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Exploration of Types and Context of Errors in the Weather Data
Analysis Process

Seok-Young Hong
(Affiliated High school to Korea National University of Education)

ABSTRACT

This study explored the errors and context occurred during high school students' data analysis processes. For the study,
222 data inquiry reports produced by 74 students from ‘A’ High School were collected and explored the detailed error types
in the data analysis processes such as data collection and preprocessing, data representation, and data interpretation. The
results of study found that in the data interpretation process, students had a somewhat insufficient understanding of seasonal
variations and periodic patterns about weather elements. And, various types of errors were identified in the data
representation process, such as basic unit in graphs, legend settings, trend lines. The causes of these errors are the feature
of authoring tools, misconceptions related to weather elements, and cognitive biases, etc. Based on the study's results,
educational implications for big data education, a significant topic in future science education, were derived. And related
follow-up studies were suggested.
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Table 1. Inquiry procedures on the data analysis process and references
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Table 2. Categories and types of errors in the data analysis process
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Fig. 1. An example of an analysis about errors in the data analysis process

o
O

Fobe AAE 28F ] Al o
A AT Az A YRR 22 dlo|E 9
b AA7E ok B 5y SsolA
Azdoz A e 77}

98 95¥ & Y= hsron], 9y

[o o

I m
o

Y

1
ot it

.

fo

4

o

ol

i‘_‘-&
o
K T
]
4
o
ol
rir

o o

e >

=
i)
H
ﬂl

bt i

L =T R

¢}

st S AgelA YEhu:s &
A9 825 RHEY F UEF Table 194 A2

=] [e) = )=l =
4 93 EHER

wn o
tjo

T

T,

2,

ol
ol

oX
J

)
ot
i)
R
i
4
o
P‘L
L
to
e

Aated et W AEsE 19, dolE 76k wE A
Aol o' A7 S AL 191, A7 Hetu S v
AR 193] B8 HES AP B8 HE
el A wlole £E 2] dldshe WS F dlo]
B 18 2 ellM AR A} 2ol 255 Wgol 3
Oe A ZRIsta o] & AFdoz FEsGith ®
3 71d kel #Ee AR g 7wt o7}
Atk A FRIsk dlole 1 HA o st
s A7Adstn 74 Aad ddshe oF 32
HEgleldt H5H o REF 2 EL Table 29
2}

o]F A& BAEe gFo] AFAr} FES
ARE AZHT T38| T8 A7} BF A&
A3 AL el Dot ARE FEAnh BEES
243 24 AH & Fig 13 20

oE

o RIS . el
7% (categorical) H|oJE]e] d|Fahs Ao
[e]

bolel B4 £4E AaAE e £
J

>~

o o °F
P =
%

® o 2
O\l
oflt —|-‘;
o

o

2
>,
ol

rr

>,\I
S

iy
i)

_O|L
i)

(o]

