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CHAPTER I

THE PROBLEM

The purpose of this chapter is to (1) explain

the objective of the study, (2) state the problem, both in

general terms and more specifically in a null hypothesis,

(3) establish a need for the study, (4) state the purpose

of the study, and (5) to define the terms used throughout

the study.

ObjesLse

4-

Art

This study was concerned with analyzing The

effects of a controlled thermal environment on pupil learn-

ing.

The research was specifically designed to deter-

mine if pupils attending school in a controlled model ther-

mal environment attained statistically significant greater

learning than did pupils attending school in a controlled

non-model thermal environment. This study was designed in

such a way as to ensure that other factors affecting pupil

learning would be controlled. In this manner, it was pos-

sible to definitely determine the educational benefits

achieved by a controlled model thermal environment.



Statement of Problem

2

The professional literature abounds with state-

ments about the educational value of thermal controlled

environment in the classroom, A very positive statement

concerning the value of a thermal environment was made by

Frye: "In fact, educators have known for several decades

there is a close correlation between comfort and learning."1

A strong case was made for school air conditioning by Mark

iiampton, architect, fro.:. Tampa, Florida. states

"The whole reason for air conditioning is that the child in

the classroom will be better able to concentrate, and the

teachers will be better able to teach."
2

However, the National Council on Schoolhouse Con-

struction in their 1965 Cuide for Planning School Plants

did not make as conclusive a statement concerning the value

of a controlled then al environment:

Research has not established a definite
relationship between learning and various
thermal conditions, but many authorities imply

R. A. Frye, "See More - Hear More - Learn More in Window-
less Rooms," Education Screen and Audio-Visual Cuide,
40, 274-7.

henry Wright, "Architects Consensus: Air Conditioning, Yes,
Windowless School "No," Nation Schools, 74:62-3,
October 1964.
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that one exists. 3

The problem ext,mined in this study was to compare

students' learning achievement in a contvolled model thermal

environment with students' learning achievement in a con-

trolled non -model thermal environment. For the sake of

clarity the controlled model thermal classroom has been

referred to as the ideal thermal environment; the controll-

ed none -model thermal classroom is termed the deviate ther-

mal environment.

To be more specific, the following hypothesis was

tested in this study:

H: There is nO difference in pupil learning in a

controlled ideal thermal environment and in a controlled

deviate thermal environment.

Need For the Study4.10 4.

Education is now of national concern. National

legislation of the past few years can be used t) point out

the nation's growing concern for providing better education-

al opportunities in this country. This nation, through

various programs, is attempting to improve the education of

its citizens.=r
National Council on Schoolhouse Construction, Guide For
Planning School plants, AASA, 19b5, p. 112.



One way to iLprove the present education program

is by increasing the learning efficiency of all students,

It seems clear that if a method of increasing students'

learning efficiency can be found, it ,would be to this

country's interests.

It is the purpose of this study to statistically

measure whether children learn more efficiently in an en-

vironment that is considered ideal, than in a deviate en-

vironment. It was believed that this study, the third in

a series of such studies conducted at the State University

of Iowa, would permit generalizations about the learning of

pupils in an ideal thermal environment as opposed to learn-

ing in a deviate environment.

This country has the industrial knowledge to con-

struct classrooms with controllable thermal environments.

Each year more and more school buildings are constructed

with a controllable thermal environment. As far back as

1961 the following statement appeared in the October issue

of Overview: "Almost three new educational buildings are

being completed every day with full or partial air-

coAditioning."4

4
, "Air Conditioning and the Learning Environment,"

OW5lew, 2:50-3, October 1961.
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Not all school buildings presently being con-

structed include provisions for a controlled thermal

environment. Obstacles remain in the way before a con-

trolled thermal environment will be provided in every newly

constructed school building:

Two major obstacles still scem to stand
in the way of the universal provision of school
air-conditioning. First, neither all educators
nor all architects havc fully accepttld the
availability and financial practicality of
systems controlling high temperature and
humidity. Second, boards of education,
trustees, and lay ci:izens are still not fully
aware that air-conditioning brings actual in-
creases in building use and educational effect-
iveness.5

It Was not the purpose of this study to research the cost

of providing a controlled thermal classroom environment.

However, since cost is one of the major obstacles retarding

the providing of a controlled classroom thermal environ-

ment, it is examined briefly.

The experience of the Omaha Public Schools' in con-

structing air-conditioned classrooms is reported in Table I.

