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Abstract

Background  With the development of information and communication technology, the scale of
information has increased, and we are in a big data environment. Data visualization designers in this era
must have the ability to understand the nature of the data, to select the right chart, to communicate the
data accurately, and to review and evaluate the data.

Methods To find out how to evaluate data visualization suitability, we established data visualization
suitability evaluation criteria through literature research. For each major error category, we organized the
details of each error. Based on the derived data visualization suitability evaluation criteria, we evaluated
382 data visualization outputs of six domestic and international serial publications.

Results Data visualization errors consist of misrepresentation, lack of clarity, counterintuitive, and
visual clutter. The evaluation results showed that distortion of information and lack of clarity accounted
for the highest percentage, followed by visual confusion and counterintuition. The most frequent error
items were different for each medium, and it was inferred that the reason for such sporadic errors is
the lack of accurate data visualization principles. The completeness of visualization depends on the
competence of the designer for each medium.

Conclusions  Accurate and correct data visualization goes beyond the visualization skills of the designer
and requires data literacy skills to read the data, to select charts that communicate it effectively, and to
ensure that the charts are error-free. There is also a need to develop data visualization principles and
checklists.
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dlold Al Zste] 8 l oA AL gl HlolE & B-8=t AHRl, A, &3t 59 FHA 2= SoluEA
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AA7A] ZAgste] o2 YRS oL 714 A dkRichard 9, 2000). FEE AFE9] FAG
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Figure 1 Data and Information
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Figure 2 Data Visualization
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1) Bloomberg Businessweek.
(2023.10.16.). The Recurring
Costs of Modern Life. https://
www.bloomberg.com/

2) Bloomberg Businessweek.
(2023.10.16.). Disney’s
quarterly net income. https://
www.bloomberg.com/

3) Bloomberg Businessweek.
(2023.10.9.). Workers

by Job Type. https://
www.bloomberg.com/

4) Bloomberg Businessweek.
(2023.10.16.). US Nursing-
Home Closures. https://
www.bloomberg.com/

5) Bloomberg Businessweek.
(2023.4.21.). Top

Ten Corridors on

Terrapay. https://
www.bloomberg.com/

Table 1 Types of Data Visualization Charts

Index Chart Description

The Recurring Costs of Modern Life

Monthly subscription cost

Washington Post $10

Spotify 1"
Disney+ 14
Planet Fitness 14
Netflix 15
Max 16
Mint Mobile 17

A graph plotted with rectangular bars whose
height or length is proportional to the value of
each quantity.

Bar graph”

Facebook and Instagram 20 (proposed)
New York Times 27 ‘

DATA: COMPANY WEBSITES, BLOOMBERG. DISNEY+, NETFLIX AND MAX ARE
AD-FREE FEES ARE

FACEBOOK 10
EUROPEAN REGULATORS, ACCORDING TO THE WALL STREET JOURNAL

Disney’s quarterly
net income

A graph plotted with rectangular bars whose
height or length is proportional to the value of
each quantity.

Line graph?

ESTIMATE

WORKERS BY JOB TYPE, 2021
O White B People of color

Executives

Pie graph®
@ @

Managers

A graph that plots the entire range of values
in a circle, dividing the area of the circle by the
proportion of each item.

US Nursing-Home Closures

Per 100k residents age 65 and older, 2022-23 Annual closures

A graph that clusters data by rank, with a step—
by-step representation of each rank on the map.

Step diagram®

Top Ten Corridors on Terrapay
India is the biggest destination for international payments

Qatar to India>
$727M, highest

A graph that uses linear symbols to represent
movement.

Flow map®

Australia to India:
$593M

Source: Terrapay Bloomberg
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Matches fixed by the Hossam brothers
According to investigators, Karim and Youssef Hossam fixed at least 20
‘matches with Grigor Sargsyan from August 2016 to May 2018.

ST ] d [ A graph that organizes the contents of an item
Timeline 7 T over time

hug.3,2016 May 30,2018 .

