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Abstract—Traditional mathematics curriculum faces several issues nowa-

days. The gap between course materials and students’ real-life mathematical 

experiences, the scattering of knowledge in different courses, and the lack of 

mathematics applications to other subjects all hinder the learning of students. 

The emerging trends in data science, machine learning, and artificial intelli-

gence also impel higher education to enrich and refine mathematics education. 

In order to better incubate students for future, the experience of enriching un-

dergraduate mathematics curriculum with computer science courses is intro-

duced in this study. The curriculum is designed and implemented for students 

who major in applied mathematics to better stimulate the learning, participation, 

exercise, and innovation. It provides students with comprehensive theoretical 

and practical knowledge for the challenges and industrial requirements nowa-

days. Evaluations, major findings, and lessons learned from three refined cours-

es are discussed for more insight into the following deployment and refinement 

of the curriculum. 

Keywords—curriculum design, mathematics, computer science 

1 Introduction 

Traditional mathematics curriculum faces several issues nowadays. As stated by 

Coffland and Xie [1], the gap between course materials and students’ real-life mathe-

matical experiences, the scattering of knowledge in different courses, and the lack of 

mathematics applications to other subjects all hinder the learning of students 

[2][3][4]. The emerging trends in data science, machine learning, and artificial intelli-

gence also impel teachers to make corresponding changes in mathematics education 

[5][6]. Several experiments and improvements are thus carried out, including inte-

grated curriculum, multidisciplinary programs [7], collaborative learning [8], blended 

learning [9], and capstone courses [10]. In order to better incubate students for future 

challenges, curriculum refinement and enrichment in mathematics should be per-

formed [11]. 

Based on the aforementioned issues for mathematics education, literature reviews 

and course reviews were performed in the department of applied mathematics in one 

university to get more insight into the possible curriculum improvements [12]. For 
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instance, programming languages taught in the computer programming course are C 

or Java for students in the department of applied mathematics. The course materials 

mainly focus on the syntax of programming languages. The concepts and language 

constructs are usually instructed separately. In that circumstance, students just memo-

rize the programming languages and cannot accumulate computational thinking [13] 

[14] and problem-solving skills [15]. Students usually feel bored in the class and 

forget what they learn after the semester. Moreover, the connection between mathe-

matics and computer programming is weak. Without curriculum refinement and en-

richment, students cannot realize how to use programming languages and apply both 

computational thinking and problem-solving skills to their learning or research in 

mathematics. Besides, in the statistics course, students usually learn the theoretical 

knowledge and take practices in textbooks by topics. However, the scenarios de-

scribed in textbooks are often limited in a certain scope or designed in a simpler form. 

A critical gap exists between theoretical understanding and the actual problem in the 

real world. Furthermore, students have no experience in the leverage of knowledge 

and skills from mathematics, statistics, and computer science, which are essential for 

research and industry nowadays. 

According to the issues identified from previous studies and the course reviews, 

undergraduate mathematics curriculum is refined and enriched with computer science 

courses to achieve the following goals, including (1) The development of the capabil-

ity to realize specific computation or problem solution by programming through com-

putational thinking, (2) The development of the capability to solve real or complex 

problems thoroughly by mathematics, statistics, and computer science knowledge and 

skills [16][17], and (3) The accumulation of cross-domain capabilities, skills, and 

experiences for emerging challenges nowadays [18]. 

The curriculum is designed and implemented for students who major in applied 

mathematics to better stimulate their learning, participation, exercise, and innovation 

based on the knowledge of mathematics, statistics, and computer science. It aims to 

provide students with comprehensive theoretical and practical knowledge for the 

challenges and requirements nowadays [19]. Major courses selected and discussed in 

this study include “Computer Programming” in the freshman year, “Data Processing 

and Analysis” in the junior year, and “Statistical Software for Data Analysis” in the 

junior year. Evaluations, major findings, and lessons learned from the refined courses 

are also discussed in this study for more insight into the future deployment and re-

finement of the curriculum. 

