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ABSTRACT

Color design in educational environments has a significant impact on the quality of
learning experiences and the psychological well-being of users. Despite its
importance, color choices in educational interior design are often guided by general
aesthetic principles, with limited attention to user perception and emotional
response. This study examines the influence of color on spatial perception and
emotional responses among architecture students, utilizing virtual reality (VR)
technology to simulate and evaluate educational spaces with precision. The primary
research questions are: (1) Determining colors which most significantly affect
clarity, liveliness, and concentration and (2) its influence on students’ emotional
responses within an architectural design studio. In this study, 30 architecture
students experienced color-varied virtual environments using VR headsets and
reported their perceptions via a semantic differential questionnaire. The data were
analyzed using the Chi-square test. The results indicate that colors such as purple,
blue, and yellow were significantly preferred over the existing color scheme and
were associated with qualities like clarity, liveliness, dynamism, harmony, warmth,
and invitingness. In contrast, red and black were linked to perceptions of formality,
visual harshness, or tension. These findings highlight the significance of user-
centered color selection in educational space design, as it enhances spatial
perception, supports motivation, and fosters social interaction. Furthermore, the use
of VR in this research demonstrates the strong potential of this technology for
experimental design and evaluation in educational settings, paving the way for
future interdisciplinary studies at the intersection of architecture and environmental

psychology.
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Figure 1: Map and current status of the atelier.
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Figure 2: Participants in the experiment.
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Tablel: The color codes used in the simulation.

Color Short Description
RGB HEX HSL (Psychological
Name . .
impression

Light (102, 160°, Sense of calm,
Green 205, #66CDAA 50%, freshness, and
170) 60% balance
(220, 348°, Stimulating,
Red 20, #DC143C 83%, energetic, tension-
60) 47% inducing
(138, 271°, Creativity,
Purple 43, #8A2BE2 76%, mysterious,
226) 53% positive excitement
o Heaviness,
Black (06)0' #oo0000 07 9% formality,
seriousness
(255, 33°, .
Orange 140,  #FF8C00  100%,  Cneerful, sociable,
0) 50% warm
(70, 207°, -
Blue 130,  #4682B4  44%, T"‘Stf' Sl
180) 49% ocus
(255, 51°, Cheerfulness,
Yellow 215, #FFD700 100%, attention-grabbing,
0) 50% warmth
(205, 34°, Neutral,
%ﬁ;ﬁgt 192, #CDCOBO 26%, conse_:rvativ_e, low
176) 75% stimulation
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Table 2: Perceived color transparency across five levels
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Figure 4: Percentage frequency distribution comparing the feature of
transparency or opacity.
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Table 3: Perceived cheerfulness and depression across five color
emotion levels.
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Current 13 5.1 1.7 3.4 13
Green 7.2 2.5 0.4 1.3 0.4
Red 25 2.5 4.7 2.5 0
Purple 34 6.4 0.4 1.7 0.8
Black 5.1 & 1.7 1.7 0.4
Orange 3.8 5.9 21 0.4 0.8

Blue 3.8 3 34 1.7 1.3
Yellow 3.8 3.4 0.8 3 6.4
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Very Slightly ~ Neutral Cheerful Very
depressing depressing cheerful
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Figure 5: Percentage frequency distribution comparing the feature of
cheerfulness or depressiveness.

1 Cheerfulness / Depressing
2 Small / Big
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Figure 7: Percentage frequency distribution comparing the feature of
softness or roughness.
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Table 4: Feature of smallness or largeness of colors.

w L _ 2
3¢ Eg
= °<
Current 0 13 4.2 3.4 3.4
Green 17 34 5.5 17 0.4
Red 0.8 5.1 8 25 0.8
Purple 0.8 17 34 4.7 21
Black 0.8 3 4.2 21 25
Orange 1.7 3 4.2 3 0.8
Blue 13 25 4.2 1.7 21
Yellow 13 5.1 25 21 1.7
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Figure 6: Percentage frequency distribution comparing the feature of
smallness or largeness.
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Table 5: Feature of softness or roughness.