T eover s T ROVANA P2

Shorm Stk Futres Bacau Pt

Upside Risk to Natural Rate
Natural rate on 10-year US government notes, inflation-adjusted

[J Baseline forecast
@ Climate action M Fiscal imprudence [J Technological leap

Accumulated bar

graph” A graph that stacks the items in a bar graph.

T = T
2022 2050

'DATA: BLOOMBERG ECONOMICS

How
Sharo of chidren ago 0-2in oary-chidhood education an  caro @ Ovor 50% ©30%-50% @ Undor 0%

@iceang
©swoden

@ orvay o

A graph that plots the two variables on the
horizontal and vertical axes, respectively, and
shows the values of the data as coordinates,
representing them as a distribution of points.

Scatter plot®

ox 0 2 B o © &

2.4, HOIE A|Zlst 27 K&
Dana Wong-& The New York Times®} The Wall Street Journalol Al <F 201 ¢t dlo]g A|Z3} tjzlo] v &
A3 A2t Y252 The Wall Street Journal Guide to Information Graphicsgh= 20 2 35191t} o]
Ao A= 83 37HA] 9] AR} Bl Ee] o8] 7HA] AAEE 2703

MEEEER

A WAL S 1LY 7124 008 ok ek AFolek, LAy AE Sk ek ) AHg ek
TdEE, SR e gehy <Table ¢ 291 @ Aklsh 0] 2t vreje] 23] ghol WESHA) gt afol Hi,
dlole} EelEe] grEo] Hsuldte] g ol 2 Aol MelF7] ofele Aol Aozl FUE
AES T4 o] B AEFoleka APt T WA stol AES ol 43 b= (Table 2)¢] @ A
ol 1 vl 2 8 124] 1O R 0E%e] £ F WA 2 328 124] 102 90l F Aol
o= A S| ATH T 12478 AAFFOE 82 47] o]t

6) The Washington Post.
(2023.9.11.). Matches

fixed by the Hossam Q) YAA =
brothers. https:// - L , .
www.washingtonpost.com/ T3} glo] 7o) 5715 o vl RV} oHYA B R H|Fo] Fe 2752 A V|eP ety WHs=

o] Qi AHES] A% YH] AL (Table 2)°] & Aok Zo] A
I %, 0.5, 10, 15 53 2] S0 124 AR S AT 4
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7) Bloomberg Businessweek.
(2023.10.16). Upside Risk Z7ES AFEjo

ﬁ
=
ix)
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to Natural Rate. https:// 0‘_ [N - N = [ o
www.bloomberg.com/ Qe Z71RS ALgsto g2 I8 E A Alo]9] glojg ZOIEES 47 o3 4 JE= vijgst= Aol 1

. Qo A AES] A9 A ofef o] SFA Y= WEA] FEL] 7]EA 0] 091 A -oflvt 5-&-afof eHAEA] (=
8) Bloomberg Businessweek.
(2023.10.9.) How The A AL o2x e AN, 24l ARHL 7202 AAT A gto] FES 19 o uH2S
Us Compares. https://
www bloombers,corn/ H[&E ARSI 99| ol SR AlFol veste g Bt vl#7t A4 4 gloy Aeet veS
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9lste] WAL H& R ARgSfoF gk A, vl To] FE Ae EHF
LA 9] vl &2 ot e A gafof firhe A, S45 Uehdle gle 71eA
1R sfok Aol EkS A Sk A, dlole ELAES 107] wlekel 49 So
T3 EIghe SARAY Kol =2 dfof Ak W 5 At