BN

el
o
s
22
i)
e
>
N
N
ol
o
oftt
o
gl r
o o

f

cE o
rg‘r' i)
E
b=
e
5
rlo
o
>
o
o,
T
o
k)
&

>
=

ol
&

[ of
)
=
o
2

lo

S~

o)
tlo
2
>,
ol
>
82
rlo
-z
M
rflo o
o
o
o,
o
lu
o
[

2 2 oo 3
|o
frl
2
=
=
o
o
i
Mo
Hu
o

N

N

oX of

)
ro B dle

N

N

Ao r

W O X oo oo i of oty
o
of
o
o
FN
<,
[l
:<I>1£
1%
ol
ol
rr

of
ok
N,
=
&
r
X
©
o
e
r
X
it
ot
offt
o

>
=
frc)
=2
:CI&_,‘

ol & & oAb ol o B4 fo Jo W OH o rlo &

o
i

re
4T
] to
u 4o
.o
ol ML
b TG
mt
4o

il

B BuddA 2] o
& 592 Wl A

=
o,
o
ol
2
i
ot

~
rfo
Lo
>
L
e
e o
P
N

o 1e3) fEe) 49
231 A8 dolee W t BT 45
AR RSl A% 4 WEE FA a2 T2
F % 220709 AR

¥Q
o
9,
o
2
S
of
lo
A%
o
o
)
Y
ol

T S A

I, Ayt 2t

1. Hlojg 24 HFoM 2F2| HI=

S B HaAdM 24 de(FAE BT



71¢ HOIE =4 2rY0M LiEtLE= 272 |3

158

Table 3. Results of the analysis of error types by category in the data analysis process
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Table 4. Results of the analysis of error types in the ‘Data collection and preprocessing’ process
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Table 5. Results of the analysis of error types in the ‘Data representation’process
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Table 6. Results of the analysis of error types in the ‘Data interpretation’process

RS °F 3 (%) A (%)

e dolele] E4& FYgH ozt vud F¢ 27(12.92) 01439)
Aget o2 A e A¢ 3(1.44)
ARTA S B AA 2 EF 20(9.57)
A g A nE 5(2.39)

783 2 AE e s Fefell ek 4 mF 4(1.91) 66(31.58)
Azt th2A s A5 4(1.91)
A% 9 WS HgHozT EHA o 75 33(15.79)
Az AA o} FHAAL & 10(4.78)

fofnst Ju =& A#A FA slE ¥F Fo u]_g 7(3.35) 25(11.96)
AR FAl, 5 gkl 7I8ket HEd dytsl 8(3.83)

Aol de 4 Lkl °§6§%_%—t—- a9le digk ug =F 17(8.13) 21(1005)
o)A FFAIA A3 Hln 4(1.91)
AXE el 7N =% 24(11.48)
A5E Arol 7N =% 3(1.44)

A A 9 A& F3s) Heole g nigez & A4 e 20(9.57) 67(32.06)
A94 FEs 2 =5 2F 6(2.87)
AgE AR g1 F3 14(6.70)

209(100)




o =& Herl Jehde dEaA e BE
S5(203))9] Hol

yEo] W) Has

ry

o Wog® RO o oorr B X

0]

o

[}

A= GBA, 2 ool B A v
ge Anel R 2449 Ju2

O

Y

ol oM 1o N kK

!

o

==

i
=]

)

1%
2
[ e

ro
A=)

rlo

¥
o

=

[
ol me
-

&
o
SR

o g o fMr o H4n o dE
o

%
N,
ox
ko
o
Lo,

oo ol

L 0% HT o2 rr X o o

z o

~

fo
= ]

ok
ot
-1

o

2 0% fo o

f

o o =
ol
o

ox X

of
o

[l
me

ol
-

gl A dA 3
= fr3@3))el st ©]
|

i)
O O
ol
ol
=

v o 1% RI19 A @O

P’

N

‘5‘]'1‘7‘!’0

Lo = orr orr & e
[o rlo

%
o b
>.

_oE Y
Ko
o ol olft
o o FUIO
>
4z
lo =
o
pos)
o, (]

(M b

(
I~

<
&

rob
>~
>
&,
=2
>
- U

L

o
&
=
%
N
e
(o]
- Y
2 o
>

I

2 o o
ot

_0|L
)
& <
f ro
(o3
Ny — J

A

_>‘J_A‘
=
£l

o

o
e,
=
ot fo 1%

Moxo Moox g
& g &oxorlo
i
ul]
P‘L
>
(o ox

L
o ru%
g 4=

=

o
)

_oril

[
)
ro

o
ox

>
b
°
oo © oo

B AURPO)
o 9

L)

N

¢

2 iy

L o
om

9,
(M & R

=2

Ofol
1
08

JeRjE A8 FA40l
7 g4A ez vmal a4
Ao BAA )% B
Abell b gAE Rolk

A

TEE Aot &

0|

pod

FAUE 19717F £5AAS 2 5 ok 224 o] 19
xg un 71l A4 dobd Roleka A5 + gk

Fig. 7. An example of error types in the ‘deriving
information’ category

F7t

wAE

(o
et
Ry
re
)
o

aFoA 33 o] ]
37 el o

o

23 85271 Alold & 7.0 EolAd %
o] Z7heHe ol ARUAT} Uehbee
B5571%0] F15E R
Hm2 7123 ol AbolollA

