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ABSTRACT

With the advent of the digital age, the amount of data has exponentially increased making
statistical analysis essential for decision-making and problem-solving. This research
examines the impact of an Al-based feedback system (FS) using the GPT-4 model on
the ability of sixth-grade students to formulate statistical inquiry questions. Conducted
at an elementary school in Gyeonggi-do, the research involved 95 students divided into
experimental and control groups, who participated in an eight-session program. The
experimental group received feedback from the Al-based FS, while the control group
received teacher feedback. Pre- and post-tests measured the improvement in students’
statistical inquiry question levels. Additionally, the study analyzed how students’ self-
efficacy regarding feedback and their perception of Al moderated the effectiveness of the
FS. Results showed that the Al-based FS significantly improved the students’ ability to pose
statistical inquiry questions compared to the control group. The study also found that a
positive perception of Al enhanced the effectiveness of the FS, while self-efficacy regarding
feedback did not show a significant impact. These findings suggest that Al-based FS can
be an effective educational tool, particularly when students have a positive attitude toward
Al. Future research should focus on developing fine-tuned Al-based FS capable of providing
detailed feedback throughout all stages of statistical inquiry and investigate its effects on
students with cognitive challenges in accepting feedback.
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Introduction

YA Aol Zefiel 3 Hio|e|e] &2 7|ota44 0 & F7Iskal Qltt. ol = A A1} 24| ol
Zo] 34 Zdo)7]o]l 7|9, A, &HA| 5 AlE] Z- RofollA] HlolEle] F o2 HeE|glo] FRE T Tt F
Ale tlolElE 484 0 & FA6kal s Aot o B42Ql Etet. §lgSh= tlo] g Atolof|A] 243t Hlo]
Bl & Aeistal EAIsto] ZHAlof| A 2 o3t FHE A7| Qlof, nj2] AFE] o] ARl gt 40 FAIA AL
£ ghFeh = e 7} QlthMoore et al., 2017).

Wild & Pfannkuch (1999)0l] W2, A4 Aldl= SAIA A] Aur mhebz] 2] Al 1231 gjo|Efof| thalk AR
7h A 23HE o o] F0i2|7|of Weto] vijAl|lH B4 w52 YR stola FAIA AFLE AHs)
A ZoHA S wheba] AAl| AlA|e] g G2 Hlo|B & SAIA o ® ok EE 58 57 150
thot A7t A AJAIA 02 thFstA| o] F01A ghth(Franklin, 2007; Graham, 2006; Marriott et al., 2009; Wild &
Pfanrﬂ<uch, 1999). A1 Et] AR Q1 2} -Bol= Attt thEA] Y AT A 2 FA14] g+t

A A7, dlole =4, dlolg B4, A& =20 Ul UAIE wan Z gAl= fAsH g o & o] &
Oixlt} o] F Z7| GAIQ A A7 ©Al9] F8/d0] of2] AFollA FEE AT Marriot et al. (2009)= &
Xﬂ 7 dAZF Y= stol 2 BAIA Aol thell A[A|5] =2lota, tlol B & &8l ZAIE s dsk=

S PAGIEE o]}l o]opr |3 o uq Shaughnessy (2007)2 AA| e Lo A EAA BAIS A5 O]
Qo] B Q3 FHES 27 YolA= 2A A7 TAol thal wSo] 732 & ofof JHrial o|of7|3iTt. o]of]
ufe} SHYE0] g AE AA 5E& A7) gk HRbel tigh A7} o] F01%1 HE RIthAmold, 2013;
Amold & Franklin, 2022; Frischemeier & Leavy, 2020; Lee & Yoo, 2020).

A A7 DA thigh aso] Z o] F0]2|7] oAl wARL] 245 n] ERlo] QT WARS] m] =Ry

ﬂl

i)

= 5ol YE2 AHAlo] A7et BAIA ZAI7E olH Eje] ZAIQIA] QIAIS 4= Lo, ZA17F 7FA| AL 8l
= Q72 ulolslal o] 2 448 4> T Amold & Franklin, 2022). 12t Kim & Han (2021)°14 E&{uh= A
X A B IALE R SAE 27 24 Aol ol N B2 7 ol BAL T 24 44
ol thgt g HEulg g 2ol of2lgo] e 4 Uk e wj=ule] Eu shje] Q1A)Y B4
A == Ao w2t 24| @2HA] 7] oll(Banaruee et al., 2017; Han, 2017; Narciss et al, 2014; Winstone et al., 2021)
WRR S Al Al S o] & B efeh m]= g AR 242 vl of2le olck

