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ABSTRACT: The educational benefits and potential of XR as a new medium are well recognized. However, there are still limitations in
understanding the specific effects of XR compared to the more widely utilized representation of images on computer monitors. This
study therefore aims to demonstrate the differences in effectiveness between the two technologies and to draw implications from a
cognitive comparison of three-dimensional objects represented on a flat surface and virtually. The study was conducted a quantitative
research method with an experiment involving two independent groups, and the results were tested using regression analysis. The
results showed that for low-level, two-dimensional objects, the computer monitor method may be more effective, but above a certain
level of complexity, the effectiveness of learning through the monitor tends to decrease rapidly. On the other hand, the group that used
extended reality technology showed relatively high comprehension compared to the monitor group even as the complexity increased,
and in particular, unlike the monitor group's rapidly decreasing comprehension level, the extended reality technology group showed a
trend of decreasing comprehension with the level of complexity, suggesting the potential for compatibility and predictability in the use
of technology.
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Table 2, Research on the cases for XR
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Table 3. Research on cognition and perception in XR

Researcher Contents

Evaluate mixed reality research from an
ecological perceptual perspective rather
than a technical and economic one, and
study the possibilities and limitations of the
technology as a new media,

Lee
(2022)

Hong and |Reveal positive impacts of a sense of

Choi presence in augmented reality contents on
(2022) |the user experience,
Pointed out the need for research on
Joo and ) ) .
Lee three—dimensional depth perception cues to
(2021) reduce distortions in three—dimensional
visual perception,
Virtual reality technology, where the virtual
and the real coexist, can be included in the
Lee third generation of cognitivism, with the
(2017) '

potential for new technologies to evolve into
embodied cognition,

Researcher

Key idea

Chen and
Lee
(2023)

Using a children's museum as an example, it
proposes an educational content design that
uses augmented reality technology to make
education more interactive,

Identified the need for mixed reality
technology to enhance the educational

Choi and ) )

Chang eﬁecl\veness_ of safety experience centers

(2018) and emphasized the importance of
increasing the sense of reality and
immersion in its use,
Through the example of an exhibition hall, it

Suh proposed a technique for creating

(2015) |augmented reality contents to increase

image recognition rate,

Lee and [Argues that space in augmented reality is a
Bae dual space that exists as a mental world
(2013) |rather than a material world,
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Table 4, Research on effects of XR

Researcher Contents

Demonstrated the educational effectiveness
Kim and |of virtual reality technology in architecture
Yang and urban design, The group that used VR
(2021) emphasized the sense of space and showed
higher levels of attention and satisfaction,

Virtual reality learning content has been
Lee et al |shown to have a higher retention rate in the
(2018) |long term than non—virtual reality learning

content,

Education in VR has been shown to
Alhalabi |significantly increase student learning, and
(2016) |the immersive nature of the experience
reinforces this,

Positive educational acceptance of VR in
medical education, Three—Dimensional VR

Huang , } )
ot al develops learners’ spatial perception,
(2013') However, it requires information and system

learning experiences that are easy for
learners to use.

Presence is not a direct determinant of
Suh academic achievement, but it is an

(2008) |antecedent of it, Attitudes toward usability

also impacted academic performance,
=Xt ESAVIE ok el X017t PHACE H|w
ATE Mdlls SAe¥eH TJ0MKE E4 M32| vl Ho|H
OF MBS #0(RACE 0o AT =2 HFE ZLIES =
AT IE0] HAE T U= AN S0 71 MEHo] xSt
X HHE NS5 =Lk olof 2 ST 2ot ditsret 4~ Q=
| A5 HI0|HE FESHIAL SIRH, ¢t BHHE QU0
Al HRte| AN =of MMM SUSH ASH o Y
Eg HistLCt

3.1 ZFE ZLEe ERHXE S5 3D S| &5 Hlu

=2 O
(Difficulty)2 LIF0] A&A02 ZIRESIQICt 22 WHOR H]
u D SEE AT 34%0| S=HUXE Soff A Y
OfotRACH

