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The History of Windows

At our research lab, we studied the interplay of the
various phenomena surrounding windows rather
than windows themselves. Windows arise from the
intertwining of materials, structures, mechanical sys-
tems, and historical context. They can thus be reinter-
preted as focal points of various technologies.

Windows originally served the function of pro-
viding not only views but also ventilation and light.
However, they came to hold different meanings as
great advancements were made in lighting and HVAC
(heating, ventilation, and air conditioning) technol-
ogy during the modern period. The modern period
also saw vehicles take the lead in implementing new
window technology.

Here I will introduce several paradigm shifts in
Japanese and Western architectural history that can
be perceived when we focus on windows and dis-
cuss how the windows that we identified in relation
to these shifts represent focal points of various tech-
nologies.

Windows of Japan and the West

Windows of Japan
and the West

Windows are depicted in both Western and Japanese
paintings. If you look through Western paintings,
you will notice that many of them have a high light
source ~1. One likely reason for this is because light
is introduced into Western architecture in a symbolic
fashion to imbue spaces with a religious character.
The Pantheon, the ancient Roman temple, is proba-
bly the earliest example of a building in which light
shines down from above - 2. This type of lighting is

rare in Japanese architecture.

1 2
Michelangelo Merisi da Caravaggio, Pantheon,
‘The Calling of Saint Matthew’, 1600 128
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3
The Tale of Genji Scroll, 12th century
IREMERS, 121

If you look through Japanese paintings, you will
not come across many instances of windows depict-
ed from the inside. Paintings tend to be rendered
in the fukinuki yatai (lit. ‘blown-off roof’) perspec-
tive, which looks down at the various human behav-
iors and activities that take place around the engawa
(perimeter walkways/porches) from above 3. The
likely reason for this is because Japanese architec-
ture is built with post-and-beam construction, and
there are no hole-in-wall-type windows like those
of the West.

Fundamentally, both door and windows open-

«1 Shitomido: Suspended window shutters faced with lattices on both sides. They are installed in the gaps between
columns to shut out the wind and rain. They were commonly used in shinden-zukuri architecture (a style of aristo-
cratic mansions) as well as in shrines and temples.

o LeBF: ROTMAICHEFEBALRY R, ANEZES-HICIERICRIT2, BERE ) PEFREICAL SN,

Windows of Japan and the West
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Shitomido, Shoji (Horyuji Temple, 607)
LEBR BT (KESF 6074F)

ings in Japanese architecture conformed to the struc-
tural system of columns and beams. Broadly speak-
ing, their designs were stout and dynamic when con-
struction techniques were initially introduced from
China, but they were gradually nativized—that is,
they became more delicate—during the Heian peri-
od (7th to 12th century). Various intercolumnar fix-
tures emerged. Examples include the shitomido*' and
shoji~4 . Shoji are fixtures composed of paper or
cloth that is affixed to an evenly spaced lattice of thin
squared wood, and they are set in the gaps between
columns to provide visual privacy while also letting

5

Katomado (Ginkakuji Temple, 1490)
TEER (RILZBFRE, 14905F)
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«2 Zenshuyo: Suspended window shutters faced with lattices on both sides. They are installed in the gaps between
columns to shut out the wind and rain. They were commonly used in shinden-zukuri architecture (a style of aristo-

cratic mansions) as well as in shrines and temples.
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Teahouse (Taian teahouse, 1501)
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Shitajimado (Joan teahouse, 1618)
T (4078, 16184F)

in light. Their emergence was tied to advancements
in papermaking technology.

In the Kamakura period (12th to 14th century), the
architectural style known as Zenshuyo 2 (lit. ‘Zen sect
style’) was introduced from continental Asia. That
was when Japanese architecture acquired the katoma-
do (lit. ‘flower-top window’), which is an arched win-
dow with a pinched top 5. Unlike earlier windows,
it diverges from the columns and beams rather than
conforming to them. In other words, its introduction
marked the birth of the hole-in-wall type window in
Japan. This was a critical moment in the history of
window design in Japanese architecture.

