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Abstract. This study investigates and studies the multidimensional performance 
evaluation system of the teaching platform to better reflect the learning process and 
learning effect of students in higher vocational colleges in the flipped classroom. The 

evaluation application scenarios and factor structure were first examined, and the 
weight of each element was calculated. Second, the objective evaluation factor 
calculation method and the subjective evaluation factor score expression method are 

investigated. The assessment results of students' learning effects are then obtained 
through the compound calculation of the calculated results and the set evaluation 

ratio, and eventually, a comprehensive multi-dimensional performance evaluation 
system is formed. Finally, data is collected to validate the multidimensional 
performance evaluation system. The results demonstrate that the system can 

appropriately calculate the essential data to determine the final student grades. 
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1 INTRODUCTION 

Since the 1930s, the subject of assessing pupils' learning effectiveness has quietly emerged and 

grown in educational circles. Many academics have done extensive research on the multidimensional 
evaluation system. Armstrong began by gathering data on kids' learning and evaluating their 

academic achievements based on their conduct. Campbell's study focuses on appraisal concepts and 
various appraisal methodologies. Campbell believes that evaluation involves not simply an 
assessment of student's academic performance, but also of students themselves. At the same time, 

he argues that many evaluations can capture the essence of teaching and serve as a foundation for 
teaching improvement. Informal testing is also highly significant because it simulates a student's 
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actual circumstance. According to the learning management system on student’s performance, the 
multidimensional academic achievement exam can more fairly and accurately measure students' 
academic level and learning effect [10]. According to the blended learning in higher education, the 

multimodal evaluation is advantageous to the nurturing and development of students' potential [8]. 
According to the institutional e-learning policy, the conceptual interaction is the highest level of 

interaction and a key metric for measuring deep learning [11],[12] examined and discussed the key 
challenges surrounding online learning evaluation and implementation approaches. The extent of 
the application of various evaluation methods and specialized evaluation methods is summarized in 

this study. The evaluation approach based on video was investigated in the literature [5],[16]   
elaborated and introduced the most recent online education evaluation architecture and 

technologies. [4] investigated the link between online teaching conduct and learning outcomes. [2] 
presented and carried out an overall design on a learning-oriented fuzzy comprehensive evaluation 
approach. Following the mixed teaching approach, [15] employed methodologies such as 

questionnaire surveys and expert interviews to construct assessment indicators. [6] investigated 
student evaluation from the concept and characteristics of course evaluation. 

In conclusion, multi-dimensional evaluation is receiving more and more attention in the 

contemporary educational landscape. Along with the test surface's several dimensions, there are 
many different test procedures, objectives, and tools. These are crucial sources to consult while 

developing a multi-dimensional evaluation system. Multidimensional evaluation can more accurately 
indicate the training effect of the institution on students while also reflecting their abilities in other 
areas, such as teamwork, from the standpoint of vocational education. 

 

2 THE FOUNDATION OF MULTI-DIMENSIONAL ACHIEVEMENT EVALUATION SYSTEM 
CONSTRUCTION 

Multi-dimensional evaluation is the term used to describe the thorough assessment of student 
performance in higher vocational colleges using several dimensions and multiple evaluation subjects 

with varying weights [13] Dimensions, content, indications, and weights can be correctly altered, 
added to offline evaluations, and given weights following various evaluation objectives so that the 
subjective and objective evaluations of the evaluation can be integrated. As a result, both 

horizontally and vertically many dimensions have been attained by the evaluation method, and the 
evaluation results are more objective. A more effective and focused evaluation method is multi-

dimensional evaluation, which allows the evaluation object to choose the evaluation dimensions and 
scores following their requirements for a better reflection of their goals. 

