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Abstract. This paper analyzes and designs the teaching of higher mathematics 
through Mathcad-assisted mathematics experiments. This study uses MATLAB 
software to design teaching cases with the support of constructivist learning theory 
through a combination of theoretical and practical research methods, and 
implements the teaching with senior students, and analyzes the implementation 

effect. The results and shortcomings of this study are reflected. The use of MATLAB 
to assist the teaching of mathematical probability and statistics can improve 
students' interest in mathematics, better grasp and understand the knowledge of 
probability and statistics, and cultivate students' ability to explore the laws and use 
mathematical knowledge to solve practical problems, which is more advantageous 
than the traditional teaching model. To verify the practicality of this teaching 

model, teaching cases and experiments in line with students' thinking development 
were designed on this basis, and qualitative and quantitative analyses of the results 

before and after the experiments were made. The study showed that this model of 
teaching mathematical concepts can promote students' meaningful learning, 
provide teachers with some reference for designing the teaching process, and 
improve the actual teaching efficiency. It also enables students to develop a multi-
perspective, multi-level, and multi-faceted understanding of concepts, to deeply 

grasp the essence of concepts, and to improve their mathematical thinking skills at 
the same time. 
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1 INTRODUCTION 

In the context of education reform, what should teachers do to promote students' image thinking 
and improve their literacy in daily teaching? Increased educators realize that presenting abstract 
mathematical problems visually through information technology can enhance students' interest in 

learning, stimulate their enthusiasm for learning, and then actively accept and actively acquire 
knowledge. The choice of visualization technology is particularly important in real-world teaching 
and learning and directly affects whether it is truly and effectively useful for teaching mathematics, 
rather than the technology itself. Most mathematics teachers present textbook contents and 
exercises in the form of slides through PPT [1]. The number of empirical studies on mathematics 
education is small, and the socio-cultural context in the classroom has received little attention 
from scholars. The emphasis on the connection between college mathematics and the real-life 

world aims to make learners active, caring, and reflective citizens through mathematics [2]. This 
study takes the culture of silent learning in the university mathematics education field as the 
context and explores the situation of classroom culture generation in higher mathematics 
classrooms in engineering institutions during modeling activities through collaborative action 
research in light of the strengths and characteristics of the mathematical community of inquiry 
model. 

In this way, the rebuilding of mathematics classroom culture must balance the silent tradition 
of learning with the reform trend of encouraging students' active participation, taking into account 
both the nature of the mathematics discipline and the tradition of education: it requires students 
to think deeply in a dialogical context rather than the one-way communication of the teacher; it 
requires students to investigate, explain, argue and reason in a collective learning process; it 
requires students to make a proper connection between mathematical knowledge and professional 
learning. It requires students to make the necessary connections between their mathematical 

knowledge and their professional learning, and for teachers and students to work together to 
create a distinctive mathematics classroom culture. 

2 RELATED STUDIES 

Dotsenko et al. [3] have conducted an in-depth study on the problems of probability learning 
among secondary school students. They selected students of different age groups in different 
mathematical contexts, and by setting up problems to understand different students' different 
opinions about the same concepts, they found the phenomenon that based on their life 

experiences, students are more likely to acknowledge the fact that the occurrence of events is 
random, but they are not clear about the objective laws reflected behind these uncertain event. 
Vygovskaya [4] discussed the necessity, feasibility, and significance of experimental teaching in 
probability statistics course with the characteristics of a probability statistics course. Cuadri et al. 

[5] introduced MATLAB software into the teaching process to simulate some probabilities and 
statistics to deepen students' understanding and proficiency in relevant concepts in probability 

statistics. Andrade-Arenas et al. [6] conducted a field study on the status of high school 
mathematics function teaching and proposed two different types of classes with the help of 
MATLAB to assist high school function teaching based on the constructivist learning theory and the 
characteristics of function courses. 

