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Abstract—In the new era, the professional development (PD) of college 
teachers is significantly affected by their teaching and scientific research (TSR) 
ability. With a high TSR ability, teachers can enhance their professional literacy, 
explore the student behaviors in teaching practice, and optimize and improve the 
teaching mode. The research of college teachers’ TSR ability has just started, 
lacking systematic, in-depth exploration. There is no report on the TSR subjects, 
or the effect of TSR ability on PD, not to mention empirical analysis of the 
correlations between TSR ability and PD. Therefore, this paper probes into the 
correlations between the TSR ability and PD of college teachers. Firstly, the data 
correlation principles were introduced for TSR ability and PD of college teachers, 
and an evaluation index system (EIS) was established for college teachers’ TSR 
ability. Then, the scores of college teachers’ TSR ability in a region were 
associated with the scores of college teachers’ PD. On this basis, the nearest 
neighbor algorithm and the joint compatibility branch and bound (JCBB) 
algorithm were combined to derive an improved index data correlation model. 
Through experiments, the proposed model was proved effective, and the regional 
analysis results were obtained. 

Keywords—college teachers, teaching and scientific research (TSR) ability, 
professional development (PD), correlation analysis 

1 Introduction 

In the new era, a high-quality team of teachers is necessary to train outstanding tal-
ents for the society [1-4]. The effective enhancement of college teachers’ professional 
development (PD) directly bears on the training of new teachers into expert teachers, 
and guarantees high-quality teaching [5-9]. With the dawn of the new era, college teach-
ers’ professional literacy becomes increasingly diverse and complex. The PD of college 
teachers is significantly affected by their teaching and scientific research (TSR) ability 
[10-16]. College teachers must have an educational concept compatible with the reform 
and development of higher education, boast good classroom teaching ability and TSR 
ability, and support PD with these abilities [17-20]. Traditionally, college education 
aims to teach professional knowledge. By contrast, the PD behavior of college teachers 
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in the new era should be innovative. Education and scientific research are important 
aspects of the teachers’ innovation ability. With a high TSR ability, teachers can en-
hance their professional literacy, explore the student behaviors in teaching practice, and 
optimize and improve the teaching mode. 

On the relationship between teaching and scientific research, the traditional research 
ends up with many contradictory results, because the research data mainly come from 
the job performance of teachers. Based on the big data, Li et al. [21] proposed a research 
hypothesis different from that of traditional research. Targeting the details of teachers’ 
TSR behaviors recorded in the educational big data system, the features of teachers’ 
TSR behaviors were extracted by user portrait method. Then, the association rule min-
ing algorithm was employed to derive the correlations between teaching behaviors and 
scientific research behaviors. Experimental results fully support their hypothesis, which 
effectively reveals the true relationship between teaching and scientific research. Zhang 
and Liu [22] highlighted that college teachers in the new era should do two things from 
the first day of work. The first is to stand on the podium and teach classes well. The 
other is to carry out scientific research, and write quality papers. The former is a basic 
requirement on teachers, and the latter is needed for teacher development. Both are 
indispensable.  

In the era of big data and intelligent technology, it is very important and necessary 
to study the scientific research ability of college teachers. This ability is related to the 
development and progress of national education, and science and technology. There-
fore, it is of great necessity to devise a smarter and more objective evaluation approach. 
After fully considering the above factors, Zhao and Sun [23] constructed a scientific 
ability evaluation model through analytic hierarchy process (AHP), which provides a 
reference for restoring the literacy of modern college teachers, and offers reasonable 
suggestions for teachers to pursue personal development. The progress of education is 
impossible without teacher development. High-quality education calls for high-quality 
teachers. Fu [24] adopted backpropagation (BP) neural network to appraise the teacher 
performance in applied colleges, and changed the appraisal method to guide the PD of 
teachers. With the aim to extend qualitative analysis to quantitative analysis, Zhao ang 
Sun [23] comprehensively considered various factors, assigned proper weights, and 
calculated by Mathematica. During this process, a specific evaluation model was de-
veloped for scientific research ability, which facilitates the literacy restoration of mod-
ern college teachers, and guides the reasonable development of each teacher. 

