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CHAPTER I
THE NE:D WOR VISUAL-CENTERED CLASSHOMMS

Or. Norman L. Mumal of Bowdoin Collegs recognized the indi-
vidual as being the product of his hsredity and e vironment. Dr.
Arthar I. Gutes® of Teachers College, Columbia University, wrote:
"That the effects of heredity and envirornet are interwoven from
tho timw of birth, that thay camol be isolated and studied in
purs form, is now generally agreed.” ihis principle seeas to be
generally accepted among cducators, bt in the writer's twenty
years'! experience in public schools education, envircrment has
been considerel xcstly as persomalitics exerting influence on the
irdividual, until comparstively recently. Dr, Charles E. Skinner
of Yew York University caemented: "The changes wrought in the en-
viroment often becoms potent means for changing the ind.ividtnl."
Dr. Howvard C. Warren defined “envirooment as "covering all physio-
chexical, biologiecal, and social phonaxenon which act from without
a the individual.”® The Dictlionary of iducation? stated that en-

vironmmont is ™a general term designating all the objects, forces,
and conditions that affect ths individual through such stiruli as

ha is abls to receive.”

1. Fsycholozy, pp. 7C-87.
2, "ihs Kature and Measurezent of Intelligence,” Educational Pay-

chology, p. 238.
3. "The Hature ard Scope of Zducational Psychology,® Iducationa]

Psycholory, p. 3.
L. Dictionary of Poyechology.
5. Carter 7. Good, Editor.




Fxbansiv invasugatim in the past decads have shovm the im-
portant part that daylighting, artificial lighiing, colep, sesiing,
tmrersture conbrols, and other physical factors of the classroom
play in the growth, development, performancs, and wellwbeing of the
ehild,

Tridenca of mr.’mg iﬁtéma‘th/m&zg edusabors ia to be fownd in
tha nuzhers of institubtes or conferensezs of the pa,sst, two or thraa
ysaméras wall sa ressarch prograws by elugsiicaal tnstitutions,’
In tha U. 5, Office of Erlm’t.im,g efforta of such men as Dr.
blaism'x E/. 'Y.tluaq ani Dr". 4Ray La Hamend? ara directed towards advance

6. Undversity of Richnond (with the Richmend Schools, A. L. 4.,
Virginia State Department of Education, and Virginia Education
Ansocdation); University of South Carolina {with South Carolina
Deparuzmsnt of Bducation); University of Georgla (with Georgla
State Departments of Health and of Education); University of
Pennayivania; University of Pittsburgh (wlth A. I. A., I. E. 8,
Optametrle Associations and othere); Univsrsity of Mimesola
(with St. Paul Schools, ths Stats Depurtment of Nducation, and
asixtee: other state agmeles and orgsnizations); Indiana Univer-
sity (with Purdus University, Indiama State Department of Publis
Instruntion, axd tha Indianapolis Sehools)s Washington Univer-
sity (St Louls); Stenford University; Univsrsily of iemi
(Florids); Massachuseitts Institute of Technolegy (with New Enge
land School Develomment Council); Univeraity of Montanaj Central
Oregen Collage of Education (with Oregem Stata Department ofXd-
ucation)s Pacifie University; Eestern Oregon College of Edusa-
tion (vwith Oregon Btate Depnrimend of Educaiimn); Central Wash-
Ingten Collsge of Education; and others,

7. State Tzzchsrs College at Oahkosh in cooperation with Wisconsin
Optomeiris Asscolation; University of Soubh Carolina; South
Carolinz State Depaviment of Educatlen, School Flant Divisien,
collaborating with four schiool aystems; Univerasity of Kinnesols
in cooperation with St. Panl Schools; Ohtlo State University
Hissisnippl Soubhern College; Ceatral Washington Collsge of Fdw
uoationg University of Pittsburghs Purdue lniversiiy in coopar-
ation with Vest Lafsyetts Schoolas Richmend (Virginila) Public
Schools} and others, .

8. Federal Security Ageaqy, Washington 25, D, C.

9. Formerly of the Missouri State Department of Education and for-
gwsﬁmtw in Educational Administration, Univeraily of

8 .
J0. Chief, School Housing, Division of School Administration.



ing ths knowledgs that a clsssroom io mors than an enclosure to

provide housing. 1l

In July, 1945, ¥r, Harold D, liynds roported studies

to improve thoss physical conditions of school
buildings that are conducive to classroom coafort and ine
structional efficlancy, ... Educators, psychologists, and
ophthalmslogists agres that the mental attituda of chila
dren and visuarl acuity are greatly isproved wien classes
are conducted in bright and insyiring rooms. ... Poor
lighting or dark colors and glossy surfaces not only re-
duce school efficlency, but cause physical disconfort and
in soms cases permanent injury to the eyea.l2

Ancng the more extensive fect-finding studies were those of the

Texas Inter-Professicnal Commaission on Crild Dcvalopment13 under ths

direction of Dr, Darell B, Harmon,l whose purpoce was to guids the

Taxas State Department of Mealth in plannirgz, operating, rnd evilu-

ating the activities carried on in 1ts long-runge progrea 4n child

1.

3.

In 1948, Dr. Famon was one of tho principal sprakers at the In-
stitute on School Buildings held 2t the University of Wisconsin
by the Echool of Zducation, The preoceedings of this institute

was published by the University in the book Plrnning lodem

Schoel tuildings,

"Chozsing Colors for Classrooms,® 3chool Businass Affrirs (of-
ficial orzan of the Assoclation of Lcihool Business Officials),
July, 1945.

Consisting of fourteen state professicnal sccielios and organi-
zgaticne, including the Texas State Teachers Association; the
State Madical Association of Texas; the Tex:s Dental Soclety;
ths Illuxinating Engineering Soclety; the Texas Sccietly of Ar-
chitects; and orgrnizations of educational and zndical speciale
ties.

