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Development of cloud-based multiplication table
practice application using data visualization

Seol-Joo Kang' - Phanwoo Park™ - Youngkwon Bae™
Namdaegu Elementary School” + Daegu National University of Education™

Abstract

The COVID-19 outbreak, which took longer than expected, caused considerable damage to students’ basic aca—
demic ability in mathematics. In this paper, a multiplication table practice application that can help students im-
prove their basic multiplication arithmetic skills has been developed based on a cloud-service. The performance of
the application was improved by integrating the Flutter framework, Google Cloud, and Google Sheets. As a result
of applying this application to 72 6th graders in elementary schools located in K Metropolitan City, for one week.
students’ spending time required for solving multiplication table problems was reduced by more than 28% com-
pared to the initial period, while students’ learning data was able to be accurately collected without errors. It is
hoped that the development case conducted through the Flutter framework in this study can lead to the develop—
ment of other educational learning applications.

Keywords : Data visualization, Cloud-technology, Flutter framework, Application development, Multiplication
arithmetic ability
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<Table 1> Modules applied to application development

Content Operating Characteristic  Reference
Env
Educational
application for Smart Personality test, Kim, H.,
elementary hon Providing career Chun, S.].
school career phone information (2019)[7]
education
Scratch block
Physical Smart coding, i TW,
. Remote Sensor,
Computing phone, Android Sensor Chun, S.J.
Application PC (2018)[10]
AP
Wifi
JDK 8.0 for
.sz.nt Android, Ryu, MY,
Application for Smart .
English device Voice Han, S.K.
S Zgakm recognition,  (2016)[15]
peasing TTS, Game
Game Seratch block
Programming .
, Scratch coding,
on Students rogrammi Trigonometric Song, J.
Interest in and P& o gono (2017)[16]
. -ng toolkit ratio,
Perceived Value Game
of Mathematics
Mobile Random Kim, J R,
Application to Mobile roblems Kang, N.S.
Improve P (2004)[8]
Arithmetical Choi, H.J,,
operations for Web Evaluation Jun, W.C.
Underachievers (2013)[11]
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3.2. Flutter Framework 7|t}

Flutter= TF2°lA 20173 5¥ A3 mnpd/s1/
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3% 2z ZIAF ML E|tH2] Flutters 3}
2 YdEe/tERo]m 408 B ooy

e Z=E 7oz 9

g AR A8 F dE HEH4S AYa o
st @Ao] ~ntE V)7 FF7F vlg ksl 2l
e 5 el #Agle] g sl JEAE A
S ATl Fa el A & 9do] AAAA Fwe
A Ego] €u} LS <Table 2>914 et npe} 2+
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o] Android, i0S Native 7aro] v]3le] s o]/
g gtel A Fes | 4 drHI3l

<Table 2> Modules applied to application development

SDK é(l)zzu?lgng Development Time (h)
Flutter 125 6
Android (Native) 217 12
i0S (Native) 363 8

=3k Flutters Java, C#, Python & ©f& /¥ =
o v R W Tls fel vdd AR Vs F
7F RE YAeR JHAE  de BAS AYn

| -

]

& AR f8T

3.3. Google Cloud & Google Sheets ¥ 5

Google Cloud® Amazon® AWSS §-AVsHA 8§
= 7ol 7Ivtete], AFHE, 2EA, vo|Euo]x,
teolel 4, d&AsH WAy 59 Au=E AlF
Foh, B Aol ME Google Cloud’} AW th3l 7%
% Google Workspace API9] 4ZF<2 Google Sheets
APIE #4839 Google SheetsE t|o]EHjo] A2 &-&
stk 8+t Google Sheetsy® 9= 78k d ol g
AEolm MS Excel? AR WA o8 A5 3ti3]. o]

o Google Sheetst= &l A oA ojn] e f=9]
AbEel £4] FEsta glon, FEhes Jutelr] g
7F A FHE 2t Qlok w3k N ARE $d A
T4 dEgS AA BA &, kA EAS AW

