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Abstract 

The current Generation-Z students have the characteristics of active learners and visual gamers. The 
traditional teaching method only guides students to learn theoretical knowledge, lacking the experience of 
learning by doing and the challenge of solving practical problems. Therefore, this study proposes a three-
stage progressive teaching method that uses traditional lectures, mathematical software, and visual 
problem-solving models incrementally over a semester. The purpose of this study is to provide students 
with an experiential learning environment to explore changes in their understanding and interest in calculus 
by sequentially engaging in three different teaching methods. The results of this research show that the 
introduction of visual mathematical software can allow students to directly observe the curve trend of 
functions, which is in line with the observer behavior of Generation Z’s learning preferences. Furthermore, 
engaging in creative projects enables students to apply concepts from the theory of variation to identify 
relationships between mathematical components and then create visual models for solving problems. 
Students agreed that the proposed three-stage pedagogy enhanced their interest in learning which allowed 
them to gain an applied knowledge of calculus through experimental learning.   
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1. Introduction

Instructors teaching university calculus courses often find that students have difficulty 

understanding mathematical theories, even if they recognize that calculus courses are important 

mathematics courses in university programs. That is because traditional teaching methods are teacher-

centered and student-teacher interaction is limited, resulting in low student engagement in the course and 

low learning motivation. To address the problem of students’ low cogitative capabilities and lack of 

theoretical understanding, Laurillard (2013) proposed information processing theory, where problem 

identification and problem-solving skills are reflected in the process of receiving, storing, and locating new 

information. 

The current generation of university students born between 1995 and 2010 is referred to as 

Generation Z (Gen-Z). In terms of learning characteristics, Gen-Z students have two specific 

characteristics. First, they are observers, that is, they prefer to watch others complete tasks and then apply 

what they have learned on their own. Secondly, they care deeply about the importance of being able to 

apply what they learned in a variety of everyday situations (Seemiller & Grace, 2017). They are adept at 

using various digital technologies to access information quickly; as a result, their learning characteristics 

tend toward real-time query, visual learning, and learning by doing (Engelbrecht et al., 2020). As a result. 

Gen-Z students may be easily distracted during traditional teacher-centered lectures. Therefore, the 

teaching of mathematics should use a visualization approach, such as interactive software, to solve 

mathematical problems; and achieve learning outcomes through experiential learning, thereby increasing 

students’ interest in learning and finally strengthening their learning outcomes (Arts et al., 2006).  

Rolka et al. (2006) showed that visualization techniques are a powerful tool for exploring problems 

and giving meaning to concepts. That is because visualizing mathematical theories reduces the burden of 

processing large amounts of information. Therefore, people can intuitively express the problems in daily 

life in mathematical form and deal with them easily (Kulcsár, 2018). The use of visual mathematics models 

for teaching can help students understand, remember, and apply mathematical theory through visual images 

(Hadjerrouit & Gautestad, 2019). Teaching mathematical theory through visual models is therefore an 

effective learning method derived from the basic definition of mathematics. By creating visual models, 

students can represent the meaning of mathematical formulas to deepen their understanding of the 

relationships between theories (Pereira et al., 2017).  

In addition, Leung (2003) proposed the theory of variation from the concept of phenomenography 

as a method to explore problems and understand concepts. Teaching practices based on the variation theory 

strongly focus on the process of learning and the condition of learners. Therefore, the theory of variation is 

manifested in the interaction between the environment in which the learner is embedded and the knowledge 

that he or she wants to learn. Dockendorff and Solar (2018) applied the theory of variation to teach math 

and use a digital tool as a facilitator of visualization. Based on the theory of variation, the teaching 

approaches uncovered through this study gradually guide students to identify the specific conditions of each 

problem, realize the interaction between features, integrate the key dimensions of variation, and establish 

invariant patterns of the problem throughout the learning process.  
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According to the characteristics of Gen-Z students, this study proposes a step-by-step three-stage 

teaching method that gradually uses traditional lectures, mathematical software, and visual problem-solving 

models to teach calculus within a semester.  