The early modern period saw the emergence of
teahouses in Japanese architecture -6. While round
windows are commonly associated with Chinese
gardens, similar windows also came to be used in

Windows of Japan and the West

Japanese teahouses. They were not the only new type
of window, however; teahouses offered a much great-
er degree of freedom for window design. For instance,
the shitajimado (lit. ‘backing-material window’) is an
opening that appears to have been made by leaving an
area of a wall unfinished, and while it may seem man-
neristic, it is quite an interesting idea - 7. There was
probably no other period in Japanese architectural
history that gave rise to a greater variety of windows.
One reason for this can be attributed to the separa-
tion of design and structure that took place. The same
period also gave rise to the idea that buildings can
be perceived as dark boxes in which one can open
windows as one wishes. In this sense, the emergence
of the teahouse was a very fruitful development in
Japanese architecture from the perspective of design.

To summarize, in Japan, windows were basical-
ly considered only within the frames formed by col-
umns and beams. Additionally, they were stoutly
built when first introduced from the continent, but
they were gradually refined and made more ‘Japa-
nese’. It was not until medieval times that hole-in-
wall type windows began to be incorporated into
Japanese architecture.
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BONSTA LT R E Paradigm Shifts of the Window
77/ 8Y - ORER: as a Focal Point of Technology:
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Z 1T, BOBHAEDLB% TS, A | point that windows can change in meaning in rela-
WOT2/AY—PERBICE>THEXN | tion to the technology and equipment surrounding
MICZNZNOBKRHLZEDZDTIE% | them without changing in shape.
WhELWSHRATHAEBEEZLE LT, For example, Chartres Cathedral (1220) is a medi-
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(1220%) lFHito T2 v 7 OKREE  windows that can be described as giant light screens
TIH. ZITHNHTEKRBKDRY | appeared 8. We identified factors that led to their
V=Y EWSRERTYRTSXNE | emergence by considering them as focal points of
BLEY 8 TU//AY—0FEEHR | technology.
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ESE I tering windows symbolic meaning. In terms of social
FFIELOHIC. TNIERBERTT context, Abbot Suger is credited for imparting sig-
DT, KYVELBZOLDIZREMA | nificance to such windows.
BEWRES5EZ2BESrHYET. Va The second factor was the glass-making technol-
Tr—LELIHBOEBEN. £5 | ogy that enabled their creation in the first place. The
WoltbDIZEEMITEEZIE WD rich variegated expressions of the stained glass could
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RIZ, HIREDLBEAMHAZHZH | ed glass technology.
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WRRBISEII LR 572 TL & Do panels, as there were no means for making large glass 8
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2EDCNBREMARIT HHMBOT,  to 6th century Turkey. Chartres Cathedral, 1220
INEBRAZREDBREEGHDETKRER The fourth was the series of developments in glass
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from the crown glass process to the cylinder process
was what enabled the production of large sheet glass.

The fifth was the technology for making a struc-
tural framework out of the lead cames and bronze
sash elements.

The final factor was the development of flyers+
and buttresses*4, which, by transmitting the forces
outward, took the loads off the bearing walls and
made the creation of large windows possible. The
development of these technologies that enabled the
construction of acrobatic structures allowed Gothic
architecture to have enormous incorporeal glass win-
dows despite being built of stone.

Based on these points, we can appreciate how the
Gothic cathedral, which from a design perspective
gave rise to large stained-glass windows, emerged
through the combination of six cultural, technolog-
ical, and structural factors.

*3 Flyer: Stone arches that span above the roofs of the aisles of Gothic churches. They serve to transfer

the lateral forces of the nave’s vaulted ceiling outwards from the upper part of the walls.

+4 Buttress: Reinforcing walls that abut perpendicularly against bearing walls to help counter the lateral

forces acting against them. They often serve an ornamental role.
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Modern Architecture

Paradigm Shifts of the Window
as a Focal Point of Technology:
Modern Architecture

Another paradigm shift was marked by the crea-
tion of the Crystal Palace (1851) »9. The enormous
glass-covered cast-iron exhibition hall built for the
Great Exhibition in London shattered established
notions of architecture. As with the Gothic architec-
ture example, we examined the context from which
the building was born and identified the increased
production of iron and new developments in glass
technology during the Industrial Revolution as two
critical factors. Additionally, the fact that artificial
lighting was not yet electric at the time was the rea-
son why the building was covered in glass. One could
thus say that glazed buildings were necessitated by
the fact that artificial lighting technology was still
underdeveloped.
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Crystal Palace, 1851
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Robie House, 1910
OE—EE 19104