®w ~©

g5 £%

3 ° <
Current 1.3 3.8 5 21 0.4
Green 13 3.3 2.5 3.3 2.1
Red 2.5 4.2 2.5 0.8 2.5
Purple 3.3 5] 1.3 2.1 0.8
Black 25 4.6 0.8 2.9 1.7
Orange 4.2 2.9 21 29 0.4
Blue 0.4 54 25 29 13
Yellow 13 3.3 4.6 25 0.8
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Table 7: feature of balanced and calm or strange and unbalanced.
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Current 0.8 17 3.8 4.2 21
Green 3.3 5 0.8 2.5 0.8
Red 29 25 1.7 4.2 13
Purple 13 2.9 2.1 3.8 2.5
Black 1.7 25 21 4.2 2.1
Orange 0.4 4.6 0.4 2.5 4.6
Blue 0 1.7 5.4 2.5 2.9
Yellow 1.7 3.8 1.7 3.8 1.7
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Figure 9: Percentage frequency distribution comparing the feature of
balanced and calm or strange and unbalanced.
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Table 6: Feature of dynamism or stillness.
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Current
Green 0.8 0.8 25 4.2 4.2
Red 1.7 4.2 29 13 2.1
Purple 0.8 2.9 1.47 5.5 1.7
Black 0.8 3.4 0.8 4.2 3.4
Orange 1.3 3.4 2.5 515 0
Blue 0.8 21 1.7 59 1.7
Yellow 1.7 4.2 1.7 2.1 2.9
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Figure 8: Percentage frequency distribution comparing the feature of
dynamism or stillness.
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Table 8: Feature of attractiveness or unpleasantness.
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Current 1.3 1.7 2.9 4.6 2.1
Green 5.4 2.9 1.7 0.8 17
Red 3.8 4.2 3.8 0.4 0.4
Purple 4.2 5.4 0.8 1.7 0.4
Black 2.9 4.2 29 1.7 0.8
Orange 3.3 3.8 3.3 1.7 0.4
Blue 3.8 5.8 0.8 1.7 0.4
Yellow 4.6 29 25 13 1.3
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Figure 10: Percentage frequency distribution comparing the feature
of attractiveness or unpleasantness.

2 Positive/Negative
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Table 10: Feature of harmony and coordination or lack of
coordination.
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Current 13 3.3 3.3 3.8 0.8
Green 0 3.8 4.2 2.1 2.5
Red 3.3 5.4 2.1 1.7 0
Purple 29 5 0.8 2.9 0.8
Black 2.1 4.2 1.7 383 1.3
Orange 3.3 2.9 2.1 3.3 0.8
Blue 25 6.7 1.3 1.7 0.4
Yellow 25 33 29 29 0.8
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Figure 12: Percentage frequency distribution comparing the feature of
harmony and coordination or lack of coordination.
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Table 9: Feature of positivity or negativity
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Current

et 17 25 34 34 17
Red 0.4 12 24 38 il
Furple 0 17 25 55 2.9
Sl 25 17 0.8 55 2.1

R 0.4 38 21 5 13
ElE 0.8 24l 17 5 2.1

Yellow 15 17 38 34 25
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Figure 11: Percentage frequency distribution comparing the feature of
positivity or negativity
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Table 11: Feature of excitement or boredom.

Ve_ry Sllghtly Neutral Sllg_h_tly Vt_ar_y
borin boring exciting exciting
4.6 3.8 2.9 0.8 0.4

Current

Green 17 13 0.4 4.6 4.6

Red 13 4.6 4.2 0.4 2.1
Purple 13 13 3.8 3.8 25
Black 17 33 21 33 21
Orange 1.7 25 2.9 5 0.4

Blue 0.8 2.9 29 33 25
Yellow 0.4 33 25 38 25
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Table 13: Feature of invitingness or repulsiveness.
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Table 12: feature of calmness or annoyance
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Current 13 2.9 5.8 1.3 13
Green 2.9 4.6 33 0.8 0.8