The remainder of this study is organized as follows. Section 2 introduces the de-

sign of the refined curriculum in the department of applied mathematics. Section 3 

describes the evaluations of introduced courses from the perspectives of students. 

Section 4 depicts major findings and lessons learned from the courses. Finally, Sec-

tion 5 presents the conclusion and future works of this study. 
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2 Curriculum design and implementation 

The overview of computer science courses enriched and refined in the department 

of applied mathematics is depicted in Table 1. The courses in freshman year, includ-

ing “Introduction to Computer Science” and “Computer Programming,” are compul-

sory courses for students to acquire fundamental knowledge and skills in computer 

science. “Introduction to Computer Science” is the first course of computer science 

concentration in the department of applied mathematics. The goal of “Introduction to 

Computer Science” is to give the global view and understanding of fundamental com-

puter science topics, including hardware, software, operating system, programing 

languages, network, web development, and data analytics. “Computer Programming” 

is the first programming course for students to learn and gain fundamental capabilities 

in computational thinking, problem-solving, and coding. 

Table 1.  Overview of computer science courses in the department of applied mathematics 

Year Course Credit 

Freshman Year 
Introduction to Computer Science 3 

Computer Programming 3 

Sophomore Year 
Internet Practice 3 

Object-Oriented Programming 3 

Junior/Senior Year 

Data Structure 3 

Introduction to Mathematical Software 3 

Data Processing and Analysis 3 

Statistical Software for Data Analysis 3 

Capstone Course (I/II) 2 

 

The courses in the sophomore year, including “Internet Practice” and “Object-

Oriented Programming,” are elective courses for students to learn front-end develop-

ment and advanced programming knowledge and skills. “Internet Practice” provides 

students with modern web design and implementation skills (e.g., HTML, CSS, Ja-

vaScript, jQuery, and so on). The topic of data visualization for high-quality presenta-

tion of quantitative information will be emphasized during the course [20]. Students 

can integrate what they learn in statistics and “Internet Practice” to present and visual-

ize data on websites. Based on the knowledge and skills learned from “Computer 

Programming,” students can enroll for “Object-Oriented Programming” to learn ad-

vanced programming skills and gain valuable experience in the design and implemen-

tation of complex applications. The accumulated knowledge and programming skills 

are useful for the learning of advanced courses such as “Data Processing and Analy-

sis” and “Statistical Software for Data Analysis.” Finally, the courses in junior year 

and senior year, including “Data Structure,” “Introduction to Mathematical Software,” 

“Data Processing and Analysis,” “Statistical Software for Data Analysis,” and “Cap-

stone Course,” are elective courses for students to gain the knowledge, skills, and 

experience from mathematics, statistics, and computer science for real-world prob-

lems and complex applications. “Data Structure” provides students with advanced 
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knowledge about the design of data structure, associated manipulations, and algo-

rithms based on the knowledge learned from “Computer Programming” and “Object-

Oriented Programming.” Topics such as tree structure and graph structure are dis-

cussed from the perspectives of “Data Structure” in computer science and “Graph 

Theory” in mathematics. Thus, students can get more insight into mathematical theo-

ries and corresponding real-world applications. “Introduction to Mathematical Soft-

ware” introduces useful software tools and programming languages for students in 

their advanced learning and research tasks, including LaTeX, Mathematica, Matlab, 

Octave, Anaconda, SageMath, and so on. Both “Data Processing and Analysis” and 

“Statistical Software for Data Analysis” provide students with the knowledge, skills, 

and hands-on experience in each step of data processing and analysis process from the 

perspectives of mathematics, statistics, and computer science. Python, R program-

ming language, and associated data science packages will be introduced for students. 

Finally, in the “Capstone Course,” students are encouraged to integrate what they 

learn in the past and conduct researches based on their interests [10]. The research 

topics include but not limit to financial mathematics, graph theory, statistics, data 

mining, mathematics education, and so on. 