Table 2 The Wall Street Journal Guide to Information Graphics

No. Right case Wrong case

100

80

100

ulo] ZAFE L= wfo] QFZE 9o
A F4 02 FpZolut ol o
13 -2 w7} glol= B4

80 H 80
® 0
30—  — 0 — 60
0
0 | | | | 40
®
20 20
15 N E
2
0oL
®

sy

of AL A 2414 AT AF o= LA W§S ALt Gz 349 Avht
TYAE B A9 (Table 3)°] AF 3 o] Ao vl EAE] gk AL o EHE Foz
AqFao} Tk, B Yol el wmaks th ZHeH A A9 (Table 3)°] ALl @9} 2ol A4 sfLto]

e 47} ol312 SHz o] g HlLs7]o] Agsict. of 7 UL

to Information Graphicsoll X = A st 9k,
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9) Kang, W. (2020). G0|E{7}

=0l 20l AlZtEt [Visualize
your data at a glance]. Seoul:
Wikibooks.

SRS (T A 2E)etes Sl Al ERFCNA 20239 98~1090] E3E =& Ap2At

Table 3 Charting & Infographics Data Visualization

No. Right case Wrong case
60 60
40 40

®
20 20 - - (
0 0
20 20
16 % 7< — 15 N\, LN
2 AN

® [, P, S diin
8 od L 0N

5
4
0 0
(4) AR =

AEE o ole] Aojo] 22 A4 ARE LAY v Ad AL 2/ sk GATFRES
A ol fISoF & 3 ARYe] B0l SAAA ARA02 Q] o] P A5 2ol
WAl ohet A7 591 A9 AR Ado] RHL} (Table 4 vlF BE 70| FAL5L Uehd
SATREA o] Mool §5 FEAA Holk FeATHE FIAZ0] AT AT AFREE obF

2 Adoltt, ol A9 OBE dAAY 4 7o A8 g wER Astn A AYE 2719
A2 A A=Y HEBL AT A

_.4 rlm

Table 4 Charting & Infographics Data Visualization
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Qe WS AFE AAstdon, Al4A dol& YAataES FE0] ok iAlE AAst] fiste] wAlER
27089] 717F 53k 2071 o149 vlolE AlZat AR} 9= w AR okt The Washington Post 6673, The
Boston Globe 203, Bloomberg Businessweek 727, (F7H73%F) 123 9] dlolg A3}l A2 S 43Tt
(Folr9R) 14877 (A=) 6432 Frigo] F-8-o] FHE ] 20239 99 LY HPETHS 2= oF¢irt.
QA 37l A Al gt HlolE A2 AAEE 4.2800A B7F A4 ste] B7F =2 E8-6kqlh

3.2, B7H £ At
214 e 38 A Pold Aot ANEL THo R 7k 7S P £79 $EE 4
o=, WA BE, Aztel S, A2H4 EoR TR 4 o

I
lo

7 g5l et AR RS e B}
ST (Tuble 59 2ol ADTTL, BASTE AE0R 71 o5l T 224 HOIZ AR 5 Aeh
AR e AES YT ) YRS Uk IYL BANA G FE, B4, AT 5 AIoHe 498
oulgich, AN REL 17 A Ed BolA el JBA AAHES SH= A F FEA o] HEto]
A8 ANt ALHE S Juidc, Auo] Sl ABHOE ofsstA H BeIN 77 A1
S ofmgie}. A4 ELL% ANZHA A Al 124 ol FEst R Ao et F= B S
ojw| et
Table 5 Data visualization evaluation tool
Index Details

St Eel 7|EM2 022 Ay

K& 718 AlZ2tof A HA0| =2 FHIL Ot 32 2 YHE 2l 4 s UE YEQ AEZ 7Y

o) M RES B2 M of2fo] SYXEE YEM XHEL| 7IEM0] 02 202 518
HE9

e OHO| RIES O I HIXISE HIE2 AZoH ol HOl= HXIS2| MBS0l HI2|st2 2 2E=tat H|3|7H 4
ACL| YeStHIES 216 f04 HHS HEZ AME