Modern ventilation and lighting appeared around
the end of the 19th century to the early 20th centu-
ry. That marked the beginning of when the intrin-
sic functions of the window came to be substitut-
ed mechanically. This led to spaces being conceived
not only based on design ideas but also in relation
to the new mechanical systems, as exemplified by
Frank Lloyd Wright’s buildings of the early 20th cen-
tury ~10. For instance, the Larkin Building (1906) is
an enormous single-space building whose design was
informed by the mechanical ventilation system. Simi-
larly, the Robbie House (1910) made new use of lattice
screens with concealed light bulbs to provide archi-
tectural lighting.

Another important factor was the emergence of
the curtain wall in the late 19th century. New con-
struction methods freed up the wall, and buildings no
longer needed to be supported by bearing walls ~11.
Glass also became smooth and uniform with the
invention of the roller quenching process and float

Modern Architecture

glass process. These manufacturing techniques held
great significance for office buildings.

Early office buildings were built with courtyards
because they could not be sufficiently ventilated and
illuminated. However, as HVAC and lighting systems
were perfected, the way buildings were made changed
because it became possible to create larger buildings
without courtyards. As the buildings changed, so did
the meaning of windows. Mechanical systems were
crucial for supporting the prototypes of today’s sky-
scrapers. Without them, it would probably be impos-
sible to create tolerable office environments.

13
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Dessau Bauhaus School, 1926
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Windows as Symbolic Icons and

Products of Technology:
Round Windows

I would like to end by discussing round windows.
Round windows are intriguing in how they serve
both a symbolic and functional purpose. The circle
is a geometric shape that implies a sense of complete-
ness and brings to mind a strong sense of spirituality.

Round windows can be found in teahouses in
Japan as well as in the West, where Gothic cathedrals
have enormous round windows known as rose win-
dows. The oculus of the aforementioned Pantheon is
also circular. It illuminates a space that can be seen
as a representation of the cosmos. While round win-
dows in such religious facilities are highly spiritual
and symbolic in nature, there also exist ornamental
round windows in places such as commercial facili-
ties. The windows hold opposite social meanings in
these two different contexts, as they are sometimes
used to express a sense of playfulness in the latter.

During the modern period, round windows were
embraced by modernism (modern architecture). For
example, Le Corbusier held up automobiles, air-
planes, and cruise liners—the latest vehicles of the
day—as his ideals, and he employed round windows
not for religious purposes but out of a desire to cre-
ate building with a ship-like functionality ~12. He
even included images of ships in his book Toward
an Architecture (1923). Architecture became obsessed
with the ship as a moving machine. However, ships
have round windows for structural reasons and not
for their visual appeal. Their shape is governed by
conditions severer than what buildings face, such as
water pressure. In this way, round windows can also
serve to relate buildings to vehicles.

Round Windows
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Coca Cola Building, 1939
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There were also trends in modernism to refer-
ence technological forms, like the round windows
of vehicles, as icons. For instance, Kikuji Ishimoto
often used round windows in his buildings during
the period when he was transitioning from the Bun-
riha (Secessionists) to modernism. Round windows
were also favored in the futuristic Metabolist cap-
sule buildings of the ’60s and 70s ~13. The image of
exploration vehicles designed for navigating the new
frontiers of outer space and the deep sea seemed to
have been idealized in architecture. Kisho Kurokawa,
on the other hand, projected the image of teahouses
into the small spaces.

Exploring the theme of Windowology has made
me aware of how surprising little research there is on
windows in architectural history. In this sense, itis a
very interesting theme that still holds great potential.