In the following subsections, education goals, syllabuses, and the corresponding 

course designs of “Computer Programming,” “Data Processing and Analysis,” and 

“Statistical Software for Data Analysis” are described. 

2.1 The Design of the Computer Programming Course 

The education goal of “Computer Programming” course helps students to develop 

the capabilities of computational thinking and problem solving with specific pro-

gramming languages. Table 2 describes the syllabus of “Computer Programming” 

course designed and implemented in the department. The design of the “Computer 

Programming” course is divided into two major sections, including the introduction of 

Alice and the introduction of Python programming language. 

Table 2.  Syllabus of Computer Programming 

Topic Description 

Alice Introduction Introduction to Alice 

Object, Methods, and Properties Using variables and objects 

Flow Control Using if statements and loops 

Event Control Managing keyboard and mouse events 

Game Design Game design and implementation 

Python Introduction Introduction to Python 

Variables and Data Types Using variables and fundamental data types 

Flow Control Using if statements and loops 

Data Structures Using lists and dictionaries 

Input and Output Manipulating file and network I/O 

Function Functions design and implementation 

Exception Handling Exception handling and testing 
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Alice, developed by Carnegie Mellon University, is an educational software for 

teaching computer programming in a 3D environment [21]. Through the 3D environ-

ment and the interactive interface provided by Alice, students can learn and practice 

the concept of programming while creating their animations, stories, or games. Any 

implementation or changes to Alice programs can be executed and examined through 

the 3D environment instantly. Thus, students can practice and realize major pro-

gramming concepts, including objects, methods, properties, flow control, and event 

control, visually and efficiently. During the learning of Alice, students are expected to 

do their assignments and group projects with particular programming concepts (e.g., 

operators and flow control) and export their works as videos and share it over the 

Internet.  

In the second section of the “Computer Programming” course, Python will be in-

troduced for students. In addition to general application development, Python is high-

ly used in numerical computation, signal processing, statistics, symbolic mathematics, 

and algebra. Python also has lots of useful packages in data science, including ma-

chine learning, text mining, image processing, and so on, which are tightly related to 

the knowledge and application of mathematics. Therefore, Python is more suitable for 

students in the department of applied mathematics rather than programming lan-

guages like C and Java [22]. The materials of Python include variables, data types, 

flow control, data structures, input and output, functions, and exception handling. 

Students can acquire fundamental programming knowledge and skills for further 

programming courses and data science courses, such as “Object-Oriented Program-

ming,” “Data Processing and Analysis” and “Statistical Software for Data Analysis.” 

It is expected that the capability of computational thinking, the skills of problem-

solving, and the understanding and practice of programming concepts can be devel-

oped effectively and efficiently in the refined “Computer Programming” course. 

2.2 The design of data processing and analysis course 

The “Data Processing and Analysis” course helps students to learn and experience 

every important step of data processing and analysis tasks by the leverage of 

knowledge and skills in mathematics, statistics, and computer science. Table 3 de-

scribes the syllabus of “Data Processing and Analysis” course designed and imple-

mented in the department of applied mathematics. 

In the beginning of the course, the steps of data processing and analysis, including 

problem definition, data collection, data cleaning, data management, data modeling, 

data analysis, data visualization, and findings presentation, are introduced for students 

to develop a global picture and an overall understanding. Students can get more in-

sight into the roles of mathematics, statistics, and computer science in data processing 

and analysis. Open data [23] and big data will also be introduced for students to un-

derstand real-world trends, challenges, and problems they will encounter nowadays. 