Dr. Harron is now an independent consultant in the study of
physical and paychological factors of the classrcom az they af-
fect the growth and learning of the child, For ten years, until
April 1, 1947, he had been director of achool health services
and associate director of miternnl and child health for the
Texas State Derartzont of Health, and for seven ysars, concur-
rently, exscutive dirsctor of the Texas Inter-Professional Com-
mission on Child Health. The previous twenty yesars he srent in
:fzgazional research, teacher education, and collegs administra-




L

development. Architectural Record in February, 1946, observeds

"Dr, Harmon's ploneer work in Texas has been in progrzss for seven

years, and has created a sensation among health auwthorities
and illuminating engineers, But its significance is really
architectural. If the dostor has proved himself a splendid
architect, he has also demonstrated that the architsct on
oceaslon csn be the Nation's best practitionsr in preventive
medicine,” In this sams issue, Harmon's thirteen page articls
"Light on Growing Children® was presented, reporting how
seeing involves the whole body, stress diagrams of fauliy
lighting, end how daylighting was improved ab Mexia,l5 It
was demonstrated that

Our ability {90 ses in three dimeneiong ceases at a
point where oneyaide of a three dimengional objsct is

around six times brighter than the other visible surface,
The ratio of difference established ... for daylight
supplemented with artificial lighting is only 2 to 1
(three times better), and is one-third better than the
Illumigat:’mg Ingineering Sceiety maxdimm standards of 3
to 1,10 .., In order to get the best position for study,
fully adjustable seats were doveloped ... L0 be placed
in an unconventicnal arced pattern so that each child
received proper support and balanced illumination to dig-
courage bedy distortion, "Fully adjustable" means that
every seat becomes flexible to ths individual contour
needs of the little students. An sdjustable working sur~
face on each desk brings desk work to exactly the right
distance and angle for best seeing,Ll7

Mr. C. E. G4 Dyson of the Toronto Beard of Education in re=-

portingl® on the earlier studies wrotet

15. Twenty-four demonstration centers were set up, cne of the first
being located in the W, M, White School at Mexia.

16, "Brightness and Brightness Ratios," Report No. 1 of the Commite
tes on Standards of Quality and Quantity for Intericr Illunming=
tion of the I1luminating Engineering Society. Illumitating En-
gineering, December, 194k,

17. T, D. Wakefield, "Classrooms Designed for Seeing,” Hlectrical
South, dJuly, 1947.

18. C, E. C. Dysen, "Modern Classrooms with limited Funds, “School
Business Affairs (reprint),.




With a view to finding the causes of phynical de-
fects, 160,000 children were scientifically testsd by
doctors and nmen of other professions over a period of
nine yeara,i? The children were given thorough podi-
atrics examinations and nutritional, visual, psycho=
logical, educational and other similar testa, As a rosult
of the investigation, the imrrovecuents made in the
classroans alane are reported to have reduced eye
troubles in certain schools as mmch as two-thirds, nu-
trition difficulties by forty-four per cent and chronde
infection by thirly per cent, .., Cne of the buildinga in
which the izcroverzents wore introduced wns twenty-saven
yoars old. In one of the grade schools in uh%&h there
were 396 children enrolled, the exsninations<V showed
that 53.3 per cent of these children had functional and
organic visual difficulties; soventy psr cont had eipns
indicative of nutritional difficulties, Six months after
the room had been renodeled,<* only 22,8 per cent of the
children showed refractive eys difficulties ( a reduc-
tion of 57.1 per cent), Nutrition prodlezs had dropped
Lh.5 per ocent below thoso recorded at the atart of ths
investigation and the signs of chroalc infection had
been reduced nearly thirty per cent,

Better Light Better Sight liews camtinued:

At the same tine that the childron's health diffi-
culties went down, their performance records went up, In
tha six months period of working in daylight—controlled
classrooaz environzent the children of the experinental
school grew a mean avarzge of 10,2 months in educaticnal
age, with a median growith of ten months and a modal
growth of ten months, In the contrslled school tha moan
educational vas 6.8 months of educational age,
the nmedian six monihs and theo modal growth six months. 2

The Villa Karie Acadexy in Weat Chester, Pennsylvania, reported
the average grades of all students rose 10.3 par cent after the

acadaxy modernized {ts classrooms.23

19. The first throe years were consued in an inventory of the
physical and psychological difficulties disturbing school chil=
dren. Concurretly, a check was maude of classrom faclors which
might be relatad %o thoss difficultiesn.

3. Bovezber; 1942,

<21, Redecorated, daylight controls installed, and the seating rear-
ranged.

22, "Good Lighting Alds Good Health,™ Bettor Lizhut Bettor Sizht
Hews, Vol. 15, Xo. 6, 1947.

23. Barclay Adans, "The Reflectance Pactor in School Lighting,”
School Zguimment Nows, April, 1951,




Seresning surveys wore also made of over 4,000 classrooms occu~
pisd by these children., In a preliminary report® cn thess surveys,
the director cbserveis

Analyols of the data showed that at least fifty-
two per cant of the elementary school children wvare
lsaving the elementary schosl with an averass of 1.8
chservable preventable defectn per child.<’,., The large
overlapping of visual, postural, nutritional, (chronic)
infection, and behavior difficultdes, would seem to point
to comaon factors in the causes of these defocts. ...
Probably from four ocut of five to nine out of ten of the
obaerved difficulties have their origln during the ele-
mentary sthoeol poricd. ... Inter-corralation of the de-
focta obasrved with clasarcom factors would scem to
indicats the following in ordser, are ..., contributing %o
the causes or Sevarity of the defoetas (1) lmproper
saatings (2) improper lighting; (3) improper placement
of working materials ... Cboervaticns made on relaticns
betwmen the physical fastors of the classroom and ths
difficuliies in children would also tend Lo iIndleate
that these dsviations are caused by or precipitated by
the rezuliants of the varicus envirenmental forces af-
fec‘bing the ehild «eo

In 1946 a report "lLatest Techniques in School Lighting® ope
peared in Tha Magasine of L.;g,_)_x__t;...v This was prepared by Prof, R. C.
Putner?® and ¥r. Jo Re Anderson, Nela Park Inginesring Divisien,
Lanp Department, General Electric Company. Thay reportsd:

Seeing and sdusation are garbmrs. Cur education-
al system is built on sseing, It is only necessary to
casider the difficulty in taeaching visuslly handie
capped children to realize how much depends o eyes and
seeing in cducation, By far the greatest porcentage of
impressicns reaching the brain coues from the seeing
process. Anything which improves the eass, the accuracy
and the comfort of seaing aids teaching.

244 Darell B, Harmon, "Some Proliminary Cbservationes on the Jevels
opaental Problems of 160,000 Elsmentary School Children," Hedlw
ea) YWoman's Journal, March, 1942,

25. later, more thorough and intensive tests apd measuroments
showed the incidence of difficulties run considerably higher
then the preliminary screening surveys indicated.