Red 2.1 1.3 4.6 883 1.3
Purple 0.8 2.1 3.8 3.8 21
Black 1.7 21 25 25 3.8
Orange 0.4 3.3 2.9 3.8 21
Blue 0.8 2.9 4.6 3.8 0.4
Yellow 0.8 4.6 25 29 1.7
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Table 13: feature of invitingness or repulsiveness.
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Current 13 2.5 4.2 3.3 1.3
Green 42 3.8 17 13 1.7
Red 29 2.1 5.4 2.1 0
Purple 4.6 2.9 3.8 0.8 0.4
Black 29 5.8 1.7 1.3 0.8
Orange 2.1 4.2 3.3 25 0.4

Blue 13 7.5 1.7 1.7 0.4
Yellow 3.3 2.5 4.2 2.5 0
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Figure 14: Percentage frequency distribution comparing the feature of

calmness or annoyance.

2 Pleasantness/ unpleasant
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2 Influence/ insignificance
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Table 14: Feature of pleasantness and desirability or unpleasantness
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g | g & | 35
25 | 2 232 | 283
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Current 13 4.6 2.1 4.2 0.4
Green 2.1 4.2 2.1 2.9 1.3
Red 2.5 515 3.4 0.4 0.8
Purple 3.4 5 2.1 2.1 0
Black 2.5 3.4 2.1 2.9 0.8
Orange 21 4.6 1.7 3.8 0.4
Blue 2.5 4.6 3.4 1.7 0.4
Yellow 25 4.2 2.1 34 0.4
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Figure 15: Percentage frequency distribution comparing the feature of
invitingness or repulsiveness.
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Figure 16: Percentage frequency distribution comparing the feature of
pleasantness and desirability or unpleasantness.
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Table 16: feature of effectiveness or ineffectiveness.

High Low Low High

- : Neutr | . ... LS

influen | influen al insignifica | insignifica
ce ce nce nce
1.7 54 1.3 1.3 2.9

Curre
nt
Green 54 54 04 0.4 0.8
Red 33 54 0 33 0.4
P”erp' 46 58 17 0.4 0
Black 29 54 21 13 0.8
Oran
o 25 58 17 21 0.4
Blue 17 75 08 17 0.8
Yello 55 55 13 13 0.8
W
— = - - -
2z 2 2 Z 2
gg = 3 =l Efe
2~ 2 £ =2 =8
2 3 3
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Figure 18: Percentage frequency distribution comparing the feature of
effectiveness or ineffectiveness.
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Table 15: Feature of weakness or strength.
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Current 25

Green 1.3 1.3 25 5 25
Red 0 4.2 3.3 25 25
Purple 0.4 25 3.8 25 3.3
Black 1.3 2.9 1.7 5 1.7
Orange 1.3 25 2.9 4.2 1.7
Blue 1.3 1.7 1.7 6.7 1.3
Yellow 0 3.3 2.9 3.3 2.9
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Figure 17: Percentage frequency distribution comparing the feature
of weakness or strength.
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Table 18: Feature of predictability or unpredictability.
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pa1oadxe
Apybys
pajoadxaun
Apybis
pajdadxaun
AybiH

Current 2.5 4.2 4.2 0.8 0.8
Green 0.8 3.8 1.3 3.8 2.9
Red 13 55 2.1 2.1 1.7
Purple 04 3.8 21 0.5 0.4
Black 1.3 34 29 3.8 1.3
Orange 2.1 2.9 2.1 2.9 25
Blue 0.4 4.6 2.9 2.1 25
Yellow 21 29 29 34 13
6
5
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3
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1
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Figure 20: Percentage frequency distribution comparing the feature of
predictability or unpredictability.

Table 17: feature of continuity or discontinuity.