Manning wrote: "In answer to the original query

regarding feasibility of school air conditioning, the team

concluded: air conditioning can be installed in schools

for little additional cost over heating alone, providing the

5 ibid.
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school is designed for it."
6

Therefore, it does appear that some evidence has

been compiled to overcome the cost obstacle of .providing a

controlled classroom thermal environment. However, very

limited research evidence has been collected to overcome

the second obstacle.

Lama of the Study

7

Does providing an ideal controlled thermal en-

vironment in the classroom increase students' achievement?

It is felt this research collected evidence which will help

to answer that question.

The Textile Industry reported:

The textile people found that when you
create good temperature and lighting con-
ditions, and control humidity in textile
mills, not only do people perform better
and produce more, tl1ey also produce a higher
quality of product.

Studies involving control and experimental groups

with varied thermal environments, with the exception of

University of Iowa studies, do not exist. Other areas of the

public sector have studied the benefits of having their

6
William R. Manning and Lionel R.
ing: Keystone of Optimal Thermal
School Board Journal, 149 :22 -23,

7 Nati SchOol, 74:62-4 off. cit.

Olsen, "Air Condition-
Environment," American
August 1964.



employees work in a ccntrolled thermal environment:

In 190, however, a fivemonth study co:.
ducted by the Office of Buildings
General Services Administration, inlicz.zed
workers in air conditioned spaces have a 9.5
percent greater output than do workers in
similar spaces without air conditionim:I. Tht

study also revealed that there is a 2.5 per
less absenteeism among workers in air condition-
ed spaces.8

It was the purpose of this study to find out if

similar greater output micht occur among student:. if they

were educated in a controlled ideal thermal classroom

environnent. Output was defined as stucent achievement.

ofIA..V %. 4 .1,3
4111111...

A. controlled idea/ thermal enwIror.maat is, for

purposes here, an environment considere& as kcal by tlier-

mal authorities. The environment that was considered as

ideal will be described in detail in Chapter III.

A. controlled deviate thermal environment is zn

environment considered non-optimum by the authorities.

Student learning was defined as achievement in

teacher-made tests.

8
, "Thermal Comfort and Efficiency," Overview, 3:23,

giErat 1962.



CHAPTER II

REVIEW OF RESEARCH AND LITERATURE

The purpose of this chapter is to extensively

review the research and literature concerning the effect

of a controlled ideal thermal environment on students'

achievement. First an analogy is given of a controlled

thermal environment and air conditioning. This is follow-

ed by a review of the research and literature in both edu-

cation and engineering relative to the effects of an ideal

thermal environment on achievement. The effect of en-

vironment on health is examined briefly. Next a look is

given to some historical comments on the effect of a proper

thermal classroom environment. A report of thermal con-

ditions necessary before the installation of a mechanical

cooling unit in school buildings is then examined. This

is followed by a summary of the findings of the previous

University of Iowa studies and the Pinellas County; Florida,

experiment. The chapter is concluded with a summary of

various authors statements of needed research relative to

measuring the effect of an ideal thermal environment on

students' achievement.



Thermal Environment and kir ConditionireT4t.
4IMMMERNOR...

This paper will use the term thermal environment

when referring to al: the: ;al conditions that would affect

students' comfort. A preponderance of writers used the

more popular term air conditioning to ::van the same thing:

tlat is ai-2 conc..itioninz? The American
Association of Refrieration and Air

c.efines it as "the :roces
ing air so as to contra: simu;.taneo
temper,turL, cleanliness
tribution to ::.t.ct The requirements
conditioned s:ace."1

cdof t
usly I
and di
of the

reat -

ts
s-

Although it may be true that many peol-,:c associated

the phrase air cw.ditioninc crtl coolinr of ais,A.) airAA %..41

conditioning is more than the cooling of air. Because of

the wide acceptance of the idea of air conditioning most

writers used Ihe term rather than controlled thermal envir-

onment. However, the writers in the field used the defini-

tion of the American Association of Heating, Refrigeration

and Air Engineers, rather than the more limited definition -

cooling of air.

1
W.D. Foutz, "Comfortable Climatic Conditions in School
Bu:adings," National Council on School Construction,
Proceedings BT7EWThiFfFiliniEna=1TETEMFIETTIEEver,
Colorado, October 1962, pp.66-70.
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Education Literature

Xany authors in the professional educational

field state that a controlled ideal environment will im-

prove learning. Examples of these writings follow:

Teachers have remarked: People laugh and
say that the air conditioned school is for the
benefit of teachers, but we say it is for the
benefit of education. Children used to be hot,
tired, and soaked in perspiration; now they are
alert and attentive all day.2

The school 7lant under consideration has
been in.usaEz throughout all four seasons.
Teachers' comments indicated that their effect-
iveness and comfort increased as well as stu-
dent learning. Some evidence exists to indicrte
that absenteeis::. was reduced, both student's
and Teacher's, duejo lowered transmission of
germs and disease.v

Bat air conditioning's real value is in
terms of educational productivity, the impor-
tant - albeit herd to measure - goal.4

A. lough we have not yet collected a body
of eviddhce to prove it, we know that young

lea:. better when environmental conditions
right for them. Air conditioning may be con-

sidered as cne of the con ponents.5

2 Harold C. Brantley, "United High School, Laredo, Texas,"
American School Board Journal, 148:65-68, June 1964.

Manning, OD. cit., pp. 22-23.

