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[Abstract]

In this paper, we designed and implemented a graph assessment module that can evaluate graphs in
an programming assessment system based on text and numbers. The assessment method of the graph
assessment module is self-evaluation that outputs two graphs generated by codes submitted by learners
and by answers, automatic-evaluation that converts each graph image into an array, and gives feedback
if it is wrong. The data used to generate the graph can be inputted directly or used from external data,
and the method of generatng graph that can be evaluated is MATLAB style in matplotlib, and the
graph shape that can be evaluated is presented in mathematics and curriculum. Through expert review,
it was confirmed that the content elements of the assessment module, the possibility of learning, and
the validity of the learner's needs were met. The graph assessment module developed in this study has
expanded the evaluation area of the programming automatic asssessment system and is expected to help

students learn data visualization.
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I. Introduction
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II. Preliminaries

1. Related works

1-1. Programming automatic assessment system
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Table 1. Comparing programming automatic
assessment system
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Incurring costs when building own server
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1-2. Programming automatic assessment system
configuration and effectiveness
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1-3. Data visualization education using
programming language
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III. The Proposed Scheme

1. Design
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2. Implement
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2.1 Composition
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Oplt.pielx, labels = labels, autopct = "%, f¥%",
Golt.title(' SEZ 217"
7 plt.show()

explode = explode)

Yriting 8000, py

Fig. 1. Example of the code submitted

plot_output.py x

I import matplotlib.pyplot as plt

Z from PIL inport Image

3 plt. figure(figsize = (16,8))

4 plt.subplot{l,2,1)

5labels = ['OHA","HIZ" |, 'S, '&5']
G » = [1500000, 370000, 2200000, 1600000]

T explode = [0,0.3,0,0]

B plt.pielx, labels = labels, autopet =
Splt.title(' ST €7")

10 plt.savefial"subnit.png")

1 labels = ["CHAE", "ME", " "&5"]
12 » = [1500000, 370000, 2200000, 1600000]
13 explode = [0,0.3,0,0]

14 plt.subnlot(l,2,2)

wfun', explode = explode)

15 plt.pielx, labels = labels, autopct = "%.fx%", explode = explode)
16 plt.title("SHZ 217")
17 plt.showi]

Fig. 2. Example of the code converted
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Table 2. Variables and functions included in the
evaluation module
folder function P——
file variable
Question()* Presenting a problem
question Problem
problem. test_set Answer data
py meta_data Including scor.ing data,
assessment file name
question_review assessment criteria
font setting change the font
plot_arrange() preprocess the code
plot_convert() convert the code
code_ error_check()" executg the code and
check py validate error
Integrate preprocess,
convert, error_check
plot_check() and automatic-self
assessment

"That function used the functions in the existing
programming automatic assessment system.

2.2 Implementation
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Jupyter Notebook
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Code to assess
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evaluate
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Fig. 3. plot_check() operation process
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1 lgit clone https://github. con/GoHakNeung/ jupyter_judge. git
2 %run feontent/Jjupyter_judee/code_check.py

Fig. 4. Code to Initialize
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2 labels = ['CHE' " HE" |, '&Y', 'E5']
3 % = [1500000, 370000, 2200000, 1600000]
4 explode = [0.0.3,0.0]

Splt.pielx labels = labels, autopct =
Eplt.titlel' EEZE 217')

7 plt.showl)

'%.f%x', explode = explode)
Yriting _B000.py

Fig. 6. Generate code to evaluate
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Fig. 7. Output when the evaluation result is correct



172  Journal of The Korea Society of Computer and Information

plot cneck(” £000.5y°)
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Fig. 8. Output when the evaluation result is incorrect

2.3 Code that can be evaluated
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Fig. 9. Output evaluation result using external data

2.4 Expert review
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Table 3. Questionnaire of content validity review

Question
In the developed module, problem
descriptions provide all the necessary
information for evaluation.

In the developed module, simultaneously
presenting graphs created by students and
answers will help students learn how to
create graphs.

In the developed module,
automatically evaluating graph will help
students learn how to create graphs.

In the developed module,
self-assessment by presenting evaluation
criteria will help students learn how to create
graphs.

In the developed module,

The developed module can be used in actual
classroom teaching.

The developed module are organized in an
easy-to-use way for students.