After the preliminary introduction, the course introduces each step of data processing 

and analysis. More specifically, students can learn and experience how to perform 

data processing and analysis through Python and related data science packages based 

on the knowledge and skills accumulated in mathematics, statistics, and computer 
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science courses. Important Python packages, including NumPy, Pandas, SciPy, 

SymPy, and Matplotlib, are also introduced as fundamental tools for students on data 

science and scientific computation [24]. In addition, open data will be used as major 

materials for learning and practice throughout the course. Popular formats of open 

data, including CSV, JSON and XML, and the corresponding manipulations will be 

introduced for students to perform data collection, data cleaning, data management, 

data modeling, data analysis, and data visualization tasks [25]. During the course, 

students are encouraged to do their assignments and group projects based on open 

data and to innovate based on their interests and creativities. 

Table 3.  Syllabus of data processing and analysis 

Topic Description 

Course Introduction Introduction to data processing and analysis 

Process of Data Processing and  
Analysis 

Major steps in data processing and analysis 

Open Data Introduction to open data and formats (CSV, JSON, and XML) 

Python Basis Python review 

Data Collection and Management 
Using NumPy and Pandas packages for data collection and 

management 

Data Modeling, Analysis, and Visuali-
zation 

Using statistics library and Matplotlib package for data analysis 
and visualization 

Network and Graph Using NetworkX package for network and graph modeling 

Text Mining 
Using Beautiful Soup, lxml, NLTK, and jieba packages for text 

mining 

Image Processing Using OpenCV package for image processing and recognition 

Machine Learning 
Using machine learning packages for classification, clustering, 
and regression 

Advanced Topics or Case Studies Selected topics in machine learning in different domains 

 

After students are equipped with solid knowledge and skills of data processing and 

analysis, advanced applications such as network and graph modeling, text mining, and 

image processing will be introduced. Emerging topics and corresponding frameworks 

for machine learning can also be introduced. For instance, students can learn and use 

frameworks like Scikit-Learn, Tensorflow, PyTorch, and Keras for particular machine 

learning problems based on their interests. It is expected that a thorough understand-

ing of data processing and analysis, the cross-domain capability based on mathemat-

ics, statistics, and computer science, and the programming skills for complex data 

processing and analysis tasks can be developed in the refined “Data Processing and 

Analysis” course. 

2.3 The design of statistical software for data analysis course 

The goal of “Statistical Software for Data Analysis” course helps students to learn 

and experience every important step of data processing and analysis using R pro-

gramming language. R programming language provides efficient facilities for data 
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manipulation, calculation, analysis, and visualization [26]. Both R programming lan-

guage and Python are popular tools for data processing and analysis tasks. Therefore, 

it is worthwhile for students in the department of applied mathematics to learn and 

practice those skills for various data processing and analysis requirements. Based on 

previous knowledge of mathematics, statistics, and computer science, students can 

acquire additional capabilities in this course when performing data processing and 

analysis tasks in the future. 

Table 4 depicts the syllabus of the “Statistical Software for Data Analysis” course 

designed and implemented in the department of applied mathematics. Similar to the 

“Data Processing and Analysis” course, the steps of data processing and analysis are 

introduced at the beginning for students to develop the overall understanding. Open 

data will also be introduced and used as course materials for students to learn and 

experience the data collection, cleaning, management, modeling, analysis, and visual-

ization tasks by R programming language. Students are encouraged to do their as-

signments and group projects based on open data and to innovate based on their inter-

ests and creativities. Exploratory data analysis, descriptive statistics, predictive statis-

tics, and selected topics in machine learning, including clustering, classification, and 

regression, are introduced for students. Students can also get more insight into the 

applications of data processing and analysis through case studies on financial mining, 

text mining, and social network mining [27]. It is expected that the thorough under-

standing of data processing and analysis, the cross-domain capability based on math-

ematics, statistics, and computer science, and the skills of R programming for data 

processing and analysis tasks can be developed in the refined “Statistical Software for 

Data Analysis” course. 