3.4. E2AH0lM FH

HA A AdF oNEAIAe QdEF o,
Google cloud, Google Sheets®] & 3F-Eo2 FAF o
(Fig. )3 & F%E2 231 Ut} Google Sheets=
delg o] ~2 Ao} FlslE o] AN, 3T
dolelell FA bl o wet voleE A3t
o &§3}7] &ol3sitt

Google

Interface Cloud

Google Sheets

Login

gsheets ) e~
qr_flutter

modules

:

Account & Password DB

Exercise

animated_text kit
modules (@nimated_splash_screen
Google

Sheets
APl LT

T
e

Leaming data DB

Challenge

gsheets ) &

modules animated_text_kit
(animated_splash_screen

Data Visualization

Record
rd

modules gshests

(Fig. 1) Application Structure

<Table 3> Modules applied to application development

Module version feature

animated_splash_screen  1.2.0 screen effect

animated_text_kit 42.1 text animation
Interworking with
sheet 0.3.2
gSheets Google sheets
qr_flutter 4.0.0 qr code generator
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g5ate] g BUS $18 animated_splash_screen
7} animated_text_kit BES 283t o7 7kA] oy
Hold e Frhstdlon, @ ofEFAH FHER
A zato] F4 o]9lo] QREEEE 1A Hito] b
StEE  gr flutter = A3kt Ee, Google
SheetsE dlo|Elwlo] ~52 A &-&3}7] 93| gsheets &
5 AA89}. (Fig. 2)¥ Login Interface®t Google
Sheets& d4dg FWF #d I=o|t} 74 RE2 &

= o
=

= d4zst =
s 2ERIE 3 f4A Rt fE Aol A
ol &8 F lom AEHAH HUulo]EE E
Flutter frameworke] fdo]E] & 4 ==
YH I AeS Gelatinh

i

'» Web-based production
= for easy access
to the application

ammssmmssmmssmsssmsssmsssEsssEEss e

Management of access

*\ accounts and passwords
= it Gooale Sheets

.
mue c D | E F G

1 - grade cls number name
2 ||1234| 6 |1 1 zEH
3 l1234] 6 (1] 2 =1

INOAR] U910G

) e Implementation
44 of QR code

I
extFornield
focustiode: focusId,
inianeHandler,

? focuspassi
: focusId.r

mainaxisalignment: Hainaxi
children:

return null;

tFornFie]

, Combining functions
ol in module format
(Structure of Flutter)

opoo uoneiueWR[dWI 2INjed,]

t(*assets/inages/kids.png' , width: 380),

(Fig. 2) Screen layout and Feature implementation code
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In case of two or
more incorrect
answers, correct
answer is
presented to help
practice.

9SI10J9X]]

0 -
8t (e]5 Organized so that students
can practice as they want.
Cwm i | <suA7RS
_ 15:28.30 %
25:28.93 =
35:31.61%
45:39.96
55:40.03 =
65:43.08 =
75:48.66 =
85:50.12 =
95:52.25 %
10S:53.24 £

smimEEE

sassnsnmn®

pJI0oay QwI], I 98us[ey)

(Fig. 3) Exercise, Challenge & Time record screen layout
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<Table 4> Modules applied to application development

Data Lable Content
grade Grade information
cls Class information
name Name of student
attempts Number of attenpts to solve problems

number of answers Number of answers to 2-9 times table

fastest_time_record  Fastest answesr to 2-9 times table

fastest_time record for_all Fastest answesr to 20 questions

AE dolE s, SEe] FAld A=A wrict
Aol A eig WA e A aRIR FAES
g As J% 4 dES (Fig. 49 2ol dudss +
datsitt. dags 2s fel HAAd 9EE 73
sh= HlolH= 2-997kA] Zhzbe] Al Aol TR
stgel e wkg Slerst S AR, Elal & 20749
TAE EAlel F= AN 75T A AFteld

