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Abstract

Mixed reality(MR) technology combines the advantages of virtual reality(VR) and augmented reality(AR) technology,
allowing MR users to interact with virtual objects against the background of the real world. In addition, since virtual
objects interact with the real world, users can experience a higher immersion. This study proposes electric circuit practical
training content using Meta Quest Pro to produce immersive MR content based on reality. To this end, first, the
development process for producing MR content by linking Meta Quest Pro equipment with the Unity 3D engine is
organized. Then, based on the traditional electric circuit practical training method used in elementary school science classes,
virtual electric circuit practical training content with the same training method and operation process is produced based on
MR. Finally, survey experiments are conducted to analyze the presence and experience of the MR-based educational
environment provided using the produced content. Through this, the usability of the proposed practical training content is

evaluated and future research directions are suggested.
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Figure 1. Examples of hand interaction in a mixed
reality(MR) environment using Meta Quest Pro.
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Figure 2. Example of implementing function using the
Building Blocks tool.

real scene

Figure 3. Example of a virtual object placed relative to
real space.
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Figure 4. Example of an electrical circuit practical training
education environment, (a) virtual object assembly process
using hand tracking, (b) interaction via GUI, (c) electrical
circuit practical training drawing.
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Algorithm 1. Electrical Circuit Analysis Process

1.

2.
3.

o N oo

©

11.

12.
13.

14.
15.

16.

17.
18.

19.
20.
21.

22.

23.
24.
25.

26.
27.

28.

29.
30.

O[] « array of electrical circuit components
(wires, batteries, LEDs, etc.)
procedure CIRCUIT_ANALYSIS (0)
O, < Select the last object in the components
array (excluding wires)
Define the circuit flow as + on the left and —
on the right.
Parts and parts are connected with + and —.
while Cycle from + to — of O;.
! < number of connected wires.
l++ « Increase when + and - of the wire
are connected.
if I > 1 then
Determined as the starting point (p,) of
the parallel connection.
I, =1
end if
p. < Search for the section where the
following [ becomes equal to I,.
while from p, to p,
O,ll][1 < Array of all components in a
parallel circuit
All components from p, to p, are stored

in the O,[i] array, separated by each wire.
end while
(Rpﬁ Vp) = PARALLEL_CIRCUIT(O,, 1)
R.[] « array of all resistors in a series circuit
V.[] « array of all voltages in a series circuit
Store the series—connected resistance from
array O in R,.
Store the serially connected voltage from
array O in V..
Accumulate R, in R,.
Accumulate V, in V.

(R, V) = SERIES_CIRCUIT (R,, V.)
end while
if end of cycle then
v
=%
end if

end procedure

31. procedure PARALLEL_CIRCUIT (O,, 1)

32. for i=0 tol—1 do
33. (R, V;) = CIRCUIT_ANALYSIS (0, li])
1 1

35. V, = MAX(V,, V})

36. end for

37.  Return R,, V,.

38. end procedure

39. procedure SERIES_CIRCUIT (R, V)

