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CHAPTER I
INTRODUCTION
A. GENERAL INTRODUCTION

Since the dawn of civilization, man has wrestled with the weighty
problems of government, war, science, philosophy, and religion. Perhaps
no problem has taxed man's ingenuity as much, however, as that of deter-
mining and maintaining the proper thermal environment for the various
activities in which he has engaged. Indeed, same sociologists believe
that the satisfactory solution of this problem has often aided man in
the solution of his other problems.

Although the term "thermal environment" is a comparatively recent
addition to the vocabulary of school administrators and teachers, the
control of temperature, humidity, cleanliness, and movement of air,
aspects of our environment which the word "thermal®™ implies, has long
been of concern to man. Primitive man was not able to control his
thermal environment in any way, however, and was forced to adapt himself
to th_e. environment. From our ancestors'! crude attempts to adapt to the
thermal environment ‘evolved our present-forms of shelter and clothing.
Only after the discovery of fire did man begin to progress in his quest

for same type of positive control over various elements of his thermal



environment.l From the early control of external cold by positive
heating of the air, thermal control has now evolved to such a state that
air can be treated so as to control simultaneously its temperature,
humidity, cleanliness, and distribution within a given building so that
the comfort, health, and efficiency of its occupants are kept at the
optimum,

Since thermal control has now reached such an advanced state, to
what extent is the thermal environment being controlled in the thousands
of classrooms in the United States? Indeed, what is an adequate thermal
environment for optimum worlking anci learning efficiency? What type of
school buildings and heating and ventilating equipment best provide an
adequate thermal environment? Are public school educators cognizant of
the many factors involved in ‘detemining and maintaining an adequate
thermal environment? This study was concerned with investigating the

problem area suggested by ths preceding questions.
B. STATEMENT OF THE PROBLEM

The problem of this study was to analyze and appraise conditions
relating to thermal environment in the classroom that existed in
selected schools.

lC. -E. A. Winslow and L. P. Herrington, Temperature and Human
Life (Princeton, New Jersey: Princeton University Press, 19L5), p. 163.




Sub-problems

The following sub-problems were identified in order to accomplish
more adequately a satisfactory treatment of the problem:

1. To identify criteria related to thermal factors affecting
classroom environment.

2. To apply criteria identified to a varied selection of class-
rooms as a means of determining existing conditions relating to thermal
environment in the classroom.

3. To analyze the findings in the light of the criteria in order
to draw conclusions relating to the present situation regarding thermal

environment in the selected classrooms.
C. BASIC ASSUMPTIONS

The following basic assumptions were advanced prior to the under-
taking of the studys

1. A child grows, develops, and functions as an integrated
whole. The "whole child" is constantly solving new problems and
leaming through activity. Environmental factors affect the child's
learning experiences, either beneficially or detrimentally. ]

2. The thermal environment of a school is one of the environ-
mental factors which affects, to a certain extent, the teaching-learning
process.

3. Educators, particularly school administrators, need informa-

tion regarding thermal environment.
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L. Research in the field of thermal enviromment is justified be-
cause of (a) the increased public clamor for quality education; (b) the
effect that thermal environment may have upon quality education; and
(c) the increased competition and remarkable claims made to school
administrators by rival heating and ventilating equipment manufacturers
on behalf of their equipment's ability to provide an adequate classroom
thermal environment.

5. Information concerning the thermal environment within the
classroom will be of valus to school administrators in the United
States.

6. The best available criteria relating to thermal factors in
the c]_.asuoom environment may be found by examining literature and
interviewing authorities in the fields of engineering, physiology, and
education.

7. The selected schools will give a general picture of thermal
conditions that exist in classrooms, particularly those to be found in

the same geographical region.
D. LIMITATIONS

1. In planning a completely co-ordinated classroom, one finds
that the visual, thermal, and acoustical environments are all inter-
related. This study dealt only with the thermal environment inasmuch as
it was possible to divorce the thermal environment from other areas of

the physical environment.
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2. Research in the area of the effect of the thermal environment
upon learning has been rather limited. Criteria identified for the
purpose of analyzing classroom conditions were drawn from what was con-
sidered to be the best information available concerning thermal environ-
ment at the time this study was conducted.

3. It is an accepted fact that children must occupy classrooms
where the temperature rises above 100°F. during the early school months
of July, August, and September and the late school months of May and
June, Effective learning is always at a minimum under these conditions.
This study was limited, however, to a study of the classroom thermal
conditions which existed during the winter heating season of 1960-61.

L. Although control of thermal environment poses a universal
problem, this study was concerned primarily with thermal conditions
within classrooms as determined by applying the identified criteria to
classrooms selected for this study.

77 5 The selected classrooms were dran from schools which repre-
sented various forms of design and building materials and which housed
various types of heating and ventilating equipment. These schools were
selected from within as near a proxmity of the Univei'sity of Tennessee
as it was possible to locate schools which met the requirements for the
buildings desired for this study.

6. Although this study included an investigation of various
types of heating and ventilating equipment utilized in school buildings,
no attempt was made to identify the cost of various items; nor was there



any consideration given to technical differences between similar units

produced by different manufacturers.

E. IEFINITIONS

Air-conditioning. The term "air-conditioning" refers to the

process of treating air so as to control simltaneously its temperature,
humidity, cleanliness, and distribution to meet the requirements of the
conditioned spa.ce.,2

Air movement. "Air movement" refers to the motion of air within

a given area. The velocity of the motion is usually expressed in feet
per minute.
Alr temperature. The "air temperature" is determined by thermom-

eters or thermocouples ahieldéd from racﬁ.atioxi effects from walls or

other objects at temperatures above or below air temperature.3

Air velocity. ™Air velocity" refers to the average air movement
in feet per minute or éentimeters per second, as determined by an
L

anemometer or kata thermometer.

2pmerican Society of Heating and Air-Conditioning Engineers,
Inc., Heating Ventilating Air Conditioning Guide 1957, Vol. 35 (New York:
Anerican Society of Heating and Air-Conditioning Engineers, Inc.), p. 1.

Hinslow and Herrington, op. cit., p. 258.
thido, Pe 2590



Anemameter. An "anemometer" is an instrument for measuring the

velocity of a:i.r.5

British Thermal Unit (B.T.U.). The term "B.T.U." represents the

amount of heat required to raise the temperature of one pound of water
one degree Fahrenheit.

Calorie. A "calorie™ is the amount of heat energy required to
raise the temperature of one kilogram of water one degree Centigrade.6

Central fan system. A "central fan system" is a mechanical

indirect system of heating, ventilating, or air cénditioning s in which
the air is treated or handled by equipment located outside the rocms
served, usually at a central location, and is conveyed to and from the
rooms by means of a fan and a system of distributing dncts.7

Comfort. "Comfort" is a state of being characterized by the
absence of effort or strain.

Conduction. "Conduction" is the flow of heat through an un-
equally heated substance from piaees of higher to places of lower
temperature. It is the main process by which heat is transmitted

through solida; but it also occurs in liquids and gases.8

5 American Society of Heating and Air-Conditioning Engineers,
Inc., loc. cit.

6Winalow and Herrington, op. cit., p. 257,

7American Society of Heating and Air-Conditioning Engineers,
Inc., op. cit., p. 2. ‘

BThamaa Bedford, Basic Principles of Ventilation and Heating
(Londons H. K. Lewis and Company, Ltd., 1948), p. 7- X




Convection. M"Convection" is the process by which the diffusion
of heat is facilitated by the motion of the warmed fluid.9

Effective temperature. "Effective temperature" refers to the

temperature of air with 100 per cent relative humidity and minimal air
movement which would exert the same influence upon heat sensation as any
glven combination of air temperature, air movement, and relative
humd dity .10

Evaporation. '"Evaporation" as used in this study represents the
amount of heat loes due to evaporation from skin and oral surfaces in a
given time (expressed in calories per square meter of body surfaces or
in calories per individual).n

Fatigus. "Fatigue" is a term used to cover all those deter-
minable changes in the expression of an activity which can be traced to
the cntinuing exercise of that activity under its normal operational
conditions, and which can be shown to lead either immediately or after
delay, to deterioration in the expression of that activity, or, more

simply to results within the activity that are not wanted.l?

Tvid.
IOWinslow and Herrington, loc. cit.

Nrys4,

12kvederick Bartlett, "Psychological Criteria of Fatigue,"
Fati The Ergonomics Research Society (Londons H. K. Lewis and
E_'g‘“—ecmpmy, Ltd., 1955), p. 1.
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Globe thermometer. The "globe thermometer" is an instrument con-

sisting of a six-inch diameter hollow copper sphere coated with flat
black paint and having a thermocouple or thermometer bulb at its cemter.
The globe thermometer is commonly used to indirectly measure mean
radiant temperature as the temperature assumed by the globe at equilib-
rium is the result of the balance between the heat gained or lost by

13

radiation and loss or gain by convection.

Kata thermometer. The "kata thermometer" is an alcohol thermom-

eter with a very large stem, and with only two écale divisions etched on
il

its stem, used for measuring air currents.

'Mean radiamt temperature. "Mean radiant temperature" refers to

the temperature of a uniform black enclosure in which a solid body or
occupant would exchange the same amount of radiant heat as in the

existing nonuniform environment., Perhaps more simply expressed, "mean
15

radiant temperature"” measur<s radiation from the surroundings.
Metabolism. The term "metabolism" refers to heat produced in the
human body through the combustion of food; expressed as calories per

square meter of body surface or per .’anl:l.vzl.dual.,:l'6

138mecrican Society of Heating and Air-Conditioning Engineers,
Inc., Heating Ventilating Air Conditioning Guide 1959, Vol. 37 (New
York: American Society of Heating and Air-Conditioning Engineers, Inc.),

p. 63L.
Wrid., p. 632.

15American Society of Heating and Air-Conditioning Enginmeers,
Inc., Heating Ventilating Air Conditioning Guide 1957, Vol. 35 (New
Iork; Eergcan'—gociety of Heatling and Air-Conditioning Engineers,
Inc.), p. 9.

16Winslow and Herrington, op. cit., p. 258.
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Operative temperature. M"Operative temperature™ is the tempera-

ture representing the cambined effect of an environment exerting various
influences upon heat interchanges by convection and radiation, weighted
to take account of air temperature and mean radiant temperature. (If
air and walls are at the same temperatl;re s operative temperature equals
air *t.e:mperaﬂmre.,)17

Plenum ventilation. "Plenum ventilation" refers to the forcing

of air into a room or building so that the result is slightly denser air
than the surrounding air of equal temperature. The air is forced by
means of a fan either through ducts from a cemtral compartment or by
means of a unit ventilator located within each room.,]'8

Psychrometer. A "psychrometer" is an instrument for ascertaining
the humidity or hygrametric state of the atmosphere.19

Radiant panel heating. The term "radiant panel heating" repre-

sents (1) heating by means of hot water circulating through pipes

embedded in concrete slabs in floors, ceilings, or walls; (2) heating by

means of electric wires so embeddedozo o
Radiation. "Radiation" refers to heat exchange between the body

and its environment due to radiative interchanges with surrounding

17144,

18carter V. Good (ed.), Dictiong_rz of Bducation (second edition;
New York: McGraw-Hill Book Company, Inc., 1959), p. 598.

19Amsrican Society of Heating and Air-Conditianing Engineers,
Inc:,, Heating Ventilating Air Conditioning Guide 1957, Vol. 35, op. cit.,
pe T ‘

Pgood, op. cit., p. 265.
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surfaces (expressed in calories per square meter of body surface or per
individual).??

Radiator. A "radiator" is a heating unit exposed to view within
the room or space to be heated. A radiator transfers heat by radiation
to objects within visible range, and by conduction to the surrounding
alr, which in turn is circulated by natural convection; a so-called

radiator is also a convector, but the term radiator has been established

by long usage. 22

Relative humidity. The term "relative humidity" refers to the

ratio of the amount of water vapor present in a volume of air at a given
temperature to the maximm amount of water vapor that could be contained
in that volume of air at that temperature.?

Temperature. "Temperature" refers to the thermal state of matter
with reference to its tendency to.comnnmicate heat in contact with it.
If no heat flows upon contact,, there is no difference in temperature.z)"

Thermocouple. A "thermocouple" is an electrical device used to

measure differences in temperature. A thermocouple is formed when two
wires of dissimilar metals are joined by soldering, welding, or

twisting. 25

2]Wi.nslmv and Herrington, loc. cit.

22American Society of Heating and Air-Conditioning Engineers,
Inc., loc. cit.

23(}ood, op. ¢it., p. 275.

2)"Amer:l.can Society of Heating and Air-Conditioning Engineers,
Inc., op. ﬂto, Pe 9.

25Tbid., p. 1,220.
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Thermometer. A "thermometer" is an instrument used for deter-
mining the temperature of a body or space.
Thermostat. A "thermostat™ is an instrument which responds to
changes in temperature, and which directly or indirectly controls

temperature. 26

Unit ventilator. The term "unit ventilator™ represents equipment
by means of which air is drawn into each room separately, passed over
heating or cooling coils and distributed through the rooxn.27

Ventilation. "Ventilation" is the process of supplying or re-
moving air, by natural or mechanical means, to or from any space. Such
air npay or may not have been cond:l.‘b:l.onesd.28

Vitiated air, The term "vitiated air" refers to air that is

contaminated or polluted.
F. SIGNIFICANCE OF THE STUDY

Readers of this study whose memories go back a generation or so
may well be reminded of the long and pungent debates over questions of
school room ventilation which took place during the second and third
decades of this century. Professional journals were filled with
articles which were concernsd with mesthods of securing proper classroom

®mid., p. 9.

2T600d, op. cit., p. 598.

2BAmer:!.ca::l Society of Heating and Air-Conditioning Engineers,

Inc., op., cit., p. 10.
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heating and ventilation. Quite often, these debates centered around the
relative merits of mechanical ventilation as opposed to window-gravity
ventilation.

The beginning of interest in the thermal environment did not
begin in this century. Man has long realized that human beings are
affected by the climate in which they live. The writer of
"Ecclesiasticus" referred to the effect of heat on the workman in his
writings. Even prior to the writing of "Ecclesiasticus," Hippocrates
was interested in the thermal environment and wrote describing the
effects of climate on the physique; temperament, and energy of peoples.
Modern climatologists have followed the leadership of Hippocrates and
the writer of "Ecclesiasticus™ and have also written about the effects
of climate on civilization.zs’.

An awareness of the need for proper ventilation in the classroom
was evidenced in this country as early as 1838 when Samuel Lewis, the
first State Superintendent of the Cammon Schools of Ohio, wrote re-
garding the necessity of proper school site selection, ". . . If the
house is dark and i1l ventilated, the children may be e:jqaected.to be
dull, and careless and disorderly and perhaps unhealthyo"Bo

29Themas Bedford, "Thermal Factars in the Environment Which
Influence Fatigue," Fatigue (Repart of The Ergonomics Research Society,
W. F. Floyd and A. T, Welford, editors; London: H. K. Lewis and
Company, Ltd.), pe. 7.

30'1‘. C. Holy, "Location, Construction, and Equipment of School-
houses for Health," The American School Board Journal, 104:1 (January,
1942), 19-20.
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Various innovations brought about by architects, engineers, and
physiologists, made much improvement in the area of thermal control in
the century following 1838; yet misconceptions, misunderstandings, and
open disagreement on the part of educators often failed to bring these
improvements into the classroom. Neutra quite adequately describes one
effect of poor thermal control in the classrooms of a generation ago:

o o o The interior of the little red schoolhouse, with its

cast=iron stove glowing in an unventilated room and the class-
rooms of its great successor, the monumental brick box of a
metropolitan school district, with its wood-trimmed black-
boards and oiled or waxed floors, all had a peculiar sour
smell. Generations of boys and girls have been thoroughly
familiar with the schoolroom odor which attaches itself to
that wooden chalk rail with a wet sponge on it, the lockers
loaded with rain-drenched ovegioata s and the lunch kit

scented by cheese sandwiches.

Iaglou32 reported that the basic requirements for providing the
proper thermal control in the classroom are simple and have changed very
little in the past thirty years. These requirements consist of pro-
viding a comfortable temperature with natural or moderate humidity and
supplying a sufficient quantity of outside air in order to avoid accumm-
lation of unpleasant odors and to prevent overheating of rooms exposed
to the sun. Objectionable drafts and sharp vertical temperature

gradients must also be avoided.

31‘Ric.hard Neutra, Survival Through Design (New York: Oxford
University Press, 195L), p. 1LS.

320. P, Yaglou, "Present Status of School Health Ventilation,"
American Journal of Public Health, L6 (February, 1956), 183.
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Methods of meeting the basic requi remsnts outlined by Yaglou run
the gammt from designing buildings for thermal comfort through orienta-
tion, natwral ventilation, sun control, and roof insulation to the
installation of air conditioning in the schools. What method best pro-
vides the proper thermal environment in today's schools? This study
attempted to explore this question. .

As school administrators are faced with the growing clamor for
quality education for all American youth, and at the same time are faced
with the task of providing economically new school structures which can
be utilized by the exploding American population for the next twenty-
five to fifty years, they must make decisions both of an educational and
technical nature that may have an effect on the school’s thermal
environment, This study was planned to aid school admi.nistrators in
their decisions.

All future thermal cnaditions of the schools of tomorrow are not
the total responsitdlity of school administrators, however. Although
teachers have too often been called upon to become human thermostats
because they have been responsible for the thermal environment of the
classroam by raising and lowering of windows, it is still vitally
necessary that the classroom teacher umxerstand the basic factors
necessary in providing the proper thermal environment., And, what of the
custodian? How often can poor thermal conditions be prevented or cor-
rected by .a glmple correction which can be made by the building
custodian? This study was designed to be of value to all people who
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have a share in the educational process as it explores thermal condi-
tions that exist in today's classrooms.

Another important value of this study is the possibility that the
information gained will be used as the basis for additional basic
research. It is hoped that this study will be. used as a basis for
further research in the area that would deal more specifically with the
effect of thermal factors upon learning. Specific recommendations for

subsequent research are made.
G. RELATED STUDIES

A voluminous amount of work has been done in the production of
literature relating to the thermal environment. A large portion of the
literature is filled with individual opinions, however, and there seems
to be a lack of agreement among the various fields which have an
interest in control of the thermal enviromment.

Some research has been done regarding the influence of the class-
room environment on learning, but that research has quite often been
characterized by the use of adult-aged subjects with the data obtained
being applied to children of school age. At the present tim many manu-
facturers of heating and ventilating equipment are conducting experi-
mental studies concerned with the effect of warious types of heating and
ventilating equipment on the classroom environment.

One of the first organizations in the United States to conduct

studies in the area of classroom thermal control was the New York
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Commission on Ventila:hion33 which was originally constituted as the New
York State Commission on Ventilation in 1913. After a reorganization of
the State Government in the mid-1920's, the Commission was reconstituted
as the New York Commission on Ventilation with substantial financial aid
being received from the Milbank Memorial Fund.

During both phases of the work of the Commission, the Commission
from time to time published a series of technical reports regarding the
Commission's investigations. The experimental work of the original
Commission was conducted between 1913 and 1917 but was not published
until 1923. Two types of studies were conducted during this period with
one type involving studies of physiological and psychological reactions
to various atmospheric coanditions which were produced in therexperi-
mental chambers at the City College and the other type involving
obgervation of the effect of various a:btpospheric conditions on school
children in actual classroon: situations.

Some of the results of the City College studies are as follows:

1. The conclusion that overheating is the primary factor in bad
ventilation was confimmed.

2. With a given thermal condition, the presence of chemical
vitiation produced no physiological or psychological reaction except a
slight decrease in physical work and in appetite.

33New York Commission on Ventilation, School Ventilation
Principles and Practices, Final Contribution of the New York Commission
on Ventilation (New York: Teachers College, Columbia University, 1931),
ppo V-Vi. .
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3. Overheating produced (a) fundamental physiological changes,
(b) marked decrease in physical wark performed, and (c) abnormal reac-
tions of the mucous membranes of the nose and throat which interfered
with their adaptation to outdoor atmospheres.

L. High moisture content aggravated the effect of high atmos-
pheric temperatures, but low humidities had no noticeable influence and
could not be subjectively detected by the subjects exposed to theun.ﬂ4

The studies conducted in actual classroom situations produced the
following conclusions:

1. The ventilation of classrooms by windows alone was found to
be highly unsatisfactory.

2. A system of window-gravity ventilation with air admitted over
elanted window boards and tempered by radiation below the windows and
with gravity exhaust ducts for removing vitiated air from near the
celling proved highly satistactory.

3. The conditions necessary for satisfactory utilization of the
window-gravity system of ventilation were considered to be as follows:

a) Radiators should be located bensath the windows and
should extend the full width of the windows.

b) Deflecting boards should be placed at the bottom of
windows which open from the bottom.

c¢) Two window shades should be attached to each window
freme, one to be pulled upward and the other downward.

br4q., pp. 16-17.
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d) Rxhaust ducts should be placed on the wall opposite the
windows.
e) The classroom should not be overcrowded.
£) A large thermometer with 68°F. clearly marked should be
displayed in a prominent position on the teacher'!s desk.

L. Careful observations in the classroom-showed no difference
whatever in the health, physical condition, or mental performance of
pupils in unhumidified as compared with humidified rooms.

5. Recirculation of classroom air had no harmful effect upon the
health of the pupils, but elimination of objectionable odors was
difficult.

6. The choice for a suitable school ventilation method seemed to
lie between plenum ventilation and window-gravity ventilation. The
atmosphere, as measured by subjective impressions, was more agreeable in
a room venmtilated by the window-gravity system. Respiratory illnesses
were also less pronounced in rooms employing window-gravity ven‘t;:l.la‘l'.i.on.B5

During the years 1926-1929, the Commission investigated, under
actual classroom conditions, such areas as body radiation and drafts,
rural school ventilation, relation of atmospheric temperature to health
and efficiency, and the hygienic values of various systems of school
ventilation. Some of the conclusions derived from the latter series of

studles were:

35Tbid., pp. 17-22.
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l. The major objective of classroam ventilation is the provision
of such atmospheric conditions as will facilitate the elimination of
heat fram the body surface without the production of objectionable
drafts. An objJective of a minor nature should be the elimination of
unwanted body odors by sufficient air change.

2. Comfort, efficiency, and resistance against disease are
maintained by avoiding overheating.

3. Desirable thermal conditions may be obtained by (a) plenum
ventilation, (b) by local unit ventilation, or (c) window-graﬁty
ventilation with window-gravity ventilation found to be the most
comfortable and economical.

k. The physiological effects of radiation and convection of heat
and of vertical variation in temperature need further investigation.

5. Laws requiring a supply of thirty cublc feet of air per
mimute per pupil have no justification and should be replaced by laws
which outline the major objectives of schoolhouse ventilation.3 6

Although not investigating the area of thermal environment
specifically, Harmon's concept of the co-ordinated classroom3 7 contrib-
uted mmch to the consideration of environmental factors as being statis-
tically related to the health and performance of children. Beginning in

1938, Harmon and his research team began their study of the health

36Ibid., pp. 65-67.

3Tparen1 Boyd Harmon, The Co-ordinated Classroom (Grand Rapids,
Michigan: The American Seating Company, 1919).




problems of 160,000 Texas elementary school children. By camparing
itinerant children who did not attend school with children with regular
attendance, Harmon was able to point ocut the effects produced by the
stress of a child's environment. A remark attributed to some of Harmon's
research team as fhey analyzed the data was, "If you want to keep your |
child healthy, don't send him to school." Harmon has since becoms in-
terested in the thermal environment as an important factor in the co-
ordinated classroom and has dene some research in this area.

In 1957, Stupp3® set up a proposed study on the effects of air-
conditioning on classroom learning activities. Shupp was concermed
primarily with reviewing related literature and outlining a plan for
actually determining the effects of air-conditioning on learning. After
reviewing related literature, Shupp set up a study which included the
description of the equipment nseded, the method of selecting subjects,
the selection of school tasks, the method, and the testing procedure to
be utllized in the study. The proposed study has never been carried
out.

0f particular interest are the unpublished Master's theses by
Stewart39 and Bays.l0 Stewart, in 1959, dbserved and recorded the

38p2vid Bugens Shupp, "A Proposed Research Study on the Effects
of Air Conditioning on Learning Activities Within a Classroom" (unpub-
lished project repart, Leland Stanford Junior University, Palo.Alto,1957).

39claude York Stewart, "A Study of Thermal Environment in the
Harrison-Chilhowee Baptist Academy, Seymour, Tennessee® (unpublished
Master!s thesis, The University of Tennessee, Knoxville, 1960).

l“c"(.trccf‘i:on McVeigh Bays, "A Study of the Thermal Environment in
the Flatwoods Elsmentary School, Jonesville, Virginia" (unpullished
Master's thesis, The University of Temnessee, Knoxville, 1960).
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conditions of temperature which existed in the Harrison-Chilhowee
Baptist Academy, Seymour, Tenressee, during a forty-school-day interval
from January to March. Readings were made with mercurial therwomsters
and a Bacharach tempscribe recorder. Even though the outside tempera-
ture during the test period ranged from 18°F. to only 67°F., the inside
temperature ranged from S4°F. to 93°F. Of the 5,120 readings, 69.6L per
cent were above 72°F., thus indicating the need far cooling. The study
indicated that heat galn was increased by arrival of the students and
the southern exposure of some of the rocms. Stewart concluded that
maximm learning could not take place because of a thermrl environment
that was not conducive to lsarning.

Bays conducted a similar study in the Flatwoods Elementary
8chool, Jonesville, Virginia, during the unusually snowy heating season
which prevalled during the thirty-school-day testing period from January
to March, 1960, 8imilar recording instruments were utilized and these
instruments showed that 77.98 per cent of the readings were above the
optimum of 720F., 8lightly better than 81 per cent of the 3:30 pem.
readings were above 72CF.

Bays concluded that fatigue and less effective learning resulted
from the poor thermal environment that prevalled at the Flatwoods
Elementary School. The poor thermal enviranment was found to be
partially due to the inadequacy of the gravity ventilation system and
the improper zoning method used to control classroom heat.

While scme of the studies mentioned above are more pertiment to
this study than others, all of these studies and others were used as a
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partial basis for identifying criteria relating to thermal factors in

the classroom.
H. PROCEIDURES

The purpose of this study was to analyze and appraise conditions
relating to thermal environment in the classroom that existed in
selected schools. An assumption underlying this study was that research
findings as revealed in literature and interviews with leaders in the
field of thermal control would reveal the best available criteria far
analyzing and appraising classroom conditions relating to thermal
environment. These criteria were applied to the selected classrooms in
order that the present status of thermal environment could be
determined.

Sub-problem 1
T_o identify criteria related to thermal factors a.ffecting

classroom envirgnm_ent.

One of the primary sources utilized for collecting background
information relating to thermal factors from which criteria were drawm
was literature related to classroom heating and ventilating. This
literature included graduate studies that related to thermal eﬁviron-
ment, publications of professional societies such as the American
Society of Heating and Air-Conditioning Engineers; books by authorities
in the field, reports on conferences, state heating and ventilating

codes for schools, periodicals, reports from manufacturers of heating
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and ventilating equipment, and other literature that was related to the
problem in any way.

In order to identify criteria, special emphasis was given to
literature that emphasized (1) the physiological and psychological
effects of various thermal conditions upon human behavior; (2) various
physical factors which affect the thermal environment in the classroom;
(3) school heating and ventilating codes in various states; and
(L) information regarding the various types of heating and ventilating
equipment utilized in the schools included in this study.

Authorities in the fields of engineering, architecture,
physiology, and education were contacted for the purpose of securing
assistance in locating certain types of information that were related to
the study. Effort was made to locate every possible source of back-
ground information in order to develop or identify a complete set of
criteria to be used in analvzing and appraising thermal canditions in
the selected schools. Chapters II and IIT are utilized as a background
for identification of criteria in Chapter IV.

After tentative criteria were ident:i.fied by the investigator from
the background sources that were utilized, practitioners from the fields
of architecture, engineering, and education were enlisted to serve as a
sounding board to determine the working practicality of the criteria.
The Jjudgments of these professional people served as a refining process
in the final identification of the criteria as stated in Chapter IV.



25

Sub-problem 2
To apply criteria identified to a varied selection of classrooms

as a means of determining existing conditions relating to thermal

environment in the classroom.

Using the criteria as a guide, a total of twenty-seven classrooms
located in nine different schools were examined in order to determine
existing thermal conditions. Permission of six school superintendents,
nine principals, and twenty-seven teachers was secured for the investi-
gator to examine classrooms that represented a number of varied physical
conditions contributing to the thermal environment. The selected class-
rooms were in schools that were located within a radius of one hundred
miles from the Universlty of Tennessee.

The schools to be investigated were selected carefully, keeping
in mind the type of educational program offered, size of school,
organization of school, building construction materials, heating and
ventilating equipment utilized in the bullding, directional orientation
of the classrooms, and all other factors that would aid the investigator
in including a representative cross section in the selection.

Instmments" that were capable of measuring such phenomena as
temperature, humidity, mean radiant temperature, and air movement were
utilized in collecting data in the selected schools. These instruments
were highly valid and reliable instruments for purposes of this nature.
A thermal environment data sheet was devised for recording data that
could not be recorded automatically by the various instruments.
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The investigation of classroom conditions was conducted during
the normal heating season months of February and March, 1961, in keeping
with the limitations of the study. Outside weather conditions during
February and March in the East Tennessee region are normally quite
varied, thus creating a variety of problems with which heating and

ventilating equipment must cope.

Sub-problem 3
To analyze the findings in the light of the criteria in order to

draw conclusions relating to the present situation regarding thermal

enviromment in classrooms in the area investigated.

Analysis of the data and presentation in some meaningful form
became a critical task of this study. After the data were collected in
the selected schools, the investigator had in his possession readings
and observations concerning temperature, relative humidity, mean radiant
temperature, odor, aand air movement. The problem then was to arrange
these data so that they were meaningful in light of the criteria.

From a numerical standpoint, the most imposing problem centered
around analysis of temperature data secured through utilization of a
twelve-point thermocouple recorder, an instrument that automatically
recorded a temperature per minute for each of twelve locations within a
classroam. Approximately 10,000 temperature readings were recorded
during the investigation period. A systematic random sampling of the
total number was taken giving the investigator one ocut of ten of the
original recordings.
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Ranges, means, and standard deviations were computed for most of
the data, These computations were then arranged in tables and graphs
for the purpose of simple inspection analysis in terms of applying the
criteria to the data.

Through the analysis of the data gathered in light of the
criteria, strengths and weaknesses of the existing thermal conditions
were set farthe The analysis and presentation of the data were used as
a basis for a set of conclusions of the present situation.

A more complete description of procedures utilized in the solu-
tion of Sub-problems 2 and 3 is found in Chapter V.

I. ORGANIZATION OF THE STUDY

Chapter I of the study presents an introduction to the study,
the statement of the problem and sub-problems, basic assumptions,
limitations, and definitions of terms used in the study. The chapter
also contains the significance of the study, a review of related studies
and a brief description of procedures used in gathering data.

The development of a physiological and psychological under-
standing concerning effects of the thermal environment on human activity
is the concern of Chapter II. Discussion centers around the historical
background of the thermal concept, physiological aspects of heat produc-
tion and heat loss, and the effect of the thermal envircnment on health,
comfort, and efficiency.

Chapter III concludes the development of a thermal background
essential for the identification of criteria. The chapter idenmtifies
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four elements of the thermal environment and discusses physical factors
that affect the control of these elements, One of the more important of
these factars is the heating and ventilating equipment used in a school
building., The cancluding portion of the chapter deals with heating and
ventilating systems and their control,

Chapter IV identifies five criteria related to thermal factors
affecting the classroom environment. The criteria were used for the
analysis and appraisal of the thermal environment found in the selected
schools, The criteria were identified partially from the background
presented in Chapters II and III.

Specific procedure techniques are dealt with in Chapter V.
Included in the chapter are: method of selecting schools, discussion
of selected schools and classrooms, and description of equipment used
and method of collecting thermal data,

Chapter VI presents and analyzes thermal data pertaining to air
temperature and mean radiant temperature collected in selected schools
and utilizes criteria developed in Chapter IV, Numerous graphs and
tables are used in presenting the data.

Chapter VII continues the presentation of thermal data collected
in selected schools, Data presented pertains to relative humidity,
ventilation and air movement,

Chapter VIII contains the summary, conclusions, and

recamsndations,



CHAPTER II

THE PHYSIOLOGICAL AND PSYCHOLOGICAL EFFECTS OF THE
THERMAL ENVIRONMENT UPON HUMAN ACTIVITY

A. INTRODUCTION

The purpose of this chapter is to establish the importance of
maintaining an adequate thermal environment because of the effect which
the thermal environment has on health, comfort, and efficiency. Before
beginning the writing of this chapter, the investigator made an ex-
haustive analysis of all available literature which related in any way
to the study under consideration. The investigator also received mch
valuable assistance from C. M. Humphreys, Asslstant Director of
Research, American Society of Heating, Refrigerating and Air-Condi-
tioning Engineers; Henry Wrighf, former managing editor of Architectural

Forum and now a technical consultant for the Herman Nelson Division qf
American Air Filter Company; Dr. John W. Gilliland, Professor of !duc;-
tional Administration and Superviéion at the University of Tennessee;:
and other educators and professional people with whom the :thestigator
discussed the problem.

A brief historical treatment of the development of the thermal
concept of ventilation is given as a foundation for the point of view to
be developed in this chapter. Consideration is then given to the
physiological aspects involved in maintaining an equilibrium between
heat production and heat loss in the human body. The effects of the
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absence of such an equilibrium are then treated in the remainder of the

chapter.

B. IEVELOPMENT OF THE THERMAL CONCEPT OF VENTILATION

Although man has long recognized the effect of the atmosphere
upon human health, comfart, and efficiency, it was only in the latter
half of the eighteenth century that the first scientific hypothesis, the
carbon dioxide theory, was advanced that would explain why such an in-
fluence existed. Since that time two other hypotheses, the organic
effluvia theory and the thermal concept of ventilation, have been given
as exp]anations.l These explanations have centered around the changes
which Winslow and Herrington pointed out that occur in a poarly venti-
lated space as a result of human occupancy: (1) a reduction in the
axygen content of the air; (2) an increase in the carbon dioxide content
of the air; (3) an increase in the amount of partially oxidized organic
matter to be found in the air; (L) an increase in the air temperature
due to heat liberation of the human body; and (5) an increase in the

humidity of the air caused by the moisture given off by the body.2

INew York Commssion on Ventilation, School Ventilation Princi-
ples and Practices, Final Contribution of the New York Commission on
Ventilation (New York: Teachers College, Columbia University, 1931),
P 1.

2t:.-E. A. Winslow and L. P. Herringtan, Temperature and Human
Life (Princeton, New Jersey: Princeton University Press, 19L9),
pp. 166-167.
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The Carbon Dioxide Theory

Although early physiologists believed that a decrease in the
oxygen supply in an inadequately ventilated room led to the sensations
of discomfart which were produced, the French chemist, Lavoisier, in
1777, presented the view that the presence of carbon dioxide, rather
than the lack of axygen, was the chief factor which led to deleterious
effects. Lavoisier's views were substantiated by Claude Bernard and
Lewes. The conclusion reached by these scientists was based on their
observation of animals which were confined within a small enclosed area.

The carbon dioxide theory of ventilation was exploded by
Pettenkofer, a nineteenth century experimental hygienist, as he demon-
strated that the increase of carbon dioxide even in the warst ventilated
rooms was not enough to bring about the toxic results of poorly venti-
lated rooms which had been observed. Harmful physiological effects due
either to an axygen decrease or a carbon dioxide increase were found to
be impossible in the worst ventilated rooms because the axygen content
was not found to decrease below 20 per cent of the total content and the
carbon dioxide content was not found to increase above 0.5 per cent of
the total content. These limits are far below those which have been
proven to produce harmful physiological effects.3

3bia. s PP. 167-68; and New York Commission on Vemntilation, op.
cit., pp. 1=-2.
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The Organic Effluvia Theory

As well as helping to disprove the carbon dioxide theory,
Pettenkofer, in 1863, advanced the belief that the harmful effects of
poor ventilation were due to the presence of hypothetical organic
effluvia given off by the lungs and surfaces of the body. The organic
substances which Pettenkofer maintained were responsible for harmful
physiological effects were not easily identified, so Pettenkofer's
theory, which was supported by the French physiologist, Brown-Séquard,
was not easily swstantiated or rejected.

Even though Pettenkofer did not believe the presence of carbon
dioxide in the air to be an important factor in poor ventilation, he
proposed that carbon dioxide be utilized as an index to measure the
unknown poisons, since the poisons and carbon dioxide were both waste
products of the body and would be expected to vary together in amount
produced. By using the kmown facts that the human individual produces
about 0.6 cutic feet of carbon dioxide per hour and that the normal
outdoor air contains 0.03 per cent of carbon dioxdde, advocates of the
organic effluvia theory assumed that 0,06 per cent of carbon dioxide in
the atmosphere represented a permissible maximm figure and came up with
the figure of thirty cubic feet of outside air per minute per person as
being necessary for proper ventilation. A minimum outside air figure as
well as minimum space allowances per person for schools and other
crowded places of assembly became the object of legislation in many
states in the country. .Some states still have laws based on the thirty
cubic feet formmla which was intended to rid enclosed areas of the
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volatile substances emanating from human bodies, thus eliminating un-
pleasant odors and harmful effects at the same t.'i.me."l

Several proponents of the organic effluvia theory discussed and
investigated their theory for several years, but none were ever able to
prove that luman beings emanate any organic poisons into the air. Even
though the theory was disproved, Winslow and Harrington reported that
the resulting "well-meant but misguided standards cost millions of
dollars in the aggregate and greatly retarded the development of
adequate and efficient methods of air conditioning. n5 Meredith also
stated that "as relics of that generation, we still have a few fresh air
fiends who believe they should live in a gale."6

The Thermal Concept of Ventilation

Some doubt as to the validity of the theory of organic effluvia
was established by Hermans of Amsterdam in 1883 when he was able to
demonstrate that the air of a chamber containing only 15 per cent of
oxygen and 2 to L per cent of carbon dioxide was not toxic and the ill
effects experienced in crowded, inadequately ventilated rooms were not
due to any chemical poisons but to heat and humidity. Acceptance of a

new theory was reached very slowly, however.7

hNew York Commission on Ventilation, op. cit., p. 2; and Winslow
and Herrington, op. cit., pp. 168-169.

Sinslow and Herrington, op. cit., p. 169.

6F'J.orence L. Meredith, Hygiene (third edition; Philadelphia: The
Blakiston Company, 1941), p. 551.

TWinslow and Herrington, op. cit., p. 170.
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Impetus to the thermal concept of ventilation was glven by Fliigge
at Breslau in 1905 when he and his pupils performed the following
experiments:

1l. A subject was kept in a poorly ventilated room until the
carbon dioxide content of the air became quite high and symptoms of dis-
comfort became very great. Fresh, outside air was then piped to the
subject's nostrils so that he was breathing fresh air while being sur-
rounded by bad air. There was no relief from the symptoms of
discomfort. Neither did any relief come when air of the same tempera-
ture and humidity as the room air, but with the carrect axygen and
carbon dioxide content, was allowed to ente;' the room. Immediate relief
care when an electric fan was started in the "bad air."8

2. Air with a low oxygen and high carbon dioxide content but of
low temperature and low humidity was blown into a room containing foul
air. The uncomfortable subject immediately began to experience greater
comfort even though the oxygen and carbon dioxide content remained the
sam. Fligge concluded that cool, dry, moving air was needed rather
than air containing an increased amount of axygen and a decreased amount
of carbon dioxdde. He also concluded that the subjJect needed the air
around his boqr.9

3. A subject was placed in a chamber with a content of 1.1 per
cent carbon dioxide, a temperature of 86°F., and a relative humidity of

aMered:l.'l:.h, dloc. cit.
oIbid.
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87 per cent. Symptoms of discomfort were recorded and these symptoms
were not relieved by breathing fresh air from outside the chamber through
a tube. Complete relief came when the chamber was cooled to 63°F, al-
though the carbon dioxide content had risen to 1.6 per cent .10

L. As a final experiment, the subject was taken into fresh air
and asked to breathe bad air with a low oxygen and high carbon dioxide
content through a tube. As long as the subject's body was in good air,
he was able to breathe the air which contained a 1low percentage of
oxygen and a high percentage of carbon dioxide without any ill ef fectsll

Winslow and Herrington pointed out that the following conclusions
reached by Flligge and his assoc\ifates have been proven correct for
several years:

1. Experiments have demonstrated that chemical changes in the
air produced by any type of gaseous excreta of human beings do not
exercise any deleterious effect on the health of the occupants of the
space involved.

2. When detrimental health conditions such as fatigue, headache,

dizziness, and nausea are observed in closed or crowded rooms, these

conditions are to be attributed entirely to a deficient heat loss.

10yinslow and Herrington, loc. cit.
Dyeredith, loc. cit.
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3. The thermal properties of the atmospheric environment,
temperature, moisture, and air movement, are far more significant for
human well-being than any supposed chemical properties of the air.12

Fligge's work was soon canfirmed by Haldane and Hill in England
and Benedict and the New York State Commission on Ventilation in the
United S‘l;ates.]‘3 As a result of the establishment of the thermal theory
of ventilation, the New York Commission on Ventilation stated very
adequately that "the major obJjective of ventilation, is, therefore, to
remove the excess of heat given off by the human body so as to maintain
an atmosphere which will be comfortably cool but not too cold."]'h

In helping to establish the thermal concept of ventilation, the
New York State Caommission on Ventilation also experimented extensively
in the area of chemical vitiation and its effect upon appetite.
Temperature conditions were kept constant in an experimental room, but
fresh air was supplied some days while on other days body odors were
permitted to accumulate., Comfort votes indicated no preference far
fresh air days, but there was a significant increase in the amount of
calories consumed by the subjects from a standard meal on days when the
air was fresh. The experiments showed that slowly accumlating odors

are not easily perceived by room occupants.

13¥ins1ow and Herrington, op. cit., pp. 170-171.

13Mered:l.th, loc. cit.; New York Commission on Ventilation, op.
cit., p. 3; and Winslow and Herrington, op. cit., p. 170.

n'New York Commission on Ventilation, loc. cit.
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Other experiments by Greenburg and Winslow with guinea pigs that

were exposed to odors from dog feces showed that temporary loss of appe-
tite was the only ill effect to be produced by accumulated odors. Total
experiments seemed to indicate that unless subjects were excessively
crowded together that ten cubic feet of outside air per person per
minute would be sufficient to elimirate all odors, provided that a space
allotment of four hundred cubic feet per person was provided. In rooms
occupied by only a few people, normal leakage would take care of such an
air change. These findings did not completely eliminate the need for a
larger amount of fresh air than ten cubic feet per person per mimte,
but rather made the amount needed dependent upon the need for thermal

15

cantrol in removing heat rather than control of organic effluvia.
C. THE HUMAN BODY AS A HEAT PRODUCING MACHINE

Comparing the human body with a machine is perhaps an analogy
that is difficult for some to accept. Even though the human body is
extremely complex, it is subject to some of the same laws that govern
the operation of simple machines. Real progress in the field of
physiology did not come until scientists recognized that complete com-
bustion of a foodstuff in a bomb calorimeter and in the human body pro-
duced the same amount of heat. This simple analogy assumes a role of
importance in dealing with the cbmplete picture of thermal control.

ISWinslow and Herrington, op. cit., pp. 171-72.
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The Role of Metabolism

In order that the energy needs of the body might be met, the
basic physiological process called "metabolism" provides for the needs
by the combustion of foods. All movement of living organisms along with
the growth and repair of the various tissues require energy. Food serves
as a source of the energy and is converted into energy by a union with
the oxygen taken into the body through the breathing process. This
process is analogous to the liberation of energy by burning fuel in a
machine. The process of metabolism, as other forms of combustion,
liberates the energy contained in food, thus permitting work to be done
and heat to be produced. There is a defimite quantitative relationship
between the intake of fuel, or food, and oxygen on the one hand and work
done and heat ljberated on the other, but the human body is slightly
more efficient than the steam engine by camparison, being able to con-
vert 20 per cent of the energy value of food into physical work as
compared with 1y per cent efficiency for the steam mgine.16

Best and Taylor, in discussing the effects of various factors
upon the metabolism rate for an individual, enumerated the following
physiological conditicns which stimlate metabolism: (1) muscular work;
(2) food; (3) a fall in environmental temperature; or (L) a rise in body

temperature.l? Table I illustrates the effect of one of.the factors,

16Ibido, ppo 6-8.

17Charles Herbert Best and Norman Burke Taylor, The Physiological
Basis of Medical Practice (Baltimore: The Williams and Wilkins Company,
1550), P. 611,
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TABIE I
EXTRA CALARIES OF METABOLISM PER HOUR ATTRIBUTABLE
TO OCCUPATION
Occupations Ebct;:rcﬁz.‘c:;ies
Men
" Tailor Ll
Bookbinder 81
Shoemaker 90
Metal worker, filing and hammering ua
Painter of furniture 15
Carpenter making a table 164
Stonemason chiselling a tombstone 300
Man sawing wood 378
Women
Seamstress, needlework 6
Typist, 50 words per minute 2,
Seamstress, using sewing machine ST
Bookbinder 63
Housemaid (moderate work) 81
Laundress (moderate work) 12}
Housemaid (hard work) 157
Laundress (hard work) 2

Source: Charles Herbert Best and Norman Burke Taylor, The w;%
ological Basis of Medical Practice (Baltimare: The Williams and 8
ompany, 1950), pe 0621. Used by permission.
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muscular work, upon metabolism. The data presented here show that addi-
tional calories produced per hour by various occupations range from 6
for needlework done by a seamstress to 378 for sawing wood by a man.

Because of the sweeping effect of variables upon metabolism rate,
physiologists have utilized the basic metabolism concept. Basic metabo-
lism applies to the heat production of an individual who is awake but is
as nearly as possible at complete muscular and physical rest. The rate
for the individual is determined in a room where the air temperature is
709F. and at a time when the digestive processes are at their lowest
ebb, Basic metabolism cannot be determined immediately after meals
because metabolism may increase as much as 5 to 30 per cent due to the
oxidation of food. Winslow and Herrington reported that the basic
metabolism value is quite constant. The rate for an individual of
average weight and body build is roughly sixty calories per hou:n:'.l8 In
spite of the term, "basic" metabolism, however, there are many other
variables which cause a deviation from the mean metabolic rate.

A determining factor in the amount of heat produced by the indi-
vidual at rest is the total surface area of the body. Best and Taylor
gave an interesting analogy of a fasting adult man and a starving dog.
The total surface area and the total heat production of each are
different, but each produces remarkably similar smounts of heat per
square meter of body surface. They poinmted out that a small animsal's

surface area is always greater in proportion to its mass, so small '

leWinslcm and Herrington, op. cit., p. 16.



animals generate more heat per unit of body weight than larger
a.nimals.19 Basal metabolism is usually expressed in terms of square
units of surface area.

Expressed in terms of body surface, the average basal metabolism
rate of normal men who are between the ages of twenty and fifty years is
from 38 to LO calories per square meter of body surface per hour. This
rate is constant for most normal men. The average surface area for most
American and Canadian adult males is about 1.8 square meters and for
most American and Canadian adult females is 1.6 square meters. The
total basal heat production for the average adult ranges from 1,400 to
1,800 calories per day.<0

Best and Taylor listed the following seven physiological condi-
tions which influence the basal metabolic rate:

Age and ﬂ.a Perhaps the metabolism @if ferences between
children and adults present the greatest problem in providing simml-
taneously an adequate thermal enviromment for adult teachers and
children in the classroom. Heat production of humans per square meter
of body surface definitely decreases progressively from infancy to old
age. Rising from a low of about 25 calories at infancy, human heat pro-
duction rises above 50 calories per square meter per hour during child-

hood and gradually reduces to a metabolism rate of about 32 calories at

LBest and Taylar, op. cit., pp. 610-611.
2mbid., p. 619.

A1bid., p. 620.
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ninety years. The metabolic rate for females is slightly lower than
that for males at all age levels.

DuBois discussed the difficulty in establishing metabolism norms
for children because of the wide variance in metabolism rates to be
found among children of the same age.22 This difficulty is illustrated
by the differences to be found among the various children's basal metab-
olism charts which are found in physiological literature. Table II is
representative of metabolism charts for children. This chart was com-
piled from different sources by Herrington to show the basal metabolic
rate of school age children, kindergarten age through high school age,
as campared with adults who are resting in the same environment. The
heat production of the kindergarten child as compared with the Ateacher
in his sixties presents a contrast of nearly 20 calories per square
meter per hour. While all differences are not as great as this
contrast, a substantial difference in heat loss requirement exists be-
tween most school children and teachers. This contrast becomes even
more apparent when one considers the increase in metabolism which is due
to the livelier activity of the child.

Harmon emphasized the importance of considering the basal metabo-
lism of the child in planning for the thermal environment by stating:

The incompleteness of growth and development of the school

child, differences of metabolic rate, and the mass-skin-area
ratio of that child as compared to the adult, necessitate a

2%, F. DuBois, Basal Metabolism in Health and Disease (Philadelphia:
lea and Febiger, 1936), pp. 210-11.
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TABLE II
BASAL METABOLISM OF SCHOOL PERSONNEL

Age Male Female
Kindergarten L.5 54.9 51.7
Grade 1 6.0 53.7 50.1
Grade L 10.5 8.0 Ls.7
Grade 8 1.0 k6.2 k1.2
Senior High ‘School 18.0 Llol 37.9
Persannel 22.5 Lo.9 35.8
Personnel 32.5 39.3 35.8
Perscnnel L2.5 38.0 35.5
Personnel 52.5 36.7 3L.0
Personnel 62.5 35.5 32.7

Source: L. P, Herrington, "Effect of Thermal Environment on
Human Action," American School and University, XXIV (1952-53), 369.




different set of standards for controlling the thermal en-
vironment of the school child than those used for controlling
the work environment of the adult.23

Race and c].i.mate.zh The metabolism rate of some oriental races

is from 10 to 15 per cent higher than that of occidentals living in the
same climate. Conversely, some orientals have a higher rate than whites.
The basic metabolism of white persons in a tropical climate is usually

lower than in a cooler climate.

H;abiig.as Persons who engage in some type of occupation that re-
quires a considerable degree of muscular tissue development usually have
higher basal metabolism rates than those leading a sedentary life.
Athletes are included in this group.

Preggangx.26 Normal pregnancy exerts little specific Mueme
upon the basal metabolism rate of women until the sixth or seventh month
when an appreciable increase of weight occurs. This increase, however,
equals the metabolism of the new-born infant and the metabolism of the
mother returns to normal after giving birth.