The developed module will not be difficult for
students to understand the results of the
evaluation.

Using the developed module will stimulate
students' interest and interest in lessons.
Using the developed modules, you will be
able to provide materials tailored to the
learner's level.

If you use the developed modules, your
students will be satisfied with the lesson of
creating graphs.

Area

Elements

Usability

student’s
need

Jefm Ut 2E AR Foiet At
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Table 4. Experts involoved in the review

Education Career(year)

A Master 18

B Master 21

C Master 10

D Master 8

E PhD 9

F PhD 10

G Master 15

I Master 5
7t 242 49 YAHE Ax g st o 482 e
4, 142 )9 Byo2 mlelich w3t JojEa A
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Table 5. Result of I-CVI statics analysis

area Item Mean SD I-CVI

1 3.75 0.16 1.00

Elements 2 3.88 0.13 1.00
3 3.75 0.25 0.88

4 3.75 0.25 0.88

5 3.38 0.38 0.88

Usability 6 3.38 0.18 1.00
7 3.38 0.38 0.88

student’s 8 3.63 0.18 1.00
need 9 3.75 0.25 0.88
10 3.63 0.26 0.88
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2.5 Final development results
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Table 6. Data extracted from the value returned by
the command in matplotlib

extract from return
pie percent
labels
bar data values corresponding to the bars
hist count
bins
plot get_data.
marker, color, linestyle
hlines y value, x min value, x max value
vlines x value, y min value, y max value
boxplot 1 quartile, 2 quartile, 3 quartile
scatter X,y coordinates
title title text
xlabel xlabel text
ylabel ylabel text
xlim X range
ylim y range
legend legend name

matplotlib®] FFojoA HlolelE 7] sl o2t
Zo] 24519t} A, matplotlibe] HolS AMgst=
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Fig. 10. plot_check() revised operation process

IV. Conclusion

B Ao SujE BN S8 120 A Y
b AARO JPjLE AL Wbt mEwe Algst

£ RES A R PHelch 1eln Wt nEe 2
RET Wt 0E ALS P22 ¢at ojujx] B, ol
gaP] g A dojE, $FS XYt B2 14
sloich. 24l wEe BAl 2 g4, 24 W Y 2
oot 2R ARE AT glolE, A" QA7 AR
€ e, BT o ol /8E HlolH APt 7 Wi
wue& %?;_ e eIz psisc Bt eg
2c, AAske &
aiel olelg 2351
o3t 3, %ﬁ HolElS ulTsto] MENS ABa
54, 7L BEY] 2EE 42 ol E4E STt
A7) Bkek A W7 ol oiR| =5 Astgict
Je)n Ho RS FUE wERGA g} Zo] 1
#eloirt. £7] e 3= AojA Git] 3718 BES
the2c Wi o2 AdoA Asjetes sigirt 24 A
Ale 2A] 9i2E UL R o] 2A) 52 g4g A9
AP16] £ 2= 28 outputo] FeskES sioict.
b RE Apbge 2 g e Ak oy Adsg
Rt} A2 Ast AAIIY ARE RS stoic
e Wrhe 2 Ao B 1Y ol2g s
stof Wb sz AN WH AnE
outpute] =st== shoirt. W7} Ak spjo] A4t
Jejnet mgeto e AYEt Jins & sl F2st
T AP WIE @4, AHE W7 A o Al med g
& 2SS slolck
Jejn Bt REL AR g EigE HE
gron RE gJolold EgES 7kE Ao selwgrt
cH 7t o deelel Wiy s 4
oA AAElL Ao2 egstn o A TEWS A
¥ 4 =% 2A 25 W) 2 =

[¢]

+ 1
<
]
_O'l_:
rr
ol‘

jc A

H r[r

E3F T2 2 AFE B7h ARSI Bk 4
9 geo] 2}, 2AlolH IREE S7lslo] Cht
o] 2AIS WL 4 9L Ao st

Chel, 2 Aol JpEE 1ejE Wb RES e B
Qo2 SuslAY o2 B 94@ AV At
Ay 7A50] ol2olxA| Yltt. 28 AT E el
o W} RES WL 4 YL 24 7ﬂw o2 Mg}

of FRT AL, dofE 2EA] Sof tigh aabdS



Design and Implementation of a Data Visualization Assessment Module in Jupyter Notebook 175
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