N
rr of

[e]

oy of\
k1

= &

-
KeN
=]

oz

i

i

>
o py

N

1o, 1o ox o

ox
r
)

r

S
N,
e
i
Ol

o
ko

AE AXst7] fs) 712

ol @3& drdete

o I»
1
Lo,

K
2
o
gt
-

ru
vl b rr
oy
3
N
N

_o‘l
3
rg, o
b
toby
-y 4
of
[
— O

o,
o[N
N
olN
N
N
ol
ol
rir
=2
X

(

-~

v

=
)

1

g s

N

X

fr

Y,

rlo
o

i—",

)

ofN o

2 oo

oo

o
o U & 2 i ox

LB

of
ol
D)

[¢

o

o
o
R

E'o}m
£

N

ofl
2
o
Ol

=,
2
e

ol

N
o
o
i

N

=

ou e

i

Mo

o
oY
oX
i
1o
of

o
T

N
-~
=
oz
o
i)
=
P
r)
ol
i)
D)
T

fr

Qoo o 4y & &
f

1 W2 o

o
1o 52
10k flo

o
>
>,
e
=
S ofy
ot
o
o
v}
>
>,
e
1o
o
ot
o



164

= ATelME 718 Hole 24 2ol veht

=
=

At

L

L

2

°

Al

]

Q

H
=

el A% ole@ Ak A

El

71 CIO[E =4 aFd0IM LELEE 2F2
<

of] o

19
=]

.

@ A7t A

St =t o

by
ar

|
)=

HlolE

7

L N e T Mo O N e O - W O B L - S S R
FUWT 0o 5% 0 Xp oo Mo BN ok T g4 9
PrnrgRPoigge=nPi>wsxdwe T5fapygiy®y
N " B agsop X0 RITIRST T g B oo R W
do m P A g B BB e MWy T LT kT e Yy
PPl BN RT A E R e T ws ST mE e
T WL T ag Fppg® " owdH @ Bobyryrd®sy
somP o SR e R Toe R L W0 g g0 M g
T X %_4%#7.@wﬂ?ﬁ&ﬂﬁﬁ%%% o Fos_F
THOI T I ELEE SR p® P T e ;&WWW%W@W%
1o RS CH = = ) iE oo &R B SR %% s
P ¥ e mp o T T ER PG o g ST g N
Hﬂptwr H.#Htﬂ_/lﬁimu#‘mﬂoll&rﬂht‘u!ﬂﬂﬂ.hﬂ_u,q leﬂ/l%ﬁfd’ﬂﬁa%
Wop® 2o EE s LRI TR E g A RE R ey ST
d’ﬂni7Eﬁaiﬂrﬂrmm.hwﬁmﬁﬂrdulz,*lro»]ﬂu}buﬂ WﬁaﬁﬂqATﬂZ‘_A
EX Vo s HEB e RN H U TR kg mm®
%Mmmmmmﬂurmurz_oﬂ%mm%@oﬁ&a%moﬂ@mﬁéﬂe%@@M@WM
—_— ~ —_— —_— —_ T Y — —_— X ~ ' _
o B TN meo= W A o w TR N 2T o g T 2 o opr T T =
TEW P oE W T L F W T — o~ B o W I A
R« S < NN SIS L N B - X D g
TR ~ TH T e e R T T AU ) =
T om0 R aE e T o P s s WA ST gl Roode XMV gr Ry N o
= AR o TRAMBELT ST HT T E o HFT MPoE W E R e T
TR H g T o o of T oo Tk TR O MNBTAF NPT W
=% 0 2 T W g g o W o) K o = R SR =T W T oy
£2 D e ok o X o TE X = Ao WS
AR T i Sy C g T E T Esed® o WV
TH SN Ty oo T o0 N W oof do - H &l
= ) — BO g < T N ) = R of- AEL.L.ﬂa oF
T ﬂEurmﬂW\:MIH IS o#aﬂ‘_;onxo, oo =
%E&m ERCTNE i TELE NG H Ty s 2
i\ To = [ G~ 1A o) — W =
L K ROOB B L a2 an WA 5 o oo WE T
o T R T Qx%agmrmwﬂr R e i Xomoyp T o=, R
o — e o R < - X ) — = B o A o
Mo R X oo s S PE O T LN o o
LT T ZoUWE SETEE XGRS E oo
w2 g e N E R heLey EZUfememow
CIChe 5 o _ TN W o O B
ﬁjmoom lv,ﬂ.ﬂu.,_)_dLAﬁo IR Wlmﬁ:Wrﬂ/hﬂauWié.m
“xly ©v2THIcE PELET el TlTynEa
o T X . . 0| L . o —
TrEs TogrmsEiE 33I8T R4 LiTTEall
~ = — JI —_ —
o " o1 T oo o = o g T To W = or Jo B T ol
R o Mo 2 X o E R A ¥ T o= ol Do = o
RPN = O d° ) = O TR G o B R
%éﬂWu&ﬂ%@%ﬂu& HVTuﬁr%wL Nrﬂaq%%%ﬂﬂr%u&
TR ox KA W A R gy D P 5 NwE Y B oHe o £ o) X oF T oX T
T ~ o R HVFL‘LIO# .CI.LIL_.EL 7‘ul‘|L 00 S — E..ﬂ
A 20w o K CI= N B o) = o & oy BOE R R
—_— AT o H,AI oS TR 1) e X X R . N o
o N NE oy = N R WX MBS g R npoop oz P oof
o oW S W MW of of B oo T KT K WO R

