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X (Content)

1. HFRE# L E 49 (Research Motive and Purpose)

The motivation for this teaching and learning research proposal is to
hopefully improve both teacher teaching skills and students’ programming
skills. On the teacher’s side, he/she shall collect new information (here the
new data analytic skills) and organize it into the course material, he/she also
needs to execute the teaching strategy and observe how the students
response. From the students’ side, one would anticipate that they would
become more interested in participating in the class. In particular, with more
interactions with peers, they could feel more belonging and gain more
feedback from each other. That would make their study in college more
interesting and get them more involved. The purpose of this teaching and
learning research proposal is to enhance learning motivation. With more
students having a stronger desire to learn, the course would provide solid

and rigorous training for future data scientists.
2. R P (Research Question)

Currently, we identify that when teaching both programs in a computer lab where
the teacher tries to offer the onsite programming skill training, most students
seem not to be involved in developing the scripts and enjoy it. Rather, for lab
time where students are asked to solve a similar problem, they prefer to use the
developed script and modify it to solve the problems assigned by the teacher.
Under this circumstance, students do solve the problem and give the correct
solution, however, it remains ineffective for students to acquire good
programming skills. Based on that programming is an essential skill for data
analytics in the big data era (Saeli et al. 2011), this proposal aims to use teaching
strategies for improving students’ learning effect.

Below we first provide the current course material (current course materials were
developed and written in HTML format and are uploaded online for direct

access)



Python Programming

The first 9 weeks is designed for teaching the python programming language, the
main text used is Python Programming for the Absolute Beginner, 3rd
Edition(Dawson 2010). Some basic commands like how to use a keyboard, and
install and use the software are introduced. Later, we introduce how to use
python to create games such as tic tac toe, guess my number, word jumble. This
game-oriented teaching has been studied to be effective in developing
computational thinking (Allsop 2019) where computer game designs was also
included.
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The main courses material are divided into three subsections: 1. What' s new, 2.
What s due and 3. Class notes.



R programming (week 10 to week 18)

The follow up 9 weeks (week 10 — week 18) is the R programming where the
main textbook is (Anderson et al. 2017) that various topic such as the discrete
probability distributions (binomial, Poisson) and continuous probability
distributions (uniform, normal, exponential, chi-square, and F).

The hypothesis tests for the population mean confidence interval, comparing
multiple proportions, a test of independence and goodness of fit, simple linear
regression, coefficient of determination, and correlation coefficient are
incorporated by various statistics packages ggplot2 (Wickham 2016) for

graphical Visualization, MASS (Venables and Ripley 2002) for computing the
statistics.
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The main courses material are divided into three subsections: 1. What' s
new, 2. What' s due, and 3. Class notes.




SXEKAE 3T (Literature Review)

Teaching data analytics using computing tools requires tremendous effort in
programming. In the past, the lecturer adopts the conventional teaching methodology
of writing up the script in class simultaneously to show students how the teacher
develops the skill.

However, this teaching method requires more improvement to enhance students’
learning. This proposal aims to teach coding by adopting the pair/group coding
mechanism where students are paired/grouped to deal with the problems and propose
their solutions.

In addition, the classmates in other groups would also investigate the validity of
scripts from other groups and then give their feedback for further discussion and

response.

On the other hand, in the current big data era, there are many established data science
companies that provide many resources and advocate the newest technique in data
analysis. Concerning the contents of the school courses shall also meet the need for
the future career requirement, this proposal aims to develop notes implement and
integrate useful and appropriate online resources developed by the companies into the
current curriculum. In these courses, the lectures are provided mainly for teaching two
popular programming languages: Python (Van Rossum and Drake Jr 1995) and R (R
Core Team 2022). In the first half semester (week 1 to week 9), teaching
programming using the python language is planned, and the python is executed under
the integrated platform Anaconda (“Anaconda Software Distribution” 2020) where
the Spyder (Raybaut 2009) program is used for developing script (see below Figure 1

for a demonstrative example).