26. Prof. Putnam was on leave at the time. He is Professor of Il=-
lumination, Case Gohool of Applied Science, Cleveland, and &
consulting illuminating engineer,




Much hag been learned in the last fer years concerning
the role of good lighting on eys conservation end the re-
duction of i'atig).e? Researches and publications of D,

Matthew Imckiosh,27 Dr, Charles Sheard, Dr. Rs J. Lybhgoa?3

and others gives proof of the effect of lighting and a¢-

companying visual conditions on the consumption of human
energy as wgll a3 on the ease and comfort of seeing,

Of interest in connection with this introduction is the report
of Dr, Lonis J. Colman?? in 1947 that statistics reveal ths percent~
age of defective vision at the age of ten is nine per cent, and at
the age of fifteen is twenty-five per cent. In Texas, studies dige
covered that defective eyesight increased from eighteen per cent in
the first grade to forty per cent in the third, and to eighty-two
in the graduating class,30 Bducators familiar with the Ues S, Cffice
of Education's estimate that eighty per cent of a child's learning
is absorbed through the eyes must also realize that twenty per cent

of all school children have visusl handicaps.31

Volums 15, 1947, of Better Lisht Better Sight News in an arti-
cle "Good Lighting Aids Cood Health?” reported further on the Harmen
researchs

To see properly, the child adjusts not only his eyes
but his head, his trunk and his entire posture. His whole
body exerts an effort to concentrate on the area on which
his eyes fecus. In the classroom, where close, sustained
visual work is required, this is especially wesring.

Jolmny!s body may easily grow along the lines of
stress induced by poor lishting, with accompanying phye-
ieal and psychological damage, Dr. Harmon also believes that
activity, in most instances, takes precedence over growbh
in the use of nutrients. If Jolmny consumes too mich of his

27+ Light, Vision and Seeing,

28, Special Report No. 173, Medical Research Council, 1932, Vol. 31.

29. Former Director, Prevention of Blindness Divisicn, Florida
Council for the Blind,

30. Sarsh Gorden, "Bye, Bye, Blackboard,” Better Homes and Gardanej
Novenber, 1948,

31, Barclay Adams, ops cit.




energy through continued bodily straases caused by poor

lighting; he has not enough lefi either to protect, his

growth or to provide a defense against infectious dis-

oase, .

It has been pointed out that other physical ills like head-
aches, nervousness, nausea and gensral fatigue are assoclated with

eye fatigus. When extra eﬁérgy is expénded for seeing, the nutri-
tional balance is affected also,32

Following thé‘preliminany surveys, intensive studies were be-
gun in thoéa areas which appeared to contain the major factors
conditioning the health and educational problems observed, Be-
cause of the significént‘plécé improper seating and lighting had
eccupied on the liat of posgible contributing causes of children's
difficulties, the effects of light and classroom equipmﬂnt vere
given important places in these intensive studies. Four classrooms
were renovated in the Rosedale School in Austin in November, 1946,
Harmon demonstrated that when & child 4z doiné closs visual worlk,
if any area in his field of vision is more then three times
brighter than any other part; there i3 a harmful effect. "Bright-

ness distribution” came in for serious consideration.

“In other worda, the wholg area in a child’s field of vision
should have the same brightness, Common offenders against this
principle are glare, especiaily from'windows; and dark areas such
as floors, desks and blackboards, And of courss in meny classrooms

there is just not enough light, especially on the side away from
the windows,”33

32, Educating in a Trusr Light.

-.-—-—u

33. "Good Lighting Aids Good Health," op. oit,



In the Rosedale rooms, the entire fenestration area was torn out

and panels of light-directing glass blocks built above the cassmsnt

windows, These blocks contained prisms which admitted light from the

outside and re~directed it upwarda into the room, Venstian blinds

were used for daylight éontrel in the area below the glass blocksn,

At Mexia, Harmon had established brightness ratlos in terms of whites

and grays. At Rosedale, he introduced color, but had to solve new

problems in peint chemistry in mixing paint not enly to provide 1light

diffusion but also to utilize color without disturbing brightness

ratios subjectively,

Various colors of the spscirum do not appear equally
bright to the eye: Colors towards the middle of the spectirum,
such as yellow-green, appsar much brightsy than colors
towards either end. This difference will affect the child
much as do differences 1ln brightness, and is called "sub-
Jjective brightness,”

Another color problem was the fact that different colors
£all to focus at different points in front of, on and ba-
hind the retina, technically known as chromatic aberra-
tion., In immature or children's eyes these differences in
the optical effects of various colors can be a severe
8iress. ... Dr. Harmon took into account all these fac~
tors in designing the colors. In the Hosedale rooms two
or more different colors have besn used without adverse
contrastas of subjective or color brightnaas.3

An observation of intorest was made about this tims by kr,

Balph P, Orchard of the Lakewood, Ohio, Board of Educatdons

Color psychologists say many things about color. Color
is an interpreter of moods, Color is an uplifter of
spirits., In food it is an invitation to partake. In a
sunrise it is an emblem of Hope, In sunsets it is.an in-
vitation to dream and meditate. Color is magnetlc and

3l

"Good Lizhting Aide Good Hoalth," op. Cits
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jmportant in all phases of life. The forest would ba drab,
indeed,  without its foliage of green and gold and brown,
gardens without the hues of asters and the brilliance of
the marigold. Sky and sea would be a monotonous expanse
withcut their ever-changing shades of blue and green.. But
for all of these, color does its most effective work in
the home and in the school where much o§ the working hours
are spent, where life is really lived.?

Mr. Orchard concluded, "In lakewood, we belleve that the use of
color in classrooms and throughcut school buildings is one of the
great contributing factors to improved morale of both students and
faculty, to increased interest and application by the students and
to favorable and cooperative action on the part of the parents and

the public at large.”

Expanding recognition of the Texas studies and formulation of
the term "The Harmon Technic”36 came in 1947. The Nation's Schools

in May presented a portfolio "Lighting - Color - Furnishings." It
amplified the discovery that the whole body is involved in the pro-

cess of seeing.

To see properly, the child adjusts not only his eyes
but his head, his trunk and his entire posture. The whole
body tries to center itself on the brightest area affect-
ing the eyes. At home on the floor with the Sunday comics,
Johnny can squirm about until the light and his body posi-
tion are in harmony. But it is in the classroam that he must
sit at a close, sustained, visually centered task in an en-
vironment of pronounced contrasts of light and dark arsas.
To establish a balance between his environment and his work
requires of him tiring physical and psychological effort.

In the same issue, The Nation'!'s Schools reported an experiment

in "brightness distribution” in an old building:

35. Ralph P. Orchard, "Interior Painting of Schools.”
36. Copyrighted.
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On & mouy day-and with the. conventionel clear glags
windows, a chiid near the windows may have a contrast bow
twaen the brightness of the sky in his £i214 of vision
and the brightness of the task of as much ap £ifLy to ons,
while & ohild at the ingide wall who can also ses the sky
wiill bte subjested to a contrast between the sky end his
task approsching 450 to onee see To reduse the brightness
at the windowg and yst ubilisge this light in the roan, the
shades were taken off 440 and light difiusers made of vhits
fabrins? stretohed on wood fremes wers substituteds <. It
is oumon knowledge thet absab two-bhirds of the tobtal
working light in a romn comes from the upper half of the
window opening, The white fabric diffusers transmitted
#lxty per cant of the light in a diffvse maymer and threw
8 large part of the remainder upwards and across the csil.
g frtsvg whizh it wos reflested dowuward upon the puplls?
deslu,.