BB

L

T

by wjgto s

of thg

= |
=

ekA A

olet.

L

-

=
R

R

°

Sk

(g

27

o

=2

[e]

27 e A3 ekd FAA WE Sl e



—
(2]
(@]

e, HelEE Agjsta gdske =T S0l 9%=
T Sl o7 HdolHE 488 4 lon,
HEolEE E4E A% gt =75 288 5 9
e AL 0% 22349 Fele] d77t dasite
Az AT o3 # e L7 o SsA
A 2L A, =] FE YA (P 4H
o2 g 1Y T A7 R Eoed o 9l
o =7ke] o] wEel e AR f9 Al
o F2 AT} o] SAtA ol &3 S vig
SRR Sgs ke 3} 3 &40 o} ‘%0}7} ol °l Ei

A, HlolE B4 AN oRel fae 27
#37 Wetd W] BP0l ks 45 WA &
oA AR A, HelHE A% Aste A%
dole] EAT dHe] G Foh o2l Sl
Holele) 43 A2, £, A4 aQso] 0 &

N

1402 # 9n ks AL A2 5 9ok et
—

A Hole 2Holg BANERES BS A4
Bo 29 Bt vk T, & Ardae o
BEe] 0 RS G gJekel A7) AAHA T
st f@ow TRae] AAGdT ek A
AATA el GRS T T e gke] 7EA W
& W Aols B ok webd BAAEs)
Ao Uehte 974 Aeke seld & gk 34
AR 5 LA 0F7L WekE §E FAAY
sz} gt Ajole] BAHE ATNE O £EE F
F 92 Aolth olrk, SYES] FAHY G5 7
o} Hlole] 4 elo] EAANATNAA 9L F &
Atk Mol o Rel wam A 2GR 54
& PAeke ATE AT & 9 Aol
HolEt A3 449 A2 428 Zo] ohith
Age AR QA= o]n] AA el Foigls ek
L A2 HolHED 37 BE-ET A
£ e A elsie] 44 74

A
Bl ARE AAAE Holoh ;m. e vl
A g EE GAS e b 7]
FE5A Yehtes FAHQ g5 S Ann
= o s

A9E Addelor At o5 T

Ofon
1

L, tl ol 4 % EH“ r—ﬂ ol§] ¥d, "lolg a4 7}
AeollA deRd AR oF §38S gAash AT
AR dolE a4 FH A= & E%o] VAR
AEA %ﬂr —r7lxq JHEMI Eﬂﬂ 01

References

AEH(2022). 2022 NP &Y 2 Jehy w543
(LA 202233, [E3 9]). A1%: MOE.