2. Background 

According to the findings from Northeastern University’s Innovation Survey (Donaghy, 2014), the 

learning preferences of Gen-Z students have three specific dimensions. First, Gen-Z students prefer to 

engage in a learning environment and immediately apply what they learn to real life. Second, Gen-Z 

students prefer to learn through video content. Before learning any skill, they try to find information through 

online videos and watch someone apply the skill correctly. Third, the motivation to learn comes from the 

extent to which knowledge can be applied. That is, they want to know that what is learned is not just a 

textbook example, but has wider applicability in life (Seemiller & Grace, 2017). Therefore, this study 

applies the principles of information processing theory, visualization technology, and variation theory 

respectively to meet the three learning preferences of Gen-Z students, thereby proposing a progressive 

learning environment. 

Firstly, this study follows the information processing theory to create a step-by-step mathematics 

teaching environment for Gen-Z students. The basic philosophy of information processing theory is 

gradually reflected in students’ abilities in knowledge memory, comprehension, interpretation, and 

application in the whole teaching progress. According to Parrot and Leong (2018), information processing 

theory is the process of receiving, storing, and defining information in the problem-solving process. It 

follows that the development of an experiential learning environment requires a focus on the integration of 

information processing and solution approaches, such as the absorption of general knowledge and the 

adoption of comprehension strategies (Parrot & Leong, 2018). 

Secondly, this study introduces mathematical software as a visualization technology of calculus 

learning which suits the observer characteristic of Gen-Z students. Presmeg (2020) suggested that 

visualization is a process that includes the construction and transformation of visual mental images. 

According to Hadjerrouit and Gautestad (2019), visualization uses images, diagrams, and digital tools to 

enhance understanding. Dockendorff and Solar (2018) represent mathematical concepts, principles, and 

problems as visualization material to explore mathematical problems and understand phenomena. Atnafu 

and Zergaw (2020) proposed that visualization is the drawing of images based on the mathematical 

structures that people create in their minds. Therefore, the visualization process is conducive to problem-

solving, where the use of visual representations and images as part of the solution strategy often helps to 

achieve results. 

Thirdly, this study then applies the variation theory to encourage students to engage in a creative 

project in which students are expected to construct mathematical models by using concepts from real-life 

scenarios. The theory of variation is based on phenomenography to reflect the process of knowledge 

acquisition. According to Leung (2003), the representational style of variation theory becomes the most 

powerful learning tool for generating systematic interaction between learners and teaching materials. Visual 

representations using the theory of variation enable students to experience mathematical concepts and 

https://doi.org/


https://doi.org/10.15405/ejsbs.315 
eISSN: 2301-2218 / Corresponding Author: Chih-Hao Lin 
Selection & Peer-review under responsibility of the Editors 
 

 
95 

identify the main features of problems, thereby understanding mathematics by focusing on problem-solving 

approaches rather than on formula deduction skills (Attorps et al., 2016). 

Finally, through the innovative teaching approaches uncovered through this study, the Gen-Z 

students were guided to create their visual mathematical models, in which students practice how to visualize 

the relationships between related concepts and interactively present the solution process in order to reduce 

the amount of information that should be remembered. According to Presmeg (2020), visualization ability 

is an important skill to solve mathematical problems, and this visual reasoning ability is becoming 

increasingly important in the information age. In particular, understanding the various situations related to 

the problem and objects influenced by the problem at the cognitive level helps students to develop 

appropriate solutions to the problem (Nurhajarurahmah, 2021; Phillips et al., 2010). 

3. Purpose of the Study 

The purpose of this study is to increase knowledge comprehension by introducing visual 

mathematical software and to enhance learning interest by engaging in creative projects, so as to gradually 

improve learning outcomes. Unlike most literature that only studies the effectiveness of a single teaching 

method, the design principle of this study is to explore the changes in students' interest in learning calculus 

after experiencing three different teaching methods in sequence. Through such three-stage experiential 

learning, each student can clearly distinguish the differences in learning skills and feedback their learning 

experience to the teacher. 

4. Methodological Approach 

The course of this study is a basic calculus course at the College of Business, Chung Yuan Christian 

University, Taiwan. This study explored mathematics teaching strategies according to the characteristics 

of Gen-Z students and therefore used information technology with visual teaching materials to share 

learning experiences with students (Joubert et al., 2020). 

4.1. Research Design 

The research design was developed by the researcher to identify an innovative teaching method, as 

shown in Figure 1, through strategic planning, teaching practice, and analysis of the outcomes of the study. 