The use of multi-dimensional evaluation is widespread. A multi-dimensional evaluation of 

student performance is necessary due to the requirements of teaching platforms to support the 
flipped classroom of higher vocational colleges and the characteristics of SPOC courses, i.e., 
diversified evaluation. As a result, this paper examines the multi-dimensional performance 

evaluation system, which primarily reflects the learning process and learning results of students on 
the teaching platform, and covers its development, application scenarios, factor structure analysis, 

factor weight calculation, evaluation result score expression, and evaluation system verification. 
To create an effective method for measuring student performance in higher vocational colleges, 

we must first consider the following factors: First, explore the use of information systems for network 

evaluation. Because multi-dimensional testing needs a lot of data and on-site paper-based 
evaluation has its limitations. Therefore, employing the information system to conduct online testing 
may effectively solve the problem by ensuring the accuracy, completeness, accuracy, timeliness, 

and accuracy of the data while reducing human statistical errors. Second, the dimensions, indicators, 
objects, and weights must be appropriate. Use as few categories and indicators as you can in the 

early stages of administering the multidimensional test to gain experience and better comprehend 
the standards of evaluation. After numerous testing’s dimensions, indications, items, and weights 
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can be changed accordingly. Third, student evaluation needs to get careful consideration. Although 
the multidimensional test can reflect the situation more accurately and objectively, there are other 
aspects as well, such as accidental and subjective factors. As a result, there are other ways to 

evaluate the academic achievement of students in higher vocational colleges over a year or longer 
than the multidimensional test. 

 

3 CONSTRUCTION OF A MULTI-DIMENSIONAL ACHIEVEMENT EVALUATION SYSTEM 

The elements of a multi-dimensional evaluation of student performance must first be composed to 

conduct the evaluation; next, the scenarios for its application must be examined; finally, scoring 
calculation tables and standards based on each factor's characteristics must be established to 

translate the evaluation's statistical findings into scores; on this basis, combine the factor. Figure 1 
depicts the multi-dimensional performance evaluation system's construction process. Below, each 
step will be thoroughly explained. 
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measurement system

Analyze the factor 
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diversity measurement 

system

Calculating factor 

weights

Construction of the 

score calculation 
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Constructing 
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Figure 1: Schematic diagram of the construction process of the multi-dimensional performance 

evaluation system. 

3.1 Analysis of Application Scenarios of Multidimensional Performance Evaluation 

To promote the use of flipped classrooms, the evaluation process is practically used throughout the 

entire teaching process and is separated into three links: before class, during class, and after class. 
Before class, students use the teaching platform to learn, and the system records the important 
objective data; during class, it enables teacher-student interaction and records pertinent teaching 

activities objectively; following class, participants in this course evaluate subjective elements. To 
get the final academic performance of students, conduct evaluations to give pertinent information 

and statistical analysis on all data using mathematical models. The application scenario diagram for 
multi-dimensional performance evaluation is shown in Figure 2. 
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Figure 2: Application Scenario of Multi-Dimensional Performance Evaluation. 

3.2 Structural Analysis of Multidimensional Performance Evaluation Factors 

In the course of the inquiry, it was discovered that the multi-dimensional characteristics of the 

evaluation criteria for students' learning success on the teaching platform. They are first separated 
into subjective and objective elements based on the fundamental characteristics of each. The next 

step is to further separate the two into successive layers. The administrator can decide what precise 
components of each subjective evaluation factor will be used. As a result of the multidimensional 
qualities that the performance evaluation variables display. Consequently, it is important to consider 

how to categorize and evaluate multi-dimensional evaluation criteria to ensure that they are 
accurately reflected and included when creating an evaluation system. These evaluation factors can 
be shown in a hierarchical structure after being comprehended, analyzed, summarized, and 

extracted. In Figure 3, the structural analysis of the multiple-dimensional performance evaluation 
elements is depicted, and all evaluation variables are separated into subjective and objective 

categories based on the type of evaluation. 

3.3 Weight Calculation of Multi-dimensional Performance Evaluation Factors 

The method of merging several evaluation elements results in the multi-dimensional learning 

achievement evaluation system. These factors affect evaluation findings to varying degrees, and 
they are distributed differently throughout the evaluation system. When the evaluation system is 
integrated, it is required to specify the weight of each assessment element in the system for the 

evaluation findings to be fair and precisely reflect the actual situation of the evaluation objects. 
There is a hierarchical link between the assessment criteria, judging by the makeup of the 

aforementioned evaluation factors. To create a more logical evaluation model, this study employs 
the Analytic Hierarchy Process (AHP) to calculate the weights of the evaluation factors. In the 1870s, 
operations researcher Professor T.L. Saaty of the University of Pittsburgh made the AHP proposal 