LLM(Large Language Model)2 223t Al(Artificail Inteligence) 7]2H] FS (Feedback System)= |21+ SHA|
€ 5L FASE S A = e st ARl eG 2 EHN QITKEIls & Slade, 2023). Al
718k FS= Q17 wAReE -2 HFA © 2 ShAjof|A| m| S S Al gE 4= Qlom TR E A2 o] S F5
7N 22 u] =ElS- 7)) 2eh= o) 9-2]5HoHLi & Xing, 2021; Wang et al., 2023; Shin et al., 2024; Xu et al., 2023).
Dai et al.(2023) t o] €] 25} A of| A ChatGPT7} QI7F WAFECH 374510 Lybd Q= m] =ul S Al 5&
Ue= Hol7| = o ofe] AAG-50] Al 7|9ke] FS7}H &Y e] /g F ol Qlo] 3784 Ql axtE B2 55

H} 1 Ch(Jia et al., 2022; Shin et al. 2024; Zheng et al., 2021).
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MPATLE B E At EAA A A7 of| et AF-(Amold, 2013; Amold & Franklin, 2022; Frischemeier
& Leavy, 2020; Lee & Yoo, 2020) 2! Al 7|9} FS2] w54 2H-gof thgt -2 A-L(Ellis & Slade, 2023; Jia et al.,
2022; Shin et al., 2024; Zheng et al., 2021)7} o] R 2L QI ATk SHA|TF AIZ|HF FSE -85 EA1A] g9 &
Al A7 ol thek A= Zotk 7| ot w5k e o] E/4do|ut Q1A o] QIZF wALe] m] Erl gyt
o] 2] G ol thgt A-50] Th o] Fof x| 1 QAT HHA(Banaruee et al., 2017; Han, 2017; Narciss et al, 2014
Winstone et al., 2021), 882] /g0t Q14 o] A} Al-g-6h= o] Erio] Fato) n|x]= FTF= the A= 2
ofE 7] ofe 3Tt

whekA] & Aol A= tEAQ! LLMF o<1 GPT4ool| ZEZE QAU o|gE AA|sto] o] & FAIA
gL ZAol gt m]ErlE = 4= Q= AR FSE 283ttt o] & 3l AlZ|RHFS7HEAIY gt A4 A7
Ao A gAY o] A7get BA| TA ol nlA]= FFE Flotarat st gt Alo] tis 3 -4 B E
A Y2 AIS AFESE o] £} 11 1 Eulof| st 2}7] -84 (Selfefficiency)©] T EHlO] ARgoj §-0]u]
Sk o7 285 gtthe A5t Aafol] 2kekstoq, Lol thidh 3744 Q1A ) mj =wlo] thgh 2}7] &-8/d0] Al 7]
HlFSO] g itof| f-ofn|gt 2 A R85 Sh=A] &RI5FaAl SHHGado et al., 2021; Otto et al., 2024; Winstone et al.,
2021).

AT-EAlE o2 2o AR, AL 7|HEFse] &-8o] SHYE0] BAI4 't A - ol 72l
=0 2R17F 24, Alol tigh 3744 9143t m] Erllof thgh 2}7] &&/d0] Al 7|HHFSE 53k &

2R 222 Ao oJ3kS = A0l

2ok
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Materials and Methods

Participants
& A= 471 GAl £412] D 3
Fo = sl sl g SHEE2 2015 7H = 5ol W, o, 2| Aot 22 7|2 FAIGA o), w] L
g )= ol tis ehaotl o BAIA Tol|l A 't FEE THes 1ol tishA = w2 i
A o). 2024 = 6 oF B F O o] SMEES 397 9] ATt 56 9] BAR TR L
of 8xtA] 2] FA| U= AAISIATE Bt SIS Y A2 AR, AR ZAtol] Zrofsi.

l-N'

