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Abstract—The Education Informatization 2.0 Action Plan issued by the Chi-
nese Ministry of Education calls for further improvement on teachers’ teaching
competency in the era of "Internet+ Education", which also brings new requirement
for the training of pre-service teachers who are enrolled in university teacher edu-
cation courses. This study put forward three principles to construct a new frame-
work to assess the teaching competency for university students majoring in teacher
education. Developed on the basis of the Analytic Hierarchy Process (AHP) meth-
ods, the assessment system included six dimensions contributed by 21 indicators.
This system is supported by Back Propagation (BP) neural network and data label
technology to realize intelligent assessment of teaching competency. The trial re-
sults of real data samples showed that the system could meet the requirements of
large-scale assessment for Pre-service students in higher education sectors. The as-
sessment framework could well cover pre-service teachers’ qualification standards,
facilitate the assessment of their teaching competency, and provide a clear guidance
for effective trainings for the pre-service teachers to meet the requirement of future
teaching supported by the Internet technology.

Keywords—pre-service teachers, teaching competency, assessment system, an-
alytic hierarchy process, BP neural network

1 Introduction

In 2018, Chinese Ministry of Education issued the “Implementation guideline of the
Excellent Teacher Training Plan 2.0” and proposed to apply rigid evaluation of pre-
service teachers’ teaching competency and strengthen the training on pre-service teach-
ers. The rigorous assessment on pre-service teachers’ teaching competency is essential
to ensure that they are qualified to enter the profession and gain the professional excel-
lence in their future career. However, there are still some issues emerging in the assess-
ment of pre-service teachers in higher education sectors in China, such as a lack of
research on teaching competency of pre-service teachers, lack of clear and operational
assessment system; overreliance on the assessment without clear standards and neglect
of quantitative formative assessment. The current era of educational informatization is
moving from Web 1.0 to Web 2.0. This is a process from the construction of educational
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infrastructure to the training of talents in the “Internet+ Education” era [1], [2]. Big data
is transferring education from traditional to data-driven teaching mode [3], which sup-
ports learning analytics and educational research. This study combined the advantages
of AHP’s scientific modeling and BP’s intelligent assessment to establish a data-driven
teaching competency assessment system for pre-service teachers [4]. The system was
proved to be a valid assessment tool for the university students of teacher education and
help to optimize the training program for cultivating new teachers with expertise in the
in the era of "Internet+ Education".

2 Research design

2.1 Research route

In this study, the AHP and BP methods were applied to construct teaching compe-
tency assessment system for pre-service teachers, as shown in Figure 1. Firstly, the
researchers analyzed relevant policies and research work regarding the practice and
assessment of teaching competency in some countries. Secondly, the Delphi method
was applied to conduct two rounds of surveys to establish a teaching competency as-
sessment system for pre-service teachers. The researchers consulted from field experts
to have the first-round revision on the assessment system. Then, the AHP method was
adopted to calculate the weight of each indicator and test the validity of the assessment
system. Finally, the data related to teaching competency from an online education prac-
tice platform for pre-service teacher was extracted in order to test and verify the assess-
ment system with a BP neural network model.
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Fig. 1. Research route

2.2 Research methods

Delphi method, and AHP method are widely used to construct and revise assessment
indicators and determine the weight of indicators. AHP is a typical linear multi-attribute
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assessment method, but its assessment results are easily affected by the limited number
of experts and individual subjective experience bias, which makes it difficult to accu-
rately quantify and objectively evaluate the indicators [5]. With the development of
artificial neural networks, BP algorithm has become one of the most widely used and
successful neural network models with its non-linear representation ability [6]. Some
studies have shown that AHP-BP is an effective modeling and assessment method in
teaching context [7], [8], [9]. In AHP-BP modeling, BP neural network technology can
effectively solve the problem of subjective fuzzy expert assessment in AHP method. It
can automatically adjust the weight of the model with the increasing number of training
samples to improve the accuracy of the prediction results. Moreover, the experts’ scores
collected by AHP method can ensure the rationality of model construction, and remedy
the deficiency of single modeling in BP method. Therefore, the researchers aimed to
apply the AHP-BP method to construct a teaching competency assessment system for
pre-service teachers and conduct an empirical study to examine the effectiveness of this
assessment system.

2.3 The conceptual basis

This study generated the prototype framework of the teaching competency for pre-
service teachers mainly from two aspects, as shown in Figure 2.