Round Windows
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Nakagin Capsule Tower, 1972
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»16th century »1612 »1751
»Mid-16th century BCE Glass production reaches Antonio Neri publishes LArte Vetraria in Italy. Denis Diderot publishes
Glass containers appear in Western Asia and Egypt. its peak in Venice. L HUTIZTA- RYARTHS RMEE) 3, LEncyclopédie, containing details and
Glass art begins. YA TS TH S RS A illustrations of the plate glass
BPYTEIVTRTHIRABREOER, A7RIZ0BRI. gmmrrz, »1665 production process.
Saint-GobainACOmpany founded JS5VRIZTD-F« RATERNSE) 2,
» Around 1220 »1549 to produce mirror glass for the F'renc%l monarchy. 4545 2 pMERTE2 D
Stained glass production  The Christian missionary Francis Xavier TV RERREA T AREY Y - TNV R, Mk & & & 125,
thrives in Europe. comes to Japan, bringing glass products. »18th century
-0y N TRATFYRIFR #27\ h%ﬁﬁ%ﬁlﬁﬁFdeI}L%Elo Hand-blown cylinder method is developed in UK.
BENBAICR D, 15 ZARBEDER. HEEICTFREAEEOHR.
»Around 30 BCE »Around 1670 »1755
Glassiblowi-ng tec‘hnology is  »12091 Full-scale sash windows used in Ham House Window glass is used in Japan at
established in Syria. Venetian glass artisans are forced to move to Murano Island, manor in England. the Nagasaki Dutch Trading Post.
Y TIZTREHZZAEEDMIZ, which beclomes the source of some of the highest-qualityglass FEIZTABENL - NI R TEENAY v S BEFH, BRI TEEL S Y SR
products in Europe. BHS 2% B
Window TIRVATOHZABA L7 —/ BIZ@HBE, I—0vXT »1688
TECh“OIOgY BROBRABT 7 ARBOEHIRE B 5o Louis Lucas de Nehou develops casting method in France,
DBl .l 1 enabling production of large glass sheets.
ate 1st century »Late 16th century _ . e ) L e
Glass windows are used for Tea-room culture develops in Japan. TIVRIZTR - R=DEEREFRFE. KEDORHT S ZADEENTTREL 55,
bathhouses in Pompeii. Shitaji windows (small sunken windows »1782
RYRAIZTABREOBH S ADEA, with checkerboard slats) and renji In France, Antoine-Laurent de Lavoisier points out that alum
windows (with vertical slats) appear, might be a metal oxide, predicting the existence of aluminum.
) along with various other decorative TSYRIZTAL- SRZIIAI aINVHASEORIY TH D
> Ath-7th centuries o windows. T E IS, LIS LOBFEE TR,
Crown technique is invented in Syria. BRI TEET M ORE. THEPETR
STIZTI TV EDHER, KE EELERBOBENRIS, ri7se

In France, Nicolas Leblanc succeeds in producing sodium
carbonate, an ingredient of glass.
TIVRIZTN- LTS NHF AR ERS

»14th century KRBT b7 ADOBRGEIZ AR,

Shoin-zukuri style becomes popular

in Japan. Fixed fittings such as paper- and »1695

cloth-covered shoji doors are used to Window tax introduced in England, levied for buildings with 7 or

divide interior spaces. more windows. Holds back development and widespread acceptance of glass windows.
BARICTEREDMIL, BETPRETSED EEICTEROBA, OEDOBMIITOULDBE DI 2BBIHEERT,

BEEXDEE THRRZEMZ 5. HIZABDFE - BEROWIF LD,

Middle Ages

Anci gypti hitecture R h ture Mannerism architecture Baroque architecture R hi e N I I hit
HRIIT bR CEE 4+ YIITYRLEE NAy IRE EEEE:: HEREREBE
Architectural = Ancient Greek architect Gothic architecture
Styl HEFY S TRE Ty v oRE
tyle . . ;
) RemErchiteeroel hitect
BEERL | mgn-ves Ay RBE
1 Public baths in the Forum 1 74 )L ADHRERES
(Italy, 1st century BCE) (427 fETTai1 ttie)

2 King's College Chapel (UK,1446-1515) 2 ¥> 'R - ALy FoRIL

3 Ginkakuji/Silver Temple (Japan,1489) (1 %1 21446 -1515%)

4 Katsura Rikyu Shokintei 3 HLEES (BHE. BA. 1489%)
(Uypec, i i) 4 BHENST (B 17HR)
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»19th century
Arcades (passages) with glass roofs built in Paris.
NVICTHZIRABRER T 27— — F 0\ —2 1) B,

»1807

In UK, Sir Humphrey Davey extracts
aluminum oxides from alum, confirming
the existence of aluminum.