Table 4.  Syllabus of statistical software for data analysis 

Topic Description 

R Introduction Introduction to R programming language 

Process of Data Processing and Analysis Major steps in data processing and analysis 

R Basis Variables, vectors, and fundamental operations 

Data Structures Using matrix, array, list, and data frame 

Open Data Introduction to open data and formats (CSV, JSON, and XML) 

Data Collection and Management Data management and manipulation in R 

Flow Control Using if statements, switch, and loops 

Data Visualization Using R for data visualization 

Statistics Using R for descriptive and predictive statistics 

Machine Learning Using R for classification, clustering, and regression 

Advanced Topics or Case Studies Financial and social network mining by R 
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3 Course evaluation 

At the end of every semester in the university, a course questionnaire is provided to 

students to carry out the evaluations from the perspectives of the course and the 

teacher. The evaluation statements are stated as the following. 

1. The course was delivered based on the syllabus (C1) 

2. The course was stimulating and interesting (C2) 

3. The course objectives were achieved (C3) 

4. Course materials were clear, appropriate and helpful (C4) 

5. Assessment methods of the course were appropriate (C5) 

6. The teacher was enthusiastic about teaching (T1) 

7. The teacher presented in a clear and organized manner (T2) 

8. The teacher presented appropriately based on the stated level of the class (T3) 

9. The teacher was helpful when student had difficulties or questions (T4) 

10. The teacher provided useful feedback and guidance (T5) 

The level of agreement to the evaluation statements includes “Strongly Disagree,” 

“Disagree,” “Neutral,” “Agree,” and “Strongly Agree.” Thus, score 1 to score 5 are 

given to the above levels correspondingly. Table 5, Table 6, and Table 7 present the 

evaluation results of “Computer Programming,” “Data Processing and Analysis,” and 

“Statistical Software for Data Analysis” based on refined curricula by the students in 

the department of applied mathematics, respectively.  

Table 5.  Course evaluation for Computer Programming 

Statements 
Level of Agreement 

Strongly Disagree Disagree Neutral Agree Strongly Agree 

C1 0 0 1 5 14 

C2 0 0 1 10 9 

C3 0 0 0 5 15 

C4 0 0 1 5 14 

C5 0 0 1 7 12 

T1 0 0 0 5 15 

T2 0 0 1 7 12 

T3 0 0 1 6 13 

T4 0 0 1 5 14 

T5 0 0 0 6 14 

Average Course Score 4.63 

Average Score of Courses Offered by the Department 4.37 

Average Score of Courses Offered by the College 4.34 

Average Score of Courses Offered by the University 4.34 

 

It was found that all the courses got better scores (4.63, 4.49, and 4.61) than aver-

age scores of courses offered by the department of applied mathematics (4.37, 4.37, 
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and 4.38), the college of science and engineering (4.34, 4.34, and 4.34), and the uni-

versity (4.34, 4.34, and 4.29). It shows that significant improvements are achieved 

through the curriculum refinement and enrichment. From the perspective of course 

materials (C4), the average scores of “Computer Programming,” “Data Processing 

and Analysis,” and “Statistical Software for Data Analysis” are 4.65, 4.46, and 4.74, 

respectively. It is confirmed that the corresponding course materials based on the 

refined curricula are clear, appropriate, and helpful for students in their learning tasks.  