Therefore, a three-stage innovative teaching method was developed: (1) implementing traditional textbook 

instruction, (2) using mathematical software, and (3) introducing visual models. The ultimate aim of this 

study is to explore student learning outcomes, focusing on enhancing students’ learning enjoyment and 

level of comprehension. The research steps in the research design are described as follows: 
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 Research design process of the three-stage teaching method 

 

Step 1. Explore teaching vision 

Step 1-1. Establish teaching goals: this study aims to enhance students’ understanding, increase 

learning interest, and improve learning outcomes.  

Step 1-2. Analyze learners’ needs: understanding the learning preferences of Gen-Z students and 

using software and visual teaching materials to stimulate students’ learning interests.  

Step 2. Establish teaching strategies 

Step 2-1. Identify the research mission: study the impact of using the proposed teaching methods, 

including the use of mathematical software and visual models in calculus courses.  

Step 2-2. Propose teaching strategies: according to the knowledge level of course content, the 

teaching process is divided into three stages, allowing students to gradually experience the 

changes between different learning methods.  

Step 3. Implement traditional lecture 

Step 3-1. Implement textbook instruction: the basic concepts of calculus were taught in a traditional 

textbook.  

Step 3-2. Evaluate learning outcomes: students’ feedback showed that they only memorized 

mathematical formulas and lacked understanding of fundamental concepts.  

Step 4. Use mathematical software 

Step 4-1. Introduce mathematical software: mathematical software can visualize function graphs 

and provide students with step-by-step problem-solving guidance, which is in line with 

the real-time learning characteristics of Gen-Z students.  

Step 4-2. Observe classroom performance: the teacher gave applied problems in the classroom for 

students and reviewed students’ level of comprehension in real-time through the students’ 

learning notes.  
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Step 5. Create visual models 

Step 5-1. Develop visual problem-solving models: use visual mathematical models to help explain 

mathematical concepts to stimulate students’ learning preferences.  

Step 5-2. Encourage creative works: guide students to cooperate in the development of visual 

mathematical models to increase students’ interest in learning.  

Step 6. Refine research outcomes 

Step 6-1. Analyze learning outcomes: students’ feedback and questionnaire surveys were collected 

three times during the research to measure students’ learning interests and level of 

comprehension. Students were able to improve their learning comprehension and 

enjoyment gradually, thereby enhancing their learning outcomes. 

Step 6-2. Reflect on improvement plans: it is necessary to continuously improve teaching methods 

is adjust the evaluation rubrics to suit the characteristics of students. 

4.2. Study Participants 

A class of students from the Department of Information Management, College of Business, Chung 

Yuan Christian University participated in this teaching research. There are thirty-five students in the class. 

They were born between 2001 and 2002, i.e., belong to Gen-Z students. The number of male and female 

students is roughly equal. All students are taught by the same teacher. All participants were similar in that 

they did not differ significantly in their academic background and learning experience. 

4.3. The Proposed Progressive Teaching Method 

This study proposes a progressive visualization teaching method, which gradually uses traditional 

lectures, visual mathematical software, and visual problem-solving models to teach calculus. This proposed 

three-stage teaching method guides students through the stages to progress step by step. Table 1 lists the 

key learning objectives, learning activities, and teaching methods for each stage. 

In the three teaching stages, students used different learning approaches for different levels of 

knowledge. As the depth of knowledge acquired gradually increased, the difficulty of the corresponding 

activities also increased. The main purpose of this progressive teaching method is to increase the learning 

comprehension and motivation of Gen-Z students, ultimately improving learning outcomes. 

• Teaching Stage I uses traditional textbooks for teaching: because university freshmen who just 

graduated from high school are still accustomed to traditional textbook instruction, the “differential 

calculus” units were taught through traditional lectures to establish a foundation of knowledge. 

Students can use calculation rules and calculation skills to solve basic problems.  

• Teaching Stage II uses mathematical software to assist teaching: for the “Applications of the Derivative 

and Optimization Topics” units, mathematical software helped students to understand the geometry of 

functions in applied problems. With the support of mathematical software, students learn to identify 
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causal relationships of mathematical functions, understand the logic behind them, and then solve 

optimization problems. 

• Teaching Stage III introduces visual mathematical models: the instructor demonstrated visual 

modeling skills for solving the “Integration by Parts” and “Integration by Substitution” problems. 