The research of college teachers’ TSR ability has just started, lacking systematic, in-
depth exploration. Some studies only mention the teaching or scientific research ability 
of college teachers in the introductory part, failing to examine TSR subjects, or the 
effect of TSR ability on PD, not to mention empirical analysis of the correlations be-
tween TSR ability and PD. Therefore, this paper probes into the correlations between 
the TSR ability and PD of college teachers. Section 2 explains the data correlation prin-
ciples for TSR ability and PD of college teachers, and establishes an evaluation index 
system (EIS) for college teachers’ TSR ability. Section 3 associates the scores of col-
lege teachers’ TSR ability in a region with the scores of college teachers’ PD, constructs 
an improved index data correlation model based on the nearest neighbor algorithm and 
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the joint compatibility branch and bound (JCBB) algorithm, and analyzes the correla-
tions between TSR ability and PD of college teachers. Through experiments, the pro-
posed model was proved effective, and the regional analysis results were obtained. 

2 Data correlation principles 

In the new era, college teachers must possess the following basic skills and abilities, 
in order to meet various teaching needs:  

1. The professional knowledge and skills necessary for teaching 
College teachers should master the basic strategies and skills for information teach-
ing, curriculum activity design, and evaluation/appraisal of different types of stu-
dents. 

2. PD awareness and habit 
College teachers should always maintain good PD awareness and habit. They need 
to actively participate in academic training in related majors, keep a positive view of 
learning and progress, and frequently reflect on themselves. 

3. Communication and exchanges with students and other teachers 
College teachers should be able to communicate and exchange effectively with stu-
dents of different genders, races, religions, and gender orientations, and to discuss 
TSR topics with other teachers of different disciplines. 

4. Identification as TSR subjects 
Apart from lecturing the knowledge in their field, college teachers should identify 
as TSR experts in their disciplines. 

Currently, the reform and development of higher education in China requires college 
teachers to have a certain reserve of professional knowledge, a strong ability of infor-
mation teaching, as well as the abilities to reflect on classroom teaching methods, and 
carry out the TSR in their disciplines. Teachers are the subjects responsible for devel-
oping school-based curriculums, based on intra- and extramural education resources. 
The development and integration of research courses rely on the organic integration 
between information technology and discipline teaching by college teachers. In other 
words, a key requirement for college teachers is the strong awareness and ability for 
TSR. Colleges must take the initiative to change the professional training model of 
teachers, and train a batch of new college teachers with TSR literacy, who can adapt to 
the reform and development of higher education in the new era. 

This paper aims to fully analyze and explore the correlations between TSR ability 
and PD of college teachers, and verify the mutual promotion/inhibition between them, 
laying the basis for effective enhancement of college teachers’ ability. Based on the 
research results, colleges can realize supervision and early warning of the TSR ability 
variation of their teachers, and maintain the college teachers’ PD in the ideal range. 

Referring to the existing EISs, this paper establishes the following EIS for college 
teachers’ TSR ability: 

Layer 1 (criteria layer): 
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TAS={TAS1, TAS2 , TAS3}={TSR knowledge reserve, TSR capacity, TSR aware-
ness};  

Layer 2 (alternative layer)  
TAS1={TAS11, TAS12, TAS13, TAS14, TAS15, TAS16, TAS17, TAS18}={professional 

knowledge, professional skills, education principles, knowledge in teaching practice, 
information teaching technology, TSR methodology, education psychology, generation 
mechanism of research results};  

TAS2={TAS21, TAS22, TAS23, TAS24, TAS25, TAS26, TAS27, TAS28}={innovation ability, 
information retrieval ability, information mining ability, literature comprehension abil-
ity, literature summarization ability, TSR methodology utilization ability, data pro-
cessing ability, research report writing ability};  

TAS3={TAS31, TAS32, TAS33, TAS34, TAS35}={collaborative innovation spirit, enthu-
siasm for TSR, attitude towards academic misconduct, self-development awareness}. 

Next, this paper associates the scores of college teachers’ TSR ability in a region 
with the scores of college teachers’ PD, and analyzes the data correlations between TSR 
ability and PD of college teachers. Figure 1 shows the data correlation principles for 
TSR ability and PD of college teachers. 