23Daxwell Boyd Harmon, Controlling the Thermal Environment of the
Co-ordinated Classroom (Minneapolis: Minneapolis-Honeywell Regulator
Company, 1953), p. 32.

2,"Bes'l; and Taylor, loc. cit.

25Ihcld‘. s Pe 621.
2rpaa,
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Diet-.27 The total diet pattern seems to have little influence
upon the basal metabolism rate. Strict vegetable eaters are said to

have an 11 per cent lower rate than meat eaters, however.

Variations in baromstric pressures.28 Breathing excessive or re-

duced amounts of oxygen do not seem to have any effect upon the basal
metabolism. A change does occur, however, when the barametric pressure
falls to a certain point. The metabolic rate decreases in varying
amounts depending upon the individual. The reduction may range from 5
to 25 per cent.

Chemical substances.?’ Several chemical substances s including

adrenaline, caffeine, and benzedrine, raise the basal metabolism rate.
Of particular concern in considering the optimum thermal environment of
older school children is the fact that smoking a cigarette increases the
metabolism of most subjects at an average of 9 per cent.

The physiological concept of metabolism or heat production is of
great concern to engineers who plan heating and ventilating systems for
classroom use. The engineer must convert human heat production into a
term which is compatible with his heat measurements. For such a meas-
urement engineers use the term, British Thermal Unit (B.T.U.). One
B.T.U. is roughly equal to the amount of heat release& in buining a

kitchen match.

28

2T1bid. Thid. D 1Tbid.
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In terms that are applicable to creating an optimum thermal en-
vironment in the classroom, what does human metabolism mean to the
heating and ventilating engineer? It is interesting to note that the
average sedentary adult or active school child generates as much heat as
a 100 watt electric light bulb. Expressed in terms of B.T.U.'s a school
child will produce from 260 to 650 B.T.U.'s per hour during normal |
classroom activities, depending on age, sex, and the specific activity.
Simple arithmetic enables one to estimate the heat production of twenty-
five to thirty-five school children. A teacher walldng slowly will
dissipate from 40O to 500 B.T.U.'s per howr. Light factory work or work
in a shop class will raise the B;T.U. output to around 750 B.T.U.'s per
hour and heavier factory work will cause a heat production of 1,000 to

1,450 B.T.U.'s per hour.30

Body Temperature and Its Control

Most school children know that the temperature of the healthy
buman body as determined by placing a thermometer in the mouth is around
98.6°F. This temperature refers to the temperature of the interior of
the body as most skin temperatures are lower than 98.6°F. The body
temperature figure of 98.6°F. represents a mean figure, however, as
there is a slight variation from 98.6°F. in the body temperature of same

people and measurement proves that variations in temperature also occur

3 O"Therm.l Comfort Affects Learming," from "Thermal Environment,"
portfolio on heating, ventilating and air conditioning for today 8
schools, The Nation's Schools, IXIII (May, 1959), 88.
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in the same individual throughout the day. Body temperatures also vary
among the very young and the very old. As opposed to body temperature,
the temperature of the bare skin varies widely with the enviranmental
temperature.

Even though the body temperature is capable of rising or falling
due to environmental conditions, man cannot survive a prolonged varia-
tion of more than a few degrees either way. Man is regarded as homoio-
thermic or warm-blooded. Body temperature remains fairly constant
regardless of the environment. On the other hand, the human is able to
adjust to extreme limits of outside temperatures. The ability to adjust
is partly due to the fact that man is capable of infelligentlLv making
use of temper.ature regulation aids.

Homoiothermic body temperatures are able to maimtain a high de-
gree of constancy because of the continuous balancing of body heat pro-
duction and body heat loss in respect to each other, and balancing of
both against external heat applications, When heat production and heat
loss stop, life of the human organism will also stop. When production
and loss are not adequately balanced, previously mentioned variations in
body temperature occur.

Heat production, or metabolism, has previously been discussed in
light of conditions which influence metabolism. Heat production will be
further discussed in relation to its interaction with heat loss in main-
taining a constant body temperature.

From the discussion of metabolism, the conclusion might be
reached that the body is capable of overheating itself. This would ﬁe
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true if it were not also capable of cooling itself in a way so that a
compensating effect for the overheating may be reached. Here again the
analogy between man and machine is appropriate as this balance of
heating versus cooling is similar to the energy production, heating, and
need for cooling of a gasoline engine.

A large per cent of bodily heat is lost through the skin, while
most of the remainder is given off through the lungs. Specifically,
heat is lost from the body through: "(1) radiation, convection, and
conduction; (2) evaporation of water from the lungs and skin;

(3) raising the inspired air to body temperature; and (}4) wrine and
feces."31
Since over 95 per cent of the total body heat loss occurs through

radiation, convection, conduction, and evaporation, the discussion of

heat loss will be centered around these means of heat regulation.

Radiation. Heatvfrom the body is given off by radiation as is
heat from all heated objects such as a hot motor, a hot stove, or the
sun. Normally, radiation will account for about 55 per cent of the
total heat loss of the body. Loss of heat by this source, as well as by
the other sources discussed here, will vary with (1) conditions of the
"thermal environment, (2) type and amount of clothing wom, and

(3) rate of metabolism.

pest and Taylor, op. cit., p. 720.



Physicists have named the human skin, regardless of color, a
"black body radiator." The "black body," as the term implies, is
capable of radiating or absorbing infra-red rays. Largely through loss
of body heat through the process of radiation, the temperature of a room
increases when human occupants are enclosed therein. Since radiation is
concerned with exchange of heat between the body and surrounding
surfaces, the primary factor influencing radiative heat loss is the
temperature of surrounding objects relative to that of the skin. If the
mean temperature of surrounding surfaces is below that of body tempera-
ture, the body is able to radiate heat to the surface. Conversely, as
the mean temperature of surrounding surfaces approaches or surpasses
that of the body, heat loss by radiation comes to a stop and the body
begins to absorb heat from the emvironment. Because air with a high
relative humidity content is somewhat opaque to radiant heat, heat loss
through radiation is slightly reduced in situations where the relative

humidity is high.

Convection. Approximately 15 per cent of total heat loss is
blown away on currents of air, a process known as convection. Just as
heat loss by radiation depends on the mean temperature of surrounding
surfaces in relation to body temperature, heat loss by convection
depends on the temperature of the atmosphere as related to body
temperature. Since clothing tends to trap a large portion of the moist
air which comes in contact with the skin, loss by convection is impossi-

ble unless the atmosphere is cooler than the surface of the skin, or



50
unless enough air movement to cause mixing is present. Air movement is

actually the most important factor affecting heat loss by convection.

Conduction. Heat is given off by conduction when the body comes
in contact with a cool object. The body when in contact with a cube of
ice is cooled to the same degree that the ice is heated and melted.
Obviously, not too many ice cubes are to be found within the confines of
a classroom; therefore, heat loss by conduction assumes a role of lesser

importance than that of radiation and convection.

Evaporation of water from the lungs and skin. Under normal con-

ditions, slightly more than 25 per cent of total heat loss is effected
through evaporation from skin and lungs. As the environmental tempera-
ture approaches that of the body, heat loss by radiation and convection
becomes less and less possible. When air and surface temperature reach
98.6°F., heat loss by these two methods becomes impossible. Above
98.60F., the body would gain heat, if it were not for the process of
secretion and evaporation of sweat and the exhalation of water vapor.
At a temperature above 95.09F., evaporation accounts for practically all
the heat lost from the body. The ability of the body to maintain a con-
stant temperature by means of evaporation in an extremely high tempera-
ture, depends on the relative humidity of the air and air movement.
These factars will be discussed in Chapter III.

In order for the preceding four means of heat loss to become
effective, three heat regulating functions of the body must be in opera-

tion to bring heat to the skin's surface. The functions are:
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(1) vasamotion in the skin; (2) sweat secretion; and (3) respiration.
These functions are physical in nature and are activated by the body's
temperature-regulating center which is located in the brain.

Vasomotion in the skin. Because blood is usually warmer than the

surface of the body, heat loss can be increased or decreased through the
inversion of blood from internal regions of the body to the surface, or
from the surface to the internal organs. When the boady has a need to
lose heat, vasodilator nerves dilate the blood vessels in the skin en-
abling a large amount of blood to flow into them from the heated
interior of the body. When heat conservation is needed, vasoconstrictor
nerves contract the blood vessels in the skin, sending the blood in them
to the interior of the body. Variations in blood volume also occur to
control body temperature. A rise in temperature causes an increase in
blood volume while low temperatures reduce the volume of the blood.

Excessive temperatures also increase the rate of circulation.

Secretion of sweat. Vasomotion enables the body to be cooled by

radiation, convection, and conduction. Cooling of the body by evapora-
tion depends upon the activity of the sweat glands. A small amount of
perspiration is constantly being produced, but normally this perspira-
tion cannot be seen because of rapid evaparation. Perspiration begins
to increase when air temperature is about 66°F. Visible perspiration
appears at dif ferent temperatures for different individuals, but even
women, who perspire less freely than men, have begun to perspire visibly
once external temperature has reached about 909F. As mentioned
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previously, the hmidity of the atmosphere determines the amount of
additional moisture it can take up, and consequently, the possibility of

evaporative cooling.

Respiration. Athletes can testify that breathing automatically
becomes faster when the body is warmed and slower when cooled. Much
moisture can be evaporated from the mouth, throat, and lungs on a hot
day.:

Among the factors which stimulate heat production a. low environ-
mental temperature is an important one. The nude body loses heat
rapidly at air temperatures below about 82.h°F. The naked male body is
able to maintain the balance between heat loss and heat production with-
in the temperature range between 82.L4°F. and 86°F. or 87.8°F. Because
the subject feels comfortable at these temperatures this range is called
tbq comfort zone. The comfart zone for women is broader, being from |
80.69F. to 89.6°F. or 91.40F, 32

A critical temperature exists below which heat production must be
increased in order to maintain a normal body temperature. Increase in
heat loss from the body at temperatures below the critical level is
primarily by increased radiation. Heat loss continues until the naked
body loses more heat than it can produce in the basal state. A chill
occurs at about 73.L°F. and heat production then begins in an effort to

restore body temperature to its normal level. Heat production does not

32nvi4., pp. 721-25.



53
occur until after the chill has begun. For men, heat production remains
constant within the range of air temperature from 95°F. to 71.6°F. or
73.0F, 33

Unfortunately, a great many physiological publications refer to
temperatures which have been reached experimentally by collecting data
from nude, adult subjects. One has only to hope that standards for
clothed children are considered when classroom thermal environments are
being planned.

Just as the three previously mentioned physical functions of the
body must be in existence in order that heat loss may be controlled, two
other functions, chemical in nature, effect changes in heat production
when such changes are necessary. These functions include muscle action

and endocrine gland action.

Muscle action. Since a large portion of body heat occurs when

oxidation takes place in the body's muscles, involuntary changes in heat
production within muscles occur when conditions demand more or less body
heat.

When the body becames overheated, muscle tone is reduced and
muscles become limp, thus producing less heat. Conversely, when over-
cooling has taken place, muscle tone is increased and heat production is
increased. The act of shivering is the result of additional demands for

heat production. "Goose flesh" also may accompany the chilling. The

33Im.d.’ p. 725'
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most important effect of such external phenomena is actually the larger

mscle motions which are begun.

Endocrine glands. The actual rate at which heat production

occurs in the body is regulated by the endocrine glands. The adrenal
glands play a twofold role in metabolism regulation, by stimulating heat
production and constricting the skin blood vessels in order to restrict
heat loss. Long range thermal control of the body is partially due to
action of the thyroid gland. Those who secrete too little thyraxine may
regularly have subnormal temperature, while those who secrete too much

thyroxine may have above normal temperature.
D. EFFECTS (F AN INADEQUATE THERMAL ENVIRONMENT

One can see that the bp_cw is capable of maintaining an equilib-
rium between heat loss and heat gain under varying external .conditions.
This fact differentiates man from cold-blooded creatures who quickly die
after becoming exposed to an unfavorable climate. Even though physical
and chemical functions of the body are capable of maintaining such an
equilibrium, what effect does extended use of these functions brought
about by a poor thermal environment have on the well-being and produc-
tivity of the human individual, especially the school child?

One's concept of the need of an adequate classroom thermal en-
vironment must, of necessity, be related to one's beliefs concerning the
nature of the learner. As previously stated in Chapter I, basic assump-

tions were made priar to the undertaking of this study which related the
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learner to his environment. One assumption accepted the child as an in-
dividual who grows, develops, and functions as an integrated whole and
who is constantly solving new problems and learning through activity.
Environmental factors affect the child's learning experiences, either
beneficially or detrimentally. The other assumption named the thermal
environment as one of the environmental factars which affects, to a
certain extent, the teaching-leaming process.

A dualistic view of the learner as an individual composed of mind
and body, with the body assuming a role of little importance, definitely
would not lend itself to any interest in the production of an adequate
thermal environment. Such an environment would serve little purpose.
Neither would thermal environment assume a role of importance for those
who look upon leaming as a process of training and disciplining the
various faculties which supposedly make up the mind. A poor thermal
environment might even enhance such a learning process.

With the learner viewed as an integrated, whole organism, the
classroom becomes more than just a shelter for the body while the mind
absorbs and stores knowledge or while various functions of the mind are
disciplined. Classrooms become significant parts of the organic child's
total educational experiences. Classrooms provide for those arganiza--
tions of energies which purposeful education demands in developing
healthy, productive members of society. Maximizing the learning
process, then, becomes the primary purpose in establishing the best

physical environment possible.
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Thinking educators will not be misled by advertising which makes
astounding claims concerning the effects of temperature shifts on the
performance of students. A correct thermal environment will not in-
crease a child's basic intelligence, nor will it substitute for purpose,
the internal motivating force which is essential to learning. Already
established is the fact that the body can adapt to poor thermal
conditions. However, children pay for this adaptation in terms of dis-
tractions from their purpose because of useless discomfort. Health,
comfort, and efficiency do increase as stress and strain due to unfa-

"vorable thermal conditions decrease. The child can then select stimmli
which apply to his educational purposes best as he is permitted to work
in a classroom which permits him to make full use of his abilities.
While not being misled into attributing too much worth to classroom
thermal enviroament, then, thinking educators must recognize at least as
high a correlation between the thermal environment and the educational
process as between the educational process and any other environmental
factor.

With this background, consideration is given now to effects of
the thermal environment an human action. Data concerning effects of the
thermal environment on the human body are limited somewhat because they
deal mainly with effects of air temperature only or air temperature and
humidity. These data also refer primarily to adults. One must keep in
mind that the organic differences between adults and children dictate
slightly different thermal enviranments for each, especially in the area

of temperature control.
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Thermal Environment and Health

In the studies on heating and ventilation, the New York Commis-
sion on Ventilation found that overheating was responsible for two
physiological ills. Extreme overheating was found to increase body
temperature, pulse rate, respiration and metabolism. A room temperature
as low as 75°F. with 50 per cent relative humidity and no air movement
was found to cause a definite increase in body temperature and pulse
rate. The second ill, an anemic condition of the nasal mucosa which
makes it highly receptive to microbic infection, was shown to be caused
by exposure to high temperature followed by exposure to chill. Several
English investigators have written concerning industrial absenteeism due
to overheating, thus confirming the findings of the Commiss:i.on.3 L

Another interesting effect of overheating is the effect on body
posture. Normally, when one feels well he can assume any posture which
he might desire without any voluntary concentration or feeling of
stress. A sense of fatigue causes one to reinforce necessary pos'l;ures
by an act of will. This type of fatigue is often of climatic origin.
Overexposure to heat can completely override posture conmtrol and put an
individual in a spread-eagled position on the floor with maximum body
surface exposed. Overexposure to cold has contrasting results. Posture

control is overridden again as all body muscles contract. The

3“uew York Commission on Ventilation, op. cit., pp. L3-LS.
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individual becomes locked in a folded position in the body's attempt to
35

conserve heat.

Thermal Environment and Comfort

Indication has been given previcusly that the child's comfort is
not the end result desired in providing an optimum thermal enviromment.
As a matter of fact, extreme comfort often describes conditions not con-
ducive to learning. Serious departure from the level of warmth desira-
ble for comfort will lead to direct and natural reactions from children,
however. A cold child has a tendency to become restless, move about,
and flex his muscles as his body involuntarily restores the equilibrium
between heat production and heat loss. An overheated child is prone to

cease his concentration on academic matters and relax into daydreams.

Thermal Enovironment and Efficiency

Discomfort and health deficiencies due to an inadequate thermal
enviranment are supplemented by a loss in efficiency. Considerable data

regarding accidents and errors in heavy mamal work, light assembly work,

and complex mental tasks are available. So many of the data3 6 relate to

35 L. P. Herrington, "Effect of Thermal Environment on Human
Action," American School and University, XXIV (1952-53), 371.

3 6Thomas Bedford, "Thermal Factors in the Environment Which
Influence Fatigue," Fatigue (Report of the Ergonomics Research Society,
W. F. Floyd and A. T. Welford, editors; London: H. K. Lewis and
Company, Ltd.), pp. 11-15; L. P. Herrington, Ibid., p. 368; and "Thermal
Comfort Affects Learning," from "Thermal Environment," portfolio on
heating, ventilating and air conditioning for today's schools, The
Nation's Schools, IXIIT (May, 1959), 87. —
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mine workers and textile warkers that they are not elabarated upon to
any great extent here.

Research has shown that heavy tasks such as coal mining are done
most efficiently in instances when the temperature can be held around
60°F. and that accidents increase two to threefold when the temperature
approaches 80°F.

Light assembly work seems to be more void of accidents at 67°F.
while accidents increase both above and below 67°F. Accidents seem to
be related to the involuntary postural conditions created both at the
higher and lover temperature levels.

Most research in connection with skilled work or complex mental
tasks has been done with wireless code reception, typing, and office
wark. Most of these data available are in terms of effective tempera-
ture readings, readings which take into consideration both dry and wet
bulb temperature readings. All data show that errors increase as ther-
mal stress increases.

Of course, the activities involved in classroom work do not range
in heat production as much as the gamut from coal mining to office work.
A valid deduction would seem to be, however, that if efficiency is re-
lated to the temperature of the classroom, then the temperature should
be varied according to the type of activity and heat production involved

in a given classroom activity and controlled at that particular level.



E. SUMMARY

Chapter II has been concerned with development of a physiological
and psychological understanding concerning effects of the thermal en-
vironment upon human activity. As a background to this understanding,
the thermal concept was traced historically as it developed through the
carbon dioxide theory and the orgamic effluvia theory to its present
faorm.

Physiological aspects of heat production and heat loss were dis-
cussed at length as an analogy was made between the human body and a
heat producing machine. The approach to the physiological aspects of
thermal control was effected through discussions of metabolism and body
temperature control with emphasis given to body functions which regulate
heat production and heat loss.

The final portion of the chapter linked the physiological func-
tions of temperature cantrol to the classroom and the educational
process. Control of the thermal environment was determined to be
essential because of the effect which the thermal environment has on
one's health, comfart, and efficiency. Perhaps a noticeable aspect of
this chapter has been the fact that slightly more emphasis has been
given to the problems of excessive heat gain and excessive environmental
temperatures and their control than to heat loss and moderate environ-
mental temperatures. This emphasis has been purposeful because over-
heating is by far a greater classroom problem than underheating. This

phenamenon will be discussed in Chapter ITI as reasons for overheating
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are explored. All aspects of the thermal environment and its measure-
ment along with a description of heating and ventilating equipment that

can be used to control the thermal environment will be discussed.



CHAPTER III
ELEMENTS OF THE THERMAL ENVIRONMENT
A. INTRODUCTION

Different elements of the thermal environment, namely, air
temperature, mean radiant temperature, relative humidity, and air move-
ment, will be discussed in this chapter. Factors that are responsible
for the difficulty entailed in controlling these elements in the class-
room are then presented. Particular attention will be given in the
latter part of the chapter to a description of the various types of

. heating and ventilating equipment and their controls which have a tre-

mendous influence upon the thermal environment of the classroom.

B. THERMAL FACTORS INFLUENCING THE
CLASSROOM ENVIRONMENT

Winslow and Herrington stated that ideal thermal comfort is ex-
perienced when three conditions are maintained: (1) a skin temperature
of 91.5%.; (2) a minimal heat change in the body tissues; and (3) a
minimal evaparative rate.l The following discussion of the thermal
factors that are partially responsible either for the presence or
absence of these conditions is essential to an understanding of the
sub ject.

lc.-E. A. Winslow and L, P. Herrington, Temperature and Human
Life (Princeton, New Jersey: Princeton University Press, 1919).
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Air Temperature

Since bodily functions produce from 250 B.T.U.'s per hour at rest
to over 1,200 B.T.U.'s per hour at hard physical labor, the temperature
of the air must be such that these quantities of heat mgy be lost to the
surroundings if body temperature is to remain constant. Perhaps this
fact prompted the British physiologist, Thomas Bedford, to state, "A room
should be as cool as is compatible with canfort."2

The effect of air temperature on human activity is perhaps the
most important of any single thermal factor, even though all factors are
interwoven. The importance of air temperature was stressed by Dr.
Herrington in a speech when he declared, "Ambient temperature alone has
been found to have a large effect on the precision of skilled muscular
acts as well as the execution of practiced log:i.c."3

Although American dress customs are somewhat standardized, the
fact remains that different people also dress differently. Because of
dress diﬁ"erences, differences in metabolic rates, and reactions of dif-
ferent people to various air temperatures, there are sometimes differ-
ences of opinions among the occupants of a room concerning desirable
temperatures. In a classroom this situation is augmented because older

people generally prefer warmer rooms, thus often creating an overheated

situation for the children.

%homas Bedfard, Basic Principles of Ventilation and Heating
(London: H. K. Lewis and Company, Ltd., 1948), p. 127.

3 "Garden of Eden Climate Cited as Man's Ideal," Heating, Piping,
and Air Conditioning, 30 (February, 1958), 6k.
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Taking the above factors into consideration, one might safely say
that optimum air temperatures, or any other thermal factor, depend upon
wvhat activity will be experienced in a given space. Since this investi-
gation is concerned with normal classroom activity, any criterion devel-
oped concerning air temperature will take classroom experiences into
consgideration.
Normal classroom air temperatures are usually measured either by
thermometers or thermocouples. Both instruments were utilized in meas-
uring air temperatures in the twenty-seven selected classrooms included

in this study. A description of these instruments is contained in

Chapter V.

Mean Radiant Temperature

Every classroom has two temperatures: the air temperature, and
the mean temperature of the surrounding surfaces and objects in propor-
tion to the position in which they are located in reference to the
body's surface. Mean radiant temperature is best defined as the tem-
perature of a uniform tlock enclosure in which a solid body, or an
occupant, would exchange the same amount of radiant heat as in the given
non-uniform environment.h If excessive air movement is absent, air tem-
perature and mean radiant temperature have nearly the same effect on

comfort. The 959 Heating, Ventilating, Air Conditioning Guide pointed

“c. P. Yaglou, "Thermametry," Physiology of Heat Regulation and
the Science of Clothing, L. H. Newburgh, editar (Philadelphia: W. B.

Saunders Campany, ﬂ.—n§9 9), p. T2.
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up the fact that different authorities give 0.3 to 1 degree increase of
room temperature to compensate for one degree depression of the mean
radiant 'l'.exuperatv.n'e.S This would indicate that for every degree the
radiant temperature is raised or lowered above or below the air tempera-
ture, an opposite air temperature adjustment must be made to produce
equal sensations of comfort.

Radiation accounts for about 55 per cent of the total heat loss
of the body. Heat loss by radiation is affected by the mean radiant
temperature of the room surfaces. The cold outer walls, particularly
window surfaces, have a very noticeable effect on body heat loss in the
winter. On the other hand, surfaces that are hotter than 86°F. radiate
heat back to the skin, thus somewhat offsetting the loss to the cooler
surfaces of the room. Mean radiant temperature can be determined by
computing the readings of a globe thermometer. The temperature assumed
by the globe after at least half en hour is the result of a balance be-
tween the heat gained or lost by radiation and the loss or gain by

convection.

Relative Humidity

Both dryness and excessive relative humidity of the air are
capable of influencing comfort. Since people lose about ane pound of

moisture per hour by perspiration while at rest, and much more while

sAmerj.can Society of Heating and Air-Conditioning Engineers,

Inc., Heating, Ventilating, Air Conditioning Guide 1959 (New York:
Amgécan Society of Heating and Air-Conditioning Engineers, Inc., 1959),
P. .
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engaged in strenmuous activities, skin clamminess must be prevented by
evaporation to air dry enough to pick up the moisture readily, but not
so rapidly that the skin, nostrils, and lips are left dry.

Samel R. Lewis,6 a consulting mechanical engineer and a member
of the Heating, Piping and Air Conditioning's board of consulting and

contributing editors, considered that relati;.ve humidity was so important
that if adjusted adequately, an individual may become quite cold in a
temperature of 100°F., or become overheateci in a temperature considera-
bly cooler than 70°F., if the surrounding air is damp. Possibly, the
effect of humidity is not as great as Mr. Lewis suggested, but if air-
borne odors, either pleasant or unpleasant are present, the intensity of
odor as far as human perception is concerned certainly is increased when
the relative bumidity is high and decreases as the moisture content
decreases. o
Henry ’Jright7 and Winslow and Herr.i.ng‘l‘.c:zn8 are among those who
limit the importance of relative lmmidity on the comfort of heated rooms
in the wintertime. The three agreed that relative humidity has a great
influence on comfort in hot, humid atmospheres but stated that the in~-
fluence is practically nonexistent at otherwise favorable temperature
conditions. Wright stated: "The lumidity problem is actually physical

6Szamuel R. Lewis, "Air Conditioning," The American Peoples
Encyclopedia (Chicago: The Spencer Press, Inc., 1953, I, 399.

THenry Wright, "Classroom Heating and Ventilating," American
School and University, XXIII (1951-52), p. 209. T

8W:I.nslow and Herrington, op. cit., pp. 187-88.
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rather than physiological, and a matter of protecting the building mare
than one of protecting the pupils."9 Despite the minimum influence of
humidity at comfart temperature levels, an optimum relative humidity
range does seem to exist.

Relative hmidity is conventionally determined from dry and wet
bulb readings of the sling or aspirating psychrometer, using standard
aspirating charts or tables. A sling psychrometer was utilized in re-
cording bhumidity in the twenty-seven selected classrooms included in

this study.

Air Movement

Most heating and ventilating authorities are in agreement that
some air movement is needed in the classroom. Herrington attached more
importance to air movement than to relative humidity and considered air
movement an important factor in comparing radiant and convective heating
systems.lo

In pointing out that air movement is necessary, Herrick stated:

The human body will not be comfortable in a pool of stagnant

air. Air movement will prevent pockets of excessive humidity,

equalize temperature throu%out a given space, and remove odors
and vitiated or stale air.

Nright, loc. cit.

loL. P. Herrington, "Effect of Thermal Environment on Human
Action," American School and University, XXIV (1952-53), 372.
Bsohn B, Herrick, et al., From School Plant to School Program
(New York: Henry Holt and Company, 1958), p. LL2.
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Under most classroom conditions, air in the classroom is in
motion. Reasons for air motion include natural differences in tempera-
ture, infiltration, ventilation, and the heating and cooling systems.
In measuring air movement, one is cancerned primarily with turbu-
lence rather than with linear velocity. One of the principal instru-
ments used for measuring turbulent air motion is the kata thermometer,

the instrument used in this study.

Thermal Indexes

There is no satisfactory method of combining the four thermal
factors into a single index that would indicate the degree of warmth or
cold as perceived by an individual under varying circumstances. Physi-
ologists have tried for years to develop successful integrating instru-
ments and various indexes have been devised to measure various combined
factors. These indexes have been successful only under the same circum-
stances and conditions that each has been developed. The most common
practice seems to be the separate measurement of the four thermal
factors with appropriate instruments. A thorough description of various
thermal indexes can be found in most current articles pertaining to
thermal research. There seems to be no need for such a description
here. The investigator found some use in two indexes, however, as an

integrated method of presenting data.

Effective temperature. The effective temperature index was

developed at the Research Laboratory of the American Society of Heating

and Ventilating Engineers several years ago. Effective temperature is
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based upon subjective feelings of equal degree of comfort under differ-
ent canditions of air temperature, relative humidity and air movement.
The temperature cannot be read directly from a single instrument but
mst be computed from dry and wet bulb readings and air movement
readings.

The ultimate results of the effective temperature concept was the
development of the comfort charts for still air. Figures 75, 76, and 77
in Appendix B, pages 303, 30L, and 305, are charts which have resulted
from the effective temperature concept. Figure 75 gives the effective
temperature for any combination of dry- and wet-bulb temperatures for
still air. Figure 76 carries the concept one step further by embodying
the variable, air velocity. Figure 77 shows the ASHRAE Comfort Chart as
published since 1950. This chart shows that a maximmum number of people
are comfortable at 68° effective temperature.

Effective temperature charts were established empirically by
trair;ed workers who compared the relative warmth of different combina-
tions of temperature, humidity and air movement by passing back and
forth from one roam to another. The numerical value of any given
combination of air conditions was determined by the temperature of
slowly moving saturated air which induced a similar sensation of warmth
or cold.

Some significant limitations of the Effective Temperature Comfort
Charts are: (1) the charts were primarily developed for still air;

(2) the researchers assumed that threshold comfort levels were the same

as those experienced at equilibrium canditions; (3) the charts apply
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only to convection type heat; and (L) radiant cmditions in the room
were not considered s:l.gn:l.i‘:!.cmxb.]'2

The limitations concerning the application only to convection
heat and the lack of consideration for radiant conditions caused the
investigator to consider another variation of the Effective Temperature
Index. Vernon, Warner, and Bedford,l3 British physiologists, used the
globe thermometer reading in place of the dry-btulb temperature in deter-
mining effective temperatures. Bedford proved that the radiation cor-
rection brought about an improved correlation between effective tempera-
ture and comfort votes. The Corrected Effective Temperature Index is

used in this study.

Globe thermometer reading. Vernon suggested that simple globe

thermometer readings might serve as an index, since globe readings were
affected by radiation. Bedford subsequently proved that a higher corre-
lation existed between comfart votes and globe readings used as an index
of warmth than between comfort votes and both dry-bulb temperatures and
effective temperatures. .
Even though the globe thermometer was developed by Vermon as a

means of detemining mean radiant temperature, it is sometimes used in
measuring what is called "black body resultant temperature." The black

128. H. Jennings, "Research on Human Comfort and Environment,"
Heating, Piping and Air Conditioning, 30 (October, 1958), 111-12.

13'I‘hamas Bedford, "Research on Heating and Ventilation in Rela-
tion to Human Comfort," Heating, Piping, and Air Conditioning, 30
(December, 1958), 129. :
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globe assumes the "resultant temperature" when exposed to a given com-
bination of air temperature, radiant temperature, and air movement.
Since the human body reacts to these factors in much the same way be-
cause of surface area to volume proportions, the black body resultant
temperature does seem to provide a better index of comfort conditions
than air temperature alone. For this reason, the black body resultant
temperature is used also as an index in reporting some of the findings

in this study.

C. FACTORS IN SCHOOL PLANNING THAT AFFECT
THE CIASSROOM THERMAL ENVIRONMENT

Many school administrators are now beginning to give same intel-
ligent thought to selection of heating and ventilating equipment for
their schools, but at the same time these same administrators continue
to build buildings that would impose a terrific burden on the best
heating and ventilating equipment.

A mumber of factors that may influence thermal environment are:
(1) microclimatology; (2) solar control, fenestration, illumination, and
insulation; and (3) classroom size, occupancy, and socio-economic status
of occupants.lh The following brief discussion of these factors should
give the reader some understanding of the importance of intelligent

planning for the classroom thermal environment.

]"""Design Controls Temperature," fram "Thermal Environment,"
portfolio on heating, ventilating and air conditioning for todgv's
schools, The Nation's Schools, 63 (May, 1959), 91.
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Microclimatology. Microclimatology includes site selection, ori-

entation, landscaping, and base planting. Perhaps the most important
factor affecting the indoor thermal environment of a classroom is the
outdoor climate. Depending on the season, the child mst be protected
from outdoor climate, or outdoor climate must be exploited to provide an
adequate thermal environment. Because of this, school planners mst
give careful consideration to the compass orientation of the building
and its relation to the moving sun.

Novakw reported such factors as the selection of the proper
slope of a hill for a building site or proper evaluation of sunny versus
shaded areas as being important. Even if the site selected is not com-
pletely desirable, proper orientation of the building on the site can do
much to improve classroom comfort. Orientation should be effected in
relation to summer and winter sun and to prevailing summer and winter
winds. Generally, classrooms should face north or south with the main
axis of the building east and west. Such an arientation minimizes the
tremendous solar heat gains on classroom windows and walls. Novak
pointed out that east and west window orientations are so ill-advised
that normal roof overhangs or sunshades are almost valueless during most
of the school day.

If a selected school site cantains several large trees, the

architect should attempt to design the building so that every tree may

15Panl M. Novak, "Microclimatology and the School's Indoar
Climate," from "Thermal Environment," portfolio on heating, ventilating
and air canditioning for today's schools, The Nation's Schools, 63 (May,
1959), 101-103.
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be utilized in eliminating excess solar gain. If trees are not growing
on the selected site, some should be planted as soon as possible. Base
planting such as shrubs and vines can be used advantageously, also, but
should be used judiciously around ventilation intakes.

Solar control, fenestration, illumination, and insulation. Any

effart to provide the optimmm classroom thermal enviranment must be made
with these factors considered as interrelated factors. The selection of
the site and orientation of the building also affect the importance of
these factars in their relation to the classroom environment.

Since many architects insist on creating walls of glass in their
building designs, one of the greatest problems, then, becames finding
some way to keep the sun off the glass. An attempt to accomplish this
task has been made by the use of several ingenious devices such as over-
hangs, awnings, louvers, insulating screens, so-called heat absorbent
glass, venetian blinds, draw shades and draperies. Without some method
of controlling the sun's rays, solar radiation through glass areas be-
comes a terrific problém due to the fact that the heat gain through
single glass is higher than for almost any other material.

An opposite effect on thermal control is provided by large
amounts of glass during extremely cold weather. The temperature of
windows may be so far below the air temperature of the room that the
pupils sitting near the window, and to a certain extent all pupils in
the room, radiate large amounts of body heat to the windows. In

addition, currents of cold air rush down the windows and spill out into
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the room in the farm of a draft. Actually, if the sun is shining
brightly on a very cold day, windows may admit great quantities of
radiant heat fram the sun, and at the same time cool the air immediately
adjacent to the window because the air is not affected necessarily by
the passage of solar heat.

The phenamenon of window downdraft must be combatted becamse of
the uncomfortable effect which the draft creates. Air must only be a
few degrees colder than room temperature and moving at a rate of LO or
50 feet per minute to produce an uncomfortable draft. Mr. W. W. Kennedy,
Manager, Air Distribution Development of the Barber-Colman Company, re-
ported measuring downdrafts from cold glass at a rate of 200 feet per
minute.16

Attempts to eliminate downdrafts include insulation of the walls
beneath the windows, double glazing, and radiation from ceiling panels.
The most widely utilized msthods of downdraft control, however, are:
(1) opposing a rising stream of heated air to the falling current of air
cooled by the window, sometimes simply effected by locating radiators
beneath the windows; (2) heating the glass itself by directing a high-
velocity stream of heated air against it; or (3) drawing off the falling
column of cold air at the bottom of the window and either exhausting
same through vents or heating and using the air in the room. Regardless
of the method used or the relative merits of one method over another,
some control of downdraft mst be effected.

léStatement by W. W. Kennedy during a conference with Barber-
Colman consultants, January 2L, 1961.
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Fenestration, the arrangement and proportioning of windows, also
competes with illumination as a factor affecting thermal control.
Evidence shows that architects cannot provide a sunlighted eovironment
that meets lighting requirements as well as artificial lighting does.
Many expensive attempts to provide natural lighting have been tried,
however, including window-wall fenestration, clerestory windows, sky-
lights and glass block. The expense is increased by the continued
supplementary need for artificial lighting. All contribute to excess
radiant heat in the classroom.

Although many excellent insulating materials for use in existing
buildings are now on the market, insulation really can be considered an
important factor in providing a good thermal environment if utilized in
the original building design. Insulation in tﬁe outer walls, windows,
roofs and floors will help to maintain the inside surface temperature
close to the classroom air temperature, an important factor in thermal

comfort.

Classroom size, occupancy, and socio-economic status. Classroom

size and number of occupants have a direct influence on thermal condi-
tions within the classroom. Maintenance of an optimum thermal environ-
ment is difficult because the classroom is often as crowded as assembly
halls and theaters. This density of occupancy makes a constant, mdnimum
supply of outdoar air mandatary. A commonly accepted minimum quantity
of outdoar air is 10 cubic feet of air per minute per person. This is
called the ventilation rate. This rate will need to increase as
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wintertime cooling is needed. One must keep in mind, however, that the
cooling needs of individual rooms vary with size of classroom, mumber of
occupants, activities, and heat gains from solar radiation.

In addition to overheating, ventilation also serves the purpose
of freeing the classroom of odars, especially body odors. Even though
the body odors seem to be more objectionable aesthetically than
physiologically, odors are still undesirable.

The problem of body odor removal in schools in regard to the
socilo-economic status of the children is illustrated in Table III. This
table shows minimum ventilation requirements for various grade school
children under laboratory conditions. The suggested &ir circulation
minimums vary with density of occupancy, which would depend upon the
number of occupants, floor area of the room, and height of the ceiling.
An interesting observation is that the minimum ventilation rate for odor

control is more than 10 cubic feet of air per minute per person.

Classroom Overheating

Provision of an optimum thermal environment essentially becames a
problem of controlling overheating. Even though the reasms for over-
heating are now obvious, a discussion of heat gains will serve as a
summary for the physiological and physical background that has been

presented.

Heat production of children. Mention has already been made of

" the density of occupancy of classrocms. Less cubic feet of air space is

provided pér persan in a classroom than in most other types of public
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TABLE III

MINIMJM OUTDOOR AIR REQUIREMENTS TO REMOVE OBJECTIONABLE
BODY ODCORS UNIER LABORATORY CONDITIGNS

Heating season with or without

recirculation.
Air not conditioned
Type of occupants Air space Outdoor air
per persaon supply cfm
cu. ft. per person
Grade school children of average 100 29
socio-economic status 200 21
300 17
500 n
Grade school children of lower
socio-economic status 200 38
Children attending private grade
schools 100 22

Source: American Society of Heating and Air-Conditioning
Enginsers, Inc., Heating Ventilating Air Conditioning Guide 1959 (New
York: American Society of Heating and Air-Conditioning Engineers, Inc.,
1959), p. 61. Used by permission.
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buildings. All of these pupils give off heat, with the amount varying
according to such factors as age, sex, and activity. Estimates of the
amount of heat, expressed in B.T.U.'s that a child will dissipate in an
hour range from 250 to 40OO. Assuming the minimum figure of 250 B.T.U.'s
a class of thirty would emit 7,500 B.T.U.'s per hour. This source of
heat will partially compensate for the hourly heat loss that the
building experiences because of the temperature differential between the
interior and exterior of the building. In most parts of the United
States, pupils will produce one-third of the heat needed far camfort
during most of the heating season class time. In southern parts of the
country, when outside winter temperatures sometimes rise even above
60°F. during the day, the point above which optimm classroom tempera-
tures cannot be maintained by the introdunction of outside air into the
classroom, the excess heat provided by the pupils becomes a critical

factor.

Heat gain of artificial lighting. Rooms that contain incandes-

cent lighting usually require around L,000 watts of lighting. Wattage
output of fluorescent lights is somewhat less. These lights burn most
of the time the pupils are in the room and quite often when they are not.
Fluorescent and incandescent lights add heat to the classroom at a rate
of 3.4 B.T.U.'s per watt per hour. Assuming that a classroom contains
4,000 watts of incandescent lighting, the heat output would be 13,600
B.T.U.'s p.er hour. The heat gain of pupils and lighting remains fairly

constant regardless of outside conditions.
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Solar heat gain. In spite of the heat output of pupils and

lighting, the greatest source of uncontrolled heat is the sun, especially
in classrooms that have large amoumts of unshaded glass. The amount of
sunlight entering a classroom through windows or skylights will depend
upon the directional orientation of the building and the location of the
sun above the horizon. Solar heat gain is somewhat uncertain, also,
because of its role of lesser importance on a cloudy day. For this
reason, engineers do not consider solar heat gain in their winter
heating calculations.

The fact remains, however, that wherever the sun is shining,
solar heat gain represents the greatest uncontrolled gain. Indirect
solar radiatimn is also substantial, even on cloudy days. Cbnservative
estimates of winter solar gain range from one mndred to two hundred
B.T.U.'s per hour per square foot of glass area. Using the minimum of
one hundred B.T.U.'s with an assumed glass area of 250 square feet, a
heat gain of 25,000 B.T.U.'s per hour could be added to the heat gain
of pupils and lighting.

With several thousand B.T.U.'s of heat gain being produced even
before the heating system is turned on, one can see that the problem of
maintaining a correct thermal envir aument must be solved by cooling

rather than by more heating.



D. HEATING AND VENTILATING EQUIFMENT AND ITS CONTROL

After a new school building is designed with factors that affect
thermal control taken into cmsideration, a decision must be reached
concerning heating and ventilating equipment to be used and method of
control. The following discussion of heating and ventilating equipment
was derived largely from material found in the "School Systems" section
of the 1959 Heating, Ventilating, Air Conditioning Gu:l.de.l7 Only those

heating and ventilating systems found in the selected schools are

discussed.

Ventilating Systems

Even though methods of heating and ventilating are interrelated,
the two are discussed separately here. The need for ventilation has
already been established. The school planner must consider the type of
thermal environment that he desires and the ease with which he expects
to achieve it when he specifies a particular type of ventilation.

Since circulatim of air is an important function of a ventila-
tion system, a method of supply and exhaust must be included. Ventila-
tion systems are aoften identified according to the method of supply

(window or mechanical) or exhaust (window, gravity, or mechanical).

Air supply methods. The least expensive method of air supply is

by windows. The reader may recall from Chapter I that the New York

17American Society of Heating and Air-Conditioning Engineers,
Inc., 220 ﬁo, ppo 657-62-
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Commission on Ventilation found that windows could be utilized to pro-
duce desirable thermal conditims. The truth is that even though this
may be possible, because of the human element involved, desirable
thermal conditions are not usually produced. When teachers become en-
grossed in some of their many other duties, ventilation usually suffers.
The other method of air supply is by mechanical means. The air
is usually carried through ducts and delivered through wall grilles, or
else admitted into the room through a self-contained unit such as the
unit ventilator. Stale air is pushed from the room by the incoming air.
The incoming air may be fresh, partially fresh, or completely recircu-

lated air, depending on the thermal needs of the room.

Air exhanst methods. Windows are also the primary method of ex-

haust in some buildings, even though this method does not do an effec-
tive job except in still weather because nearly as much air is intro-
duced through the exhaust area as is exhausted.

Gravity exhaust systems admit the room air into exhaust grilles
that are located in the wall opposite the windows or in the ceiling and
carry it to roof ventilators. Mechanical exhaust systems do essentially
the same job but utilize motor-driven exhaust fans instead of roof

ventilators.

Heating Systems

Heating systems are often classified according to the heating
medium utilized, such as air, steam, or hot water. Usually, though,
systems are identified according to the method utilized in heating and
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cooling. Some types of heating systems are cambined with means of
ventilation, while other types require a separate system of mechanical
or natural ventilation.

Choice of a heating system is often related to other aspects of
building design. Some of these aspects include: the cold floor problem
created by modern slab-on-grade construction; choice of heating medium;
method of ventilation and cooling desired; cost; and method of control
cies:l:red.:"8

. The following discussion of heating systems includes those

systems found in the geographical area investigated:

Radiation. The use of the word radiation in connection with the
type of heater usually connected with the word is a partial misnomer
because, actually, a large part of the room is heated by convection.
Radiant heating usually includes cast-iron radiators, cast-=iron ar non-
ferrous canvectors, and continuous finned-pipe heating element s with
steam or hot water used as the heating medium. The heaters are usually
extended the entire length of the outside or window wall of the room.
Controls may be manual, individual automatic controls for each room, or
by valves controlling different zones of the building.

Radiant heating ventilation is limited to an air supply from the
windows with any type of exhaust. Since the heating load is quite often

leEducatd.onal Facilities Laboratories, The Cost of A Schoolhouse.
A repart from Educational Facilities Laboratories {New York:
International Press, 1960), pp. 92-9L.
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satisfied or over-satisfied early in the morning and no provision is
available for mechanical cooling, teachers mst spend a large amount of

their time opening and closing windows.

Unit ventilators. A unit ventilator is an individuval forced air

heating unit equipped with dampers for introducing outdoor and recircu-
lated air in varying quantities with the fans running cantinuously
during periods of normal occupancy. The unmit ventilator is used in
classrooms for a combination of heating, controlled ventilation and
cooling, with outdoor air utilized as the cooling medium. The medium
for heating can be either steam, hot water, or electricity. The heating
element can be either a draw-through or blow-through arrangement.

The unit ventilator, consisting of fans, motors, a heating
element, dampers, filters, outlet grilles, or diffusers, and controls,
permits heating, ventilating, and cooling to be varied while the fans
are in continuous operation. The discharge air temperature from the
unit varies according to room requirements, tut the units usually are
equipped with control devices that prevent the admission of air cold
enough to cause discomfort. The unit may be equipped to combat cold
window downdrafts by using extended finned-pipe radiation along the
window sills, by directing a rising heated stream of air against the
glass, or by drawing off the falling column of cold air into grilles
located on top of the unit. Unit ventilators using hot water for
heating and cold water for cooling can be uti]izpd for year-round air

conditioning.
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The efficient operation of unit ventilatars is dependent upon its
automatic controls. Unit ventilators and controls cambine to provide
the co-ordinated action needed for heating, ventilating, and cooling.
Usually a room thermostat controls either a valve or bypass damper to
regulate the heat supply and a damper to regulate the outside air
supply. An air stream thermostat located in the unit prevents a dis-
charge of air below the desired minimum temperature. Other control
devices sometimes operate to vary heating media such as hot water with
the outside air temperature.

All unit ventilator control cycles provide the sequence for the
following stages recognized by the American Society of Heating and Aire

Conditioning Engineers.

Warm-up stage. During the warm-up stage all control cycles pro-

vide rapid warm-up by having the unit provide full heat with the outdoor
damper completely closed. Throughout this stage 100 per cent room air
is recirculated and heated until the room temperature approaches the

desired temperature level.l?

Heating and ventilating stage. When the room temperature rises

into the operating range of the thermostat, ventilation begins by the
partial ar complete opening of the outdoor air damper depending upon the

cycle used. Auxiliary heating equipment such as convectors or radiators

19American Society of Heating and Air-Conditioning Engineers,
IDCo, 22' Ej;t_o, po 215.
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are shut off. As the room temperature continues to rise, the heat

supply of the unit ventilator is regulated in some way.zo

Cooling and ventilating stage. Often the temperature of the room

rises above the desired level and cool air is needed for cooling
purposes. The room thermostat accomplishes cooling by throttling the
heat supply, finally shutting it off (either by valves or dampers) and
opening the outdoor air damper to prevent overheating of the room.

During this stage the air stream thermostat frequently takes control to

prevent the discharge temperature from falling below a set level.2l

The three basic cycles of control usually called "ASHRAE cycles"

by manufacturers are:

Cycle X. One hundred per cent of outdoor air is admitted at
all times except during the warm-up stage.

Cycle Y. A minimum amount of outdoor air (normally 25 to 50
per cent) is admitted during the heating and ven-
tilating stage. This percentage is gradually
increased to 100 per cent, if needed, during the
cooling and ventilating stage.

Cycle Z. Except during the warm-up stage a variable amount
of outdoor air is admitted as needed to maintain a
fixed temperature of air entering the heating
element. This is controlled by the air-stream
thermostat which is set low enouﬁh (of ten 55°F.)
to provide cooling when needed.?

In normal classroom application, Cycle Y is the most commonly
used. Cycle Y is also the most compatible cycle for combined winter

and summer operation.

D114, Arvid.  2%1bid., pp. 215-16.



" The unit ventilator normally does not utilize any mechanical
method of exhaust because the air is forced out of the room through
cracks due to the slight increase of atmospheric pressure. This pres-
sure is sometimes relieved by ports or windows into the corridor or by
an exhaust shaft.

Fresh air admitted into the room is cleaned by passing through a
filter. The efficiency of the unit is lessened seriously if regular
cleaning of the filter is not scheduled.

Central direct-fired air systems. These systems are forced

circulation warm air furnace systems. Air is supplied for ventilation
and heating. The type of central direct-fired system most often used in
schools is one which mixes outdoor and return air through a fan and
filter and discharges it in either of two paths, over the surfaces of a
warm air heater ar through a bypass around the heater, with mixing at
the outlet of the heater to control the temperature of the supply air.
This system requires ane supply duct from the heater to each room or
zone cantrolled.

There is usually a fixed quantity of outside air, with the
balance being obtained by return from the heated space. Air is admitted
into the spaces through wall grilles or ceiling or windaow ocutlets and
released usually into the corridors through grilles. Proper design

should avoid window downdrafts.

Panel heating. Panel heating is a term used to describe a method

of space heating by raising the temperature of one or more of its
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interior surfaces. Most schools utilize the heating of floors, but any
other surface can be heated. The heating elements usually consist of
warm water piping, warmm air ducts or low temperature electrical resist-
ance elements embedded in or located behind the heated surface. Heat is
essentially by radiation. Panel heating is used quite widely in conjunc-
tion with slab-on-grade construction, especially in primary classrooms
where children play on the floor. With heat gain from pupils and
lighting, however, panels have a tendency to overheat the room because
of the heat storage effect of the panel. This is especially true when
no provision is made for mechanical ventilation. Use of window venti-
lation alone usually does not prevent overheating; nor does the panel

heating serve with any effectiveness in cambatting downdraft.

Electric heating. Electric heating is used in some areas where

electric power rates are low enough to make such an operation feasible.
Electric heat eliminates boiler rooms and a separate fuel supply system
and is flexible enough to serve as the heat source in unit wventilators,
central duct systems, wall fin convectors and for various types of panel
heating. The operating cost is often so prohibitive that any original
savings in capital outlay are soon cancelled by operation costs.

Usually electric heating is considered in connection with base-
board radiation extending the entire length of the window wall or
electric ceiling panels. Electric heating is automatically controlled
by means of individual room thermostats and can be utilized in connec-

tion with any ventilating system.
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Controls

The discussion of controls will be limited to a brief discussion
of amtomatic controls. Manual controls are not really effective in pro-
viding an adequate thermal environment when placed in the hands of a
busy teacher.