Students worked in teams to create their own visual models as support tools for solving calculus 

problems. 

 

Table 1.  Learning characteristics of the three teaching stages 

 Teaching Stage I Teaching Stage II Teaching Stage III 

Syllabus Units Differential calculus Applications of the derivative 

and optimization topics 

Antiderivative and integral 

calculus 

Learning (internal 

reflection and 

comprehension) 

Awareness, 

Memorizing, 

Understanding 

Causality, 

Coherence, 

Meaning-making 

Effortful practice, 

Insights, 

Lived experience 

Teaching Approaches Introduce calculus from 

scratch through textbook 

instruction 

Use mathematical software to 

solve optimization problems 

Use visual models to facilitate 

understanding of complex 

integral calculations 

Learning Objective Able to describe the concept 

of calculus and solve simple 

problems independently 

Able to use mathematical 

software to analyze structured 

problems and be aware of the 

causality  

Able to design visual models 

and use life examples to deepen 

the impression 

Learning Activities Complete personal 

homework and simple 

quizzes 

Use math software to draw math 

functions and explain the 

geometric meaning of problems 

Team up with classmates to 

develop visual calculus models 

to solve unstructured problems 

Teaching Purposes Learn knowledge Enhance learning 

comprehension 

Increase interest in learning 

4.4. Research Method 

This research used a combination of quantitative and qualitative research methods. During the 

teaching process, this study collected quantitative data through three questionnaires to understand students’ 

feedback after going through each teaching stage, and two exams to analyze students’ academic 

performance after Teaching Stage I and III. 

Four types of qualitative data were also collected in this study. The methods and purposes of data 

collection are described below. 

(1) Informal interviews were conducted with selected volunteer students at the beginning of the course to 

understand student expectations for the calculus course. 

(2) All students’ feedback after Teaching Stage II revealed their psychological feelings about using visual 

math software to learn calculus; The method of data collection is through the feedback mechanism of 

the online learning platform. Taking a voluntary approach, students share their learning experiences 

spontaneously. 

(3) Online learning feedback from all students was collected after Teaching Stage III to reflect individuals’ 

learning experience in participating in the teamwork project. The data gathering method for this 
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information is also voluntary. The researcher only described the direction of this learning feedback, 

allowing students to freely share their creative experiences. 

 
(4) The teaching effectiveness evaluation at the end of the semester was completed by the students to 

record their learning experiences after participating in the three teaching stages. This information is an 

open-ended question for the assessment of teaching effectiveness, which is implemented by schools to 

collect teaching suggestions from students. 

4.5. Research Procedure 

4.5.1. Teaching Stage I: Traditional Textbook Instruction 

At the beginning of the calculus course, the researcher conducted an informal interview to 

understand students’ expectations for the calculus course. Most students have the impression that calculus 

is difficult to understand and belongs to mathematical theoretical knowledge, so their learning interest and 

learning motivation are very low. This was the primary reason which drove this study, which is to improve 

students' interest in learning. 

Table 2 clearly shows that in Teaching Stage I, the teacher taught using traditional textbook lectures 

in class. Most of the students’ class notes only consisted of copying and memorizing the basic theories of 

calculus differentiation taught in class, as shown in Figure 2. In addition, students’ learning notes showed 

that students only memorized calculus formulas and did not increase comprehension or learning interest. 

Therefore, the research motivation for this study to propose innovative teaching techniques was reinforced. 

 
Table 2.  Implementation of Teaching Stage I 

Teaching and Learning Activities in Teaching Stage I (per Class Hour) 

Environment Activities and Tasks Time 

In class 

(Instruction) 

The teacher lectures in class. 30–40 min 

Students take notes in class. 5–10 min 

Q&A is conducted in class. Flexible 

Out of class 

(After class) 

Students do homework or take online quizzes. 2 hours 

Students share learning feedback online. 10 min 

Data Gathering Methods (for Teaching Stage I) 

Before Teaching Stage I • Informal interviews (only for selected volunteer students) 

After Teaching Stage I 
• Questionnaire (for all students) 

• Midterm exam (for all students) 
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 An example of student notes in Teaching Stage I 