40. for j in R do

41. R, += Rlj]

42. end for

43. for k in V do

44. vV, += VK|

45.  end for

46. Return R,, V.

47. end procedure
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Figure 5. Process of electrical circuit training for survey experiments, (a) the existing traditional training environment, (b)
the proposed MR—based training environment
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ALHNEE 712HQ AN /A= TSR A8 | Mean(SD)
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—?4?5’]’04 7}:],’7]-}]—% -Er—oi L/]——,—O:{ Z“H]—.Q_ XJE-X‘]?J /\E]%\_ quality of interface 5700(0994)
WES WA At YHxE Aotels Zulx2 WA Table 1. Results of comparative analysis of the realism and
AFSEE sty AFe A% 270 LED A+ 1), A4 interface quality of the proposed content based on
37HDE ;o; o 7 :};L& 1a sme s —‘;-L o] E}LL] traditional training, * mark indicates statistical significance.
] of| = > = slolgl=
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self—evaluation o
A WA A ARe A w3 dEHS | performance 7.000(0.000) 5.800(1.029)
BA51= Aolt) o]= 9ld] H A= Witmer et al.[12]9] Pairwise Comparison
HE7F AEA](presence questionnaire)®] #3-S 283519 possibility to act | F(1, 18)= 19.360, p<0.001+
o ol =9l 5w R, Awel g YEs e, e | Possibility o F(1, 18)= 0.000, p=1.000
A AA}, g3 g0 i3 A8 58 2dHog BEAsh self—evaluation of F(1, 18)= 12.226, p<0.05%
T Qe 57 3%, 19719) Bapow FAuelgirh. A7k | performance
1~773 A}ol9] 7@ HE zk& AREow 7)E359tt. 941, Table 2. Comparative analysis results on behavior,
Ao A wSals A=Al A&sAa) uaste] zoksl=  attention, and adaptation in electrical circuit practical
%%57} 7]'X]E‘ @/é]%jq_ ?lEjii_“O]io %XE]'% T"fl_—}‘\q ?:Sl"jl' training, * mark indicates statistical Significance.
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el oz Hg Lol 2L 2 4 o

gt Aol BAA R A8tk As ]lE el

o] Fd3 FdsA FAlE At 3, A A T4 (one

—way ANOVA)& &8l SA4 froldS& gelssinh 2
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[e]

% BES FYsh ol Ao 3

[e)
questionnaire (GEQ)[13]
A= 5 HER Fox

el

4t

R Ll HC}"] o ﬁgi %71]
AT SR, el #

Uehje AL sle
A7HAQl Q4

ol Egdal Ay 3
Aol = AMEL Aol 7R A H71E 2w &4
3t 4= 9l BAS AFsE Aow BAHET 7174 (tension)
of thet a2 ws o] AFEAY ASE FUsh=A
of thak Hrleld], dEZ el WA= ARz o] gle Wt
W a3 s digk Aol A&k A & F4
715S 83l AHoNA el BEHES Uehlle S
Aol Bafr HAHQ uHS-S HolZ|%= st U B
2 BAS B BAAY foAS g0 Ay, AFH7A
= ATAA WA Foujat o]z} S el 4= )
Ak zE)a dhE Al Q1ak, En) ol digk =4
2 A= Arels ZEl=r f-9n3k xpolE UER
o} olE Fd, SN wSFAHo] = A 22 WA,
B3 ClE|Folx Fof| theh /i) FukdEchd WS
ol BExow gy o FEI oldS 7Hd F UdveE A
S Fls3ith
olulte], AHwES WPt 4289 AHE =AY
A= Aol Algke] mA= S FRISH UL} V&
o] Aewbaor %S WPsh= A9 Hit 120%9] AT
o] 285 aL, Aljtets FEl= AP AR B 15022
71Z9 A} ol Eta A S0 HHA, AAM LED &
MAE 29, 238t WY 7|Ee] 4 AAE Aofst
= WYol fAleke] & Aolrt W Aoz EFRIET
SHARE, A gk ddo] gl AR A9, =2
WS o)) =t thgre] Alzte]l Had AF9-r) A, o]
28 FRESo] dFE70 Ao s nHS Ao ek
A=

| Traditional [ Our Content

Mean(SD)

Competence 3.850(0.229) | 3.000(0.592)

Sensory and Imaginativ

e Immersion 3.250(0.642)

3.850(0.229)

Flow 3.150(0.634) | 3.600(0.539)
Tension 0.000(0.000) | 0.150(0.229)
Challenge 2.000(0.866) | 3.250(0.559)

Negative affect 0.050(0.150) | 0.100(0.200)

Positive affect 3.950(0.150) | 3.750(0.250)

Pairwise Comparison

Competence F(1, 18)= 16.155, p<0.001%*

Sensory and Imaginativ

e Immersion F(1, 18)= 6.967, p<0.05%

Flow F(1, 18)= 2.631, p=0.122
Tension F(1, 18)= 3.857, p=0.065
Challenge F(1, 18)= 13.235, p<0.05%

Negative affect F(1, 18)= 0.360, p=0.556

Positive affect F(1, 18)= 4.235, p=0.054

Table 3. Results of comparative analysis of user experience
in educational activities, * mark indicates statistical
significance
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