The primary function of an automatic themmal control system is to
"maintain a predetermined thermal environment with minimm attention and
expenditure of labor by teacher and custod:i.an."23 This can be done with
modem control equipment by responding to and correcting minute changes
in temperature through changes in water or steam temperatures or damper
settings.

Automatic controls are essential in reducing man-hours of attend-
ance at the heating plant; thus freeing the custodian for other duties.
The reduction of man-hours plus the savings in fuel costs due to auto-
matic controls can bring about a reduction in operating costs. This
study was concerned primarily, however, with control of the thermal
environment in a given occupied space where density of occupancy varied
and the space was constantly being affected by variation im solar
density, wind, and the output of the heating equipment.

Essentials of an automatic control system are: (1) a controller,

(2) a controlled device, and (3) a source of energy.

23"Con‘t:rols Reduce Guesswork," from "Thermal Environment,"
portfolio on heating, ventilating and air conditioning for today's
schools, The Nation's Schools, 63 (May, 1959), 93.
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A controller is a device which measures a variable condition
such as temperature, humidity, pressure, and liquid level, and
produces a suitable action or impulse for transmission to the
controlled devices. Thermostats, humidistats, and pressure
controllers are examples.

A controlled device reacts to the impulse received from a
controller and varies the flow of the control agent. It may be
a valve, damper, electric relay, or a motor driving a pump,
fan, etc.

The control agent is the medium manipulated by the con-
trolled device. It may be air or gas flowing through a damper;
gas, steam, water, etc., flowing through a valve; or an elec-
tric current.

Control systems are usually identified according to the primary

source of energy utilized. Three types are used for purposes of class-

room control:

Pneumatic controls. The source of energy for pneumatic controls

is compressed air, usually maintained at a pressure of 15 to 25 pounds
per square inch. The compressed air is supplied to the controller which
in turn regulates pressure supplied to the controlled device.

Pneumatic controls are used to a great extent in controlling unit
ventilators and central forced air systems. Collateral control devices
allow for complex cycles such as day-night operation or heating-cooling
cycle change-overs.

Electric controls. An electric control system utilizes electric-

ity as the energy medium. The controller regulates the electrical

energy supply either directly or through relays. Due to simplicity of

2hAmerican Society of Heating and Air-Conditioning Engineers,
Inco, _020 Sﬁ., p. 609.
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operation, electric controls are used to control gas and oil furnaces

and some unit ventilators.

Electronic controls. Electronic controls are the newest develop-

ment in classroom controls. They also use electric energy but take
advantage of an electronic amplifier to increase the minute voltage
variations of the measuring element to values needed far operation of
standard electrically controlled devices.

The element of automatic controls that is most familiar to room
occupants is the thermostat. The thermostat is usually mounted on the
wall but is sometimes mounted in return air ducts of central systems or
in a return air sensing chamber of a unit ventilator.

The degree and method of thermal control is one of the most
important factors in provision of an adequate thermal environment. For
such heating and ventilating systems as the unit ventilator, the control
system plays as important a role as the heating and ventilating system
itself. The question of providing individual cantrols for each class-
room as opposed to control of a zone of several rooms often becomes a
debatable ane when the situation lends itself to either degree of
cantrol. Even assuming the same solar exposure, an important fact to
remember is that as density of occupancy and activity vary from class-
room to classroom dif ferent heating and cooling needs are experienced.

Zoned controls cannot always meet these needs.
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E. SUMMARY

Chapter III concluded the development of a thermal background
prior to the identification of criteria for thermal control. The four
elemsnts of the thermal environment, i.e., air temperature, mean radiant
temperature, relative humidity and air movement were identified and dis-
cussed together with physical factors that affect the control of these
elements. Special emphasis was given throughout the chapter to the con-
trol of overheating.

The concluding portion of the chapter dealt with various types of
heating and ventilating equipment found in the area investigated and the
methods of amtomatic control essential to the proper regulation of the
themal environment. Heating systems discussed included: radiation,
unit ventilators, central direct-fired air systems, panel heating and
electric heating. Controls discussed were those that normally are
utilized in these heating systems.

In Chapter IV criteria of thermal control for use in evaluating
thermal conditions in selected schools are identified. Procedures

employed in the identification process are discussed.



CHAPTER IV

CRITERIA FOR THE ESTABLISHMENT OF A RANGE OF
ACCEPTABLE CLASSROOM THERMAL CONDITIONS

A. INTRODUCTION

The purpose of this chapter is to identify the best available
criteria relating to thermal factors in the classroom environment so
that these criteria may be utilized for the evaluation of the thermal
envirmment in selected classrooms.

Identification of criteria was one of the major sub-problems of
the study. The task was a delicate, time-consuming one and, in the
opinion of the investigator, assumed a role of importance second to no
other phase of the study. Materials utilized were so exhaustive that
only a partial list is included in the bibliography at the conclusion of
Chapter VIII. These materials included standard reference works, physi-
ological and medical texts, graduate studies in the fields of education,
engineering, and psychology, educational texts and periodicals which re-
lated in any way to the prcblem, reports of independent organizations
such as the School Facilities Laboratories and the Ergonomics Research
Society, publicati ons of the American Society of Heating, Refrigerating
and Air-Conditioning Engineers, laws and regulations of the various
states concerning school heating and ventilating, and advertising and
public service material of various heating and ventilating equipment

manufacturers.
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Some background information was obtained as a result of corre-

spondence between the investigator and other people throughout the
country who were interested in the mutual problem of thermal environment.
Of tremendous aid was the visit to the Environmental Research Laboratory
of the American Society of Heating, Refrigerating and Air-Conditioning
Engineers in Cleveland, Ohio, and the discussion there with Dr. B. H.
Jennings, Director of Research, and Mr. Clark M. Humphreys, Assistant
Director of Research. Of equal importance was the discussion with
Henry Wright that resulted from his visit to the University of

Tennessee. Mr. Wright, former managing editor of The Architectural

Forum, is a prolific writer on aspects of environmental control. Data
obtained from professional personnel and materials from differemt fields
were integrated in the formulation of tentative criteria.

As investigation of the problem and formulation of tentative
criteria continued, several obvious observations were made: (1) many
widely held thermal environment beliefs were based on research, .but
others were based on opinions and tradition; (2) many canflicts were
evident regarding standards for the various aspects of the thermal
environment; (3) thermal concepts were highly evolutionary in nature;
(L) the most active interest in the field of thermal control as evi-
denced by research and literature was that expressed by the engineering
profession and manufacturers of heating and ventilating equipment; and
(5) perhaps the least amount of interest in the thermal environment as
it related to the educational process was shown by the education

profession.
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Since study of the thermal environment of the selected schools
was to be conducted during the winter heating season, an obvious in-
ference was that control of the thermal environment within the classroom
depended to a great extent upon the performance of the heating and ven-
tilating equipment utilized in the school. After tentatively selecting
a number of criteria that were consistent with each other and with the
basic assumptions made prior to the beginning of the study, the inves-
tigator then proceeded to find if these criteria were compatible with
the capabilities of modern heating and ventilating equipment and with
operational beliefs of those who were directly involved in some phase of
providing for classroom thermal environment. For this aid in refining
and strengthening the tentative criteria, the investigator turned to a :
group of architects, engineers, heating and ventilating equipment manu-
facturer representatives, and education and enginsering professors.

Individuals who served as a sounding board for the final selec-
tion of criteria included: Dr. John W. Gilliland, Professor of Educa-
tional Administration, the University of Tennessee; Professor Mack
Tucker, University of Tennessee College of Engireering; Mr. George
Gallowgy and Mr. Charles Guthrey, architect and engineer, respectively,
for the architectural firm of Galloway and Guthrey, Knoxville,
Tennessee; Mr. Chester A. MacCallum, engineer for the architectural firm
of Barber and McMurry, Knoxville, Tennessee; Mr. C. A. Spears, Jr.,
Mr. Don Carter, Mr. Jim Ferguson, and Mr. Gordon Rome, engineers and
heating and ventilating equipment dealers, Knoxville, Tennessee; and
Mr. W. W. Kennedy, Manager, Air Distribution Development, Mr. Bill Young
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and Mr. Dick Plettrer, engineers, all representing the Barber-Colman

Company, Rockford, Illinois.
B. CRITERIA FOR CLASSROOM THERMAL CONTROL

No claim is made that the five criteria of thermal control pre-
sented in this chapter represent the ultimate in ideas concerning the
thermal environment. Many factors can produce a change in optimum
thermal conditions for individuals or a group over a period of years.
As an example of the veracity of the previous statement, one must con-
sider the gradual increase in the optimum winter temperature over the
past several years as indicated by research. The criteria set forth
here do represent the most acceptable criteria known today for estab-
lishment of an optimum classroom thermal environment for grades
kdndergarten through twelve during the period of the winter heating
season. The criteria that follow were developed for the analysis and
appraisal of the thermal environment in the classrooms selected for

this study.

Criterion Number 1

The provision and control of a relatively narrow range of air

temperature conditions which is commensurate with variations in air

velocity, humidity, radiant effects, age, basic metabolism, human heat

production as a result of work, and clothing are important factors in

providing an adequate classroom thermal environment. An optimum air

temperature for most classroom activity can be found within the range of
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70%F. to 759F. An air temperature slightly below 70CF. is needed for

more strenuous activities such as physical education. For the optimum

desired temperature for any activity, this temperature should not vary

more than g degrees.

The importance of temperature control was expressed by Winslow
and Herrington when they stated: "For ordinary winter conditions, the
adjustment of air temperature to metabolic activity is the main issue
inmvolved." Research by Bedford in England showed the same correlation
between air temperature and sensations of warmth as existed between
effective temperature, an index consisting of air temperature, relative
mmidity, and air movement, and sensations of wamth.2 Even though all
factors of the thermal environment are interrelated, air temperature
seems to assume a role of importance of its own.

As a point of departure, consideration should be given to the
location of the indoor air temperature within a space that is intended
to reflect optimum air temperature conditions. For purposes of this

study, one of the locations specified by the 1959 Heating, Ventilating,

Air Conditioning Guide was used. The Guide stated:

The indoor air temperature that must be maintained within
a building is understood to be the dry-bulb temperature at

lc.-E. A. Winslo+s and L. P, Herrington, Temperature and Human
Life (Pri eton, New Jersey: Princeton University tress, 1919 ).' pP. 192.

2‘I‘hc;:mas Bedford, Basic Principles of Ventilation and Heating
(London: H. K. Lewis and Company, Ltd., 1948), p. 89.
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the breathing line, 5 ft. above the floor, or at the seating
level, 30 in. above the floor, and not less than 3 ft. from
the outside walls.>

In schools included in this study, air temperature was measured
at thirty inches above the floor for purposes of relating air tempera-
ture to Criterion Number 1. Other measurements were taken from six
inches above the floor to the level of five feet or sixty inches and
averaged to detemine what the investigator termed the ™vorking area
temperature."

The variables mentioned in Criterion 1, i.e., air velocity,
humidity, radiant effects, age, basic metabolism, human heat production
as a result of work, and clothing, must be considered before the optimmm
temperature range for any activity is detemmined.

Table IV shows the importance of considering air velocity in
determining optimum air temperature conditions and illustrates the fact
that no single temperature can be considered the optimum but rather a
range of temperatures. In Table IV, Herrington has shown the effect of
variations in air movement on the air temperature required to produce a
standard heat loss. The. table illustrates the need for increased air
temperature to balance the cooling effect of increased air movement.
For example, equal heat loss is experienced at a temperature of 73.2°F.
with air movement of LS feet per minute as is experienced at a tempera-
ture of 69.6°F. with air movement of 15 feet per minute. Air movement

3American Society of Heating and Air-Conditioning Engineers,
Inc., Heating Ventilating Air Conditioning Guide 1959 (New York:
American Society of Heating and Air-Conditioning Engineers, Inc., 1959),

p. 157.
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TABIE IV
VARIOUS ENVIRONMENTS FOR CONSTANT HEAT LOSS

Comparable air
temperature loss
for noted air
velocities OF.

OF, temperature
difference to
transfer .98l Met®

<
& Hsbe | B36
g

16.2 68.0
lhoé 69.6
12.L 71.8
11.0 73.2
10.1 Th.1
75 90h 7,4.8
88 8.8 75.L4
176 7.0 7.7
26l 5.9 78.3
352 5.4 78.8
Lo L.9 79.3
528 L.5 797
616 L.l 80.1
0L L.0 80.3
792 3.8 80.L
880 3.6 80.6
8 Met equals human heat production of 50 calories square meter
per hour.
Source: L. P. Herrington, "Effect of Thermal Enviromment on

Human Action,” American School and University, XXIV (1952-53), 373.
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of 15 feet per minute is somewhat typical of a radiantly heated class-
room while air velocities around L5 feet per minute are often found in
classrooms heated with some type of forced air system. An obvious in-
ference seeng,bo be that optimum air temperature conditions can vary
easily with amount of air movement or type of heating and ventilating
system utilized.,"

The individual factors named in the criterion statement as being
important variables, namely, age, basic metabolism, human heat produc-
tion as a result of work, and clothing, are equally as important as the
environmental factors. Winslow and Herring‘l‘.tm5 considered those factors
directly related to metabolic activity as being the most important of
the human factors.

Perhaps clothing does not assume the role of importance held by
metabolic activity in ascertaining an optimum temperature range, but,
obviously, different optimum temperature conditions exist for the nude
individual and the fully clothed person. In establishing optimm air
temperature conditions for the classroom, an assumption must be made
that most clothing worn by pupils will be fairly uniform in regard to
the individual's heat gain or loss.

A factor that was not named in the criterion statement as being

an important variable is acclimatization, the body's adaptation to new

l'L P. Herrington, "Effect of Thermal Environment on Human
Action," American School and University, XXIV (1952-53) s 372-73.

SWinslow and Herrington, op. cit., p. 189.
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6 considered clothing

environmental conditions. Winslow and Herrington
and acclimatization to be responsible for the slight rise in optimum
temperature conditians today as compared with those established by the
New York State Commission several years ago. Winter clothing is con-
siderably lighter today, while at the same time, the average American
school child is acclimatized to a warmer indoor climate than that ex-
perienced by his grandfather. Clothing and acclimatization perhaps
account for the lower temperatures preferred in England, temperatures
similar to those preferred in this country in the 1920's.

Acclimatization is not always complete enough tb prevent fatigue,
however, Dr. Lucien A. Brouha of the DuPont Company's Haskell Labora-
tory of Toxicology and Industrial Medicine considers man as the owner of
a "physiological capital™ which he spends as he works. When man works
too long or too hard without a rest, fatigue forces him into physiologi-
cal debt. Work in warm environments produces fatigue more rapidly than
work in cooler enviromments. While the body's wonderful ability to
acclimatize itself is helpful, health, efficiency, and productivity can
be affected seriously in higher tenperatures.7

In determining the optimm air temperature condition for any

given classroom activity, effort must be made to control the environ-

mental factors. Because of comparable ages, a typical class will be

6Ib:i.d. .

"Emily Heine, "Taking the Heat Off Industrial Warkers," DuPont
Magazine (August-September, 1955), 2-L.
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somewhat homogeneous in regard to the various individual factors that
affect selection of an optimm temperature, but complete homogeneity of
all of these factors is highly improbable. Perhaps this is the reason
why many engineers who deal with thermal problems claim they can provide
camplete optimum conditions for a given space, provided there is only
cne occupant of that space. Certainly the necessity of an optimum range
rather than a specific temperature is apparent.

The selection of an optimm air temperature range for classroom
activities was a difficult task. Research in this area is still in the
neophyte stage, so identification of accurate temperature levels for a
specific grade level or classroom activity was impossible. The identi-
fied range needed to be large enough to encompass nearly all normal
classroam activities, kindergarten through grade twelve. The range also
had to partially consider the needs both of children and adults. The
task was complicated more by the fact that mamy hygiene textbooks
recommend an optimum classroom temperature of 68°F. while experience now
proves that most children complain about being too cold at that tempera-
ture. The range identified in the criterion statement was approved
unanimously by all individuals who aided in the final selection with the
exception of a few who considered the upper limit slightly low for
sedentary work in the summer. These criteria were used only to evaluate
winter thermal conditions, however, and were considered highly adequate
for that purpose by all who aided in the identification.

As expressed previously, more informatian is available concerning

optimmm temperatures for adults than for school age children, although
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metabolic activity actually accounts for most needed differences between
standards for adults and children. The latest research conducted by the
American Society of Heating, Refrigerating and Air-Conditioning Engineers
in the ASHRAE Research Laboratory has indicated that adults tested in
the Laboratory now find a mean temperature of appraximately 75°F., based
upaon feelings of those tested, to represent optimum air temperature
comfort canditions for sedentary activity.8 Kaiser’ found that most
people at rest or engaged in light work were able to lose excess heat
and maintain a high degree of camfart at 75CF. #20F, L. P. Herringtona
in the John B. Pierce Fourdation Laboratory of Hygiene, Yale University,
found that adults engaged in complete sedentary activities with no
particular tasks involved preferred an air temperature of 78° or 79°F.
Carrying out any ardered mental or clerical work lowered the preference
to 70°F. or lower.

Standards for classroom air temperatures usually are somewhat
lower than adult standards because of the differences between adult and
child metabolic rates. Many states have laws and regulations regarding
school heating and ventilation with provisions within the regulations
for air temperature standards for various activities. Most design air

temperatures seem to be about 70°F. as expressed in these standards.

8S‘l:ai'.emeni'. by Clark M. Bumphreys, personal interview, November 7,

1960.

93. R. Kaiser, "How Thermal Factors Affect Comfart," Heating,
Piping and Alr Conditioning, 29 (August, 1957), 109.

14errington, op. cit., p. 37L.
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Some of the standards are confusing, however, as some specify optimum
conditions in terms of operative temperature, the mean effect of the air
of a room and of its walls, while others are concerned with air tempera-
ture only. The New York State Commissioner's Regulation on Heating and
Ventilatim is specific enough as the Regulﬁtion specifies a. design
operative temperature for classrooms of 7T0°F. and a corresponding room
air temperature of 68°—72C’F.1l

The 1959 Heating Ventilating Air Conditioning Guide listed the

winter indoar dry-bulb temperatures usually specified as being 72°-TLCF.
with optimum temperatures being slightly higher when relative humidity
is not control].ed.l2 Herrick pointed out that building codes usually
recommend a temperature of 68°-720F. for sedentary a.c'l;ivities.l3

Bucher,:"h and Jacobson, Reavis, and Logsdonls agreed with the 68°-72°F.

figure.

Dyinslow and Herrington, op. cit., p. 213.

lemrican Society of Heating and Air-Conditioning Engineers,
Inc., loc. cit.

13j0n H. Herrick, et al., From School Plant to School Program
(New York: Henry Holt and Company, 1956), p. LL2.

thharles A. Bucher, Administration of School Health and Physical
Bducation Programs (second edition; St. Louis: The C. V. Mosby Company,
1958), p. 220.

lsPaul B. Jacobson, William C. Reavis, and James D. Logsdon,
Duties of School Principals (second edition; New York: Prentice-Hall,

1950), p. 679.
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In a 1957, third edition of their secondary hygiene text,

16

Meredith, Irwin, and Staton™~ advised 70°F. as a standard for indoor

winter temperature. This standard was unchanged from the one advocated
by Meredithl7 in a 1911 college text. In a similar secondary text,
Clemensen, et al. ,18 considered 68° to 70°F. as being adequate far
optimum heat loss. This range represented no change from their earlier
editions dating back to 19L2.
Henry Wright cast some criticism toward those who advocate TO°F.
or less as an optimum temperature when he stated:
It is one of the shibboleths of the heating business that
70 degrees, Fahrenheit, represents the temperature at which
people "should" be comfortable. The fact that most class-
roans and offices are usually kept about 7l degrees during
the heating season is quietly ignored. One reason for this
is that 70 is a nice round number; another is that the theory
of thermal comfort has never quite caught up with the reali-
ties of the helst exchanges between the human being and his
surroundings.
With all of the above factors in mind, and the background infor-
mation presented in Chapters II and III considered, the investigator

incorporated the statement, "An optimum air temperature for most

p1orence L. Meredith, Leslie W. Irwin, and Wesley M. Staton,
Health and Fitness (third edition; Boston: D. C. Heath and Company,

19577, pe 92.

17Flarence L. Meredith, Hygiene (third edition; Philadelphia:
The Blakiston Company, 19L1), p. 552.

leJessie Williams Clemensen, Your Health and Safety (fourth
edition; New York: Harcourt, Brace and Company, 1957), p. 92.

Bhenry Wright, "Classroom Heating and Ventilating," American
School and University, XXIII (1951-52), p. 209.
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classroom activity can be found within the range of 70%F. to 75°F.," in
Criterion 1. To further strengthen the criterion, the optimum desired
temperature for any activity was not permitted to vary more than plus or
mimus 2 degrees. The optimm desired temperature was regarded as the
mean temperature for any given series of readings with a maximm allow-
ance for readings above or below the mean of 2 degrees either way. For
example, an optimum range of 680-720F, around the mean of T70°F. would be
possible for younger children while a range of 739-77°F. around the mean
of 759F. is possible for older secondary children. The reader mst
understand that the plus or minus component of the criterion statement
would set the lowest mean optimum for a specific activity at 700F. with
no reading for that mean below 68°F., while the highest mean optimum for
a specific activity would be 759F. with no reading for the mean of 75C°F.
permitted to vary above 77°F. At least the lower limits of adult
temperature needs are met also. No attempt was made to establish

temperature standards for a specific age group or classroom activity.

Criterion Number 2

An ideal classroom temperature exists when both air temperature

and mean radiant temperature are identical and within the optimum range.

Since this situation does not always exist, some provision must be made

for counteracting or eliminating the heat loss of the body to cold walls

and windows.
The British have long regarded mean radiant temperature as an
important factor in maintaining an adequate thermal envirmment.
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Bedford reparted that in 1857 some Commissioners appointed by the
General Board of Health to investigate the warming and ventilating of
dwellings listed as one of their essentials for camfort that the walls
of a room should be at least as warm as the air. They listed cold walls
or floors among the conditions causing discomfozrt.zo
Due to the fact that the Commissioners had no experimental evi-
dence for their statements about mean radiant temperature, Bedford and
his colleagues later experimented with cold and warm surfaces. Their
findings substantiated the belief of the Commissioners. Their findings
also enabled Bedford to list the following as one of his requirements
for a pleasant and invigorating environment:
The average temperature of the walls and other solid sur-
roundings should not be appreciably lower than that of the
air, and should preferably be higher. The combination of
cold walls and warm air often causes feelings of stuffiness. 2
Henry Wright bemoaned the fact that the American Society of
Heating and Ventilating Engineers for years ignored the importance of
radiant temperature in determining comfort temperature. Even though the
Society now states that for every degree the radiant temperature is
raised or lowered above or below the temperature of the air an adjust-
ment of one-half degree should be effected in the air temperature in the

opposite direction, Wright maintained that physiological data clearly

2 cmas Bedford, "Research on Heating and Ventilation in
Relation to Human Comfort," Heating, Piping, and Air Conditioning, 30
(December, 1958), 131.

Zlrnemas Bedford, Basic Principles of Ventilation and Heating
(London: H. K. Lewis and Company, Ltd., 1948}, p. 128.
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indicate that any adjustment should be on a degree-for-degree basis for
still air. The one-for-two basis recommended by the Society should be
the adjustment ratio only if air movement is around 65 feet per minute,
according to Wrighb.22

Herrington, through his experiments at the Pierce Laboratory,
concluded that cold walls have such an effect on thermal comfort that
air temperature may need to be elevated in order to compensate for the
body heat loss experienced. For example, air temperature must be raised
to 75.9°F. in a roam having three walls with a temperature of 50.0°F. in
order to produce equivalent heat loss and comfort effect as that found
in a room with air and wall temperatures of 70°F. Conversely,
Herrington also found that warm walls and windows created by the rays
of the sun and other solid surfaces within the room such as lights that
have become heated due to some particular function they perform create
an opposite effect on the thermal environment and provide the necessity
for the air temperature to be lowered to compensate for the radiant heat
gain directed toward the students.23

In addition to the direct heat loss of the body to cold walls and
windows by means of radiation, the prdblem of cold downdraft produces
additional body heat loss through convection. As discussed in Chapter

III, these downdrafts must be combatted in soms effective manner.

%%4right, op. cit., p. 2L0.
23Herrlngton, Opo. _C_é-_to, Po 373.
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Effort should be made to keep the air temperature and mean
radiant temperature identical and within the optimum limits. If the
mean radiant temperature is impossible to control, the air temperature
should be adjusted to compensate for the mean radiant conditims. If
the problem of heat loss of the body by direct radiation to cold sur-
faces or by convection because of downdrafts is great, the problem
should be attacked by (1) directing a stream of air upward by natural
convection from the heat source beneath the window; (2) blowing a high-
velocity stream of heated air directly against the glass; or (3) drawing

off the falling column of cold air at the bottom of the window.

Criterion Number g

With air temperature and mean radiant temperature at the optimum

level, optimum relative humidity seems to be around 50 per cent, ¥10 per

cent.

The greatest amount of controversy that surrounds any thermal
factor envelops relative humidity. The American Society of Heating,
Refrigerating and Air-Conditioning Engineers has emphasigzed the effec-
tive temperature concept for several years. The 1959 Guide listed 67°-
68CF, Effective Temperature as optimum winter temperature for sedentary
activities.zh As one can see in Figure 75, Appendix B, page 303, com-
binations of temperature and humidity that would create an optimum

effective temperature of 68°F. range from 68°F., 100 per cent relative

21‘Axrerican Society of Heating and Air-Conditioning Engineers,
Inc., op. cit., pp. 157-58.
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humidity to better than 77°F. at 10 per cent relative humidity. In
order to illustrate the effective temperature concept, corrected effec-
tive temperatures using glcbe readings instead of dry bulb readings are
presented in Chapter VII.

The latest experiments of the ASHRAE Research Laboratory have
proven that within the optimum temperature range relative humidity does
not make the difference once attributed to it.as Wright stated:

Actually, mare recent investigatims have shown that whereas

the relative humidity has a great deal to do with the sensation
of comfort in hot humid atmospheres, it has practically no
effect on the comfort temperature of heated rooms in the
wintertims .26

Despite the effective temperature concept, no evidence was found
to indicate that a high relative humidity is desirable, even at low
temperatures. Bedford indicated this when he wrote: ". . . from the
standpoint of comfort a humidity mch above 60 per cent is undesirable,Z

Kaiser was also interested in the physiological effects of
himidity on comfort when he said:

Most people are comfortable when the relative humidity is

between 30 and 70 per:cent. The optimum for oomforg is
probably near 50 per cent when the air is at 750F.2

zsstatement by Clark M. Humphreys, personal interview, November 7,
1960.

26Hright, op. cit., p. 209.

27Thcunas Bedford, "Research on Heating and Ventilation in Rela-
tion to Human Comfort," loc. cit.

By aiser, loc. cit.
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Education and hygiene texts previously quoted recommend relative
humidity ranges from LO to 60 per cent. Some people, recognizing the
fact that winter humidity is lower than summer humidity recommend
forcing the warmed air to absorb moisture in order to keep the relative
humidity above LO per cent.

Shupp?’ indicated that relative humidity assumes a role of im-
portance only as it acts to increase the effects of heat. Herrington,3°
while agreeing that a relative humidity of L0 to 50 per cent is more
agreeable to many people than a lower humidity often found during winter
conditions, urged a better regulation of combined thermal effects rather
than too much attention to control of relative humidity.

With all of the above factors being considered, a range of LO to
60 per cent relative humidity was selected as representing optimum con-
ditions with the lower per cent applying more to temperatures at the
upper limits of the temperature range and the higher per cent applying
more to temperatures at the lower limits of the temperature range.
Slight deviatione from the L0-60 per cent range are not regarded as

serious at optimum temperature conditions.

29Da.v:I.d Eugene Shupp, "A Proposed Research Study on the Effects
of Air-Conditioning on Learning Activities Within a Classroam"
(unpublished project report, Leland Stanford Junior University, Palo

AltO, 1957), PPe hé'h9°
3%errington, op. cit., p. 375.



Criterion Number 4

Classrooms should be ventilated adequately with clean, fresh,

outdoor air to maintain control over overheating and to dissipate odors.

In some respects, Criterion 1 and Criterion L are overlapping as
both have same regard for temperature control. Some people claim,
however, that overheating can be controlled by turning off the heat.
Where radiant heating is involved, though, heat may continuwe to be re-
leased in a classroom long after it is needed. The entire Thermal
Theory of ventilation is based on the need for fresh outdoor air, at the
specific time needed, to comtrol overheating. Some arguments still per-
sist concerning the relative merits of mechanical ventilation as opposed
to window ventilation, but regardless of method used one of the primary
functions of ventilation is the prevention of overheating through
cooling.

Other than for cooling purposes, the need for ventilation becomes
a matter of aesthetics. Research indicates that no harmful physiologi-
cal effects can result from any type of chemical vitiation to be found
in a classroom. The aesthetic problem still remains, however, in the
form of odors.

Classroom odors usually occur in inverse proportion to the socio-
economic status of the pupils ard require varying ventilation rates for
elimination. Unfortunately, occupants of the classroom are usually
unaware of the gradual formation of odors and visitors to a classroom
are sometimes the first to Vbe of fended by the build-up of odors. This

fact necessitates same continuous wventilation.
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The intensity of odors, at least as far as human detection is
concerned, is increased when the relative humidity is high and decreases
as the moisture content is lasered. Perhaps one of the fortunate aspects
of relatively low heating seasan relative humidity is the lessening of
objectional odors, yet odors still remain in crowded classrooms and the
most desirable method of correction, other than removing the source, is
to dilute the odors with new fresh air.

No mumerical standard for ventilation rates was included in
Criterion L, partially because the investigator had no adequate means of
measuring the ventilation rate in selected schools. Some ventilation
should be present at all times for the control of odors, hawever, and
excess ventilation for cooling should be instantly available when needed.

Criterion Number 5

Air movemsnt within the classroom should be continuous and suffi-

cient to distribute heat evenly throughout the warking level of the room

at the horizontal plane and to minimize excessive temperature gradients

from the floor to the ceiling.

As was the case in Criterion L, no specific rate for air movement
was set. Henry Wright believed that an important criterion of air move-
ment was that those affected by it should not be conscious of it. He
stated, "I do not believe that people will be unhappy without a lot of

air movement."31 His views were shared by Clark Humphreys who believed

o Astatement by Henry Wright, personal interview, November 18,
19 )
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that air movement perhaps should be so low that individuals are not

conscious of it.32

Just what constitutes the ideal air movement is not a completely
established fact. Bedford33 has conducted mich research in the area of
air movement and has concluded that individuals become conscious of air
movement because of the temperature of the air rather than because of
its velocity. An analysis of Bedford's writings establishes an optimmm
air movement rate of 30 to 50 feet per minute for winter heating.
Although believing in continuous movement, Bedford also believed that
air movement should be variable rather than uniform and monotonous,
whether by window or mechanical ventilation. He considered the preven-
tion of drafts the greatest alir movement problem.

KennedyB," also recommended an air movement of 30 to 50 feet per
minute as being necessary for optimm well-being, while Kaiser35 adhered
to a standard exceeding 15 feet per minute but not over 50 feet per
minute. Herrick, on the other hand, set a maximum of 25 feet per mimute

on heating season air movement.

32Statement by Clark M. Humphreys, personal interview,
November 7, 1960.

33Thomas Bedford, Basic Principles of Ventilation and Heating,
_OBQ ito’ ppo 107, 127"280

3,"Sta‘l;emeut'. by W. W. Kenredy during a conference with Barber-
Colman consultants, January 2L, 1961.

35Kaiser, loc. cit.
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The criterion statement has been limited to a description of two
conditions that adequate air movement will bring about, namely, an even
distribution of heat throughout the working level of the room at the
horizmtal plane and the prevention of excessive temperature gradients
from the floor to the ceiling. The importance of an even horizmtal
distribution of heat is obvious if the same thermal conditions are de-
sired in all parts of the classroom. The importance of minimizing ex-
cessive temperature gradients may not be as obvious or as easily
understood.

36 considered vertical temperature differ-

Winslow and Herrington
ences as being the most important effect of poor air movement and re-
ported situations with a 10° to 15°F. differential between floor and
ceiling air. Bedford37 insisted that air at head level should not be
distinctly warmer than that at floor level and in another source38
stated that the gradient from floor to head level should be less than
5OF. He maintained that feelings of stuffiness are experienced when the
temperature at head level exceeds that at floor level by a great extent.

The New York State Commissioner's Regulation on Heating and Ventilation

36W:I.nslow and Herrington, op. cit., p. 189.
3Tgedtord, op. cit., p. 128.

3 8Beo:lj:’ord, "Research on Heating and Ventilation in Relation to
Human Comfort," op. cit., p. 132.
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specifies that "maximmum air temperature gradient from flooar to 60" above
floor shall not exceed 5° and preferably shall not exceed 30."39

Although ceiling temperatures perhaps are not as important as
those at head level, excessive stratification from head level to ceiling
should be avaided. Table V shows the temperature differentials normally
expected between the breathing level and ceiling level in a room utiliz-
ing a forced &air system. For rooms containing a direct radiation
system, the values increase from 50 to 100 per cent. The figures in
Table V are based on an increase of 1 per cent per foot of height above
the breathing level. These figures are not necessarily considered
optimum conditions, but represent conditions that usually exist and are
recommended by the American Society of Heating and Air-Conditioning

Engineers to be used with discretion in determining ceiling heat loss.
C. SUMMARY

This chapter has presented five criteria of thermal control,
identified by the investigator after an exhaustive analysis of available
literature relating to thermal environment. These criteria were identi-
fied for the analysis and appraisal of the thermal environment in
selected schools.

The criteria identified related to: (1) an optimum air tempera-
ture, (2) mean radiant temperature, (3) relative humidity, (L) ventila-
tion, and (5) air movement. No attempt was made to establish these

3%inslow and Herrington, op. cit., p. 21L.



TABIE V

APPROXTMATE TEMPERATURE DIFFERENTIALS BEIWEEN EREATHING

LEVEL AND CEILING, APPLICABLE TO CERTAIN

TYPES OF HEATING SYSTEMS®

né

Ceiling Breathing level temperature (5 ft. above floor)

helght é 6 1 72 7T 1 78 8 8 90
10 3.0 3.3 3.5 3.6 3.7 3.8 3.9 L. L3 L5
n 3.6 3.9 L2 L3 L L6 L7 LB 5.1 S.
12 b.2 L6 L9 5.0 5.2 5.3 55 5.6 6.0 6.3
13 L8 5.2 5.6 58 59 6.1 6.2 6.L 6.8 7.2
aih 5.k 5.9 6.3 6.5 6.7 6.8 7.0 7.2 7.7 8.
15 6.0 6.5 7.0 7.2 T 7.6 7.8 8.0 8.5 9.0

per foot of height above the breathing level (5 ft.) up to 15 ft.
table is generally applicable to forced air types of heating systems.

For direct radiation or gravity warm air, increase values 50 per cemt to
100 per cent.

Source:
Engineers, Inc., Heating Ventilating Air Conditi

American Society of Heating and Air-Conditianing
Guide 1959 (New

She figures in this table are based on an increase of 1 per cent
This

York: American Society of Heating and Air-Conditioning Engineers, Inc.,

1959), p. 159.

Used by permission.
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criteria as the ultimate in ideas concerning the thermal environment.
These criteria were considered, hawever, as representing the most
acceptable ideas to be found at the present time in available literature.
The criteria were also strengthened through acceptance by professional
people.

Chapter V deals with a discussion of the schools and classrooms
selected for study, method of selection, and equipment utilized in

collecting data.



CHAPTER V

IESCRIPTION OF SELECTED SCHOOLS AND INSTRUMENTS
UTILIZED TO COLLECT THERMAL DATA

A. INTRODUCTION

The purpose of this chapter is to relate the method utilized in
selecting the schools and classrooms used in this study and to describe
the physical characteristics of the schools and classrooms that contrib-
uted to the thermal environment. A description of the instruments used
in collecting the thermal data is then presented for the purpose of
familiarizing the reader with procedures involved in collecting thermal

data.

B. SELECTION OF SCQHOOLS

Before attempting to gain entree into any school, an attempt was
made to establish some guidelines for selection. The following criteria
were developed by the investigator, some of the members of his doctoral
coomittee, and fellow doctoral students for use in determining schools

that were appropriate for the study:

Type of building and directional orientation on site. In arder

to select classrooms that were typical of classrooms to be found in the
geographical area, it was necessary to make an attempt to select
buildings that utilized exterior building materials common to the area.
These materials included masonry and various curtain wall materials.
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Frame buildings were common at one time but usually are not constructed
in modern building programs. One frame building was selected, however,
because other criteria were met. Although most modern school buildings
are single story structures, some mltistoried buildings are built on
sites that lend themselves to such construction. An attempt was made to
find one such structure.

Extensive discussion has been given to the effect of glass on the
clagsroom thermal environment. Selection of classrooms containing
varied amounts of glass was considered necessary in obtaining a cross
section of buildings. Directional orientation of the building was felt
to be the factor that contributed most to the effect of window glass
upon thermal environment, so it was felt necessary to select classrooms
facing north, south, east, and west.

Finally, in order that no phase of the building or its equipment
might have an adverse effect on the classroom themal environment be-
cause of the age of the building or equipment, effort was made to select
only buildings or portions of buildings that had been completed ten
years or less. Using such selectiveness, perhaps buildings containing

the worst thermal condi tions were avoided.

Type of heating and ventilating system. One of the most im-

portant guidelines used in selecting schools was the type of heating
and ventilating system used, with more attention given to the method of
heating. Schools were selected that contained the following systems of
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heating: radiation, unit ventilators, central direct-fired air systems,

floor panel, and electric heating.

Proximity to the University of Tennessee. After the criteria had

been identified, an immediate observation was that several large and
rather expensive instruments that required time-consuming installation
were necessary to measure adequately the various aspects of the themmal
environment. Because of this fact, selection of schools amd classrooms
was limited to those found within a radius of one hundred miles from the

University of Tennessee.

Organmization of school. Due to the different thermal require-

ments of different age groups as expressed in literature, the need to
discover thermal conditions experienced by children of various ages was
felt to be important. An attempt was made to include classrooms that

housed children of representative public school age groups.

Size of school and classrooms. In order to have a choice of

classrooms possessing various window orientations and housing different
age groups, the investigator felt that each school should contain a
minimum of eight classrooms, that is, at least a room for each grade
level provided the organization of the school was 1-8. No maximm size
was established. No specific size was set for the classrooms with the
exception that the classroom must have been a room originally built to

serve as a classroom.
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Willingness of school perscnnel to co-operate with the project.

Without the complete assistance of school administrators, teachers,
children, and building custodians, a project of such proportions would
be impossible. Collection of the thermal data entailed the placement of
several instruments in various critical areas of the room that were
often within the range of classroom activity. The method of collecting
data also required the presence of the investigator within the class-
room for a period of one dgy.

Since the heating system utilized in the classroom plays such an
important role in determining thermal environment, the investigator made
an initial survey to determine the most predominant system utilized in
schools within a radius of one hundred miles from the University of
Tennessee. This survey showed that unit ventilators and some form of
radiation heating, usually convectors, shared equally in popularity in
schools in this area. The survey showed that occasionally floor panels,
some form of electric heat, or central forced air systems were used.
Using this knowledge, a decision to collect thermal data in nine schools
was made. These schools would include three that utilized unit venti-
lators, three that utilized radiation, and one each that utilized hot
water floar panels, electric baseboards, and a central direct-fired air
system. The therml awironment was to be studied for one dagy in each
of three rooms in every school, two rooms with opposite window orienta-
tions and a corner room, for a total of twenty-seven rooms in twenty-

seven days.
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The investigator then approached a group of architects, engineers,
and heating equipment persannel with an invitation for them to submit a
list of schools using the five methods of heating, and meeting the other
criteria with the exception of willingness of school personnel to co-
operate with the project. This group was asked to submit mly schools
in which they considered the particular heating system in use to be
doing the best job that the equipment was capable of doing under the
specific conditions present.

The 1list of schools contained schools in seven different school
systems. As a first step in selecting schools, the investigator secured
the permission of the various school superintendents to investigate the
themmal environment in schools on the original list within their system.
The superintendents also were requested to recammend the schools in
which the personnel might be more receptive to the project.

After obtaining approval of the superintendents, the investigator
selected a 1list of nine schools that contained the five required types
of heating systems with at least one school being located in each of the
seven school systeme. The schools were then visited and the- project was
explained to the building principals. The first nine principals con-
tacted agreed to co-operate and twenty-seven of the first twenty-eight
teachers contacted pledged co-operation to the project. One of the nine
original buildings selected did not offer the desired window orienta-

tions, so an alternate building was selected in the same system.
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C. IESCRIPTION OF SCHOOLS AND CLASSROOMS

Of the nine schools selected, one was organized on a K-6 basis,
three on a 1-6 basis, four on a 1-8 basis, and one on a 7-9 basis.
Although a senior high school was desired, none was included in the
study.

The following discussion more fully describes what is condensed
in Tables VI and VII, pages 124-128, conceming the selected schools.

School 4

School A, a small town elementary school, grades 1-8, in a county
school system had an enrollment of 657. The portion of the btuilding in-
cluded in the study was constructed in 1959 and was of a single story
design. The complete building contained twenty classrooms and other
educational facilities. The new section of the tuilding used in the
study was constructed with a curtain wall exterior with no roof overhang.
Floors were concrete slab on grade. ;

The ventilation system, as shown in Table VI, was mechanical and
heating was by unit ventilators, that is, both heating and ventilating
was by unit ventilators. The particular system utilized in School A was
a hot water system employing unit ventilators located in the center o:f
the rooms for heating or ventilating as required. The unit ventiletors
had their own fresh air intake through the wall discharging air from the
central unit while at the same time drawing off the falling columm of
cold air from window glass into grilles located on top of book shelves

extending along the entire window walls for the purpose of combatting
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TABLE VI
DESCRIPTIVE DATA OF SEIECTED SCHOOLS
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DESCRIPTIVE DATA OF SELECTED CLASSROOMS
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downdraft. Electric controls with unit mounted thermostats and sampling
chamber controlled on ASHRAE Cycle Y. Further comtrol was provided by
an electronic reset that varied the discharge water temperature with the
outside temperature.

The control cycle used a modulating face and bypass damper and
modulating return air-fresh air mixing dampers set to glve a minimm of
25 per cent outside air and controlled by an additional thermostat which
limited the discharge air stream to a minimum of SS°F.

Classroom A-l. Table VII, pages 125-128, contains a summary of

descriptive data relating to the different classrooms visited. Since
each classroom is discussed, a reference is not made to the table at
each discussion.

Classroom A=l was visited by the investigator on February 7,
1961. Outside weather on that day was cloudy and rainy. Classroom A-l
was a fourth-grade classroom with thirty-five occupants for the entire
day. The classroom contained 900 square feet of floor space with 65
square feet of window space. The windoss were oriented toward the west
with an outside wall facing the south. The height of the ceiling was 9
feet with the room lighted by 960 watts of white fluorescent lights.

Classroom A-2. Classroom A-2 was visited on February 8, 1961, a

cloudy day. Thirty-three fifth grade pupils and adult occupants were
present. Classroom windows had an orientation toward the east. All
other physical features of the room were the same as those found in

Classroom A-l.
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Classroom A-3. Classroom A-3 was visited on February 9, 1961,

another cloudy day with the sun finally shining at 2 p.m. Classroom A-3
was a secaond grade classroom with twenty-nine occupants present. The
windows were oriented toward the west. Other physical features of the

room were the same as those found in classrooms A-l1l and A-2.

School B

School B, another school arganized on a 1-8 basis, was a rural
school located in a small county system. The enrollment of the school
at the time of the study was five hundred. The portion of the building
included in the study was constructed in 1960 and was of a single story
design. The complete building contained twenty classrooms and other
educational facilities. The building was cmstructed with a masonry
exterior and a roof overhang of three feet, including guttering. Floors
were concrete slab-on-grade. Ventilation was by windows with heating
within the classrooms effected by convectors. The heating medium was
steam supplied by a stoker-fed boiler producing eight pounds of pressure.
Control over the heat was furnished by suspending boiler operation ar by

use of a hand valve located in the classroom.

Classroom B-l. Classroom B-1l, a fifth grade classroom, was

visited by the investigator on February 16, 1961, the first clear dgy of
the study. Twenty-eight occupants were presenmt. The classroom con-
tained 716 square feet of floor space with 147 square feet of window
area, over twice as much as that found in School A. The windows were



131
oriented toward the northeast. The height of the ceiling was 10 feet

with the room lighted by 3,500 watts of frosted incandescent lights.

Classroom B-2. Classroom B-2, ancther fifth grade classroom, was

visited by the investigator on February 17, 1961, a partly cloudy day.
Twenty-nine occupants were present. Classroom windows were oriented
toward the southwest. The room was lighted by 3,L00 watts of frosted
incandescent lights with other physical features the same as those found

in Classroom B-1.

Classroom B-3. Classroom B-3, a fourth grade classroom, was

visited on February 20, 1961, a cloudy and rainy day. Twenty-three
occupants were presemt. Classroom windows were oriented toward the
southwest with an outside wall facing the northwest. All other physical

features of the building were the same as those found in Classroom B-l.

Schoal €

School C, a city elementary school, grades K-6, administered by a
city school system had an enrollment of 430. This building, constructed
in 1943, was the only building included in the study more than ten years
of age. The building was also the only building with freame walls and
floors. The building was of a single story design and contained twenty
classrooms and other educatimnal facilities.

The bu:f.lding actually was selected because the heating and venti-
lating system was a new one installed to replace cast-iron radiators.

The system was a low pressure steam system employing unit ventilators
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for heating or ventilation as required. The room unit was a free
standing floor mounted unit ventilator having its own fresh air intake
through the wall discharging air from the central unit as well as from
lateral extensions on one or both sides. Pneumatic controls installed
with remote room thermostats controlled on ASHRAE Cycle Y. Some units
of the previous cast-iron radiation, ore per room, were left installed
with a mamal valve for emergency service.

The control cycle used a modilating steam valve, modulating re-
twrn air-fresh air mixing dampers set to give a minimum of 33-1/3 per
cent outside air and limited by an additional thermostat which admit ted

steam to maintain a minimum supply air of 60°F.

Classroom C-1. Classroom C-1, a fifth grade classroom, was

visited on February 22, 1961, a rainy day. School C was departmen-
talized in its instructional program to a certain extent, so varying
numbers of pupils were prese'rrb at various periods of the day. An
average of twenty-eight occupants was present for the day. The class-
room contained 880 square feet of floar space and 16k square'feet of
window area. The windows were oriented toward the northeast. Ceiling
height was 11 feet, 9 inches with light supplied by 1,2L0 watts of cool
white fluorescent lights. The unit ventilator was located about mid-

point between the center and corner of the room.

Classroam C-2. Classroom C-2, ancther fifth grade classroom, was

visited on February 23, 1961, a clear day. An average of twenty-eight

occupants was present., Classroom windoss were oriented toward the
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southwest. Iight was furnished by 1,L00 watts of cool white fluorescent
lights with other physical factors the same as those found in Classroom

Cc-1.

Classroom C-3. A sixth grade class was housed in Classroam C-3,

the classroom visited on February 2L, 1961. The day was sunny to
cloudy. An average of thirty-one was present throughout the day.
Classroom windows were oriented toward the southwest with the classroom
situated so that one wall was an outside wall facing northwest. All

other features of the room were the same as those found in Classroom C-2,

School D

School D, a small city elementary school, grades 1-6, located in
a small city school system had an enrollment of two lmerdred pupils. The
single story building was constructed in 1960. The tuilding contained
elght classrooms and administrative and cafeteria facilities. The ex-
terior walls were constructed from masonry with a roof overhang of two
feet, ten inches. Floars were concrete slab-on-grade.

Although some ventilation was obtained occasionally through open
windows, the school was designed to be heated and ventilated by a
central direct fired air system. A mixture of outdoor and return air
was taken through a fan and filter and discharged in el ther of two
paths, over the surfaces of the gas fired industrial heater or through a
bypass arcund the heater, with mixdng, at the outlet of the heater to
cantrol the temperature of the air supplied to the rooms. One supply
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duct extended from the heater to each of the two soned classroom areas,
four rooms and anxiliary areas being served by each zone.

The system operated with a fixed, although manually variable,
outdoor air quantity of 25 per cent, the balance of the air being ob-
tained by returning it from the spaces heated. The air was released
into the classrooms by two wall grilles located ten feet high on the
corridor-room wall opposite the outside windows. No positive heat
sowrce was directed toward the windows. Provision for return air was
afforded by door grilles (although the doors usually were left open) so
that the return air might return down the corridor to the return gri.lle
and back to the unit. Such a procedure is forbidden by law in some
states because of the smoke hazard in case of a fire.

EBach of the two room zones and the cafeteria zone were controlled
by a zone thermostat which positioned a face and bypass damper motor to
maintain the required space temperature. The antomatic controls were

pneunatic.

Classroom D-1. The imvestigator visited Classroom D-1 on

February 27, 1961, a sunny to cloudy day. Twenty-nine occupants were
present for most of the day. The classroom contained 758 square feet of
floor space and 118 square feet of window area. Orientation of windows
was toward the north. The height of the ceiling was 11 feet, 5 inches
with light furnished by 3,500 watts of frosted incandescent lights. The
thermostat for the particular zone affecting Room D-1 was located in the

room at the end of the corridor, D-3, three doors awgy.
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Classroom D-2. Classroom D-2 was visited the following day,

February 28, 1961, a cloudy and rainy to partly cloudy day. Twenty-
three occupants were present in the fourth grade classroom. The windows
were oriented toward the south and the room was lighted by L,000 watts
of frosted incandescent lights. The thermostat controlling the tempera-
ture was located two doors down the corrodor. Other features of the

room were the same as those found in Classroom D-l.

" Classroom D-3. Collection of therml data in Classroom D-3 was

conducted an March 1, 1961, a cloudy and rainy day. Eighteen occupants
were bresent in the classroom, a special education room. The room was
slightly larger than the other two, containing a floor area of 816
square feet. Window orientation was toward the north with ane outside
wall facing east. The thermostat for ane zone of four rooms and auxil-
iary spaces was located on the wall of the room. All other physical

features were the same as those in Classroom D-2.