Development of Program
SIS 3ol BAH T Aol R olshstA st EP;L AEg 7o 3 54 g7 e A

s} ol |
FalE 4= A== 517] 930 Amold (2013)9] Lol] w2t PPDAC - AJof| whe 83FA] A& 71 E ik
ot sHY S0l Al= o|u] PAH dlo]elE 7|Hke 2 EA 1A gt 7“5—% EE5h= 7dglo] Hdlth(Lee et al.
2021). o] 2 93l F/dH wlo|E| & E-goto] T W ES =& A5 Ae &, AA g s St 54
A gL AR vh50)E 4 QU= 2 AAIEATH Amold (2013)0] THEH EAA] gL AR QORI vl W
AE U IA QRO 1R 7Hsst) 9ok et A-E-2 tlo]E Q] BAP HQd m] 85 B Tl ©
O[] NEES T}ELL o 5 E0], ‘R Y E2] B+ 7]= GuiRIZp7t QoFd Fof &3t} vl a FE-2 &= 74
ol’do] glojg] 519 AEHS H|w e uf F2Hct oS Eof, ‘G oS S HH 77 Y 2 AES
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L Q17 2hi= ARo] ofol] sFRITh BA| AR s 7o) 45 B =<
A1 4 Abololl @A77ty Bhe o] olo sigiet o] 5 A AL 25 WG
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Table 1. Program for improving the level of statistical inquiry question posing
Lesson number Lesson Contents Use of Al-based FS

1 P> Understanding Statistical Inquiry Questions
- Understanding the Concept of Statistical Inquiry Questions

2 P> Understanding Summary Questions (0]
- Create summary questions based on the data

3 P> Understanding Comparison Questions (0]
- Create comparison questions based on the data

4 P> Posing Statistical Inquiry Questions (0]
- Write one summary question and one comparison question based on the data

5 P> Preparing for Inquiry (0]
- Select a research topic from the activity sheet and write a statistical inquiry question in groups

6 P> Interpreting Inquiry Results
- Interpret the collected data

7-8 P> Sharing Inquiry Results

- Create presentation materials based on your team’s inquiry results and present them

2sAAIOIAE AERee] SYES th o= AIZINIe] FSE B8ttt ol Sisl 4u el s
2 3Pl GPT4 Belo] HES I5hil T EuS e S W gton] A2 Bl 4 5to]
AP s ST W BS A AU o) F SYSL oAIE E3) GPT4 Bl 71Tt 2
22 Qs Eue Folsht A4S sl shySe ARo] astoke wZujo] Liehd ujh
A B EMS B0 2 W22 £ th] el isto] A|2e T CHlS W S whEstgict. o
m ol ok Al B3] ST WALRRE WU BE S Sgich YL WES AYSHT B
NEHE 7 ES Wekon] URo| FEstrhs B S WA 493 E S Mg

YY) 29U G TAES 242 H2o] AT 1049] Wuk ZEIAG OB, BRG] S-S
S TS o] 242139, 64, 1089] Qv 25 AL o] S A7) Holsh] Kol FUA%
% 21380 el AV W82 W, 2 10| St el ofs] 325 oJshet delolA UL 13
Sioirt 531, AT £ BT TS ALET Aol chek 27H419] B L Wkt
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Construction of an Al-based Feedback System(FS)

2 Aol A= OpenAle] GPT-4o R Els &-&5t0] 39| sh52 A|Ysh= FSE 551U thFig. 1). Al
2Hlo] 2HE 32 o2t 2ot sHYo] ¢ of 2] o)A QIEjH|o]AE Sal WES UG, o] YH
Nginx 9 ATH 2 2 SE T} Nginx= HTTP 8= A 2|ots 9 AH2A], 882 A7 24 & #Alskal ol &
Gunicorn WSGI AH 2 HE5H} Gunicom-2 Nginx 2 5-E] ZEHR2 9 4S- Flask off =2 #H|o| Aof| SA|SH},
Flaskh SHAH 9,] A o] E;d—s]-\:ﬂ GPT4o API= iia}q Al —‘_T'—Oﬂ EH?J’ z%]x-l St %1-%% A AT o]—]:]- Flask o]-]——EJ
Alo] o] APIE B3l 22 HY5IH, GPT4o= AHI0] 28] Y1252 E-g3to] 71 A4S g S A
/gstal o] & WrEsl}, A/ EHH-2 Flask o E2jAI0) S Salf SHdollA| viets]w, & 223t T
SqlAlchemy ORM< 53l tl|o|EfH|o] Aof| AAJIT} BE F4d @ A= 24A17F - )= Amazon EC2 S2¢-
T AHol| A S AR HL.