Table 6.  Course evaluation for Data Processing and Analysis 

Statements 
Level of Agreement 

Strongly Disagree Disagree Neutral Agree Strongly Agree 

C1 0 0 1 14 9 

C2 0 0 3 12 9 

C3 0 0 0 12 12 

C4 0 0 1 11 12 

C5 0 0 0 12 12 

T1 0 0 1 6 17 

T2 0 0 0 9 15 

T3 0 0 0 12 12 

T4 0 0 0 9 15 

T5 0 0 1 12 11 

Average Course Score 4.49 

Average Score of Courses Offered by the Department 4.37 

Average Score of Courses Offered by the College 4.34 

Average Score of Courses Offered by the University 4.34 

Table 7.  Course evaluation for Statistical Software for Data Analysis 

Statements 
Level of Agreement 

Strongly Disagree Disagree Neutral Agree Strongly Agree 

C1 0 0 2 4 13 

C2 0 0 2 4 13 

C3 0 0 0 10 9 

C4 0 0 0 5 14 

C5 0 0 1 4 14 

T1 0 0 1 4 14 

T2 0 0 0 7 12 

T3 0 0 1 8 19 

T4 0 0 1 4 14 

T5 0 0 1 7 11 

Average Course Score 4.61 

Average Score of Courses Offered by the Department 4.38 

Average Score of Courses Offered by the College 4.34 

Average Score of Courses Offered by the University 4.29 
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From the perspective of course contents (C2), the average scores of “Computer 

Programming,” “Data Processing and Analysis,” and “Statistical Software for Data 

Analysis” are 4.4, 4.25, and 4.58, respectively. In addition, 95%, 88%, 89% of stu-

dents in three courses agree that the courses were stimulating and interesting. Based 

on the statistics, it is believed that students can be inspired to learn, participate, exer-

cise, and innovate by the refined and enriched curricula efficiently. Finally, from the 

perspective of course objectives (C3), all the students in three courses agree that the 

course objectives were achieved. Thus, according to course evaluations, the deploy-

ment of computer science courses based on the refined and enriched curricula brings 

lots of benefits and positive impacts on the students in the department of applied 

mathematics. 

4 Major findings 

In this section, major findings and lessons learned from the course implementations 

based on the refined and enriched curriculum are introduced. Several findings and 

experiences during the courses, including “The Use of Educational Software for Pro-

gramming,” “The Connection between Course Content and Real Life,” and “Interdis-

ciplinary Learning,” are introduced and discussed. These findings, experiences, and 

lessons learned provide more insight into further deployment and refinement of the 

curriculum. 

4.1 The use of education software for programming 

One of the recommendations for current mathematics education is “targeting com-

putational thinking and coding [28].” However, previous programming courses in the 

department of applied mathematics mainly focused on the syntax of programming 

languages. The concepts and language constructs are usually instructed separately. In 

that circumstance, students just memorized the programming languages and cannot 

accumulate computational thinking and problem-solving skills. Tough and boring 

course materials could make students lose interest and give up too early [29]. What is 

even worse is that many students hesitate to study the following computer science 

courses.  

Therefore, when designing the “Computer Programming” course, Alice is used in 

the first section of the course. For students in the department of applied mathematics 

(or other non-computer science departments), Alice (or other educational software for 

programming such as Scratch and MIT App Inventor) could be a better choice to 

inspire the interests of students and teach programming concepts than programming 

languages like C and Java [30] [31]. Through the 3D environment and the interactive 

interface provided by Alice, students can learn and practice different programming 

concepts while creating their animations, stories, and games. Based on the visual 

presentation of program execution, students can get insight into the effects of pro-

gramming concepts and language constructs (e.g., if statements and loops) effectively 

and efficiently. In addition, students show more interests and perform more proactive-
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ly by using Alice for learning [32]. Innovation and creativity can also be incubated 

during the class, assignments, and group projects in the course. 

Figure 1 depicts the racing game and the puzzle game designed and implemented 

by Alice in the midterm project of the “Computer Programming” course. In the racing 

game, the player can use keyboard to control the vehicle to pass checkpoints and 

avoid to hit obstacles. A countdown mechanism and a scoring system are implement-

ed through the corresponding programming concepts and language constructs. In the 

puzzle game, the player can use keyboard to control the rabbit to explore the whole 

area and use mouse to interact with objects in the game (e.g., open a refrigerator) to 

find all the hidden carrots. 