The generally assepbed view among color anthoritiss
haz been that the distinction betwwsn warm end cool colors
is psyvhological, Harmon research proves that the distins..
tion is measurabls, at least partly, in physical terms. By
changing the coloe of the paint on the walls and cellixg,
Dr, Harmon found as much as a five degras changoe in room
temperature can bs effected, The explanation of this phee
nemenon 1les in the repidity of heat reflsstion by soms
¢olore, If the clapgsyoor has on walls and cellinge a paint
that will absorb heab, the hent will stay on the surface
of the wall and bs re-~radisted very slowly, Iff 1t reflects
heat waves, the heat will radiate cub into the romm rapidly,
to be soon felb by thoss in ths oo,

Ons very aignificaxrh z*asuit of Haymon's research reported hers
should be recogaj_.zed, for iﬁ 15 st411 due for further study and very
1ikely eventuxl general aéeep’c.émée vhen lighting becomes mope then
a quantity expressed in footcamdles, This research indicated "that
the high light intensities reccmmended by illminating englussrs
during the past fwy'sm-sm#ymt. banearlyézz imbartant as 1s the
proper brightness ratio in the field of vision; the greater bright-

37. Glags cloth (Fiberglas). .

38. Similar diffuser-reflectors are installed in an experimental
classycom in the George Wythe Building of John Marshall High
iﬁhoplém Richmond, photographe of which are shown in Plates

ard 6,
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ness contyast, ths higher ths amount of illuminatien to overcoms
ﬁ’gﬂ?

Thet recent emphasis on the sesing-in~the-clapsroom problen
has broadensd considerably from the narros fookcandle conespt was
pointed cub by the Nabional CounciX on Schoolhouse Construction,

The relationships of brightnesa, brlghtnessdiffer-
ences, and tobtal visual fields have supplemsnted the el
- gmantary discussions of fooleandle standards, The problam
hes now shifited from "how much light should we have' fo
"how woll can we see," The rslative lmportancs of the fagw
tors which conastitute good visual em”i.rrwamt in schools
has been modified from the reslm of opinica centaring a-
bout Light quantity recomendations to the mors edusation-
ally asceptable concern about ths positive correlation be-
tween good seeing conditicns and the ccassrvatien of human
resources. s phileosophy of thoss who would attempt to
claim material educabicnal growbh solaly on increased
quantities of light at desk-top level has bsen abandmed
fo* a more asceplebles approach whish tekes into consider~
~abion the entiro visual environmend az il &ﬁ‘eﬁts the
physical, mental, and emotional welfave of studends .40

Hmnun"*’l amaha.sized the importance of balanced brightness or low
cmtraf.t in Pasphle? 10, of the U, 5. Offlice of Fducstlon, Iightiny
Schoolroms, "Ws are nob so much concerned about how much lighd we
have} ‘the resl problem: .'us; how well can we sae.:“ Savsral of tha
statamais of this pamphlet are reporied herss

Brightness balanes will not be accomplished until col~

or 1s counsidered as:an eqml partner to light, ..; It is a
fundamental principle of lishting that more light shall

397 Tue 1547 westinghowss IZ mmg Tenabact sa bhe 1948 GE500
General Zlectric Lishting Guide reccumend thirty footeandles of
i%ldlzning.i«ig hm&intmtained in service for classrooms. The 639147

o Bs 5o Lds Z Hendbock reported current recamnended prag-
tics in lighting levels ab th.@pwork (maintained in fmwj.ea) at
this zame quantity.

40, Gulide for Planning School Plants,

41, Chiel, School Hous..ng 3 Dinsion of School Administration.
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shine on:ths visual tasi than into the eyes. ... Ceilings
eghould be finlshed with a reflection fantor of eighty-
ﬁm m emto [ X X Wﬂlﬂ e _Bl‘muld bﬁ ﬁ.niahed ‘d.tfh a
minimum reflection factor ¢f sixty per cent., the waine
scoting, including ths bageboard, should have a reflection
factor of ab lesst forty per cenb. ... Trim may be finished
in a difi'erent hus, bul with a saturaticn which wlll give
it spproximately the same brighiness os the adjaeant
walls.: X R Flo@rﬂ should be finishzd and mainbalned with
‘s raflsction factor of from thirty to fordy per cents ..o
Chalkboards present a real problem, ... Probably the op~
timnm ... availabls ab pmﬂeﬁt is ..s & light-green
chalkbosrd whick has & light reflec¢tion factor of approge
imstely tweniy por cenb. ... Equipment surfaces should be
' of non-glosey finlsh with reflection factors of frow’
thirty to forty pesr cent, ..., Educators and architects
are giving Increased attention to the possibilities of
lighting with paint, <. Colors should bs selected on the
folloving bases: Reflection factor, sridsiie appearance,
eans of maintenance, and adjusiwent to ths orlsntatioem
and the use of the aren. ..., Directlonal glazes blocks and
horizontal louversH< seea to bs about the bosi tried
mathed of shielding nonevision sources of nebural Ligh%
arzl achieving natural-ligh$ diffusion. ... Fluorsscent
lsmps should be shielded from the field of vision in the
schoolroom, tnlegs a tubs iz developsd with a much lower
aurface brightness thah thosze now on the marke%. ... Ko
bavre filement lamp should ever b expossed to vislon in a
schoolroom undse any conditions.

Wisconsin set up a Cammittee on Physical Environment of Schools
as a part of ila Cooperative School Heelth Program. Included in ilse
“"Guide for Better School Health® bullstins was School Lishting. It
is pointed out that "There 1s grsat nesd for rapid, ascurabe and
eagy seaing plus the tos often neglected confordable secing. Dub
this nded has not as yet becoms a matier of swareness cn the part
of many school aduinistraters." Other highlighte of thls bulletdn
wares

The physiologlst and ophthalmologist tell us that a

gocd deal of the nservous energy of the human body is used
‘In seceing, The translation of a dim retinal imags into its