HEICTH- F—E—HDIavnrHhs

7) 7 LRI & 5Bt
FILIZYLDFEEER.

»1861

Solvay process (production of high-purity
sodium carbonate) is invented in Belgium.
NUF—IZTYMR—E (BIREOREF b)Y L
DEER) DEX,

»1865
Steel sashes are imported to Japan and
used in the Shoko Shuseikan factory
in Kagoshima.
BEZF—LYy @A, BEED
HMEEREICALLON S,
»1886
Glass blocks are patented in France.
TIVRIZTAZRT Oy 7 ORFRE.

»1901

Fourcault process is developed in Belgium.

RLF—IZTTLIA—LEDBEH,

»1902

»Early 1920s
Laminated glass is used for
automobile windshields.
BEBENT7AY FAT I,
EhEHIRERE,
»1913
Sugamo Manufacturing founded in Japan, producing steel sashes.
BAICTRBRIEMAIZE, RF—LY v > 28k,

Lubbers process (mechanical cylinder blowing) is developed in US. »1922

KEICTIN—RE (BRREMEE) MR

Shimada Glass offers plate glass for sale in Japan.
BAI T HEMTEIEM. )75 X% #F.

Ford develops roll-out process,
also called horizontal continuous
rolling, in US.

KEZTT74— REAOD—LT T hEE

B%, KFERELEEE HITEENS,
»1851

»1903
UK window tax abolished. Laminated glass is invented in France.
ZEE 1 TEBEE, »1898

»1818

Henry Hope and Sons sash company

is established in UK.

KEIZTHy YRIEDA VY —KR—THRIL,

Cheap glass is mass-produced in Edo.

IR TR 7 ROKBRE,

5 Crystal Palace (UK, 1851)

6 Reliance Building (US, 1895)

7 Dessau Bauhaus School (Germany, 1926)
8 Villa Savoye (France, 1931)

5 7UZFI-ISLR (1 FY R 18514)

6 USA TR KL (7 XN 1895%)

TFyY T NINTRRE (KA Y, 19264F)
8 YU+ TE (752 19314)

The Show Window magazine
founded in US.
»1854 KEIZTYa—74>Y K=
Satsuma domain begins ¥ FIHEEE ITHE SHOW
producing sheet glass. ~ WINDOW. &7,
BEEEE, IR 5 R ORISR,

»Around 1872
Shops with show windows appear on
the Ginza Red Brick Avenue in Japan.
BARIZT3—74 Y RV %L DEHD
SRERE#ICES,

»1857
Thermal storage heating method is invented in
Germany, advancing glass melting technology.
RA VIS TERRMBEO R,
75 2 DEREA IS

TIVRIZTEDEN T X EHT.

»1909

»1914
Bruno Julius Florian Taut designs the ‘Glass Pavilion’ for the
Deutscher Werkbund Exhibition, acting as an advertisement for
his sponsor, the German glass industry.
B- 47 b RAVIEERRD 75 RNTZ] Fito
ZRY—THB A YDHIRERDLEEGRDREERI-T,

Paul Karl Wilhelm Scheerbart publishes Glasarchitektur in Germany.
RAVIZTP- Yz —T7 NI b THS RBE) &,

Asahi Glass Co., Ltd. produces ordinaryplate glass in Japan.
BRI TBHETFHRART, TBIRA S 2% £E,

- 20c [1900-1929]

Modernist architecture
TS =X LEE

»1925
Pittsburgh process (vertical automatic flat plate
drawing) is developed in US.
KENZTE v YN =%k (BEROBBHFRS| LE) OR%.

»1929
Saint-Gobain company offers reinforced glass for sale in France.
TIVRIZTYHY - TNV SRICH T RFEF,
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»1950
Mitsubishi Industries produces extrusion-molded
aluminum sashes in Japan.

BARICT=BIEARHRT TV Iy 2Rk,

»1932
Glass blocks are used industrially in US.
KEIZTHIRT7AY 7 DT EA,

»1952
>1933 Department stores bring back show windows »1970
Acrylic resin ‘Plexiglas’ is patented in Germany.  when released from requisition of the Occupation

N, o <= N, . DPG (dot point glazing process) is developed in UK.
RAVIZTT 2 UL 7L %2752 O%FRE, Army in lapanl HEETDPG (Ko b FA o b 2 L— s 2) ORI
BARICTEEE EREOERE RSN,

Ta—vq v FUHEE.