We hope that by adopting the novel methods (paired/group coding) and course
material, students would benefit enough to gain sufficient programming training to
meet the prerequisite for their study in the program and improve their programming
skill by learning the latest data science techniques and information. Hopefully, with
rigorous training, students would be competitive in their oversea study and the future

job market.



#HZx M E] (Teaching Planning)
Week Content Evalution Tool for Evaluation
1 Python: Ch1l. Getting Started lab Explain the
quiz/homework  paired/group coding
and feedback system
2 Python: Ch2. Types, Variables, lab group feedback and
and Simple I/O quiz/homework evaluation
3 Python: Ch3. Branching, While lab group feedback and
Loops, and Programming quiz/homework evaluation
Planning
4 Python: Ch4. For Loops, lab group feedback and
Strings, and Tuples quiz/homework evaluation
5 Python: Chb. Lists ad lab group feedback and
Dictionaries quiz/homework evaluation
6 Python: Ché. Functions lab group feedback and
quiz/homework evaluation
7 Python: Modules and Data lab group feedback and
Libraries quiz/homework evaluation
8 Review
9 Midterm: Python midterm
10 R: Part | — Getting Started lab group feedback and
quiz/homework evaluation
11 R: Part Il — Basic Methods— lab group feedback and
Graphs I: bar chart, pie chart  quiz/homework evaluation
12 R: Part Il — Basic Methods— lab group feedback and
Graphs Il: cross table, scatter  quiz/homework evaluation
plot, boxplot
13 R: Part Il — Basic Methods— lab group feedback and
Statistics I: Discrete and quiz/homework evaluation
continuous probability
distributions
14 R: Part Il — Basic Methods— lab group feedback and
Statistics II: Test of population  quiz/homework evaluation

means



Week Content Evalution Tool for Evaluation

15 R: Part lll — Function and lab group feedback and
Intermediate Methods |: Test  quiz/homework evaluation

of Independence

16 R: Part lll — Function and lab group feedback and
Intermediate Methods I quiz/homework evaluation

Simple linear regression
17 Review

18 Final Exam

B R 3T #L34T F % (Research Methodology)

The research participants are freshman students in the Spring semester
international school of technology and management in the business Analytics
program and plan to go to San Jose University USA or other universities abroad
after their two years of study at Feng-Chia University. The research sites are the
computer labs where the teacher conducts the lectures by showing the coding to
students. To collect the novel teaching, we will group/pair students in the first-
week lectures. If necessary we can rotate the group/pairs for the need of being

more compatible with each other or to reach a better working atmosphere.

To examine the effectiveness of the novel teaching methods (pair coding) and
answer your research questions (do pair coding to improve the ability of

programming skill). The following method are described
Pair/triple/group coding:

We adopt the idea from Pair programming which is an agile software
development technique in which two programmers work together at one
workstation. But being more lenient for those in a group that is willing to help
each other, so would allow more flexibility that would help in learning
programming in a group.

While one student mainly writes code, the others students would serve as the
observers or navigators who would review each line of the code as it is typed in.
We are aware that although pair programming could be helpful for attaining high
quality and correctness on complex programming tasks, it would also increase

the development effort (cost) significantly (Hannay et al. 2009). However,



concerning that the benefit of pairing is greatest on tasks that the programmers
do not fully understand before they begin: that is, challenging tasks that call for
creativity and sophistication, and for novices as compared to experts (Lui and
Chan 2006). On simple tasks, which the pair already fully understands, pairing
results in a net drop in productivity (Lui and Chan 2006; Arisholm et al. 2007).
And productivity can also drop when the pairing is used without sufficient
availability of a mentor to coach them (Williams and Kessler 2003). It may
reduce the code development time but also risks reducing the quality of the
program.

Given the above pros and cons, we remain positive and would like to make an
attempt to implement the pair coding strategy in our course. We believe that with
the group feedback (see section 5.2 below), the negative effects would be mainly

remediated.

Group feedback and validation.

Below we list the step-by-step procedure for the next step group feedback.
»  Step 1. Ask one group to provide the script to another group which can
rerun the script and tries to reproduce the same results.