42; Fer example, venetian biinds @ S vision strips




related mental eomcept (interpreting its mesning and sig-
nificance) 1s nobt easy, and considsrable ensrzy is dissi-
pated In this process. ... The rsifnsl image producss &
strain when ths syes tend to equalize the varying snd exe
cessive brighiness factors in the fleld of visim. The
ssme. veaction takes place when the child is confronted
with the printad whits page, &.nd the fleld of vision ene
‘companses 8 derk desk sm‘f&ca, f if a bright lighiing
fixture is in the fleld ef visiom.t%,,, All dus cars should
be taken to aveld sharp contrasts and glare. ... Ihs ef~
fect of color as an importand factor of schoolroom envie
ronmant ls underestimated « pleasing surroundings and
Judiclous color selestions are condusive to "pease of mind
and tranquility® and in tumn vitally affect the educativae
Procsss, ... Unfortunately, teachers are usually so basy
"Leaching” that tha control, of 1izhidng escapes them, ...
The tescher should teke 1ight control as part of the
teaching Job. .. Anybhing which consarves ayesight and
prevents us from besoming & “nation of ocular defectives?®
is worthwhile,

Recognition of the importance of what he termed "paind programe
ming® was reported by Mr. Cetil A. Bassett in an articls from vhich
the following was takens

In rezent years, school adminiztrators have inoresse
ingly recognised and appraciated the indispsnsable pard
that painking plays ..., and the bagls benefits it pro-
vides. ... Intersst in planmed spplication of ecolar for
paint-styiing bullding interiors to redusce visual ten~
sion, increase lighting efficiency, and improve working
conditione, has developed at 2 remarkably rapid rate dur-
ing ths past decads, «ae Plszmad color usegs embodles
selestion of colors that ... malniain brighineas contrasts
in constané ratios determinsd by medical spsciallsts and
Ughting enginsers as correch for most comfortable vision
wos L0 minimizs eye strain. Redusing eye fatiguwe is vital,
for it has been clearly showm time and agaln that tired
eyes make bired minds and bodies. ... Hew York State admine
istrotores ars awaks to the need for betisr school condis
tions through color and light.h45 |

At the Institute on School Bulldings at the Univeéaita of Wig-

33, Or dark, oilsd Fioore.
kb, Or window area, ,
45, "Paint Programming Pays."
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consin in 1948, Dr. Den L. Essex®® dlacussed walls, ceilings and
floors, 47 emphasizing the importance of caveful treatment of theso
gsurfaces as a pard of a child’s surround. In this sans yae.r,. undar
ths spongorship of the Illwminating Enginszering Sosiely and ths
Anerican Institute of A—rchit:ec‘m, the American Shandards Associn-
tion published American Standard Prastice for School Lichting,
This was a roviazion of the 1938 code (previous code was 1932), Its
purposs was Lo sstablish criteria of geod illumination for the
guidance of architects, engineere, schosl psopls, and others ine
terssted in tha conservation of children's vision and in the effi-
cleney of pupils and teachers.

In 1948, at least two uddi‘&;imal national publicaticns gave
space to discussions of ths importancs of classroom environmsnt.
The School Exscutive aud Petter Homes erd Gardensh? both pre-
gsented featurss in their November issues, The latter indlcabded

extending of interest into home arsas.

Speaking before ths Vivginia Conference on Classroom Planning
in Richmond in May, 1950, Superintendent Willett of the Richmoad
Schoals, in summing up discussions on classroom environment, sald:
"Ws must bo- eonscious of all these factors that contribute to
healthi, that tend to lessen fatigue, that tend to contridute to
tha aesthetic impulses of the child, to (promots) work in a place

4L6. Russell T. Gregg, "Plamiing Modern Sthool Buiidings.®

47. Dr. Essex was advised and assisted in preparing his mamiscript
by Mr, Frank C. Gilson, Architect, Division of School Build-
ings and Grounds, Hew York State Lducation Dspartaent.

48. T. D. Wakefield, "Brightsen ths Corners."

49. Sarah Gerdon, op, git.



16

that iz eonducive to his best work - they are factors that must
be considsred.®
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CHAPTER IX
SURVEY OF A TYPICAL CILA8SROCM OF IHE DECADE 1920--30

A survey of & classrocm whosz festuras are elther simliar or
identical to those of other Richmmd e¢lassrooms construsted in the
decade 1920~30 revealed startling deficiencies in surface reflec~
tances when compared with the recomendations of ths American |
Stendard Practica on School Lighting or the Hational Council on
Schoolhouze Cemstyustion, The reflectoncs of the floor enly came
within cozparison standards. This floor had jJust been serubbad as
& pard of the suamsy cugbodial maintemance program, and carmot ba
expected to retain lte reflectancs in usa, These ccuparisons are
shovn in Table I. The &bprmdmt@ degrese of deficienclies are 325
per cent for ceiling and walls, four hundved per cent for triw,
five hundred par cenb for tackboards, two huadred per emt for
chalkboards, and 175 per cend for desk tops.

This some classroom ma surrayed for a comparisan of bright-
ness ratios ani lighting levels with the same standards, The level
of illunination s found $o be from 175 o two hundred per ceut
low, dspending upon the comparison stands»d. Ths brightness of lum-
inalres to surface adjacent to them in the vicual fields 'ms found
to be excessive by approximately ninety per cent. This survey 1s
tabulated in Table IX.

These neasurenents wers deternined by taking readings with the
Photranic c2)l of the metar held at a distance of twelve inches from
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TABLE 1

CCMFARISCH OF REFLECTANCES IN ROOM 216, ALBERT H,
HILL JUNIOR HIGH SCHCOL, RICHMCND, VIRGINIA WITH
RECCMMSNDATIONS OF THE AMERICAN STANDARD PRACTICE CN
SCHOOL LIGHTING AMD NATICNAL COUNCIL CN SCHOOLHCUSE CCHSTWUCTIQNL

Recommendations

Surface Room 216

American Standard National Council
Ceiling? 208 80-~85% 85%
Walls® 20% 50-70% 50% minimm
Trind &% 30-40% 40-60%
Tackboardsh 9% 50-60% no recommendation
Chalkboard? 6% 15-20% , 30% maximm
Desk Tope® 15% 3550 30405
Floor? | 19% 15-30% 30-40%

the surface being investigated, with the face of the cell being held
parallel to the surface, facing towards the surface for one reading
and away for the other, Percentages were computed by dividing the

reflected reading by the direct reading., In all instances, the re-

1. Readings taken with Weston model 61} photronic foctcandle meter
on July 22, 1951; 3:00 to 5:00 p. M. brilliant, sunny day with
high sky brightness; roller shades nounted at head and at neet-
ing rail of double-hung windows; fabric ecru dyed duck with
practically no light transmission; adjusted to adnit no direct
sunlight on floor or desks; exposure 33° west of scuth.

2, Green color on both surfaces. '

3« Varnished (gloss) dark oak.