Abdullaeva and Sultonova based on the four stages of the APOS theory, divided students' 
conceptual understanding of logarithmic and exponential functions into four levels of practical 
instruction: at the first level, students can perform simple power operations; at the second level, 

students compress the power operation activity into a procedure through internalization [7]. 
Abdullaeva and Sultonova used the APOS theory to test the trainee teachers' understanding of the 
problem of conversion of place value and decimal point. Cuadria et al. [8] of Haifa University in 

http://www.cad-journal.net/


 

 

Computer-Aided Design & Applications, 19(S1), 2022, 117-127 
© 2022 CAD Solutions, LLC, http://www.cad-journal.net 

 
 

119 

Israel also uses APOS theory when observing students' assimilation of fractions, and APOS theory 
is widely used. 

Variation teaching is a way for teachers to transform the form of problem representation, 
change the extension of concepts, change conditions or conclusions in the actual classroom so that 

students can see the essence of the problem and explore the laws of mathematical objects in 
constant variations. Variation teaching about mathematical concepts is to change the irrelevant 
non-essential characteristics of mathematical concepts in mathematics class, to seek the same in 
the change so that they can gain the knowledge of abstraction in the change and improve the 
abstraction ability of students. Mathematical concepts are inherently abstract and not easily 
understood. Students cannot directly accept many mathematical concepts, and for such abstract 
concepts, students can draw on their perceptual experience. For example, the concept of a 

heterogeneous straight line for the second-year students is relatively abstract, especially the poor 

sense of three-dimensional is not easy to understand. The concept of a heterogeneous straight line 
in three-dimensional space is difficult to feel intuitively with two-dimensional plane graphics, so 
teachers can use a variety of teaching. Mathematical concepts have boundaries, and the properties 
outside the boundaries are called the extents of the concept. According to the essential 
connotation of the concept and the nature of a specific thing to determine whether it belongs to 

the concept extents or extents. Variation in the space of extensions is an effective way to optimize 
the mathematics variation classroom. 

3 ANALYSIS OF MATHCAD-ASSISTED MATHEMATICS EXPERIMENTS INTO HIGHER 
MATHEMATICS TEACHING MODE 

3.1 MathCAD-Assisted Mathematical Model Analysis 

Through continuous technical development, the scope of the visualization concept has been 
gradually expanded and its content has been enriched by Kozlov et al. [9]. Mathematical 
visualization belongs to the category of knowledge visualization, except that the object of study is 
more specific, targeting the mathematical subject level to visualize and, in turn, applying 
visualization techniques to mathematical content or mathematical teaching aspects to achieve 
educational purposes. Mathematics itself has different characteristics from other disciplines, for 

example, it can be understood through various forms of expression, including textual language, 
symbolic language, and graphic language. For different mathematical contents, the choice of 
different expressions is beneficial for people to understand abstract mathematics more efficiently. 
The visual presentation is superior to these three forms of language expressions, and it can 
express abstract mathematical content with concrete diagrams, as shown in Figure 1. 

The transformation between numbers and shapes in mathematics and the abstract position 
relationship in geometry is difficult to explain clearly in traditional teaching. In the world of 

visualization teaching, the dynamic demonstration process can stimulate students' imagination, 
search for patterns, make induction, and establish the dynamic connection between numbers and 
shapes; meanwhile, it can inspire students to pay attention to the connection between the local 
and the whole, and the transformation from the special to the general. When the information is 
input into the brain, the dynamic presentation of the situation can reveal the essence of knowledge 
and dynamically "see" the "back" of the abstract problem, which is conducive to the expansion of 
thinking. For example, the origin of conic curves, many students only know that ellipse, hyperbola, 

and parabola are collectively called conic curves, but they do not understand why these curves are 
called "conic curves" and how they are related to the three-dimensional figure of a cone. In the 
visualization based on GGB, we can use the dynamic plane to intercept the cone, and we can 
observe the shape of the intercepted section as circle, ellipse, hyperbola, and parabola, and we 
can see the different shapes of the section due to the different angles between the dynamic plane 
and the cone axis. Therefore, visualization teaching should fully exploit the advantages brought by 
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dynamic demonstration and follow the principle of dynamic demonstration to make complex 
problems simpler. 
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Figure 1: Mathcad-assisted mathematical model framework. 

