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Abstract

This study examines the application of biophilic design in hospital architecture through a comparative analysis of the five finalist proposals
submitted to the 2023 design competition for the relocation of the National Medical Center (NMC) and constructing Central Infectious
Disease Hospital in Korea. Using the revised 14 Patterns of Biophilic Design published by Terrapin Bright Green (2025) as an analytical
framework, the research develops quantitative indicators suited to healthcare facilities, including window-to-wall ratio, operable window ratio,

average view depth, green roof area, and water feature area. Based on competition panels, design reports, and drawings, each proposal was

evaluated and normalized on a 0-1 scale for pattern implementation. Results show that performance-oriented patterns such as Thermal & Air

Flow Variability were consistently applied across all projects, reflecting a post-pandemic focus on infection control and patient comfort.
Patterns including Refuge, Non-Visual Connection with Nature, and Connection with Natural Systems achieved relatively high mean scores but

showed considerable variation among proposals, indicating their use as key differentiating strategies. In contrast, Presence of Water, Dynamic

& Diffuse Light, and Risk/Peril were employed sparingly or experimentally, suggesting potential for greater sensory engagement and
experiential diversity in future designs. Overall, the findings indicate that domestic hospital design has achieved a standardized level of

functional safety and ventilation performance, yet the emotional and psychological dimensions of healing environments remain underdeveloped.

This study contributes to both theory and practice by offering a replicable quantitative framework for assessing biophilic design in healthcare

architecture and by identifying priorities for integrating healing environments with infection control. Limitations include reliance on

competition-stage materials and the absence of post-occupancy evaluation; future research should incorporate user-centered data and
BIM/Al-based simulations to validate daylighting, view, and ventilation performance under real operating conditions.
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Table 1. Analysis framework based on 14 Patterns of Biophilic Design

Patterns Main Analysis Point

Indicator

Visual Connection

Pl with Nature

room and atmosphere

External natural element view in the hospital

*Window area ratio (%),
*Viewing surface ratio (%),
*View depth (m)

P2 Non-Visual Connection
with Nature

Natural sound, scent, and tactile experiences

'Frequenc£y of natural sensory experiences in planted
areas (m),

*Plant watering frequency,

*Presence and detail of maintenance manuals

Non-Rhythmic

*Operability of windows (open/close),
*Number and variety of wind currents and shadows

P3 . . Light, wind, and subtle movement variations . . .
Sensory Stimuli caused by diverse vegetation (species count),
*Visual stimuli variability in environmental materials
. 1 1 0,
Thermal & Air Flow Natural ventilation and micro-climate control Operable opening area ratio (%),
P4 *Presence of courtyards and atriums,

Variability features

*Number of ventilation pathways

PS5 | Presence of Water Planning of hydro-elements

*Area of hydro-elements (),
*Visibility of water elements from main circulation zones

*Window area ratio (%),

P6 Dynamic & Variation in natural and indirect lighting *Orientation of openings,
Diffuse Light . .
*Presence of atriums or skylights
. . . o
P7 Connection with Ecological systems and natural cycles integration Green roof area ratio (%),

Natural Systems

*Presence of rainwater harvesting or reuse systems

Biomorphic Forms &

*Number of curved/organic motifs,

P8 Patterns Use of forms and pattems mimicking nature *Natural pattern presence on the facade (%)
Material Connection *Area ratio of natural finishes (e.g., wood, stone),
P9 Use of natural materials and textures *Frequency of references to natural materials in design

with Nature

specifications

P10 | Complexity & Order

Balance of spatial richness and coherence

*Changes in spatial levels,
*Presence of central axes (qualitative score),
*Number of circulation nodes

P11 | Prospect
range

Ability to secure extended views and visual | *External views through openings,

*Depth of vision (m)

P12 | Refuge

Spaces that provide comfort and safety

*Number of resting spaces,
*Area of resting zones (1),
*Degree of enclosure or shielding

P13 | Mystery concealment

Spaces that invite exploration through partial | *Length of visually obscured or segmented zones (m),

*Number of turns and spatial transitions

P14 | Risk/Peril

Stimuli that evoke mild tension and excitement

*Number of mildly risky or exciting elements (e.g.,
cantilevers, observation decks, bridges)
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Table 3. Quantitative result of project-A