   

Fig. 1. Games designed and implemented by Alice 

By reviewing assignments and group projects by students, it is confirmed that im-

portant programming concepts, including objects, methods, variables, loops, flow 

control, and event controls, are exercised and learned effectively and efficiently. In 

addition, students show great enthusiasm for developing their own animations, stories, 

and games. Based on accumulated programming concepts and development experi-

ence through Alice, students have better performance when learning other program-

ming languages (e.g., Python and Java) and are not afraid of coding for particular 

tasks in the future [33]. Therefore, for students in the department of applied mathe-

matics (or other non-CS major students), educational software for programming is a 

better choice to stimulate and inspire the learning, participation, and exercise in the 

beginning [34]. This also facilitates the development of the capability to realize spe-

cific computation or problem solution by programming through computational  

thinking. 

4.2 The Connection between Course Content and Real Life 

One of the issues about traditional mathematics curricula is the gap between course 

materials and students’ “real-life” mathematical experiences [1][4]. For instance, 

based on course reviews, students enrolled in the statistics course usually learned the 

theoretical knowledge and did limited or simplified practices in textbooks by topics 

separately. A critical gap exists between theoretical understanding and actual problem 

in real life. Students have no experience in the leverage of knowledge and skills 
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learned from mathematics, statistics, and computer science, which are essential for 

research and industry today. 

Therefore, both in “Data Processing and Analysis” and “Statistical Software for 

Data Analysis” courses, open data is used as materials for learning and practice [35] 

in addition to limited or simplified examples in textbooks. Through the introduction 

of open data in the courses, students can find and use interesting open data for further 

analysis, application development, and even innovation. Based on statistical theories 

and programming skills, students can learn and practice how to explore, collect, clean, 

manage, model, analyze, and visualize actual data from open data portal. The analysis 

results usually reveal interesting findings which are beneficial to the general public 

and the society. Thus, students can not only realize the data processing and analysis 

methods but also get more insight into the applications of statistical theories and pro-

gramming skills in the real world.  

Figure 2 present the assignments implemented by Python and R based on govern-

ment open data. The first one is to process, analyze, and visualize the dengue fever 

cases reported in major cities in Taiwan by Python, NumPy, Pandas, and Folium in 

“Data Processing and Analysis” course. In the implementation, users can select a 

period of time and observe the associated dengue fever cases through the map service. 

The information of descriptive and predictive analytics of dengue fever cases is also 

provided. The second one is to collect, process, analyze, and present travel infor-

mation in Tainan city in Taiwan by R, ggplot2, ggmap, and googleVis in “Statistical 

Software for Data Analysis” course. Students collect and integrate several travel-

related open data from government open data portal, including accommodation, at-

tractions, and Wi-Fi hotspots, and develop a travel application for travelers. As shown 

in Figure 2, the location of Wi-Fi hotspots in Tainan city is presented for travelers.  

Travelers can use the application to plan, navigate, and acquire corresponding travel 

resources efficiently. 

    

Fig. 2. Data visualization by Python and R 

Through the connection between course content and real-life application based on 

open data, students can realize the global picture of data processing and analysis, and 

practice major steps in data processing and analysis comprehensively rather than 

limited or simplified examples in textbooks. In addition, complexities and problems 

during the processing and analysis tasks, including data cleaning, data munging, en-
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coding problems, and so on, can help students to develop solid knowledge and skills 

which are useful for future research and career. It is discovered that students show 

great enthusiasm for learning and practice due to the use of open data. Students will 

search and choose open data they are interested in. Innovative applications of data 

processing and analysis can be found in the assignments and group projects during the 

courses. According to these positive results, the connection between course content 

and real-life is successfully established for students. This achieves the development of 

the capability to solve real or complex problems thoroughly by mathematics, statis-

tics, and computer science knowledge and skills. In the future, more connections can 

be further identified, designed, and deployed to all the mathematics, statistics, and 

computer science courses for students. 