H|2| O] XIES| F =Y OO AIEE TH0| 2% 20| LM X|S| HI2S AHRSHE2 XY
l1.'EH7} U= EX| 1

-
=
HOIE ZOIETH 1074 Tjtel B2 S0[5HH 2 SO SAUHY HOIES X
GAl  UCIIIE 3RIY0ILE IYKIZ SH= B2 HOJE HOIES PP & 4 Q02 rjet B
R B2l SOIN HEE FRIK Q2 BIIFORM 24 H0[ES 3 Fee HY
mpo| S48 UEILIE A 71E4 SHOR FS0IL Of4Z 2I%|
A vse xR 37122 ALE
o] JAHTOIA 12418 FHO2 Q2%0| MY 2 2, UZ0| £ #IM) 3, LIDIXIE AALHOR tishn & zte
7| |-§ I}')\‘l
R
22 zied JHEE U 474 0152 B
BHE Q2% YU M0, ASE A4S TR Y

3.3.24 ¥ G 24
(D A dolg A zteh 2§ d%F
AR dlolE A Zeke] AE FiHE 28 A%e A EE (Table 6)3} &t
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Table 6 How data visualization is being used
CHA| A= E} 5

T g M WOl SS- mro ae  apy  MEE TR #A
=0} Ha(H) 58 62 13 1 0 0 3 0 11 148
o= HE(%) 392 419 8.8 0.7 0.0 0.0 20 00 7.4 100.0
— Ua(H) 24 20 5 1 0 0 10 0 4 64
HIS(%) 375 313 7.8 1.6 0.0 00 156 00 6.3 100.0
=7t Ha(H) 4 3 3 0 0 0 0 0 2 12
e HE(%) 333 250 250 0.0 0.0 0.0 00 00 167 100.0
o U () 86 85 21 2 0 0 13 0 17 224
Hg(%) 384 379 9.4 0.9 0.0 0.0 58 0.0 7.6 100.0
The () 21 16 0 14 4 2 8 1 0 66
Washington
Post HE(%) 31.8  24.2 00 212 6.1 30 121 15 0.0 100.0
The Boston A=) 10 5 1 0 1 0 3 0 0 20
Globe HIg(%) 50.0 25.0 5.0 0.0 5.0 00 150 0.0 0.0 100.0
Bloomberg =) 18 33 3 2 0 1 7 2 6 72
Businessweek  Hlg(%) 250 458 4.2 2.8 0.0 1.4 9.7 28 83 100.0
e () 49 54 4 16 5 3 18 3 6 158
HE(%) 31.0 342 25 10.1 3.2 19 114 19 3.8 100.0
o Ax@) 135 139 25 18 5 3 31 3 23 382

HIE(%) 353 36.4 6.5 4.7 1.3 0.8 8.1 0.8 6.0 100.0

% 3827 FA ATNLA 1397, el zoh 1357, w4 vl 2ok 317, sho] e ms 257,
AT 187 BEEILE. of T A $R REA 9] 57/AF AAST Gk A v o2 g
U e o] § FRE TP B9 S| 1L AV o] BEHE AR HHT S nk.

(2) vlol" Alztat B} At
5 639 A& AES dlolg Azt AHE 38270 (Table 5)0lA Azt Bt 45 &4}
F7rstad. B7F 23 (Table 7)3 &t 3827 F 13.1%<1 5079] A|Z3} A3z &77F .
FBEE Auud YR BT YA BHo] 27t BUASH 1979 38%2 /MY £ & ORE
A5kt T o Az Teko] 870 16%, Aol S} 4702 8%E AXHT}. 2 AE
THUE o7 Y52 A EH (Table 8)7 2t}
Table 7 Data visualization evaluation results