 

Reflection on the acquisition of the meaning of the question, i.e., the examination and re-
recognition of the acquisition and processing of the information on the question, involves the 
equivalence of the transformation of the conditions and the representation of the question. The 
examination of the correctness reflected the meaning of the form conclusion. The main point is to 

recognize the problem-solving strategies and principles adopted in the problem-solving activities, 
mainly reflecting on the information combination strategies adopted, i.e., why certain topic 
information is arranged and combined in a certain way, to recognize the purpose and effect of their 
operation. If the information combination strategy is generalized, the solution strategy behind the 
operation can be explored; if the solution strategy and principles are further abstracted, the 

mathematical ideas and methods behind the topic can be refined. 

3.2 Teaching Experiment Design 

To test the effectiveness of the above theoretical study, this study applies the instructional design 
to actual teaching to verify the theoretical design through practice, and for this purpose, the 
practical part of this study will use a combination of instructional experiment and measurement 
analysis. Specifically, the teaching experiment of this study is based on the theoretical study 

mentioned above, and the experimental model of a single-factor equal group is used to operate 
the teaching environment reasonably according to the purpose of this study. Since the essence of 
the experiment is to explore whether there is a causal relationship between different objects, the 
cause of this experiment is the teaching of multiple representations of mathematics versus 
conventionalized teaching, and the effect is the effect of different teaching. 
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To understand the effects of differentiated instruction, we use measurement studies, which are 
based on some theory or law to quantify the behavior or results of students. To do this, we need 
to develop appropriate scales, which are distributed to students to obtain the effects of 
differentiated instruction. Based on the above orientation of student learning assessment, we will 

use Peas' self-assessment scale, which is widely used, to measure the cognitive load of students in 
the learning process; for the measurement of students' mathematical representation and 
transformation ability, we write test questions related to the basic theorem of plane vectors based 
on the evaluation and measurement theory of mathematical representation ability, and we use the 
total score as a measure of students [10]. We also use the total score as the result of the 
measurement of students' learning effectiveness. The data obtained from the scale tests will be 
analyzed descriptively and tested for independence with the help of SPSS 20.0. 

This study focuses on teaching experiments and measurement analysis in terms of empirical 

research, with the expectation that such empirical research will verify the feasibility and practical 
effects of theory application. After the empirical study, we also reflected and discussed the results 
to reveal the relationship between the empirical results and this research question. 

In summary, the design idea of this study can be summarized as follows: First, the research 
on multiple representations in mathematics is sorted out to fully understand the theories related to 

learning and teaching of multiple representations in mathematics, and the research on plane 
vector fundamental theorems is sorted out to further clarify the research questions. Secondly, we 
analyze the multiple representations of the fundamental theorem of plane vectors and their 
transformations from the perspective of multiple representations in mathematics and construct 
teaching strategies for the fundamental theorem of plane vectors based on the perspective of 
multiple representations. Besides, the teaching process of multiple representations of the 
fundamental theorem of plane vectors and the specific teaching design is further developed and 

experiments are conducted accordingly. Then, the results of the experiments are quantified and 

analyzed by using the test survey method to obtain experimental results. Finally, the experimental 
results are reflected and discussed, and the whole study is summarized and prospected, as shown 
in Table 1. 

 

 Scenario Spoken Graphics Operation Symbols Language Numbers 

Scenario - △ △ ▲ △ △ △ 

Spoken △ - △ △ ▲ △ ▲ 

Graphics ▲ △ - ▲ △ ▲ △ 

Operation △ ▲ △ - △ △ △ 

Symbols ▲ △ △ △ - △ ▲ 

Language △ △ ▲ △ △ - △ 

Numbers ▲ △ ▲ △ ▲ ▲ - 

 

Table 1: Conversion mechanisms between several representations. 

 

The analysis of the conversion mechanism between multiple representations is the basis for the 
complementarity and penetration of multiple representations, and also plays an important role in 
helping students to explore the essence of theorems, for example, when learning theorems by 
abstracting the physical situation mathematically, although the situation has changed, the 
substance has not changed, so the vectors in mathematics can also be decomposed by using the 
parallelogram rule. 