4.3 Interdisciplinary Learning 

Another issue about traditional mathematics curricula is the lack of “the connection 

between mathematics to other subjects as an interdisciplinary approach [3][36].” In 

traditional mathematics courses, students usually learn an abundance of mathematical 

theories and calculations. However, the applications of those theories in different 

domains are less mentioned. For instance, the graph theory can be used to build rec-

ommendation engines in e-commerce or social networks [37]. In addition, the 

knowledge of matrix and associated manipulations can be applied to image presenta-

tion and processing. In order to facilitate the learning, practice, and knowledge accu-

mulation in an interdisciplinary approach, lots of assignments and group projects 

based on mathematics, statistics, and computer science are designed. Students are 

encouraged to integrate what they learn in different courses and to innovate based on 

their interests and creativities.  

Figure 3 presents the projects built by students during the “Data Processing and 

Analysis” course. In the first project, students integrated what they learned in front-

end development, computer programming, data processing and analysis, statistics, and 

data visualization methods to build a responsive web page for their travel in Japan. 

The web page presents the route, the photos, the expense statistics, and the activities 

in timeline of their travel. The project also got an award in the competition held by 

college of science and engineering in the university. Based on the feedback from one 

student, she said it was a wonderful experience to integrate what she learned in the 

past and develop a great website from scratch. Through the course and the project, she 

had more confidence and was not afraid of computer-related tasks in the future. In the 

second project, a student who also enrolled in “Graph Theory” course tried to model 

and implement a graph coloring algorithm to present the coloring result. Although the 

student encountered many difficulties, he solved those problems and completed the 

implementation by searching, learning, and trying numerous online resources and 

code examples. Based on the feedback from those students, they gained interdiscipli-

nary knowledge, hands-on experience, and problem-solving skills through the projects 

or assignments. They also got great pleasure and confidence when they completed the 

tasks. The interdisciplinary learning achieved by the refined and enriched curriculum 

makes students learn, practice, and accumulate various knowledge and skills in differ-
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ent disciplines efficiently [38] [39]. Besides, confidence, innovation, and creativities 

of students can be incubated during the learning activities. 

   

Fig. 3. Projects based on interdisciplinary knowledge and skills 

5 Conclusion 

Many universities begin to propose several innovations and refinements in educa-

tion, including teaching improvement, integrated curriculum, multidisciplinary pro-

grams, and capstone courses to better incubate students for future. In this study, the 

experience of enriching undergraduate mathematics curriculum with computer sci-

ence courses is introduced. Based on the original focus on mathematical and computa-

tion theories, the employment of computer science courses provides students with 

comprehensive theoretical and practical knowledge for the challenges and industrial 

requirements nowadays. It is anticipated that students can (1) realize specific compu-

tation or problem solution by programming through computational thinking, (2) solve 

real or complex problems thoroughly by mathematics, statistics, and computer science 

knowledge and skills, and (3) accumulate cross-domain capabilities, skills, and expe-

riences for emerging challenges. The design and implementation of three computer 

science courses, including “Computer Programming,” “Data Processing and Analy-

sis,” and “Statistical Software for Data Analysis,” are introduced. Based on the course 

evaluations from students’ perspectives, the deployment of computer science courses 

and the refined and enriched curriculum bring lots of benefits and positive impacts on 

the students in the department of applied mathematics. Major findings, course experi-

ences, and lesson learned from the course implementation, including “the use of edu-

cational software,” “the connection between course content and real life,” and “inter-

disciplinary learning,” are found to be highly beneficial to the learning activities. 

Computational thinking, interdisciplinary knowledge, problem-solving skills, confi-

dence, and creativities of students can be incubated during the courses effectively and 

efficiently. According to current implementation results, future works include further 

evaluation and curriculum refinement. More information about the design and imple-

mentation of computer science courses can be accumulated and analyzed as time goes 

on. In addition to the questionnaire designed by the university, several IT systems can 

be built and leveraged to collect and analyze the learning status of students. Thus, 

more qualitative and quantitative analysis can be performed to further evaluate and 
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refine the curriculum in the future. Finally, the feasibility of deploying computer 

science courses to the undergraduate program in other disciplines can also be ex-

plored. Through the findings and lessons learnt, a more improved curriculum can be 

developed to incubate students for a better future. 
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