& Z 8 8
e} e} > =0
5 5
Current
Green 2.9 1.7 6.3 0.4 0.8
Red 0.4 21 2.9 5 21
Purple 0.8 2.9 2.9 3.3 2.5
Black 1.7 25 2.9 2.9 25
Orange 0.8 3.3 1.7 4.6 2.1
Blue 0.4 1.7 2.1 6.3 2.1
Yellow 13 29 25 29 29
7
6
5 |
4
3
21 :
1
0 T : -
High Low Neutral Low High
dispersion dispersion cohesion cohesion
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Figure 19: Percentage frequency distribution comparing the feature of
continuity or discontinuity.
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Table 19: feature of humility and modesty or boldness and audacity.
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Current 3 3

Green 0 1.7 25 3 5.5
Red 1.3 4.7 2.1 2.5 2.1
Purple 2.1 & 2.1 3.8 1.7
Black 1.3 3.4 3 2.1 3
Orange 13 4.2 3.8 3 0.4
Blue 0.4 2.1 3 4.7 2.5
Yellow 1.3 25 1.7 4.2 2.1
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Table 20: Feature of extraordinariness or ordinariness.

Current 0.8 0.8 0.8 2.9 7.1
Green 3.3 54 2.1 0 1.7

Red 25 1.7 5 2.9 0.4
Purple 2.9 5 3.8 0.8 0
Black 1.7 5.8 2.9 1.7 0.4
Orange 1.7 4.2 4.6 1.7 0.4
Blue 25 2.9 5 0.8 1.3
Yellow 1.7 2.9 33 3.3 13

7

Humble Humble Neutral Boldlow Bold high
high low
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Figure 21: Percentage frequency distribution comparing the feature of
humility and modesty or boldness and audacity.
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Table 21: Feature of simplicity or complexity. 71
6 A
g g a g 5
5 3 S 3
Sz Sz 41
@ = =
] X D 3
Current 8.3 17 13 13 0 21 \/ .
1 A
Green 0.8 4.2 3.8 2.9 0.8 0 . . . .
Red 29 33 4.6 1.3 0.4 Ungsual Unusual Neutral Normal No!'mal
high low low high
Purple 1.7 3.8 2.9 3.3 0.8 . L e . .
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Black 25 25 4.6 17 1.3 LSS, pegoslidly sy 5 50l
Figure 22: Percentage frequency distribution comparing the feature of
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extraordinariness or ordinariness.
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Table 22: Feature of distinctiveness or familiarity.
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Figure 25: Percentage frequency distribution comparing the feature of
coolness or warmth.
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Figure 24: Percentage frequency distribution comparing the feature of
distinctiveness or familiarity.

(22,5 0) € 3P 058 13 2Vl 35 03 Wszge Condy o
VL o) 58P 5 €0l Sglid» (sloains )3 mg 9 995 o0 ooalice
CSeiSy (STyol Sl 5l Lad cpl s so las a5 canl by by
sbad jl slalis wlgi oo (nl0gd o0 (BB Lawgie Coroms) mhaw b g
G g oo, (297 & AT ail moly sleaasic WBB L Cugn o
el (o e oy O jg0s

o2 5 €bj Dol )0 w2 | e oYL e S5, (blae o
lad zgogds g atils (awoye TP plas 0) €S Sgla» o
Syt hled S Sl 5l iz e sl 03 8T lml (paSules
Sisel slalad o il oo (Ths cul 9)ls o5 g0y S &y
09l oS5 e pled 9 (08 S5 rge

oy SBawd 3 1) et pyia )5 5 2 S,
30 2oy B g O s ga) Wl b e, > 9 €l
slalad 4 o bSS,) cpl dos g0 lid a5 (&l com,y 2
2 Nlgee Sy nl dio oo Line (gons) e g il (lodgs
5L S jemmeJolad g (5 )l 550k (slalad

i 5 0525 laetis plad 53 (3l b ot b o202 5,
@lad gpdydlasl y obg (o5 (200 VIT) b (gom) 2>
0 4wl coslie lalae oy Wig e g 05 e oloyl
Wlo (ldd lacdle g b i 5 00y st