4.5.2. Teaching Stage II: Introducing Interactive Mathematical Software 

Table 3 shows that Teaching Stage II used mathematical software to explain the “Applications of 

the derivative and optimization topics” units. The teacher guided students to input the mathematical 

formulas into visual mathematical software and analyze the graph of optimization problems. Students were 

able to understand the maximum and minimum values of a function. For example, Figure 3 shows an 

example of students’ works in Teaching Stage II. This assignment was to analyze the variation in indoor 

formaldehyde levels and interpret the trend of concentrations over time. Students were asked to plot the 

function graph of the formaldehyde levels in indoor air to determine the trends of increasing/decreasing 

over time intervals. Through geometric analysis, students can use mathematical software to deepen their 

understanding of calculus problems and enhance their learning understanding. 
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Table 3.  Implementation of Teaching Stage II  

Teaching and Learning Activities in Teaching Stage II (per Class Hour) 

Environment Activities and Tasks Time 

In class 

(Introducing 

mathematical 

software) 

The teacher lectures in class. 20–30 min 

Q&A is conducted about the learning content. Flexible 

The teacher demonstrates how to use mathematical software to deal with 

optimization problems and provides instruction on the activity. 

5–10 min 

Students participate in the learning-by-doing activity and use mathematical 

software in the classroom to deal with well-defined optimization problems. 

15–20 min 

Out of class 

(After class) 

The teacher offers lecture videos for online self-learning. 15–20 min 

Students share learning feedback on the online platform. Flexible 

Data Gathering Methods (for Teaching Stage II) 

After Teaching 

Stage II 

• Questionnaire (for all students) 

• Students’ handwritten feedback (for all students) 

 
 
 

 
 An example of a homework assignment is a student using mathematical software to solve an optimization 

problem predicting the amount of formaldehyde in indoor air. 
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4.5.3. Teaching Stage III: Developing Visual Problem-Solving Models 

The implementation of Teaching Stage III shows in Table 4. The teacher introduced visual problem-

solving models in the classroom to assist in teaching the “Integration by Parts” and “Integration by 

Substitution” units. After that, students were guided to solve calculus problems by using those visual 

mathematical models. The purpose of students working in groups to create graphical models was to allow 

them to (1) visualize mathematical concepts to enhance their understanding of the subject and (2) work 

together through group collaboration to enhance learning enjoyment. 

 

Table 4.  Implementation of Teaching Stage III 

Teaching and Learning Activities in Teaching Stage III (per Class Hour) 

Environment Activities and Tasks Time 

In class 

(Use of visual 

mathematical 

models) 

The teacher summarizes the learning content and objectives. 20–30 min 

Q&A is conducted about the learning content. Flexible 

The teacher demonstrates how to use visual mathematical models to support 

mathematical concepts and theoretical derivation. 

10–15 min 

Students team up to develop their own visual mathematical models. 15–25 min 

Out of class 

(After class) 

The teacher offers lecture videos for online self-learning. 15–20 min 

Students share learning feedback on the online platform. Flexible 

Students actively search for additional learning resource(s). Flexible 

Students brainstorm and engage in discussion with one another. Flexible 

Students report their inspiring visual mathematical models. Flexible 

Data Gathering Methods (for Teaching Stage III) 

After teamwork 

project 
• Students’ online feedback (for all students) 

After Teaching Stage 

III 

• Questionnaire (for all students) 

• Students’ comments on the teaching effectiveness evaluation report 

• Final exam (for all students) 

 

Taking the works of two groups of students as an example, as shown in Figure 4, students used 

“Integration by Parts” as the topic of the assignment and proposed a visual problem-solving model to 

explain the rules of integration. Students’ learning outcomes and design concepts can be shown through 

these two examples:  

• Project 1: Students transformed the problem-solving steps of the “Integration by Parts” unit into a 

visual model as shown in Figure 4(a), in which the relationship between the four units (u, dv, v, 

du) was drawn as four colors in a color wheel. This student work showed that students were able 

to integrate the sequence of problem-solving into a meaningful graphical model. After that, 

students used their visual mathematical models to solve actual problems and demonstrated their 

solution process in Figure 4(b).  
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(a) (b) 

 An example of students’ creative work in Teaching Stage III: (a) a visual mathematical model to assist in 
solving “Integration by Parts” problems and (b) the problem-solving process 

 
• Project 2: For the “Volumes of Solids of Revolution” unit, an example of the visual mathematical 

models developed by students is shown in Figure 5(a). In the visual model, students designed an 

umbrella to represent a two-dimensional flat triangular area, and also a girl’s skirt to represent the 

corresponding three-dimensional cone volume. Students also narratively described the concept, 

fully demonstrating that they understood the core concept of rotational volume: by rotating the 

area of a function-enclosed area around a line. Students remembered the meaning of concepts to 

solve a calculus problem as the description in Figure 5(b).  

