑙𝑗𝑏𝑗 − 𝜔𝑙
𝑘
𝑗=1 ) (16) 

Suppose R is the set of rules for the first-order transformation between the previous 

term and the next term in the time series, and that the set of rules with the dynamic 

range Oi in the previous term of the time series is represented by Ri. Suppose that, when 

the dynamic range of the current time series is Oi, the probability of the dynamic range 

of the next time series being Oj is represented by GS(Oj/Oi), and that the total number 

of occurrences of the transformation rule Oi→Oj is represented by N(Oi→Oj), then 

GS(Oj/Oi) is expressed as follows: 

 𝐺𝑆(𝑂𝑗/𝑂𝑖) =
𝑁(𝑂𝑖→𝑂𝑗)

∑ 𝑁(𝑂𝑖→𝑂𝑙)∀𝑙
 (17) 

The set Ri can be expressed as: 
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 𝑅𝑖 = {𝑂𝑖 → 𝑂𝑙|𝐺𝑆(𝑂𝑙/𝑂𝑖) > 0} (18) 

Given the dynamic range of the current time series Oi, in order to predict the dynamic 

range of the next time series, an RBF neural network model was designed that allows 

all rules in the set Ri to be triggered simultaneously. Suppose that the dynamic range of 

the time series containing the current system input is Oi. In order to avoid the error 

caused by the neural network not being trained according to the rules containing Oi in 

the previous term, this paper used RBF neurons as pre-selector. Assuming that the input 

of RBF neurons is represented by a, and that the median value of Oi by ni, the following 

formula shows how to calculate the output ξi of the i-th neuron in the hidden layer: 

 𝜉𝑖 = 𝑑−𝛼(|𝑎2−𝑛𝑖
2|) (19) 

Given the current data point SU(τ), assuming that the dynamic range of the time 

series containing the current time series data point SU(τ) is represented by Oz, if Oz 

exists in the previous term in any training rule set of the neural network, then the neural 

network is enabled after receiving an enable signal resulting from a logical or operation 

output by the RBF neurons. 

Through weighting and calculation of the output of the neural network triggered by 

the pre-selector, the final prediction SU*(τ+1) about the information-based teaching de-

sign abilities of teachers can be obtained. Assuming that the output of the neural net-

work triggered is denoted as p1,p2....pu, that the probability of opi occurring as the dy-

namic range of the next time series as ξ(opi/oz), and that the dynamic range of the cor-

responding time series is op1,op2....opu, then the following formula shows how to calcu-

late the prediction value finally output by the network: 

 𝑆𝑈′(𝜏 + 1) = ∑ (𝑝𝑖 × 𝜉(𝑜𝑝𝑖/𝑜𝑧))𝑢
𝑖=1  (20) 

In order to obtain better prediction results about the information-based teaching de-

sign abilities of teachers, this paper used time-series data points to assign the dynamic 

ranges of the time-series, and took each time-series dynamic range as a fuzzy set. Ob-

viously, each time-series dynamic range is associated with a fuzzy membership func-

tion. So the membership value corresponding to each time-series data sample point was 

used to train the neural network. The advantage of this method is that it can effectively 

obtain the inherent fuzziness in the evaluation on the information-based teaching design 

abilities of teachers. The following formula expresses the membership function corre-

sponding to the i-th time-series dynamic range:  

 𝑣𝑖(𝑎) = 𝑑
−

(𝑎−𝑛𝑖
2)

2𝜀𝑖
2

 (21) 

The neural network was trained using the improved fuzzy rules shown in Figure 5. 

The specific steps are given below: 

─ Step1: Determine the dynamic range of the time series; 

─ Step2: Establish the set of rules for first-order transformation between the previous 

term and the next term in the time series for neural network training. The training 
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set Φ built on the first-order transition rules after fuzzification is expressed as 

Φ={(λ1(niw)，λ2(niw),...,λl(niw),njw}|w∈{1,2,...,s}, where the median values corre-

sponding to the time-series dynamic ranges Oiw and OJw are represented by niw and 

njw, respectively, and the membership value of a in the fuzzy set is represented by 

λk(a); 

─ Step3: Train the neural network based on Φ and predict the information-based teach-

ing design abilities of teachers; 

─ Step4: Complete the prediction. 