School E
School E, a suburban, county operated elementary school, grades
1-8, had an enrollment of 760 pupils. The single story building was
constructed in 1959 and consisted of twenty-five classrooms and auxil-
iary spaces. The exterior walls were constructed from masonry and the
roof of the double-loaded corridors sloped downward from the windows of
each side to the corridor. The roof overhang was appraximately three

feet. Floors were uncovered concrete slab-on-grade.
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Rooms were heated by electric baseboards placed undermeath the
window wall and controlled by remote, wall mounted room thermostats.
Ventilation was by open windows with air escaping by an opening into the
unheated corridor running continuously along the corridor wall at

ceiling level.

Classroom F-1l. Thermal data pertaining to Classroom E-l1l were

collected on March 2, 1961, a clear and warmm day. Twenty-seven occu-
pants were present for most of the day. Floor area was 816 square feet,
vwhile the window area was 167 square feet. Orientatim of windows was
toward the north. Ceiling height varied from ten feet, ten inches at
the window to nine feet, six inches at the corridor wail. Three
thousand watts of clear incandescent lights with globes lighted the

roaom.

Classroom E-2. The investigator obtained thermal data in Class-

room E-2 on March 3, 1961, another clear and warm dsy that became partly
overcast for a short period beginning about 11 a.m. Like Classroom E-1,
E-2 was a fifth grade classroom. Twenty-nine occupants were present.

The window wall of the room faced south with the other physical features

of the room being similar to those in Classroom E-2.

Classroom E-3. The investigator visited Classroom E-3 on March 6,

1961, a day presenting all of the various types of weather conditions
indicated in Table VII, pages 125-128., A ft.;nurth grade class was con-
ducted in Classroom E-3 with thirty-one occupants present. The window
wall faced south with an outside wall facing west. An auxiliary
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baseboard heater extended the length of the outside wall within the
classroom. Other physical features were similar to those found in the

other two classrooms.

School F

School F, another suburban, county operated elementary school,
grades 1-8, had an enrollment of 715 pupils. The single story building
was constructed in 1958 and expanded in 1960. Classrooms in both sec-
tions of the building were utilized in the study. The entire building
consisted of twenty-seven classrooms and auxiliary spaces. The exterior
walls were constructed from a combination of masonry and cartain wall.
The roof overhang was approximately five feet with the roof sloping
downward from the corridor to the window, an opposite design from that
found in School E.

Ventilation in School F was by open windows with heat supplied by
hot water floor panels embedded in the concrete floor. Hot water was
supplied by a combination gas-o0il fired boiler. The building was divided
into seven control zones with seven wall mounted electric thermostats
sensing the room temperature and controlling the supply of hot water.

An electronic reset also varied the di scharge water temperature with the
outside temperature. In addition to air exhanst by windows, air escaped
into the unheated corridors through an opening of six inches between the
corridor wall and the ceiling on room F-1 and an opening of two feet,
three inches between the corridor wall and the ceiling in rooms F-2 and
F-3.
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Classroom F-1l. Thermal data were obtained for Classroom F-1 on

March 7, 1961, a cloudy and rainy day. An average of thirty-four sixth,
seventh, and eighth grade students were in the departmentalized science
room throughout the day. Floor area of the room was 773 square feet
with a window area of the room of 212 square feet. Orientation of the
room was toward the south with an outside wall facing east. The ceiling
sloped from eleven feet, four inches at the corridor wall to ten feet,
six inches at the window. Artificial light was furnished by three
thousand watts of clear incandescent lights with globes. The thermostat

was located on the wall of the room three doors down the corridor.

Classroom F-2. Partly cloudy to sunny weather influenced the

thermal environment of Classroom F-2 on March 8, 1961, the date of the
visit to that room. Classroom F-2 was a fifth grade classroom with
btwenty-seven occupants present for the day. The window wall of the room
faced south. The thermostat was located on the wall of the next door

room with other physical features of the room being the same as those

found in Classroom F-1.

Classroom F-3. An abrupt change of weather was evidenced by the

only snow encountered during the project on March 9, 1961. Twenty-five
occupant s were present in room F-3, the fifth grade classroom visited on
that day. The window wall of the classroom was positioned on the north
side of the uilding. The wall thermostat was located two rooms down
the corridor with other factors similar to those encountered in the

other two rooms.
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Schodl G

School G, a city elementary school, grades 1-6, located within a
large city school system had an enrollment of 426 pupils. The structure
was a two-story structure built in 1957 to take advantage of the sloping
site. The three classrooms selected were located on the first floor.
The entire building cmsisted of twenty-one classrooms and auxiliary
spaces. Exterior materials included face brick and aluminum curtain
walls with porcelain enamel panels. The roof overhang was four feet and
nine inches.

Heating was effected by a gas-0il fired steam boiler supplying
steam to room convectors. Flow of steam into the comvectors was con-
trolled by individual wall-mounted electric thermostats located in each

classroom. Ventilation was by open windows.

Classroom G-l. The thermal investigation was conducted on

March 17, 1961, in Classroom G-1l. The day was clear and thirty-five
occupants were present in the classroom, a sixth grade room. Both
floor area and window area were large with a floor area of 96L square
feet and a window area of 255 square feet. The room was a corner room
with the window wall oriented toward the north and the outside wall
facing west. Ceiling height was ten feet with light furnished by 1,920

watts of warm white fluorescent lights.

Classroom G-2. Thermal data for Classroom G-2, a combination

fifth and sixth grade class, were gathered on March 20, 1961, a clear to
partly cloudy day. Twenty-three occupants were present. The windows of
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the classroom faced south with other physical factors similar to those

found in Classroom G-1.

Classroom G-3. The final day of thermal investigation in School

G was March 21, 1961, a cloudy and rainy day. Room G-3, the fourth
grade room investigated on that day, had thirty-three occupants present
for the day. The window wall had a northern orientation and other
physical factors were similar to those found in the other two rooms.

School H

School H, a city Jjunior high school, grades 7-9, was located
within the same large city school district as school G. The enrollment
was 530. The two-story building was constructed in 1959 and consisted
of seventeen classrooms and other auxiliary spaces. Exterior construc-
tion was masonry with small visual strips utilized instead of large
windows.

Heating and ventilation were by unit ventilators. The particular
system utilized in School H was a hot water system employing unit venti-
lators for heating or cooling as required. The units used in School H
were year-round units with no provision for chilled water to provide
summer cooling having been made at the time of the study. The unit
ventilators had their own fresh air intale through the wall discharging
air from the central unit toward the ceiling. No specific provision was
made for combatting downdrafts. Pneumatic controls installed with re-
mote room thermostats controlled on ASHRAE Cycle Y. Further control was
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provided by a water temperature reset schedule that varied the discharge
water temperature with the outside temperature.

In cold weather room air was circulated through the heating ele-
ment for rapid warm-up. As the room approached the desired temperature,
the units were designed so that the outdoor air damper would open to
admit 33-1/3 per cent outside air for ventilation purposes. The rocm
thermostat positioned the bypass dampers to vary the quantity of air
passing through the heating element for precise control of discharge air
temperature in accordance with the heating or natural cooling require-
ments. On further rise in room temperature, the outdoor air damper
opened to take more than 33-1/3 per cent outdoor air, if needed, tut the
air stream thermostat prevented the discharge of less than 60°F. by re-
versing the movement of the outdoor air damper, and if necessary,

opening the precooler damper for partial preheat.

Classroom H-l. Investigation of the thermal environment in

Classroom H-1 was conducted on March 22, 1961. Classroom H-1 was used
for ninth grade English, eighth grade histary, and seventh grade
geography with an average of thirty-five being present throughout the
day. The dgy was cloudy to sunny. The floor area was 750 square feet
with only LS square feet of window space » the windows oriented toward
the north. Room H-1 was a ground floor room with a ceiling height of
nine feet. The warm white fluorescent bulbs furnished 1,440 watts of

light.
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Clagsroom H-2, Ninth grade algebra, arithmetic, Spanish and

BEnglish were conducted in classroom H-2 on March 23, 1961, the date of
the thermal investigation in that room. An average of thirty-five
pupils was maintained for the day, a cloudy to partly cloudy day. The
floor area was 963 square feet and the window area was 55 square feet.
The room was located on the first floor with the windows facing north-
west and the outside wall facing southwest. The warm white fluorescent
bulbs provided 2,160 watts of artificial light. Ceiling height was the

same as in Classroom H-1l, nine feet.

Classroom H-3. An average of twenty-one pupils was present in

Classroom H-3 on March 2L, 1961, a cloudy day. The room was used as an
eighth and ninth grade science classroom. Floor area was 1,068 square
feet and the area of the visual strips was 80 square feet. The first
floor room provided a southwest window orientation and 2,400 watts of

warm white fluorescent lights.

School I

School I, a suburban, county operated elementary school, grades
1-6, had an enrollment of L67. The single story brick building was con-
structed in 1952 and consisted of eighteen roams and additional auxil-
iary educational facilities. The roof was not projected into an over-
hang but terminated at the edge of the building. Floors were concrete
slab-m-grade.

Classroam heating was produced by room convectors with hot water

used as the medium. One electric thermostat for the entire building was
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located in the principal's office with individual hand valves located in

each classroom. Ventilation was by open windows.

Classroom I-1. Investigation of the thermal environment by the

investigator was conducted on March 27, 1961, a cloudy and rainy to
partly cloudy day. The class was composed of sixth graders with twenty-
nine occupants present on the day of the imvestigation. Area of the
floor was 911 square feet and window area was 260 square feet. Windows
were oriented toward the north with an east corner wall on one side of
the room. Ceiling height was 11 feet with 2,100 watts of clear incan-

descent lights with globes illuminating the room.

Classroom I-2. Classroom I-2 was visited by the investigator on

March 28, 1961, a cloudy and rainy dsy. Twenty-nine were present in the
second grade classroom. Floor area was 75L square feet with the area of
the eastern oriented windows 260 square feet. Wattage of the incan-
descent lights was 1,800 watts with other physical factors being the

same as those found in Classroom I-1l.

Classroom I-3. March 29, 1961, marked the final day of the

investigation. Other than the presence of clear weather, and the fact
that the windows of Classroam I-3 faced west, all other physical factors

were similar to those found in Classroom I-2.



D. DESCRIPTION AND USE OF THERMAL INSTRUMENTS
UTILIZED IN THE STUDY

In order to obtain any thermal data relative to the identified
criteria, it was necessary for the investigator to use several instru-
ments that were known to be highly accurate in measuring the phenomena
of air temperature, mean radiant temperature, relative humidity, and air
movement. The instruments used are identified under the phenomenon

measured.

Air Temperature

Measurement of air temperature was indeed the most important
single thermal element measured because the measurement of air tempera-
ture was needed either directly or indirectly for the application of all
five criteria. The following instruments were utilized for collection

of data in this study:

Palmer mercurial the mometer. Two Palmer mercurial thermometers

with a range of 200-120°F. were used throughout the study as calibration

instruments.

Wheelco twelve-point thermocouple recorder. A thermocouple is an

electrical device used for measuring differences in temperature. When
two wires made of dissimilar metals such as copper and iron are joined
by soldering, welding, or merely by twisting, a thermocouple or thermo-
junction is formed. An electromotive force, which depends upon the

temperature of the Jjunction is found to exist between the two wires. A
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thermocouple junction is formed by joining the wires at two points. If
one junction is kept at a temperature different from the other, an
electric current flows through the circuit due to the difference in
electromotive force developed by the two junctions. In the potentiom-
eter, an instrument for measuring or comparing electromotive forces, the
electromotive force generated by the thermocouples is balanced against
an electromotive force from the battery so that observations are made
with no flow of current through the thermocouple circuit.

The Series 8000 Recorder used in the study was a continuous mll
balance type d-c potentiometer. The recorder was capable of recording
thermocouple readings from 0° to 200°F. with the recorder calibrated at
the factory to an accuracy of one-fourth of 1 per cent. The recarder
printed the thermocouple readings in mlticolor in a cycle of one
reading per five seconds or all twelve points within a mimute. The
chart speed was twenty inches per hour.

To insure maximum accuracy of the thermocouple readings, the
investigator calibrated the recarder twice daily with a Palmer mercurial
thermometer. This was accomplished by adjusting the set screw in the
micro-adjust block that held the point wheel to the shaft.

Bristol's Thermo-Humidigraph. The Thermo-Humidigraph was an in-

strument used to record continuously tempei'ature and humidity on a 2i-
hour chart. The instrument was equipped with an electric fan, thus
drawing air over the sensitive coil from throughout the room. The range
of temperatures that the instrument was capable of recording was 0°-
100°F. with the range of relative lmidity from O to 100 per cent.
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Short and Mason Hygro-Thermograph. The Hygro-Thermograph served

the same purpose as the Thermo-Humidigraph except that the chart for the
Short and Mason product operated on a seven-day rotating drum with the

chart divided in 2-degree divisions. The relative humidity element was
composed of composite strands of specifically treated hair. The temper-

ature was measured by a bi-metal coil.

Bacharach tempscribe temperature recorders. The Bacharach

tempscribe recorder was an instrument that continuously printed air
temperature for a seven-day period over a range of -30° to 120°F. The
last three mentioned instruments are all easily calibrated with a

mercurial thermometer.

Mean Radiant Temperature

Measurement of the mean radiant temperature was necessary in ob-
taining data relative to Criterion 2. The instrument used was a home-

made instrument that was developed by Vemon in England.

Globe thermometer. The globe thermometer normally consists of a

hollow copper sphere, six inches in diameter, coated with flat black
paint and having a thermometer or thermocouple at its center.
Herringtonl pointed out that the diameter of the sphere was not critical
within a range of several inches and recommended the use of a copper
float sold for toilet tank use. The investigator made two such instru-

ments from ordinary toilet floats, painted them flat black, inserted a

]'L. P. Herrington, "Effect of Thermal Environment on Human
Action," American School and University, XXIV (1952-53), 37L.
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Palmer mercurial thermometer, range 20°-120°F., in each of two corks,
and placed the corks in a small hole that had been cut into one end of
each float.

In order to determine the mean radiant temperature from a globe
reading, the air temperature and air velocity around the globe must also
be determined. Once all three factors are determined, the charts found
in Figures 78 and 79 in Appendix B, pages 306 and 307, can be used to
estimate radiation of the surroundings.

In determining the mean radiant temperature from Figures 78 and
79, a line is drawn from the appropriate point on Scale A, through the
point on Scale B which corresponds with the air velocity, and it is
produced to cut Scale C. From the point of intersection on Scale C,
another line is drawn to the point in Scale D which represents the
observed globe thermometer temperature, and the point at which this line

cuts Scale E indicates the mean radiant temperature.

Relative Humidity

Measurement of the relative humidity was essential to the appli-
cation of Criterion 3. The following instrument was the one used to

measure relative humidity throughout the study:

Sling psychrometer. Normally, any instrument used to measure the

humidity of the air is called a hygrometer. A psychrometer is a partic-
ular kind of hygrometer consisting of two mercury thermometers, one of
which has a cloth wick applied to its bulb. In the sling psychrometer,

the two thermometers are mounted side by side on a frame fitted with a
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handle by which the device can be whirled through the air after the
cloth wick is wetted. The whirling motion is arrested for reading the
thermometers and continued until the thermometer readings become steady.
Due to evaporation of the moisture in the wick, the wet-bulb thermometer
will indicate a lower temperature than the dry-bulb thermometer. The
difference between the two is known as the wet-bulb depression. Charts
and tables (not included in this study) are available for the purpose of
determining relative humidity from the dry-bulb and wet-bulb readings.2

The particular sling psychrometer used in this study contained

two Taylor Etched-Stem mercury thermometers with a range of 20°-120°F.

Air Movement

Air movement plays an essential role in determining thermal
comfort and measurement of air movement was essential in applying
Criterion 2 and helpful in Criterion 5. The following instrument was

used to measure air movement during the study:

Kata thermometer. The Kata thermometer used in the study was an

alcohol thermometer with a very large bulb and the scale divisions 95°-
100°F. etched on its stem. In use, the thermometer was heated in a

bottle warmer until the alcohol had risen above the 1009F. calibration
on the stem. It was then dried with a cloth and held in the spot where

2American Society of Heating and Air-Conditioning Engineers,
Inc., Heating Ventilating Air Conditioning Guide 1959 (New York:
Amxé'ican Society of ﬁeaéng and Air-Conditioning Engineers, Inc., 1959),
p. 633.
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the air velocity was to be measured. The mumber of seconds necessary
for the temperature to drop from 100° to 95°F. was recorded with a stop
watch. From the cooling time in seconds and the calibration factor 452
inscribed on the thermometer, the air velocity was determined from the
chart pictured in Figure 80, Appendix B, page 308.

Figure 1 shows the elevation and plan of a typical classroom and
the location within that room of the instruments described above that
were used to collect the thermal data. Figure 2 shows a schematic
diagram of the same typical classroom with locations of the measuring
instruments designated.

For convenience in tabulating some of the data, all classrooms
were divided into five imaginary zones. Zone I extended the entire
length of the wall opposite the outside window and from the wall for a
distance equal to acne-third the width of the room as illustrated in
Figure 1. Zone IT included an area in the middle third of the room
going away from the window on the right side and running parallel to the
window for a distance of one-third of the length of the room. Zone III
included an area in the middle third of the room going away from the
window on the left side and running parallel to the window for a dis-
tance of one-third of the length of the room. Zone IV was located
between Zones II and III and comprised one-ninth of the total floor
space as did Zones II and III. Zone V included the third of the room
next to the window wall.

The themocouple recorder was always placed in operating position

. and tested on the afternoon or night before a particular room was to be
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Figure 1. Elsvation and plan of typical classroom showing
locations of thermal measurement instruments.



Figure 2. Schematic of typical classroom showing locations
of thermal measurement instruments.
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visited, an operation that required two or more hours. Locations of the
thermocouple points are as follows: position 1, four and one-half feet
from the corridor wall of the room at a spot perpendicular to the center
of the length of the wall in Zone I (The position was located at the
thirty-inch level.); position 2, within Zone II at a point equidistant
between the center of the room and the end of the room at a height of
thirty inches; position 3, within Zone III at a point equidistant be-
tween the center of the room and the end of the room at a height of
thirty inches; position L, within Zone IV at the center of the room six
inches from the ceiling but designated as a mean figure of one hundred .
twenty inches in order that the same figure for each room might be used;
position 5, directly below position L, sixty inches above the floor;
position 6, directly below position 5, thirty inches above the floor;
position 7, directly below position 6 six inches above the floor; posi-
tion 8, about one inch above or in front of the heating unit used in the
classroom; position 9, taped to the window at a height of approximately
one-half the height of the window; position 10, just outside the class-
room window with the window securely fastened; position 11, four and
one-half feet from the window at a spot perpendicular to the center of
the length of the window wall in Zone V, six inches from the floor; and
positioh 12, directly above position 11, thirty inches above the floor.
These arrangements can be seen from three different vantage points in
Figures 1 and 2. The reader must keep in mind that the temperature of

each position was recorded automatically once a minute.
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Figures 1 and 2, pages 150 and 151, also show the permanent loca-
tion of each of the two globe thermometers. One globe was located in
Zone I at the identical thirty-inch position as thermocouple position 1
and the other globe was located in Zone V at the identical thirty-inch
position as thermocouple position 12, Globe thermcmeters were read and
recorded once each hour along with the corresponding thermocouple
reading for future mean radiant temperature calculations.

Air movement readings were taken with the Kata thermometer at
each of the four locations shown in Figures 1 and 2 once each hour un-
less same emergency detained the investigator. The locations utilized
to measure air movement are as follows: (1) four and one-half feet from
the corridor wall of the room at a spot perpendicular to the center of
the length of the wall in Zone I, five feet above the floor; (2) direct-
1y below the first location, six inches above the floor; (3) four and
one-half feet from the window at a spot perpendicular to the cemter of
the length of the window wall in Zone V, five feet above the floor; and
(L) directly below the third location, six inches above the floor.

o Not shown in Figures 1 and 2, pages 150 and 151, is the location
of the sling psychrometer reading. Once each hour the investigator re-
corded the outdoor relative humidity and the relative humidity of the
inside working area, that is, beneath the height of five feet.

A phenomenon not previously mentioned in this discussion, but one
that directly applied to Criterion L is unpleasant odors. No scientific
instrument was obtained to measure classroom odors. After failing in an

attempt to obtain some type of odar detecting instrument, the
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investigatar attempted to secure the services of a jury to check the
odor in each classroom. This attempt also failed because of the
scattered locations of the selected schools. In arder to present some
evidence of this thermal factor, the investigator subjectively measured
the intensity of odors within the classroom immediately after returning
from his outdoor measurement of the relative humidity. For this purpose
the Sensory Scale developed by ASHRAE for tobacco-smoke evaluations was
used. The scale is as follows:

0 - Imperceptible odor, or irritation.
1l - Perceptible odor, or irritation, but not objectionable.
2 - Moderate odor, or irritation, little or no objection,
acceptable level.
3 - Objectionable odor, or irritation; condition regarded
with disfavor.
L - Strong odor, or irritation, but endurable.
S - Very strong odor, or irritation, intolerable.3
The Bristol Thermo-Humidigraph was placed in each room on the
afternoon or evening before the data were to be collected in that
particular room and pemitted to operate for twenty-four hours, or until
the next afternoon. The data obtained from these charts were used pri-
marily to strengthen the data obtained from the the rmocouples and sling
psychrometer.
The two Bacharach tempscribe temperature recorders and the Short
and Mason Hygro-Humidigraph were each placed in one of the three class-

rooms used in each school and left for the entire period of three days.

BW. F. Kerka and C. M. Humphreys, "Temperature and Humidity
Effect on Odor Perception," American Society of Heating and Air-
Conditionigg Engineers Transactions, Vol, 62 (New York: American
Society of Heating and Air-Conditioning Engineers), p. 53L.
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The readings from these instruments also were used to strengthen data
obtained from the thermocouple and sling psychrometer. The readings of
the two days in which the complete thermal check was not made were used
in a particular room in order to locate any drastic changes in the ther-
mal enviromnment of a room from one day to another.

Occasionally the writer checked air movement within the classroom
with the use of a titanium tetrachloride smoke gun. Use of the gun was
very distracting to the regular classwork of the pupils, however, and
use of the gun was kept to a minimm.

Several of the readings that have been discussed were recorded
automatically on charts. Many other readings and observations required
manual recording by the investigator, quite often on an hourly basis.
The two data sheets included in Appendix A were used by the investigator
to record readings, observations, and other pertinent facts related to

the thermal environment of the school or selected classrooms.

E. SUMMARY

Chapter V has listed criteria for the selection of schools and
classrooms, described the nine schools and twenty-seven classrooms
selected, and discussed the various instruments used in collecting
thermal data. The exact location of each of the thermal instruments in
the data collecting process was disclosed.

The following chapter presents the analyses of the data obtained
from the thermal study in light of the criteria identified in Chapter IV.



CHAPTER VI

ANALYSES OF AIR TEMPERATURE AND MEAN RADIANT
TEMPERATURE DATA

A. INTRODUCTION

The purpose of Chapter VI is to present the data relating to air
temperature and mean radiant temperature in a meaningful way in textual,
tabular, and graphic forms after it has been classified and condensed,
and to analyze the data as related to the criteria. Although references
will be made to physical factors that have affected the thermal environ-
ment in certain instances, data are basically presented in terms of
their relationship to the first two criteria.

Because of the large quantity of numerical data obtained, the
arithmetic mean often was used to describe the mass of data in terms of
a central tendency. Since one of the disadvantages of the mean is that
its value mgy be greatly distorted by extreme values and therefare it
may not be typical, the range and standard deviation, statistics often
used to determine dispersion, also were utilized. These data, sometimes
reduced to mean figures, are presented in figures and tables in this
chapter. Analysis of data pertaining to each criterion is by inspection
from the tables and figures.

In order to aid the reader, the investigator has applied four
terms in describing to what extent classroom thermal canditions met

specific criteria. The terms are: completely, adequately,



157
inadequately, and not at all. The term "completely" implies that every
phase of the criterion was met as stated. The term "adequately" was
used to describe the relationship of thermal conditions to a criterion
in situations where the criterion was not completely met, but enough of
the components of the criterion were met to produce satisfactory
results. "Inadequately" was used in situations where some phase of the
criterion was met but not to the extent that thermal conditims were
favorable. The term, "not at all," implies that no segment of the
criterion was met to any degree. The investigator was able to utilize
this procedure better with some data than with others.

Because of the varying factors that make each classroom an entity
within itself in regard to thermal conditions, thermal data are pre-

sented in terms of each classroom.

B. ANALYSIS OF THERMAL DATA PERTAINING
TO AIR TEMPERATURE

Criterion 1. The provision and control of a relatively narrow

range of air temperature conditions which is commsnsurate with varia-

tions in air velocity, humidity, radiant effects, age, basic metabolism,

human heat production as a result of work, and clothing are important

factors in providing an adequate thermal environment. An optimum air

temperature for most classroom activity can be found within the range of

T09F. to 75%. An air temperature slightly below 70°F. is needed for

more strenuous activities such as physical education. For the optimum
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desired temperature for any activity, this temperature should not vary

more than *2 degrees.

Most of the themal data relating to air temperature were ob-
tained through use of the thermocouple recorder. Thermocouple record-
ings yielded approximately 140,000 air temperature readings. Because of
the great volume of readings, the decision was made to utilize a system-
atic random sampling of one out of ten of the original temperature
readings. The numbers zero through nine were each written on a piece of
paper and one was drawn from a hat to determine which recarding from a
ten-ninute sequence would be used for analysis purposes. The number
zero was drawn, so all readings beginning at the first recorded time
ending in zero and continuing at ten-mimute intervals until the end of
the school dgy were used.

A complete listing of all sample thermocouple readings for each
ten-minute interval and location is presented in Appendix C. Other
pertinent data such as notes recorded by the investigator and calcula-
tions such as means, ranges, variances, standard deviations, and
standard errars of the mean are presented for the convenience of the
reader.

All analyses in relation to individual criteria were based upon
all sample readings for the day, regardless of outside temperature.
Separation of readings into categories relating to classroom readings
when the outside temperature exceeded or fell below a certain point
would have been outside the scope of the study. However, because of the

fact that outside temperature has such an influence upon classroom
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temperature and because engineers claim that refrigeration often is
needed if an appropriate classroom temperature is maintained after the
outside temperature has risen above 60°F., some attention was given to
outside temperature in regard to classroom temperature.

Table VIII points out the fact that of the 1,158 sample outside
temperature readings recorded during the twenty-seven days during which
thermal conditions were investigated, L19 readings, or 36.2 per cent,
were above 60°F. On only ten of the twenty-seven days were no tempera-
tures above 60°F. recarded. On two dgys, all readings were above 60°F.
and on elsven other days over 50 per cent of the outside air recordings
were above 60°F. This perhaps would indicate need at times for some
type of cooling other than the introduction of outside air alone.

Since, technically, the heating season exists only when the out-
gide air is 60°F. or below, Table IX, page 161, indicates the percent-
ages of various temperatures found in the working area of each selected
classroom when the outside temperature was 60°F. or below. Underheating
seems not to have presented a problem as only 3.4 per cent of the total
readings were below 70°F. On the other hand, 31 per cent of the class-
room readings were above 75°F.

Table X, page 162, presents the percentage of all sample class-
room working area thermocouple readings at different temperatures.
Since none of the classrooms utilized any refrigeration for cooling
purposes, 20.2 per cent of all working area readings were above 77CF.
and Ll per cent of the readings were above 75°F. Conversely, less than

1 per cent of the total working area readings were below 68°F. and only
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TABLE VIIT

PERCENTAGE OF 1,158 SAMPIE OUTSIIE AIR TEMPERATURE
THERMOCOUPLE READINGS ABOVE 60° FAHRENHEIT2

Classroom Date Percentage of readings above 60C°F.
A-1 2- 7-61 None
A=-2 2- 8-61 None
A-3 2- 9-61 None
B-1 2-16-61 51.1
B-2 2-17-61 55.6
B-3 2-20-61 None
c-1 2-22-61 None
C-2 2-23-61 51.2
Cc-3 2-2L4-61 72.1
D-1 2-27-61 5LS
D-2 2-28-61 8L.8
D-3 3- 1-61 None
E-1 3- 2-61 None
E-2 3- 3-61 5203
E-3 3- 6-61 100.0
F -1 3- 7'61 950h
F=2 3- 8-61 100.0
F-3 3- 9-61 None
G-1 3-17-61 L.8
G-2 3-20-61 Th.k
G-3 3-21-61 2.k
H-1 3-22-61 12,5
H-2 3-23-61 None
H-3 3-24-61 None
I-1 3-27-61 69.0
I-2 3-28-61 39.5
I-3 3-29-61 61.3

Total percentage of all readings above 60°F.D 36.2

— ——
—— —

a"[‘emperature above which an optimmm classroom temperature cannot
be maintained by the introduction of outdoor air into the classroom.

menputed by dividing 1,158, the total number of sample outside
air temperature readings, by L19, the total number of sample outside air
temperature readings above 60CF,
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PERCENTAGE OF 5,779 SAMPLE CLASSROOM WORKING AREA THERMOCOUPLE
READINGS AT GIVEN TEMPERATURES WHEN CUTSIIE AIR
TEMPERATURE WAS 60° FAHRENHEIT OR LESS

e

Temperature
Below Above
Classroom 68°F 689F 69°F TOCF T1OF T72°F 73°F TLOF 75°F 76°F 77°F TT°F
z % % & & & &% &% & & &% %
A-1 None 1.0 1.0 2.6 3.9 Tel 13.3 39.0 2.2 2.9 None None
A-2 109 003 3.2 3.8 lloh 902 20.0 39 h 10 8 003 None None
A-3 None None None 0.3 5.8 13.3 2.6 6.2 22,1 0.6 8.8 0.3
B-l 2.3 208 hoo 6.8 703 706 15.3 ,-102 h.O hoo 107 1909
B-2 None None None None None 5.0 1.3 L.4 5.0 5.6 25.0 53.7
B-B 9.7 5.0 708 1500 1’-‘.2 1607 1006 0.0 3.7 101 lo)-l 5-0
c-1 None None None None None 10.1 17.0 37.5 30.6 3.3 1.5 None
c-2 None None None None 0.6 10.1 43.5 3L.5 11.3 None None None
c-3 None None None None 5.2 5.2 11.5 19.8 30.2 16.7 5.2 6.2
D-1 None None 0.6 1.9 L.Ji 8.8 9.4, 8.8 2.4 14.3 8.8 13.7
D-2 None None None None None None None 5.4 19.6 16.1 34.0 25.0
D-3 Nore None None None 0.5 1.1 3.5 10.4 33.2 31.1 18.3 1.9
E-1 None None None 0.3 1.2 10.1 25,3 30.7 30.4 2.1 None None
E=-2 1.2 20,.1 ).108 1.2 ).108 905 1205 16.7 8 8 16.1 1.2 None
E-3 None None None None None None None None None None None None
F-1 None None None None None None None 6.3 12.5 37.5 25.0 18.7
F=2 None None None None None None None None None None None None
F‘3 ).1.0 1.7 3.7 7.9 uol 1509 707 1709 %07 30)-1 None Nom
G'l 006 009 0 9 1.2 3 8 5.3 907 1705 23.8 2208 90)4 hol
G=-2 None None None None None 2.3 12.5 27.3 29.5 18.2 7.9 2.3
G-3 No.ne None None 009 102 09 506 03 1901 20.6 280)-1 10.9
H-1 None None None None None None None None 3.6 15.L4 23.9 57.1
H-2 None None None 0.3 0.6 2.6 L.6 9.4 21.0 347 23.0 3.7
H=3 None None 2.0 11.9 8.4 22.1 32.6 16.9 6.1 None None None
I-1 None 2.9 1.9 1.0 None 14k 9.6 6.7 8.7 16.3 7.7 30.8
I-2 None None None 1.1 0.5 L.3 7.6 17.4 17.4 18.0 6.5 27.2
I-3 None 2.1 2.1 3.1 h.2 8.3 uoS 502 7.3 8.3 1506 32.3
Total
Percentage 1.1 0.8 1.5 3.0 L.3 8.8 12.2 17.9 19.4 13.2 8.7 9.1

e —————————— ————————— _—— —— ]



TABLE X

PERCENTAGE OF ALL SAMPLE CLASSROOM WORKING AREA
THERMOCOUPLE READINGS AT GIVEN TEMPERATURES
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Temperature Percentage

Below 68°F. 0.7
68°F. 0.5
69°F. 0.9
T0°F. 2.0
T1°F. 3.1
72°F. 6.6
73°F. 9.8
TLOF . 15.0
T5°F. 17.4
76°F. 13.5
T7°F. 10.3

Above T7°F. 20.2
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2.1 per cent were below 70°F. Since 72°F. probably is referred to in
the literature as an optimum classroom temperature more than any other
temperature, an interesting note is that 86.2 per cent of the total
readings were above 72°F., a figure only slightly higher than the 80.5
per cent above 72°F., when the outside temperature was 60°F. or less.

Table XI presents the mean temperature readings of all thermo-
couple points within the working zone of each room. The lowest mean
temperature, 69.07°F., was recorded in position 11 of Classroom B-3, a
six-inch reading four and one-half feet from the window wall. The
highest mean temperature at any one point in a classroom was 82°F. and
was recorded at the position 5, sixty-inch level in the center of
Classroom E-3.

The highest single temperature reading for any point anywhere
within the air space from the floor to the ceiling was the 7:50 a.m.
100°F. reading at the position L, 120-inch level in Classroom B-3, while
the lowest .single temperature recorded was the 58°F. position 11, 6-inch
reading taken at 9:50 a.m. in the same classroom. This swbstantial dif-
ference resulted from the shutting down of the boiler at 8 a.m. These
data are shown in Appendix C, pages 322-32l.

The following description of air temperature conditions in each
classroom relates the text to the accompanying illustrations and
analyzes the data in terms of Criterion 1. Table XII, page 165, lists
the mean temperature of all sample thermocouple readings at the thirty-
inch level for the purpose of relating the mean to the criterion, while

Figures 3-29 show, among other important data, the mean working area



TABLE XI

MEAN DATLY TEMPERATURE READINGS FOR THERMOCOUPLE
POINTS WITHIN THE WORKING ZONE2

Thermocouple level

16L

No. 1 No. 2 No. 3 No. 5 No. 6 No. 7 No.ll No.12
Classroam 350"  “3gn  3on 6o 30n 6" 6n 30m

level level level 1level 1level level 1level 1level

OF, OF. OF, oF, OF, OF, OF, oF.
A-1 The09 73,86 The30  TU.95 The66 70,91  None 73.30
A=2 73.29 73.29 73.29 73.98 73.38 69.98 None 72.98
A'B 750 07 75- 00 759]1 750 25 750 07 73 olll None 7’40 8,4
B-1 75.62 75.60 75.91 77.96 75.89 73.29 73.13 75.87
B-2 77.36  77.L0 77.18 79.09 77.58 7Th.89 7Th.OLk 77.29
B'3 720 2,-1 71098 71.6,-1 7301‘9 720 02 70. 73 69007 710 36
c-1 74.19  7h.17 The2d  7L.33  The26  73.L5  T73.60  Th.1lh
c-2 75.37  75.26 75.67 T76.22 75.60 Th.12 7h.21 75.79
c-3 75.33 75.56 75.47 75.84 75.uk  TL.37  TL.93  T75.69
D-1 77.29 77.25 77.34 7843 77.48 ThekS 7he27 77.1L
D-2 79.80 79.61 79.hL6 80.02 79.87 78.41 80.57 80.65
D-3 75.67 75,45 75,39 75.98 75.77 7h.32 7Th.7h 77.26
E-1 71.43  71.57 7171  7Th.67 7Th.36 73.07 72.59 7L.19
E-2 74.93 7hL.68 75.55 75.89 75.39 73.30 72.82 75.3L
E-3 81.73 81.36 81.45 82.00 81.80 80.55 B81.59 81.98
F-1 76.Th  76.26  77.19  T7.Lh  76.86 76.33 7h.23 175.55
F-2 The63  7L.18  7L95 75,05 TL.98  7h.36  73.11  7h.23
F-3 73.18 73.L1  73.45 7h.3L  73.66 T70.93 69.79 72.86
G-1 75.21 Th.6h 75.38 76,24 75.27 T73.6h 72.98 7L.19
G-2 7619 7639 76,65 T7.h2 76,72 75.19 T75.07 76.77
G‘B 76.02 75095 710 ” 77051 710h6 7h037 73056 75. 88
H-1 77.98 78,02 78.05 78,72 78.68 77.85 77.30 77.50
H-2 7591  T5.77 T6.25 76,70 76.23 75.25 73.86 7hL.98
H-3 73.51  T72.63 73,12 73.37 73,1 T72.72 70.4L7 70.7L4
I'l 750 ,-13 75390 75050 78002 75-73 7201,4 720 2,-1 75062
I-2 78.21 78,16 78.16 80,26 78.58 75,53 75.32 78.39
I-3 75.90 75,94 76,06 77.90 76.32 73.26 T72.84 76.03

8Refer to Figure 1 for a more complete description of thermo-
couple point locations.



Component A

TABLE XII
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COMPARISON OF THERMAL DATA WITH CRITERION 1

| _ Component B
Temperature within the | Temperature should not vary more than
range of 70°F.-75°F. *20F,

Mean temperature of
all sample thermo-
couple readings at the
30" level

Range of the mean
temperature of
all sample ther-
mocouple readings
at the 30" level
for each ten-

Standard deviation
from mean of all
sample thermo-

(Expressed to nearest minute sampling | couple readings at
Classroam whole degree) interval the 30" level
A-1 TL4OF, 750-73°F, %0, 755°F.
A-2 730F. 750-72°F, $]1,2330F,
A-B 750F0 770'7 2°Fo *lo 7580F0
B-1 76°F, 860-69°F £),.002°F.
B-2 77°F. 870-730F, *3.5L70F.
B-3 72°F0 880-630Fo tBo 7020Fo
c-1 TLOF, 76°-72°F, +].0580F.
c-2 76°F, 850-730F, $3,245°F.
C-3 75°Fo 770"73°F ° tlo ZL 7°Fo
D-1 77°F. 810-72°F, *2,2830F,
D-2 80°Fo 830"750Fo t 2o 015°Fo
D-3 76°F, T770-73°F. *].237°F.
E-1 7LOF. 750-72CF, £0, 286°F.
E-2 75°F, 77°-72°F, £2,629°F.
E-3 77OF o 8h0-78°Fo ilo 175°F.
F-1 TT0F. 79°-172°F, $1.900°F.
F-2 75°F. 780-71°F, $1.L493°F.
F-3 73°F. 76°-6T°F, $],.982°F.
G-1 75°F. 78°-70°F., $].772°F.
G-2 T7°F. 79°-73°F, £1,.367°F.
G-3 76°F., 780-730F, $].)4280F.
H-1 78°F. 80°-76°F, %), 229°F.
H-2 76°Fo 770-73°F6 tlo 153°Fo
H'B 730F0 750-71°Fo ilos,-léoFo
I-1 75°F, 80°-72°F, £2,3430F,
I-2 78°Fo 8h°°7h°Fo *3 ° 203°F .

800~72°F, ¥2,2320F,

1-3 76°F °
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temperature for each ten-minute interval, that is, the mean of each set
of sample thermocouple readings for thermocouple positions, 1, 2, 3, 6,
7, 11, and 12. To strengthen the analysis of the data relating to
Criterion 1, the standard deviation of temperatures from the mean was
used in addition to the range. A range can give one a false impression
of the dispersion from the mean if the highest and lowest items are
representative of only one or two readings. Assuming a normal distribu-
tion of temperatures, one standard deviation would indicate the maximm
distance that approximately two-thirds of the observations would lie
above and below the mean. If both the mean temperature and range of a
specific classroom failed to meet the criterion requirements, yet one
standard deviation was %2 degrees or less, the criterion was considered

to be met inadequately rather than not at all.

Classroom A-1l. Figure 3 indicates a mean classroom working area
temperature of 73.75°F., a mean window glass temperature of 66.36°F. and
a mean outside air temperature of 39.59°F. An interesting comparison of
the effect of some type of positive heat on the temperature of window
glass can be made by comparing the glass temperature in Figure 3 with
the glass temperature of Classroom F-3 in Figure 20, page 192, a class-
room with hot water floor panel heating. Difference in mean outside air
temperatures was only about three degrees, difference in mean working
area temperatures was less than one degree, but difference in mean glass

temperatures was approximately fifteen degrees.
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Figure 3. Comparison of thermocouple temperature readings of the

classroom warking area, inside window glass, and outside air for
Classroam A-l.



168
Classroom A-1 had a mean thirty-inch level temperature of 7L°F. ’
expressed to the nearest whole degree, and a range of 75°-73°F. To
strengthen the favorable thermal condition, the standard deviation was
only ¥0.755°F. The investigator considered air temperature conditions

in Classroom A-1l to have met Criterion 1 completely.

Classroom A-2. Figure L shows the mean of the working area

readings to have been 72.88°F. for Classroom A-2, while the mean inside
window glass temperature was 6L.73°F. and the outside temperature was
38.89°F. The 10:20 a.m. window glass reading presented an interesting
example of the effect of the sun upon glass when the glass temperature
immediately climbed above the room temperature when the sun came out
from behind the clouds for the only time that day.

Thermal conditions in Room A-2 also completely met Criterion 1.
The mean temperature at the thirty-inch level was 73°F. s the range of
mean thirty-inch readings for the day was 75°-72°F. and the standard

deviation was %1.233°F.

Classroom A-3. In studying Figure 5, page 170, the reader can

see the general effect of sunlight on the total room air temperature
when the sun shines for a short period in a room that utilizes unit
ventilators while the outside air temperature is still at a low level.
Over a thirty-mimute interval the sun shone intermittently bringing the
outside temperature up nine degrees and the window temperature up nine-
teen degrees, while the mean room temperature went up only one degree.

One can also see that the mean working area temperature did not vary as
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Classroom A-3.
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much as one degree for a period beginning at 9:10 a.m. and enxding when
the class went to lunch at 11:50 a.me The lower temperatures recorded
in the early afternoon resulted from some minor maintenance work, in-
cluding changing of filters, that the mstodian performed on the unit
ventilator while the children were out of the room.

The reader must keep in mind that rooms in School A had small
visual strips for windows, but at the same time had no roof overhang or
venetian blinds. The effect of sun on glass is shown immediately in
both Classrooms A-2 and A-3. The effect on the classroom air tempera-
ture was not evident in the short period that the sun was shining, but
the reader must remember that most of the time spent in School A was
during cloudy weather conditions. The real effect of the brief sunlight
upon the room will be presented in connection with Criterion 2.

Of interest was the effectiveness of the unit ventilator mounted
electric thermostat in School A. Column 11, in the School A section of
Appendix C, pages 310-315, contains air sampling chamber readings. A
look at those readings indicate why temperatures were controlled so well
in the three School A classrooms.

The mean working area temperature, mean window glass, and mean
outside air temperature on the day thermal conditions in Classroom A-3
were studied campared favarably with those found in Classrooms A-1 and
A-2. Table XII, page 165, shows that Criterion 1 was met adequately and
was prevented from being met completely only because the range was one
degree too low during a time when the children were out of the room and

the custodian was performing maintenance on the unit ventilator.
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Classroom B-1. Data presented graphically in Figure 6 illustrate

intelligent decision-making on the part of the building principal and
custodian, even though the decision was not an ordinary one for mid-
February. Boiler operation was completely suspended early in the
morning as one can see in Figure 6. Since no automatic controls were
afforded the classrooms for this radiantly-heated school, the action was
a wise one. The mean working area temperature had risen to 79°F. with-
out another source of heat, when the outside temperature reached 68°F.
at 1:50 p.m. This situation existed even though the orientation and
roof overhang kept the sun from shining directly on the large windows
and windows were open most of the day.

The classroom thermal conditions in Classroom B-l1 did not meet
Criterion 1 at all. The standard deviation of tL4.0029F. was the highest
of any found in the twenty-seven schools. This was brought about partly
by the 27-degree range in all of the sample working area readings that

the children experienced throughout the day.

Classroam B-2. Figure 7, page 17L, shows much the same pattern

for Classroom B-2 that existed for B-1l. Boiler operation was suspended
again, a beneficial move for everyone if early morning temperatures were
indicative of those that would have ensued throughout the day if heat

had continued to have been provided by the heating system. Criterion 1

was not met at all in Classroom B-2,

Classroom B-3. Figure 8, page 175, depicts the best conditions

found by the investigator in a manually controlled, radiantly-heated
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classroom, even though the conditions shown were far from ideal. The
working area canditions shown in Figure 8, page 175, were produced even
though boiler operation was suspended from 8:00 a.m. to 11:50 a.m. and
the hand valve in the classroom was in the off position for the re-
mainder of the day although the highest outside temperature recorded was
SOOF. The reader also must remember that there was no sunshine. There
were a few complaints about the coldness of the classroom when the chil-
dren returned from morning recess to find a mean temperature of 63°F.,
but heat from the children plus less heat loss because a few windows
were closed raised the working area temperature seven degrees in five
minutes. There were no more complaints throughout the day.

Criterion 1 was met inadequately in Classroom B-3, thus per-
mitting none of the three classrooms in School B to meet the criterion.
The mean thirty-inch temperature of 72°F. was acceptable but the disper-
sion from the mean as illustrated by the range and standard deviation

really tended to make the mean meaningless.

Classroom C-1. Figure 9 illustrates air temperature that varied
anly %2 degrees; With outside air conditions nearly constant, hawever,
and no sunshine, the primary variables with which the heating and venti-
lating system had to cope were those inside the classroom. Criterion 1

was completely met.

Classroom C-2. Figure 10, page 178, is a classic portrayal of

the operation of a unit ventilator on a very warm day. The custodian,

anticipating a very wamm day from the morning weather report, cut the
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Figure 9. Comparison of thermocouple temperature readings of
the classroom working area, inside window glass, and outside air for
Classroom C-1.
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Figure 10.

Classroom C=-2,

Comparison of thermocouple temperature readings of
the classroom working area, inside window glass, and outside air for
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boilers completely off at exactly 8:30 a.m. when the children began to
come into the classrooms. The unit then utilized only recirculated room
air and outside air for the remainder of the day. An assumption is made
that conditions would have been the same if the heat had remained on.

From 8:30 a,m. until 1:00 p.m., the mean working area temperature
varied only one degree even though the outside temperature climbed six-
teen degrees during the same period. At 1:10 p.m., though, the class
had returned from lunch and sunlight was streaming directly into the
room through the large windows. For the remainder of the day outside
temperature was above 68°F., thus creating conditions that outside air
could not solve. The unit ventilator was able to maintain perfect
temperature conditions within the classroom even without any heat while
the outside temperature was in the fifty's, and failed only when outside
temperature reached the high sixty's.

Thermal canditions in Classroom C-2 did not meet Criterion 1 at
alle Conditions were meeting the criterion completely, havever, until

the outside temperature reached 68°F.

Classroom C-3. The custodian again cut off the boiler after

hearing the weather report for the day, this time at 9:15 a.m. Figure
11 shows the working area readings were generally within the optimm
range even though the outside temperature reached 699F. at 1:50 p.m.
This was possible because of the cloudy condition that prevailed during
the afternoon. Classroom C-3 conformed to the upper limits of the

criterion completely.
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Classroam D-1. One of the weaknesses of a zoned, central-direct

fired system is evident in Figure 12. Even though the room was located
on the north side of the building, thus allowing no sun through the
windows, the mean working area had reached 80°F. by 1:30 p.m. when the
outside temperature was anly 66°F. This cadition existed in spite of
the low thermostat setting. An inference here would be that eacﬁ room
needs its individual fresh air supply for cooling. Classroom D-1 did

not meet Criterion 1 at all.

Classroom D-2. Figure 13, page 183, indicates the type of room

temperature canditions that would exist in nearly any situation when
high outside air conditions and excessive glass unite to create un-
favorable conditions. The children in Classroom D-2 probably were
fortunate that the sun shone very little that day. Needless to say,

room temperature conditions did not meet Criterion 1 at all.

Classroom D-3. With a mean outside temperature of only h8.62°F.,

with the highest temperature only 52°F., a north window orientation, and
a cloudy day, temperature conditions in Classroom D-3 were very constant
as evidenced by Figure 1, page 184. Air temperature conditions met
Criterion 1 adequately, even though the thirty-inch mean temperature of

T6°F. was one degree higher than the maximum criterion figure.

Classroom E-1. Air temperature conditions in electrically heated

Classrocm E-1 were similar to those found in Classroom D-3, as shown in

Figure 15, page 185. With a north orientation and a three-foot window
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Classroom D-3.
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overhang, no sun shone into the room throughout the day. Maxdmum out-
door temperature was 59°F. 80 classroom temperature coanditions complete-

1y met Criterion 1.

Classroom E-2., Figure 16 again indicates some of the effects of

solar gain upon the classroom. The room was slightly overheated through-
out the dgy in spite of real attempts to cool by window ventilation,
manipulation of the draw drapes that covered the 167 square feet of
window area, and the fact that maxdmum outside temperature was only
6L°F. The mean thirty-inch reading was only 75°F., but the 77°-72°F.
range and the *2,6290F. standard deviation indicate that the criterion

was inadequately met.

Classroom E-3. Temperature conditions in Classroom E-3 were some

of the worst found in any school. Figure 17, page 188, shows that the
mean outside temperature was 67.57°F., with a low of 6LOF. for the day,
8o any heating and ventilating system would have experienced difficulty.
Fortunately, conditions were not aggravated by the sun. Although heat
was not needed at all, the three baseboard units operated intermittently
throughout the day, thus adding to the heat, With a mean temperature of
77°F. and a range of 8L4°-78°F., no component of Criterion 1 was met.
With a standard deviation of #1.1750F., however, the criterion was con-

sidered to have been met inadequately rather than not at all.

Classroom F-1l. Even though rigid controls kept the supply of

heat from the panel heating system under control, Figure 18, page 189,
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Classroom E=2.

16.

Comparison of thermocouple temperature readings of
the classroom working area, inside window glass, and outside air for



99°P.

96°p.}

93°P.

90%.

87°p.}

e

81°

78°p.}

./"\\. ..4”
75°p. - - - -
5 \-_4/\\/\\ ,A\/ .
. . \
0. \ .
2P N N AW
R g NSNS \ll \’, N
4 \
s / \
w°mf -~ ——— A
/. A Y
[4 / A%4 \
3 4 \
3 L ————
£ 662 \
§66 P ',—-\\ o \
- N - ————
’ S 4
e I S ——t N
62°P. |
60%7. 1
s1°7. |
e L
}
51°7. L
o i
L6 pP. b
[ Range of all thermocouple rcadinzs utilized to derive tho
I workine area reant 60 - 770 7.
Ls°P. % Moon of working area
3 readinza: 81.56° F. sDt ¢ 1,238° F,
o I Meon Inside window elass
L2 P. b temporature: 75.77° P. Range: 60° - 73° P,
[ Moan outside air
] tomporature: 67.57° P. Aanees 73° - 64° F,
39°r. L
i Meen workinz erea tomporaturoe readings
Ingldo window zlass temperoture rosding? e - ———-
36°P Outdoor oir temperature readinss L
s
33°. " A R A
‘V h 4 -~ W -~ ‘v hd -\
oL..I..I..Ig Las booa o | N BEPURT SR EEPEEPE ST | PER TPV | |..a‘.|.j
-
== & & 8§ & 8 & 8§ 2 8 £ 8 & 8 =2 3 =a
<~ @ © o -3 ) ) = = ] ﬂ-l’:\: ~ =t & ~ -~ -~

188

o=

y

Figure 17.