National policy

Competency
Dimension

Data-drivep -_

New type of teacher--Core competence

Fig. 2. The Prototype Framework of the Pre-service Teachers’ Competency
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Firstly, the standards of teaching competency in some countries are compared and
analyzed, including the core content framework of pre-service teacher training of UK
[10], the NBPTS Teacher Professional Standard [11] and InNTASC core Teaching stand-
ard of USA [12], the Australian pre-service teacher Certification standard [13], the
Quality Teacher Certification Standard of New Zealand [14], the Chinese Teacher Pro-
fessional Standard [15] and the Accreditation Standards for Teachers Major [16], etc.
Secondly, the existing researches [17], [18], [19], [20], [21], the training program and
the content of educational practice course in some teachers’ universities, have also pro-
vided reference for the development of teaching competency framework.

2.4  Design principle

Dual role orientation of pre-service teachers. The design of teaching competency
assessment system should reflect pre-service teachers’ dual roles as learners and teach-
ers at the same time. The population of pre-service teachers in China mainly consists
of the students specializing in teacher education in universities. From the perspective
of student’s role, professional training in universities not only provides a foundation for
them to enter the teaching profession, but also facilitates the transfer of teaching capa-
bility to practice. Therefore, the assessment indicators of teaching competency should
not only evaluate the students’ professional knowledge, but also their capability of re-
flecting on their own teaching practice and self-development. From the perspective of
teacher’s role, pre-service teachers’ teaching competency is oriented by the qualifica-
tion standard of in-service teachers, but varies from the latter. Therefore, the teaching
assessment present the requirements of training programs and professional practice set
by the universities.

Core competence of future teachers. In recent years, the studies on citizen infor-
mation literacy, digital competency, data literacy, adaptive teaching competencies [22],
teaching competency of computational thinking, teacher competency in a smart teach-
ing environment and other related issues have indicated new requirements for future
teachers. In 2019, the Ministry of Education of China issued the Implementation guide-
line of “National Project of Information Technology Application Ability Enhancement
for Primary and Middle School Teachers”, which pointed out that "information tech-
nology application ability is the core literacy of expertise teachers in the new era". In
the "Education 4.0 Framework" [23], "technical skills" is regarded as a key requirement
for future learners. Therefore, the ability of applying technology in teaching should be
regarded as an important competency for pre-service teachers in the new information
age.

Data-driven process assessment. To solve the issues of data collection and poor
readability of results in the process of professional practice, several researchers de-
signed virtual practice space with artificial intelligence to facilitate the procedural data
collection during university students’ teaching practice [24]. VR technology has been
used to build micro-teaching system to record the teaching practice process, so as to
make a comprehensive quantitative assessment for the pre-service teachers [25]. In ad-
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dition, for the purpose of collecting and visualizing multi-dimensional data, the map-
ping between the indicators of pre-service teachers’ teaching competency and data la-
bels ought to be considered during the formulation of the competency indicators.

3  Indicators and weight

As a hierarchical weight decision method, AHP can decompose complex decision
problems into decision objectives, criteria level elements, indicator schemes and other
levels, and at the same time, make qualitative and quantitative analysis. The main pro-
cess is to construct the corresponding hierarchical structure model according to the de-
composed decision problems, construct the judgment matrix, conduct the consistency
check, and finally calculate the corresponding weight to get the conclusion. The Yaahp
software is often selected as an auxiliary tool for AHP model construction to support
calculation and analysis for the decision-making process, as manual calculation is time
consuming and lack accuracy.

3.1 Indicators generation

Through the analysis result of teaching competency standards and research findings,
the draft of teaching competency assessment indicators for pre-service teachers was
completed. An expert panel, including the dean of the department of teacher education,
mentors for teaching practice, and course coordinators for teacher education with over
20 years of teaching and research in teach education, were invited to participate in the
first-round survey to review each teaching competency dimension and its indicators.

3.2  Weight calculation

After the assessment dimensions and indicators were determined, the expert panel,
who were involved in the first-round survey, participated in a second-round survey to
further examine the weight of each indicator and provide consistent feedback.

Construct judgment matrix. Combined with the final version of assessment indi-
cators, an AHP questionnaire was developed by comparing two elements at the same
level. After the questionnaire was administered, the judgment matrix A of each expert
at each level was calculated. The “m” is the number of indicators, and the importance
degree of the indicator “i”

7331}

relative to the indicator *j” was ajj.
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Consistency check. The consistency check of judgment matrix is to determine
whether the judgment matrix of expert group is acceptable. Only when the judgment
matrix meets the consistency requirement, the subsequent weight calculation can be
carried out. Generally, when C.R. <0.1, it is considered that the judgment matrix passes
the consistency check; otherwise, there is no consistency. The calculation process is
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shown as follows, where W is the weight vector of each layer of elements relative to
the upper layer of elements, n is the order of the matrix, and R.I. is a constant, whose
value is related to the order of the judgment matrix. The following are three formulas
to calculate the maximum, consistency indicator and consistency ratio of the judgment
matrix respectively.

