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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

e JUHE A5t el Al Zeat Bt Bs, 1
S oJolA7F AR EH, e Aol Mgt tlo]E
7t A &Y, kee Kl%} ==& st

oAl B2 ZAI9E Bt 7182 1 e FHZ Atm
2 Al2sh] 95 HTML tag2 3.501—}04 stk =
&3 &= HTML tags AGYsto] A4 QA &3
7] 9J5to] IPython.display 259 display 949}
HTML $t35 AREsFATH27]. % S|
= TR XSSl tEt glolE = B2t mpd o] F,
AE o, A ¥4 ol52 gAY st

A oolel 39 mc

Bt Bee 2moA haE ARESHT SRt A2 éﬂr
Bre =5 AR sk &4, AR2je 15 HEts)
= o4 MR RES ARSIl RS ASshe T4
A, WE Al o o7 A5 AbE 7 R AP] 87t
£ stz S ez sty 2emoA ke
AFESE7] Y3t 472 matplotlibe] fontManager 251t

rcParams 2504 t=2 Aot 285 550 W
Zste® sith. MAejels &4 Bwgst Fuiut
plt.show() =2 A|A5HH plot_arrange()2 A2l5t%
RS 20 Bl Wadt 2ol
L 3c, JPjEg ojujx2 ARt =
, B got 352 £715H plot_convert()2 A 2J5H%)
U 98 PBe ekt o2 Ui 57}
7 UkIRlE visteln A AHsele W2t A
2 code cell outputo]] £H35}%= error_check()E A}
&5IATH20]. AE TlolHE E2]al, A2, g, s
U A5E SWHL RS HU AP B et @
A plot_check()2 A2l5t3Lt plot_check()o|A A7)
B7He g 3ol shgo] AlEd Tt By Yoto e A
3 2e)ng EAlo] £t kg o] A 2utAct Wt
ZAZ I Bsto] A AHE Bk 2 Gl

O

|

st e ojujxlet sMjo] M&S Hee AV
Je) oujx| S 717t vje2 Wt & UR| o} S &)
8ol AXJ3iTh. Fig 1.2 sPgo] Abdstol MEsh 2eo)
oAlol i Fig 2. A& LE5 FAajst Weke 2
olc}. Hrlol] W3t efolusels Alstn Y 1oL
£ 2okt Zeot FokEoln. Fig 3.2 AIEG 2oe

plot_check()& &5l H7t=l= 2ot

O wxvritefile 8000, oy
7 labels = ['ONA" ' HE |, &Y', '&8']
3 % = [1500000, 370000, 2200000, 1600000]
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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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]
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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

2A) A 2T Ao 2A7E A 0AE Op
22 sfo 27 53 @48 Mk 2 A outpute]
2A1S F2ote oIk, Fig 5 2T Ao 2AS A

Alshs =9 IS Algsto] AIE E3c ot

)1 Question{question_8000)

=M 23

o2}

Glolg

oM, A3, 58, 582 o7

EEES

ABAI 278 3

JEH“ O Al

o] EAEI ABAT 25 8 IY=

GIOIE OoflA|
Iabels = ['THE!", “AE
pop = [15000

Fig. 5. Print out the problem

A3t 2eg W] 9
AT g MUz APt

A EER RIS RELEE:
15

A WYz A ot

magic command(%%writefile fﬂename) nshsty 3
£ A3t & AlsiolH Adsh I EZ filenameo 2
K‘]K}E’]D}' Flg 60 Jc }d]()ﬂ KF/\‘] o}' A= E SOOODYE

Aakste olxlo]ct.
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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
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plot cneck(” £000.5y°)

BF Q=E o0l Y Q= ULCH
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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
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AE 1
uh} B MAlsHel2 AX|5199.00 Table 49} 72

.

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 232 4 YAE Ax g st o 482 e
4, 182 t)e BYo2 mlelch w3t gojEa A
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=/t A4S Aed 2 9
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Validity Index) AF&A1S

[
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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

AE7t AE 20E vgslel ot 2e 242 o4
o S, BBk TP SR A3 ol 0%
WA AN Yo A TR, SAET
A, APE, 2R, 2EA0R St ol setm
ot gsle] 28 wne] SE L g A 2=

Yt RE52 SR AREsto] 5ol eolni30].

=M. A B2t A1 GY 49 e Algote
= plot_check() &5 £73510th. @F A| TEUS A
557] 9ol matplotlib®] HHolS AR8oIH Bl
S LEoloint. vHtEl= oA method& Ale8stAH L
attribute 32 @&sh= WHOR Ho|HE F501L &
Yol APdet Feot Wi ot ItoA dojZl blojElE
vluste] ofg 49 meuhe Algotes sioirtt. Table
62 matplotlib®] Pole} vetE]= FhoflA FE3t Ho]
Bl 7ge|sh mo|t}{31].

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=
A9 WRIEE G vio) AASHES A HolEolA
matplotlibe] B oS AFRSH= 732 "H4 = matplotlib
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Fig. 10. plot_check() revised operation process
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