Classroom E-3.

Comparison of thermocouple temperature readings of
the classroom working area, inside window glass, and outside ar for



189

59°P.
96°%p, |
93°P. |
b
90°p. |
b
87oF. |-
aL°p.
ae. t
76°2. |
3
75°p.
72%. |
}
69°F, |-
£
3
: p
L66°?, |
g
X
63°P,
60°p. L
57°7. |
Su°P. L
s1°p. L
u8°r. L
Renge of all thermocou lg rend&nqa utflszed to derfve the
working sres mesnt &0° - 70° P.
us°p. | Mean of working area o
roadinzs: 76.38° P, sb: ¢ 2,086° P,
° Yesn Inside window xlass °
L42°P, | temporatures 71.58° P. Renme: 74° - 69° F.
Moan outside eir ° °
temparaturas 67.14° P, Ranzet 77° - 60" F.
39°p. |
P Yean workinez srea temporature readinas
Inside window glass temperature resdings - — -
o Outdoor air tomporaturo readince - -
36°P, |
313%. b A A A N
0 [ I B | 1 [l | PP | P : PR 1 1 1 1 N
% 8§ & 8 & 8 & 8 & 8 £ 8 & 8 a 8
-~ < @ S L) ) o ~ ot ~ wa - - & ~ -
- ~ ~ [l -y -

Figure 18.

Comparison of thermocouple temperature readings of

the classroom working area, inside window glass, and outside air for
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shows again why a classroom needs no heat on days when the outside
temperature rises above 60°F. The room temperature, without positive
heat and with no window ventilation, was 76°F. when the outside tempera-
ture was 60°F. The low period of 72°F. beginning at 12:30 p.m. illus-
trates a fall in room temperature of six degrees when the class had gone
to lunch. The mean thirty-inch temperature readings inadequately met

the criterion.

Classroom F-2. A slightly more conscientious teacher in regard

to classroom thermal environment was able to create slightly better
temperature conditions than those that existed in Classroom F-1, even
though Figure 19 indicates that outside temperature conditions were
comparable. The teacher simply used window ventilation to a greater
advantage and was aided by a higher wind velocity outside. As was true
in Classroom F-1, the heating system supplied no heat. Thermal condi-
tions were considered to have met Criterion 1 adequately, even though

the range was 78°-719F. The standard deviation was only *1.493CF.

Classroam F-3. Figure 20, page 192, illustrates temperature con-

ditions similar to several other north oriented classrooms with cloudy
weather and low outside temperatures, regardless of heating system
involved. The investigator considered the temperature conditions in
Classroom F-3 to have adequately met the criterion even though the range

of temperatures was too high (76°-67°F.).
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Classroom F-2.
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Classroom G-1l. Individual room controls, a north window orienta-

tion, a four-foot, nine-inch overhang, and window ventilation all inter-
acted to create the somewhat favorable conditions in Classroom G-l
pictured in Figure 21. The mean thirty-inch temperature reading was
75°F., however, while the outside temperature was only 61°F. at the end
of the school dgy. The investigator cansidered temperature conditions
in Classroom G-1 to have met the criterion adequately although the range

of 789-70°F. was not acceptable.

Classroom G-2. With a mean of 77°F. and a range of 79°-73°F.,

the thirty-inch temperature conditions in Classroom G-2 were considered
to have inadequately met Criterion 1. Figure 22, page 195, shows that
the window glass temperature rose to a high of 82°F., but classroom
temperature conditions did not rise proportionately as had been observed

in other classrooms, probably because the blinds were drawn all day.

Classroom G-3. Classroom temperature conditions in Classroom G-3

also inadequately met Criterion 1 because both the mean thirty-inch
temperature (76°F.) and range (780-73°F.) were considered to be too
high. Since the outside weather was cloudy and rainy, and the outside
temperature was below 60°F. nearly all day, as shown in Figure 23, page

196, overheating could have been prevented by more adequate ventilation.

Classroom H-1. Figure 2L, page 197, illustrates a classroom em-

ploying a unit ventilator for heating and cooling that did not complete-

ly control the room temperature at the desired level, even though the
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Figure 21.

Comparison of thermocouple temperature readings of

the classroom working area, inside window glass, and outside air for

Classroom G-l.
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Figure 22. Comparison

Classroom G-2.

of thermocouple temperature readings of
the classroom working area, inside window glass, and outside air for



99°P.

196

96°P,
9°r.|-
90OP, |-
87°r. |
ayer. b
01°r. |

78°P. 1

75°P.

127.}

69°P. |- \

g | \ - ol j————
’
] ./ ‘\ y—- NN
s66°r. | [—— .- /
& \ / N
g o
63°F, | "l
h
o I
60°P. |-
S
L AN
AV /
op L YN /
. o
57 \\ '\\ 7’ \"'
d N / ,\ ,-—-\ ,-
| SO, Fe oS! N v
9;°P. 5 \------.‘ —— I’ N,
S A Vig ~
51°F. I
48 L
[ Range of all thernocouglo readings utf{lfzed to derive the
b working area meant 80° - 70° P,
us®e. |
| Moen of working srea °
roedinges 75.73° P. SD: ¢ 1.463° P.
Moen inside window glass
u2e. | temporature: 66.93° P, Ranges 70° - 65° P,
f Moen outside air °
b tompsrature: 55,68° P, Rangetr 64° - 53° P.
1% L
! Maen working area temperature rosdinge —
S Insido window glass tomporature roodings ——— o cm—-
16%, L Outdoor air temperature regdings <—ecccece - -
»n°e. A R . .
o!.;n,.l..l,n,.1+.|,.1.|+| Y I TS | Lg41'.'..]
# 0§ % 8 B g = 8 & g s g 8 8 =8 8 =
~ @ © o -3 S S 3 3 :,,’: o = A o~ ~ - ~
Figure 23. Comparison of thermocouple temperature readings of

the classroom working area, inside window glass, and outside air for

Classroom G-3.




197

99°7.
96%2. |-
93°P.
L
90°P. |
87°P. |- .
ayor. -
a1°r. |
L
78°r.}
75°P. |-
| /\ r—n
o | / \ / N ’ \
72°P. ' \/, \ /
! . / .
| / \ N ‘
69°p. | - \ ,/\\_/
a b \—’
-]
- g /
£ o6°p.1 N
3 X /S
& L
63°P. - 4
/
L ,,
60%.}- 'Ir\/
I A EANAN J
° A \ ,’ \ /
ST P. |- ! /N 7 " /N ==
R ¥4 v L A
Nt N7
L /7 \/
°p. | ! WV
I /
7/
L ,---J
51°p. | ~ S
3 at’ N\
46°p. L
3 Range of all thomeougle rndlngo utilized to derive the
| working arca meani B81° - 75° P,
us°r.} Moan of working srea
| resdings: 78.01° P. SD: ¢ 1,732° P,
L Moan inside window glass
42°p. | toempersturet 70.37° P, Renges 74° - 65° F.
S Moan outside air
! tomperaturat 56.12° P, Range: 63° - 50° P,
39°p. |
Noan working aroa toampearature readings —
[ Inside window glase teaporsture roadings —— ——— —
F Outdoor air texzperature roadinga <~ weccccces
36°P. |-
33°P. A A R N
hd A hd A hd A hd A
0[ 2 1 | I B B B SEPERE B B BNV RSP BEPURPI BEPRRPE | 1.]
% 8 % & @ 8 8 8 @& 8 22 8 & 8 & 8 @&
- & o -3 -3 S o A - & oy = ~ N & ES -~
- - - ~ ~

Figure 2L, Comparison of thermocouple temperature readings of

the classroom working area, inside window glass, and outside air for
classroom H-1l.



198
outside temperature only rose to 61°F. at 2:L40 pem. Investigation
showed three factors that perhaps were jointly responsible for the
overheating: (1) poor engineering in regard to the placement of hot
water pipes throughout the building; (2) failure of the pneumatic
thermostat to adequately admit outside air for cooling; and (3) failure
of the custodial staff to clean the unmit filters for seven months.

In spite of the overheating, the investigator considered the
criterion to have been met adequately because of the four-degree range
and the low standard deviation of *1,229°F.

Classroam H-2. Figure 25 shows that Classroom H-2 was slightly

overheated also, but that the temperature was quite constant. The same
factors that produced the overheating in Classroom H-l were responsible
for the slight overheating in Classroom H-2. The classroom seems to

have met Criterion 1 adequately, however, even though the mean thirty-

inch reading was cne degree high at 76°F.

Classroom H-3. Upon the request of the investigator, the custo-

dial staff of School H cleaned the unit ventilator filters before the
day's investigation began. The results depicted in Figure 26, page 200,
were much more satisfactory than those found in Classrooms H-1l and H-2.
Some teen-age girls complained about being too cold, however, when the
mean working area temperature registered 71°F. from 12:50 pem. to
slightly after 1:00 pome. Other girls in the room were questioned then,

and the responses were that they were comfortable.
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the classroom working area, inside window glass, and outside air for
Classroom H-3.
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Thermal caaditions reported in Classroom H-3 met the standards of

Criterion 1 in every way.

Classroom I-1l. The mean thirty-inch Classroom I-1 temperature of

75°F, is quite misleading when one notes the 80°-72°F. range and the
$2.3439F. standard deviation of the thirty-inch readings. The investi-
gator cansidered temperature conditions to have met Criterion 1

inadequately.
Figure 27 illustrates the fact that temperatures had already

risen above the desired level even before the outdoor temperature
reached 61°F. The brief effect of sunshine upon the windows in the

afternoon is shown also.

Classroom I-2. Figure 28, page 203, adequately illustrates the

effect of manually controlled convectors that are permitted to operate
most of the dgy while the room temperature demands cooling. When the
mean working area temperature reached 83°F. in the afternoon, the second
graders were complaining about being too hot. By 1300 p.m. the window
glass temperature had reached 8LOF. even though the sun did not shine
all day. The window glass evidently was heated from the convectors.
Classroom I-2 did not meet Criterion 1 in any way because of the T78°F,

mean, 84°-TLOF. range, and *3.2039F, standard deviation.

Classroam I-3. Figure 29, page 20L, shows that the mean working

area temperature of Classroom I-3 had reached 80°F. at 9:30 a.m. while
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the outside temperature was only 58°F. With hardly any ventilation to
supply cooling, the criterion was not met in any way.

Earlier in the chapter, mention was made that all criteria did
not lend themselves to as rigid an analysis of the data as did Criterion
l. Because air temperature is such an important element of the thermal
environment an evaluation of room temperature conditions in terms of the
type of heating system employed seems appropriate. The reader must keep
in mind, however, the following limitations of such a comparison:

(1) air temperatures were judged in light of Criterion 1 with the assump-
tion that all other factors were favorable, since each factor was as-
sessed separately. This assumption was not always a valid one; (2) the
temperature conditions found in each classroom represented only the
readings of that room for one particular day; and (3) thermal data were
not collected for any two rooms on a single day. A

Considering the above limitations, the following percentages of
rooms utilizing various heating systems were found to completely or
adequately meet Criterion 1: (1) unit ventilators, 88.9 per cent'; (8 out
of 9); (2) radiant heat, 11.1 per cent (1 out of 9); (3) central direct-
fired air system, 33.3 per cent (1 out of 3); (L) electric baseboard,
33.3 per cent (1 out of 3); and (5) hot water floor panel, 66.7 per cent
(2 out of 3).



C. ANALYSIS OF THERMAL DATA PERTAINING TO
THE MEAN RADIANT TEMPERATURE

Criterion 2. An ideal classroom temperature exists when both air

temperature and mean radiant temperature are identical and within the

optimun range. Since this situation does not always exist, some provi-

sion must be made for counteracting or eliminating the heat loss of the

body to cold walls and windows.

Classroom mean radiant temperatures were not as easily analyzed
as air temperature readings. The reader will recall that the mean
radiant temperature was measured hourly at the thirty-inch level in
Zones I and V. These findings are presented in graphs and a table and
briefly discussed. Table XIII compares that data with the criterion,
while Figures 30-38 compare the comparable air temperature, globe

thermometer, and mean radiant temperature readings for each classroom.

Classroom A-l. Table XIII and Figure 30, page 208, both indicate

that the mean of the hourly mean radiant temperatures in both zones ex-
ceeded the equivalent air temperature reading and the upper limits of
the optimum range. Perhaps because of the feature employed in the unit
ventilator to prevent downdrafts or because of small visual strip
windows, the average mean radiant temperatures were nearly identical (.3
difference) for both zones. In order for the globe thermometer reading
to have been within the optimum range, the air temperature should have

been lowered.
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TABLE XIII
COMPARISON OF THERMAL DATA WITH CRITERION 2

Criterion
Air temperature and mean radiamt temperature

| identical and within the optimum range (700F.-750F.)

%oae_l_@e&dines_aﬁ 307 level) || Zone V (Readings ab 307 level)

ean of hourly | Mean of hourly || Mean of hourly| Mean of houTly

air mean radiant air mean radiant
Classroom| temperatures temperatures temperatures temperatures

A-1 74.6°F, 79,00F, 7L4.0°F, 78.7°F.
A-2 7500°Fo 7700°Fo 7h93°F. 76. 2°Fo
A"‘3 7)40 9OF0 77.00Fo 750)40Fo 82. 3°Fo
B-1 T5.LOF. 78.5°F. 76. 3°F, 78.LOF.
B-2 76.TF . 79.LOF, 7643°F, 79.5°F.
B‘3 70.)-10Fo 7hoh°Fo 70.0°Fo 7390°Fo
C-l ’ 7h¢ 3°Fo 730 8°Fo 7’40 OOF. 72070F0
C-2 76.00Fo 750 BoFo 7606°Fo 77.00F0
c-3 7)40 7OF. 7,-10 8°Fo 7’4080Fo 7’4080Fo
D-1 76.8°F, 78.8°F, 76.L°F, 76.0°F.
D-2 80, 2°F, 80.L°F, 81.LOF. 90,10F,
D-3 75.7°F, 76.0°F, 76, 3°F. 75.00F.
E-1 k. 2°F, Tl LOF. 7k, 3°F. k. 5OF.
E-2 75.0°Fo 750 h°F° 75. loFo 800 7°F0
E-3 81.L4°F, 82,2°F, 82.2F. 88.3°F.
F“l 7700°Fo 7703°F0 750 9°F° 7’4.90Fo
F-2 750 60F0 7602°F- 750 loFo 770 SOF.
F‘3 730)-10Fo 73 OSOFO 73 ehoFo 6909°F-
G-l 750,-10Fo 7)-10 7°Fo 7)-10 lloFo 7)-1060F0
G-2 77.0°F, 75, 8OF, 77.1°F. 79.2°F,
G-3 76.00F. 76.6CF. 76.3°F. 76.19F,
H-1 78029F. 78.19F, 77.TF. T7.9°F.
H-2 75.8CF, 76.00F. TL.9°F, T .9°F
H-3 73.3C°F. Th. TOF. T0.59F. T1.1°F.
I'l 750 hOFo 760 3°Fo 75 ° 6°Fo 760 3°Fo
I"2 780h°Fe BOQhOF. 7805°Fo BlohoFo
I-3 750 90Fo 760 hoFo 75 ° BOF. 7701°Fo
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Classroom A-2. With practically the same type of situation

existing in Classroom A-2 as in Classroom A-l, as shown in Table XIII,
page 207, and Figure 30, page 208, the same recommendatian would have
aided that particular situation, that is, a slight lowering of the air

temperature within the room.

Classroom A-3. Thermal conditions in Classroom A-3 represent a

different mean radiant temperature problem than the one that existed in
Classrooms A-l and A-2, but one which would have been encountered in
those rooms had the sun shone any on the two days the two rooms were
investigated. Table XIII, page 207, shows that the average mean radiant
temperature of Zone V next to the window was over five degrees higher
than the average for Zone I, while both mean radiant readings were
higher than the air temperature readings for the same locations. This
situation was brought about when the sun shone directly into the room
bringing the globe reading up to 98°F. Lowering the room air tempera-
ture enough to compensate for the high mean radiant temperature in Zone
V would have made the air temperature in Zone I too low. Perhaps

venetian blinds over the windows would have kept out the solar effects.

Classroom B-1. Even though the heating system was not functioning,

the mean radiant temperature in both zones of Classroom B-1 exceedsd the
upper limits of the optimm range as illustrated by Figure 31, page 210,
and Table XIII, page 207. Some form of cooling other than outside air
would have been necessary in order for the optimum conditions to have

resulted.
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Classroom B-2. Table XIII, page 207, and Figure 31, page 210,

show that the air temperature and mean radiant temperature of both zones
were above the upper limits of the optimum range. Same form of cooling
other than outside air would have been necessary to have provided the

proper combined conditions or globe reading.

Classroom B-3., Table XIII, page 207, and Figure 31, page 210,

show that, although air temperature readings and mean radiant readings
were not identical, the mean radiant temperature was higher than air

temperature and both were within the optimum range.

Classroom C-1l. Although Table XIII, page 207, and Figure 32 show

that the mean radiant temperature was gererally slightly lower than the
air temperature, both were within the optimum range. The differences
that existed between these readings and those recorded on similarly
rainy days during the investigation of School A were probably brought
about by the larger window wall and higher ceilings of rooms in School C.

Classroom C-2., Figure 32 shows that the mean radiant temperature,

air temperature, and globe readings of Classroom C-2 were often identi-
cal, although slightly above the upper limit of the optimum range.
Solar gain through the window glass, even though venetian blinds were
utilized, probably accounted for the fact that the mean radiant tempera-
ture was as high as the air temperature in Classroom C-2 and lower than

the air temperature in Classroom C-1 when cloudy weather prevailed.
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Table XIII, page 207, helps to show that the average mean radiant tem-

peratures in both zones were within one degree of each other.

Classroom C-3. Excellemt conditions relating to the mean radiant

temperature were present in Classroom C-3. Table XIII, page 207, and
Figure 32, page 212, show that air temperature and mean radiant tempera-

ture were identical in both zones and within the optimum range.

Classroom D-1l. Without any positive heating at the window wall

of Classroom D-1, Table XIII, page 207, and Figure 33 show that the mean
radiant temperature for Zone V was slightly lower than the corresponding
mean radiant temperature at Zone I, although the mean radiant tempera-
ture and air temperature for Zone V were identical. Readings for both

zones were above the optimum level.

Classroom D-2. Mean radiant temperature for Zone I, Classroom

D-2, was identical with the air temperature for the zane, tut the mean
radiant temperature average of Zone V as shown in Table XIII, page 207,
was nearly nine degrees higher than the corresponding air temperature.
Figure 33 shows that the mean radiant temperature climbed to better than
111°F. at 2130 Pom. in Zone V because of the radiant effects of the sun
upon the window glass. Conditions in neither zone were within the

optimm range.

Classroom D-3. Table XIII, page 207, and Figure 33 reveal that

mean radiant temperature and air temperature of Zone I, Classroom D-3,

were practically identical, but both slightly high, while the mean
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readings, and mean radiant temperature in classrooms in School D.
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radiant temperature was slightly lower than the corresponding air tem-
perature of Zone V because of the lack of heat at the window wall.

Classroam E-1. Table XIII, page 207, and Figure 3l indicate that

mean radiant temperature conditions in both zones of Classroom E-1 were

identical and within the optimum range.

Classroom E-2. Mean radiamt temperature and air temperature were

practically identical and within the optimum range in Zone I of Class-
room E-2, according to Table XIII, page 207, and Figure 3L. Solar gain
again boosted the mean radiant temperature of Zone V, havever, to an
average of better than five degrees higher than the corresponding air

temperature in spite of the use of drapes.

Classroom E-3. Radiant conditions in Classroom E-3 were somswhat

similar to those encountered in Classroom E-2 with the exception that
the entire room was too hot. Table XIII, page 207, and Figure 3L indi-
cate that mean radiant temperature and air temperature in Zone I were
idemtical but far too high, while the mean radiant temperature of Zone V
was six degrees higher than the 820F. air temperature. The difference
in Zone V can be attributed to some solar gain and excessive radiant

heat.

Classroom F-1. The need for some type of positive heat at the

window wall can be seen in analyzing radiant conditions in School F.

Table XIII, page 207, and Figure 35, page 217, show high, but idemtical
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conditions in Zone I of Room F-1, with slightly lower air conditions and

still lower mean radiant conditions in Zone V.

Classroom F-2., Radiant conditions in Classroom F-2 were similar

to those fourd in Room F-1. Table XIII, page 207, and Figure 35, page
217, show that air temperature and mean radiant temperature readings
were nearly identical and Just about within the upper limits of the
optimum range in Zone I, while the average of the mean radiant tempera-
ture readings for Zone V was higher than the corresponding air tempera-
ture. However, the individual Zone V mean radiant reading for 1:30 pem.
was over three degrees lower than the air temperature when a cloud
momentarily covered the sun. This would indicate that solar gain helps
to provide the needed radiant temperature in Zone V of a room heated

with floor panels.

Classroom F-3. The mean radiant temperature and air temperature

of Zone I, Classroom F-3, were identical and within the optimum range as
indicated by Table XIII, page 207, and Figure 35, page 217. The need of
some type of positive heat directed toward the window wall of rooms
heated with floor panels is indicated by a look at conditions in Zone V,
however, especially when outside weather is cold and there is no sun-
shine. At 8:30 a.m. the mean radiant temperature at Zone V was only
620F., with a downdraft very much in evidence. At no time during the

dgy did the mean radiant temperature equal the air temperature.
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Classroom G-1l. Table XIII, page 207, and Figure 36 present data

that show the mean radiant temperature and air temperature of Classroom

G-1 to have been almost identical and within the optimum level.

Classroom G-2. Mean radiant temperature of Zone I, Classroom G-2,

was slightly below the air temperature of that area of the room while
the mean radiant temperature of the window wall area was slightly above
the air temperature, according to Table XIII, page 207, and Figure 36.
Both air temperature and mean radiant temperature were above the optimum

range.

Classroom G-3. With no effects from the sun on the day Classroom

G-3 was visited, Table XIII, page 207, and Figure 36 show mean radiant

temperature and air temperature to have been nearly identical but
slightly high.

Classroom H-1l. Perhaps because of the small windows, the lack of

any auxiliary heat for downdraft protection, and the absence of sunshins,
mean radiant conditions in the classrooms studied in School H were mare
nearly balanced with air temperatures than in any other school as evi-
denced by analyzing Figure 37, page 221 in its entirety. Conditions in
Classroom H-l were identical but too hot.

Classroom H-2. Mean radiant temperature was identical to ar

temperature in each zone of Classroom H-2, with Zone I one degree warmer
than Zone V. Zone I had a mean of about 76°F. which may have been just
a little too warm.
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Classroom H-3. According to Table XIII, page 207, and Figure 37,

page 221, the mean radiant temperature and air temperature of Zone V,
Room H-3, were approximately three degrees lower than the mean radiant

temperature and air temperature of Zone I. All readings were within the

optimum range, however.

Classroom I-1. Figure 38 and Table XIII, page 207, show no

special radiant problems for Classroom I-1 other than that the msan of

both zones were about one degree too high.

Classroom I-2. Although Classroom I-2 was not subjected to any

appreciable solar gain becamuse of the rainy outside weather conditions,
Table XIII, page 207, and Figure 38 show mean radiant temperatures in
both zones to have been in excess of 80°F. Excessive radiant heat from

the convectors created this situation.

Classroom I-3. The final graphs in Figure 38 indicate that

excessive radiant heat from the convectors was responsible for the some-
what higher radiamt temperature found in both zones. Since the air tem-
perature was too high also, conditions outside the optimm range existed

in 1-3 )
G. SUMMARY

Chapter VI has been concerned with analyses of the thermal data
pertaining to air temperature and mean radiant temperature collected in

twenty-seven classrooms in nine selected schools. Raw data were
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converted to mean scores, when advisable and dispersions from the mean
were indicated in terms of ranges and standard deviations. Presentation
was made in textual, tabular, and graphic form, with analyses of the
data effected by inspection in terms of the thermal criteria idemtified
in Chapter IV.

Attention was given to the thermal environment that existed in
each classroom rather than to the school as a whole because of the
various thermal factors that can affect each individual classroom. The
investigator used the terms, completely, adequately, inadequately, and
not at all, when the situation warranted their use, to explain to what
extent specific room conditims met the different criteria.

Temperature conditions were not found to be too compatible with
Criterion 1. Forty-four per cent of all working area readings were
above 759F., the upper limit of the optimum range. Since 72°F. is
often considered the optimum temperature by some, an interesting finding
revealsd that 86.2 per cent of the working area temperatures recorded
were above 72°F. Only six of the twenty-seven classrooms completely met
Criterion 1, while seven did not meet the criterion in any way. Five of
the six completely meeting Criterion 1 were classrooms using unit venti-
lators for heating and ventilating.

Most classrooms did not meet adequately Criterimn 2 relating to
mean radiant temperature. Sun shining through window glass was the
factor that quite often created considerably higher mean radiant

temperatures than air temperatures.
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Chapter VII will be concerned with the analyses of data related
to the relative humidity, ventilation, and air movement of the twenty-

seven classrooms in the nine selected schools.



CHAPTER VII

ANALYSES OF RELATIVE HUMIIITY, VENTILATION
AND ATR MOVEMENT DATA

A, INTRODUCTION

The purpose of Chapter VII is to present analyses of data per-
taining to relative humidity, ventilation, and air movement in the
twenty-seven selected classrooms. Measurements of these phenomena were
converted to means and ranges, presented in textual, tabular, and
graphic form and analyzed through inspection of the graphs and tables
in terms of the various criteria.

B. ANALYSIS OF THERMAL DATA PERTAINING
T0 RELATIVE HUMIIITY

Criterion 3. With air temperature and mean radiant temperature

at the optimum level, optimum relative humidity seems to be around 50

per cent, ¥10 per cent.

The criterion, as stated, could have been met elther completely
or not at all, Table XIV and Figures 39-47 enable the reader to denote
which rooms met the criterion and which did not. The relative humidity
figures presented are means of the hourly humidity readings that were
taken each dsy.

In additdion to denoting the classroom relative humidity in rela-
tion to Criterion 3, Figures 39-47, pages 228-236, also graphically
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TABIE XIV
COMPARISON OF THERMAL DATA WITH CRITERION 3

P ———————————
———

Criterion
Relative humidity of 50 per cent Mean
$10 per cent corrected
Relative humidity effective
Classroom (To nearest whole per cent) temperature

A-l hO% 680 SOFQ
A-2 36% 68.00F.
A'3 3’4% 690 SOF .
B-l 3,4% 70. OOF.
B-2 38% 7100°F0
B-3 L33 67+00F.
C-1 sug 69.00F,
C-2 Ls% 70, 50F,
c-3 la% 69.00F,
D-1 37% 70.0°F.
D-2 L2% TheSOF.
D-3 38% 69.5F.
E‘l ).l]x 68. SOFQ
E-2 31% 69.5°F.
BE-3 LY 4 7L, SOF.
F-1 61% 72.0CF.
F-2 Ml% 69 .SOF.

F-3 k4 67.25°F.
G-1 26% 67.5°F.
G=-2 38% 710001"0
G-3 L3% 70.0°F.
H-l ha 710 OOFO
H-2 38% 69.0°F.
H-3 32% 67.0°F.
I-1 L% 69.5°F.
I-2 5’4% 7,-10 OOFQ

I-3 LLg 71.00F,
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portray the mean outside relative humidity for the particular day
involved. As illustrated by the figures, each of the twenty-seven days
but one recorded a mean relative humidity of at least LO per cent. The
one exception was the 33.5 per cent recording on March 17, 1961, when
data were collected in Classroom G-l.

Table XIV, page 227, also presents the mean corrected effective
temperature for each day. The mean corrected effective temperature was
derived by utilizing the mean globe readings for the day instead of the
mean dry bulb reading, the mean air movement as measured by the Kata
thermometer and the mean wet bulb reading taken from the sling psy-
chrometer. The corrected effective temperature was then derived from an
enlarged copy of the effective temperature chart shown in Figure 76,
Appendix B, page 30L.

Although this study did not endorse the effective temperature can-
cept as being a criterion for thermal cantrol, an interesting comparison
of the mean corrected effective temperature with the optimmum winter tem-
perature of 67°-68°F. Effective Temperature listed in the 1959 Guide and
previously discussed in this repémt can be made. The reader must keep
in pdnd that the use of the globe readings added a correction factor
that increased most of the corrected effective readings because mean
radi ant temperature was higher than air temperature in most instances.

Only the mean corrected effective temperature of five rooms met
the standard of 67°-68°F. Effective Temperature. The five rooms are
A-2, B-3, F-3, G-1, and H-2. In meeting the Effective Temperature

standard, an interesting observation is that three of the rooms did not
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meet the 4O per cent minimum named in Criterion 3 of this study; in
fact, the mean figure of 26 per cent recarded in Classroom G-1 repre-
sented the lowest mean relative humidity of all schools studied. This
certainly seems to indicate that control of a combinatimn of factars is
essential for the establishment of an optimum Effective Temperature; yet
the range of comtdnations of factors is relatively wide. The range did
not seem to be wide enough for twenty-two of the rooms, however. The
adjustment of the mean corrected temperature recarded in the various
rooms to 67°-68°F. Effective Temperature would have required an adjust-
ment of either air temperature, mean radiant temperature, air movement,
or relative humidity, or a combination of all four factors.

Turning specifically to Criterion 3, fifteen of the twenty-seven
rooms investigated (A-1, B-3, C-1, C-2, C-3, D-2, E-1, E-3, F-2, F-3,
G-3, H-1, I-1, I-2, and I-3) had relative humidities within the desired
range. Seven of the fifteen rooms had temperatures above the upper
limits of Criterion 1, however. The temperature could have been reduced
to the criterion level in all seven of the rooms and optimm relative
humidity still have been maintained. Only the temperature of one of the
rooms, H-1l, could have been reduced completely with the use of outside
air for cooling, though, on the specific days studied because of high
outdoor temperatures.

The mean relative humidity of eleven of the twenty-seven rooms
(a-2, A-3, B-1, B-2, D-1, D-3, E-2, G-1, G-2, H-2, and H-3) fell below
LO per cent. The temperature of all of the rooms but G-1 could have
been reduced enough to have allowed a minimum relative humidity of LO
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per cent and still maintained a thirty-inch temperature within the
Criterion 1 ranges On the particular days studied, the temperature
could have been reduced to the desired level completely by the use of
outdoar air in six of the eleven rooms (A-2, A-3, D-3, G-1, H-2, and
H-3).

The relative humidity of one room, F-1, was one degree above the
Criterion 3 range at 61 per cent. This deviation, of course, is not
critical; nor were many of the readings that were 2 or 3 per cent below
the minimum per cent listed in the range. The room temperature of Room
F-1 was too high, however, and normal cooling would have increased the
relative humidity. If strict adherence to the criterion were desired
in this case, some method of wringing excessive moisture fram the air
would have been needed.

Although only fifteen of the classrooms investigated met the
criterion in a literal sense, the data would seem to substantiate
Herringtant's belief that a better regulation of combined thermal effects
would be mare desirable than too much attention to the cantrol of rela-

tive humidity.
C. ANALYSIS OF THERMAL DATA PERTAINING TO VENTILATION

Criterion 4. Classrooms should be ventilated adequately with

clean, fresh, outdoor air to maintain control over overheating and to

dissipate odors.

Table XV indicates whether the particular functions of ventila-

tion, control over overheating and dissipation of odors, have been
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COMPARISON OF THERMAL DATA WITH CRITERION L
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——

——

————

Criterian
Classroom ventilated adequately with clean, fresh,
outdoor air to:

Maintain control over
overheating

Dissipate odors

Classroom 1s overheating present? Degree of odor
A-1 No Imperceptible odor (0.0)
A-2 No Imperceptible odor (0.0)
A-3 No Imperceptible odor (0.0)
B-1 Yes Obje cticnable odor (2.9)
B-2 Yes Moderate odaor ( 2.0;
B-3 No Imperceptible odor (0.lL
c-1 No Imperceptible odor (0.,0)
c-2 Yes Imperceptible odar (0.0)
c-3 No Imperceptible odor (0.0)
D-1 Yes Perceptible odor (0.7)
D-2 Yes Perceptible odor (0.9)
D-3 Yes Objectionable odor (3.0)
E-1 No Perceptible odor (0.8)
E-2 No Perceptible odar (1.0)
E-3 Yes Objectionable odor (3.0)
F-1 Yes Moderate odor (1.9)
F-2 No Perceptible odor (1.0)
F-3 No Moderate odor (1.9)
G-1 No Moderate odor (1.9)
G-2 Yes Moderate odor (1.9)
G-3 Yes Moderate odor (1.7)
H-1 Yes Imperceptible odor (0.1)
H-2 Yes Imperceptible odor (0.0)
H-3 No Imperceptible odar (0.0)
I-1 No Objectionable odor (2.6)
I-2 Yes Objectionable odor (2.9)
I-3 Yes Moderate odor (2.2)
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carried out. Overheating is considered a mean thirty-inch reading in
excess of the maximum of 75°F. specified in Criterion 1. Degree of odor
presented in Table XV, page 2L0, represents a mean of the hourly subjec-
tive odar checks made by the investigator. The reader may note the type
of ventilation employed in each school by referring to Table VI, page
12).

Fourteen of the twenty-seven rooms were overheated including
three out of the nine rooms employing unit ventilators, all three rooms
using a central system of ventilation, and eight of the fifteen using
window ventilation. Seven of the fourteen could have had the over-
heating problem greatly improved by adequate outdoor air, while four
could have maintained camplete control over overheating by admitting
adequate outdoor air., Of the remaining three, the unit ventilator did
an excellent job in one until the outside temperature reached the high
sixties, and the outside temperature was in the sixties and seventies
for the complete dgy when the thermal environment of the other two rooms
was investigated.

The investigator considered that ten of the rooms had impercepti-
ble odor, five had perceptible odor, seven had moderate odor, and five
had objectionable odor. Four of the five rooms having objectionable
odor also were overheated. Four of the five rooms with objectionable
odors were rooms depending upon windows for ventilation while the fifth
room was a room with a central system of ventilation. The objectionable
odors in the fifth room perhaps were more closely related to the low

socio-economic status of the retarded class than to overheating.



2L2

Using the data presented in Table XV, page 2L0, the investigator
considers the classroom thermal conditions present on the day investi-
gated to have met Criterion L in the following manner: A-1, completely;
A-2, completely, A-3, completely; B-1l, not at all; B-2, inadequately;
B-3, completely; C-1l, completely; C-2, adequately; C-3, completely; D-1,
inadequately; D-2, inadequately; D-3, not at all; E-1, adequately; E-2,
adequately; E-3, not at all; F-1, inadequately; F-2, adequately; F-3,
adequately; G-1, adequately; G-2, inadequately; G-3, inadequately; H-1,
adequately; H-2, adequately; H-3, completely; I-1l, inadequately, I-2,
not at all; and I-3, inadequately.

D. ANALYSIS OF THERMAL DATA PERTAINING

TO ATR MOVEMENT

Criterion 5. Air movement within the classroom should be contin-

uous and sufficient to distribute heat evenly throughout the working

level of the roam at the horizontal plane and to minimize excessive tem-

perature gradients from the floor to the ceiling.

Pertinent data relating thermal conditions in all classroams to
Criterion 5 are found in Table XVI. The mean differential between maxi-
mum and minimm 30-inch readings, the mean differential between the 6-
inch and 60-inch readings at the center of the room, and the mean
differential between the 60-inch and 120-inch readings at the center of
the room are presented in order to determirne to what extent Criterion 1
is met. Since no optimum air movement was stated in the criterion

statemsnt, the range of air movements as measured by a Kata thermometer
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COMPARISON OF THERMAL DATA WITH CRITERION 5

Criterion

Air movement contimuous and sufficient to:

[Distribute heat

evenly through-
out the working Minimize excessive
level of the temperature gradients
room at the from the floor to the
horizatal plane ceiling
Mean differen-
tial between Mean differential
maximm and between
Range of measured minimum 30" 6" and 60" 60" and 120"
Classroom air movement readings readings readings
A-1 10-50 fpm 1.L5°F. L1, 09°F. 0.980F.
A-2 5-50 fpm 00820Fo h.OOoF. 0056°Fo
A-3 2-55 fpm 00 TTOF . 1.8LOF, 1,09°F.
B-1 1-11 fpm 1.0L°F. L.67°F. 6.78CF.
B-2 Imperceptible=32 fpm 0.93°F. Lo2L°F, 5.12°F,
B-3 Impe rceptible-L2 fpm 1.56°F. 2, 8LOF. 5o T2°F,
Cc-1 3‘18 fpm OohsoFo 0.88°Fo 0036°F.
Cc-2 1-18 fpm 0.65CF. 2.07°F. 3,12°F,
c-3 2-2) fpm 0.67°F. 1.L6°F, 1,LO0°F,
D-1 Imperceptible-10 fpm 0,57°F, 3.98°F, 2,68°F,
D-2 7-25 fpm 1.989F, 1.61°F, 0,78C°F.
D-3 2-13 fpm 1,51°F. 1.85°F. 1.70CF.
E-1 L-20 fpm 0,67°F, 1.60°F. 0.16CF.
E-2 Imperceptible-20 fpm 1.18°F. 2,550F, 0,11°F.
E-B 2“50 fpm 1018°Fe lo hsoFo 20 230Fo
F-1 9-20 fpm 2,09°F. 1.12°F, 1.16°F. -
F-2 8-100 fpm 1.25°F. 0.91CF. 1,1LCF.
F-3 7-20 fpm 1,0LOF, 3.L10F, 0.L8OF.
G-1 2-30 fpm 1.45CF. 2.60°F, 3,6L°F.
G-2 Imperceptible-5 fpm 0.60°F. 2,23°F, 2.89°F.
G-3 |Imperceptible-10 fpm 0,88C°F. 3,159F. 2.87°F.
H-l 5-25 f‘pm loZOOF. 0088°Fo -0003°Fn
H-2 5-31 fpm 1. 27°F, 1.L5OF, 0,12°F,
H-3 10-31 fpm 2,67°F. 0,650F. 00 L2°F.
Il Imperceptible-50 fpm 1.1LOF. 5.83°F. Lo T72°F.
I-2 2-28 fpm 0.92°F, L53°F. 8.00C°F,
I-3 Imperceptible movement! 0.77°F. L. 659F, L,03°F,
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that are recorded in Table XVI actually serves more as a guide than as a
component of the criterion. Some types of classroom heating systems do
not require as much air movemsnt as do others in order to perform the
functions specified in Criterion 5.

Figures L8-7L that follow graphically illustrate temperature
gradients at the 6-inch, 30-inch, 60-inch, and 120-inch levels from the
floor to the ceiling at the center of each room. The discussion to
follow will refer to the various figures as they relate to the discus-
sion, while the data contained in Table XVI, page 2L3, should be assumed
to be incorparated in the conclusions regarding conditions found in each

classroom.

Classroom A-1l. Figure L8 illustrates a mean dif ference of

slightly more than four inches from the 6-inch to the 60-inch level,
with less than a degree dif ference from the 60-inch to the 12-inch
level. The reader will note throughout Figures L8-TL that the gradient
between the 6-inch and the 30-inch level is actually greater than that
existing between any other two levels. Cold slab-on-grade floors par-
tially account for such a differential at the floor level. The recorded
6-inch reading was 68°F, while the maxdmum 120-inch reading was 78°F.
Neither extreme of the range were typical readings. Air movement was
cantinuous. The investigator cansidered the criterion to have been net

adequately.

Classroom A-2. Figure L9, page 2l6, shows the same difference of

10 degrees that existed between the minimum 6-inch reading and the
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Figure 49. Temperature gradients from floor to ceiling at center of Classroom A-2.
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maximm 120-inch reading that existed in Classroom A-l. The mean dif-
ferential at the 30-inch horizontal plane was less than a degree. Air

movement was contimuous so the criterion was considered to have been met

adequately.

Classroom A-3. Figure 50 shows gradient conditions that existed

in Classroom A-3. Although the range of air movement was as great as
that found in Rooms A-1l and A-2, mean air movement was less, and the
results seem to have been better. A mean difference of less than two
degrees existed between the 6-inch and 60-inch reading. All data

enabled the criterion to have been met completely.

Classroom B-l. Air movement evidently was insufficient in Class-

room B-1. Figure 51, page 249, shows a mean floor to ceiling difference
of better than 10 degrees with a difference range of 35 degrees.

Average air movement was less than six feet per minute as recorded by
the Kata thermometer. Thermal conditions seemed to have met Criterion 5

rather inadequately.

Classroom B-2. Conditions relating to air movement in Classroom

B-2 were almost as bad as those in B-1l, At one time, the Kata thermom-
eter could reveal no air movement in Zone V at the 5-foot level and the
range between the highest 120-inch reading and the lowest 6-inch reading
was 27 degrees. The mean differential at the 30-inch horizontal level
was less than 1 degree, but canditions over-all inadequately met the

criterion. (See Figure 52, page 250.)
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Figure 52. Temperature gradients from floor to ceiling at center of Classroom B-2.
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Classroom B-3. Figure 53 shows the three lower readings, 6-inch,

30-inch, and 60-inch, to be grouped closely together with less than 3
degrees separating the 6- and 60-inch levels. The mean differential be-
tween the 60-inch and 120-inch level was within the differential nor-
mally expected with radiant heat. The average air movement for the day
was nearly 17 feet per minute. Despite the tremendous range of 37 de-
grees between the maxdmum 120-inch reading and the lowest 6-inch reading,

the criterion seems to have been met adequately for the day investigated.

Classroam C~l. Classroam C-1 contained some of the best examples

of good air movement of any room visited. Figure 5L, page 253, illus-
trates a mean differential of slightly more than ons degree between the
floor and ceiling. The reader also can observe the close relationship
that existed between temperatures at the lower two levels. Continuous
air movement and a mean horizontal differential of less than ane-half of

a degree enabled the classroom to completely meet the criterion.

Classroom C-2. The reader can observe the same type of relation-

ship between the lower levels of readings in the C-2 graph, Figure 55,
page 25L. Perhaps the wooden floars influenced the pleasant environment.
Certainly the adequacy of the ventilation and air movement system is
evident and the criterion was completely met.

Classroom C-3. The criterion also was completely met in Class-

room C-3 as shown by Figure 56, page 255. The mean horizontal differ-
ential at the 30-inch level was less than 1 degree, as was true in all
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classrooms in School C. The mean differential from floor to ceiling was

less than 3 feet.

Classroom D-1. No air movement was recorded in Zone I of Room

D-1 beneath the discharge grilles of the heating and ventilating system,
and maximm air movement on the window-wall side of the room within the
working zone was only 10 feet per minute. Figure 57 shows conditions
not as good as those in School C but good enough to meet the criterion

adequately, the only criterion that Classroom D-1 met.

Classroom D-2. For some reason, air movement in Classroom D-2

was higher than that found in D-1, and the differential between the
floor and ceiling was correspondingly better. As shown in Figure 58,
page 258, a mean differential of slightly over 2 degrees existed between
the 6-inch and 120-inch level. A fairly large mean dif ferential of
nearly 2 degrees existed between maximum and minimum 30-inch horizontal
readings. This differential was due partly to slight differences be-

tween the corridor wall and window wall temperatures. The criterion was

met adequately, however.

Classroom D-3. Figure 59, page 259, shows gradients for Class-

room D-3. Of interest is the 3-hour and 30-minute span beginning at
10:00 a.m. when the differential between the 60-inch and 120-inch levels
were constant at 2 degrees apart. Excessive gradients were avoided and

Criterion 5 was met adequately.



10299,

990p ;_ Mogn temperature at center of room: 77.87° P.
L Range: 860 - 69° P, SD: ¢ 3.431° P.
+ Mean temperature differential between
96°pP. 6" and 120" readings: 6.66° P,
Mean temperature dirrerential between
| 6" and 60" resdings: 3.98°
93°F. | 6" readings
L 30" readings = e e—
60" readings
- 120" readings ———— ——~——-.
90°p. |-
87°P.}
i it RN
8y°pr. |
3 L
& 81°P. L
g- L
& B
78°P.
75°P.}
72°F.
69°P.}-
.
66°P.1-
630?'- N— "y Ar s -y A — s A
o L 0 o Ty ] e o 1 A
=R 8 a 8 2 8 a 8 & 8 £ R 8 = 8 a S ) S
& © © o o S S = o & o & - - ~ & A M 2

Figure 57T« Temperature gradients from floor to ceiling at center of Classroom D-1.

Lse



102°P-

.
9909.-_ Mean temperature at center of room: 79.78° P.
R Range: 84° - 7L° F. SD: ¢+ 1.876° =,
[ Mean temperature differential between
96°F. |- 6" and 120" readings: 2.39° P.
i Mean temperatura differential between
L 6" and 60" readings: 1.61° F.
93°F. |
3 6" readings
- 30" readings - —
| 60']" readings
90°P. {- 120" readings - —— e - -—-—ea
87°p.}
8h°P.F
° L
£
@ 81°r.
2
g 5
©
S 8
78°F. 1
75°P.}-
72°P.L
69°F.}-
|
66°P. |-
63°P. . A A
Y, = Vv—r —y A s A
o I —T T TV T TV T N T VT P— AU
®® 8§ % § 2 g8 8 &8 ® g s g @& 8 & g 8 8
<~ o ® o o S S = - '2 “:ﬁ - ot & ~ - - 2

Figure 58.

Temperature gradients from floor to ceiling at center of Classroom D-2.

gse



102%,

I Mean temperature at center of room: 76.52° P,
99°p, B
L Range: 80° - 71° 2, SD: ¢ 1.572° p,
t Mean tempsrature differential between
96°p. 6" and 120" resdings: 3.550 P.
i Msan temperature differential between
L 6" and 60" readings: 11.85° P.
93°P. |
3 6" readings
- 20" readings = o= ———
L 60: roadings —m———
90%. | 120" readings =-—--wc=a=-
B7°P. -
a,°p. r-

Temperature
[
-
o
3
T

”
’
s

| ~ DNL S N\

N N
75°P. |-

o
72°P. |

L
69°P, |-
66°P. |
5
63°P, L . o A R A
\ 4 b Ty h_4 A " — A b2 A

0 eI I ajvyV—rtr—a—I1 T YT 1T e 1T 1T a1 1 a1 1

Y-} o o o [-} o o o o o o

A < a o ) o < a S ) S a < a < a <

® oo . fad .. - - .. L3 .. L od o oo .. s bl L] Lad L od Lo

<t~ © @ o o o [ ol - N a0 - - Y] [ L) [} =

=] ] ~ - -~ -

Figure 59. Temperature gradients from floor to ceiling at center of Classroom D-3.

65



260

Classroom E-1. Good conditions were evident in Classroom E-1 as

depicted in Figure 60. Mean air movement was only about 10 feet per
mimite, but warm air was constantly escaping into the unheated corridor
through the ceiling level opening mentioned in Chapter V. Total differ-
ential between floor and ceiling was less than 2 degrees. All data

enabled the room to completely meet the criterion.

Classroom E-2. The air movement recorded at the 5-foot level of

Zone V, Room E-2, was not perceptible at 8:00 a.m. The results of a
strong breeze shortly thereafter resulting from window ventilation are
evident in the drop of the 6-inch reading in Figure 61, page 262, illus-
trating one of the disadvantages of both air movement and ventilation
produced by open windows. The total end results were favorable,

however, and the criterion was considered to be adequately met.

Classroom E-3. Figure 62, page 263, shows conditions that existed

in Classroom E-3. Opening and closing of windows produced same unneces-
sary temperature wavering, but mean conditions adequately met the

criterion.

Classroom F-1. Criterion 5 was considered to have been met

adequately in Classroom F-1 because of the gradient situation pictured

in Figure 63, page 26L. The mean horizontal differential was actually

the second worst recorded.

Classroom F-2, Temperature gradients in Classroom F-2 are shown

in Figure 6L, page 265. Although the reader must recall that there was
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no heat supplied to Classrooms F-1 and F-2 from the heating system be-
cause of the high outside temperature. Figure 6L, page 265, depicts
conditions created by air coming into the room at a rate approaching 100

feet per minute all day. The conditions adequately met Criterion S.

Classroom F-3., Figure 65 shows some results of downdraft from an

unheated window wall. However, the 3.L1°F. differential between the 6-
inch and the 30-inch reading was offset by the closeness of the other

three levels. Classroom F-3 met Criterion 5 adequately.

Classroom G-1l. A typical convector-heated room is shown in

Figure 66, page 268. The lower two levels probably are closer to each
other than normally is true because the room was a secand stary one,
thus affording warmer floors. The conditions in G-1 were considered to
have met the criterion adequately becausp of the low mean temperature

difference between the 6-inch and 30=-inch level.

Classroom G-2. Although window ventilation was afforded, air

movement in Classroom G-2 was very low, at one point in the day not even
registering on the Kata thermometer. Conditions pictures in Figure 67,
page 269, were quite good, however, and the low mean horizontal gradient
of only 0.60°F. enabled Classroom G-2 to completely meet Criterian 5.

Classroom G-3. Conditions in Classroom G-3 were generally good

enough for the criterion to be met adequately. Figure 68, page 270,

shows the temperature gradients in the room.
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Classroom H-1. Figure 69 graphically illustrates an amazing feat

of minimizing excessive gradients from flooar to ceiling. The mean tem-
perature differential between the 6-inch and 120-inch level in Classroom
H-1 was less than 1 degree with a good air movement throughout the room.
A rather unique situation that also existed was that the mean dif fer-
ential between the 6-inch and 120-inch level was actually 0.03°F. less
than the differential between the 6-inch and 60-inch level. Because the
mean horizontal differential was slightly over 1 degree, however, the
criterion was considered to have been met adequately rather than

completely.

Classroom H-2. Figure 70, page 273, shows canditions existing in

Classroam H-2 similar to those that existed in Classroom H-1l. Mean dif-
ferential between the 6-inch and 120-inch readings was only 1.57°F.
Classroom H-2 also was kept from meeting Criterion 5 completely because
the mean differential at the horizontal level was slightly over 1 degree.