Understand the various representations of the theorem, and understand the essence and 
richness of the theorem from multiple perspectives; be able to use the theorem to reasonably 
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select the base and represent other vectors in the plane; flexibly select and convert the 
representations of the theorem to solve mathematical problems. To experience the process of 
mathematizing physical situations and finding and refining mathematical problems from them, and 
developing the ability to find problems mathematically and ask questions. By using the research 

idea of moving from the particular and concrete to the general and abstract, experiencing the 
development of the theorem through observation, conjecture, geometric manipulation, induction, 
and other activities, gradually comprehending and enhancing the basic mode and ability of 
mathematical research, and developing the ability to solve problems mathematically. Through the 
teaching of multiple representations gradually develop a world view of understanding things from 
multiple perspectives, as shown in Figure 2.  
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Figure 2: Design of teaching experiment steps. 

 

Students have a preliminary understanding of the meaning and multiple representations of the 
fundamental plane vector theorem, but the application and variation of the theorem are needed to 
promote students' deeper understanding of the theorem and the flexible translation and 
integration between multiple representations. Therefore, teachers should set up examples and 

organize variation training for students to consolidate and deepen their overall knowledge of the 
theorems and to promote the generation of integration codes for the theorems. In setting the 
application and variation of theorems, teachers should carefully design the difficulty gradient of the 
problems according to the teaching objectives and ensure the effectiveness of the exercises to 

promote the integration of students' representations. 

4 ANALYSIS OF RESULTS 

4.1 Results of Pre-Test Data 

The output of SPSS 20.0 was organized into the table shown below by conducting independent 
sample t-tests on the pretest scores of the two classes. From Figure 3, the mean math scores of 
the control class were slightly better than those of the experimental class, and the overall 
difference was not significant. Also, the significance level of the t-test was 0.545, indicating that 

there was no significant difference in math levels between the experimental and control classes, so 
this study illustrated from the data that the two subject classes were parallel classes. 
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Figure 3: Results of independent sample t-test for pretest scores. 

 

By conducting independent samples t-tests on the cognitive load measurements of the students in 
the experimental and control classes during the learning process, the SPSS output was compiled 

into the results shown in Figure 4. From Figure 4, it can be seen that the mean cognitive load of 
the experimental class is lower than that of the control class, and it can also be seen that the 
significance level of the cognitive load of the students in both classes is 0.026, which indicates that 
the difference between the cognitive load of the students in the experimental and control classes is 
significant, thus indirectly indicating that the teaching model based on the theory of multiple 

representations of mathematics is better at reducing the cognitive load of the students compared 
to the conventionalized teaching model. 
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Figure 4: Results of independent sample t-test for cognitive load. 

 

To test the significance of the difference between the two classes, we conducted an analysis of 

covariance (ANOVA) on the pre-test and post-test data with the help of SPSS, and the "between-
subjects results" in the output showed that the sig value of the "class pre-test score" column was 
less than indicates. The slopes of the regression lines between the pre-test scores and the post-
test scores of the two classes are not equal, which means that the data cannot be analyzed for 

covariance. Therefore, we conducted independent samples t-tests on the posttest scores of the 
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students in the two classes and obtained the results shown in Figure 5. This indicates that the 
teaching under the theory of multiple representations in mathematics helps to improve students' 
academic performance to a certain extent.  
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Figure 5: Results of independent sample t-test for posttest scores. 

 

By summarizing the student performance by each score band, we obtain the results shown in 

Figure 5. From the figure, it can be concluded that the number of students in the first three low 

score bands is more in the control class than in the experimental class, while the number of 
students in the last three middle and high score bands is more in the experimental class than in 
the control class, which shows that the good rate in the control class is lower than in the 
experimental class. 

4.2 Analysis of Experimental Results 

As can be seen from Figure 6, the significance level of the chi-square test 0.075 indicates that the 
variance is chi-square and there is no significant difference. And 0.002 indicates a significant 
difference between the experimental and control groups' posttest scores within the 95% 
confidence interval. Originally, the two classes were parallel classes with similar scores selected 
randomly by computer based on their midterm scores, and the experimental group was taught 

with the aid of MATLAB software, while the control group was taught in the classroom traditionally 
and ordinarily, but after three weeks of implementing different teaching modes, the experimental 

group's scores improved, and the experimental group performed better compared to the control 
group. This also proves that teaching probability and statistics in high school mathematics with the 
aid of MATLAB is more advantageous than the traditional teaching model. 