GPT-40

Amazon EC2 Cloud Server:

h 4
< Nginx Gunicorn fng
(Web Server) (WSGI) Application)
A

Y

Student

SqlAlchemy

(DB)

Fig. 1. Diagram of Al-based FS using GPT-40

Flask 53 725 91 o Z2)7]l0] 4.2 Aol A% 3 84 A Rl wfa} ofo| ]2 sh4g o] 2, vl &
4 W so] 230 8 sl AU Bol 21018 sl s Al ol ol & ofSello|de Bk
A} 2] AR 2 eloEfwlo] Ao AT 4 Y Blgit Eet RoFAR Ho] A2} vl AL Ho] x| 7

2ajo] shjo] i W 4 AR So] e} T2 T Eul g w4 9w 2 sl giTkFig 2).
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Al ZB M3 TR0l 222 vaze 2102

H0l7| WEof o E4X g7 BEOI0
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(A) (B)

Fig. 2. Al-based FS using GPT-4o. (A) Al-based FS for summary questions. (B) Al-based FS for comparison questions.

o] 9l5f| ol E2]A|o] dxt AAHE GPT4o B2 ol A& R SAA g+ 24 A8 7| L
o]E]of thet HHEZ Hlelo g T2 T E ofx|Uo]aS AlA|5lo] oof we} W] =HlS A2 4 Qw2 519

of. S g7 27 0] 7122 Amold QUI3VH AN 71E 5, S0l B4 g7 AR e HgoR

Apa s ARoleks e Tefstel ‘AL i Wrto] BN, ‘o) wt WL, ‘Holel S 243}
of S 7Hs 3 AR17170) 37H4] 7120 4 S Shlck, TSP So] H8 T HlolEZk A5 3L 63hd
SpYSe] A tlofelolo] S0 2L W G, TR, SeA, Mal94 S A 1 gl v

oJgjAlolgl= A HE AHF}

2 AoIAE PSS AFE F R 4 9l BAIS S1517] 918 Abol 232 639 Sy S i o 2 A
4 752 Y3tk o) ol AR LAt olol chet b wee chat ek

AR, FS7t HotA| = A & HHotAY HY A7 e B S Aok 427t ARl o] =213t 24|
NZA5H7] Y3l GPT4o 2 O] temperature A4S 0.12 o] BE o] ZH-E ¢ dWEA 25T =
Aok FHE AlFsh7] 9l 2 Aol A Aok EHERNS o|A] ZE I E (example prompt) 2 57}
gt FA U802 PGS Aot e T RS, o] & G0l FS& Hr} g 4ol i U

rit, ol gg’h rulm
g &

HJ

n@

o 543

M AZY 5 I =9ick
57, 35| Fse] RIS 7HH0 2 A1) BB ol A £ slob 4] U R3He 397} Isiek. o
£ 5257 919 st opYe) WS Hi 0 = ANE 4 Qs WS N2 A FSES TELES S7]
steick o2 Sol, 4] Ao B o] BR A9, Fsis ol BA| E-S S7sof sHer
ol the TAIH2 oA S B ABE 0 24 SPYSol Brk WS AnH9l SRS Y 5 YwS o
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Table 2. An Example of Questions and Answers from the GPT-4 Model Conducted Through Prompt Engineering
Types of inquiry questions

el A el examples of query examples of answer provided by the Al model
Summary question " "The question has not been provided yet. Please let me know the student’s question, and I will
provide feedback."
"What is the highest test score  "It’s a good start, but the question needs to be more specific. For example, you should clarify
in this table?’ which subject’s highest test score you are referring to. You can improve your question by
changing it to: "What is the highest test score among Korean, Math, and Social Studies in this
table?" This way, you can find the highest score in each subject."
"What is the average Social ~ "Great job! This question asks for the average Social Studies score for a specific gender (female),
Studies score among female ~ making it statistically very useful. Keep creating various summary questions like this!"
students?"
Comparison question "What is the average math ""The question ‘What is the average math score of boys?’ is useful for summarizing the math
score of boys?" performance of a specific group, but it is not a ‘comparative question.’ To make a comparative
question, you can ask something like, “Which gender has a higher average math score, boys or
girls?™"
"Between boys and girls, "That’s a great question! “Which gender has a higher mean score in the math exam, boys or
which gender has the higher  girls?” is very suitable for comparing the average math scores between genders. By analyzing
average score on the math data with such a specific and clear question, you can easily understand the differences in math
test?" performance between genders. Well done!"

"Which gender has the highest "The question is very well crafted! “Which gender has the highest maximum score in math,

maximum score in math, boys boys or girls?” is an excellent summary question for comparing the top math scores between

or girls?" the two genders. Comparing the maximum values is a very useful method for analyzing data.
Great job on creating a good question!"