Indicator Unit Value
Window-to-Wall Ratio % 30
Pt. Room View Access Rate % 85
Average View Distance m 25
Operable Window Ratio % 40
N. of Ventilation Paths n. 3
Daylight Penetration Rate % 72
Average [lluminance Ix 350
Green Roof Area m 3,800
Water Feature Area o 200
Rest Areas m 1,200
Shielded / Enclosed Zones m 10
Natural Material Usage Ratio % 20
N. of Risk/Peril Elements n. 3

Indicator Unit Value
Window-to-Wall Ratio % 28
Pt. Room View Access Rate % 82
Average View Distance m 22
Operable Window Ratio % 38
N. of Ventilation Paths n. 3
Daylight Penetration Rate % 70
Average Illuminance Ix 340
Green Roof Area m 4,200
Water Feature Area o 250
Rest Areas o 1,500
Shielded / Enclosed Zones m 12
Natural Material Usage Ratio % 18
N. of Risk/Peril Elements n. 2

Figure 2. Panel of project-B
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Table 6. Quantitative result of project-D
Indicator Unit Value
Window-to-Wall Ratio % 31
Pt. Room View Access Rate % 86
Average View Distance m 26
Operable Window Ratio % 38
N. of Ventilation Paths n. 3
Daylight Penetration Rate % 73
Average [lluminance Ix 345
Green Roof Area m 4,300
Water Feature Area o 220
Rest Areas m 1,550
Shielded / Enclosed Zones m 11
Natural Material Usage Ratio % 18
N. of Risk/Peril Elements n. 3

Indicator Unit Value
Window-to-Wall Ratio % 33
Pt. Room View Access Rate % 88
Average View Distance m 28
Operable Window Ratio % 42
N. of Ventilation Paths n. 3
Daylight Penetration Rate % 74
Average Illuminance Ix 360
Green Roof Area m 4,500
Water Feature Area o 150
Rest Areas m 1,600
Shielded / Enclosed Zones m 8
Natural Material Usage Ratio % 22
N. of Risk/Peril Elements n. 2

P

Figure 3. Panel of project-C
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Table 7. Quantitative result of project-E

Indicator Unit Value
Window-to-Wall Ratio % 29
Pt. Room View Access Rate % 85
Average View Distance m 23
Operable Window Ratio % 36
N. of Ventilation Paths n. 3
Daylight Penetration Rate % 71
Average Illuminance Ix 340
Green Roof Area m 4,000
Water Feature Area o 500
Rest Areas m 1,600
Shielded / Enclosed Zones m 9
Natural Material Usage Ratio % 21
N. of Risk/Peril Elements n. 2
Lk et =