48 Journal of KIBIM Vol.13, No.4 (2023)

il
el]
rr
o
ook
rlo
e
-
nz

—
=)
oz
ird

ol
rr
bal
M
10
wW
>
HJ_B
rlo okl
Fﬁ
o
o
i

Ofl CHeH Zteds &7 pel=lenl
Aoz TR 412 Ho|=2 ML Difficulty 3~40f|
ofdote 22 FEO| Yt Ho|=0l M B2t 20 st
O, 7Fe 0|7t =2 2R vl 3 oA Ay ofs
IHOR M & o717} Haff ol=5l= BA ASEA! Difficulty

59| 7t AEd MZ|I=E =0(7] Yol A=
Difficulty 1~42 x| 3%H 2/|Q| 0[5t M2 FAIS
S| Ee=M Sl £ MER 2H49| M30i| it i
7t 201X B, O 21t BN Aol Yetrs =0t
Z40|C}, OFX|e} SI91 Difficulty 52 62 71 ke XM o| of
HO|=E 717 Fztez=M & A7t Tt 9l
A= THAoCE

e duts O3t ZtiTable 5, 6). M, & I8 25
Difficulty 1~20{l 210{ 97%01| SiEstE &2
O|DfX|of| et e~ Mg SHE2 QIYEQIC, Difficulty 3~4
Ol A= Difficulty 1~201| HsH ZAsH= ZA8H0| LIEfLE7|= &HX|
oF 7 X0[7} i< O|0[SIACt, HEES 2ASHKISE Hlw 1
E0| o =t=0 0|20] F&It A2 29 ARE ZLE &9
3XH 0J0XI7t of S uHQS BtHSHK = SI=Cf 1 0lf=

=210 L2l ol T Hott 2iilst=XIE et Zuloi|lM

0 2
A
o2
2
Ral
rr

© o
>

Rl
X
un

+

Qﬂ
rr
n=
oo
(@]
™

s

Job

Table 5, Results of an experiment comparing 3D object
learning with a computer monitor and the Hololens
2: percentage of correct answers

Difficulty | Difficulty | Difficulty | Difficulty | Difficulty | Difficulty
1 2 3 4 5 6

Compa—
rison

group 97 97 100 94 45 32
(%,

n = 31)

Exper—
iment
group 97 97 91 88 91 65

(%,
n = 31)

Percentage
100
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0
Difficulty 1 Difficulty 2 Difficulty 3 Difficulty 4 Difficulty 5 Difficulty 6

«+® .. Comparison group === Experiment group
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Table 6. Results of an experiment comparing 3D object
learning with a computer monitor and the Holo—
lens 2: percentage by response numbers

PC monitor : comparison group (%, n = 31)

Difficulty| Difficulty | Difficulty | Difficulty | Difficulty | Difficulty
1 2 3 4 5) 6
Answer| 97 97 94 Table 7, Survey results on a 5—point scale of confidence
A (V) (V) 0 (V) 3 26 in the correct answers
Answer 0 3 0 6 45 32 PC monitor : comparison group (%, n = 31)
B V) (V) Difficulty | Difficulty | Difficulty | Difficulty | Difficulty | Difficulty
A”f:wer 0 0 0 o | 19 | 19 1 2 | 3| 4|5 6
Scale O 0 0 0 0 0 3
A 1
ol B 0 (30) 0 32 | 23 Scale 1| 0 0 0 0 6 16
le 2 2 2
Hololens 2 : experiment group (%, n = 34) Scale 0 6 6 6 ° °
Answerl 97 97 88 Scale 3 6 3 26 35 26 26
Al o @ Lo © 12 Scale 4| 94 | 90 | 68 | 58 | 3 3
Answer o o o 0 91 65 Hololens 2 : experiment group (%, n = 34)
B (V) (V) Scale 0 0 0 0 0 0 0
Anzwer 3 0 9 3 0 15 Scale 1 0 0 0 0 0 12
Scale 2 0 6 3 18 29 29
A”SDWGV 0 3 (%) 9 9 9 Scale 3| 0 3 15 12 | 26 24
Scale 4| 100 91 82 1l 44 38
% (V): Correct answer,
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Table 8, Survey results on a 5—-point scale of confidence in 3.3 HHE ZDL|EQ} ERHXE S5t 3D 2| &5
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Table 9. Regression analysis of the percentage of correct answers
PC monitor : comparison group
Summary output Analysis of variance
Regression statistics Degree of Sum of Mean = il Significant
Multiple R 0.8522 freedom squares square F
R square 0.7262 Regression 1 3388.1286 3388.1286 10.6097 0.0312
R square adj 0.6578 Residual 4 1277.3714 319.3429
Standard error 17.8702
Total 5 46655
Observations 6
Regression analysis output : coefficients
t
Coefficients ° j:iird t Stat P—value Lower 95% Upper 95%