L. Soiled ten cork.

5. Slate, '

6. Staticnary type desks in rows parallel to fenestration,

7. Unfinished rift pine,




TABLE II

COMPARISON OF BRIGHTNESS RATICS AND LIGHTING LEVELS IN
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ROCM 216, ALBERT H. HILL JUNIOR HIGH SCHOOL, RICHMCND, VIRGINIA,
WITH RECCMMENDATICNS OF THE AMERICAN STANDARD PRACTICE ON SCHOCL
LIGHTING AND THE NATICNAL CCUNCIL ON SCHCOLHCUSE CONSTRUCTIONS

BRIGHINESS RATIOS

Room 216 | American | National
Standard | Council
The central visual fisld (seeing
task) to immediately adjacent
surfaces in the surrounding field 1l tonot| 1 to not
(brightness of papsr to bright- less than | less than
ness of desk tops) 1 to 1/2 1/3 1/5
The central visual field (seeing
task) to the more remote darker
surfaces in the surrounding 1l tonot| 1 to not
visual field (brightness of lecs than | less than
paper to brightness of floor) 1to 1/2 1/10 1/5
The central visual field (seeing
task) to the more remote brighte :
er surfaces in the surrounding ltonot| 1 to not
visual field (brightness of more than | more than
paper to brightness of ceiling) 1 to 2/5 10, 10
Brightness of luminaires to sur- not no
faces adjacent to them in the more than | recom-
visual fields 37 to 1 20 to 1 | mendation
LIGHTING LEVEL?
5.0F. C., | 30F, C.| 20F, C.
lowest, ninimm minimmm
7.3 F. CQ
average

8. Supra, footnote 1.

9. With shades adjusted to eliminate direct sunlight. Four 200-watt
incadescent filament luminaires burning,




gult is the average of eeveral readings. In ths ease of level of
in.minaﬁm, this was a dirsst reading in foobtcandlies, with the
mshar placed oa each working surface,

20



CHAPTIR TIT
AN EXPERTMENT WITH A TYPICAL CLASSROOM OF THE DICADR 1920-30

A demmstration classroom was sget up by ths Rlchmond Schogls
in rocm 110U, George Wythe Bullding, HRichmend, Virginia in
Hay,; 1950, for use in connection with the Virginia Conference
on Classroom Planning. Thia chssrodm was, befors the experi~ -
mental renoveticns, identiesl to roam 216 at Albert M. Hi11
Junior High School except for exposurs and flcor material, In
fact, thoir ages are identical, Plates 1 to 6, inclusive, show

rocm 110¥ "pefore® and “alter® changes,

Dark finish screwed-down dosks, arranged in rows parallel
to the fenestraticn, were removed, In their place, moveble desks
with natural finish bireh tops were provided, These decks have
a working surfgcs which may bo adjusted to »tw degres or twenty
dogres angleg {9 conform te requirement needs of the task, in
addition to the level positicn for palms-dowm manipiﬂ.aticns,.
Seats revolve to right or left and move forward and backward, and
the lower cross.amember of the seat back hzs flexdibility for cone
forming to the back of tfm cccupant &t Qork. Thece combinations
provide & ewzbixia’aicn for proper and comfortable suppert of the
body while affording full freedem of movemsn® for performance,
for either right— or left-handed children,

Detergents wero employed tc ramove floor oil, after which

the floor was sanded znd sealed, All slate blackboarda were



PLATE i FRONT CORNER OF CLASSROOM 110W GEORGE WYTHE BUILDING BEFORE EXPERIMENT
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remcved and replaced with either yellow-green challdboards or
ten corkboard for display purposes, On the structural millicn
botween window bays, slate was replaced with wood and corkbouaxd.

The coiling and inside wall wers painted flat white, and’
the same white was “dropped” on ths othar wells to a height
epproxinately ten fest sbove the floor. This was dons because
of the importance of the upper surfaces for light reflscticn,
whether natural or arbificisl, slthough the depth wae determined

by tho height of the luminaires in order to obtsin maximun
reflectance of the indirest light component. Dus to the thirty-
seven degrees scuth of east exposure, gray wae used cn the
remaining walls; complementing the color and wave length of
natural light entering the room.. Glossy dark cel finish was

taken off the trim and it was refinished limed osl,-

Cloth shades were Tamoved and the window bays treated in
two methods to demenstrate methods of optie control of daylight’
2s shown in Plate 6, In & practicel installation, the diffuser—
reflsctors extend centinucusly from front.to rear of rocm,

While a small emount of sky shows above them hers, dus to the
height at which the camera was held, this sky would be shielded
to the seated eye cn the corridor side of the room, Deylighting
was supplonentod with three rows of lwninous indirect luminairves,
capable not only of meeting dark-dey requirements but also
evening school activities,

Table III compares the reflectances of this classroom with
the standards used in Chapter I, It should be pointed cut that at
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PLATE iv REAR CORNER OF CLASSROOM |IOW GEORGE WYTHE BUILDING SHOWING EXPERIMENT
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TARIE IIY

COMPARISON OF REFLECTANCES IN ROON 110%, GEORGE
WYTHE BUIIDING, RICHMOND, VIRGINIA; WITH RECOMMEN-
DATIONS OF THE AMERICAN STAHDARD PRACTICE ON SCHOOL

LICHTING AXD NATIONAL COUNGIL ON SCHOOLHOUSE GONSTRUCTIOR?

. Recommendations

Surfass Room 1108 | R

American Standard|  Natiomal Council
Cetling? %8 |  eo-a e
velsh | s | sk 508 mintmn
Triu® | 30k 10~60%
Tackboarda® L  noresomnendatiion
Chalkboards! 28 | 15-208%  30% maccimm
Desk Tops® as | 35-50% 30-408
Floor? 20% 15-30% 30-40%

the time of the survey, windows had not yet besn cleaned as a part
of the swmer custodial maintenanée program, the luminaires, in-
cluding fluorescent lamps, were quits dirty, and both diffussrs

3, Readings taken with & Weston model 01l photronic footcandle

3

he

water on July 25, 19513 2:00 to 4300 p. m.; slightly overcast

‘day with low averags sky brightness; venstian blinds on three

of the double~hung windows, with diffuser-reflectors (Fiberglas)
and venetian blinds on three; blinds adjusted to admit no direct
sunlight on floor or desks; exposure 37° south of east.

Flat white e¢olor. A ' : :
White window wall, white *drop" from ceiling to approximately
ten feet above floor, gray on other walls to chalk and tack-
boards, o

Refinished in limed oak with flat varnish.