»1942 »1983
Advertisement for ‘patriotic wooden window lattice’ to replace metal Low-E glass (low-emissivity double glazing)
window lattice appears in an architecture journal in Japan. is developed in US.
BARICTREXICEBUBRTFORER L LT RUBEARIETE O HKEIZTLow-EA T R (EREHEREH Z R) DR,
BRLELNBHEIN S,
»1954
1935 Double glazing is produced in Japan > Around 1970 r 1997
Polished plate glass is produced in Japan. Eliiil'ffﬁlgﬁg_ Z;iE pan. SSG (structural sealant glazing) process is developed in US. Vacuum glass is developed in Japan.
BAICTEERT 7 ROEE, i ° KEIZTSSG(RMFIFaTA-v—=5 2 b I L—Y >0 HEDHH, BARICTERT 7 RO,
»1945
Official distribution of plate glass in Japan.
BRI TR 5 2 ORIEH A, +1956 >1990
) Aluminum thermal insulated structure sashes are
Steel standard sashes are sold in Japan. . din ]
»Late 1930s BRI TR T — LRI » S R s 5.
Reinforced glass is used for automobile - BAITT N I REHMEY v & DR,
windshields in Europe and the US. Heat ray absorptive plate glass is >1976
¥z v RASRIC duced in Japan Resin sashes are produced and sold in Japan. > 2008
[ﬁ*tj-_( §ﬁ$27 R¥ bASRE pro - P o _ A — Triple-glass resin sashes are
BILHS 2 ERE, BAIC THIRIRIIR S 5 2 D, BAICTHEY v > BsiRE. sold in Japan.
058 BEILT Y TLAS RO
' By SRR,
Pilkington Co. develops float process in UK. BifeY > 5%
EEICTELF Y b AT A— MEERR.
Standardized aluminum sashes are sold in Japan.
ARICTEETLIY Yy &R,
»1966
Heat ray reflective glass is produced in Japan.
BAICTRRREH 7 ADEE,
€ [1930-1969] 20c¢ [1970-1999] 21c
Postmodern architecture High-tech hi D tionist hi e
K2 FES VRE N TFORE FaArRr50vay (BBETER) B

9 Kimbell Art Museum (US, 1972)
10 Nakagin Capsule Tower (Japan, 1972)
11 Louvre Pyramid (France, 1989)
12 Prada Aoyama (Japan, 2003)

9 FUNILEME (7 X5 19724)

10 FRAT LY T—E L (BE 19724F)

1M L—JLEMEDASR-ESIy K (75 2,19894)
12 755 754 v 7 EIWIE (B3, 20034)
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Windowology

Windowology was launched in 2007 as

a unique research project unlike any other in

the world. In the course of its development,

it has ranged far into various domains,
including design, language, environment, health,
ethnology, history, stories, manga, and film.

Its breadth speaks to the fact that windows,

in addition to being key elements in a building’s
design, are closely tied to human behaviors

and also reflect our social, cultural, and
technological circumstances.

We will be pleased if it successfully conveys

the joy of observing the world

through the window.

Taro Igarashi:
General Supervisor of Windowology
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Window Research Institute

The Window Research Institute is an
incorporated foundation dedicated to contrib-
uting to the development of architectural
culture through conducting and supporting
research and cultural initiatives. Windowology
was launched as part of these activities by
Window Research Institute President Tadahiro
Yoshida based on the belief that ‘windows
represent civilization and culture’.

This booklet contains abridged versions of

a selection of the Windowology research that
the Institute has developed together with
researchers and university laboratories.

BHIRAICOWVWT

BRRMIBREMCDOERICES T 57120,
- X REDBRZ RIEY 2 MEEATY .
TBIEXHTH Y  XETHZ I DBEDOG &
BCREICHT 2MROUNE - HEICRYMEAT
WET, BMRFESRR SHEMOFERIC
LBBHIE 25 LIEHD—BITT,

AFE AREPKRZHAREICL 2BZED
MESBBD > ZD—F &KL,
BNTBHDTY,



ISSN 2435-2500