Measurements

Level of Statistical Inquiry Problem Posing

SYE] BAA AT A 420 WekE HRI5] I5) AV, AR ZARE AN, Fig 3.2 ZAIIA
289 olofEl A2 Lhebic. Aol Fgulole] meol M A[3sh 2024 5 5P 2147
Hole] & YRS A, SPA, P ‘Bl 2, II, “BRA, A2 B0l 5l B3k AR 8
RS0l Foi4 Hlo|HE BEsto] Hlo|ElS B g8 4 Yt BA BT ARS FAUS AT 270
oh AHEZAHS Bl S0 017 o] E B8 ste] B8 4 At ROFIEN AR S ShPH IS S

=
=

279} S5 BAM AE 44 472 o] B A S0l WF- AFEsIt
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AlE gt a4 EjOI Lt T 7l_em | 852 kg Al
MZE 2 = 18 125 25 1.1

oA 5 o Mg 150 53 1.1

Mg 4 o 9 148 56 14
oIH 3 e 1ME 135 36 0.9
37| 3 e 38 131 30 1.1
ME 6 i 23 168 56 0.9
ME 6 = 9 158 50 0.8
&7| 3 o 18 133 41 1

ME 6 = 43 167 82 12
NE 2 q 18 132 25 0.8
oIH 4 o 18 148 57 0.9
ME 1 i 58 122 25 1

oI 1 o 3E 120 22 09
7| 3 ot 18 133 31 1

NES 3 q 33 129 25 12
oI 4 04 78 132 25 04
37| 5 o 128 136 34 1.2
M 4 i 3¥ 149 37 0.7

Fig. 3. Dataset used in pre-and post-tests

spySo] HlolelS B e BAA AR0) 422 FAAIAT FAR G R £EL Amold

AR AR, A-2 o EA-H| A E, 2P M| w79 38A| = 2513

(2013)2] 75 Farsto] HlE =, ,
A Zp o] et B EAE A 24 EA4 24 ol tieh W 7|52 Table 32t AT o E 5
o], spAo] Rz Azo] v SAIA Azl sidet z

chal, 3 AL 19] A4S Holslglon shio] phE A
]
=

[e]
o] 7% Ao sheatein s WES 30

Table 3. Criteria for the level of statistical inquiry question posing

level Criteria for level of statistical inquiry problem posing
1 Non-statistical questions - Nonsense, not related or not a summary question
2 Pre-summary questions - A question that asks how many of a particular category or within a specified range.
- A question that asks for the most popular or most common.
Pre-comparison questions - A question that hints at comparison.
- A question that has all of one group bigger/smaller than all of another group or compares individuals.
3 Summary questions - A question that asks about a summary statistic; for example, the mean.

- A question that asks about the overall distribution of the data or what are typical (more than a single value,
more than the typical or the mean).

Comparison questions - A question that compares categorical data

- A question that compares a summary statistic.

- A question that assumes the idea of tendency. This includes questions that ask how much bigger or if there
is a difference. Uses a comparing word

- A question that includes the idea of tendency; for example, on average, generally, tends.
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APAZAALRE AFS AL Afo| o] BEA| A A 42 FAS H7517] ol AP AAL A4 Tiu] A AR A4
9] H]-&-& A= (Improvement) = A5 T

Perception of Al
Alo]] thgt SR E0] S Q1A 23 ZAFSH| 5l Jeffrey (2020)2] A2t Gado et al. (2022)2] A& Z

AL°] tfgH Bl &= (Attitudes towards ATy S ZL5k0] Alo]| Tt Q1 4] (Perception of Al THAl 22 & FALSIRITY.
7k B2 (019 134 rh e 5l 213the) 27 E & Likert scale) S Z-&511th 0l S o, A2

oM SIS AF AR50l 92 AElol| F2 FF= & Alolth o 1~59] 45 mizict,

Self-efficacy about Feedback

1] =xlo]| thgk 2}7] G-84d(Self-efficacy)S ZAFSH] 915l Linderbaum & Levy (2010)= 7 1'5]-03] A7 &8
‘de Al 222 ZALSISIT F2 halof| A Q] Aol BHA| A& 25tk & =
(Deal with feedback) 2= E& SHJ 50| o] 2|2 Zlo|et whasto]” 212 A 2jaity = 22 21 gt
= W YoillA] B L3sk 2loj2kar Aztet 739 o] & Hokzo] 1L, Yol A| 57| 9= 2lol2kal =71 wj o]
£ Hols0]7] o= e Stk et Al ?—7&'?}04 ok 2t 22 1919 1A FThRE 50 137
the] ZAHE H =& &85kt ol & 501, & =
2 A 2fshz Holot of] 1~59] H4& mixIc