 
Fig. 1. Data correlation principles for TSR ability and PD of college teachers 

3 Data correlation model 

In each region, there are numerous scores of college teachers’ TSR ability, and 
scores of college teachers’ PD. The accuracy of data correlations depends on the eval-
uation index features at different time and locations. To ensure the correlation accuracy 
between TSR ability and PD of college teachers, this paper constructs an improved 
index data correlation model based on the nearest neighbor algorithm and the JCBB 
algorithm. Figure 2 shows the philosophy of the data correlation model. 
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The nearest neighbor algorithm is a simple and lightweight model. In this paper, the 
correlation between TSR ability and PD of college teachers is estimated by the shortest 
Euclidean distance between index score and subject features within the threshold. 
Based on this metric, the locations of the feature points of TSR ability and PD were 
corrected, before further estimating the location of the subject. 

 
Fig. 2. Philosophy of the data correlation model 

Let ci(l+1) be the score of the i-th index within the correlation threshold at time l+1 
in the EIS; ci

*(l+1|l) be the predicted position of feature point correlation. Then, we 
have:  

 𝑢𝑢𝑖𝑖(𝑙𝑙 + 1) = 𝑐𝑐𝑖𝑖(𝑙𝑙 + 1) − 𝑐𝑐𝑖𝑖∗(𝑙𝑙 + 1|𝑙𝑙) (1) 

Let S(k+1)FC(l+1) be the covariance. Then, the norm can be expressed as:  

 ℎ𝑖𝑖(𝑙𝑙 + 1) = 𝑢𝑢𝑖𝑖𝑇𝑇(𝑙𝑙 + 1)𝐹𝐹𝐶𝐶−1(𝑙𝑙 + 1)𝑢𝑢𝑖𝑖(𝑙𝑙 + 1) (2) 

The JCBB overcomes the incompleteness of test conditions, and improves the cor-
relation accuracy of index data. Under the joint compatibility test condition, the com-
patibility between the scores is tested for the indices of the same class, in the light of 
the correlations between PD features of the subject. The difficulty of data correlation 
increases with the range of the study area. The JCBB reduces the joint compatibility of 
incorrect correlation between index data, making it more accurate to associate different 
data. 

In the JCBB, the joint observation vector of known teachers’ PD features for the 
indices of the same class can be expressed as: 

 𝑐𝑐𝐹𝐹𝑙𝑙 = �𝑐𝑐𝐹𝐹1 , 𝑐𝑐𝐹𝐹2 , . . . , 𝑐𝑐𝐹𝐹𝑛𝑛�
𝑇𝑇
 (3) 

Let fFl be the observation model of the EIS. Then, the joint compatibility predicted 
observation cFl

* for teachers’ PD features can be calculated by: 

 �̂�𝑐𝐹𝐹𝑙𝑙 = 𝑓𝑓𝐹𝐹𝑙𝑙�𝐴𝐴𝑙𝑙|𝑙𝑙−1
^ � = �

𝑓𝑓𝑗𝑗1�𝐴𝐴𝑙𝑙|𝑙𝑙−1
^ �

𝑔𝑔𝑗𝑗𝑛𝑛�𝐴𝐴𝑙𝑙|𝑙𝑙−1
^ �

� (4) 
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The information vector uFl, and its covariance matrix FCFl can be respectively cal-
culated by:  

 𝑢𝑢𝐹𝐹𝑙𝑙 = 𝐶𝐶𝐹𝐹𝑙𝑙 − 𝑓𝑓𝐹𝐹𝑙𝑙�𝐴𝐴𝑙𝑙|𝑙𝑙−1
^ � (5) 

 𝐹𝐹𝐶𝐶𝐹𝐹𝑙𝑙 = 𝐹𝐹𝐹𝐹𝑙𝑙𝑇𝑇𝑙𝑙|𝑙𝑙−1𝐹𝐹
𝑇𝑇
𝐹𝐹𝑙𝑙 + 𝑆𝑆𝐹𝐹𝑙𝑙 (6) 

where,  

 𝐹𝐹𝐹𝐹𝑙𝑙 = �
𝐹𝐹𝑗𝑗1
𝑁𝑁
𝐹𝐹𝑗𝑗𝑛𝑛
� (7) 