, Overview, op. cit., October 1961, pp. 50-53.

3

4

John Lyon Reed, "Architects Consensus: Air Conditioning:
Yes, Windowless School: No," Nation Schools, 74:62-3,
October.1964.
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From the above quotations one can readily observe

that the author.; .,am, these articles implied that an ideal

thermal environment does fu .:rove students' learning. How-

ever, none of the articles contained research rata to sub-

stantiate their implications. These implications were not

limited to those writing in periodicals. Mincy in his dis-

sertation stated as one of his assumptions, "the thermal

environment of a school La one of the environmental factors

which affects, to ace= tin extent, the teacher-learning

process. "6 Mincy dic not attempt to :Leasure the effect of

the environment on lear.ling.

The 1902-63, :.-tth edition of the Arcrican School

and University contain ec. two articles hat implied that a

positive relationship exists between the thermal environment

of a c.assroam and learning . Both Lawrence Siote and Maurice

J. Wilson in their articles in the 34th edition of this

publication wrote about this relationship.

Slate explained:

The application of air conditioning is an
obvious and important aspect of human comfort
in school and college buildings. Air condition-
ing is mainly concerned with the correction of

6
H.F. Mincy, "A Study of Factors Involved in Establishing
A Satisfactory Thermal Environment in the Classroom,"
Unpublished Doctorial Dissertation, University of Tennes-
see, Knoxville, 1961, p. 3.



abnormal azmosp.leres and the consecue....,-.'o
17motion of comfort, health arc efficiency.

.

Slote, ma-n-er-Y-c- o' -o$ G1.4 LA -Ls . 4, a

classroom thermal conditions for comfort, health, and ef-

ficiency, quoted Charles D. Gibson of California:

Charles D. Gibso:L, Ch!aef of the 3ureau OT
School Flanninc:, California State ::nartment of
Education has stated. "Ther:.-..l co::.fcrt is not a
.Luxurv. II: Is a Dhvslcal anc. r.anta: -eouircmant

%1

for effective of a clas..3roo::.. Schoolroom
discomfortor:.: inat
behavior habits and a
tain attention to c:ny

rest1(.:ssness, poor
minimum of ability to main-
mental task."

Wilson In
. .

article stated that air condition-

ing was being purchased because: it provies better learning

conditions:

Air concitiord::;-:: Vi ec.ucational
at the elementary, secondary and collee levels
is proceedinE at a Dace educators , z:::.chitects

and tax-.)ayers woulc have thought :-.reostercus
five years a*o. Bz.scoliv ar is.%daiat.,
being ,,urcha seq. because it T)rov:des better
teac:-.er-learning conditions.

Wilson continued :;../ citing both the number of

schools air conditioned in IS6C and the reasons why (.

8

Lawrence Slote, "Achievin:2, Thermal Comfort in Educational
Building." American School and University, 1962-63, 34th
edition, p.M77----

Ibid., p. Cl.

9
Maurice J. Wilson, "Trends in Air Conditioning for Schools
and Colleges," American School and 1;niversitv, 1962-63,
34th edition, p":"75-7-



were built with a controllable thermal environment:

The '960 imerican School and Univcrsitv=1M... OMORME . .
Construction Cen3us reidase s:lowed t:lat
schools and colicze buildings completed in
1960 were partially or completely air con-
ditioned.

Investigation into the reasons for air
conditioning any one school will uncovcr
or four motivations. Inprow..ment of learning
and teaching efficiency and effective ue,e of
the educational -)lant for a longer .-)orzion 0-7
the year are Derhaps the strongest rcasonc.iu

Archibald B. Shaw while editor of Cve2v;el,:, in

an editorial wrote:

, . . . ...earning 1.1:; t.-.3 (10.7.1W_T. v :..n an educational
_ ,_.