Data Collection and Analysis

& AE AP, AR AARE Bl AT 39} WY T 567 9] AR E 7St o] & F 7HA| T
ol Al AR SIS S] SAK BT L 40| A Fs 248 ool 2} olujahA o
27 gelal7] SJo) 52 T2 LB AN THAE shSe] SAA BT AR are] G AR
Phepys ol e ol cigh 2] 84 i Alo] thek A 014 4%o] nje} 2w A Helsh] 913
Hayes (2022)2] Process macro model 25 &-8-510] 24 £ (Mediation analysis)= A A|5F3I Tt

Results

Impact of Al Feedback on Improvement in Levels of Students’ Statistical Inquiry
Questions
m272o] Zg5]7] A AlJH AP ZAL Aol thet Levene's testA2, F = 1351, p = 02482, 99| 54F
95%ClIA = ] £Aito] FA A S RIS, o] & SHEE -7 A 0752, p=0454% 2| pF
95%01]/\1 AF7Ho] iHE”H ATt wheba] 28] A8 AW, ATt SAR T g ZA4] A4 20
Fofu|gk 2fo] 7t glvh= 2l Eeld 4= ik
=

0
5 2

_EZLE’H2 AN GF o] Fof] ZYH AL RALL] ATto]] thet Levene's testd 2, F = 0.392, p = 0.5332, 72
T 95%0lA F ATe] FAto] AA QS HRISIGI o] 51 HE A4S AAISIE W, =3.156,
p=0.0022, 50125 95%0)| A] FF7H-S 7] Zks}3iTt o) = A M Tkt EA| M Tk 7ko] Bh B A 4%
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Table 4. Results of the independent samples t-test for pre-test and post-test

Type of test Group N M(SD) t df p

Pre Experimental group 56 1.366( 0.584) -0.752 93 0454
Control group 39 1.462(0.643)

Post Experimental group 56 1.857( 0.679) -3.156 93 0.002"
Control group 39 2.321(0.739)

Note. N=population, M =Mean, SD = Standard deviation, df = degree of freedom, p = significance

p<01

Impact of Al Perceptions and Feedback Beliefs on Improvement in Levels of Statistical
Inquiry Questions

Fig. 4= & HA] AFEAIE 7HEd4 =2 =2 Lebd Zolth AIZ|REFS7L SA14] gt A8 A ol 9
S 0] uf o) =ulo thsh 2F7] E-8/d3t Alell et Q14] o] 2 28-S Sh=A] ERlsH] 9J5l SPSS
of| A} PROCESS v42] model 25 &850 th 24 ¥4eof tgh 24 F4& A A5k THHayes, 2022). Al 7|
HFFSO| AFEO{RE E8] E‘i#@()i SAA & 2A A s 5‘—@ HR(Y)= ARS-31 o m] SHllo
st 27| J&/3 2t Arol] st 344 OJ*‘ FEe 47 28U = 8513t} B4 I ol|x= 4
SAE FIE AT E7] 5] i— HEol sl B+ F D‘i}(mean centenng)—e— AR} deatg 5t
9] 80412 0,05 4=Zof| A THICH

HJ

W Z
Feedback _
self-efficacy Perception of Al
* Y

Improvement in
Use of Al-based FS » statistical inquiry

question posing

Fig. 4. Conceptual diagram of moderation analysis
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mj =ullo)] tigk 27| a&Ad7t ALl tigh 344 Q14 F5 S5 ol ARSE AR A= wsst o
o} Q1A 5 oS AAF S Aol A EREOoH o] & vl o 2 £A45Iglrh AE AA| &, 3
H dlo|g & vz A =g ASsiitt. o Ewlo tigh 2}7] &4 AEAY] A= E Felst 4
Cronbach’s a ZA|4= 07422 Ul 2145 Al =2 H itk Arol] tish 344 Q14] 3 MR x| 9] Alg]
= Cronbach’s a Al57+0.8152 LFER} =2 A2 = £ H YTt

Table 50| =2 24 242 Fofl A2 oS 2] 2474 R2 & 0.139% YEFHOH, o] o]
4 o] WE/Ao] oF 168%S A TS Qu|sith F 2H2 2872 (p = 0.019) 0.2 Hdlo] EAHo 2 &
oln|&-Z UePh Ao ats ol tigh 9 WPd -2 ohaat 2t} ‘Al 7|5 FSe| 28 3} ‘m] =dljof] tigt
27| &84 7H] AT AE H(Use of Al-based FS*Feedback self-efficacy)2] Al4>= 0.012 (p = 0.958)°.2
oln|5tA] oA ettt ‘Al 718E FSe] 283} ‘Ale]] thgh 3784 Q1A 7H] 4248 &H(Use of Al-based
FS*perception of AT)2] Al4~= 0495 (p = 0.004)2 7-2J 1| 5HA| LFEFSTE