 𝐹𝐹𝑗𝑗𝑗𝑗 =
𝜕𝜕𝑓𝑓𝑗𝑗𝑛𝑛
𝜕𝜕𝐴𝐴𝑙𝑙|𝑙𝑙−1

�𝐴𝐴𝑙𝑙|𝑙𝑙−1^  (8) 

Let 1-x be the expected confidence. The chi-square distribution ξ2 is assumed as an 
e-dimensional matrix satisfying 1-x. Then, the joint compatibility data correlation cri-
terion can be expressed as: 

 𝐸𝐸𝑣𝑣𝑙𝑙
2 = 𝑢𝑢𝐹𝐹𝑙𝑙

𝑇𝑇 𝑅𝑅𝐹𝐹𝑙𝑙
−1𝑢𝑢𝐹𝐹𝑙𝑙 < 𝜉𝜉𝑒𝑒,1−𝛽𝛽

2  (9) 

The computing load of the algorithm grows exponentially with the rising index 
scores, and teachers’ PD features. The exponential increase brings a huge impact on the 
accuracy of data correlations, and the analysis of data correlations. 

Let N be the set of scores for the collected indices; NNEW be the set of scores for the 
indices newly acquired at time l; NDA be the set of scores for the indices with successful 
data correlations. Then, we have: 

 𝑁𝑁 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 ∪ 𝑁𝑁𝐷𝐷𝐴𝐴 (10) 

Let P be the set of known teachers’ PD features; PDA be the set of indices in need of 
data correlation; PELI be the set of teachers’ PD features, which do not need to be con-
sidered for associating the index data at time l. Then, we have: 

 𝑃𝑃 = 𝑃𝑃𝐷𝐷𝐴𝐴 ∪ 𝑃𝑃𝑁𝑁𝐸𝐸𝐸𝐸 (11) 

Let Pi of the teachers’ PD features compatible with the index score i at time l. Then, 
we have:  

 𝑃𝑃𝐷𝐷𝐴𝐴 = ∪
𝑖𝑖∈𝑁𝑁𝐷𝐷𝐷𝐷

𝑃𝑃𝑖𝑖 (12) 

For the elements in PDA and NDA, this paper searches for the optimal data correlations 
based on similarity, using the grey wolf optimization (GWO) algorithm, under the rel-
evant constraints. The adopted likelihood function can be defined as: 

 𝐾𝐾𝐹𝐹 = ∪
𝑗𝑗∈𝑁𝑁𝐷𝐷𝐷𝐷
𝑚𝑚∈𝑃𝑃𝐷𝐷𝐷𝐷

𝛺𝛺(𝑐𝑐𝑗𝑗,𝑔𝑔𝑚𝑚) (13) 

where,  
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 Ω(𝑐𝑐𝑗𝑗,𝑔𝑔𝑚𝑚) = 1

|2𝜋𝜋𝜋𝜋|
1
2

exp{[𝑐𝑐𝑗𝑗 − �̂�𝑐𝑚𝑚]𝑇𝑇𝑅𝑅−1[𝑐𝑐𝑗𝑗 − �̂�𝑐𝑚𝑚]} (14) 

Formula (14) shows the probability for index score n to match teachers’ PD feature 
m. Note that cn is the index score of n; ĉm is the estimation of m; R is the covariance of 
cn-ĉm. Then, we have:  

 𝐷𝐷𝑗𝑗𝑚𝑚 = −ln[Ω(𝑐𝑐𝑗𝑗,𝑔𝑔𝑚𝑚)] (15) 

Then, the minimum sum of the maximum number of Dnm can be found by transform-
ing formula (14) with formula (15). In the combinatory optimization of index data cor-
relations, it is a must to ensure that n∈NDA, and m∈PDA, and that, in di1j1 and di2j2, i1 is 
not equal to i2, and j1 is not equal to j2. The improved index data correlation model can 
be implemented in the following steps: 

Step 1. Initialize PDA, NDA, Pi and NNEW. 
Step 2. Construct the correlation matrix for evaluation indices. 
Step 3. Preprocess the index data, search for elements satisfying Aij=1 in the corre-

lation matrix, match index score i with teachers’ PD feature j, and remove the corre-
sponding elements from PDA and NDA. 