Tan cork. ,

Tellowegreen,

Katoral bireh with non-glossy findsh,
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and venetian blinds needed to be cleaned, The room, including
lamps, had been in use for fifteen months since alterations,
Standards were met and exceeded in five instances, approached
closely in enother, and missed by sixty per cent in the case of
tackboards,

By comparison with the Hi11 ‘classrooml, the ceiling condition
was found to be improved by 350 per cent, the wells by 143 per
cent, the trim by 190 per cent, tackboards by 122 par cent,
chalkboards v.t)y-266'perﬂcent, desk tops by 107 per cent, and the
floor by five per cent, If all items measured are given equal
weight, the average improvement is 169 per cent for ,tﬁe roon,

The survey of brightness ratios and lighting levels is
recorded in Table IV, and it appears that the classroom meets

the comparison standards in aevery respect,

g

}:.'Sug‘ra,. Tables I and Iﬁ.
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COMPARISON OF BRIGHTHEZSS RATICS AND LIGHTING LEVELS
IN ROOM 110W, OEORGE WYTHE BUILDING, RICHMCND, VIRGINIA,
WITH RECCMENDATICNS OF THE AMUAICAH STANDARD PRACTICE CN
SCHOCL LIGHTING AND NATIONAL CCUNCIL OF SCHOOLHOUSE CONSTRUCTION

BRIGHTNGSS RATICS

Room 11.0W

Am&rican National
Stendard | Council.
The central visual field (seeing
task) to immedistely adjacent
surfaces in the surrounding field 1 to not |1 to not
(brightness of paper to bright less than)lees than
ness of desk tope 1 to 7/6 1/53 /5
The eentral visual field (sseing
task) to the more remote darker
surfaces in the surrounding 1l to not |1 to not
visual field (brightness of less than|less than
paper to brightness of floor) 1te'd/2 | 110 1/5
The central visusl field (seeing
task) to the mors remote brighte
- or surfaces in the surrounding |1 tonot |1 to not
visual field (brightness of | more than{more than
-paper to brightness of ceiling) |1 to 3 10 10
Brightness of luminaires to sur- N not no
feees adjacent to them in the more thon|recoms
visual fialds 1to5/6 | 20 to 1 |mendstion
LIGHTING LEVILE
bh Fe Co |30 F. Ce |20 F, Co
lowest, | minimm |minimm
62 ¥, C,
averags

10, Zupra, footnote 2.

1l. With venetian blinds and diffuser~reflectors adjusted to eliminate

direct sunlight. 18 luminous indirect fluorescent two-lamp
luminaires burning; total 1800 wattis,
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CHAPTER IV
CRITERIA FOR VISUAL-CENTERED CLASSROOM ENVIRCNMENT

The preceding findings would seem'to jindicate that a child's
¢lassroom environment is physically and psychologieslly wrong for
him i€ it has eny of the following featuresi

1, Scrmd—dmm,desks in straight rows parallel to the fenestras
tion, 'v
2, Tablet armchaira restricting freadom of movement for postural
adjustment for best performasnce,
/3, Darkefinished furniturs or woodwork,
ke Glosey glare-proaducing surfaces on furniture, woodwork, walls
or chalkboards,
‘5, Sun-glaring through windows,
6. Large area of sky visible to him while he is working at desk,
7+ Uncovered arsas of @m in his fiel& of ﬁsion, 'such as glass
in corridor doors, on pictures, clocks; elc.
8, Harsh shat:m and dark areas in the room,
9. Dark or drab ~i,':ihi§hed wallsy dark saturated dados or wainscots;
gray, oft-—irhiﬁé, or colored ceilings and tdrops.? '
10, "Cool™ colors used in decorating rooms of north or aha_ded
exposures; "Warm" colors in rooms oi‘ south ox; sunny expcsures,
11, Large blackboard areas on front or inside wa.lls;v chalkboards
of adult size and mounting height, rather than sized to fit
the children.
12, Not encugh 1ight on dark days, Trees, shrubs, and other lande
scaping obseuring windows,
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13. Dark or oiled floors,

14, Bare lamps and mehielded light fixtures.

15, A teacher who &des noﬁ understand thé importance of his en-
vironment, and does not make day-light control adjustments in
aceordance with hie needs.

It would appear that a child is undergoing strain if he reacts
to his smrround, to his visuslly centered task, or to both in the
following mannert

1. One gide of his face sppeara mich brighter than the othar when
* he is looking either at his desk or at the front of the room.
This is worse if the bpight ares also includes one sye,
2, He works closer to his tagka than a distence equal to the length
.-of his foréénn and hand from elbow 10 end of clenched fist,
39, He sits on one foob & great desl of the time.
4+ He tilts his head to one side.
5. He places the center of his work to one side, rather than directly
An front of him,
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CHAPTER ¥
SUMMARY AND RECOMHMENDATIONS

It is evident from this study that a child's ability to
grow naturally and learn efféctively is closely relsted to his
posture and visual comfort in the classroom, His desk should
adjust sdequately to suit his body so as to allow him freedom
in the activity through which he learns — supporting his
reading, writing or other working material in & position ”
permitting him to read or work without mscular and visual
strain, If the activity requires use of the hande, they also
must be supported and arms and hands balanced at a distance
permitting both successful sye-hand co-ordination and ef-
ficient use of hands and eyes,

Vision or reacting to brightnese is the principle form
of activity in a classroom. It is estimated that eighty per
ocent of a child!s time is devoted to visual centered tasks
such as reading, writing, drawing and manipulative tasks,
Not only must the eyss be adjusted to work at & definite
distance from the task, but the head and body must also ade

Just to support and hold the eyes.

Where absorbing and continuous seeing tasks are being
performed, the old idea of providing & quantity of light in
a classroom or on a plane is outmoded, The incidence of
direct glare, reflscted glare, shadows and sharp brightness
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contrasts 48 too great for comfortable and efficient seeing,.

A classroom environment in which seeing will be relas~
tively effortless must be a reasonably uniform environment,
This requires not only uniform distribution ‘of light but..
uniform distribution of reflectances throughoui; the room,
Too much ’brightness eontraa;ﬁ batween a sesing task and ity
background are productive ‘of a measurable degrze of eye
fatipgue, If the background is meterially brighter or
derker than the seeing task, the pupil of the eye must cone
tract when the pupil looks at & bright area; it must expand
when exposed to a dark area, Since eys muscles, like any
muscles, tire from continucus flexing, seeing under con-

ditions of marked brightness contrast is difficult and
fatiguing.

Becent studies indicate that with this uniform surround,
vision continuss to improve as light is increased up to
daylight values, And although high brightness contrasts
have little sffect on visual acuity at low levels of il-
lunmination, high brightnoas contrasts become increasingly

deleterious to good seeing as light levels are increased,

Advanced thinking is that brightness variations should
be no more than three to one, In simple terms, this mesans
that the brightest surface in the classroom should not bs
more than three times as bright as the seeing task, and the

sseing task should not be more than thres times as bright

as the darkest surface in the ¢lassroom.
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In accepting this concept of classroom lighting, we
change from the old criterion of ”i‘obtcmdl%“ to the new

idea of creating a luminous envircnment. This modern idea,

therefore, puts decoration (paint) on a par with lighting
and requires the considerstion of brightness distribution

in the whole field of view.