The criterion was met adequately.

Classroom H-3. The lowest differential between the 6-inch and

60-inch reading found in any school was the 0.65°F. dif ferential that
existed in Classroom H-3. Figure 71, page 27L, also shows that the
maximum differential between the highest ceiling reading and the lowest
floor reading was only L degrees. For some reason, the mean horizontal
gradient was the highest recarded, so Classroom H-3 also met the

criterion adequately.



102°F.

99°P.

96°P.

93°p.

90°p.

87°p.

8,°p.

81°p.

Tezperature

78°p.

75°P.

72°p.

69°P.

Mean temperature at center of room: 78.42° P.
Range: 81° - 75° P. SD: ¢ 2.848 P.

Mean temperature differential between
6" and 120" readings: 0.85° p,

Mean temperature differential between
6" and 60" readings: 0.88° P.

6" readings ——————————
0" readings = = c——
0" readingd —0m———H——
120" readings —e-—---- -

Figure 69.

Temperature gradients from floor to ceiling at center of Classroom H-1.

ele



102°p,

99°P.

(-}

96°P.

93°p.

87°7.

&
s

Temperature
[+
]
o
3

78°P.

75°P.

72°p.

69°P.

Mean temperature at center of room: 75.67° p.
Ranges 78° - 720 P, SD: #1.221° p,

Mean temperature differential between
6" and 120" readings: 1.57° P.

Mean temperature diﬂ‘erentia% botweon
6" and 60" readings: 1.4

6" readings
30" readings —— e —
60" readings —————————

120" readings ~e—-—--———

ﬁ'

L
!

11:00 |
11:30 |-
12300 |-
12:.30 -

Figure 70. Temperature gradients from floor

A4 A' Av
'} I L A I Il Il ! A L ' '] [l l ] 'l l L
Q [=] o
o o o
o o e o 2 -
~ — o~ o~ o\ [}

to ceiling at center of Classroom H-2.

h:00
€Le



102°P.

99°p. Mean temperature at center of room: 73.25° p,
{ Range: 75° - 71° P. SD: #+ 1.241° P.
96°P. L Mean temperature differential between
6" end 120" readings: 1.07° P.

Mean temperature differential between
6" and 60" readings: 0.65° P,

93%. |
A 6" reedings
0" readings —— ——
op. | 0" readings —0mn———
90°F. |- 120" readings e————=o--
87°p. L
8u°p. |-

o
72°P. |-
69°P. |
L
o
66°F. L.
o
63°p. . n . \ _ —
\~ — \r \— x \s
o‘olallnuJ T A P T A T T B N R B AT N A R A
Y o o o o o o o o o * O o
g 2 8 % g8 B» & & 8 £ & & 8§ =& g 2
. . o
& & & & 4 & & 48 5 & & & A A

Figure 7l. Temperature gradients from floor to ceiling at center of Classroom H-3.



275
Classroom I-l. Figure 72 presents quite a contrast from Figures

69, 70, and 71. With a mean differential of more than 10 degrees be-
tween the floar and ceiling, the criterion was very inadequately met in

Classroom I-1.

Classroom I-2. The mean floor to ceiling differential in Class-

room I-2, as shown in Figure 73, page 277, was the largest differential
found in any classroom examined. The 8-degree mean range from the 60-
inch to the 120-inch level was exceptionally high, so the inadequate

rating seemed quite appropriate.

Classroom I-3. Classroom I-3 was the only classroom visited by

investigator in which the Kata thermometer did not register any air
movement at any location within the room. Figure 7L, page 278, shows
the excess temperature gradients that were produced, thus causing the

room to meet the criterion inadequately.
E. SUMMARY

The primary purpose of this chapter has been to present the data
relating to relative humidity, ventilation, and air movement found in
the twenty-seven selected classrooms investigated.

Fifteen of the twenty-seven classrooms had humidities within the
desired criterion range. If coupled with temperatures, however, the re-
sulting effective temperatures were not always at the optirmm level
because of the many room air temperatures or globe readings outside the

optimum range.
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Seven classrooms met Criterion L pertaining to ventilation com-
pletely, eight met the criterion adequately, eight met the criterion
inadequately, and four failed to meet the criterion at all. Odors were
not too unpleasant because of the relatively low relative humidities
during the heating season, but fourteen of the rooms were overheated.

Air movement within the classroom was found to range from no
movement to one hundred feet per minute, while resulting mean vertical
differentials from the floor to the ceiling ranged from less than one
degree to more than twelve degrees and mean horizontal differentials

ranged fram less than one degree to nearly three degrees.



CHAPTER VIII
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
A. SUMMARY

The purpose of this study has been to analyze and sppraise condi-
tions relating to thexmal environment in the classroom that existed in
selected schools. Solution of the problem was effected through the

following sub-problems:

Sub-problem 1
To identify criteria related to thermal factors affecting class-

room environment.

After establishing a thermal background, attention was given to
identification of the best available criteria relating to thermal
factors in the classroom enviranment in order that the criteria could be
utilized for the evaluation of the thermal environment in selected
classrooms.

The core of the five selected criteria is as follows:

Criterion Number 1. . . . An optimum air temperature for most

clagsroom activity can be found within the range of 709F. to 75°F. . . .

For the optimum desired temperature for any activity, the temperature

should not vary mare than %2 degrees.

Criterion Number 2. An ideal classroom temperature exists when

both air temperature and mean radiant temperature are identical and
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within the optimum range. Since this situation does not always exist,

some provision must be made for counteracting or eliminating the heat

loss of the body to cold walls and windows.

Criterion Number 3. With air temperature and mean radiant tem-

perature at the optimum level, optimum relative humidity seems to be

around 50 per cent 10 per cent.

Criterion Number L. Classrooms should be ventilated adequately

with clean, fresh, outdoor air to maintain control over overheating and

to dissipate odors.

Criterion Number 5. Air movement within the classroom should be

continuous and sufficient to distribute heat evenly throughout the

working level of the room at the horizontal plane and to minimize

excessive temperature gradients from the floar to the ceiling.

Sub-problem 2
To apply criteria identified to a varied selection of classrooms

as a means of detemining existing conditions relating to thermal

environment in the classroom.

Nine schools, with three classrooms from each school were
selected for the study. Included were: (1) eight buildings less than
ten years of age and one constructed in 1943, constructed from wood,
masonry, and curtain wall materials with classroom windows in selected
rooms ariented toward every direction; (2) three schools utilizing unit

ventilators for heating, three utilizing radiation, and one each
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utilizing hot water floor panels, electric baseboards, and a central
direct-fired air system; and (3) schools ranging in size fram eight
rooms ard two hundred pupils to twenty-seven rooms and seven hundred
fifty pupils.

In order to evaluate thermal conditions in the selected class-
rooms, the investigator spent a day in each of the selected classrooms
during the normal heating season months of February and March, 1961, for
the purpose of collecting data that could be utilized in analyzing
thermal conditims. Data collected included classroom and outdoor air
temperatures, mean radiant temperature, outdoor and indoor relative
humidity, air movement readings, and subjective odor ratings.

Instruments that were capable of measuring thermal phenomena with
consistent accuracy were used. The instruments included: two Palmer
mercurial thermometers, a Wheelco twelve-point thermocouple recorder, a
Bristol Thermo-Humidigraph, a Short and Mason Hygro-Thermograph, two
Bacharach tempscribe temperature recarders, a homemade globe thermometer
with mercurial thermometer inserts, a Taylor sling psychrometer, a Kata

thermometer, and a titanium tetrachloride smoke gun.

Sub-problem 3
To analyze the findings in the light of the criteria in arder to

draw conclusions relating to the present situation regarding thermal en-

viromment in classrooms in the area investigated.

Appraximately 110,000 temperature readings alone were recorded
during the period of the investigation, as well as many other kinds of
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data. In oarder to put thé various data into some type of working order,
selected random sampling was utilized with various temperature readings,
the arithmetic mean was used to describe central tendency, and the range
and standard deviation were used to determine dispersion. The organized
data were presented in textual, tabular, and graphic forms with analyses
by inspection in terms of the criteria.

Farty-four per cent of all classroom working area temperature
readings were above 75°F., the upper limit of the optimum range, with
86.2 per cent above 72°F. Only 2.1 per cent of the readings were below
T0°F., the lower limit of the optimum range. The maximum single tem-
perature reading for any point within the air space from the floor to
the ceiling was a reading of 1009F. recorded at the 120-inch level,
whi]b the minirmm single temperature reading for any point within the
same air space was a 58°F. reading at the 6-inch level.

Only six of the twenty-seven classrooms met Criterion 1 per-
taining to air temperature completely, while seven did not meet the
criterion in any way. Five of the six completely meeting the air tem-
perature criterion were classrooms using unit ventilators for heating
and ventilating.

More classroams failed to meet Criterion 2, the mean radiant
temperature criterion, than any other criterion, owing to the fact that
mean radiant temperature often rose above the air temperature and out-
side the optimm range. Sunshine on window glass was the chief
offender, producing high mean radiant temperatures near the window
wall of the room.
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The mean classroam relative humidity was within the criterion
range on fifteen of the twenty-seven days of the investigation. Eleven
mean classroom humidities fell below the minimum of LO per cent, with
only one classroom above the upper limits of the optimum range at 61 per
cent, a one per cent deviation.

The need for more adequate ventilation was found with fourteen of
the twenty-seven classroams overheated and five rooms containing objec-
tionable odors. No perceptible odors were found in any of the class-
rooms employing unit ventilators.

Air movement within the selected classrooms ranged fram no per-
ceptible movement to one hundred feet per mimite as recorded by the Kata
thermomster. Mean vertical temperature differentials from the floor to
the ceiling ranged from 0.85° to 12.53°F., while mean horizontal temper-
ature differentials at the thirty-inch level of the classroom ranged
from 0.45° to 2,67°F.

After applying the thermal data to the rigid yardstick of the
criteria, only two classrooms were considered to have met all five cri-
teria completely on the day of investigation. One classroom met all but
one criterion completely, while nine met at least four out of the five
adequately or better. Five classrooms met at least three of the cri-
teria either completely or adequately. Three or more of the criteria

were met inadequately or not at all in ten classrocms.
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B. CONCLUSIONS

The following conclusions were derived as a result of this study:

1. The identified criteria represent the best ideas concerming
therml environment and with only slight modification could be used to
evaluate classroom thermal conditions in any section of the United
States.

2. Too large a percentage of classroam temperatures was above
the optimum range, regardless of whether the outside temperature was
above or below 60CF.

3. There was no consistent pattern of classroom temperatures
for various age groups in the classrooms studied.

Lh. Outside air utilized for ventilation by unit ventilators can
effectively combat overheating until the outside temperature rises above
60°F.

5. Closing down the boiler on days when the outside temperature
approached 609F, contributed favorably to the thermal environment of two
schools.

6. The proper maintenance of unit ventilator filters is essen-
tial to their efficient operation.

7. Excessive glass seems to have been one of the greatest
deterrents to the maintenance of optimum thermal conditions in the

classrooms studied.
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8. Orientation, roof overhangs, blinds, and drapes should all be
used, if necessary, to keep the sun away from the window area. A
simpler solution would be to eliminate much of the large amounts of
window glass now prevalent in modern school canstruction.

9. Because of the effect of the sun upon the windows of the
classrooms studied, mean radiant temperature presented a slightly dif-
ferent problem than expected, since the mean radiant temperature was
seldom below the alir temperature, and was always above the air tempera-
ture when the sun was shining directly an the window wall.

10. The situation described in Conclusion 9 is not necessarily
applicable to the entire United States, or even to the area investigated
if colder weather conditions prevail. Outside temperatures during the
time of data collectian perhaps were not low enough to create cold wall
and downdraft problems.

11. Since no serious downdraft problems were encountered except
in the two schools that had no positive heat at the window wall, the
purchase of special down-draft equipment in the Southeastern Region is
perhaps questicnable if visual strips are used for windows and the
heating unit is located by the window wall.

12. The deviations of relative humidity from the optimum range
that were encountered in the study could have been corrected in most in-
stances by lowering the temperature to a point-still within the optimum

range.
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13. The data seemed to indicate the importance of adequate out-
side alr and considerable air movement for the control of odors and
overheating.

1. Comtrol of air temperature is the critical issue in main-
taining an optimum thermal enviranment$ however, the control of a
cambination of factors is essential.

15. Those responsihle for the provision and malntenance of the
thermal environment in the selected schools seemed to be largely unaware
of the thermal needs of growing children of different age groups and how
to provide for these needs. 7

16. When unit ventilators were used for heating and ventilating,
classrooms with nine-foot ceilings were found to have as good a thémal
environment as those having twelve-foot ceilings.

17. Individual automatic room controls are essential for the
maintenance of optimum classroom thermal conditions, regardless of the
type of heating system utilized.

18. Unit mounted electric controls and pneumatic remote-controls
both responded favorably in unit ventilators.

19. The best thermal conditions found in the classrooms investi-
gated on the particular days investigated were those found in schools

using unit ventilators for heating and ventilating.
C. RECOMMENDATIONS FOR CLASSROOM THERMAL CONTROL

The following recommendations for thermal control of classrooms

now in use are made:
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1. All who are in a position of controlling the classroom
thermal environment should utilize every available method to maintain a
thermal environment that meets the criteria identified in this study.

2. If a change or conversion of the type of heating and venti-
lating system presently used is contemplated, serious consideration
should be given to installation of unit ventilators with individual room
controls.

To effect an adequate thermal environment in classrooms con-
structed in the future, the following recommendations are given:

1. School buildings should be designed for maximum thermal con-
trol by incorporating such considerations as minimum window area,
covering of window space provided, building orientation, and lowered
ceilings.

2. Unit ventilators with individual room controls should be pro-
vided for héating and ventilating on days when the outside temperature
does not exceed 60°F.

3. Unit ventilators used should be the type that will allow for
air conditioning or future air conditioning during periods of the ysar

when the outside temperature consistently rises above 60°F.
D. RECOMMENDATIONS FCR FURTHER RESEARCH

The following recommendations are made for further research:
1. A sirdlar study should be made with collection of data going
on simultaneously in a number of selected classrooms rather than one at

a time.
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2. Material included in the Appendix of this study could be
given a more elaborate statistical treatment to determine more fully the
differences that existed among the thermal conditions in the different
classrooms.

3. A study could be made utilizing materials in the Appendix of
this investigation that would integrate all data into some thermal index
as the Temperature Humidity Index.

L. Each of the elements included in the criteria should be
utilized as a basis for research within a classroom with all other
factors controlled at the optimum level and the experimental factor
varied to determine its effect upon health, canfort and efficiency of

school children.
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SCHOOL DATA SHEET

Name of School

Address of School

Number of Classrooms in Building

Organization of School:
K-6 s 1-6 ; 1-8 3 1-9 .

School Enrollment

Ventilation System: Air Supply Method Exhaust Method

Heating and Cooling System

Date of Construction

Brief Description of Building Construction and Materials
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CLASSROOM THERMAL ENVIRONMENT DATA SHEET

Classroom No.

Total Floor Area

Height of Ceiling

Location of Thermostat,
if any

Grade Level, or
Subject

Total Window Area
at Outside Wall

Directional Orienta-
tion of Classroom

Windows
Wattage of Classroam
Lights Date
Weather
THERMAL DATA
Time

Degree of Odor or Irritation

0. Imperceptible odor, or
irritation.

1. Perceptible odor, or irrita-
tion, but not objectionable.

2. Moderate odar, or irritation,
little or no objection,
acceptable level.

3. Objectionable odor, or irri-
tation, condition regarded
with disfavor.

L. Strong odor, or irritation,
but endurable.

S. Very strong odar, or irrita-
tion, intolerable

Number of boys present

Number of girls present

Number of adults present

Classroom Activity

Are lights on?

Thermostat setting (if heating and
cooling system utilizes thermostat)
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THERMAL DATA

Time

Outside temperature
Outside relative humidity

Physical appearance of
occupants
Other pertinent data:

Relative humidity
(within zone of occupancy)
KATA THERMOMETER READING
Zone I
6 inch cooling time
_Reading 1
Reading 2
Reading 3
Average cooling time
Air temperature
6 inch level of air movement

Zone 1
5 ft. cooling time
_Reading 1
Reading 2
Reading 3
Average cooling time
Air temperature
5 feet level of air movement

Zone V =r

6 inch cooling time

Reading 1

Reading 2

Reading 3

Average cooling time

Air temperature

6 inch level of air movement

Zone V
5 ft. cooling time
Reading 1
“Reading 2
Reading 3
Average cooling time
Alr temperature
© ft. level of air movement
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Time

Globe Thermometer Reading
(30 inch level)

Zone I

Zone V

Mean Radiant Temperature

Zone I

Zone V
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THERMOCOUPLE READINGS FOR CLASSROOM A-1l

February 7, 1961

310

1 2 3 L 5 6 1 8 9 10 1 12
Temp. Out- Samp-
Temp. of side 1ling
of window air cham-

Time 30" 30" 30" 120" 60" 30" 6" heat glass temp. ber 30"
OF. OF, OF, oF, OF, OF, OF, OF, OF, OF, OF, OF,
7:50 Tk 73 h 78 76 Th 68 100 69 38 72 72
8:00 175 73 yn 17 75 7L 68 oL 67 38 73 N
8:10 175 (N (n 76 75 h 69 91 67 39 71 72
8:20 7L 3 73 76 75 (N 70 91 66 38 72 73
8:30 T4 yn uh 17 75 (4 70 97 66 39 72 73
8:L0 7L 7L Th 17 75 h T0 93 67 39 73 73
8:50 ThL 75 75 17 76 75 T0 93 67 39 T2 73
9:00 TL yn 7L 76 75 Th 70 83 66 39 T2 73
9:10 7L Th Th 76 75 75 71 90 66 39 73 73
9:20 Tk un (N 76 75 75 70 90 67 39 72 73
9:30 7L Th Tk 75 75 75 1 83 65 39 T2 73
9:40 T3 73 yn 75 75 N 71 8L 65 Lo 73 N
9:50 T4 h h 75 75 75 71 8L 66 39 T2 73
10:00 74 7L W 76 7% 15 171 84 67 39 73 7b
10:10 173 73 Tk 7 T T 72 83 65 Lo 72 72
10:20 175 75 75 76 75 75 71 88 67 Lo 73 N
10230 75 75 75 76 75 75 72 8L 67 39 13 (N
10:40 75 7 76 77 76 76 72 8y 68 Lo 73 75
10:50 175 75 76 76 76 75 T2 Th 66 Lo 73 Th
11:00 75 75 75 76 % 15 72 13 66 Lo 73 N
11:10 74 7L Tk (N 7L 72 80 65 Lo 73 73
11:20 74 74 7% 16 15 15 12 83 66 Lo 73 N
11:30 74 7L N 75 7% 74 72 83 65 Lo 72 73
11:40 7L Th Th 76 75 75 1 86 66 Lo 73 Tk
11:50 73 (N T4 76 75 75 70 87 65 Lo T2 73
12:00 73 73 Th 76 uh h 69 93 67 Lo 73 73
12:10 73 73 73 76 75 N 68 93 66 Lo 71 72
12:20 173 h 73 76 75 yn 69 93 67 39 71 72
12¢30 74 74 T4 76 7 15 7. 87 66 Lo 72 173
12:10 T4 Th yn 75 Th (N 70 85 66 Lo T2 73
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THERMOCOUPLE READINGS FOR CIASSROOM A-1 (continued)

1 2 3 L 5 6 7 8 9 10 1 12
Temp., Out- Samp-
Temp. of side 1ling
of window air cham-
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp. ber 30"
SF, OF, OF, OF, OF, OF, OF, OF, OF, OF., OF, OF,

12:50 74 74 T4 76 75 75 71 86 67 Lo 72 73
1:00 75 Th 75 76 75 76 71 8k 66 Lo 73 h
1:10 7L Th i 76 75 N 72 83 66 39 73 Th
1:20 7 Th 75 76 75 75 72 83 66 Lo 73 Th
1:30 74 Th 75 76 75 75 72 83 65 Lo 73 7L

1:0 75 75 75 7% 15 75 73 83 67 o 73 74
1:50 74 74 75 7% 75 15 72 81 65 Lo 73 Tk
2200 74 74 74 75 75 15 72 82 66 Lo 73 (N
2310 74 7 W 75 9 19 72 8L 66 o 72 73
2¢220 73 74 7 76 T 7 T1 88 67 Lo 72 173

2:30 74 73 7L 7% W W N 88 67 hi 72 173
2:00 74 74 74 76 75 75 72 89 67 Lo 72 13
2:50 175 75 75 76 75 75 T2 89 68 Lo 72 73
3:00 75 75 75 7 15 75 72 88 68 Lo 72 13

Mean 7L.09 73486 The30 75.89 TL.95 TLe66 T0.91 86.39 66.36 39.59 73.30

Mean of working area (1,2,3,5,6,7, & 12) = 73.75°F,
Range of working area 769-689F. = 8°F, Sample size = 308
Variance = 2,13°F, Standard deviation = *1.4590F.
Standard error of mean = %,083°F,

Mean of readings at center of room from floor to ceiling = 7L.10°F.
Range 780-680F, = 10C°F. Sample size = 176
Variance = }.22°F. S8tandard deviation = *2,054°F.
Standard errar of mean = %*,155CF.

Mean of all 30" readings = TL.O7°F.
Range 76°-72°F, = LOF, Sample size = 220
Variance = +57°F. Standard deviation = %, 755°F.
Standard error of mean = ¥,051°F.



THERMOCOUPLE READINGS FOR CLASSROOM A-2

February 8, 1961

312

1 2 3 N 5 6 7 8 9 10 1 12
Temp, Out- Samp-
Temp. of s8ide 1ling
of window air cham-

Time 30" 30" 30 120" 60" 30" 6" heat glass temp. ber 307
OF, OF, OF, OF, OF, OF, OF, °F.,  OF, OF, OF,

T:40 T1 72 71 Tk 72 1 66 ok 62 37 68 69
7:50 T1 71 71 74 72 71 66 9L 62 37 68 70
8:00 T1 71 71 73 72 1 66 oL 62 3% 69 70
8:10 72 72 71 T4 72 71 66 Sk 63 37 69 70
8:20 T1 71 70 73 72 70 66 Sk 62 36 68 70
8:30 T1 71 71 L 73 70 67 9L 63 37 70 71
8:l0 73 13 73 75 Tl 73 69 95 6L 37 (48 72
8:50 73 13 13 76 (N 73 68 9k 6L 37 70 73
9:00 7L N L 76 75 T4 69 9L 66 39 71 (n
9:10 Tk T4 T4 76 75 76 69 95 66 37 71 73
9:20 Tk (n (N 76 75 7L 69 9L 65 37 71 7L
9:30 74  7h W 76 75 T 69 9 65 37 71 Tk
9:10 7L Tl Th 76 75 T4 69 95 66 38 48 7L
9:50 T4 n N 76 75 Tl 69 9L 66 38 71 (N
10:00 74 Tl 74 76 75 L 70 95 67 38 13 (N
10:10 Tk T4 Th 76 75 7L 70 91 67 39 72 74
10:20 75 15 75 76 75 75 71 89 17 39 72 75
10:30 T4 74 75 76 75 75 48 83 63 38 73 7L
10:40 73 73 73 7L 7L 7L 70 81 63 37 72 73
10:50 7L (N 75 75 75 (N 72 82 63 38 13 T4
11:00 7L 74 (n (N 7L 74 71 81 63 38 72 7L
11:10 73 73 73 (N 74 73 71 81 62 37 71 13
11:20 75 Th 13 7L 7L 73 7 81 69 38 72 73
11:30 73 73 72 T4 74 73 70 90 63 39 (48 72
11:40 73 73 73 T4 75 73 69 91 63 39 173 (N
11:50 74 74 74 75 75 73 69 91 63 39 71 72
12:00 Tk 74 72 75 Tk 13 71 92 65 Ll 71 73
12:10 75 75 75 76 75 75 [AS 92 66 Lo 72 75
12;20 74 74 74 T4 Tk W 72 76 6L o 73 73
12:30 173 73 73 Tl T4 T4 72 79 65 Lo 73 T4
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THERMOCOUPIE READINGS FOR CLASSROOM A-2 (continued)

1 2 3 N 5 é 7 8 9 10 11 12
Temp. Out- Samp-
Tempe of side 1ling
of wimdow air cham-
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp. ber 30"
oF.OF, OF. OoF. OF. OF. OF— oF. _Or—oF

[ ) .

12:40 73 73 73 (N (N N 72 78 a 10 73 (N

12:50 74 73 74 Y/ TOR ) TR /1 7 79 65 o 72 T4
1:00 74 7 7% W W T T2 79 66 Lo 72 T4
1:10 7h Th n Th Th Th T2 79 65 Ihi 73 Th
1:20 7k (/T W 7 %W 71 80 6k 1o 72 73
1:30 73 73 W 7 74 7w 7L 78 65 I
:60 74 74 79 7 74 W TL 78 66 Lo 73 74
1:50 74 Th 75 75 75 75 72 79 66 hi 13 N
2:00 173 73 7 W 4 W 72 77 65 la 72 73
2:10 73 73 73 % 74 73 71 81 66 ln 73 73
2820 173 73 73 (N 73 3 70 80 66 L2 1 72
2:30 73 73 73 Th 73 73 71 80 & L2 72 72
2:40 73 73 yn Th (N (N 1 82 6L Ih 73 (N
2:50 173 73 73 73 73 73 71 78 6l Lo 72 73
3000 71 72 72 72 72 72 71 18 64 Lo 1 7

Mean 73¢29 73¢29 73.29 TLe53 73.98 73.38 69,98 86.22 6Le73 83.89 72,98

Mean of working area (1,2,3,5,6,7, & 12) = 72,88°F.
Range of working area 769-669F. = 109F, Sample size = 315
Variance = 3,19CF. Standard deviation = #1,786°F.

Standard error of mean = %,101°F,

Mean of readings at center of room from floor to ceiling = 72,97°F.
Range 769-66°F. = 10°F, Sample size = 180
Variance = L.9LCF. Standard deviation = ¥2,223CF.
Standard error of mean = %,166°F.

Mean of all 30" readings = 73.2,°F.
Range 76°-69°F. = 7OF, Sample size = 225
Variance = 1,52°F, Standard deviation = $1,233°F.
Standard error of mean = t,082°F.
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1 2 3 N 5 6 7 8 9 10 1 12

Temp. Out- Samp-

Temp. of side ling

6 of window air cham-
Time 30" 30" 30" 120" 60 3O " heat glass temp. ber 30

T OF. O OF. OF.——OF—OF——of — o OF - OF—OF—

7:50 76 75 7 78 76 75 71 102 63 38 73 73
8:00 76 75 75 78 76 15 71 100 63 38 N N
8:10 75 (N 75 78 76 75 72 99 62 3B 73 (N
8:20 175 75 75 79 76 h 1 106 63 38 4] 75
8:30 76 76 75 80 17 76 73 102 62 38 7.4 75
8:40 76 75 76 78 76 76 72 97 62 37 N 75
8:50 76 76 76 79 17 76 73 96 6y 39 75 76
9:00 75 75 75 76 75 75 N 83 61 38 (h 75
9:10 76 76 16 17 % 16 Tk 88 62 38 7% 15
9:20 76 76 76 78 % 16 7 89 62 3B 7% 76
9:30 76 76 76 78 % 76 15 89 62 38 75 76
9:40 76 76 76 78 77 77 75 86 63 39 75 76
9:50 76 76 76 78 76 76 75 86 6L 39 75 76
10:00 76 76 76 17 76 76 N 86 63 39 75 76
10:10 76 76 76 77 76 % 15 86 63 39 7 76
10:20 76 76 76 77 76 76 75 86 63 38 75 76
10:30 76 76 76 77 7 16 75 85 63 38 75 76
10:40 76 76 76 17 76 % 15 86 64 39 75 76
10:50 76 76 76 77 % 16 175 85 63 39 75 76
11:00 76 76 76 77 76 76 75 86 63 Lo 75 76
11:10 76 75 76 76 % 1% 1 86 63 Lo Tk 76
11:20 75 76 7 17 7% 15 (N 85 6L Al Th 75
11:30 76 76 76 77 % 16 15 8s 65 Tl 75
11:40 76 76 76 17 76 76 75 85 65 la 75 76
11:50 76 75 76 17 76 76 75 85 65 la 75 76
12:00 75 75 75 76 7% 75 Th 85 63 Lo (N 75
12:10 75 75 75 76 75 75 73 8L 63 Lo Th 75
12:20 175 75 75 76 75 75 73 85 61 Lo 73 7L
12:30 74 74 74 75 Tl Th 73 85 62 Lo 73 Th
12:00 72 72 T2 73 72 72 it 55 61 L1 69 7
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THERMOCOUPLE READINGS FOR CLASSROOM A-3 (continued)

L ]
1 2 3 L 5 6 1 8 9 10 1 12

Temp. Out- Samp-

Temp. of side 1ling

of window air cham-
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp, ber 30"

e~

°F, OF, OF, OF, OF, OF, OF, OF, SF, OF, OF, OF,

12:50 71 71 1 1 71 71 71 6L 60 11 69 70
1:00 72 72 T2 72 72 17’ N 70 62 1 T T2
1:10 72 72 72 72 72 T2 ol 66 60 Lo 70 71
1:20 72 72 72 72 T2 T2 72 68 61 Lo 7 N
1:30 72 72 13 72 72 72 12 68 61 Lo 77 T
1:0 T2 72 13 12 72 72 72 7 61 L T0 T
1:50 72 72 72 I 72 T2 68 61 o 71 T2
2:00 76 16 % 79 11 76 7% 103 63 Lo W 75
2:10 76 (| 17 78 77 17 (3 85 63 Al 75 76
2:20 176 17 71 78 17 117 n 85 65 ln 75 17
2:30 717 17 17 78 17 17 71 83 67 L3 75 77
2:35 (a)

2:00 17 17 17 78 17 17 76 8L (i L7 76 17
2:50 76 16 16 76 1% 16 16 76 80 50 75 81
3:00 75 75 76 75 75 75 75 75 Th 50 75 77 .

Mean of working area (1,2,3,5,6,7, & 12) = 7L.82°F,
Range of working area §l°-70°F. = 119°F, Sample size = 308
Variance = 3,38CF., Standard deviation = *+1,838°F,
Standard error of mean = %,105°F,

Mean of readings at center of room from floor to ceiling = 75.02°F.
Range 80°0-719F, = 9OF, Sample size = 176
Variance = L,51°F. Standard deviation = *2,12),0F,
Standard error of mean = %,16°F,

Mean of all 30" readings = 75.02°F.,
Range 81°-700F. = 110F, Sample size = 220
Variance = 3,09°F, Standard deviation = *1,7580F,
Standard error of mean = *.119°F.

(a) Sun came out.
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February 16, 1961

316

1 2 3 L 5 é 7 8 9 10 1 12
Temp. Out-
Temp. of side
of window air
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp., 6" 30"
°r, OF, OF, OF,. OF, OF, OF . OF, OF., OF, OF.
7:50 85 86 85 99 91 86 76 93 89 ke 17 78
8:00 (a)
8:00 85 85 85 100 92 85 76 91 90 L6 78 87
8:10 85 85 85 98 91 85 76 96 87 L 11 85
8:18 (b)
8:20 86 86 85 94 90 86 17 99 7 L6 80 88
8:30 8L 8L 8L 91 88 85 78 105 (N 56 79 86
8:33 (c)
8:l0 173 73 yn 86 81 (N 66 90 (ot 55 68 75
8:50 68 69 70 81 73 69 65 88 70 sS4 67 71
8:50 (d)
9:00 173 173 73 81 % 13 N 7L 67 56 69 (N
9:10 74 7L (N 80 75 Th 72 70 6L 56 71 (N
9:20 72 72 72 79 (N 72 70 71 63 51 69 72
9:30 72 72 72 79 i 72 70 67 63 52 69 72
9:0 72 N 72 79 73 71 69 68 62 53 68 72
9:50 T2 172 179 72 71 69 63 55 10 72
10:00 (e)
10:00 70 68 7 173 7 70 68 671 62 54 67 69
10:05 (a)
10:07 (f)
10:10 1 n 172 17 72 72 170 70 62 55 70 Tn
10:20 T2 72 73 79 (N 73 71 71 6L 55 1 73
10:30 72 72 73 79 7L 173 72 72 64 56 70 73
10:00 73 73 73 79 75 13 72 70 65 57 T 73
10:50 173 73 73 80 75 73 72 71 65 58 72 73
11:00 7L Th Th 80 76 (N 73 72 67 59 72 i
11:10 74 7% 74 8 76 W 13 7% 61 60 13 715
11:16 (g)
11:20 7L N i 81 76 ™ 73 h 68 60 73 75




THERMOCOUPLE READINGS FOR CLASSROOM B-1 (continued)
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1 2 3 L 5 6 7 8 9 10 1 12
Temp. Out-
Temp. of side
of window air
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp, 6" 30"
OF, . OF, OF, OF, OF, OF, OF, oF, OF, OF, OF,
11:30 73 73 7k 81 7. 73 12 N 68 61 72 13
11:40 7L Tk N 81 75 L 13 (n 69 62 73 h
11:48 (h)
1:50 76 176 16 82 17 % 75 % 69 63 T 76
12:00 76 76 76 83 B 16 15 % 70 61 15 16
12:10 76 76 16 8L 79 7 75 75 70 63 75 77
12:20 76 176 % 8 79 16 715 W 71 63 R |
12:28 (i)
12:30 75 75 76 8L 17 75 Tk 75 n 63 T4 75
12:40 75 75 76 85 17 76 h 73 70 63 Th 76
12:50 75 15 75 85 1% 15 1 % 70 64 W 15
1:00 (3)
1:00 77 77 17 85 78 77 76 5 71 65 75 17
1:10 76 76 76 86 7 76 15 73 71 65 (N 76
1:20 177 77 78 87 80 78 76 76 72 66 75 77
1:30 178 78 78 88 80 78 176 (N 72 67 7% 78
1:40 78 78 79 88 80 79 76 % 13 68 76 79
1:50 80 80 80 88 81 80 77 7 W 68 17T 19
1:56 (k)
2:00 76 176 76 88 7 16 15 76 73 . 79 76
2:10 177 7 7 88 79 78 75 76 73 70 Th 78
2:20 76 76 16 89 78 7 Tk 76 73 70 T4 176
2:30 175 76 76 89 17 76 N 75 73 66 13 75
2:34 (1)
2:400 75 75 76 88 76 17 (N h 71 67 Tk 75
2:50 175 75 76 89 17 (5] 73 76 72 70 73 76
3:00 76 76 76 89 M 16 14 7% 72 62 713 15
3:10 77 77 77 88 78 76 75 76 71 68 75 76

Mean 75.62 75.60

p——

75091 8LeT8 7796 75489 7329 76.6L 70.31 59,78 73.13 75.87

—
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THERMOCOUPLE READINGS FOR CLASSROOM B-1 (continued)

Mean of working area (1,2,3 5’667’11’ & 12) = 75.L1°F.
Range of working area 92°-65°F, = 270F, Sample size = 360
Variance = 17.LOCF, Standard deviation = #L.171°F.

Standard error of mean = %,6220F,

Mean of readings at center of room from floor to ceiling = 77.98°F.
Range 100°-650F, = 35CF, Sample size = 180
Variance = 38,89°F. Standard deviation = *6.236°F.
Standard error of mean = ¥.L65°F,

Mean of all 30" readings = 75.78°F,
Range 88°-68°F. = 20°F. Sample size = 225
Variance = 16.02°F, Standard deviation = *L.002°F.

Standard error of mean = %,267°F,

(a) Children in room

(b) Windows opened

(¢) Outside door opened

(d) Boiler cut off

(e) Morning recess - children out of roam
(f) Windows closed

(g) Class went to lunch

(h) Class back from lunch

(1) Class out for play period

(j) Class back from plsy period

(k) Brief break

(1) Seven students caught early bus
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2 3 N 5 6 7 8 9 10 1 12
Temp. Out-
Temp. of side
of window air
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp. 6" 30"
oF, OF, OF, OF, OF, OF, OF, OF, OF, OF, OF, OF,
7:50 87 86 86 98 92 87 78 161 86 LbL 80 88
7:53 (a)
8:00 (b)
8:00 178 79 80 92 90 8L 73 161 (N L6 72 81
8:10 84 8L 8L 92 89 8L 17 171 73 L6 78 85
8:20 85 85 85 91 89 85 78 167 71 L8 79 86
8:30 (c)
8:30 86 85 85 92 90 86 19 167 72 L7 19 87
8:L0 86 86 86 91 89 86 79 167 73 L8 81 86
8:50 83 83 83 87 86 83 719 122 72 55 8 84
9:00 80 80 80 85 82 80 717 85 69 53 17 80
9:10 178 78 78 8L 80 78 76 n 68 53 72 78
9:20 77 78 177 83 80 78 75 7 68 53 T2 78
9:30 177 77 17 83 79 17 75 71 68 55 72 78
9:L0 77 17 17 83 19 17 (N 70 68 SL 72 17
9:50 177 177 76 82 78 76 yn 69 69 55 T2 77
10:00 76 76 76 83 78 77 74 76 70 59 72 11
10:10 77 17 17 82 79 17 75 68 70 58 73 177
10:12 (d)
10:20 (e)
10:20 Tk N N 82 75 (N 7L T4 68 61 72 n
10:30 77 17 77 82 78 17 75 75 69 58 Tk 17
10:40 77 17 76 82 78 76 (N 76 69 60 - 76
10:50 78 78 77 83 79 17 75 75 70 i 17
11:00 78 78 78 83 19 78 75 76 1 59 75 17
1:10 77 17 17 83 79 77 75 7L 72 60 Tk 77
11:19 (f)
11:20 76 77 76 83 7 77 1k 175 7 61 T 13
11:30 7L Th N 79 75 Th T2 13 69 61 72 7L
11:40 73 73 73 78 73 73 71 73 70 62 71 Th




THERMOCOUPLE READINGS FOR CLASSROOM B-2 (continued)
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1 2 3 L 5 é 7 8 9 10 1n 12
Temp. Out-
Temp. of side
of window air
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp, 6" 30"
of, OF, OF, OF, OF, OF, Or, OF, . oF, OF, OF,
11:49 (g)
M:50 75 75 1 78 7 175 713 72 70 62 12 1
12:00 75 (4 (N 80 76 75 73 73 70 63 73 Th
12:10 7 77 15 82 17 1% 13 7% 71 62 72 15
12:20 75 76 75 82 17 76 (N 13 13 6L 73 75
12:30 75 75 75 82 76 75 N 75 5 66 73 i
12:32 (h)
12:10 17U (N (N 82 ™ N 13 L 13 65 72 74
12:50 7L (N (N 83 75 75 73 75 (N 67 73 75
1:00 74 (N (N 83 75 N 73 N 73 68 73 Tk
1:01 (e)
1:10 75 75 715 82 175 15 73 75 72 67 13 1
1:20 75 76 75 83 76 76 h 73 (et 66 73 75
1:30 76 76 76 83 17 76 75 75 ygh 65 (N 76
1:1l0 76 76 76 8L 17 76 75 75 70 65 Th 76
1:50 74 72 73 82 73 73 T2 (N 69 é 72 72
2:00 74 7L W 8 15 Tl N 69 65 13 Th
2:10 176 76 76 83 T1 77 75 i n 65 h 76
2:20 77 17 76 8L 78 17 76 75 73 68 7L 17
2330 17 17 17 8L 78 17 76 (N 7L 70 75 17
2:L0 77 17 76 85 78 17 76 76 13 69 76 17
2:42 (1)
2:50 178 78 78 85 78 78 76 76 h 68 75 17
3:00 178 17 78 85 78 78 76 76 76 68 76 78
3:10 79 79 78 85 79 79 78 17 76 69 76 17

Mean 77.36 77.l0 77.18 8L.02 79.09 77,58 7L.89 87.l0 71.L9 60.07 7L.0L 77.29

Mean of working area (1,2,3,5,6,7,11, & 12) = 76.85CF.
Range of working area 920-71°F, = 21°F,

Variance = 1li.259F.

Standard error of mean = %,199°F.

——

Sample size = 360
Standard deviation = #3,775CF.
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THERMOCOUPLE READINGS FOR CLASSROOM B-2 (continued)

Mean of readings at center of room framn floar to ceiling = 78.899F.
Range 98°-71°F, = 27CF, Sample size = 180
Variance = 2l,71°F. Standard deviation = tL.971°F.
Standard error of mean = %,371C°F.

Mean of all 30" readings = 77.36C°F.
Range 880-710F., = 17°F. Sample size = 225
Variance = 12.58°F. Standard deviation = *3.547°F.
Standard error of mean = %,236°F.

(a) Windows opened

(b) Children in room

(c) Heat turned off in bailer roam

(d) Morning break

(e) Children back in room

(f) Lights turned off - Pupils went to lunch
(g) Class back from lunch - Lights on

(h) Class out to play

(1) Class back in room

(j) ERight students caught early bus



THERMOCOUPLE READINGS FOR CLASSROOM B-3
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1 2 3 N 5 é 7 8 9 10 1 12
Temp. Out-
Temp. of side
of window air
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp. 6" 30"
oF, OF, OF, OF, OF, OF, OF, OF, OF, oF, OF, OF,
7:50 87 87 88 100 93 87 80 158 89 L7 80 89
8:00 (a)
800 80 80 80 8 8 80 77 130 75 L7 78 82
8:10 78 78 177 8L 79 17 75 92 65 L9 75 77
8:20 175 75 75 83 77 1 13 73 61 L7 YA
8s30 74 7 7L 82 7% 713 7 70 60 L6 70 72
8:Lk0 T2 73 n 81 W 72 M 69 60 L7 69 72
850 73 713 73 80 7 1T N 65 59 L7 69 72
9:00 72 72 71 80 W 72 170 66 59 L6 67 71
9:10 T2 72 71 79 73 71 70 67 59 L7 68 70
9:20 71 72 7 79 173 L 170 6L 60 L7 68 71
9:30 170 70 69 79 72 70 170 65 59 L7 66 10
9:00 I T 70 79 73 70 69 6L 60 47 66 T1
9:4L (b)
9:50 66 6L 63 78 66 63 63 62 58 L7 58 61
9:55 (c)
1000 71 70 70 77 7 70 69 62 59 L7 68 70
10:10 72 72 72 78 (N 73 7 69 60 L8 70 72
10:20 72 72 72 78 73 72 70 65 60 471 69 T
10:30 2 71 T 17 72 72 10 65 60 L7 68 70
10:40 71 71 72 78 73 72 71 65 60 L7 69 72
10:50 T2 72 7 178 73 72 70 65 60 L7 70 71
11:00 72 72 T 17 73 72 1N 6y 60 U7 9 T
11:10 71 72 70 77 73 L 70 65 60 47 70 71
11:20 71 71 69 77 71T 7 70 6L 59 L8 68 70
11:24 (d)
11:30 68 69 67 17 69 68 67 62 58 L8 66 68
11:40 68 68 67 76 69 67 67 61 59 L8 66 68
11:50 (e)
11:50 69 68 67 17 69 68 67 65 58 L7 65 67




THERMOCOUPLE READINGS FOR CLASSROOM B-3 (continued)

323

1 2 3 L 5 6 7 8 9 10 1 12

Temp. Out-

Temp. of side

, of window air
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp., 6" 30"

o —OF——0F— OF.—OF—OF—OF— OF 07— OF ~—OF—0F —
12:00 70 70 70 77 7. 70 69 6L 59 L7 66 69
12:10 70 67 69 17 70 69 68 67 59 L7 65 66
12:20 70 70 170 77 M 171 10 65 58 L8 68 170
12:30 72 T 7 177 72 1L 10 65 60 50 69 70
12:40 68 67 66 18 671 68 69 67 6 L9 65 65
12:50 70 69 7 18 70 69 69 69 60 L9 67 69
1:00 73 73 7 78  th W 72 7 6 L9 7 73
1:10 7 73 w179 75 1 13 7 62 19 72 173
1:20 74 73 74 19 7% b 13 73 61 g 73 1k
1:30 7 74 7 79 16 15 13 72 61 o 72 1
1:00 74 74 74 80 76 75 1k 72 61 L9 73 15
1:50 74 74 74 79 76 7% 13 72 62 L9 13 1
2:00 7k Th (N 80 75 Th T2 73 62 50 72 73
2:10 172 72 72 79 W 72 170 70 61 50 70 72
2:20 13 73 72 79 T4 73 7 7. 61 L9 70 72
230 72 72 171 18 73 72 70 70 60 L9 69 M
2:4b0 72 72 72 79 13 13 72 71 60 L9 70 T2
2:50 (f)

2:50 1. 69 68 78 70 69 10 68 60 L9 65 66
3300 72 71 7179 73 70 70 7 60 L9 66 69
3:10 173 72 72 78 13 72 72 77 61 S50 70 7N

Mean 72.2L 71.98 T1.6L 79029 73.L9 72,02 70,73 T1le33 61.02 L7.95 69,07 T1l.36

Mean of working area (1,2,3,5,6,7,11, & 12) = 71.57°F.
Range of working area 93°-589F, = 350F,

Variance = 1lL.72°F.

Standard error of mean = *.020°F.

Mean of readings at center of room from floor to ceiling = 73.88CF.

Range 100°-63°F, = 37°F.
Variance = 2L.58°F.

Standard error of mean = %,370°F.

Sample sgize = 360
Standard deviation = ¥3,837°F.

Sample size = 180
Standard deviation = %*),,958°F.
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THERMOCOUPLE READINGS FOR CLASSROOM B-3 (continued)

Mean of all 30" readings = 71.85°F.
Range 899-61°F., = 28°F, Sample size = 225
Variance = 13, T1°F. Standard deviation = %3,702°F.
Standard error of mean = %,247°F.

(a) Boiler cut off - Windows opened - Children in room
(b; Morning break
Some windows closed - Children complained about coolness of room
(d) Class went to lunch
(e) Students back from lunch - Heat turned on in boiler room, but off in
classroom
(£) Seventeen children caught bus
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1 2 3 L 5 6 7 8 9 10 1 12
Temp. Out-
Temp. of side
of window air
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp, 6" 30"
O OF—OF—OF . OF ——OF—OF— OF ——oF - —OF ~—OF —oF
8:35 (a)
8:L0 73 72 T2 73 73 13 72 68 66 55 72 73
8:50 173 73 13 75 13 13 T2 91 67 55 73 Th
9:00 (b)
900 76 77 77 & 17 7% 713 107 69 55 T 16
9:10 76 76 1% 17 76 116 15 84 69 55 b 176
9¢20 75 15 15 15 75 715 13 6 61 S5 T 15
9:30 174 yn N (N N Th 13 68 68 55 13 Th
9:40 74 7 7w W W 7 73 67 671 5 T 1
9:50 (b)
9¢50 7 74 4 7 7 b 73 67 67 55 b T4
10:00 Tk 7 Tk w73 61 61 55 T 7
0:0 75 74 b 74 74 b 7L 67 61 55 T 15
10:s20 75 74 7t W 5 7L 61 61 55 Th 15
0s30 7 7 74 W W 5 7k 67 671 55 14 15
10:L0 (b)
10:b0 75 75 15 15 715 7% 7Tk 67 671 S5 1 15
10:L4L  (c)
0:50 74 74 79 7 7 b 7k 61 671 55 T 1L
10:53 (d)
11:00 7h (TR | TR { O O TR N 66 66 55 b 15
11:10 7L 7% 15 T4 w75 7Tk 66 67 S5 T 75
11:20 74 75 74 74 W 5 7L 67 67 55 1 75
Ml:30 75 7 75 175 75 71 7L 6 66 S5 T 15
12:b0 74 79 75 15 15 75 1 67 61 S5 T 715
n:50 75 7% 75 W 175 17 7T 66 66 55 T 15
12200 75 75 15 15 75 15 7 66 66 55 Th 1L
12:10 75 75 7 79 15 15 74 67 61 55 7
12:16 (e)
2:20 74 7w W W 715 7% 7 67 67 55 T 7Tk




THERMOCOUFLE READINGS FOR CLASSROOM C-1 (continued)
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1 2 3 L 5 6 7 8 9 10 1 12
Temp. Out-
Temp. of side
of window air
Time 3" 39:! 3(_)11 129n 6(_)11 30n 6_!! hegt &ass t%lp. 6_!1 3&
oF, OF, OF, OF., OF, OF, OF, OF, UF, . OF. OF,
12:30 7h 73 13 73 73 73 13 66 66 55 13 73
12:40 73 73 yn 73 73 3 73 66 66 56 73 73
12:50 73 13 13 73 73 3 13 66 65 55 73 13
12:54 (f)
1:00 73 73 73 13 173 173 72 66 64 55 T2 173
1:10 7L Th (N 7L (N i 13 67 & 55 13 13
1:13 (g)
1:20 173 73 3 3 3 3 T2 67 6L 55 72 72
1:30 72 72 72 72 12 T2 72 66 64 55 72 72
1:L0 72 72 72 72 72 72 12 67 64 55 12 72
1:50 72 72 T2 76 T2 T2 T2 100 65 55 T2 T2
2200 74 7 79 79 715 7w 73 108 66 55 13 13
2:10 175 75 76 80 77 175 Th 86 67 55 1k 75
2220 7h 74 W 75 7w 7k 73 69 67 55 T 7L
2:26 (h)
2:30 17k W 7 75 Th yn 67 67 55 Th 1k
2:40 175 % 15 7% 15 7% 7L 66 66 55 W Tk
2:50 75 75 7% 15 7% 75 15 67 68 55 7% 715
3:00 175 75 7% 15 15 75 yn 66 68 S6 15 15
3310 75 75 75 175 175 75 75 66 68 56 m 75
320 75 15 15 715 7% 15 7L 6b 67 56 b 15
3130 75 75 7L 78 17 76 7L 7L 68 56 W 75

Mean 7hel9 7hol7 The2l ThoTl 7he33 TLe26 73045 T1.00 66455 . 55.12 73460 Thelk

Mean of working area (1,2,3,L4,5,6,7,11, & 12) = TL.OLCF.

Range of working area 77°-72°F, = S5°F.

Variance = 1,15°F.

Standard error of mean = %,058°F.

Mean of readings at center of room from floor to ceiling = TL.19°F.
Range 819-720F, = 9OF,

Variance = 1.86°F,

Standard error of mean = %.105°F.