Y intercept 126.2 16.6362 7.5859 0.0016 80.0104 172.3896
Difficulty —13.9143 42718 —3.2573 0.0312 —25.7747 —2.0539
Hololens 2 : experiment group

Summary output Analysis of variance
Regression statistics Degree of Sum of Mean = e Significant

Multiple R 0.7008 freedom squares square F

R square 0.491m Regression 1 379.5571 379.5571 3.8605 0.1209
R square adj 0.3639 ]

Residual 4 393.2762 98.3190
Standard error 9.9156
Observations 6 Total 5 772.8333
Regression analysis output : coefficients
Coefficients Standard error t Stat P—value Lower 95% Upper 95%

Y intercept 105,4667 9.2309 11,4254 0.0003 79.8375 131.0958

Difficulty —4. 6571 2.3703 —1,9648 0.1209 —11,2381 1,9238
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Table 10, Regression analysis of the percentage of confident scale 4
PC monitor : comparison group
Summary output Analysis of variance
Regression statistics Degree of Sum of Mean = Rl Significant
Multiple R 0.9712 freedom squares square F
R square 0.9431 | Regression 1 67424143 | 6742.4143 | 663592 0.0012
R square Adj 0.9289
Residual 4 406,419 101,6048
Standard error 10.0799
Observations 6 Total 5 71488333
Regression analysis output : coefficients
Coefficients Standard error t stat P-value Lower 95% Upper 95%
Y intercept 123.5333 9.3839 13,1644 0.0002 97.4795 149 5872
Difficulty —19.6286 2.4096 —8.1461 0.0012 —26.3186 —12.9386
Hololens 2 : experiment group
Summary output Analysis of variance
Regression statistics Degree of Sum of Mean = il Significant
Multiple R 0.9792 freedom squares square F
R square 0.9589 | Regression 1 30492 30492 93,2477 0.0006
R square adj 0.9486
Residual 4 130.8 327
Standard error 57184
Observations 6 Total 5 3180
Regression analysis output : coefficients
Coefficients | Standard error t stat P-value Lower 95% Upper 95%
Y intercept 117.2 5.3235 22.0155 0.0000 102.4195 131.9805
Difficulty -13.2 1.367 —9.6565 0.0006 —16.9953 —9.4047
Table 11, Multiple regression analysis of the percentage of confident scale 4
PC monitor : comparison group and Hololens 2 : experiment group
Summary output Analysis of variance
Regression statistics Degree of Sum of Mean F ratio Significant
Multiple R 0.9587 freedom squares square F
R square 0.9191 Regression 2 102140905 | 5107.0452 511371 0.000012
R square adj 0.90M1
Residual 9 898.8262 99.8696
Standard error 9.9935
Observations 12 Total 1 11112.9167
Regression analysis output : coefficients
Coefficients Standard error t Stat P—value Lower 95% Upper 95%
Y intercept 112.2833 7.1833 15,6312 0.0000000788 96.0337 128,533
Difficulty —16.4142 1.6892 -9.7172 0.00000454 —20.2355 —12.593
Comparison & 16,1667 57697 2.802 0.0206 3.1146 29,2187
experiment group
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