Figure 5. Panel of project-E
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Table 8. Comparison 5 projects based on 14 Patterns of Biophilic Design
Pattern A B C D E
Visual  connection  to | South-facing layout | More  than 88%  of | Long-range  views  to | Central and sunken
greenery from streets and | secures views from most | rooms secure external | park, city, and | gardens provide direct
wards; over 85% of [rooms and public areas; | views; courtyards and | Cheonggyecheon from | views from wards and
Pl patient rooms have | Healing Commons forms | roof  gardens  provide | tower;  strong  visual | public spaces.
external views; | a continuous green axis. |multi-directional]|linkage from rooms and
transparent fagades connections. public areas.
enhance public  space
visibility.
Seasonal planting, | Wildflower gardens, | Seasonal vegetation, | Themed healing yards | Scented planting, sound
fragrant  species, wind |scented plants, and water | tree-lined  paths, and | (nature, art, history, | of water, and breezeways
P2 corridors, and  water | soundscapes offer | fragrant plants for | sharing) provide olfactory | offer multi-sensory
sounds create | sensory stimulation. multi-sensory healing. and auditory cues. healing experience.
multi-sensory experience.
Louvers and skylights | Sunken garden  offers | Overhangs, louvers, and | Sunken  gardens  and | Reflected light and
P3 create shifting light and | varied patterns of light, | tree shadows create | waterfront decks produce | ripples in Water Plaza
shadow patterns | shadow, wind, and | dynamic shading effects. |irregular light, wind, and | generate a sense of
throughout the day. sound. wave stimuli. temporal change.
Operable windows and | Ventilation secured via | Operable windows and | Roof gardens and | Natural ventilation
ps | street ventilation | operable windows and | central courtyard promote | Healing  Void  enable | through operable
corridors allow | dedicated safe entrances. | natural airflow. natural ventilation and | windows and  atrium
mixed-mode ventilation. micro-climate experience. | stack effect.
Small water features in | Ecological pond and | Community plaza water | Ecological pond  and | Large-scale Water Plaza
P5 roof gardens provide | water deck planned for | feature enhances | waterfront deck deliver | and sunken garden water
visual and auditory | restorative ambiance. psychological comfort. multi-sensory water | features dominate healing
calmness. experience. space.
Skylights and side | Sunken garden and | Deep  overhangs and | Roof and atrium spaces | Double atrium and
P6 windows provide uniform | atrium allow soft, | louvers  control  glare, | admit daylight for | skylights maximize
diffuse lighting; average | diffused daylight. maintaining even | balanced interior lighting. | diffuse natural light
illuminance 350 Ix. daylight. penetration.
Rainwater recycling in | Roof rainwater retention | Step-terrace green roofs | Green network links park | Roof rainwater harvesting
P7 roof gardens; planting | and natural cycle | create ecological | to Cheonggyecheon, | and landscape plan
design follows seasonal | planning integrated. continuity and rainwater | integrating urban | promote ecological flow.
ecological cycles. storage. ecology.
Curved ceiling and wall | Curved outdoor | Curvilinear promenade | Curved mounding and | Meandering waterways
PS8 design in streets; | walkways and sculpture | paths and terrace rails | planting patterns in | and curved decks
planting clusters mimic | gardens reinforce organic | add organic character. healing  yards create | emphasize organic spatial
natural groupings. forms. natural morphology. flow.
Timber louvers and stone | Wooden decks and | Red brick fagades and | Stone paving and partial | Wooden  louvers  and
py | pavements enhance | natural ~ stone  paving | timber finishes emphasize | wooden decks applied in | stone surfaces reinforce
tactile and visual | provide earthy texture. natural materiality. lower levels. natural texture.
naturalness.
Three  street corridors | Hierarchical order | Courtyard-centered ward | Medical Spine + Safety | Central green axis
P10 and ward modules create | established through | layout enhances spatial | Void  establish  strong | organizes clear and
spatial order and clear | spine-centered planning. | organization. spatial  hierarchy  and | legible spatial order.
circulation. clarity.
Long-distance views | Roof,  courtyard, and | Rooftop and terraces | Tower and rooftop | Roof gardens, lobby, and
P11 secured from rooms and | lobby offer long-range | frame views to urban | platforms maximize | courtyard offer extended
street spaces, enhancing | views. context. distant views and | sightlines.
openness. openness.
Small  pocket  spaces | Outdoor pocket shelters | Corner lounges and | Courtyards (1F-4F) and | Courtyard-side pocket
P12 along streets and ward [ and comer lounges for | courtyard shelters create | roof gardens (5F-15F) | seating and terrace
corners provide enclosure | privacy and rest. a sense of refuge. act as protected retreat | lounges enhance sense of
and comfort. spaces. safety.
Curved street paths and | Forest paths and winding | Winding courtyard routes | Sequential public | Sunken garden paths and
p13 | courtyard promenades | trails induce exploration. | invite visual discovery. pathways and greenways | flexible green corridors
create anticipation and reveal spaces gradually. encourage spatial
curiosity. exploration.
Rooftop sky-walks, open | Partially open railings on | Rooftop sky-walk and | Rooftop  bridges and | Rooftop  bridges and
P14 bridges, and transparent | rooftop decks and | open bridges introduce | observation decks offer | open terraces enhance
railings offer controlled | bridges provide mild risk | spatial tension. safe yet exciting | spatial thrill and
thrill. sensation. exposure to height. openness.
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Table 9. Mean and population standard deviation of Biophilic
Design Pattern scores (A-E, recalculated from raw metrics)