Step 4. Solve Di,j=∑n
i=1Li, which depends on both N and P. Note that NDA, Pi, and 

PDA have n, Li, and m elements, respectively. 
Step 5. Compute the covariance distance Nij, j=1,2,...,m between every index score i 

within the correlation threshold, and the known teachers’ PD features. Note that every 
Nij must satisfy: 

 𝑚𝑚𝑚𝑚𝑚𝑚
𝑗𝑗
𝑁𝑁𝑖𝑖𝑗𝑗 > 𝛼𝛼 (16) 

Step 6. Ensure that the index score i is different from teachers’ PD feature j in the 
set of solutions, i.e., guarantee that the subscripts of any two values in the set are inde-
pendent of each other. 

4 Experiments and results analysis 

Figure 3 shows the success rate for the matching between the scores of 21 TSR abil-
ity indices and the known PD features of 2,000 college teachers, using the proposed 
index data correlation algorithm. Figure 4 shows the error in the matching of the index 
data during the operation of our model in a simulation environment. It can be seen that 
our model can effectively associate the index scores with college teachers’ PD scores 
in the region. 

Overall, the grand average and standard deviation of the TSR ability scores of the 
2,000 subjects were 3.58, and 0.41, respectively. About 53.9% (1,248) college teachers 
stayed above the average, while 45.1% (915) stayed below the average. Table 1 lists 
the statistical and test results on college teachers’ TSR ability. 

As shown in Table 1, the grand average of college teachers’ TSR ability fell between 
slightly good and strongly good in the scale, indicating that the college teachers possess 
a good TSR ability. Specifically, the highest average score (3.92) was achieved in the 
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dimension of TSR knowledge reserve. Thus, the college teachers in the region mostly 
have a certain TSR knowledge reserve. The second highest average score (3.59) was 
found in the dimension of TSR awareness. The lowest average score (3.34) was pro-
duced by TSR capacity, falling short of the threshold (3.5) for slightly good. Thus, the 
TSR capacity of the college teachers should be further enhanced. Table 1 also presents 
the single-sample t-test results on the three dimensions of college teachers’ TSR ability. 
The results show that the p-values of all three dimensions, namely, TSR knowledge 
reserve, TSR capacity, and TSR awareness, were smaller than 0.05, and the t-values of 
all dimensions were all significant. 

 
Fig. 3. Accuracy of index data correlations 

 
Fig. 4. Error rate of index data correlations 

 
 

iJET ‒ Vol. 17, No. 11, 2022 67



Paper—Correlations Between Teaching and Scientific Research Ability and Professional Development… 

Table 1.  Statistical and test results on college teachers’ TSR ability 

Dimension Total TSR knowledge reserve TSR capacity TSR awareness 
Average 3.58 3.92 3.34 3.59 
Standard deviation 0.41 0.35 0.52 0.57 
T 11.53 12.37 -16.05 13.17 
P 0.02 0.05 0.01 0.04 
Below the average 915(45.1%) 948(49.2%) 864(42.7%) 1126(52.4%) 
Above the average  1248(53.9%) 1436(51.8%) 1294(57.3%) 972(47.6%) 

 
The three dimensions of college teachers’ TSR ability have different functions and 

merits in practice. To reveal the correlations between TSR ability and PD of college 
teachers, it is insufficient to evaluate, judge, and compare the three dimensions of col-
lege teachers’ TSR ability, solely based on the average. This paper decides to compare 
the number of college teachers below the average and that above the average in each 
dimension. Figure 5 shows the distribution of college teachers’ TSR ability in each 
dimension. It can be seen that, there were more below-the-average college teachers than 
above-the-average teachers in TSR capacity and TSR knowledge reserve. The opposite 
was observed in TSR awareness. Judging by the total score, fewer college teachers sur-
passed the average than those remaining below the average. Although the college teach-
ers in the region have a high grand score of TSR ability, the proportion of below-the-
average teachers indicates the necessity of further enhancing the education and research 
ability. This is consistent with the conclusions of previous studies. 