A, 298 S99 2003). B84 7 AT}
B7HE 918 vl Alztste] gakeh Wl msA
Butjo] A, 29(1), 175-199.

AAE, B5F, 95, BF ol 244, 187,

F&(2021). HlolE #e}t wSo] 258 AT

Almd ol vlxE g3k u}ola_@ﬂﬁﬂ AR 7]

FA o R HHwEeE]=EA| 25(2), 337-346.

FA012023). diolE] 71Wk RdE] &F5& 59

2 g A A # sid el #s) gkt

W EA T, 23(3), 747-764.

i)
oft
R

Y ooff o o
o Mo

oY
br

;

i

B
o _L?L‘



71 CIO[E =4 aFd0IM LELEE 2F2

FF2017). AZY=AES 243 golE 3}
& R3] 2539 AFE Aty

= 83 HE S =EA, 212), 219-230.
, 5“4%!—3, iElH(2009) 56“§~4 ﬂr“‘ :LEH*

&

B

] 9(8) 978-989.

a, 0|14, - (2016). Zhetd ANt SHEES] W

A7l BAE e ARSI B4
66(7), 853-863.

Aelat, ololM, ¥E(2018). Effects of Students'
Background Knowledge and Methodological Belief on
the Process of Finding the Relationship between
Measured Data. AJ&2], 68(4), 387-396.

A4, <30, MAFA el el o
2 )03 AFY Aud Av 24 AFH DS

S| =8A, 24(3), 23-31.

RIS

AR, ¥ 712007). BN AHdy BLX e
A gloleof i3t e a4 +8. =t

W58 A, 27(5), 404-411.

HEH024). 253 HetgA S tide® g o]
B A3 e 2203 /D 9 &3 Tablean 2271
P F8E THoR 2SS, 43(1), 1834,

n}2193(2018). L FHF} oA =By T F3

A E] gk Walgo] olgldl 3t Al AT F5
WEAT 66(2), 439-466.
Awz, 1 7@41 , ©1783K2023). 7 Al g oA

S 283 uFA A BAA Fe]o] wa-d 2ok
AAA GZo]| 2o P wE A
8t8] =14, 26(1), 21-47.

S, A, A, 42 L2021). dlolE 2EHA]
PLs 913 dolg 7t B2 9 2 2w
2 A WSFEATE, 37(4), 943-982.

k7l Y 2012). 2SS Bet A = 2

goalA B A 2FAEt S, 3103), 321-333.
299, o]&7022). HlolE] 7Nt FANSS A% 25
o] glolE] #HA QFA o4 Aly BA a2z
W5, 33(4), 91-108.
L T8, o121 2(2023). T8t wAkA 7§ s}
w24 714 vlolH A1z 9] & Abm A

g

e, FAdoK2023). HAE Hlole S 283 2l 7|t

QT Mzt =y 166

B R el e g
2 Q14 SFAFA n T SA T, 23(4), 171-187.

AW 00). MEAA FAA F2) ARE 913 o)z
SaAe] EAA Q7 A Lo ot uh
LR

Fgh, ©1F38](2023). T ekt AHE], Fet w A
o o= 25 B oef F= 24, wAuSAT,
27(1), 108-125.

Aberg Bengtsson, L., & Ottosson, T. (2006). What lies be-
hind graphicacy? Relating students' results on a test of
graphically represented quantitative information to for-
mal academic achievement. Journal of Research in
Science Teaching, 43(1), 43-62.