Sample size = 336

Standa.rd deviation = t10072°Fo

Sample size = 168

Standard deviation = #1.364°F.
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THERMOCOUPLE READINGS FOR CLASSROOM C-1 (continued)

Mean of all 30" readings = 7L.2°F.
Range 77°-72°F. = 9°F, Sample size = 210
Variance = 1,12°F. Standard deviation = *1.058°F,
Standard error of mean = %.073°F,

(a) Children coming into room - Hall door opened
(b) Classes changed

(c) Class left room

(d) Class back in room

(e) ILunch

(f) Class back from lunch

(g) Class gone to art roam

(h) Class back from art
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1 2 3 L S 6 7 8 9 10 1 12
Temp. Out-
Tempe of side
of wirdow air
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp. 6"  30¥
ﬁ. ﬁ. OF‘—. _. O_F. OT. ﬁ. (ﬁ. TF. o L ] ﬁ. W

8:30 (a)

8:30 173 Th Th 79 75 (5] 72 100 N 52 1 o

8:00 73 73 Th 17 Th 13 T2 78 6l 52 T2 (N

8:50 173 73 75 76 (N (N 72 69 oy 51 T2 (N

9:00 (b)

9:00 173 73 73 76 Th 3 T2 65 6L 52 72 73

9:10 73 73 Th 76 7L 73 T2 64 6L 52 T2 Th

9:20 173 73 73 76 Th Th 13 63 6k 53 72 Th

9:30 73 73 Th 76 Th Th 73 63 6L 53 73 75

9:40 173 73 (N 17 75 Th 73 63 6L 5k 73 Th

9:50 (b)

9:50 74 74 7L 77 17 Th 73 63 65 Sh 13 N
10:00 7L 73 Th 17 hn 7L 73 63 65 Sk 72 7L
10:10 7L 73 Th 17 75 Th 13 63 65 55 73 (N
10:20 7k Th Th 17 175 7L 73 6l 66 56 13 L
10:30 7L h Th 17 75 L (N N 66 56 72 N
10:h0 74 Th 75 17 175 175 73 6l 67 57 73 75
10:50 Tk Th 75 17 75 75 7L 6L 67 57 73 75
11:00 (e¢)

11:00 74 74 75 78 75 75 (N 65 67 57 7 7
11:10 73 73 73 17 W 73 65 67 58 72 13
11:20 73 73 73 17 73 13 72 65 68 59 73 13
11:30 73 73 73 77 73 13 73 65 68 59 72 73
11:10 73 73 73 17 73 73 73 65 69 60 72 73
1:47 (d)

11:50 73 73 73 17 73 73 73 66 69 60 72 73
12:00 73 72 73 77 73 13 72 66 69 62 72 13
12:10 73 72 73 17 73 73 72 66 69 61 72 73
12:13 (e)

12:20 74 74 7 777 15 7 713 66 10 61 13 N




THERMOCOUPIE READINGS FOR CLASSROOM C-2 (continued)
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1 2 3 N 5 6 7 8 9 10 1 12
~Temp. Out-
Tempe of side
of window air
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp, 6" 30"
oF, ©OF, OF, OF, OF, OF, OF, OF, UF, OF, OF, OF,
12:27 (£)
12:30 174 73 Th 177 75 (N 73 67 70 67 73 Th
12:00 173 73 73 78 73 () 73 68 gt 68 3 Th
12:50 74 74 74 78 T (N 173 68 77 68 13 7k
1:00 (g)
1300 74 74 74 78 7 7h 73 69 79 68 13 N
1:07 (h)
1:20 75 7 75 18 15 15 7 70 82 M 7k 75
1:20 35) 7% 15 79 16 15 1 n 83 68 7 715
i
1:30 75 75 15 7% 1% 15 72 85 68 n 76
1:k0 76 76 76 80 717 76 75 73 86 69 75 76
1:50 76 76 17 80 77 1T 16 73 88 70 78 17
1:52 (3)
2:00 178 78 78 81 179 18 15 7 91 70 15 18
2110 79 18 79 82 80 79 176 7 91 72 16 19
2220 79 19 19 83 80 79 176 72 92 72 176 80
2:30 80 80 80 8y 81 80 7 72 93 71 11 80
2:40 79 19 80 85 81 80 76 72 9% 72 1 80
2:50 80 80 80 86 82 80 76 72 oL 71 78 80
3:00 81 81 81 86 82 81 18 73 oL 70 80 81
3:10 83 83 83 89 8L 83 79 (N 97 73 81 8L
3:20 84 8L 8L 90 85 8L 80 75 97 1 83 85
3:30 85 85 86 91 86 85 82 75 98 72 8L 86

Mean 75637 7526 75.67 79430 7662l 75.60 ThLel2 68,8l 75.60 63.58 The2L 75.79

Mean of warking area (1,2,3,5,6,7,11, & 12) = 75.28CF.
Sample size = 3})
Standard deviation = *3,220°F,

Range of working area 860-710F., = 15°F,

Variance = 10,37°F.

Standard errar of mean = %,17)°F.



330
THERMOCOUPIE READINGS FOR CLASSROOM C-2 (continued)

Mean of readings at center of room from floor to ceiling = 76.31°F.
Range 91°-72°F. = 19°F. Sample size = 172
Variance = 1L.L7°F. Standard deviation = %3.804°F.
Standard error of mean = %,290°F.

Mean of all 30" readings = 75.5LCF.
Range 86°-739F, = 13°F. Sample size = 215
Variance = 10.53°F. Standard deviation = %3,2)5°F.
Standard error of mean = %,221°F,

(a) Children started coming into room - Boiler cut off

(b) Classes changed

(c) Children out of roam for play practice

(d) Corridor door opened

(e) Class back in room - Corridor door still open

(£) Iunch - Class out of roam

(g) Class back from lunch

(h) Class gone to play practice - Sun shining in room

(1) Rise in discharge temperature perhaps caused by sun shining in window
by discharge grille

(3) Blinds closed - Children back in room



THERMOCOUPLE READINGS FOR CLASSROOM C-3

February 2L, 1961
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1 2 3 N S 6 7 8 9 10 1 12

Temo ollt-

Telnpo Of side

of window air
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp.. 6" 30"
°f, O, O, OF, OF, OF, OF, OfF, OF, OF, OF, OF.

8:30 176 77 76 81 18 76 71 103 65 50 7 76

8:ho 73 73 13 7% 1 13 N 68 b S0 T 13

8350 73 72 72 715 13 7 N W 6L 52 12 173

9:00 75 76 15 80 77 76 712 14 66 53 12 76

9:08 (a)

9:10 178 78 78 82 19 17 75 108 68 55 75 78

9:15 (b)

9320 76 17 % 18 17 7% 14 7 68 55 75 176

9s30 75 76 15 7 1% 15 1k 66 68 S6 15 16

9:40 175 76 75 17 76 175 Th 65 68 56 75 75

9:50 (a)

9:50 75 75 15 177 7% 15 6y 68 57 m 75
1000 74 75 T4 76 15 1 73 6y 68 58 (T
10:10 7L 75 75 76 75 (N 13 6k 68 59 (N (N
10s20 74 75 75 11 7 T 6y 69 59 w15
10630 75 75 716 717 1% 15 14 65 70 61 W 75
10240 175 76 75 17 76 75 75 66 (P! 62 75 76
10:41 (c)

10:50 177 75 76 77 % 16 15 66 72 62 75 76
11:03 (d)
N0k 75 75 75 16 15 175 Th 67 7 64 15 75
1:10 74 74 74 175 W 7L 173 63 72 &4 m Tk
1n:20 74 7% 7 7 W 73 73 67 72 64 T 1k
11:30 73 13 73 7 73 7 13 67 72 6k 73 13
11:31 (e)
11:36 (f)
N:0o 75 75 7% 16 15 7% 1k 68 13 65 7% 76
11:50 75 75 16 7 76 16 16 69 73 65 16 16
12:03 (g)
12:04 76 76 77 18 MM 1T 76 69 W 66 11 1




THERMOCOUPLE READINGS FOR CLASSROOM C-3 (continued)
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1 2 3 L 5 é 7 8 9 10 1 12
Telnp . out!-
Temp, of side
of window air

Time 30" 30" 30" 120" 60" 30" 6" heat glass temp.. 6" 30"

°F, OF, OF, OF, OF, OF, OF, OF, OF. OF, . OF,

12:10 76 76 77 78 17 177 76 69 73 65 17 17

12:20 76 76 77 78 17 76 75 69 73 66 76 77

12:30 175 75 175 17 75 75 Th 69 73 67 5] 75

12:00 75 75 16 15 75 75 75 7 7 68 % 15

12:11 (h)

12:50 75 75 15 15 T 15 Tl 7 76 68 15 15
1:00 74 (N 75 75 75 75 h 70 17 69 (N 75
1:10 715 75 % " 1 1 1% 61 15 15
1:20 75 75 75 76 75 7 75 Pt 17 68 76 76
1:30 76 76 76 17 17 76 75 n 75 68 76 17
1:00 77 77 17 78 17 17 76 72 75 68 17 17
1:50 177 78 7 79 78 78 76 72 76 69 78 78
1:57 (i)

2:00 76 17 76 79 177 17 75 72 75 68 76 17
2:10 76 76 76 78 76 76 75 T2 i 68 76 76
2:20 176 76 76 79 76 76 75 71 T2 67 76 76
2:§o ES) 7% 75 18 7 71 75 69 T2 66 15 15
2:39 (3

23140 75 75 75 7 15 T 75 69 T 66 15 15
2:50 76 76 76 78 76 76 75 69 1 66 76 76
3:00 76 7 76 79 17 17 76 70 72 66 76 76
3:10 77 77 76 79 17 17 76 70 T2 65 76 17
3:20 77 17 77 79 77 17 76 69 72 65 76 17
3:30 77 77 77 79 77 77 77 72 72 65 76 77

Mean 75.33 75,56 75.LT 77¢23 75¢8L T5.LL The37 71635 T1ek9 6248l The93 75.69

Mean of working area (1,2,3,5,6,7,11, & 12) = 75.32°F.
Sample size = 3LL
Standard deviation = #1.353°F.

Range of working area 79°-T19F. = 80°F,

Variance = 1.83°F,

Standard errar of mean = *,073°F,



333
THERMOCOUPLE REAININGS FOR CLASSROOM C-3 (continued)

Mean of readings at center of room from flor to ceiling = 75.72°F.
Range 81°-~719F. = 10°F. Sample size = 172
Variance = 3.15°F, Standard deviation = *1.775°F.
Standard error of mean = %,135CF.

Mean of all 30" readings = 75.L8°F.
Range 780-72°F. = 6CF, Sample size = 215
Variance = 1.48°F, Standard deviation = *1,217°F.
Standard errar of mean = *,083°F.

(a) Classes changed

(b) Boilers cut off

(¢) Classes changed - Break taken in room

(d) Recorder off approximately 11 minutes with blown fuse. Pupils gone to
Spanish - Lights off - Sky becoming a little overcase

(e) Class back from Spanish

(£) A few.aiildrenccaiplained .about 'being'too cold.

(g) Fuse had been blown approximately 7 minutes

(h) Lunch

(1) Class gone for physical education

(j) Class back from physical education



THERMOCOUPLE READINGS FOR CLASSROOM D-1

February 27, 1961

33k

1 2 3 L 5 6 7 8 9 10 11 12
Temp. Out-
Temp. of side
of window air
Time 30" 30" 30" 120" 60" 30" 6" heat g%gss temp., 6" 30"
OFO OT. OF‘T of‘o OFo (ﬁo 6?0 OF—T Fo O-FKO Ol‘F OF *
8:20 (a)
8320 72 72 72 8 773 72 6 12 62 36 7 N
8:30 173 72 13 8h 75 13 10 122 63 37 7 13
8:b0 74 L (N 82 % U 77 100 64 38 7
850 75 W 15 78 % 15 Tn 87 64 39 15
9:00 75 N 175 11 % 15 71 86 &4 10 7
9:10 175 75 75 17 76 75 72 85 6L L2 72 75
9:20 75 75 76 % 16 7 72 8k 64 L3 72 15
930 75 75 75 17 % 15 13 86 65 bLs 172 15
9:L0 75 75 75 17 76 75 72 8s 66 L6 T2 75
93150 175 76 75 17 17 75 72 85 66 L8 T2 75
10:00 175 76 75 17 17 75 73 85 67 L8 73 75
100 76 7% 16 17 17 17 13 85 68 50 73 176
10:04 (b)
10820 76 76 15 7 76 76 173 85 68 51 13 75
10s30 75 15 7% 18 76 15 73 8L 68 52 13 15
10:3L4  (c)
10:40 76 17 76 78 17 76 Tn 8l 69 53 73 76
10:50 177 17 17 80 78 7 (N 86 70 56 Tk 717
11:00 77 78 78 80 79 17 (N 86 T 56 T4 17
1:10 78 178 7 80 79 78 75 86 T1 58 W 18
11:20 78 78 78 81 79 78 75 85 72 58 75 78
11:30 78 78 78 80 79 78 75 81 72 60 75 78
11:40 78 7 18 80 79 7 715 19 72 61 15 18
11:50 (d)
11:50 78 78 178 81 79 7 15 79 77 61 76 178
12:00 178 77 77 81 78 17 76 78 72 62 7 11
12:10 177 17 17 81 78 17 T4 78 72 62 7L 77
12:20 77 77 77 82 78 17 7L 76 72 61 (N 77
12:30 77 76 17 81 17 17 75 73 72 63 75 77




THERMOCOUPLE REAININGS FOR CLASSROOM D-1 (continued)
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1 2 3 L 5 6 7 8 9 10 1 12
Temp. Out-
Temp. of side
6 6 of window air 6
Time 30" 30" 30" 10" o" 30" " heat glass temp. 6" 30"
OF, OF, OF oF., OF, OF, OF, OF, OF, oF. OF, OF,

12:32 (e)
12:40 177 11 17 81 78 11 75 73 72 6L N
12:50 177 78 78 82 78 78 76 73 72 6L 75 17
1:00 178 78 78 82 79 78 75 73 73 6L 75 78
1:10 78 78 78 82 79 78 76 73 73 N 76 78
1:20 79 79 79 8L 80 9 76 17 Th 65 76 79
1:30 80 80 81 8L 82 81 76 86 75 66 76 81
1:40 81 81 81 85 82 81 76 88 17 67 17 81
1:50 81 81 81 86 83 81 177 88 76 66 77 81
2:00 (f)

2:00 81 81 81 86 83 82 78 89 76 65 78 81
2:10 80 80 80 86 82 81 76 89 77 67 76 80
2:20 80 80 80 86 82 80 76 89 17 67 75 80
23130 79 79 80 86 81 80 76 82 17 67 76 79
2:4,0 80 80 80 86 81 81 17 78 76 68 7 80
2:50 80 80 80 85 81 81 78 7 76 67 7 80
3:00 (g)

3:00 81 80 80 85 81 81 79 76 75 68 78 80
3:06 (h)

3:10 178 78 78 82 79 79 76 75 75 68 75 78
3:20 178 78 78 80 79 78 76 75 N 67 75 T1
3:30 78 77 78 80 78 78 76 75 Tk 68 75 76

Mean 7729 77.25 77.3L 81.10 78,43 77.48 TL.LS 8L.T9 70.89 57.23 Th.27 77.1L

Mean of working area (1,2,3,5,6,7,11, & 12) = 76.70CF.
Range of working area 830-690F. = 1LOF,

Variance = 7.019F.

Standard errar of mean = *,1)1°F,

Mean of readings at center of room from floor to ceiling = 77.87°F.

Range 869-690F. = 17°F,

Variance = 11.77CF.
Standard error of mean = %, 2599F,

Sample size = 352
Standard deviation = *2,6L8°F.

Sample size = 176
Standard deviation = *3,431°F,



336
THERMOCOUPLE READINGS FOR CLASSROOM D-1 (continued)

Mean of all 30" readings = 77.30°F.
Range 82°-T10F, = 11CF, Sample size = 220
Variance = 5.21°F, Standard deviation = %2,283°F,
Standard error of mean = %, 15)0F,

(a) Children coming into room - Lights on
(b) Recess begins

(c) Recess over

(d) ILunch

(e) Children back from lunch

(f) Recess

(g) End of school dgy - Pupils out

(h) Lights off



337
THERMOCOUPLE READINGS FOR CLASSROOM D-2
February 28, 1961

1 2 3 N 5 6 7 8 9 10 11 12
T Temp. Out-
Temp. of side
of window air ¢
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp, 6" 30"
—F—OF,—OF . OF,—OF,—OF,——OF——OF — OF—— OF - OF.—OF .~

8:00 (a)

80O 75 75 75 79 15 15 1 9y 64 54 T4 5

8:10 176 75 75 79 76 76 74 95 6L 5k 75 75

gxgg zé) 76 177 79 77 17 76 91 65 57 75 77
H b

8:30 177 117 17 78 77 17 76 87 66 58 76 76
8:40 77 17 78 78 78 78 17 8L 66 59 17 78
8:k9 (c)

8:50 78 17 78 78 78 78 17 8L 67 59 7 78
9:00 78 17 78 19 78 78 17 83 67 60 17 78

9:10 78 77 78 79 18 18 177 82 68 62 M8 79
9:20 78 78 79 80 19 19 17 82 68 6 78 79
9:30 78 78 9 79 79 18 1 82 68 61 77 18
9sL0 78 78 M 79 19 19 11 83 69 63 18 19
9350 79 79 80 80 79 79 78 80 70 63 8 79

10:00 80 80 80 81 80 80 78 83 1 6L 19 80
10:10 80 80 80 81 80 80 78 83 T 63 80 81
10:17 (d)

10:20 80 79 80 81 80 80 78 83 71 65 19 80
10:30 79 78 79 80 19 79 78 83 70 62 17 78

10:33 (e)

10:40 79 79 79 80 80 80 78 82 70 62 79 80
10:50 80 80 81 81 80 80 78 83 7 62 19 80
11:00 81 80 81 81 81 80 79 83 . 65 80 81
11:10 81 81 81 82 82 81 79 8L 72 6L 80 81

11:20 82 81 82 83 82 81 8o 82 72 64 80 82
11:30 82 81 82 83 82 81 79 79 72 63 80 81
11:38 (f)

11:40 81 81 81 81 81 81 179 78 73 6L 81 81
11:46 (g)
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THERMOCOUPLE READINGS FOR CLASSROOM D-2 (continued

8 9 10 11 12
~ Temp. Out-
Temp, of side
of window air

Time 30" 30" 30" 120" 60" 30" 6" heat glass temp, 6" 30"
af‘. W: ﬁ? i [ of. L4 [ L 4 L] L4 * OF.

1 2 3 L 5 6 1

11:50 81 81 81 82 81 81 719 77 7 67 85 17
11:55 (h)
12:00 80 80 8o 81 80 80 178 11 7% 70 gs 81

12:10 79 79 19 19 79 19 178 1 7 68 8L 80
12:20 79 79 80 79 79 79 78 82 76 69 85 80

12:30 (1)
12:30 80 81 80 80 80 79 79 83 17 70 83 82
12:40 80 80 81 81 81 81 79 80 77 1 85 82
12:50 80 80 79 80 80 80 79 7 16 66 81 81
1:00 179 80 78 80 80 80 19 73 717 72 85 81

1:10 80 80 78 80 80 80 79 N 76 72 8L 81
1:20 81 80 78 81 81 81 179 17 73 82 82
1:30 81 80 78 81 80 80 19 13 76 68 81 81
1:l0 81 81 179 83 81 8 80 173 7 13 85 82
1:50 81 81 79 83 82 82 80 76 76 67 82 82

2:00 (J)

2:00 81 82 80 8L 82 82 80 17 78 71 83 8L
2:10 82 82 80 8L 82 82 80 11 79 Th 8l 8L
2:20 81 81 80 83 81 81 19 17 79 (PN 82 83
2:30 (k)

2:30 82 81 81 82 82 82 80 83 79 Th 8L 8L
2:40 83 83 82 83 83 83 81 8L 80 T2 83 8l
2:50 83 83 82 83 83 83 81 80 19 73 83 85
3:00 (1)

3:00 82 82 81 83 82 82 81 7 19 76 83 87

3310 81 81 81 82 81 8 80 75 79 78 81 85
3:20 80 80 80 81 81 81 79 (4 79 80 81 82
3:30 81 81 80 81 80 80 79 Th 78 76 81 8L

Mean 7980 79461 79,46 81,02 80.02 79.87 78.41 80.50 73.13 66.52 80.57 80.65




339
THERMOCOUPLE READINGS FCR CLASSROOM D-2 (contimed)

Mean of working area (1,2,3,5,6,7,11 & 12) = 79.79°
Range of work area 576-7h°F. = 13°F, Sample size = 368
Variance = L, 71°F, Standard deviation = *2,170C°F.
Standard error of mean = %,113°F,

Mean of readings at center of room from floor to ceiling = 79.78C°F.
Range 87°-7LOF. = 10CF, Sample size = 184
Variance = 3.52°F, Standard deviation = *1,876°F.
Standard error of mean = *,1380F,

Mean of all 30" readings = 79.88°F.
Range 87°-750F, = 12CF, Sample size = 230
Variance = L,06°F, Standard deviation = $2.015°F.
Standard error of mean = %,133°F,

(a) Children coming into room

(b) Bell

(¢) One-third of venetian blinds pulled

gd) Recess

e) Recess over - Fifth grade coming in for demonstration of equipment

(f) Fifth grade class left room

(g) Sun shining on floor

(h) Class gone to lunch

(1) Class back from lunch -
(j) Recess begins

(k) Recess over

(1) Windows opened



340
THERMOCOUPLE READINGS FOR CLASSROOM D-3
March 1, 1961

e
e

1 2 3 L 5 6 7 8 9 10 1 _ 12
Tanpo Otlt-
Temp. of side
of window air
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp, 6" 30"
°F, ©F, OF, OF, O©OF, OF, OF, OF, O©OF, ©CF, OF, OF,

7:50 13 73 72 5 Th 13 1 82 65 L7 71 75
8:00 (a)

8:00 7L N 73 76 N Th 3 83 66 L8 72 75
8:10 75 (N 13 76 h (N T2 8L 65 L7 72 75
8:20 7L i 73 17 (N (N 73 83 66 L8 73 75

8s30 75 75 15 T 15 15 13 83 66 L8 3 76
BsO 75 75 15 1T 715 15 13 83 65 LB 74 76
8:50 75 75 5 1T 6 15 13 83 66 L8 T 76
9s00 76 75 75 17T % 15 7L 8y 6 B W 76
980 75 15 5 17 15 15 7Tk 83 6 L8 Th 76

9220 75 75 75 77T 15 15 1k 83 65 L8 76
9830 75 715 15 1T 1 7 1k 83 65 L7 T 176
9:l0 75 75 75 17 % 15 Tk 83 65 L8 719 17
9850 75 75 5 77 6 15 82 6 LU T 76
10:00 75 75 175 78 76 75 yn 82 66 I8 7 17

100 75 75 15 1% 76 1 83 65 L7 5 M
10:15 (b)
10:20 175 76 76 78 % 1% 15 83 66 U7 75 76
10:30 (c)
10¢30 76 76 T 18 76 16 75 83 65 L7 b 17

0:0 75 75 75 18 76 16 1 83 65 L7 7 76
10s50 75 75 715 7 1% 1% 83 66 L7 75 77
11:00 76 75 76 78 % 76 1k 83 67 L8 11
11:10 76 75 7 18 76 76 7Tk 82 67 L8 7 77
11:20 76 76 76 78 % 1% 1 82 67 L8 15 17

11:30 76 75 75 78 76 76 75 83 66 L8 75 7
11:40 75 75 75 78 76 (4 75 83 65 L8 75 17
11:50 75 75 75 78 76 76 75 83 65 L7 75 17
12:00 76 75 75 78 7% 16 75 83 66 L8 76 17
12:10 76 76 75 78 76 76 N 83 66 L8 7% 17




THERMOCOUPLE READINGS FGR CLASSROOM D-3 (continued)

1 2 3 L 5 6 7 8 9 10 1n 12

Temp, Out-

Temp. of side

of window air
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp, 6" 30

OF, OF, ., OF . OF, OF, OF, OF, OF, OF. OF.
12220 75 75 15 78 % T Th 82 66 U7 175 77
12:30 76 76 76 18 % 76 16 82 66 L8 75 76
12:40 76 76 76 78 76 76 7L 82 65 L8 75 17
12:50 76 76 7 8 16 76 (N 82 65 I8 75 77
1:00 76 76 75 78 % 16 15 82 66 L9 75 17
1:10 76 76 7% 18 % 1T 15 82 66 L9 % 17
1:20 76 76 1% 118 1% 16 75 83 66 19 % 1
1:30 76 15 76 7 76 16 15 83 66 L9 75 17
1:80 76 76 16 9 17T 16 15 83 68 S0 76 17
1:50 177 76 76 78 17 17 75 83 68 50 75 17
2:00 (d)
2:00 177 76 17 79 17 17 4] 83 69 51 75 78
2:10 177 76 177 79 17 17 75 83 69 51 75 17
2:20 76 176 76 19 17 % 15 83 68 51 75 175
2830 76 76 % 19 17 1% 1 83 68 52 W 17
2:32 (e)

2:0 77 76 76 79 7 77 75 83 68 51 75 78
2:50 77 % 17 79 77 7 75 83 68 51 75 78
3:00 77 17 177 80 77 17 76 83 68 51 76 78
3:10 77 17 17 79 77 177 75 83 68 51 76 78
3:20 77 17 78 79 77 17 76 83 67 51 177 78
3230 177 77 77 79 77 77 76 83 67 51 77 78

Mean 7567 75.45 75639 77.89 75.98 75.77 7he32 83.02 66.26 LB.62 Th.7L 77.26

Mean of working area (1,2,3,5,6,7,11, & 12) = 75.31°F.
Range of working area 780-710F, = TOF,

Varisnce = 1,39°F.

Standard error of mean = %,061°F.

Mean of readings at center of room from floor to ceiling = 76.520F.
Range 80°-719F, = 9OF,

Variance = 2.47°F.

Standard error of mean = %,115°F,

Sample size = 376
Standard deviation = %1.179°F.

Sample size = 188
Standard deviation = #1.572°F,



THERMCCOUPLE READINGS FOR CLASSROOM D-3 (continued

Mean of all 30" readings = 75.51°F.
Range 780-72°F, = 6CF.
Variance = 1,53°F.
Standard errar of mean = *,081°F,

(a) Children coming into room
(b) Recess - Games in roam
(c) BEnd of recess

(d) Recess begins

(e) Recess over

Sample size = 235
Standard deviation = %1,237°F,

342



343
THERMOCOUPLE READINGS FOR CIASSROCM E-1
March 2, 1961

1 2 3 N 5 6 7 8 9 10 1 12
Temp. Out-
Tempe of side
of window air
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp., 6" 30"
oF, OF, OF, OF, OF, OF, OF, OF, OF, OF, OF, OF,

8:0L4 (a)

8:20 74 75 W M 5 T (N 95 58 38 75
8:20 174 Th Th N i (N 73 78 56 3 73 hn
8330 7L Th Th 75 5 7L 73 78 %6 37 72 N
8:40 73 (N Th 75 75 (N 73 78 57 38 T2 (N

8:50 74 T TL % B 73 17 5T 39 72
9:00 T4 7L Th TS % W 713 7% B o 72 T
9210 74 74 75 75 15 15 7L 7 59 L2 13
9220 T4 Tk % 75 1 7 13 76 59 L3 73 75
9s30 W W W 5 (] (] 3 M7 9 L3 73 715

9137 (b)
9sbl0 74 7 7 7w T 73 % % Lk 15
9:l1 (e)
9:L45 (d)
9:50 73 Th n n n N 72 75 59 I 73 N

10:00 74 74 775 7% T 73 76 59 4SS 713 15
10:20 74 7 W T 7% 15 13 7% 60 LS 13
10:20 7k Th 75 75 % 173 75 60 L6 73 Th
10s30 75 75 75 15 15 15 1 7 60 N7 73 75
040 75 75 75 16 5 15 1L 7% 61 L8 13 15

10¢50 74 75 15 15 715 15 713 % 60 L7 13 15
:00 74 75 75 75 15 15 13 7 61 L8 3 15
11:10 75 75 75 76 76 7% 14 76 61 50 73 75
11:20 75 75 15 % 16 15 T4 % 62 W 1 75
11:30 75 75 75 % 1% 15 14 m 62 50 73 75

M0 74 79 74 75 7% 15 73 73 62 L9 72 N
11:42 (e)

n:50 74 74 7 75 75 7% 73 173 62 50 72 N
1200 74 74 74 75 W 73 7% 62 51 12 1
12:10 73 173 73 W M 7 72 W 62 % 72 13




THERMOCOUPLE READINGS FOR CLASSROOM E-1 (continued)

3lk

1 2 3 L S é 7 8 9 10 1 12

Temp., Out-

Temp. of side

of window air
Time 30" 30" 30m 120" 60" 30" 6" heat glass temp., 6" 30"
BF‘. O_F‘Q OF‘. [ ] ® @: oF. OF. FQ ° L) OF. i [ )

12:20 173 73 73 (N L 173 72 (N 62 52 72 73

12:30 73 13 13 Th (N 73 72 (N 63 52 T2 73

12:40 73 72 713 (N 173 173 72 73 62 52 T1 172

12:50 (f)

12:50 73 73 73 Th 73 (5] 72 7, 63 53 72 173
1:00 73 73 13 75 7% 15 (N W 64 53 13 75
1:10 75 75 75 76 75 175 (n 72 6L Sk 73 175
1:20 7k h h 75 75 75 73 72 6L 52 72 75
1:30 75 75 175 % 76 15 Th 73 6 Sh 7 75
1:34 (g)
l:l0 73 73 73 W 1 73 72 7 6L sh T2 73
1:50 72 72 73 73 73 173 72 7 &L sk 72 173
2:00 72 172 13 B 13 1B 12 7 6 5% 13 83
2:10 (h)

2:10 73 b 73 7w 7w 7 73 72 65 sh M 13
2:20 74 7k 75 75 175 ™ Th 7 65 56 173 i
2:30 173 i 75 175 75 5 73 72 65 56 Th 75
2:b0 75 75 75 % T 75 75 73 6 59 T 176
2:50 75 15 75 76 76 % 1k 7 66 57T 11 15
3:00 72 72 72 W 173 72 71 70 64 55 70 72

Mean 71.L3 71.57 T1.71 72.L5 TL.67 7h.36 73.07 TheTl 61.L5 LB.EU T2.59 The19

Mean of working area (1,2,3,5,6,7,11, & 12) = 73.8L°F.
Range of working area 769-70°F, = 6OF,

Variance = 1.18°F,

Standard error of mean = ¥,059°F,

Mean of readings at center of room from floor to ceiling = 7L.23°F.
Range 76°-71°F, = 5CF.

Variance = 1,179F,

Standard error of mean = ¥,083°F,

Sample size = 336
Standard deviation = *1,0869F,

Sample size = 168
Standard deviation = *1,082°F,



35
THERMOCOUPLE READINGS FOR CLASSROOM E-1 (continued)

Mean of all 30" readings = 7L.08°F.
Range 76°-72°F, = %F. Sample size = 210
Variance = .82°F. Stardard deviation = %.2860°F.
Standard error of mean = %*,020°F.

(a; Class in progress - Recorder on
Moming break

(c) Window open slightly

(d) Class back from break

(e) Class going to music and then lunch
(f) Class returned fram lunch

(g) Class out for play period

(h) Class involved in group work
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THERMOCOUPLE READINGS FOR CLASSROOM E-2
March 3, 1961

1 2 3 N 5 6 7 8 9 10 1 12
Temp. Out-
Temp. of side
of window air

Time 30" 30" 30" 120" 60" 30" 6" heat glass temp, 6" 30
°F, OF, OF, OF, OF, OF, OF, OF, OF, OF, OF, OF,

7:45 (a)

7:50 174 T4 74 4 (h (" N 93 69 L6 N T

8:00 75 75 76 75 (4] (4] (N 87 72 L7 (N 75

gzlg %6) 76 76 76 76 7 75 86 175 51 75 76
s L b

8:s20 72 T 73 15 7 1 69 80 77 %0 67 12
8:30 72 72 13 L 7l 73 69 % 18 S0 68 72
8:b0 @ T 74 7L N 72 68 73 79 L9 68 172
8:50 T 72 76 (N L 73 68 72 80 51 67 1
9:00 173 72 73 74 (N 73 69 173 80 52 69 13

9:10 72 72 13 7 75 13 69 13 82 53 69 72
9:20 72 72 13 7% 1 3 170 73 82 56 69 13
9:30 74 73 w16 T 75 70 76 85 60 69 7L
9:b0 75 75 75 76 % 15 N 76 86 57 7 1
9:50 75 (I 17 % 16 72 78 87 61 T 76

10:00 75 75 175 76 76 75 72 78 87 58 176
10:0L (c) .
10:10 175 75 7% 15 % 15 Tl 79 85 60 13 76

10:20 175 75 76 77 76 76 Tk 80 95 61 72 76
10:30 75 7 1% 7177 17T 16 1 80 90 60 73 176

00 75 75 15 15 16 15 1 7 9% 58 13 16
10:L49 (4d)

1050 75 75 1% 16 1% 16 15 7 L 59 7% 76
11:00 76 75 76 76 76 76 13 76 70 57 73 75
12:10 74 7 175 15 15 15 173 75 69 ST 172 14

11:20 75 75 15 76 7% 75 14 % 12 60 73 16
11:30 76 76 76 177 77 17T 15 178 79 62 15 81
n:ho 77 77 11 7 18 17 15 79 87 61 15 18
11:50 77 a 77 118 18 17 15 17 82 62 w77
12:00 77 76 77 717 78 77 75 76 79 61 75 76




THERMOCQUPLE READINGS FOR CLASSROOM E-2 (continued)

3L7

1 2 3 L 5 6 7 8 9 10 1 12
Temp. Out=
Temp. of side
6 of window air 6 3
Time o" 30" 30" 120" 60" 30" 6" heat glass temp. 6" on
L L
12:07 (e)
12:10 75 175 175 76 76 76 (N 75 17 61 74 75
12220 75 T4 75 15 15 715 (N 7 Th 60 T4 75
12:26 (f)
12:30 74 74 TU 74 Y { T TR (1 % 16 64 M 15
122:40 75 15 76 16 16 16 15 % W 62 1 15
12:50 76 16 17 M7 17 16 7Tk % 713 63 1 16
1:00 76 76 17T 17 1T 1 1 7 13 6L 1 16
2210 77 7% 17 17 17T 17 75 11 7 64 715 16
1:20 77 17 78 17 177 17 76 78 75 6L 76 17
1:30 177 76 17 17 17 ( 75 76 73 63 (N 76
1:31 (g)
1:0 75 15 175 175 7% 1 7k 11 72 65 1 715
1:50 7 7 1 15 15 5 1 77 72 6k W 15
2:00 74 T4 75 175 Th 75 (N 17 71 65 N (N
2:10 75 15 % 16 16 15 1 7% T 65 7L i
2:20 176 75 77 177 76 76 N 76 72 6L (N 76
2:330 76 15 16 17T 17 16 15 76 n 62 M 1M
2:40 176 175 17 17 17 76 75 76 n 6L 75 17
2:42 (h)
2:50 17 11 78 78 17 17 76 78 72 6L 76 17
3:00 77 76 18 78 78 18 17 11 72 64 715 117

Mean 74¢93 The68 750.55 75.95 75.89 75:39 7330 77+25 77.LS 59.11 72.82 75.3k

Mean of working area (1,2,3,5,6,7,11, & 12) = TL. 7LOF.
Range of working area 81°-679F. = 1L°F,

Variance = };,189F,

Standard error of mean = *,109°F,

Mean of readings at center of room from flooar to ceiling = 75,139F.

Range 780-68°F, = 10°F.
Variance = 3.62°F,

Standard error of mean = %*,1);3°F,

Sample size = 352
Standard deviation = *2.045°F.

Sample size = 176
Stand ard deviation = ¥1.903°F.
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THERMOCOUPLE READINGS FOR CLASSROOM E-2 (continued)

Mean of all 30" readings = 75.L45°F.
Range 81°-71°F. = 10°F. Sample size = 220
Variance = 2,55°F. Stardard deviation = $2,629°F,
Standard error of mean = *,171°F,

(a) Drapes drawn - Children coming into rocm
gb) Windows opened

c¢) Drapes opened

(d) Drapes opened - Sky somewhat overcast
(e) Class gone to lunch

(£) Class back from lunch

(g) Class out to play - Lights out

(h) Committee work in class



THERMOCOUPLE READINGS FOR CIASSROOM E-3

3L9

March 6, 1961
1 2 3 N 5 6 1 8 9 10 1 12
Temp, Out-
Temp. of side
of window air
Time 30" 30" 30" 120" 60" 30" 6" heat ass _temp. 6" 30"
OF, . OF, OF, OF, OF, OF, OF, R oF, OF, OF,
7:42 (a)
7:50 82 81 81 86 83 81 80 13l 17 65 81 83
8:00 (b)
8:00 83 83 83 87 85 83 8 1% 11 65 83 8L
8:10 83 81 82 86 83 82 79 142 76 66 80 82
8:20 82 82 81 86 83 82 79 138 75 66 80 82
8:30 82 82 82 8y 82 83 82 114, 175 65 83 8L
8:L0 83 83 83 86 8L 83 81 12h N 6L 82 82
8:50 83 83 83 86 8L 8L 82 130 N 65 8L 8L
9:00 83 83 8y 87 8y, 84 83 132 17 65 83 8L
9:10 83 83 83 86 8L 8L 83 129 (N 65 8l 8L
9:20 82 83 83 86 8L 83 82 127 75 6L 83 83
9:30 83 83 83 86 83 83 82 126 N 6l 82 83
9:40 85 83 83 8 84 83 8 127 75 6y 82 83
9:43 (c)
9:50 80 80 81 8s 82 81 19 132 (N 65 80 81
10:00 79 79 19 83 80 179 7 122 713 64 18 79
10:10 81 80 81 85 81 81 79 13l 75 65 81 81
10:18 (d)
10:20 81 81 81 85 82 81 80 132 74 65 80 80
10:30 82 82 81 86 82 82 81 11 75 65 80 81
10:0 81 81 81 85 82 82 80 130 7 66 81 82
10:50 82 81 81 85 82 82 80 125 75 66 82 82
11:00 82 82 82 85 82 82 81 126 76 66 81 82
11:10 82 82 82 8L 82 82 81 123 75 67 82 82
11:20 82 82 82 86 82 82 81 11, 75 67 83 83
1:28 (e)
11:30 83 82 82 86 83 83 81 125 75 67 83 83
11:33 (f)
11:40 81 80 81 85 81 81 79 12l 76 68 82 82




THERMOCOUPIE REAININGS FOR CLASSROOM E-3 (continued)

350

1 2 3 L 5 6 7 8 9 10 1 12

Temp. Out-

Temp. of side

of window air
Time 30" 30" 30" 120m 60" 30" 6" heat g%gss temp., 6" 30"

o [ io -2 @. SF-‘O @. (ﬁ. OFO FO OF‘. OF. TO
11:50 81 81 82 85 82 82 19 128 76 69 82 82
12;00 81 81 8 8 82 8 8 128 77 69 82 83
12:03 (g)

12:10 81 81 82 84 8 82 81 127 76 68 82 83
12:20 83 82 82 85 83 83 8 124 16 69 82 82
12:30 81 8 8 8 81 81 8 102 76 69 82 80
12:40 81 81 81 83 81 82 81 92 78 69 81 83
12:50 81 81 81 81 8 81 8 88 79 T1 83 82
1:00 81 82 82 83 82 82 8 89 80 72 83 83
1:10 82 81 81 8y 82 82 80 87 M8 T 8 8
1:20 81 81 80 82 81 81 80 87 78 T2 81 82
1:30 82 81 81 82 81 81 81 87 17 71 81 81
1:0 81 81 8 82 80 81 80 85 7177 172 8 81
1:50 81 81 80 8 8 81 80 86 1 T1L 82 82
2:00 81 80 81 82 81 81 80 85 78 73 81 81
2:10 82 81 81 83 81 81 80 85 17 T 81 81
2:20 82 81 80 83 81 81 79 86 717 72 81 81
2:30 83 82 83 8, 82 82 82 83 7% T 82 82
2:40 79 17 79 80 79 79 79 81 75 69 80 79
2:50 81 81 81 8 8 8 8 82 175 69 81 81
3:00 81 81 80 80 80 80 80 82 73 66 81 81

Mean 81.73 81.36 81.45 8L.18 82.00 81.80 80.55 110.70 75,77 67.57 81.59 81.98

Mean of warking area (1,2,3,5,6,7,11, & 12) = 81,56°F,
Range of working area 85°-779F, = 8CF,

Variance = 1,79°F.

Standard errar of mean = ¥,071°F.

Mean of readings at center of room from floor to ceiling = 82,13°F.
Range 87°-79°F. = 8°F,

Variance = 3080°Fo

Standard error of mean = %¥,1),7°F.

Sample size = 352

Standard deviation = #1,338°F,

Sample size = 176

Standard deviation = #1.949°F.



351

THERMOCOUPLE READINGS FOR CLASSROOM E-3 (cant inued)

Mean of all 30" readings = 77.12°F.
Range 850-77°F., = 8OF, Sample size = 220
Variance = 1.38°F. Standard deviation = #1.175CF.
Standard error of mean = %,079°F.

(a) Children coming into room

(b) Three windaws opened

(¢) Class out of room for msic

(d) Class back from msic

(e) Class gane to lunch

(f) Thermostat setting changed to 65°F. by principal
(g) Class back from lunch



352
THERMOCOUPLE READINGS FOR CLASSROOM F-1

1 2 3 L S 6 7 8 9 10 1 12
Temp. Out-
Temp. of side
‘o 6 of window air 6
Time 30" 30" 30" 120" L "  heat g%ass temp, 6" 30m
OF. ﬁ. OF‘-' OFO o-?.. OF. O_FI‘O OFO F. @. @. i L]

8:20 76 77 16 11 % 16 16 T 69 60 W75

8:30 177 78 78 17 78 17 17 71 69 60 75 76
8:34 (a)
8:L0 178 17 78 78 78 78 78 71 70 62 72 17

8:50 77 77 18 78 7 M 177 . 7 6L 16 T

9:00 77 717 78 79 79 18 18 70 71 63 16 17
9:0 78 77 79 19 79 18 17 7 7! 65 15 11
9:20 8 77 79 79 719 19 78 7 7 7 16 17
9:30 77 76 17 79 78 77 7. 71 6k 72 15
9:L0 78 77 78 79 79 18 78 13 13 70 7% 17

9:50 76 75 7T 19 11 15 1 . 7172 65 72 7
10:00 177 7% 77 78 17 16 16 72 12 61 1 715
0:0 77 77 8 19 719 18 17 72 72 68 15 76
10:20 77 15 177 77 17T n 7 66 I 15
0:30 77 % 76 19 1T 1T 16 7 71 64 13 13

10:31 (b)
T4 T4 (N 78 75 75 (N 72 7 66 4 4
10:46 (c)

10:50 77 17 17 9 17T M1 72 72 66 715 15
11:00 77 17 17 917 MM 7 72 66 16 16

11:10 77 117 117 79 17 717 17 73 73 69 (N 76
11:20 76 76 17 79 17 76 76 72 72 65 175 76
11:30 76 76 76 79 17 17 76 T2 72 67 75 76

17 76 17 79 17 17 17 T2 72 68 76 76
11:45 (d)

1:50 78 78 9 19 79 18 178 72 72 n 1% 17
12:00 78 78 78 19 19 19 18 7 13 70 76 17
12:10 75 73 % 719 M 15 T 7 72 65 T 176

12:20 74 72 W 76 75 16 1L 7 72 6 70 13




THERMOCOUPLE READINGS FC(R CLASSROOM F-1 (continued)

——-

353

1 2 3 L 5 6 7 8 9 10 1 12
Temp. Out-
Temp. of side
of window air
Time 30" 30" 30" 120" 60" 30" 6" heat g];g_ss temp., 6" 30"
OF, . OF, OfF, OF, OF, OF, OF, F., OF, OF, OF,

12:30 73 72 72 76 Tk 72 1 71 1 65 70 73

12:40 173 T2 73 75 73 73 73 71 70 65 71 71

12:L8 (f)

12:50 73 71 73 78 N T2 72 ps 70 6L 71 72
12:00 76 76 78 17 17T 16 16 n 7 66 T4 1L
1:10 79 79 79 79 79 79 78 72 72 70 76 76
1:20 77 17 79 79 78 78 177 72 73 70 75 117
1:30 78 79 79 79 78 78 78 72 73 70 | 78
1:L0 78 78 80 79 79 78 77 72 N 70 76 78
1:50 179 78 79 80 79 79 79 73 Tk 70 78 79
2:00 177 17 17 80 78 76 76 72 73 67 73 75
2:10 177 17 78 80 177 76 75 1 72 68 72 yn
2220 78 77 19 80 78 78 78 72 13 68 72 76
2:30 175 n 75 80 117 Th 3 71 T2 65 72 73
22,0 76 74 75 80 77T 5 7L T 7 65 71 12
2:Lh  (g)

2:50 177 17 79 78 717 717 77 72 72 72 75 75
3:00 78 78 79 79 79 79 78 72 73 717 17 17
3:10 178 78 79 79 79 79 78 72 73 75 17 11
3:20 79 80 79 79 79 79 78 72 73 7L 17 78

Mean 760TL 76626 77019 78060 7Tkl 7686 76033 71.60 71.58 67.1L 7

k.23 75.55

——

Mean of working area (1,2,3,5,65,7,11, & 12) = 76.33°F.
Range of working area 809-70°F. = 10CF,

Variance

Standard error of mean = *.,112°F,

Mean of readings at center of room from floor to ceiling = 77.3L°F.
Range 80°-71°F. = 9OF,

= )4,350F,

Variance = 3.38CF.

Standard error of mean = %, 61L0OF.

Sample size = 3Lk
Standard deviation = *2,086°F.

Sample size = 172

Standard deviation = %1,.838°F.



THERMOCOUPLE READINGS FOR CLASSROOM F-1 (continued)

Mean of all 30" readings = 76.51°F,
Range 80°-719F, = 9°F,
Variance = 3,61°F.
Standard error of mean = %,130°F.

(a) Window open

(b) Milk break

(c) Class ocut of room

(d) Students coming into room
(e) Lunch period

(f) Class in room

(g) Classes changed

Sample size = 215
Standard deviation = ¥1.900C°F.

354



THERMOCOUPLE READINGS FOR CLASSROOM F=-2

355

March 8, 1961
1 2 3 N 5 6 7 8 9 10 11 12
Temp, Out-
Temp. of side
of window air
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp. 6" 30"
S ——OF ——OF . OF —OF—OF—OF— OF ——0F - —oF 0T ——oF —
8:15 (a)
8:s20 76 76 16 17 % 16 16 7 6 63 15 16
8s2Lh (b)
8:30 177 17 177 17 17 17 76 17 70 6L 75 17
8:h0 175 uh 75 17 76 76 73 17 70 69 1 h
8:50 175 N Th 17 75 N 73 11 70 ok 72 75
9300 75 15 75 % 76 16 75 7 71 72 Th 75
9810 75 15 16 76 % 16 15 7 M 72 b 177
9320 77 17 7 18 18 77 16 7 72 71 15 11
9:30 76 16 1% 18 7177 1% 15 7 72 72 1 16
9:L0 77 76 177 17 177 17 76 80 13 73 17 17
9:50 76 15 % 17 % 16 14 860 71 72 1 15
10:00 74 73 713 76 Th W 73 7 68 66 72 1
10610 72 71 72 15 73 172 7 77 66 65 69 M
10620 75 75 16 17 1% 15 15 77 61 65 12 175
10:30 76 76 76 7 17 16 1 7 69 65 12 715
00 75 75 % 1M1 16 16 15 77 70 67 72 1Tk
10:L46 (c)
10:50 175. 75 75 17 75 75 75 78 72 69 75 76
11:00 75 N 75 17 75 75 (N 78 71 68 73 75
11:10 75 yn Th 17 75 75 75 78 72 70 75 75
11:18 (4d)
11:20 75 (N 75 17 75 75 (N 17 70 72 Th 75
11:30 76 75 76 78 76 76 75 78 72 70 75 75
Dso 76 75 16 77 75 15 1 7 7. 68 73 15
11:50 75 75 % 17 1% 16 15 7 TN 69 173 15
12:00 76 75 76 17 1% 16 15 11 72 70 15 75
12:03 (e)
12:10 76 75 76 78 % 1% 15 11 72 70 7 15
12:220 74 74 74 76 15 (TR 77 72 T 13 7k




THERMOCOUPLE READINGS FOR CLASSROOM F-2 (continued)

1 2 3 N S 6 7 8 9 10 1 12
Temp. Out-
Temp. of side
of window air

Time 30M 30" 30" 120m 60" 30" 6" heat glass temp, 6% 30"
OFQ OFO O—F-T OF. Wo OF. i ° df‘o OFO ° L OF'
12:30 74 7k Th (5] L L L 7 T2 69 72 13

12:40 75 75 76 15 15 15 15 7 1 72 713 1k
12:50 75 7 75 % 1M 15 14 177 72 70 72 73

1:00 76 75 15 7% 15 15 7k 7 72 70 13 Th
1:10 75 75 75 16 15 15 15 77 13 70 7 7h
1:20 73 73 T4 73 T4 W 7Tk 17 L 69 73 73
1:30 73 72 73 72 T 15 15 17 70 66 13 73
:0 75 75 5 6 15 15 15 17 72 69 T 7k

1:50 74 73 75 W T T 75 17 73 69 13 1k
2:00 74 73 7% 13 T 1% 15 7 172 69 3 73
2010 74, 74 7% 7 75 5 75 17 7 69 13 13

2:20 73 713 % T 13 1 M 72 68 13 13

2:30 72 72 13 77 173 B 173 M7 72 69 7 13
220 75 7 75 76 7Tk 77 7172 68 13 14
2:50 175 7% 16 11 76 % 15 i 72 67 T 15
3300 72 72 73 70 13 7 1 % 10 66 M 12

3:10 72 T2 T2 72 Th 7k 17 70 66 T1 T2
330 71 71 73 13 13 72 72 76 68 6L 70 170
3330 72 T 173 13 13 72 72 5 6 65 70 71

Mean The63 Thel8 The95 75.68 75.05 The98 The36 77.25 70.93 70.02 73.11 7L.23

Mean of working area (1,2,3,5,6,7,11, & 12) = Th.LhLOF.
Range of working area 780-690F, = 9OF, Sample size = 352
Variance = 2.46°F. Standard deviation = *1.568°F.
Standard error of mean = %,08L°F.
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THERMOCOUPLE READINGS FOR CLASSROOM F-2 (continued)

Mean of readings at center of room from floor to ceiling = 75.02°F.
Range 78°-70°F, = 8OF, Sample size = 176
Variance = 2,23°F. Standard deviation = ¥1.493°F.
Standard error of mean = ¥,113°F,

Mean of all 30" readings = TL.60°F.
Range 78°-709F., = 8°F, Sample size = 220
Variance = 2,500F. Standard deviation = ¥1,581C°F.
Standard error of mean = ¥,107°F.