[3]. Figure 4 depicts the process flow diagram for the AHP technique, which can do both qualitative 
and quantitative analysis in addition to having systemic qualities and a distinct hierarchy [7]. Figure 
4 depicts a flowchart of the AHP procedure. 
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Figure 3: Structural diagram of multi-dimensional achievement evaluation factors. 
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Figure 4: Schematic diagram of the process of AHP. 
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The specific process of AHP is as follows: 
 
Step 1: Build a progressive hierarchy 

The multi-dimensional academic performance evaluation elements are established to consist of 2 
first-level evaluation factors, 7 second-level evaluation factors, and 12 third-level evaluation factors 

based on the structural analysis of the evaluation components in Section 3.2. The first-level 
evaluation factors, objective factor A and subjective factor B, account for 65% and 35%, 
respectively, of the results of the comprehensive evaluation, following the survey and the college's 

requirements. As a result, the weights of the two first-level evaluation factors are WA= 0.65 and 
WB=0.35. Table 1 lists the specific secondary and tertiary evaluation criteria. 

 

Primary 
Factors 

Secondary factors Tertiary factors 

Objective 
factor A 

Video playback progress 
A1 

 

 
Correctness rate of 

exercises A2 
 

 
Discussion forum 

activityA3 
 

 
Number of study page 

visits A4 
 

Subjective 
factor B 

Theoretical abilityB1 Basic theory mastery B11 

  
Combining old and new 

theories B12 

  Basic Competencies B13 

  Collaboration ability B14 

 Learning Process B2 Learning Method B21 

  Information Sharing B22 

  Exchange and discussion B23 

  Self-discipline B24 
  Knowledge Digestion B25 

 Attitude and Experience B3 Conscientiousness B31 

  Experience B32 

  Sense of accomplishment B33 

 
Table 1: Hierarchical structure of multi-dimensional academic performance evaluation factors. 

 
Step 2: Pairwise comparison and establishment of judgment matrix 

Set the value to ij  and use T.L. Saaty's 9-level significance scale to compare two elements [9]. 
System administrators and professional managers have the authority to configure assessment 
elements in the teaching platform. The evaluation factors' elements and their respective weights can 

be customized by users to suit their individual needs. To avoid affecting the system data, it is 
typically advised not to change the evaluation factors and weights too frequently after configuring 
them. For better understanding, simulated data is used to show how the test mathematical model 

was created below. In actual use, the system will create an evaluation mathematical model based 
on user requirements. After two comparisons, the judgment matrix R indicated in Eq. (3.1) is 

obtained by sorting the evaluation elements of the same level at the categorization level according 
to their relative relevance. 
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Step 3: Using the sum-product method, calculate the matrix eigenvectors by the formula 
The judgment matrix is normalized by column to obtain a new matrix A as shown in Eq. (3.2). 
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Step 4: Check the consistency of the judgment matrix 

For instance, it is evident that A is more essential than B if C is less significant than B and B is 
slightly more important than C. It is a logical unity that would be incoherent otherwise. It is required 

to use the method to compute the index CI , as shown in Eq. (3.3), to avoid logical conflicts in 
thinking and the inconsistency of judgments before and after. 

max

1

n
CI

n

 −
=

−                                                                                                     (3.3) 

Step 5: Judgment matrix R has the consistency 

The weight distribution of each assessment factor is fair if R is consistent. The weight of each 
assessment component is, thus, represented by the eigenvector C of the determination matrix R. 

The following Table 2 of subjective factor weights is produced by adding together the weights of 
each factor. 

 

secondary factors Weights tertiary factors Weights 

theoretical abilityB1 0.6 Basic theory masteryB11 0.4759 

  
Combining old and new 

theoriesB12 
0.2884 

  Basic CompetenciesB13 0.1544 

  Collaboration abilityB14 0.0813 
learning processB2 0.2 Learning MethodB21 0.3006 

  Information SharingB22 0.2221 
  Exchange and discussionB23 0.2171 
  Self-disciplineB24 0.1268 

  Knowledge DigestionB25 0.1335 
attitude and 
experienceB3 

0.2 ConscientiousnessB31 0.3873 

  ExperienceB32 0.4429 
  Sense of accomplishmentB33 0.1698 

 
Table 2: Multi-dimensional learning effect evaluation factors - subjective factor weight. 
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3.4 Score Representation of Multi-dimensional Performance Assessment Results 