1vn (Aw)i

Amax = 2 2i=0 o ()
_ Amax-n
C.l.==""— €)
_cl
C.R.= — 4

Weight calculation. After the consistency check was completed, the weight of each
indicator at a single level was calculated. The weight of the criterion layer was multi-
plied by the corresponding weight of each indicator layer to form the combined weight
of the assessment system.

3.3  System analysis

Yaahp was used to generate expert judgment matrix and provide consistency check.
The expert data was aggregated by means of arithmetic mean method, and the indicator
weight value of teaching competency system was obtained, as shown in Table 1.

In the assessment system, the more weighted dimensions indicated professional
foundation, teaching implementation and instructional design. At the level of specific
indicators, professional basic knowledge, teaching methods, teaching objectives and
process design were more valued by experts. This result can be analyzed from the fol-
lowing aspects.

Professional foundation, instructional design and teaching implementation were re-
garded as the basic teaching competencies. As the accumulation of knowledge at an
early stage of pre-service teacher training process, professional knowledge is an im-
portant cornerstone for the development of students' teaching competency. On the other
hand, instructional design and teaching implementation indicated pre-service teachers’
ability to continuously strengthen training in practice. They are the core contents of
educational practice and the foundation for teachers’ professional development.

There is still room for the improvement in the students’ capability of self-reflection
and teaching evaluation. The attribute of “learning” possessed by pre-service students
outweighs that of “teaching”. There is insufficient attention paid to reflection and eval-
uation and fewer opportunities were provided for students to practice reflective think-
ing. In addition, the ability of self-reflection and assessment needs to be supported by
years of teaching experience, so it is a relatively higher requirement for these students.

Technology application has become an indispensable ability for teachers in the new
era. For a long time, the ability to use technology in teaching is usually regarded as a
special requirement for students majoring in ICT Education, while there are no clear
requirements for the pre-service teachers in teaching the other subject areas rather than
ICT, such as mathematics, language, science, and so on. With the continuous promotion
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of education informatization and education modernization in many countries, increas-
ing number of teachers and subject experts have begun to value the impact of technol-
ogy in teaching and learning. Therefore, it is necessary and reasonable to include tech-
nology application into the six dimensions separately.

Table 1. The teaching competency assessment system for pre-service teachers

Dimension Weight Indicator Weight
1. Master the basic knowledge of subject, education and infor- 0.0923
Professional mation technology ’
foundation 0.2012 2. Master good verbal and written skills 0.0662
3. Write with pen, chalk or brush in a standard way 0.0427
4. Scientifically design teaching content and objectives 0.0746
Instructional de- 5‘. Reasongbly organize teaching resources and methods to de- 0.0704
sign 0.1937  |sign teaching process
6. Guide and help students to design individualized learning 0.0487
plans ’
7. Access to high quality teaching resources from multiple 0.0462
sources ’
Technology ap- 0.1309 8. Make multimedia courseware and micro lessons 0.0406
plication ' 9. Rationally use intelligent teaching tools 0.0206
10. Integrate network and physical learning space 0.0113
11. Develop digital school-based textbooks and online courses | 0.0122
12. Establish a good teacher-student relationship 0.0488
Teaching imple- 0.2022 13. Create digital teaching situation 0.0502
mentation ' 14. Flexibly use heuristic and inquiry-based teaching methods 0.0738
15. Properly respond to emergencies 0.0294
16. Observe students' daily performance 0.0418
Teaching as- 17. Use information tools to assess students’ development
ching 0.1487  |from multiple perspectives, and actively communicate with 0.0679
sessment
students for feedback
18. Guide students to actively carry out self-assessment 0.0390
19. Actively collect relevant teaching information and improve
. 0.0374
teaching work
Reflective de- 01233 20. E)-(plore and reflect on the problems and practical needs in 0.0560
velopment teaching
21. Make teaching development plan and constantly improve
. : 0.0299
professional quality

4 Model and application

4.1 BP Neural Network

Most neural network models adopt BP network and its variation form in practical
application. It is a multi-layer feed forward artificial neural network that adjusts and
optimizes the weights and thresholds of each layer by using the errors of the output
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value and the expected value. Its ultimate goal is to achieve the maximum fitting of the
output value and the expected value. In the training process, the technology has become
an effective academic assessment method due to its strong autonomous learning ability,
parallel processing of large-scale data, self-organization optimization, nonlinear ap-
proximation and other advantages, as shown in Figure 3.