Project

Pat.
a A B C D E

Mean Std

P1 0.45 0.00 1.00 0.63 0.35 0.49 0.33

P2 0.18 0.35 0.67 0.56 0.93 0.54 0.26

P3 0.35 0.10 0.67 0.52 0.68 0.46 0.22

P4 | 0.83 0.67 1.00 0.67 0.50 0.73 0.17

P5 0.14 0.29 0.00 0.20 1.00 0.33 0.35

P6 0.75 0.00 0.50 0.62 0.12 0.40 0.29

P7 0.20 0.29 1.00 0.66 0.54 0.54 0.28

P8 0.50 0.00 1.00 0.00 0.75 0.45 0.40

P9 | 0.75 0.25 1.00 0.00 0.62 0.52 0.36

P10 | 0.50 0.00 1.00 0.25 0.75 0.50 0.35

P11 | 0.50 0.00 1.00 0.67 0.33 0.50 0.33

P12 | 0.00 0.68 1.00 0.64 0.90 0.64 0.35

P13 | 0.45 0.50 0.50 0.68 0.52 0.53 0.08

P14 | 1.00 0.00 0.00 1.00 0.00 0.40 0.49

°

°
>

Mean Score (0-1)

°

> b & > b * Q@ @ <

Figure 6. Mean and standard deviation of patterns
(Note. Sky-blue bars represent the mean normalized score
(0-1) for each of the 14 biophilic design patterns across five
design proposals (A-E). Black error bars indicate the
population standard deviation, reflecting the variability
between proposals.)

42 AZ s BT A

B4 4%, 39 ¥Y dAe FEE oS AEE dY
&te] Thermal & Air Flow(P4)e} Z& 7|2 A% 942
AA z=71FE 1H3 Y5 & F AT AAFZT &
715E gRE 53 349 A AFHAE Eolv AF
& BF38 dAdd =gsta Jdoha sl

33 Refuge(P12), Non-Visual(P2), Connection with
Natural Systems(P7)= B2 2w HA7F 7 AAIPE
2183 @47 ZAEs Aok AAAH, ol AR
ZALEY 25, A" AA - 7] - FE33Y AA THE
g, 453 9 A5 A58 AT AR A
2 Adg g gebH S-S o gtk

"M Presence of Water(P5), Dynamic Light(P6),
Risk/Peril(P14)2 7§ =7} 7hd & Hd o g2 E1H ]
o iR AARoAN FEFL AR O3 oH,
AdFe] G4k AE 243 BAE FE AT
olBEA - B Wt F)Y HE&L AgHeo

13 =

AAlAME - JE
=2

Y - & 5
I AEH 9IS =ole o] Hast E £

524 B

i
r2

TE 20239 [=H5dYsd AFold 9 T4
A9 AAZE] AED HF S¢S Uy
, Terrapin Bright Green(2025)°] A A&+ 147} ulo] L
gzl HEs EMER HEste] A - F4H
A4S FYs9n. o5 Fal Ul HddZFelA
o3y tAglo]l ojuF WAoR A - AdF

N
=

Z e (o d

O Bl & K omR P
ok
o

il
]
o
_(?L
2
o
T
N ol
- OH ro
AL
S qn ®
o o ot
2o N
fo -IE' N
o o (‘?m
> ol ©
_“ﬁ N j}g =
_E e o2 |o N
1 r_\ll_, OE HU —‘ﬂ;-lr,
ot

!
oY
)
ot
9
>
i
)
B
M
2

oX X o
)
o

I
o
NN alo 2

Job o
py
by
% Ao
W
N,
L)
=
ﬂ
do

rLT}L Gl
1
o 2T
)
tlo ot
ot
_>|4_1,
9
L
f
£

i)

2 o

oy we™mu

o T
inﬁé
4 £
z{zioz

dlo
mloi:‘:lJ

>~
= e

S
£ %
2
=

o oo
rr
A hu

ol

o

2

>~

>

Oﬁh

b

o &

NE

[e%

55"'

Mo

= o
&ﬂlhmlo

hinss

oo =

>~nhog

n_'lorj\_Q

&

ﬁiﬂm}.