3.4.1. Score calculation method and unification of objective factors 

The following factors are considered to have an objective impact on the evaluation outcomes in the 

teaching platform's evaluation system model: video playback speed, proper exercise frequency 
(after-class exercises plus classroom exercises), activity in the discussion area, frequency of web 

browsing, etc. The methodology of the various impact factor scores is provided in Table 3 below due 
to variations in statistical approaches. 
 

factor calculation method illustrate 

Video playback 
progress 

Length of video broadcasted
100

Total Video Length


 

When playing the same video 

multiple times, record the longest 
duration 

Exercise 
accuracy 

Correctness rate of pre-course exercises
Correctness rate of in-class exercises

100
Total number of pre-course exercises

Total number of in-class exercises


+

+  

The correct rate of exercises in each 

class hour includes two parts before 
class and in class 

Forum activity 
Number of posts Number of replies

100
Standard number set by the administrator

+


 

When the standard quantity is 
exceeded, it is divided into 100 

points highest score 

Learning page 

visits 

Number of times students 
visit the learning page

100
Standard number set by
 the administrator



 

When the standard quantity is 
exceeded, it is divided into 100 

points highest score 

 
Table 3: Calculation table of objective factor scores. 

The system administrator determines the parameters required for each factor, such as the number 
of standards in discussion activities, following the requirements of the school, and then calculates 

the parameters consistently. The scores for each factor are typically combined using the percentage 
approach. 

3.4.2. Score calculation method and unification of subjective factors 

On the teaching platform, the scores of subjective criteria should be taken into account in addition 
to the scores of objective factors. It is not practicable for the assessment subject to score subjective 
aspects on the platform because the evaluation's objects are primarily students, and there are a lot 

of students. As a result, following analysis, it is necessary to establish factor gauges and fuzzy 
comprehensive assessment methods for the evaluation of subjective factors. 

(1) Gauge of subjective factors 

The evaluation subject must assess each of the subjective aspects that influence the evaluation 
outcomes individually. The teaching platform can employ assessment rubrics to appropriately 

quantify the subjective evaluation because the evaluation indicators are difficult to quantify, not 
accurate enough, and difficult to operate. This will make the evaluation findings of subjective 

elements more accurate and operable. Rubrics can be used in multi-dimensional academic 
performance evaluation to solve issues like imprecise subjective evaluation criteria and calculate 
students' scores. Before classes begin, the academic affairs office of the college or the teacher team 

can construct the rubrics following the teaching requirements of the college and the main points of 
the lesson material. The gauge rating table's design allows for a direct reflection of the levels and 
evaluation criteria for each arbitrary component. The rubric grade table's grading standards for each 
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subjective component can also help pupils make an intuitive comparison to their situation. To some 
extent, these evaluation standards serve as a guide for students learning. In addition to emphasizing 
the individualization of students' learning processes, the subjective factors rubric also encourages 

collaborative learning, places a premium on the fairness and authenticity of problems, and not only 
looks for learning outcomes but also pays attention to the learning process. The administrator of the 

system can determine the grades of each assessment rule following the demands of the school. The 
subjective factor gauge rating chart in Table 4 includes a theoretical ability gauge rating table. 
Similar to Table 4, the scales for the learning process and attitude experience are not yet entirely 

displayed due to space constraints. 

 

Factors 
Measurement 

criteria 
Grade 

Basic 
theory 

mastery 
B11 

Good command 

of basic 
theoretical 

knowledge of 

the course 

Perfectl
y in line 

with 

Conformit

y 

Gener

al 

Does 
not 

meet 

Totally 
out of 
line 

Combining 

old and new 
theories 

B12 

Ability to 

integrate 
learned theories 
with new ones 

Perfectl
y in line 

with 

Conformit
y 

Gener
al 

Does 
not 

meet 

Totally 
out of 

line 

Basic 
Competenci

es 

B13 

Ability to learn 

new courses 
well 

Perfectl

y in line 
with 

Conformit
y 

Gener
al 

Does 

not 
meet 

Totally 

out of 
line 

Collaboratio

n abilityB14 

Ability to 

collaborate 
effectively and 
well with fellow 

students 

Perfectl
y in line 

with 

Conformit

y 

Gener

al 

Does 
not 

meet 

Totally 
out of 
line 

 

Table 4: Subjective Factors - Rating Table of Theoretical Ability Gauge. 