Table 5. Results of moderation analysis examining the effects of Al-based FS, feedback self-efficacy, and
perception of Al on statistical inquiry question improvement

Variables B SE t p

Con 1.497 0.100 15.026 0.000™

Use of Al-based FS 0249 0.156 1.592 0.115
Feedback self-efficacy 0.142 0.141 1.003 0.319
Perception of Al 0.269 0.114 2349 0.021°

Use of Al-based FS Feedback self- 0.012 0.226 0.053 0.958
efficacy

Use of Al-based FS Perception of Al 0.495 0.169 2,930 0.004"

F 2.872(0.019")
R 0.139
AR’ 0.083(F=4.298, p=0.017%)

Note. SE = Standard error, df = degree of freedom, p = significance
p<.05, "p<.01, "p<.001

Table 60l =R 27157 gt 2 A} Alo] thet 344 QlAlo] =25 7%, mj=wlo] tigh 27| a8/
o] Y& wl(Feedback self-efficacy = -0.689, p = 0.011)2} & =HHo]| thst 2}7| §-8/d0] Ht =Y w(Feedback
self-efficacy = 0.011, p = 0.002), 12|27 T =8lof| T3t 2}7] §8/d0] =2 Y Wi(Feedback self-efficacy =
0.711,p=0.010) 25 SAX S & F-o|n|gt YIS vl x|= A 2 &2 e B = Alo] thgh 3784 Q14 o]
Bt oY B2 4ol m=dio) digh 2H7] &8/de] aiprt EA4 02 foju|skA] 2T Al
et 342 QlAlo] it 452 w(Perception of Al = 0.106), T EHo]| gt 27| &-84J0] WS w(Feedback
self-efficacy = -0.689, p = 0.184), T =xHof| thSt 2}7] §-8/d0] H+ Y w(Feedback self-efficacy = 0.011, p

=0.057), 12| 2L o] =wo]] tfgt 217] B&4d0] =2 4~FY wi(Feedback self-efficacy =0.711,p=0.175) 25 5

AR O R foju|stz] ehoket TESE ALl theh 372 Q14]o] B2 7 (Perception of Al = -0.894)01| = =) =Y
of] gt 2}7] a8/ 9] aih= S w(Feedback self-efficacy =-0.689, p = 0.452), Bt 5L w(Feedback self-
efficacy = 0.011, p=0.386), 12| 1L =2 45U w(Feedback self-efficacy =0.711, p=0.508) =& SAH O 2 7
oln]sox] gttt o] At Alel thgt 344 QlAlo] =2 ] B =W 27| B8/de] a1} S|, Al
ofgt Q1A o] SAY ot wl= -0l u]et b7 F UehA] 9522 AAFSHTY.
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Table 6. Conditional effects of feedback self-efficacy and perception of Al on statistical inquiry question

improvement
Feedback self-efficacy Perception of Al Effect SE t p
-0.689 -0.894 -0.202 0.267 -0.755 0452
-0.689 0.106 0.293 0.219 1.340 0.184
-0.689 0.906 0.639 0.265 2.604 0.011"
0.011 -0.894 -0.193 0.222 -0.871 0.386
0.011 0.106 0.301 0.157 1.925 0.057
0.011 0.906 0.697 0214 3.259 0.002"
0.711 -0.894 -0.185 0.278 -0.664 0.508
0.711 0.106 0.310 0.227 1.366 0.175
0.711 0.906 0.705 0.268 2.634 0.010°
Note. SE = Standard error, df = degree of freedom, p = significance
p<05, "p<.01
Feedback self-efficacy(W)
—— -0.689 0.011 0.711
1.75 A
1.70 A
1.65 -
. 160
z
Q155
§=]
-l-g' 1.50 A
8, 1.45 Perceptio Z): -0.894
° . .
2 170
—
O
D 165
)
wv
() 1.60 A
=
E 1.55
Y
5]
— 150
@
>
@ 145
|
2 1] Perception of Al(Z): 0.106
£ " !
% 1.9 - /
E 1.8 1
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o
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§ 1.5
1.4
1.3 4
1.2 1 Perception of Al(Z): 0.906

Non-use of Al-based FS

Use of Al-based FS(X)

Use of Al-based FS

Fig. 5. Conditional effects of use of ai-based FS, feedback self-efficacy, and perception of Al on
improvement in the level of investigative questions
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Discussions