Ressarch indicates that a long-continued predominance
of any coior continuouely activates the nerve-endings in
the eye which are sensitive to that color, Sconer or later
those nerve-endings tire from over-work. Even daylight is
monotonous ~~ south light is highb in red and yellow; north
light inclines te blue, Nature rebels at this overdose of
one color by generating within the eye the complement of
any color the eye is forced to look at for long periods,
Qutdoors, natﬁre guards against tﬁe fatiguing effects of
color monotony by offsetting sunlightis warm tones with
the blue of the sky and the restful green of grass and
trees, A simple test of this may be conducted by clesing
one eye and staring fixedly at blue for about twenty seconds.
Then loock at gray, first with the same sys and then with the
eye which was closed, The eye over-exposed te blue will show

its fatigue by seeing a yellowish, sandy color instead of

gray.s

In planning new construction, it is relatively easy to
incorporate the known factors discussed herein, Fig. 1 is a
plan of a modern classroom. Existing buildings, which will

contain the predominance of classrooms of any school system,
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will require individual study for upgrading.

If scrawed-down desks cannot be replaced with modern
adjustables pleces of furniture allowing postural adjustment
for bringing the body to balance with the task with free-
dom to perform, they should be refinished in light or
ﬁatural finish and rearranged so that a fore-aft cenier line
forms an angle'cf fifty degrees with the front line of
fenestration, In Richmond, this typs desk is being re~
finiched natural with a dull varnish.kThe metal framss

which were formerly black are painted a glossless tan.

Dark-finished woodwork should be refinished to provide
light reflection within the established brightness ratios,
‘This will have a reflectance of from thirty to forty per
cent. Hardwood which may have been finished dark can be
cleaned up with paint and varnish remover, If further
bleaching is regquired to lighten, oxalic acid may be used.
For qpen-grained hardwoods, such as oaks, a light filler
such as whiie lead may be used, with the final finish being
dull varnish,

It appears that the best means of'daylight control is
the light-directicnal prismatic glass block. This mey be
ueed for the uppermost part of the window, starting ap-
proximately six feet above the floor. If this is done, a
diffusing fabrie draw curtain should be provided fqr pre-
venting scresn wash-out for projection purposes, The vision

strip beneath the glass block should be equippsd with
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venetlan blinds, Ifkfunds are not available for replacing
clear glass with glass blocks, venetian blinds chould extend
from Qead te sill of window, The Richmond Schools mamufacture
their‘blinds, and find that the cost compares favorably with
shédes when long-term maintenance 1s telken into considera-~
tion since ladder tapes, tilt and pull-up cords are almost
the only maintenance items if tiltors, cord locks and slats
are selected with care, If blinds cannot‘be installed, and
it is necessary to resort to shades, they should be of the
two-roller type, mounted at the meeting rail, The fabric
should be of a light diffusion type, so that it does not shut
out needed 1ight while preventing sunlight admission or ex-
posing a large area of sky., If dark-oub for prbjection
purposes is not a consideration, glass cleth diffuser-
reflectors may be used in the upper window areas, with
venetian blinds below in a manner similar to the gless block
installation. In an experimental Richmond classroom, it is
evident that transmission-diffusion-reflection of the
diffuse—:eflector system is somewhat better than the venetian
blind (gaybe as much as ten per cent, the Wythe experiment
would indicate),

" Windows should be kept clean and curtains or drapes
restricting light admission should be avoided. Trees and
shrubs should not be allowed to obscure windows, For dark

days, supplemental lighting is necessary.

C2ilings should be refinished with a flat white paint
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having either an oil, casein or rubber-emulsion bass and
having a reflection factor of at least eighty-five per

cents The affectiveneazs of the ceiling as a light reflect-
ing agent may be diminished a degree when acoustic materials
are applied to that area, The perforated-type acoustic

tiles offer thé best compromise now available between sound
and aight-ponditioned surfaces since\they loée lass of their
acoustical properties when painted than do the non-

perforated materials,

The extericr wall from ceiling to window sill should
be painted white to "bounce® as much light as possible back
into the room, Likewise, to reflect the maximm light from
luminaries, the ceiling white should bs "dropped" on other
walls to ten feet above the floor.

Walls from ceiling or Ydrop" to dado or wainscot sheuld
be finished with a non-saturated pastel e¢olor having a
minimm reflecticn factor of sixty per cent. Complement warm
southern light with cool colors, such as sex green, sage
green, gray and (sparingly) turquoise blue, Complement cold
nerthern light by solecting a warm color, such as creanm,
rose-gray, and ivery. Complement the predominatly red
western light with a cool color, such as seé green, For
neutral eastern light, select gray, a neutral color, or sea

green,

Wainscoting or dados, including basebcard, shcould be

finished with a color having a reflection factor of at least



forty per cent,

Trim should be finished to a reflactance of from forty
to sixty per cent. If a "ndtural® finish » the varnish shéﬁld
be of the flat or dry-dull type,

Floorsz should be refinighed ao that they have a reflete
tion factor of thirty to forty psr cent. ¥aple or white cak .
hardwood floors wsll maintained with a good senl (no
shellac, pleasal) should fall within this range. Worn-out
floors may be replaced with asphalt tile more insxpensively
than with wood, bul checkerboard patterns should bs avoided,
The "C* eolor group of tiles usually produce desirsd re-~

flectances, while "A" and "B" colors are too dark.

Slate blackboard may bs refinished with one of the
yellow-green finishes available more inexpensively than re-
placing with new boards, In Richmond, very satisfactory
raesults have been obtained from using a yellowegreen rubbsre
emulsion flat paint to which garborundum powder has been
added for abrasiveness. Satisfactory new boards are avail-
abls in pulpwood, cement-asbestos fibers, and glass, and
require a minimum of washing msintenance, In either case, the
roflsctance should be approximetely twenty per cent, Blacke
board in excess of modsrm-dey requiremsnts should ba con-

verted to display spaces

The findings of this study seem to indicats that out of

Tessarch has evolved the concept of a class room having
functicnal synthesizing of furniture, decoration, daylight
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conirol. supplemantary lighting, end other physical aspacts.
of the surroundinga. Coordinated planmning balances the
bhysiéal foréaa in the classroom 80 as to mest children's
growth needs, and to permit purposeful educational sxe
p&riances without distortion of sansation or restraint of

performence,
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