(2) Fuzzy comprehensive evaluation method  

The evaluation object assesses the subjective elements of various learning outcomes of various 

pupils using various rubric grades. The quantitative scores are generated from qualitative 
evaluations. To meet the real computation and display criteria, this work adopts a method based on 
fuzzy comprehensive evaluation [1]. from qualitative evaluation to quantitative determined value. 

The fuzzy comprehensive evaluation approach uses the membership degree theory to identify some 
issues that are challenging to quantify. The membership degree of the fuzzy comprehensive 

assessment can be expressed by a precise number due to the complexity of the multidimensional 
learning achievement evaluation in the SPOC flipped classroom teaching mode. However, it can also 
help assessment subjects make more sensible and unbiased conclusions by providing a more 

accurate reflection of their inner feelings. The fuzzy comprehensive evaluation involves qualitatively 
synthesizing quantitative findings to produce more thorough and accurate evaluation results, hence 
boosting the validity of student evaluation outcomes [14]. Figure 5 depicts the flowchart for the 

fuzzy comprehensive evaluation approach. 
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Figure 5: Schematic diagram of fuzzy comprehensive evaluation method flow chart. 

Step 1: Create the evaluation level set U : The assessment level is determined as the first step 
in the fuzzy comprehensive evaluation procedure. The appropriateness of the grade chosen will 
directly affect the accuracy of the evaluation results. The grades in each gauge's grade table in 3.4.2 

correspond to the fuzzy evaluation grades in the evaluation system, so the evaluation index set = 
extremely consistent, consistent, general, non-conforming, entirely non-conforming. The 
administrator can specify the level of each assessment rubric in the system evaluation rule setting; 

Step 2: Find the value set V that corresponds to the evaluation level set U: Because the final 
calculation and display in learning evaluation generally uses a percentage system, it is necessary to 
correspond to the score segments represented by the five levels of fuzzy evaluation indicators, such 

as: very consistent (100-90), meet (89-80), general (79-70), basically meet (69-60), do not meet 
(59-0). Each index's specific score value is the average of the associated score segment, so the 

value set V corresponds to the fuzzy evaluation index set U= {95, 85, 75, 65, 35}. The administrator 
can set the scored segment corresponding to each assessment rubric level in the system evaluation 
rule configuration; 

Step 3: Create a fuzzy matrix for student evaluation R: Each evaluation subject selects 
evaluation grades using a distinct subjective factor scale. The system obtains the evaluation result 
set of each factor based on the selection outcomes, which is the evaluation fuzzy matrix Ri = {r1, 

r1, …, rn}. Because the number of subjects for subjective factor evaluation varies, the fuzzy matrix 
Ri is formed as shown in Eq. (3.4) when the number of participating subjects is higher than or equal 

to one person; 

 1 2

Evaluation Ind

 

icators Sel f
, , , ,

  ect number o  people
Which 

Total n  

 

umber of evaluations

 
r

 

i n

i

i

R r r r
u

= 


=
                                            (3.4) 

Step 4: The system administrator establishes the proportions of instructor and student evaluation as 

T  and 1 T− , respectively; 

Step 5: Compute the fuzzy comprehensive evaluation result B : Combining the evaluation fuzzy 

matrix and evaluation proportion with the teacher's evaluation result S , calculate the evaluation 

result from B  as indicated in Eq. (3.5). 
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(1 )B ST R T= + −
                                                                                              (3.5) 

Step 6: Analyse and turn the evaluation result in B  into the final score C , using the following Eq. 
(3.6). 

C BV=  (3.6) 

Note: Since the data in this article is carried out in units of each part of the course. As a consequence, 
the calculation yields the score for each component. When performing a comprehensive review, add 

the scores of each component and divide them by the total score. To acquire the students' final 
score, the fuzzy comprehensive assessment approach is utilized to synthesize each subjective 
indicator and mix it with the weight of each factor. 