Azzam, T., Evergreen, S., Germuth, A. A., & Kistler, S. J.
(2013). Data visualization and evaluation. In T. Azzam
& S. Evergreen (Eds.), Data visualization, part 1. New
Directions for Evaluation, 139, 7-32.

Binali, T., Chang, C. H.,, Chang, Y. J., & Chang, H. Y.
(2022). High school and college students’ graph-inter-
pretation competence in scientific and daily contexts
of data visualization. Science & Education, 1-23.

Borner, K., Bueckle, A., & Ginda, M. (2019). Data visual-
ization literacy: Definitions, conceptual frameworks,
exercises, and assessments. Proceedings of the National
Academy of Sciences, 116(6), 1857-1864.

Chai, C. P. (2020). The importance of data cleaning: Three
visualization examples. Chance, 33(1), 4-9.

Chang, H. Y., Chang, Y. J., & Tsai, M. J. (2024). Strategies
and difficulties during students’ construction of data
visualizations. International Journal of STEM Education,
11(11), 1-22.

Farmer, S. (2012). Real graphs from real data: Experiencing
the concepts of measurement and uncertainty. School
Science Review, 346, 81-84.

Gilbert, J. K. (2005). Visualization: A metacognitive skill
in science and science education. In Gilbert, J. K.(Eds.),
Visualization in science education. (pp. 9-27). Dordrecht:
Springer Netherlands.

Glazer, N. (2011). Challenges with graph interpretation: A
review of the literature. Studies in Science Education,
47(2), 183-210.



167

Gobert, J. D., Moussavi, R., Li, H., Sao Pedro, M., & Dickler,
R. (2018). Real-time scaffolding of students’ online da-
ta interpretation during inquiry with Ing-ITS using edu-
cational data mining. Cyber-physical Laboratories in
Engineering and Science Education, 191-217.

Hillmayr, D., Ziemwald, L., Reinhold, F., Hofer, S. L., &
Reiss, K. M. (2020). The potential of digital tools to
enhance mathematics and science learning in secondary
schools: A context-specific meta-analysis. Computers &
Education, 153, 103897, 1-25.

Maltese, A. V., Harsh, J. A., & Svetina, D. (2015). Data
visualization literacy: Investigating data interpretation
along the novice-expert continuum. Journal of College
Science Teaching, 45(1), 84-90.

Mensan, T., Osman, K., & Majid, N. (2020). Development
and validation of unplugged activity of computational
thinking in science module to integrate computational
thinking in primary science. Education Science
Education International 31(2), 142-149.

Pols, C. F. J., Dekkers, P. J. J. M,, & De Vries, M. J. (2021).
What do they know? Investigating students’ ability to
analyse experimental data in secondary physics
education. International Journal of Science Education,
43(2), 274-297.

Ofon
1
08

Prain, V., & Tytler, R. (2012). Leamning through constructing
representations in science: A framework of representa-
tional construction affordances. International Journal of
Science Education, 34(17), 2751-2773.

Rahmatina, D., & Zaid, N. M. (2019). Students’ mis-
conceptions in interpreting the mean of the data pre-
sented in a bar graph. International Journal of Insights
for Mathematics Teaching, 2(1), 57-74.

Rohrer, J. M. (2018). Thinking clearly about correlations and
causation: Graphical causal models for observational data.
Advances in Methods and Practices in Psychological
Science, 1(1), 27-42.

Volkwyn, T. S., Airey, J., Gregorcic, B., & Linder, C. (2020).
Developing representational competence: Linking re-
al-world motion to physics concepts through graphs.
Learning: Research and Practice, 6(1), 88-107.

Wong, V. (2017). Variation in graphing practices between
mathematics and science: Implications for science
teaching. School Science Review, 98(365), 109-115.

Zagallo, P., Meddleton, S., & Bolger, M. S. (2016). Teaching
real data interpretation with models (TRIM): Analysis
of student dialogue in a large-enrollment cell and devel-

opmental biology course. CBE-Life Sciences Education,

152), 1-18.