& A7e] Ark= AL 7|REFS] EHgo] SMEEe] BAA gt AR F2 f-Ynlst
HojEoh =23 A8 Mol Ay} AN 25 54K 22 F/dots 5ol f-ou|gh &jo]
Zhglglot, m2 8 A8 AL 7|9 FSE E85t AP Aol vlsl BAA &t A& 450
A FojnjebA] =2 A E BTt ol et b= Al 7|8 FS7F &k50] AdF ol EbERl @S v
7|1& AE9] A2 A2|SHK(Dai et al., 2023; Shin et al., 2024). SHA| R 2 ALoj| A E-83F AT 7]HF FS=
A g B F A A7 DAlol] =5kE] of ARgo] ZhsstthE HollA BAIA "HE M A o m XY
o 4= Q= AL7]EFFS ] 7ol Tt A7t F7F4 0 = o] 2ol F Q7 Qi

T3t 24 24 A= e ALl tigh 14] Bl o] Erlof| gk 2H7] &&4d7t Al 7R FSQ] &} AL

o]9] JaAtg of fof gt &S AFotAth A=, ‘Al 7|5 FSQ] 2-& 1} ‘m] =ulo] thgk 24| a84)
ko] o ARE -2 Fofn|okA] ittt 7| ol WhE W, 27| &84 n]Eulo] Zhgof] JFE nlxl
CHWinstone et al,, 2021). ©]+= T =81 BlopSo] = o zFAlZ o] gl sHjo] u]=rlg: A}&SPXI gethe
Winstone etal. (2017)2] A7-ebe Yul/g-5atet. 1L} 2 Aol A= AL 7|8 FSE AR 1l 2H7] &850
&h<5 atol| frojn)et P& |2 A| 3ttt o= Al 7|8 FS7FA}7] &8/l TA|glo] e So] m=ulks
+88 s 2 4 35S AARRITE SRR 2 Aho 2= o] 25k o ak8-2 e 5] ARstr] of
HeB g 27| Ga/do] gt aatel rlx]= Fgol tieh Al 7|9 FS7F ofd 2485 oh=A] AS4oE =
Akeh= 7 57 E g stet

SA=, ‘Al 7|8} FS2] 2831} ‘Alo]] thet 3784 Q14 7he)] a8 &2 f-ofu|st A 0 & LElTt. of
+ Al°] gk 374 Q1A o] =2 S0l AL 7[R T TRl A| AR 0 2 HE o] 2 &S Hh=the 21 AIA
‘6‘]—]:]— Ez‘s] Aloﬂ 1:]16‘]- :LZ-] 4 9_] o] o ol—/\HE(uﬂ_—nLEq- 1 B39 ‘]-l-:sg 761-?—)2AI 7]1:1]— FSE& %I-_Q.% u;H

(]

l“N

HA} =2 2 2l g
SAA G SHollN E Fd2 HATk of2{gt Aak= Alo] thek SMiE2] 3HA I Q1A 2Fo] AlE T
=2 0 2 851 Stttz o] A+t Zxkel A XS HGado et al., 2021; Otto et al., 2024). ©]+= ATl Tt 9
AS FINZ Qe wsx 20| I A EE|E B AVIHHFS7HE b o2 2] 4= Q52 A
Abgtet whebA] BHgEo] Alel Tl 7FA]= Q1A ol thigh Al 21 Q1 itek Alell thigh Q1A S A1 A 4= Q=
= 2 T3] tgt A7} 2|44 0 2 o] 202 I Q 7} 9l th(Gherhes & Obrad, 2018; Jang et al, 2022; Oh, 2023).

Conclusions
H AL A7) % GA| A7 2538 651 SHYS-2 iAo & Al 7] A4S 1] =l Al AB)FS)o] SHYS
o] AIA & A& A S0l nlAl= 92 AT AT Fojkes & 2oz, AR} &4
O R o] 8244 0] FA U A sl AP T2 GPT4 L& Z-8RL AL 7IHHFSS S8l =
= Bt AR TS AR R E T = AFARE ZIALE E3)] st S 0] EA|A el
w5 HekE Sl o, sl eml 217] a8/ kAlel gt 3744 Q14 o] FSe| aatol| m|x|= F&F=
AT At 2k thEh 2T
A, AL 718 FSO] Z-g-o] S E9] SAIA & A = FonlsA A= 2o Ut &
AN gt ZE AL SAY EolM 71 S23 DA Z o AR 0, AL 719 FSE S5l SIS A

o=2 v w11

1

C

F

Brain, Digital, & Learning. 2024 Viol. 14 No. 3 471



Lee & Jho
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