 

  
(a) (b) 

 An example of students’ creative work in Teaching Stage III: (a) a visual mathematical model to explain 

the volume formula of rotating solids and (b) the problem-solving process 

 

From the photos of the students working in teams on the project with classmates shown in Figure 6, 

together with the feedback from student groups, we found that students’ calculus learning enjoyment was 

significantly improved by group interaction during the project. 
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 Photographs of students’ group discussing after class 

5. Results 

5.1. Questionnaire Survey 

This study implemented a three-stage teaching method step-by-step within a semester. At the end of 

each teaching stage, a questionnaire was conducted to collect student feedback. The purpose of these three 

questionnaire surveys is to compare the differences in students’ learning experiences at different teaching 

stages, especially in terms of learning comprehension, learning interest, and learning motivation. Table 5 

shows the items of the three questionnaires. The researcher used a five-point Likert-type response format 

(1 for least impact and 5 for greatest impact), where each student could choose to agree or disagree. 

Questionnaire A conducted after Teaching Stage I was designed to measure the effectiveness of textbook 

teaching. Questionnaire B focused on Teaching Stage II and assessed the impact of the use of mathematical 

software on the learning of calculus. Questionnaire C, conducted after Teaching Stage III, collected the 

learning experiences of the visual problem-solving models. 

 

Table 5.  Contents of three questionnaires 

Questionnaire A (be conducted after Teaching Stage I):  

 1. How well do you think you understand the lessons taught in traditional textbooks?  

2. How much do you enjoy traditional textbook teaching?  

3. How motivated are you to learn in the traditional textbook teaching?  

Questionnaire B (be conducted after Teaching Stage II):  

 1. Does using mathematical software to plot math functions in class improve your learning comprehension?  

2. Does using mathematical software to plot math functions in class make your learning more enjoyable?  

3. Does using mathematical software to plot math functions in class motivate you to learn?  

Questionnaire C (be conducted after Teaching Stage III):  

 1. Has the use of visual problem-solving models in class enhanced your learning comprehension?  

2. Has the use of visual problem-solving models in class increased your enjoyment of learning?  

3. Has the use of visual problem-solving models in class enhanced your motivation to learn?  
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Analysis of the three questionnaire results in Table 6 can lead to the following findings:  

• In terms of impact on students' learning understanding, the mode of the first teaching stage was 3 

(42%), the second teaching stage was 3 (42%), and the third teaching stage was 3 (44%). From 

the number of students with the highest impact of 5 points, the first and second stages of teaching 

are both 12% of students, and the third stage of teaching has increased to 22% of students. The 

above findings demonstrate that students' learning comprehension is significantly improved 

through the implementation of the visual modeling projects. 

• In terms of the impact on students' learning enjoyment, the average value decreased from 3.23 in 

the first teaching stage to 2.81 in the second stage, and then increased to 3.32 in the third teaching 

stage. From the perspective of the proportion of students with a point of 5 in the questionnaire, 

from 7% of students in Teaching Stage I to 5% of students in Teaching Stage II, and then to 19% 

of students in Teaching Stage III. It can be observed that although the effect of Teaching Stage II 

on the students' interest in learning is not high, after entering the third stage of teaching, students' 

learning interest increases with the use of calculus visual teaching materials.  

• In terms of the impact on students' learning motivation, the mean value of Teaching Stage I was 

3.21, Teaching Stage II was 2.69, and Teaching Stage III was 3.39. From the perspective of the 

proportion of students who believe that it has the highest degree of influence on learning 

motivation, 5% of the students agreed with the first teaching stage, 3% of the students agreed with 

the second teaching stage, and 18% of the students agreed with the third teaching stage. Based on 

the above findings, the distribution trend of the influence of this study on students' learning 

motivation is consistent with the distribution trend of learning interest. 