 
Fig. 5. Distribution of college teachers’ TSR ability in each dimension 

Tables 2 and 3 summarize the correlations between the three dimensions of TSR 
ability and the PD of college teachers. As shown in Table 2, for the regional college 
teachers, the average correlation between each of the eight aspects of TSR knowledge 
reserve (professional knowledge, professional skills, education principles, knowledge 
in teaching practice, information teaching technology, TSR methodology, education 
psychology, and generation mechanism of research results) and the PD was greater than 
3. Thus, the regional college teachers have an ideal PD situation, under the effects of 
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these indices. Of course, the correlation scores of the eight aspects differed slightly, 
indicating that the subjects develop by different degrees in each direction of TSR abil-
ity. This means, the PD of regional college teachers is greatly affected by the subjects’ 
TSR knowledge reserve, and the evaluation alternatives of TSR knowledge reserve 
should be more balanced. 

As shown in Table 3, for the regional college teachers, the average correlation be-
tween each of the eight aspects of TSR capacity (innovation ability, information re-
trieval ability, information mining ability, literature comprehension ability, literature 
summarization ability, TSR methodology utilization ability, data processing ability, 
and research report writing ability) and the PD was greater than 3; the average correla-
tion between each of the four aspects of TSR awareness (collaborative innovation spirit, 
enthusiasm for TSR, attitude towards academic misconduct, and self-development 
awareness) and the PD was greater than 3, too. These results confirm that regional col-
lege teachers have an ideal PD situation, under the effects of these indices. It can also 
be learned that the college teachers’ PD in the region is significantly affected by TSR 
capacity, and TSR awareness. But the alternatives of evaluation should be further bal-
anced in future. 

Table 2.  Correlations between TSR knowledge reserve and PD of college teachers  

 Sample size Average Standard deviation Mean standard 
error 

Professional knowledge 174 3.68 7.61 0.51 
Professional skills 168 3.16 7.87 0.58 
Education principles 172 4.27 8.69 0.62 
Knowledge in teaching practice 169 4.05 7.64 0.67 
Information teaching technology 174 3.92 7.05 0.63 
TSR methodology 169 3.75 6.37 0.59 
Education psychology 173 3.81 6.29 0.64 
Generation mechanism of research results 171 3.95 6.84 0.66 

Table 3.  Correlations between TSR capacity, TSR awareness, and PD of college teachers  

 Sample size Average Standard deviation Mean standard 
error 

Innovation ability 179 3.62 8.42 0.68 
Information retrieval ability 165 3.17 7.95 0.52 
Information mining ability 172 4.28 7.52 0.57 
Literature comprehension ability 176 3.69 7.63 0.51 
Literature summarization ability 168 3.47 7.98 0.59 
TSR methodology utilization ability 171 3.05 7.46 0.55 
Data processing ability 169 3.82 7.38 0.52 
Research report writing ability 174 3.46 7.21 0.57 
Collaborative innovation spirit 162 3.71 7.46 0.53 
Enthusiasm for TSR 178 3.86 7.05 0.51 
Attitude towards academic misconduct 177 4.38 6.81 0.55 
Self-development awareness 177 4.37 8.59 0.68 
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5 Conclusions 

This paper explores the correlations between the TSR ability and PD of college 
teachers. Firstly, the authors expounded on the data correlation principles for TSR abil-
ity and PD of college teachers, and built up an EIS for college teachers’ TSR ability. 
Then, the scores of college teachers’ TSR ability in a region were associated with the 
scores of college teachers’ PD, and an improved index data correlation model was es-
tablished based on the nearest neighbor algorithm and the JCBB. After that, experi-
ments were carried out to obtain the accuracy and error rate of our model in index data 
correlations. It was found that our model can effectively associate the index scores with 
college teachers’ PD scores in the region. Next, the authors summed up the statistical 
and test results on college teachers’ TSR ability, as well as the distribution of college 
teachers’ TSR ability in each dimension. The overall correlations between PD and each 
dimension of college teachers’ TSR ability (TSR knowledge reserve, TSR capacity, and 
TSR awareness) were also summarized. It was concluded that the college teachers’ PD 
in the region is significantly affected by the three dimensions of TSR ability. But the 
alternatives of evaluation should be further balanced in future. 
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