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Development of Data Science Course and Analysis of Computational
Thinking Effect for non-Major Students
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ABSTRACT

Data science is a scientific methodology that understands actual phenomena through data and solves problems by discovering
meaningful information and knowledge. The problem solving process of data science, which collects and analyzes data and
derives results with algorithm, requires clear computational thinking and is a discipline that can be used practically by being
fused to various major fields. In this paper, in order to improve learner’s computing thinking ability and sense of efficacy,
data science liberal arts course for non-majors were developed according to the ADDIE model. The data science prob-
lem-solving process was designed according to the corresponding computational thinking elements and education were con-
ducted to improve the corresponding competency. The education effects were analyzed through pre- and post-tests. As a
result, using the proposed CT evaluation tool of 5 point Likert scale, the learner’s computing thinking ability was improved
from 3.12 to 3.97 points on average, and the sense of efficacy and interest in SW improved from 3.78 to 4.22 points(p<0.05).
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Figure 1. Data Science Venn Diagram
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Figure 2. Example of Data Science Processes by
(@) Microsoft (b) IBM
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Figure 5. Design of Data Science Process and
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In-Class Problem: Enter the name of a subway
station from the user and print out a list of bus
numbers available around the station.

* What data do you need to solve the problem?
» How do you get bus and subway station data?
* Which format is the data collected?
* What is the expected and correct output?

User Input

station_name = input("X|5HEH 0|=: ")

ASHE S 0|5 VHAELRZ

Expected Output

['16', '35', 'B1-1', '6-3', '91', '92', '9201']

Figure 6. Example of Data Collection Problem
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In-Class Problem: Use the collected restaurant
sales data to determine whether the amount of
tips varies according to gender through data
visualization.

« What visualization chart do you need to plot?

« What does the name of each column represent?

+ Which data do you need to draw, and which
data is irrelevant to this problem?

Collected data

total_bill  tip sex smoker day time size
0 16.99 1.01 Female No Sun Dinner 2
1 10.34 1.66 Male No Sun Dinner 3
2 21.01 3.50 Male No Sun Dinner 3
3 23.68 331 Male No Sun Dinner 2
4 2459 361 Female No Sun Dinner 4

Example Visualization (smoker)
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Table 1. Evaluation items by CT Elements

Category Elements No. Cronbach «
Decomposition 3 0.87
Data Collection 3 0.90
Data Representation 2 0.84

CT .
Capability Data Analysis 3 0.89
Abstraction 3 0.91
Algorithm 3 0.83
Automation 3 0.79
Self Confidence 2 0.86
Efficiency Interest in SW 3 0.82
43 A7 Az

NE Fho] AFAE HAFs7] 98l de] AE A
Aol A kel o] T8 AL AL e A
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A AE A F, SxE T-AA & Ak
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Table 2. Effectiveness of CT capability result
before and after the lecture.

CT Element Type Mean SD t
Data Pre 3.06 0.87 538+
Collection Post 3.92 0.79 )
Data Pre 300 | 101 |
Representation Post 4.18 0.72 '
Data Pre 264 | 098 | .o
Analysis Post 4.34 0.67 .
Pr 3.32 1.08
Decomposition € -2.56™*
Post 3.78 0.99
Abstraction pre 365 0.52 -8.86*
Post 4.25 0.46
Pr 2. .
Algorithm © N B Y
Post 3.61 0.71
Automation pre 3.36 087 -2.37%*
Post 3.70 0.79

< 0.01, **p <0.05
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Table 3. CT self-efficiency result before and
after the lecture.

Self Efficiency Type Mean S.D t

Pre 371 1.08
CT Confidence -3.15*%
Post 4.38 0.75

Pre 3.84 0.47
SW Interests -2.24%*
Post 4.07 0.53

*p< 0.01, **p< 0.05
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