o

o8

w4

Oirlr_&()&

m[oﬁréi

o ok

OJP'O‘?(‘_',

rﬁgi

o = o

O
—u
Q O
N
X
&'1-'
k

deke AA =71 @A
I

2 N YO o) o et

Ju ke
:3
of M
i}
o
&
&
o
N
}L

2 d

(

| $4 - nsAe] AR A
- A% Aol Az,

144 Journal of the Architectural Institute of Korea Vol.4l No.12 (Serial No.446) December 2025



BeA - Hets 50U B AP ANE BRHE
A=k aFH,
T B ATE AAZE wAeA AEE Wd, A

A, EHE 7jdte g BAS 4 S}

T 2 Y DAY e AEAe] AT APS A
oA B9 AV Aok AE AFE =3 =EY A9
AYHAE 7|E2 2 A&7 e, A dFENA
o AFE-WNF -2 FHE 5 WEE sHsAel
Aok =3 Ao 83 147] sE1S Terrapin Bright
Greeno] Lol 7|Wst Zo 2, I WAAZF] ¥ - 7]
= - 23td wgs 93] NkgdstA Zate A7 3l
g &% dFdAe =3 HdS gz 3 dFAx
AL, ol &2 RIER, AE - A8d JEEHY AFE 27
gt AF4d AFol FasiH, BIM- Al 7|8 Al EdolAE
3 =% AG - B0 Aes AR A HESE 3
HES MEd a7k 9oy, ofd & AFE v
g9 bRl HEs S ¥l AAAA AAHSR
5gsta, A 4 AFEAY 298 ds Ve
g A FEY & e AA 2d AA 71dF Aol
=3

REFERENCES
1. Browning, W., Ryan,
of Biophilic
Well-Being in

Green.

C., & Clancy, J.
Design:

(2014). 14
Patterns Improving Health &
the Built Environment. Terrapin Bright
2. Fromm, E. (1973). The of  Human
Destructiveness. New York: Holt, Rinehart and Winston.
3. Hamilton, D. K. (2006). Four levels of evidence-based
practice, The AlA Journal of
https://www.researchgate.net/publication/265004428 Four L

evels of Evidence-Based Practice

Anatomy

Architecture.

4. Jeong, T. J. (2019). A study on the healing environment

with architectural spatial composition in healthcare

facilities - focused on the space analysis of Sou
Fujimoto’s healthcare projects. Journal of The Korea
Institute of Healthcare Architecture, 25(2), 17 - 25.

5. Kellert, S. R. (2008). Biophilic Design: The
Science, and Practice of Bringing Buildings to Life.
Hoboken: Wiley.

6. Lee, S. K., & Choi, Y. K. (2019). A chronological study

on the transformation and the spatial characteristics of

Theory,

ambulatory care facilities in the United States. Journal of
The Korea Institute of Healthcare Architecture, 25(2), 51
- 62.

7. Min, S. C. (2011). A methodological consideration on the
evidence-based design related to health effects. Journal of
The Korea Institute of Healthcare Architecture, 17(2), 35
- 44.

S WAAFA A whel WY TRl AR e mEA

. Park, S. H.,, Yeo, J. K, & Choi, M. H. (2007). A

study on the architectural planning in women's hospital
by quantitative evaluation of healing-environment, Journal
of The of Healthcare
v.23(4), 21-28.

Korea Institute Architecture,

. Terrapin Bright Green. (2025). 14 Patterns of Biophilic

Design (Revised Edition). New York: Terrapin Bright
Green.

10. Ulrich, R. S. (1984). View through a window may

11.

12.

13.

influence recovery from surgery, Science, 224(4647), 420
- 421.

Ulrich, R. S. (1997). A theory of supportive design for
healthcare facilities, Journal of healthcare design
proceedings  from the Symposium on Healthcare
Design. Symposium on Healthcare Design. 9. 3-7;
discussion 21.

Wilson, E. O. (1984). Biophilia. Cambridge: Harvard
University Press.

Yoon, E. J, & Lim, Y. H. (2016). A study on green
building certification criteria for healthcare facilities -
focused on system and contents for healthcare in
BREEAM, LEED, CASBEE, Journal of The
Institute of Healthcare Architecture, 22(3), 17 - 26.

(Received Sep. 22, 2025/ Revised Nov. 3, 2025/ Accepted Nov. 4, 2025)

Korea

Journal of the Architectural Institute of Korea Vol.4l No.12 (Serial No.446) December 2025 145