By doing so, the students can, on one hand, investigate the technical sound of
their peers scripts, on the other they can learn from others thoughts of computer
thinking. This would mutually benefit each other.

Step 2. then to give question on which script needs more explanation
»  Step 3. the group shall answer the feedback question and then propose their

solution to those questions.



#HZ AR AR (Teaching and Research Outcomes)

1) #HZBEERR

Figure 1: Students in class with coding lesson

Data Collection and analysis

This is the course for the data analysis, as shown in the above statement the data are
mainly from the statistics textbook (Anderson et al. 2017) where we would like to use
descriptive statistics (graphical visualization and tabular presentation) as well as
inferential statistics (hypothesis testing, a test of the population mean, independent
test, ANOVA, and linear regression).

For each week, as usual, we will introduce the lecture in the first two hours, on the 3rd
hour, is the lab time for students to practice the work. With the newly developed
course material, we hope students can learn the latest knowledge in data analysis. In
addition, after the new courses and novel pair coding teaching are implemented, we
would correct the feedback from the midterm evaluation. We perform the summary
statistics and visualization (boxplots, violin plot, scatter plots, correlation matrix—in

heat map with number)
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Figure 2: Correlation among the variables of interest in this study

We combine all score from 2018, 2019, 2020,2021, 2022 and 2023. And then
perform the linear regression analysis pm the midterm, final, lab attendance
homework correlation matrix displaying the relationships between different variables
related to student performance, including midterm scores, final scores, lab
performance, attendance, homework, and semester grades. The matrix shows Pearson
correlation coefficients, where values close to 1 indicate a strong positive correlation,
and values close to -1 indicate a strong negative correlation.
Key observations include:
o The highest positive correlation is between attendance and lab performance
(0.85).
e Final scores are moderately correlated with midterm scores (0.66) and
attendance (0.77).
o Semester grades have the weakest correlation with most variables, particularly
with midterm scores (0.28) and final scores (0.08), suggesting that semester

grades may be influenced by factors beyond these individual assessments.



Multiple Regression

We use regression to search the potential factors for the
performance of the semester grade.

semester_grade ~ midterm_score + final score + homework + lab

+ attendance

We find that the intercept is significant with an estimate of 62.90, indicating the
baseline semester grade when all predictors are zero.

The Lab (Estimate: 2.30, p <0.001) and homework (Estimate: 1.34, p = 0.00106) are
significant positive predictors of semester grades.

Attendance has a negative and significant effect on semester grades (Estimate: -1.11,
p=10.01533).

Midterm score is marginally significant (Estimate: 0.096, p = 0.05412).

Final score is not a significant predictor (p = 0.10806).

The model explains approximately 28.2% of the variance in semester grades (Multiple
R-squared = 0.2821, Adjusted R-squared = 0.2572). The overall model is significant
with an F-statistic of 11.32 (p <0.001).

This suggests that while the predictors collectively contribute to explaining semester

grades, other unmeasured factors may also play a role.

Testing for 2024 performance

Midterm and Final Scores Mean Differences

The paired t-test was conducted to compare the midterm and final scores for the year
2024. The results indicated a statistically significant difference between the two sets
of scores, with a t-value of -3.8059, degrees of freedom (df) of 20, and a p-value of
0.001107. The mean difference between the midterm and final scores was -10.33, with
a 95% confidence interval ranging from -15.997 to -4.670. These results suggest that

there is a significant decrease from the midterm scores to the final semester grades

after performing the pair coding.
(2) HERHERE

Teaching in this course is exciting for me. Every week, before the class, I review the
content and prepare notes for the lecture. Students arrive on time and work on the
lecture problem set with me. Sometimes we work on the homework together before
moving on to a new topic. It is a really good experience for students to participate in
the pair coding activities. On one hand, students become aware that their peers might
have different understandings; on the other hand, students get opportunities to work




closely together, allowing them to become acquainted easily, learn together, and share
the workload.

I also find that teaching in this way improves the interaction between me and the
students. Sometimes we do team recordings and have the coding process recorded for
students to review, which some find very useful.l
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