4 VERIFICATION OF MULTI-DIMENSIONAL ACHIEVEMENT EVALUATION SYSTEM 

The system is tested using actual operating data after building a multi-dimensional evaluation 
mechanism. Consider a student's subject; the score incorporates a variety of activities as well as a 

subjective judgment of objective elements. Table 5 displays the objective factor statistics: 
 

Factors Data 
Standard 
volume 

Score 

Video playback 
progress 

Video has been 

watched 
Duration 
01:07:48 

Total Video 
Duration 

03:07:39 

36.13 

Correctness rate 
of exercises 

Number of 
correct 

exercises 15 

Total number 
of exercises 

36 

41.67 

Number of page 
visits 

75 times 50 times 100 

Discussion forum 
activity 

Participated in 
the discussion 

26 times 

30 times 86.67 

 
Table 5: Data table of objective factors. 

Subjective factor data is mostly gathered through student self-assessment, group mutual evaluation, 
and teacher evaluation in after-class exercises. The data should count the number of choices made 
by teachers, students, and group members of various grades of each student component. Student 

evaluation data primarily contain students' self-evaluation and group mutual evaluation. Each 
subheading is utilized as a unit to assess the subjective factors in the full evaluation. The average 

score in the form of the total score is generated by computing the total score, which is the subjective 
factor score of the major. The following are the evaluation results based on the platform. There are 
a total of 16 sections, with a total of 6 student assessments for each section. As a result, the level 

of each subjective aspect in this course can be chosen 96 times. The subjective student evaluation 
factors are the objective student evaluation indicators, and the outcomes are as follows (Table 6). 
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Factors 
Perfectly 
in line 
with 

Conformity General 
Does 
not 

meet 

Completely 
does not 
match 

Basic theory mastery 92 2 2 0 0 
Combining old and new 

knowledge 
87 5 3 1 0 

Basic Competence 85 9 2 0 0 
Collaboration ability 85 8 1 2 0 

Learning Method 93 1 1 1 0 
Information Sharing 88 0 6 2 0 

Exchange and Discussion 93 2 1 0 0 
Self-discipline 92 4 0 0 0 

Knowledge Digestion 90 0 4 2 0 

Conscientiousness 92 2 1 1 0 
Experience Degree 86 6 3 1 0 

Sense of accomplishment 87 8 1 0 0 

 
Table 6: Subjective factors student evaluation data table. 

The teacher evaluation index is the same as the student evaluation index, however, it is displayed 
separately since the instructor evaluation is determined independently in the evaluation proportion. 
Because there is just one individual teacher, the subjective criteria are chosen 16 times. The amount 

of data picked from the actual evaluation is counted, as shown in Table 7, i.e., Teacher Evaluation 
Data. 
 

Factors 
Perfectly 
in line 

with 

Conformity General 
Does 
not 

meet 

Completely 
does not 

match 

Basic theory mastery 13 2 1 0 0 
Combining old and new 

knowledge 
11 3 2 0 0 

Basic Competence 14 1 1 0 0 

Collaboration ability 8 5 3 0 0 
Learning Method 13 2 1 0 0 

Information Sharing 11 2 2 1 0 

Exchange and Discussion 12 3 1 0 0 
Self-discipline 7 6 2 1 0 

Knowledge Digestion 10 3 3 0 0 

Conscientiousness 12 2 2 0 0 
Experience Degree 13 1 1 1 0 

Sense of accomplishment 10 4 2 0 0 

 
Table 7: Teacher evaluation data table of subjective factors. 

The multi-dimensional performance evaluation method created in this study was tested using the 
above data, and a total score of 70.13 was obtained. The established multidimensional 
accomplishment evaluation system has been proven to be viable and correct. 
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5 CONCLUSION 

The multidimensional achievement evaluation system can not only objectively and comprehensively 
evaluate each student's academic performance and learning process, but it can also allow each 

student to participate in the learning process more deeply, allowing students to improve in the 
process of actively participating in various exchanges and learning. Communication and linguistic 

abilities are required. This technology enables higher vocational colleges to make individualized 
adjustments based on the talent training plan, which may accurately and thoroughly depict the entire 
process and effect of students' learning. Most students are fully motivated to locate and solve 

challenges using this evaluation method. Students at various levels discover their deficiencies and 
current problems in various evaluations, which gives the conditions and conditions for accurately 

analyzing their learning and practicing abilities. The premise is to increase teaching quality. 
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