8 Wuolgm  wuawE  AAmEm LT e |t

sorde 13 11 0 29 148 19.6
GZE] 1 3 0 5 64 7.8
F=UEE 0 0 0 1 12 8.3
The Washington Post 4 1 1 6 66 9.1
The Boston Globe 0 2 1 3 20 15.0
Bloomberg Businessweek 1 2 2 6 72 8.3
A 19 19 4 50 382 13.1
LEYSHE 38.0 38.0 8.0 = = 100.0
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Table 8 Errors by chart type
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919] (Table 8YollA] WA L7 =2 LAYE (FotURY 19.6%, The Boston Globe 15%, The
Washington Post 9.1%, (FVA3F) 8.3%, (+AH) 7.8%, Bloomberg Businessweek 6.9%2] <A 2
Uebgt, wiA Tl FastAY fARH HHRE = @77t 9l Aol ofyet Ao g of g ghgo] 07Tt
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Table 9 Suitability of data visualization

=&
s 2E U F U EOINE HALEZ o A AIAH =
afcH 135 20(14.8%) 5(25.0%)  12(60.0%) 1(5.0%) 2(10.0%)
H 139 13(9.4%) 1(7.7%) 1(7.7%) 2(15.4%) 2(15.4%)
o] 25 6(24.0%) 0(0%) 2(33.3%) 0(0%) 4(66.7%)
HATZE 18 5(27.8%)  5(100.0%) 0(0%) 0(0%) 0(0%)
N=EER 5 0(0%) - - - -
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10) The Washington Post.
(2023.10.5.). A nationwide
campaign of fear. https://
www.washingtonpost.com/

11) The Washington Post.
(2023.9.11.). Sargsyan's
network. https://
www.washingtonpost.com/

12) Bloomberg Businessweek.

(2023.10.2.) Smallest
availible semiconductor,
in nanometers, https://
www.bloomberg.com/

13) Dongailbo. (2023.9.1.).
Net buying of Japanese
stocks. www.donga.com

Table 10 Example of skewed information

Right case Wrong case

Step diagram''"

A nationwide campalgn of fear
‘Schools targeted by shooting hoaxes in
cach state over the past school year

i :
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- EE W OEE
- HH - OO - OE- 0
B B - -

‘Sargsyan's network included over 180 players from 1player 26 players
more than 30 countr [

AZ NM
9
m P
o
HANNAZAKHARENKO/ THE WASHINGTON POST ‘Source: Belgian police and federal prosecutor's office.
Line graph'?™
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A% AEE AA Al =S e 2z o] HR-&0] FolE HAs] fstel AaHZE
F715HAT). ol A" o7 TR HRE AIotiA she Ae A AHZE AdEste] B AAsh=
7ol Fasltt.

)

www.aodr.org 427



Table 11 Example of lack of explicitity
Right case

Wrong case

Timeline'™
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Table 12 Examples that are counterintuitive

Right case

A AR OR 2T 4 Yk e R0R

Wrong case

14) WeeklyKyunghyang. Line graph's)‘”
(2023.10.16.). 22nd
General Election Candidate
Endorsements. https://

weekly.khan.co.kr/

Land use in Bengaluru
/ Built environment

7/ Vegetation

15) Dongailbo. (2023.9.16.). 100%
Major cases of real estate

winterization during the

Moon Jae-in administration.

www.donga.com 50

16) Hankyeore. (2023.9.20.).
Green car sales to US IRBs.
https://www.hani.co.kr/ 0

‘ 1973 2020
17) Hankyeore. (2023.9.18.).

How Much Does It Hurt?

Change in real GDP

/ Emerging market and developing economies
/ Advanced economies

Bloomberg Dollar Spot Index

8% 1260

A

1240
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1200
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Retirement plan contribution
size. https://www.hani.co.kr/
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18) Bloomberg Businessweek. -
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Does It Hurt?. https://
www.bloomberg.com/
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Ao, B FBo AuE drky) ¥el 79 7H4e] A9 §lof AZH R B ok 7 Haene]
Wslh 981 gremee Weleh 4e FReE AR 44 gtk AadnE Folo g AuE
Agetagt & i 47 ojste] GHoT Hshe Aol Frh. EG, AL g Aol Bt b2 e
gobel, FET Aolat ohE A4S AgIRTE Aw wabHel ol

Table 13 Examples that are counterintuitive
Right case Wrong case
Pie graph®2"
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