 

Table 6.  Results of three questionnaires 

(A) Item 1 2 3 4 5 Mode Mean Variance Std. Deviation 

 

1. 0% 5% 42% 42% 12% 3 3.64 0.5829 0.7635 

2. 0% 12% 60% 21% 7% 3 3.23 0.5571 0.7464 

3. 2% 12% 56% 26% 5% 3 3.21 0.5229 0.7231 

           

(B) Item 1 2 3 4 5 Mode Mean Variance Std. Deviation 

 

1. 5% 19% 42% 23% 12% 3 3.16 0.8350 0.9138 

2. 5% 33% 42% 16% 5% 3 2.81 0.6981 0.8355 

3. 7% 33% 44% 14% 3% 3 2.69 0.5997 0.7744 

           

(C) Item 1 2 3 4 5 Mode Mean Variance Std. Deviation 

 

1. 0% 16% 44% 19% 22% 3 3.5 1.0125 1.0062 

2. 6% 19% 41% 19% 19% 3 3.32 0.9972 0.9986 

3. 0% 22% 31% 28% 18% 3 3.39 1.0430 1.0213 
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Observing the above three results shows that the number of students who agreed that the pedagogy 

had the greatest impact was increasing during the implementation of this three-stage teaching method. It 

also shows that the visual teaching method in Teaching Stage III is more effective than the traditional 

method in Teaching Stage I. However, using math software to visualize calculus functions in Teaching 

Stage II did not bring the expected results. It may be that students are not familiar enough with the operation 

of mathematical software to feel its advantages. Although the questionnaire results in the second teaching 

stage were poor, the students' learning comprehension, learning interest, and learning motivation was 

improved after fully experiencing the three teaching stages of this study. 

5.2. Student Feedback and Perspectives 

This study uses the feedback mechanism of an online learning platform to collect students' learning 

experiences as qualitative data. Thanks to the voluntary method of collecting students’ learning 

experiences, the teacher collected about 80% of students' learning experiences after the second and third 

stages of teaching. Figure 7 shows three examples of students’ feedback after they experienced the use of 

mathematical software to visualize geometric curves of mathematical functions in Teaching Stage II. Most 

students believe that the use of mathematical software enables them to visualize the characteristics of 

mathematical functions, increase their understanding of calculus problems, and help them learn calculus 

knowledge. That is, the use of visual math software provides students with the opportunity to observe the 

solution processes, in line with the observer characteristics of Gen-Z students. 

 

The first few assignments involved using an online mathematical drawing tool to solve mathematical 

problems. Although it took some time to figure it out the first time, I found that seeing functions presented 

visually was memorable. Moreover, when calculating the linear function, I could also look at the image to see if it 

was correct, which was reassuring because I do not like the feeling of being unsure of whether an answer is 

correct, so I could immediately get confirmation and make corrections. If it takes a long time to get an answer, I 

may no longer want to look at where I went wrong. I think that drawing tools helped my learning and 

encouraged me to seek confirmation.  

(a) 

I think that graphing mathematical functions 

were of great benefit to me. If I only see the equation, it 

is difficult for me to understand the meaning of the 

tangent line. With the help of the visualization tools, I 

not only understood the problem better but also helped 

check whether my answer was wrong. Plotting 

functions is also very useful for finding extremes. You 

can see them at a glance! 

The calculus course for half a semester gave me 

the biggest impression of the use of function drawing 

tools because they can visualize abstract equations, 

not just imagine them. This is helpful for people like 

me who are not talented in mathematics. When using 

math software, you can see the complete shape of the 

equation with a simple input, which is really cool. 

(b) (c) 

 Three examples of students’ feedback on the use of mathematical software in Teaching Stage II 
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In Teaching Stage III, the teacher introduced visual mathematical models for calculus teaching. 

Students worked in teams with classmates after class to create their own visual models to solve calculus 

problems. Two examples of students’ online feedback are shown in Figure 8. The students created visual 

mathematical models to help them understand the meaning of the solution process, which aided them in 

solving calculus problems. Most of the students in the class agreed that the use of visual mathematical 

models in calculus learning can effectively enhance learning motivation. 

 

(a) 
I think making visual math models is more than just an assignment. It also made me more 

proficient in the “integration by parts” unit. Also, during the process of developing visual models, I 

understood each step of the problem, and problem-solving was easier and faster. Actually, my math is 

not very good, but I got a lot of help and encouragement from creating models. I think if we can learn 

this way in the future, it will be of great help in studying mathematics.  