 

Fig. 5. Structure of the neural network prediction model for the information-based teaching de-

sign abilities of teachers 

4 Simulation and test results 

Tables 1 - 4 show the judgment matrices of the primary indicators – teachers’ infor-

mation awareness, teachers’ information processing awareness, teachers’ information 

analysis abilities and teachers’ information-based teaching design abilities and the con-

sistency test results thereof. It can be seen that the results of the analytic hierarchy pro-

cess have relatively ideal consistency, that is, the distribution of the weight coefficients 

of the indicators is relatively reasonable. Based on the following calculation results, the 

total weights of the indicators about the information-based teaching design abilities of 

teachers can be further calculated.  
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Table 1.  Judgment matrix DA1-X for teachers’ information awareness  

DA1 DA11 DA12 

DA11 1 / 

DA12 2.14 1 

Q' 3.62 1.75 

Q 0.1472 0.0842 

DA1Q 0.4758 0.2362 

μmax 4.185 

YZ 0.047 

ZD 0.0495 

Table 2.   Judgment matrix DA2-X for teachers’ information processing awareness 

DA2 DA21 DA21 DA23 

DA21 1 / / 

DA22 0.28 1 / 

DA23 5.17 3.62 1 

Q' 12.48 35.29 2.57 

Q 0.1328 0.3625 0.0184 

DA2Q 0.8574 3.3265 0.1958 

μmax 4.185 

YZ 0.047 

ZD 0.0495 

Table 3.  Judgment matrix DA3-X for teachers’ information analysis abilities 

DA3 DA31 DA31 DA33 DA34 

DA31 1 / / / 

DA32 2.27 1 / / 

DA33 8.02 6.15 1 / 

DA34 6.14 4.27 0.23 1 

Q' 28.15 17.49 2.35 9.25 

Q 0.2615 0.1627 0.0315 0.0842 

DA3Q 2.4848 1.3285 0.1582 0.4628 

μmax 7.6282 

YZ 0.1325 

ZD 0.0859 
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Table 4.  DA4-X judgment matrix DA4-X for teachers’ information-based teaching design 

abilities 

DA4 DA41 DA41 DA43 DA44 DA45 

DA41 1 / / / / 

DA42 0.52 1 / / / 

DA43 5.26 7.49 1 / / 

DA44 4.15 5.18 0.62 1 / 

DA45 2.85 4.57 0.35 0.51 1 

Q' 14.28 16.23 2.4595 3.58 6.2748 

Q 0.3184 0.3625 0.0748 0.0685 0.2847 

DA4Q 1.6285 2.1627 0.3625 0.5748 0.758 

μmax 5.2481 

YZ 0.0362 

ZD 0.0295 

 

It can be seen from the scatter diagram for factor analysis of information-based 

teaching design abilities of teachers in Figure 6 that, after the 8th core evaluation indi-

cator, the curve tends to flatten, indicating that these 8 core evaluation indicators are 

more important than the rest.  

 

Fig. 6. Scatter diagram for factor analysis of information-based teaching design abilities of 

teachers 

Figure 7 shows the prediction of the information-based teaching design abilities of 

teachers. It can be seen that, among the 8 core evaluation indicators DA11, DA21, DA22, 
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DA23, DA33, DA34, DA43, DA44, DA34 (able to allocate relevant information resources in 

accordance with the sequence of teaching content) and DA43 (able to design novel teach-

ing activities with information technologies) received high scores, and DA44 (able to 

make full use of information technologies to create simulated situations related to the 

teaching content) also received a relatively high score.  

It can be seen from the above predictions that, the teachers evaluated still cannot 

effectively identify, analyze, select, process and integrate the information resources, 

nor can they use multimedia equipment to their satisfaction due to the limitations of the 

actual teaching environment. In addition, their awareness of using information tools 

actively and abilities of collecting online learning resources using information tools 

also need to be improved. 

 

Fig. 7. Prediction results of the information-based teaching design abilities of teachers 

5 Conclusions 

This paper studied the evaluation on the information-based teaching design abilities 

of teachers under the online and offline blended teaching model. First, by reference to 

the visualized measurement results of the keyword co-occurrence network, the evalua-

tion indicator system for the information-based teaching design abilities of teachers 

under the online and offline blended teaching model was constructed, and the detailed 

steps of fuzzy comprehensive evaluation were given. Then, the neural network predic-

tion model for the information-based teaching design ability set of teachers based on 

the given evaluation indicator sample time series was established, which made it pos-

sible to identify the improvements in the information-based teaching design abilities. 

In the Simulation and test results section, the judgment matrices of the primary indica-

tors, namely teachers’ information awareness, teachers’ information processing aware-

ness, teachers’ information analysis abilities and teachers’ information-based teaching 

design abilities and the consistency test results thereof were provided, and the total 
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weights of the indicators in the evaluation on information-based teaching design abili-

ties of teachers were obtained. The scatter diagram for factor analysis of information-

based teaching design abilities of teachers was plotted, based on which, 8 core evalua-

tion indicators - DA11, DA21, DA22, DA23, DA33, DA34, DA43 and DA44 were selected. 

Finally, the proposed prediction model was used to predict the 8 core evaluation indi-

cators, and the prediction results were analyzed, based on which, suggestions were 

given for improving the information-based teaching design abilities of teachers. 
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