Repeating each time a student inputs an answer
I

Wrong answer Correct answer {-1) x Time taken
-1 point +1 point (sec)

|
1) Sorting the 72 items of multiplication table

questions in ascending order by score
2) Reordering Randomly in case of tie
3 However, the time taken longer than 10 seconds is not
considered for the score.
( In order not to include the case of giving up while

solving the problem in the algorithm)

(Fig. 4) Operating principle of the application

tolEl S A=38e] Google SheetsZ A

Atk AA dHolH w3k ofEF
Google Sheets Alololl Al FHHgEo 2 o] FoX| L=
o, Google CloudE Google Sheets APIE &

R
i
ol

2

Flutter= #|2Hgt o Eg]#Al o] A2} Google SheetsE A2
ke A4S gt o] BAA fEYAle &
4 Ag %5 &<l 7] A8 Google Cloud®] A7
Private_key 2} Google Sheets®] #A] IdZ Flutter o=
Aol Wi ket 7|8t 71T
olE w3 HAHL ARHow FFI} I=+= (Fig 59
kdaus

Const _credentials =
"type": "service_account”,
“project_id": "school-342201",
“private_key id": "fe4fdalcasedcfbd778aab7518da2)
“private_key

| PRIVATE KEY-----\nMIIEVQIBADANBEK| Obtaining a private_key

"multiplication-ver1-2@school-342] and app|y it to the

14397131574764247582", # oot

"https: //accounts. google. confo/oauth2 appllcatlon to connect
with Google Sheets API

ttps://oauth2.googleapis.com/token

"client

Configuring data from
Google Sheets to
communicate with your
, o application in JSON
G format

timeTable: json 'ti
FastestTineReco
attempts: int.t

class mMultiplicationTable
Map<int, List<dynamic>> table =
e: ['2x1', 2],

Implementing and
instantiating each

98UBUOX9 BleD JOJ U0ndauuod uonedddy

18 ["2x 2, 4], problem (72) and the
2: ['2%x3', 6], correct answer |n_ac|ass
3: ['2x4', 8], for use in applications

(Fig. 5) Feature implementation code
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grade cis numper name W
1 5 080.0.087,0.92,083,09 20.26 [ B

s 2 2

$1.12,12,12,12,12,12,11,1,10,11,12,12,154082.082.1 05.099,1.07,1 21.1.12.1 24.1.22, 32,07 34,
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6 2
o 2
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o 2
— s o2 s201 22
o 2 1 799 o
Q@ o 210411411141 10,1111,10, 11,11 Fr—
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= 6 2 m s1e6 1
B s 2 1 2096 29
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6 2 1 215207
s 2 19 5. 2514813 ausz a7
s 0w B P e e S ;
oY) Data of the learners’ Data of Data of
correct and incorrect the learners’ the shortest time
responses in array Correct response and the number|
time in array of attempts

learners solved
the problems

(Fig. 6) Collection of learner’'s data with Google sheets

3 A dd ARES 7Ivke s sto] (Fig. 7)

@4 7]

3} o] ojEeiAela Jlkel @ ael=A A4HY
o el B8 4 Qe 54, e Trw
Aol ehgslol s oo wgol AGeAM, 1
97 2§ A% 2920 3o WEo| ATh= Aol
ooolE Ba WA AW A FATT o
GefolA e AT AEA 44 BT 5 ol
AER o FAHQ JEme Agste] ALl A
Pge =g 5 o

X Total attempts, shortest time record, correct/incorrect response, and
response time for problem solving data displayed in each student’s graph

(Fig. 7) Visualization of learning data

<Table 5> Reduction of average time to solve problems

Type Average time (s) Degree of time
(number of questions) pre post  reduction (%)
2 -9 Times table (20) 43.62 31.07 28.77
2 Times Table (9) 20,79  12.96 37.66
3 Times Table (9) 225 14.04 37.60
4 Times Table (9) 2259 1341 40.64
5 Times Table (9) 21.78 13.86 36.36
6 Times Table (9) 25.65 1512 41.05
7 Times Table (9) 24.48 15.03 38.60
8 Times Table (9) 2655 1548 41.69
9 Times Table (9) 2529 1575 37.72
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