(b) 
In the questionnaire survey, I gave full marks to learning motivation because I think that when 

discussing models, I am very focused on thinking about the principles of those formulas. 

 Two examples of students’ online feedback on participation in the creative projects in Teaching Stage III 

 
After the three teaching stages are fully implemented, students reported their learning feedback on 

the teaching effectiveness evaluation. Most students expressed high support and affirmation for the 

progressive three-stage teaching method adopted in this study. Figure 9 shows two student feedbacks as 

examples. As shown in Figure 9(a), the student indicated that the implementation of this innovative teaching 

method improved learning comprehension. In Figure 9(b), the student found the innovative teaching 

method of using mathematical software to draw functions and visual mathematical models unexpectedly 

effective. The student found that, unlike traditional lectures, this innovative teaching method was 

interesting, and the student appreciated the learning experience. Most of the students who participated in 

this study were highly supportive that the progressive teaching method can improve their motivation to 

learn calculus.  

 

(a) 
I think that the teacher always taught very well and didn’t just pass over the subject matter so 

that we could better understand the concepts in each problem. I think the teacher’s teaching approach 

was great.  

(b) 
I think the class had many different teaching approaches, which gave me some unexpected results. 

In the past, the math teacher just wrote on the blackboard and the students copied it. Thanks to the 

teacher and teaching assistants in this course, the teaching was really interesting and innovative!!! 

 Two examples of student's satisfaction with the three-stage teaching method were described in the 

teaching effectiveness evaluation 
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5.3. Results of Academic Performance 

To analyze students’ learning performance, the statistics of students’ scores in mid-term and final 

exams are shown in Table 7. Mid-term exams are held after Teaching Stage I and final exams are held after 

Teaching Stage III. The average score on the students' exams increased from 47.1 on the midterm exam to 

66.2 on the final exam. Showing that the use of visual pedagogy can help improve overall academic 

performance.  

The distribution of students’ midterm and final exam scores are shown in Figures 10(a) and 10(b), 

respectively. In terms of the overall grade distribution, students performed better on the final exam than on 

the midterm exam. It can be inferred that through the visual teaching method proposed in this study, 

students' academic performance can be effectively improved. 

 

Table 7.  Statistics of students’ midterm and final exam scores 

 Num. Mean Std. Deviation DF 

Midterm Exam 35 47.1 6.08 28 

Final Exam 35 66.2 7.74 28 

 

  
(a) Midterm Exam (b) Final Exam 

  

 Distribution of student scores for (a) midterm and (b) final exams 

6. Conclusion 

The learning characteristics of Generation-Z students are different from other generations. They are 

pragmatists who like to experience the complete process of knowledge learning. They assess the truth of 

theories in terms of the success of their practical application. Therefore, this study proposes a step-by-step 

three-stage pedagogy to teach calculus courses, in which the basic concepts of calculus are first taught in 

traditional textbook lectures, and then students are guided to solve calculus problems with mathematical 

software, and finally, creative projects are carried out to encourage students to develop their visual 

mathematical models. The purpose of this study is to allow each student to experience the differences in 

the learning motivation of different teaching methods, especially in learning comprehension and learning 

interest.  

According to the “observer” characteristics of Generation-Z students, traditional textbook 

instruction is not suitable for current students to learn calculus effectively and actively. Therefore, this 

study introduces visual mathematical software to solve the difficulties faced by students in calculus 

learning. The results of the study show that students can improve their understanding of calculus theory 
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through the practice of mathematical software. However, the complexity of learning math software to solve 

problems may reduce students' interest in learning and thus reduce their motivation to learn math software. 

Furthermore, the “learning-by-doing” characteristics of Generation-Z students inspired this research 

to initiate a creative project for students to build visual mathematical models and apply calculus knowledge 

to solve problems. Students’ feedback also shows that the creative project improves their problem-solving 

skills and produces new insights into mathematics learning, thereby increasing their interest in learning. 

Finally, the results of this study demonstrate that the proposed progressive three-stage pedagogy is 

suitable for Generation-Z students to learn calculus. Students can clearly distinguish the differences in their 

learning experiences and feedback that the use of different kinds of visual materials in the three teaching 

stages not only improves learning comprehension but also increases their motivation to learn calculus. 
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