The experimental class and the control class of the high school where I practiced are both parallel 

classes, and the students' enthusiasm and interest in learning mathematics are not strong enough. 
We counted the monthly examination results of the two classes and used Excel to make a bar 
chart to show the results of the two classes more visually. The students in the experimental and 
control classes were tested through the last monthly test, which lasted 120 minutes and scored 
150 points, with the same scoring criteria for both classes. There were 42 students in the 
experimental class and 40 students in the control class, and the number of students in both 
classes was greater than 30, which was a large sample. As shown in Figure 7, the results of this 

test paper were collected and then SPSS 22.0 statistical analysis software was applied to analyze 

and study the effectiveness of the experimental class, and the data with 150 points were used as 
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the pre-experimental data of the two classes, after which independent samples t-test was 
conducted to test whether there was a significant difference in the level of conceptual 
understanding of exponential functions between the two classes. 
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Figure 6: Image of the terms of an equivariant series. 
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Figure 7: Bar chart comparing the pre-test scores of the experimental class and the control class 

 

In the new lesson on arbitrary trigonometric functions, the experimental class was guided by the 
APOS theory and the theory of variational teaching, while the control class was taught by the 
conventional teaching method. After the teaching, the author developed a test paper on the 
concept of arbitrary trigonometric functions for the experimental class and the control class, to 
understand the students' mastery of the concept of arbitrary trigonometric functions and the 
teaching effect of the experimental class, and tested the students of both classes for 90 minutes, 

with 150 points. There were 42 students in the experimental class and 40 students in the control 

class. The number of students in both classes was greater than 30, which was a large sample. 
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Figure 8: Comparison of post-test scores between the experimental class and the control class. 

 

In the post-test of the concept of arbitrary angle trigonometry, the mean scores of the control and 
experimental groups were 85.63 and 77.95 respectively after the independent sample test, and 
the significant level of the chi-square test was found to be 0.561>0.05, indicating that there is no 
particularly significant difference in the chi-square, and the result of taking the first line of the 
independent sample test assuming equal variances 0.005<0.05. As shown in Figure 8, there is a 
95% confidence level, indicating that there is a significant difference between the post-test scores 

of the control and experimental classes. The variation of teaching about the concept of arbitrary 

angle trigonometry based on the APOS theory affects students' performance. 

Judging from the classroom students' classroom status, most of the students in the 
experimental class was more active and willing to actively participate in the four stages of teaching. 
This mode of teaching is more likely to stimulate students' enthusiasm for learning, and strong 
motivation helps learners construct concepts on their own. By comparing the scores of the pre and 
post-tests, the average scores of the students in the experimental class were relatively high, 

especially the problems of deeper conceptual understanding were better solved. The mathematics 
concept class under the combination of APOS theory and variable teaching theory was effective in 
improving the scores of the upper and middle students and had little effect on the scores of the 
lower students. The results of this analysis were not simply obtained through single experimental 
teaching, but this teaching model was used in the whole semester of concept teaching. 

5 CONCLUSION 

This study first provides an overview of the theories related to Mathcad mathematical multiple 

representations and related pedagogical studies to clarify the objectives and ideas of this study 
and then analyzes the profound connotations, rich representations, and their transformation 
methods contained in the fundamental theorem of plane vectors. The four teaching principles of 
the clear mainline, information packing, proximity presentation, and dual-channel are proposed for 
teaching the basic theorem of plane vectors in high school mathematics. Finally, the teaching of 
the fundamental theorem of plane vectors was redesigned according to the previous objective 

analysis and teaching principles, and a practical study was conducted. There exists a certain 
facilitation effect of teaching probability and statistics in high school mathematics with the aid of 
MathCAD software, which can help students to improve their motivation and academic 
performance. The change in the traditional authoritative role of the teacher, rather than ignoring 

its existence, reinforces the image of the mathematics teacher's professional role. The unique 
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mathematical dialogue of collective argumentation is a joint effort by teachers and students to 
build mathematical claims that involve consensus reached by multiple people. 
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