g Dol olonl (gl e wile LS, 5l colaiwl (fgezma 4o
N P R O B R
o Lad (STl S (g5lwainge 5o Wlg oo cSllasil g Lo
o ol czse oS5 ol il S spzge consg w

o b o) (S ol ee daylio YY-Y

Slis mls 100 g bline mhw 45 SeSulglS osesl pbil b

'Warm / cool

E-A-EYY E(1E-E) 1D /55) s ) eulalloe (ele &g i



SR aasBlg 1 o 3laiwl b b jgoT slabbsd »S Ky Zan )5/ YK 9 (S isgluw

A el g il (asore Wilgs o S5 (nl 45w e (LS
WS palp ible

5 €L ogail glaaiis )3 (6 VL o 08 5, (flie o
b Cel (o w20 oo lis aS (0o )0 O fgozme) 3,0 €oS ogaih
slalias 15 ST o5 sl o yan Lllasl | ite Slloea olx!
95 oslaiwl (gl joay el>

asbe ol Ss; 5l oolanul a5 auss o lid bl faeme o
g Fudds ols plalad ol 4 Wl oe ol 9 G Gew
Sughi 1) Cote Slalaa! ke Sy cnl 0gd e 5 Sl
5 Sl (sl slalad (Ll s wilgioe aSl S o
sl 4l GplS Slgy oS i 3l goee Jules

0092 s9ree b 2Nl 08 Sy VF Jgua
Table 24: Feature of sadness or joyfulness.

Current 1.7 6.7 1.3 2.1 0.8
Green 13 1.7 0.8 3.8 5
Red 25 25 38 2.1 1.7
Purple 13 25 17 5.4 1.7
Black 13 25 21 3.8 2.9
Orange 08 29 25 4.6 1.7
Blue 13 08 33 4.6 25
Yellow 17 38 17 2.5 2.9
8
7
6
5
4
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Sad, high Sad, low Neutral Happy, Happy,
low high
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Figure 26: Percentage frequency distribution comparing the feature of
sadness or joyfulness.
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Table 23: feature of coolness or warmth.

£
Current 4.2 4.2 1.7
Green 13 13 13 25 6.3
Red 2.1 1.3 3.8 4.2 1.3
Purple 21 0.8 17 25 5.4
Black 3.3 3.8 25 1.7 1.3
Orange 2.9 3.8 1.7 21 2.1
Blue 3.3 0.8 0.8 2.9 4.6
Yellow 21 42 0.4 25 33
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Table 25: The feature of distance or proximity.
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Current
Green 1.7 2.1 3.4 3 1.7
Red 0 3.4 3 3 3.4
Purple 0 8 2.1 4.2 34
Black 0.8 3 4.2 34 13
Orange 13 3 3.8 3 1.7
Blue 2.1 21 1.3 4.6 2.1
Yellow 2.1 13 2.5 4.6 2.1
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Figure 27: Percentage frequency distribution comparing the feature of
distance or proximity.
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Figure 28: Color preferences of architecture students.
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Figure 29: Friedman test results for ranking colors based on their
features.
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Table 26: Students' Color Preferences.

Minimum Maximum Level Attributes
Level
Current State Green Familiarity / Distinction

Yellow Green Transparency / Opacity

Current State Yellow-Blue Informality / Formality

Green Red Simplicity / Complexity
Yellow Red Cheerfulness / Sadness
Current State Green Neutrality / Uniqueness
Purple Orange Softness / Roughness
Current State Purple Sadness / Joy
Blue Green Balance / Imbalance
Black Green Irritating / Soothing
Purple-Yellow Green Weakness / Strength
G Blue-Purple- Influence / Lack of
reen
Yellow Influence
Green Yellow Continuity / Disruption
Green Black Humility / Boldness
Yellow-Blue Black Extraordinary / Ordinary
Green Blue Coolness / Warmth

Yellow-Blue-

Current State Distance / Closeness

Purple
Purple Blue Repelling / Inviting
Black Yellow-Blue Unpleasant / Pleasant
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