Network initialization
v
Input layer
v
Hidden layer Weight and threshold
v updates
Output layer 1

A

v

Error calculation

uonebedoud oeg

Is it below the
expected error

Weight and threshold
adjustments

Quantitative evaluation model

End

Fig.3. The workflow of a BP neural network

4.2  Model design

Parameters setting. The BP neural network model with a single hidden layer is
adopted in this study. Combined with the teaching competency assessment indicator of
pre-service teachers, the number of neuron nodes in the input and output layers m and
N were set to be 21 and 1 respectively. There is no specific reference standard for the
number of neuron nodes in the hidden layer “q”. According to the existing research
experience “q = ym + n + a”, the change of the determination coefficient is taken as
the judgment basis in combination with the formula. Here “a” is an integer between 1
and 10. The transfer function of the hidden layer adopts S-type function and the output
function chooses linear function.

Algorithm optimization. The maximum descent algorithm of BP neural network

cannot always guarantee to find the global optimal solution. Because the weight of the
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network is always adjusted gradually along the direction of local improvement, it is
very easy to converge to the extreme value, so that the network can’t not find the best
weight of the solution space. Therefore, it is necessary to optimize BP algorithm. The
common methods include additional momentum method, adaptive learning rate, quasi-
Newton method and L-M (Levenberg-Marquardt) method. Because the L-M method
can realize faster convergence speed, it is selected to reduce the computation of training
process in this study.

Cross validation method. Cross-validation is a sample processing algorithm that
obtains as much information as possible from limited learning data. It learns samples
from multiple directions, so as to effectively avoid falling into the local minimum value
and avoid the problem of over-fitting to a certain extent. The basic principle is to divide
the learning samples into n groups. Each time, the data of one group is selected as the
test set, and the data of remaining n-1 groups is used as the training set. This process is
repeated n times until the data of each group is selected as a test set for training verifi-
cation. This algorithm is suitable for maximizing the use of sample data when the sam-
ple size is relatively small.

4.3  Model Application

Data label mapping. According to the description of each dimension and indicator
of the assessment system, the collection category is demarcated for the data label. From
an online platform for education practice in a university, the learners’ data are collected
and matched with the selected data labels reflecting each student’s teaching abilities.
The mapping relationship between each competency indicator and data labels of stu-
dents is summarized and sorted out. There are two types of mapping relationships, one-
to-one and one-to-multiple, as shown in Figure 4. When multiple data tags match a
competency indicator, the average score of these data labels will be taken as the score
of the competency indicator.
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Fig. 4. An example of mapping relationship between competency indicator and data label

BP neural network training. The data of 200 students’ teaching competency was
used as the sample in a university. The Matlab software was used to establish the BP
neural network, and the sample data was divided into five groups to implement cross
validation. The values of 21 competency indicators were used as input values, and the
value of the overall teaching competency was used as the output value. The total cost
of the number of hidden layer nodes was set to 8 before the training of BP neural net-
work. It can be seen that the accuracy was 8.239*e-6 after eight iterations, as shown in
Figure 5. Its determination coefficient R was close to 1, indicating that the fitting effect

60 http://www.i-jet.org



Paper

An Intelligent Assessment System of Teaching Competency for Pre-service Teachers Based on ...

was good. Another 40 students were selected and predicted by the BP neural network
model to obtain the absolute values of the relative error with the experts’ scores. The
results showed that the relative error was small and the fluctuation range was between
0 and 0.2, which indicated that the BP neural network model can be used to evaluate
the students’ teaching competency on a large scale.
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Fig. 5. The BP neural network training performance curve, fitting effect and relative error

Teaching competency radar chart presentation. In order to visualize the students’
teaching competency, it is necessary to use the BP neural network model to implement
large-scale quantitative assessment for each student. According to the assessment re-
sults, the scores of each student’s teaching competency are obtained, and the radar chart
of teaching competency will be automatically generated. By comparing the evaluation
results of large-scale students, the development characteristics of their teaching com-
petency in different majors and universities can be identified. It is helpful to improve
the quality control and improvement on pre-service teachers’ training.
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5 Conclusion

In this study, the AHP method and BP neural network technologies were used to
construct a clear and operable teaching competency assessment system for pre-service
teachers. The researchers comprehensively used AHP-BP algorithm to conduct the
large-scale and intelligent assessment on pre-service teachers in universities and com-
menced an innovation in the development of teaching competency assessment tools.
This study also has some limitations. Since the teaching competency is a relatively
complex concept, it is necessary to adjust the indicators and weights of the assessment
system dynamically according to the specific subject areas and teacher training require-
ments. In addition, the limited number of experts may affect the assessment result, so
the assessment system still needs to be tested and improved in future.
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