(a) Students coming into room

(b) Sun partially shining - Some windows open - Drapes closed
(c) Class gone to music room

(d) Class returns

(e) Lunch - Lights off

(£) Class back from lunch - Lights on

(g) Drapes open

(h) Play period

(i) Play period over



THERMOCOUPLE REAIIINGS FOR CLASSROOM F-3
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March 9, 1961
1 2 3 N S 6 7 8 9 10 1 12
Temp. Out-
Temp. of side
of window air
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp. 6" 30m
OF._. ﬁ. [ * @. @. 6F—‘. af‘o DF. o-.F. ﬁ. OFQ
8:20 N1 71 Tl Th 72 T 69 T2 50 3L 67 70
8:22 (a)
8:30 68 66 66 (N 69 67 65 71 50 3L 6L 66
8:32 (b)
8:L0 70 70 70 74 72 70 68 72 50 3k 66 70
8:50 170 70 7 N 72 T1 68 72 50 34 66 69
9:00 (c)
9:00 T1 70 70 Tk g8 1 69 T2 50 3k 67 70
9:10 T1 T2 71 Tk 73 72 69 73 50 35 67 70
9:20 T T 72 N 73 72 69 73 50 35 67 70
9:30 71 (pt (pt yn 73 72 69 73 L9 35 67 (pt
9:40 70 T Tl Tk 73 71 68 73 50 36 66 68
9:50 Tl Tl 1 0h 73 1 69 73 S0 36 68 1
10:00 72 173 73 h n 72 69 73 S0 35 69 72
10:10 72 73 73 75 N 73 70 73 51 36 69 72
10:20 173 73 73 T N 73 70 73 0 37 69 73
10:30 74 74 7L 75 W 7k T2 73 52 36 7 73
10:40 73 N L 75 75 Th 1 73 50 3% 70 73
10:50 173 N N 75 75 i 72 73 51 3% 70 (N
11:00 7L i Th 75 75 75 72 73 51 3% 70 (N
11:10 7L W T T 75 7 N 73 52 3% 7 74
1:20 74 75 75 15 15 15 72 73 51 36 170 14
11:30 7L N 175 75 75 75 T2 (N 52 36 T Tk
11:40 7h Th N 75 75 yn 72 73 51 37 71 (N
11:50 7L 75 75 75 75 75 72 Th 51 37 71 Tk
11:57 (d)
12:00 74 74 74 7% 15 W N 73 651 36 70 13
12:10 72 T2 72 73 75 (N 70 73 51 36 70 72
12:20 72 72 72 73 73 73 70 73 51 36 69 72
12:30 73 73 75 75 73 73 72 73 51 36 70 72
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THERMOCOUPIE READINGS FOR CLASSROOM F-3 (continued)

1 2 3 L 5 6 7 8 9 10 1 12

Temp. Out-

Temp. of side

of window air
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp., 6" 3ov
ﬁ. O_F“. _bf. TF; dF-‘. OFO * * F. ° [ ] OF. OF.

12:31 (e)

12:0 74 Tk Tk 75 75 (N T2 73 52 36 71 73
12:50 7L N (N 75 75 5 71 73 53 38 70 7L
1:00 7L 175 75 75 75 (4 72 n 51 37 g8 h
1310 74 75 75 75 15 % 72 7w 51 3 M1

1:20 175 75 7 15 75 175 72 h 52 37 72 N
1:30 74 79 75 16 15 15 12 7L 52 37 7 15
:b0 74 75 75 6 15 15 12 W 52 37 72 14
1:50 75 75 75 76 76 75 13 Th 53 38 72 75
2:00 175 7 7 715 76 7 72 W sh 39 7 17

2210 75 75 7h % % 5 13 W 53 3B 175
2:20 75 15 15 15 % 75 12 W sk 39 7 15
2:30 75 15 75 16 16 15 12 W 53 38 7 15
240 75 75 % 76 716 7% 72 W Sk 38 72 75
2:50 175 % 5 7% 16 15 12 W sk 38 72 7k

3300 74 75 75 % 15 15 T2 7w 53 3B 72 7
3010 76 76 15 16 16 15 7 W sk 39 72 7
31220 74 75 5 B 15 15 72 7w Sk 3% 71 15
3130 76 15 75 16 16 15 W W 53 39 7215

Mean of working area (1,2,3,5,6,7,11, & 12) = 72,70°F.
Range of working area 769-6LOF. = 12°F, Sample size = 352
Variance = 5.68°F, Standard deviation = *2,3830F.
Standard error of mean = %,127°F,

Mean of readings at center of room from floor to ceiling = 73.LLCF.
Range 76°-659F, = 11°F. Sample size = 176
Variance = L.630F. Standard deviation = $2.152°F.
Standard error of mean = t.162°F.
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THERMOCOUPLE READINGS FOR CLASSROOM F-3 (continued)

Mean of all 30" readings = 73.31°F.
Range 769-660F., = 10°F. Sample size = 220
Variance = 3.93CF. Standard deviation = ¥1.982CF,
Standard error of mean = ¥,13L°F.

(a) Window opened slightly
(b) Class gone to gymasium
(c) Class back from gym

(d) Class gone to lunch

(e) Class returned from lunch



THERMOCOUPLE READINGS FCR CLASSROOM G-1
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March 17, 1961
1 2 3 L 5 6 7 8 9 10 1 12
Tmpo Out-
Temp. of side
of window air
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp. 6"  30M
oF, O©OF, OF, OF, OF, OF, OF, OF, OF, OF., OF, OF,
8:15 (a)
8:s20 74 7 7 81 P Th 3 80 58 L 73 13
8:30 75 75 5] 81 76 ™ Th 81 58 L2 T4 74
8:b0 76 76 76 80 77 16 15 81 59 b3 75 75
8:43 (b)
8:50 (c)
8:50 76 7% 16 82 76 76 1L 82 59 L3 7
9:00 (d)
9:00 76 76 76 82 11 76 75 82 60 LS 75 76
9:05 (e)
9:10 72 71 13 717 7% 72 170 79 59 bs 66 68
9:20 72 70 72 76 W T 68 78 59 Ls 65 68
9:30 71 69 L 7% 73 11 69 76 58 s 69 1
9:32 (f)
9:40 173 73 Th 79 75 i 72 78 59 L6 73 73
9:50 75 Th 75 79 76 75 73 79 61 ) 73 Th
10:00 75 74 75 80 76 75 72 80 60 L6 73 N
10:10 76 75 76 80 11 76 (N 81 62 L7 75 75
10:20 177 11 7 81 78 7 75 82 63 L9 75 76
10:30 177 76 77 81 78 7 75 82 62 18 75 16
0osh0 77 76 71 82 718 17 75 83 63 L9 % 17
10s50 78 77 178 80 7 18 15 83 6L o 15 76
11:00 (g)
11:00 78 78 178 81 78 718 77 8sb 65 S0 71 13
11:10 75 7% 76 779 16 16 14 8y 64 S T 75
11:20 74 74 74 78 75 74 7L 83 63 S0 73 1k
1n:26 (h)
11:30 76 T 7 80 7 15 13 82 63 S0 T 175
11:40 76 76 76 80 77 76 75 82 65 52 75 76
11:50 177 76 17 81 78 17 75 83 65 52 76 76




THERMOCOUPIE READINGS FOR CIASSROOM G-1 (continued)
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1 2 3 L 5 6 7 8 9 10 1 12
Temp. Out-
Temp. of side
6o 6 of window air 6
Time 30" 30" 30" 120" n 3o " heat glass temp., 6" 30"
SF,—oF. OF, — OF. OF. OF. OF, OF. _OF. — OF oF: oF."

12:00 (i)

12:00 77 76 17 82 78 77 14 83 66 sShL 15 176

12:10 75 % 115 82 76 15 172 8L 65 53 73 N

12:20 76 76 76 83 11 7% 7L 81 66 5L Th 76

12:30 76 75 76 82 717 76 L 81 67 53 73 (N

12:40 74 Th 75 79 76 5 73 80 66 55 7 73

12:00 (3)

12:50 173 73 7411 7 T 72 80 66 sS4 70 13
1:00 73 72 13 7% 7173 72 N 7 65 5 70 TN
1:09 (k)

1:10 73 72 73 15 73 73 72 78 65 56 71 172
1:20 75 74 7% 80 7 175 T4 79 61 ST T 15
1:30 75 75 776 80 176 7 Th 80 67 56 72 75
1:b0 76 76 76 80 17 % 75 80 68 57 yn 76
1:50 176 75 76 81 17 7% 7k 80 68 59 76
2200 75 715 176 81 77 15 1L 80 68 ST 72 13
2:10 175 75 7% 81 77 176 7L 80 68 5T 72 13
2:20 76 16 16 8 76 16 15 80 68 58 T4 175
2230 75 7415 80 7 15 174 80 68 58 72 14
2:4b0 75 (N 75 9 76 75 (N 80 68 59 71 (N
2:50 75 715 15 79 % 1% 15 81 &9 59 Th 75
3500 76 76 16 82 77 7% 15 81 69 6L 15 176
3:01 (1)

3:10 77 77 77 81 77 77 76 81 70 61 76 76

Mean 75.21 TLe6L 75.38 79.88 76.2L 75.29 73.6L 80.71 6Le12 51.62 72.98 ThLe19

Mean of working area (1,2,3,5,6,7,11, & 12) = 7L.70°F,
Range of working area 78°-650F, = 13OF,

Variance =

Standard error of mean = *,111°F,

Le11°F,

Sample size = 336
Standard deviation = ¥2,027°F,
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THERMOCOUPLE READINGS FOR CILASSROOM G-1 (continued)

Mean of readings at center of room from floar to ceiling = 76.20°F.
Range 839-680F, = 15°F. Sample size = 168
Variance = 9,7L°F. Standard deviation = ¥3,1210F,
Standard error of mean = %,241°F,

Mean of all 30" readings = TL.9L°F.
Range 780-68°F, = 10°F. Sample size = 210
Variance = 3,1L°F. Standard deviation = #1,772CF.
Standard error of mean = %,122°F.

(a) Bell - Children coming into room
(b) Class left room to get milk

(c) Class retumed from milk break
(d) Light off - T.V. period

(e) Windows opened for ventilation
(f) T.V. class over - Lights on

(g) Class gons to gym - Two rows of lights off
(h) Class retumed - Lights on

(i) More windows open

(j) Class gone to lunch

(k) Class back from lunch

(1) Most of class gone



THERMOCOUPLE READINGS FOR CLASSROOM G-2

March 20, 1961

]
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1 2 3 L S 6 7 8 9 10 1 12
Temp. Out-
Tempe of side
of window air
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp. 6" 30"
oF, OF, OF, OF, OF, OF, OF, OF, OF, oF, OF, OF,
8:00 173 73 73 79 W 73 T2 89 66 sh 72 13
8:10 74 7L N 78 w7k 73 85 66 56 73 74
8:20 74 74 7L 78 175 175 yn 83 67 56 73 15
8:30 (a)
8:30 Tk m Tk 79 75 (N (N 81 66 55 73 75
8:40 (b)
8:L0 175 Th 175 78 75 175 7L 80 67 56 73 15
8:50 175 175 75 178 75 7% 1k 79 67 58 73 75
9:00 75 715 7% 118 76 715 N 79 67 60 T 15
9:10 76 176 % 179 16 1 1L 79 68 S8 76
9:20 176 11 76 79 76 76 N 78 70 63 T4 76
9:30 176 % 16 19 78 7% 15 19 70 57 75 76
9:L0 76 76 77 80 77 176 1Tk 9 69 60 15 76
9:50 176 76 76 80 17 76 75 79 1 6k 75 117
10:00 (c)
10:00 76 76 177 80 7 7 15 79 70 62 76
10:06 (d)
10:10 176 75 75 80 77 7 14 179 77 61 7L 76
10:20 76 76 76 80 177 7 74 19 7 62 W 76
10s30 76 76 16 80 77 16 15 79 M1 61 15 16
10:40 77 77 77 81 18 77 75 79 7 63 15 11
10:50 177 17 17 81 78 17 75 79 73 60 75 17
11:00 178 78 7 81 78 78 15 80 Th 65 76 78
11:10 177 11 78 82 179 78 76 80 (N 61 75 78
11:20 178 78 79 82 19 9 17 80 i 63 76 179
11:30 78 78 79 83 80 179 76 81 178 67 7 19
11:L0 77 77 77 82 79 18 76 81 17 6L 76 178
11:50 177 11 77 82 18 7 15 80 79 67 7% 17
12:00 (e)
12:00 76 76 76 81 78 76 75 81 80 72 75 177




THERMOCOUPLE READINGS FOR CLASSROOM G-2 (continued)
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1 2 3 L 5 6 7 8 9 10 1n 12
Temp. Out-
Temp. of side
of window air
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp, 6" 30"
OF. . OF, OF, OF, OF, OF, OF, F. OF, OF., OF.,
12:20 76 76 76 19 7 7 15 81 80 67 75 76
12:20 176 76 76 178 11 7% 15 81 80 68 7% 76
12:30 76 76 76 78 77 76 15 81 80 71 75 76
12:38 (f)
12:40 76 76 117 78 17 17 75 80 80 72 75 17
12:50 178 17 78 81 78 78 76 81 81 69 76 78
1:00 78 78 79 81 19 78 76 81 81 Tl 76 78
1:10 79 78 78 82 179 79 76 81 81 72 17 79
1:20 178 78 79 82 80 79 17 81 81 71 17 79
1:30 79 79 79 82 80 79 78 82 82 1 17 19
1:35 (g)
:0 77 77 78 82 79 78 76 82 82 1 76 77
1:50 177 77 17 81 78 17 76 82 82 73 76 17
2:00 (h)
2:00 77 177 17 81 78 17 76 82 82 72 76 17
2:10 78 17 78 81 78 17 76 82 81 (ol 76 78
2:20 117 17 77 82 78 17 76 82 82 72 76 17
2230 177 17 78 81 78 78 17 82 79 70 76 78
2:0 77 17 17 81 78 78 76 82 82 73 76 78
2:50 77 17 17 82 78 17 76 82 80 76 76 17
3:00 77 17 17 81 77 76 76 82 81 73 76 77

Mean 76.L9 76439 76.65 80,30 T7.L2 76.72 75.19 80,79 75635 65.37 75.07 76.77

Mean of working area (1,2,3,5,6,7,11, & 12) = 76.3LOF.
Range of working area 80°-720F, = 8OF,

Variance = 2,35°F.

Standard error of mean = ¥,083°F,

Mean of readings at cemter of room from floor to ceiling = 77.L1CF.

Range 83°-720F. = 11CF.
Variance = 5,38°F.

Standard error of mean = %,177°F.

Sample size = 3LL
Standard deviation = #1.533°F,

Sample size = 172
Standard deviation = $2,319°F.
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THERMOCOUPLE READINGS FOR CLASSROOM G-2 (continued)

Mean of all 30" readings = 76.60°F.
Range 79°-73°F. = 6CF. Sample size = 215
Variance = 1.87°F. Standard deviation = %1,367°F.
Standard error of mean = %,093°F,

(a) Class gone to get milk - Blinds drawn
(b) Class returned

(c) Break - Children gone to rest room
(d) Children back in room

(e) Lunch - Lights off

(f) Class back from lunch - Lights on

(g) Class gane to physical education

(h) Class back from physical education



THERMOCOUPLE READINGS FOR CLASSROOM G-3
March 21, 1961
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|

1 2 3 N 5 6 7 8 9 10 1 12
Temo Out-
Temp. of side
of window air
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp. 6" 30n
OF. OF‘. 6F0 dFQ O-F‘. O-F. @. L] o [ ) ° L ] F. OF‘.
8:13 (a)
8:20 176 76 11 85 80 78 75 186 70 57 75 17
8:28 (b)
8:30 177 177 17 8L 80 78 76 180 69 56 (N 17
8:31 (¢)
8:38 (d)
BsbO 76 76 16 81 18 16 75 163 67 55 b 76
8:50 177 17 17 81 78 17 (N 152 67 55 75 17
9:00 177 17 76 82 79 17 Th 143 67 55 (N 17
9:10 77 17 17 82 79 17 75 133 68 Sk Th 17
9:20 175 7 16 81 78 76 7h 12k 67 Sh 73 176
9:30 76 76 16 80 77 76 7 117 66 Sh 13 16
9:L40 175 75 75 81 17 75 73 11 66 Sh 72 Th
9:11 (e)
9:45 (£)
9:50 T 73 7w 8 79 74 73 110 65 Sk 7 13
9:55 (g)
10:00 75 75 76 79 17 76 (N 110 65 53 13 76
10:10 177 17 177 80 78 17 75 107 66 Sh 75 76
10:20 177 17 177 81 78 17 75 105 66 Sk 75 17
10:30 177 11 177 81 79 7 75 102 66 oL 75 178
10:L0 77 17 78 81 79 17 75 100 66 53 75 17
10:50 177 17 17 81 78 17 75 98 66 55 75 76
1n:00 77 77 11 81 18 18 16 96 66 55 715 16
11:10 177 77 76 81 18 11 75 95 66 SL N 17
11:20 177 77 7 80 78 177 75 93 66 55 76 7
11:30 77 17 17 81 78 17 75 92 67 Sh (N 17
11:40 77 11 77 81 78 17 76 92 67 S5 Tk i
11:45 (n)
11:50 75 75 75 18 7 7 1k 91 67 ST 1 76




THERMOCOUPIE REAIINGS FOR CLASSROOM G-3 (continued)

Time 30" 30" 30" 120" 60" 30" 6" heat glass temp, 6" 30"

OF. OF‘. OF‘. @: ﬁ. OF. 6T. OF. * o OF. O-F-r. OF.

12:00 75 74 7% 17 1% 15 89 66 55 72 7L
12220 74 74 7 76 15 15 73 88 66 55 11 173
12:17 (i)

12:20 75 75 75 16 15 75 173 87 65 % 172 75
12:30 76 76 76 78 177 76 74 87 66 55 W 76

12:40 77 177 17 80 78 17 76 88 67 56 75 17
12:50 78 78 18 8 78 717 16 90 61 56 15 17
1:00 77 17 78 81 79 78 76 91 68 56 76 78
1:02 (3)

1:10 177 76 76 80 178 77 75 91 68 55 15 17

1:20 76 76 176 8 77 17 15 90 67 56 T4 76
1:30 76 76 1% 8 717 16 15 89 67 56 15 16
1:32 (k)

1:0 78 77 77 80 78 17 76 88 68 ST 16 18
1:48 (1)

1:50 76 76 76 81 78 76 73 87 68 57 71 72
2:00 73 73 nh 83 75 uh T2 86 67 60 (pt (N
2:10 74 Th 75 81 76 75 72 85 68 58 70 74
2:13 (m)

2:20 174 75 75 81 76 7 73 8L 68 6l 13 75

2:30 175 75 75 80 17 76 73 83 68 58 13 75
2:0 75 75 75 80 17 76 73 82 68 57 71 i
2:50 75 7% 16 81 11 76 73 82 68 56 70 i
3:00 76 76 17 80 7 76 Th 81 68 59 73 76

Mean 76,02 75.95 71.29 80.LL 77.51 71.L6 7h.37 103.61 66493 55.68 73.56 75.88

Mean of warking area (1,2,3,5,6,7,11, & 12) = 75.73CF.
Range of working area 80°-700F, = 10°F., Sample size = 328
Variance = 2,1}°F. Stardard deviatian = #1.463°F.
Standard error of mean = *,081CF.



369
THERMOCOUPLE READINGS FOR CLASSROOM G-3 (continued)

Mean of readings at center of room from floor to ceiling = 77.16°F.
Range 850-720F, = 13°F. Sample size = 16l
Variance = 2,13°F. Standard deviation = ¥1,L459°F.
Standard errar of mean = %.,11}°F,

Mean of all 30" readings = 76.07°F.
Range 78°-72°F, = 6OF, Sample size = 205
Variance = 2,0L°F, Starmdard deviation = ¥1,428°F,
Standard error of mean = *,099°F,

~
[
~~r

Thermocouple for position 8 raised slightly above convector because the
temperature of the convector was above 200°F. causing Number 8 not
to print.

Windows opened

Class gone for milk

Class returned

Break - Class out of room

Break over - Class back in room

Windows closed

Lights off - Class gone to lunch

Class back from lunch - Lights on

Class gone to physical education class

Class back from physical education

Windows opened (upon suggestion from principal)

Some windows closed (children complained about.being cold)

ANANANANANANANANANAN AN
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THERMOCOUPLE REAIINGS FOR CLASSROOM H-1
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March 22, 1961
1 2 3 N 5 6 7 8 9 10 11 12
Temp. Out-
Temp. of side
6 6 of window air 6
Time 30" 30" 30" 120" o 30" "  heat g%ass temp, 6" 30n
. . . OF, OF, OF, OF, OF, . . OF,

8:51 (a)

9:00 175 76 76 76 76 76 75 68 65 50 175 75

9:10 75 75 76 77 17 117 75 69 66 50 75 76

9:20 176 76 77 17 17 17 76 70 66 51 76 76

9:28 (b)

9:30 176 17 177 17 17 177 76 69 67 50 76 76

9:1l0 77 177 76 717 17 17 76 69 66 51 76 17

9:48 (c)

9:50 177 17 76 17 7 177 76 73 66 52 17 76
10:00 77 17 17 17 17 78 17 17 67 52 717 71
10:10 178 78 76 78 78 78 17 76 68 52 77 17
10:20 77 17 78 78 78 78 17 17 69 Sk 177 177
10:23 (d)

10:30 177 177 17 11 177 17 76 Th 69 5L 76 76
10:L0 76 76 75 76 76 76 76 N 71 56 76 76
10:50 (e)

10:50 76 76 76 76 76 76 76 73 69 ShL 76 75
11:00 77 77 77 78 78 78 71 N 72 56 17 77
11:10 178 78 78 79 79 79 78 75 (N 59 78 79
11:20 79 79 79 79 80 79 79 75 73 56 79 79
11:30 79 79 79 80 80 80 79 75 72 56 79 79
11:40 79 79 79 80 80 80 79 75 72 57 78 79
11:50 (b)

11:50 79 79 79 79 80 79 79 75 71 56 78 78
12:00, 79 79 79 80 80 80 79 75 72 57 79 79
12:01 (f)

12:10 77 17 77 78 78 78 17 75 73 58 17 17
12:20 177 17 17 79 17 78 17 76 73 59 77 17
12:27 (g)

12:30 178 78 78 79 79 79 78 75 Th 56 78 78
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THERMOCQUPLE REAIINGS FOR CLASSROOM H-1 (continued)

1 2 3 N 5 6 7 8 9 10 1 12

Temp. Out-

Temp. of side

of window air
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp. 6" 30"
F——OF——0F— OF—OF—OF—OF — OF —oF o S

12:40 78 78 79 79 79 79 19 75 13 59 78 78
12:50 178 78 78 78 78 78 78 h 71 58 17 78
1:00 79 79 79 80 80 80 19 75 71 56 78 78
1:10 79 79 79 80 80 80 79 75 71 57 78 78
1:18 (h)

1:20 7 78 79 79 19 19 718 7% 70 56 18 78
1:30 78 178 8 79 79 179 18 W 69 56 11 11
1:40 78 7 7 19 9 19 18 W 68 55 1T 17
1:50 78 78 M 19 19 19 18 73 68 56 76 176
2200 78 78 78 79 19 19 18 w70 57 16 17

210 78 78 19 19 M 19 18 7% 69 57 16 11
2:19 (h)

2:20 78 78 18 79 79 19 18 7% 6 ST 711 18
2:30 79 179 8 . 8 80 8 79 7% T1 58 78 78
2:40 80 80 79 80 80 80 79 76 73 61 79 80

2:50 80 80 80 80 81 8 80 7 13 60 79 8
3:00 80 8 8 81 81 8 80 7 7 61 80 80
33110 80 80 80 81 81 81 & 7 74, 61 80 80
3:20 81 81 81 8 8 8 80 7 2 61 15 15
33030 80 8 8 80 8 8 719 73 72 63 19 19

Mean 77098 78002 78005 78068 78072 78068 77085 7,-10}) 70037 56.12 77030 77050

Mean of working area (1,2,3,5,6,7,11, & 12) = 78.01°F,
Range of working area 810-750F, = 6°F, Sample size = 320
Variance = 3,00°F, Standard deviation = %1,732CF,
Standard error of mean = ¥,097°F,

Mean of readings at center of room from floor to ceiling = 78.L42°F.
Range 81°-75°F. = 69F, Sample size = 160
Variance = 8,12°F. Standard deviation = *2,8L8°F.
Standard error of mean = %.225CF,
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THERMOCOUPLE READINGS FOR CLASSROOM H-1 (continued)

Mean of all 30" readings = 78,0L°F.
Range 81°-75°F. = &CF. Sample size = 200
Variance = 1,51°F. Standard deviation = *1,229°F,
Standard error of mean = ¥,087°F.

(a) Class already in progress - Adjusting recorder

(b) Change of classes

(c) Change of position for mumber 8 wire

(d) End of class period - Room vacant

(e) Thermostat setting changed from 7T0°F. to 6LOF. to determine if the 6C°F.
lag is due to faulty calibration of the thermostat

(f) Class gone to lunch

(g) Class back in roam

(h) Classes changed



373
THERMOCOUPLE READINGS FOR CLASSROOM H-2
March 23, 1961

1 2 3 L 5 6 7 8 9 10 1 12
Temp. Out-
Temp. of side
of window air
Time 30n 3911 30" 12(_):! 6911 3_0n 611 heg.t &ss tex_np. @ 30"
OoF, OF, OF, OF, OF, OF, OF, OF, OF, OF, OF, OF,

8:20 72 72 73 73 73 173 72 105 58 L6 70 72
8:30 (a)

8:30 73 173 73 T4 73 713 72 103 57 W M 72
8:0 74 T4 74 5 175 7% 73 101 59 L7

8:50 TL4 N 75 75 5 5 73 90 61 L7 72 (N

9:00 175 75 75 76 % 76 14 85 61 L7 72 h
9:10 75 75 79 716 16 15 7k 82 62 L8 7172 104
9¢20 75 15 15 76 76 16 7Tk 82 63 L9 7 74
9:30 ZS) 75 76 76 76 75 75 81 62 Lo 73 (N
9:32 (b

9sl0 75 75 76 17T 16 16 15 78 63 %0 73 715
9:50 77 76 17 7 18 17 15 79 63 L9 w75
10:00 76 76 76 11 7 7% 15 80 63 L9 73 15
10:10 76 76 76 7 17 76 75 81 63 50 15
10320 76 75 16 1T 1T 16 15 81 63 50 7T 176

10:22 (b)
10:30 76 76 76 17 17 17 76 81 63 50 (N 76
10:40 75 76 75 77 77 76 75 81 63 51 73 75
10:50 76 76 76 17 17 17 75 81 63 51 Th 75
11:00 (b)

11:00 76 76 177 77 17 76 76 81 6L 51 Th 75
11:10 76 76 17 17 T 76 76 81 6 51 T4 75
11:20 76 76 76 A & R & R (- 81 63 51 T4 76
11:30 76 76 76 17 77 76 75 80 62 ke (N 76
11:0 76 76 76 76 76 76 75 80 61 50 (N 76

11:50 76 76 76 17 17 76 75 80 63 50 Th 76
11:51 sb;

12:00
12:00 76 76 76 11 76 76 76 80 65 51 75 76
12:10 76 76 76 78 17 76 75 80 6L 51 N 75




THERMOCOUPLE READINGS FOR CIASSROOM H-2 (comtinued)

37h

1 2 3 L 5 6 7 8 9 10 1 12
Tempe Out-
Temp. of side
of window air
Time 3911 30n 32" 12_0" 6.211 3911 én he_g.t glgss temp, én 30"
°f, OF, OF, OF, OF, OF, OF, OF, OF, OF, OF, OF,
12:20 175 75 76 76 76 76 75 73 66 52 Th Th
12:21 (d)
12:30 76 76 17 17 717 76 15 72 &4 51 Th 75
2:l0 76 76 76 11 77 16 16 72 65 52 W 15
12:50 76 76 76 7 17 76 76 72 66 Sk L 76
1:00 77 76 117 117 17 17 76 71 67 52 75 76
1:10 78 76 78 78 78 117 76 73 68 Sk 75 76
1:16 (b)
1:20 177 7 78 78 78 117 76 72 67 53 75 75
1:30 77 76 i 17 17 17 76 72 6L 52 (N 75
1sho 76 76 17 17 17 17 76 72 6L 53 75 76
1:50 76 76 717 78 78 17 76 73 66 sh 75 76
2:00 77 7 78 78 78 78 76 73 67 53 75 76
2:10 77 17 17 78 78 T 76 72 67 53 75 75
2:20 176 17 78 78 78 7 76 T1 6L 52 75 75
2:30 77 76 77 17 17 17 76 72 6L 52 75 75
2:40 76 76 7 7 7 7 76 72 6L 52 75 75
2:50 77 717 717 77 77 7 76 72 65 53 7L 75
3:00 77 117 17 77 77 17 76 73 67 55 75 75
3:10 717 76 77 17 117 77 76 72 67 5L 75 75
3:20 (b)
3:20 77 17 17 17 17 17 76 72 66 5L 75 75
3:30 77 17 17 17 17 17 17 73 66 Sk 15 75

Mean 75.91 75677 76625 7679 76470 76623 75¢25 78,59 6L.00 50.95 73,86 7L.98

Mean of warking area (1,2,3,5,6,7,11, & 12) = 75.62°F.
Range of working area 780-700F, = 8OF,

Variance = 1,88CF,

Standard error of mean = %.073°F.

Sample size = 352
Standard deviation = #1,3T71°F.
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THERMOCOUPLE READINGS FOR CLASSROOM H-2 (continued)

Mean of readings at center of roam from floor to ceiling = 75.67°F.
Range 78°-72°F. = 6°F, Sample size = 176
Variance = 1.49°F. Standard deviation = #1,221°F,
Standard error of mean = %,092°F,

Mean of all 30" readings = 75.83°F.
Range 78°-720F, = 6°F, Sample size = 220
Variance = 1.33°F. Standard deviation = ¥1,153°F.
Standard error of mean = %,078°F.

(a) Students coming into room

(b) Classes changed

(¢) Lunch

(d) Students coming back from lunch



THERMOCOUPIE READINGS FOR CLASSROOM H-3

March 2k, 1961
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1 2 3 L 5 6 7 8 9 10 11 12
~Temp. Oub-
Temp. of &side
of window air
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp. 6" 30"
oF, ©OF, OF, OF, OF, OF, OF, OF, OF, OF. OF, OF,
8:30 (a)
8230 72 71 T 72 72 N N 69 59 L5 & 70
8:32 (b)
840 73 73 73 173 73 3 172 61 LS 72
8:43 (c)
8:50 73 72 T3 73 73 173 73 69 60 L5 70 10
9:00 73 72 12 13 173 73 713 69 59 L6 10 70
9:10 73 72 72 3 13 1 173 69 60 U5 10 7n
9:20 7 73 7 13 73 1 173 73 6L L5 11 7N
9:28 (d)
9:30 74, 73 13 7 74 W 713 173 6L L 11 7N
9al0 74 T4 7Tk 75 75 (N 73 173 62 L6 72
9:50 175 75 N 75 75 175 (N (N 63 L7 72 13
10:00 74 74 75 % 1 1 715 7% 6L L8 72 173
10:10 75 75 175 75 75 175 75 75 62 L7 72 713
10620 75 75 15 175 7% 75 1k 70 62 L7 7 13
10:24 (e)
0:30 74 74 74 7w 7w W 7L 70 64 b7 72 73
0:0 74 7 74 74 7 T 7k 7 65 L8 72 72
10s50 7h 7L (N y(n 74 n Th 70 63 L8 72 12
11:00 (f)
11:00 79 74 7 74 W W 7L 6 63 L8 T1 N
11:10 173 T2 73 73 73 73 72 61 59 L7 69 70
11:20 73 72 13 1 72 72 12 6L 61 L8 69 69
11:30 173 72 72 13 72 72 712 61 62 19 7 10
11:39 (g)
11:40 T3 72 73 73 73 72 72 62 69 50 T 1
11:50 (d)
11:50 73 13 73 13 73 73 73 (N 6L L9 1 n
12:00 73 72 73 73 73 73 72 61 61 L8 70 70




THERMOCOUPLE READINGS FOR CLASSROOM H-3 (continued)

“Temp. Out-

Temp. of side

of window air

Time 30" 30" 30" 120" 60" 30" 6" heat glass temp. 6" 30"
oFOF, —oF. —OF. OF. OF. OF.  OF. OF. — OF. —OF. OF.

12:10 173 72 72 73 713 713 T2 6L 67 51 70 170
12:20 73 72 13 13 73 7 173 6L 173 655 70 T
12:30 73 72 13 Th 73 73 72 62 66 51 70 70
12¢3L  (h)

12:40 173 T2 73 uh 72 T2 72 61 63 L9 70 70

12:50 172 71 72 73 72 72 72 62 6l 5 70 70
1:00 72 71 71 n 72 T2 T2 61 63 S0 69 69

1:04 (f)
1:10 73 72 12 73 13 72 72 62 6L 51 69 70
1:13 (1)
1:20 (d)
1:20 73 72 73 Th 73 3 73 62 66 S0 70 70

1:30 73 72 73 Th 3 3 72 62 67 57 71 M
l:0 74 72 73 W W3 173 72 62 66 55 70 70
1:50 7h 73 L W Tk 73 63 67 51T M N

2:00 Th 73 73 Th Th 73 72 62 6L 51 70 70
2:10 74 73 173 (N 73 73 61 62 50 70 70
2:18 (q)

2:20 13 73 73 75 73 73 72 61 61 L9 70 70
2:30 7k 72 73 7k 73 72 62 62 G5l 70 10

2sb0 74 72 713 T4 73 72 172 62 6L 8 7 70
2:50 73 T2 73 W Tk 73 T2 61 62 50 70 70
3300 b 72 13 T 1 73 72 62 62 52 70 10
330 7 72 73 T T T3 72 63 65 957 7 70
3620 7 72 T 1 13 173 173 63 65 Sh M1 N

3:30 074 73 7h W 7 T 73 63 64 51 T TN
Mean 73051 72,63 73.12 73.81 7337 73.1L 72.72 65.LL 63.30 L9.LT T0.LT T70.1L

e

Mean of working area (1,2,3,5,6,7,11, & 12) = 72.L6CF.
Range of working area 7590-690F. = 6OF. Sample size = 3Lk
Variance = 2.L20F, Standard deviation = ¥1,556°F,
Standard error of mean = ¥,08LOF.



378
THERMOCOUPLE READINGS FOR CLASSROCM H-3 (continued)

Mean of readings at center of roam fram floor to ceiling = 73.25°F.,
Range 75°-719F, = LCF, Sample size = 172
Variance = 1.5LOF. Standard deviation = *1,2)1°F.
Standard error of mean = %,095°F.

Mean of all 30" readings = 72.63°F.
Range 75°-69°F. = 6°F, Sample size = 215
Variance = 2.39°F. Standard deviation = *1.S5L6°F.
Standard error of mean = *.,105°F.

(a) Class coming into roam

(b) Custodians changing filter

(¢) Filter cleaned - Class in room

(d) Classes changed

(e) Change of classes - Room vacant

(£) ' Class back in roam

(2) Sun shining

(h) Class gone to lunch

(i) Girls complained about being too cold



THERMOCOUPLE READINGS FOR CLASSROQOM I-1

March 27, 1961
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1 2 3 L 5 6 7 8 9 10 11 12
Temp. Out-
Temp. of side
of window air
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp. 6" 30"
O-F-‘. o-F'o O?. O-FT %‘o Cﬁ. (ﬁ‘l. OFQ @o L] * Fo
7:50 (a)
7:50 72 72 13 8s 78 73 68 133 70 51 68 173
8:00 73 73 7L 86 79 13 68 159 72 53 69 7L
8s10 74 T4 7, 87 80 7 69 16h 72 S4L 70 715
8:20 (b)
8:20 75 76 17 88 81 76 72 163 7 55 72 117
8:30 78 78 78 90 83 78 72 16L 7 55 73 18
8:32 (c)
8sl0 79 75 16 83 17 75 72 163 73 56 73 76
8:50 75 76 76 8hb 78 76 712 165 73 58 72 7
9300 78 78 78 88 81 78 T2 166 Th 58 73 78
9:04 (d)
9:10 79 17 7% 8 80 76 72 13 15 60 72 16
9:16 (e)
9:20 76 17 7% 87 80 76 72 1719 15 59 7 17
9:30 (f)
9:30 76 76 15 86 79 16 72 119 15 60 72 16
9:40 80 80 80 88 82 80 75 185 76 61 76 80
9:48 (g)
9:50 179 79 178 86 8L 79 74 182 76 6L 1 79
10:00 (h)
10:00 177 78 78 87 81 78 73 18L 75 63 Th 178
10:10 178 79 78 89 82 78 73 188 76 60 19
10:20 (i)
10:20 177 79 78 88 81 78 75 187 76 60 75 78
10:25 (J;
10:30 (k
10:30 178 19 78 88 82 78 713 188 7 61 W 78
10:h0 77 78 17 88 81 17 73 182 76 61 73 17
10:50 76 17 76 87 8L 76 13 173 M7 63 13 16
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THERMOCOUPLE READINGS FOR CLASSROOM I-1 (continued)

1 2 3 L 5 6 1 8 9 10 1 12
Tenlpo Out‘-
Temp. of side
of window air
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp. 6n 30"
i [ OFO ﬁl @0— Ofo OFO @T FO ° d-fo OF. i L ]

11:00 77 17 76 86 81 17 13 170 17 63 73 76
11:10 (1)
11:10 76 171 11 86 80 7 72 162 76 61 73 76
11:20 80 80 80 86 81 8 7 155 176 6L 75 80
11:30 (m)

11:30 178 19 79 86 81 19 75 155 75 61 76 79
11:40 78 80 178 85 80 178 7% 155 75 62 15 19
1:46 (n)

11:50 77 78 17 83 79 78 (N 101 75 63 75 78
12:00 75 75 75 81 76 75 73 83 73 63 73 75

12:03 (o)
12:08 (p)
12:10 74 74 74 81 76 15 TN 80 7. 63 170 73
12:20 72 72 73 79 Th 78 170 78 70 62 68 ol
12:30 72 713 72 18 1 73 10 77 69 62 €9 72

12:34 (q)

12:40 173 W 73 17 W M N 76 69 62 170 173

12:50 72 72 72 15 13 72 10 76 68 61 170 72
1:00 72 72 12 76 13 712 7 75 70 62 7 72
1:10 73 73 13 76 75 13 M 7% 13 64 M 13

1:20 73 Th 73 76 Th Th 71 175 75 65 71 73
1:30 74 75 Th 17 75 75 73 hn 76 66 T2 75
1:40 75 75 uh 17 76 75 T2 75 78 68 71 (N
1:42 (r)

1:50 74 Th Th 17 75 Th 72 75 79 69 T2 (N

2:00 (s)

2:00 73 13 73 17 Th 73 71 Th 79 69 71 73
2:10 7L 75 N 76 75 75 13 Th 79 68 73 Th
2320 7L N 73 75 Th Th 72 (N 79 69 T2 73
2:30 75 76 75 75 75 75 73 T4 79 69 13 (N

230 7 75 W 77 75 72 7 78 68 71 7L
Mean 75,43 7590 75,50 82.69 78,02 75.83 72.1h 129.38 72.21 61.67 72.2L 75.62
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THERMOCOUPLE READINGS FOR CLASSROOM I-1 (continued)

Mean of working area (1,2,3,5,6,7,11, & 12) = 75.09°F.
Range of working area 830-68CF, = 150F, Sample size = 336
Variance = 8,85°F, Standard deviation = %2,975°F,
Standard error of mean = *,162CF,

Mean of readings at center of room from floor to ceiling = 77.17°F.
Range 83°-68°F. = 15°F. Sample size = 168
Variance = 25,10°F, Standard deviation = ¥5,0100F.
Standard error of mean = %*,387°F,

Mean of all 30" readings = 75.18°F,
Range 800-T10F, = 8OF, Sample size = 210
Variance = 5.L9°F. Standard deviation = *2,3L3°F,
Standard error of mean = %,162CF,

(a) No windows opened - Children not in room

gb) Children in room

c) Windows opened for ventilation

(d) Number eight wire slipped - Temperature of pipe actually above 200°F,
(e) Number eight wire adjusted but still slightly above hot water pipe
(f) Door to carridor closed

(g) Corridor door opened

(h) Recess - Class out of room - Corridor door still opened

(1) Class back in romm

(3j) Class out of room to reading club

(k) Thermostat in office completely turned off

(1) Class back in room - Door closed

(m) Thirteen glee club members left the room

(n) Boiler off

(o) Glee club members back

(p) Iunch - Dooar left open

(q) Class back from lunch

(r) Recess - Part of class out of room

(s) End of recess



THERMOCOUPLE READINGS FOR CLASSROOM I-2
March 28, 1961
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1 2 3 N 5 6 i 8 9 10 11 12
Tmpo Out-
Temp. aof side
of window air
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp. 6" 30"
oF. Or, OF, OF, OF, OF, O©OF, OF, OF, OF, OF, OF,
8:00 (a)
8300 76 76 16 88 80 76 73 198 71 S8 73 17
8:09 (b)
8:10 178 78 78 89 81 78 76 181 70 57 75 78
8:18 (c)
8:20 80 80 80 89 83 80 76 113 69 57 75 81
8:22 (d)
8:30 (e)
830 76 1% 76 87 18 16 1 113 66 56 13 16
8:L0 80 80 80 91 82 8 76 175 68 LY 7 81
8:L3 (£)
8:50 76 76 16 88 80 78 74 185 66 56 b 78
9300 79 19 7 90 81 79 75 180 69 57 76 19
9:10 78 78 18 88 81 78 75 17h 69 5T 15 718
9:20 178 78 78 88 80 178 7 172 68 57 76 78
9:29 (g)
9:30 77 17 7% 87 79 18 75 160 68 S8 715 18
9:40 76 76 7% 8 719 77 T 122 71 S8 73 16
9:50 74 74 74 85 75 7 72 106 70 58 70 72
9:51 (n)
10s00 74 74 74 8 76 15 72 9 67 58 75
10:10 174 73 7 8k 7 b 72 87 65 58 70 72
10212 (i)
10s20 7% 16 16 85 18 76 L 89 68 S8 73 75
10330 77 76 17 83 78 1 15 83 68 58 w15
10:40 75 75 76 85 78 7 T4 81 68 58 m 75
10¢50 75 T 75 85 16 15 13 78 68 58 73 7k
11:00 7 75 15 84 77 75 (N 77 68 58 173 76
11:10 (3)
1:20 7h 74 7 8 79 W 73 7 671 59 73 N




THERMOCOUPIE READINGS FOR CLASSROOM I-2 (continued)

383

1 2 3 L 5 6 7 8 9 10 1 12
Temp. Out-
Temp. of side
of window air
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp., 6" 30
OF. L) OF. OF. (ﬁ ﬁ. ﬁ. ﬁ. OF. OF. OF. OF.'
11:16 (k)
11:20 73 N N 8l 75 Th 72 80 67 59 72 Th
11:30 74 hn yn 8L 75 75 (N 145 68 60 13 75
11:39 (1)
11:40 (m)
ko 77 17 17 88 79 17 75 162 7 60 75 78
11:41 (n)
11:50 79 79 79 89 80 19 76 176 (N 63 76 79
11:57 (o)
11:59 (p)
12:00 79 79 79 89 81 79 76 179 75 63 76 80
12:10 79 79 79 90 81 80 17 172 76 63 76 80
12:20 80 80 80 91 83 80 71 167 717 6L 76 80
12:30 81 81 8 91 84 8 77 115 79 65 76 81
12:33 (q)
12:10 83 83 83 93 8L 83 79 182 80 65 80 83
12:50 8L 8L 8L 91 86 8L 79 163 83 68 79 8L
1:00 8L 8L 83 93 85 8L 79 165 8L 69 79 83
1:05 (r)
1:10 8L 8L 8L 9l 86 85 80 153 82 67 80 8l
1:20 8L 8L 83 N 86 8y, 80 159 82 67 81 8L
1:30 (s)
1:30 81 81 81 92 85 83 79 162 82 69 80 83
1:31 (t)
‘1:40 81 81 81 93 83 82 78 117 8L 70 78 81
1:50 81 81 81 92 82 81 178 101 8L 71 78 81
2:00 80 80 80 90 82 81 78 98 83 71 78 81
2:10 80 80 79 89 81 80 78 90 83 69 78 80

Mean 78.21 78416 78.16 88.37 80.26 78.58 75.63 139.76 72.8L4 61.L3 75.32 78.39
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THERMOCOUPIE READINGS FOR CLASSROOM I-2 (continued)

Mean of working area (1,2,3,5,6,7,11, & 12) = 77.8L°F.
Range of working area 86°-720F, = 1)4°F. Sample size = 304
Variance = 11,71CF. Standard deviation = %3,4220F,
Standard error of mean = ¥.196°F,

Mean of readings at center of room from floor to ceiling = 80.71CF.
Range 9L4°-72°F, = 22°F. Sample size = 152
Variance = 31,66°F. Standard deviation = %5,6269F,
Standard errar of mean = ,456°F.

Mean of all 30" readings = 78,30CF,
Range 85°-72°F, = 13°F. Sample size = 190
Variance = 10, 26°F, Standard deviation = *3.203°F,
Standard error of mean = ¥.232°F,

(a) Children coming into room - Wire number 8 located above fins - Heat
above 200°F,

(b) Some windows opened for ventilation - Door closed

(¢) Hand valve turned nearly off

(d) Class gone to get drink - Door opened

(e) Class back

(f) Transoms opened

(g) Recess - Some children out of room - Some activity in room

(h) Class back - Recess ended

(1) Some outside windows closed

(3j) Children gone to lunch - All windows closed but one

(k) Thermostat in office turned to maximum setting

(1) Class back from lunch

(m) Windows opened for ventilation

(n) Door closed again - Lights off - Rest period

(o) Rest period over - Lights on

(p) Class gone to library

(q) Class back in room

(r) Recess - Door opened

(8) Recess over -~ Thermostat in office completely off

(t) Door left opened - More wimdows opened



THERMOCOUPLE REAININGS FOR CLASSROOM I-3
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March 29, 1961
1 2 3 N 5 6 7 8 9 10 11 12
Tanpo Out-
Temp. of &side
of window air
Time 30" 30" 30" 120" 60" 30" 6" heat glass temp., 6" 30
°F, OF, OF, OF. OF, OF, OF, OF, OF, OF, OF,
7:50 172 72 13 82 76 73 69 95 67 L6 69 72
8:00 (a)
8:00 170 72 13 81 75 71 68 109 68 L7 68 T
8:10 173 73 73 83 76 Th 70 115 68 L8 70 73
8:20 175 75 75 8L 78 75 1 104 69 50 T 75
8:30 177 17 17 86 80 17 72 1) 71 52 712 17
8:L0 76 76 76 86 80 17 T2 107 712 53 72 17
8:50 177 77 17 87 80 17 Th 123 13 53 13 78
9:00 (b)
9:00 178 78 78 87 81 78 Th 115 Th 55 73 78
9:10 178 78 78 88 81 79 Th ny 75 58 13 19
9:20 80 80 81 89 83 80 76 119 7% 59 7 80
9:30 80 19 80 88 83 81 17 106 17 58 76 80
9:31 (c)
9:40 177 77 78 87 76 78 (N 121 76 60 173 17
9:50 177 78 17 87 81 78 (N 109 78 62 N 17
10:00 77 77 78 8L 81 78 Th 111 77 63 Th 17
10:03 (d)
10:10 80 80 79 8L 81 80 76 95 78 6L 75 80
10:20 79 79 79 83 80 78 75 9k 17 (N 75 78
10:22 (e)
10:30 76 76 76 82 78 76 13 89 76 6L 13 76
10:0 75 75 75 81 % 15 Th 87 76 6L 73 15
10:43 (£)
10s50 7 74 74 82 76 15 73 83 76 6h 172 (N
12:00 74 N Th 79 75 75 73 82 N 6k 73 (N
11:08 (g)
12:10 74 74 74 78 15 715 73 81 13 6h 73 75
N:20 74 7 75 78 % 15 73 8L 7t 65 72 Tk
11:30 76 76 76 78 17 76 N 81 75 66 73 76
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THERMOCOUPLE REANINGS FOR CLASSROOM I-3 (continued)

1 2 3 N 5 é 1 8 9 10 1 12
Temp. Out-
Temp. of side
of window air
Time 30" 30" 30" 120" 60" 30" 6" heat 5%533 temp, 6" 30"
oF, ©F, OF, OF, OF, OF, OF, OF., OF, OF, OF, OF,

D:o 76 76 76 17 17 1 Th 80 7 66 Th 76
11:50 78 77 17 M 78 1T 1 80 76 67 M
12:00 77 77 1T 1 1M 79 15 67 w77
12:10 77 17 17 7 M M 80 75 67 T M
12:1 (h)

12220 75 75 W M % 75 13 79 17 68 3 75
12:30 7 74 W77 7% 7 73 M 76 67 13 7L
12:40 74 74 7k 77 75 7L 73 17 7% 68 72 Tk
12:50 73 73 73 76 75 7h 72 8 76 67 72 14

Mean 75.90 75.94 76,06 81.9L 77.90 76032 73.26 95,68 The35 60,65 T72.8L 76.03

Mean of working area (1,2,3,5,6,7,11, & 12) = 75.53°F.
Range of warking area 830-680F, = 150F, Sample size = 248
Variance = 7,13°F. Standard deviation = %2,670°F.
Standard error of mean = %,17°F.

Mean of readings at center of room from floor to ceiling = 77.35°F.
Range 89°-68°F, = 21°F, Sample size = 12l
Variance = 17.82°F. Standard deviation = %,221°F,
Standard error of mean = %.379°F.

Mean of all 30" readings = 76.05°F,
Range 81°-68°F. = 13°F, Sample size = 155
Variance = L.98°F. Stardard deviation = %2,232°F,
Standard error of mean = ¥,179°F.

(a) Class coming into room - Hand valve half on

(b) Thermostat im office completely off

(c) Class out for recess - Door open

(d) Class back from recess - Door closed

(e) Class gone to music - Lights off - Doar opened

(£) Some of class came in room for their lunch - Lights on
(g) Class back from lunch - Rest period - Door closed

(h) Class leaving far day - B.I.E. Day
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