p.lant; educatic..-. is the 1:,rodL,.:t. 'Diantnlanz
.i.x..c.... _. .exists to nromc.,.:c .-r/r47 t...^ v1 ''. '; C .ar..4.y. ......., .._?..co;:lesI

clear, we can easily visual_:e the difference
it makes when c.k sweaty stude-L.t, struling with
sticky napers., ii tranzZormed into a cool and
comfortable perso.-. at work in an enviro=ent
that suDports rather than detracts frc: his
learning .11

ob_
_.LIn a dilierent issue of Overview .nof-c.- cylt'cle

AM

discussed the relationshin between an ideal the=al en-.

saronment and efficiency, notinz t..et research in the area

was limited. The article stated, in part:

Thema: Human Comfort is one factor
student efficiency. Though research in t:le
area is limited, empirical cbserv.1.,tion bears

10 Ibid., p. C6.

11
Archibald B. Shaw, "Lag in Air Conditioning", Overview,
December 1962.
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out this statement. We know, for instance,
that schoolroom discomfort breeds inattention,
restlessness, and poor behavior and results
in a lessening of mental retention.12

Superintendent of Schools, Edwin Estell was quoted

in Sol Management as follows:

To my way of thinking no one really knows
what all the advantages of air conditioning are.
The possibilities that exist in an air condit2 qn-
ed school are just beginning to be opened up."

Superintendent Estell has several air conditioned

schools in his school district. Mr Estell is the District

Superintendent of the Metropolitan School District of

Lawrence Township, Indianapolis, Indiana.

Those writing about the effect of a controlled

thermal environment on learning were not limited to the

field of education. Henry Wright, former editor of Archi-

tectual Record quoted a statement by Architect John Lyon

Reed: "We know that young people learn better when environ-

mental conditions are right for :them."14

12
9 "Thermal Comfort and Efficiency," Overview,

quit 1964, p. 25.

13
, "How to Take Advantage of Air Conditioning,"

School anagementA July 1962, p. 92.

14
Henry Wright, "Air-Conditioning, Architecture, and Edu-
cation," Architectual Record, August 1964, p. 145-150.
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A recent development in the building of new

education facilities has been the "underground" school.

When a schoolhouse is constructed entirely underground it

is necessary to completely control the environment of

that building. Obviously such buildins have been the topic

of much discussion and evaluation:

In a recent survey, my recorded notes
show that such schools (underround with a con-
trolled thermal environment) had more places to
display thinrs, were dust free, had fewer dis-
turbances, were thermally comfortable, were
visually balanced, were less fatiguing, induced
more stimulatin;: learninr, and were less expen-
sive to operate and maintain. Teachers report-
ed the children were learning more than they
ever did under conventional class disturbances."

The article failed to state upon what basis the

teachers reported the children were "learning more than they

ever did" under conventional class disturbances. Perhaps

the teachers expressed this opinion because the pupils'

behavior was better, In fact, Dillard reported this as one

of the advantages of such a school. "Student behavior was

better in the windowless wing (which was air conditioned)

15
George J. Collings, "Evaluation-of Windowless Class-
rooms," National Council on Schoolhouse Construction,
ProceedifiiiOrrni7EIFTY=iighth Annual Meeting,
Atlanta, Georgia, October 1961* p. 59.
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than in the conventional wing."
16

Appearing in the same

article, the entire justification for the windowless (which

must be air conditioned) school was improvement in work

output.

We all know - and this is the entire justifi-
cation of the windowless school - that people
do their best work when cvlee from body stress
and physical discomfort. 17

Other authors have written about other advantaces

of air conditioning:

Superintendent Taylor recalls: During summer
school we almost had to chase the students out-
doors. They (t:le students) know that they e.re
going to school, comfort and they take a lot
of pride in it.ld

ncQuade wrote a book Schoolhouse, in which he

told of some of the problems involved in air conditioning:

Ventilation needs are closely tied to
acou:;tical needs, generally contradictinc:. Fre-
quently you want to close a building up for,
acoustics, but open it up or circulation.

IMII11111.

XcQuade stated that -Lhe teacher's comfort as well

16 Phil.:7) H. Dillard, "No Windows, Kease And Put
It Underground," Audio-Visual Instruction* Octoter 1962,
7 :53e.

17
ibid., p. 535.

18
, School Layloemlly

19
Walter McQuade, Schoolhouse, Simon and Schuster, New
York, 1958, p. 1VD.



18

as the student's comfort was vital for the optimum learning.

If the environmental conoitions are not
optimum, they (children) do something about it.
Pity the teacher in a lint or cold classroom
The class may pcssmize (sic) her. Comfort - their
comfort and hers - is not a luxury, but a
physical and mental requirement.2U

Manning and Olsen wrote that the teachers in an

ideal thermal environment believe they are better teachers

in such a classroom:

Teachers' replies indicated that their
effectiveness and comfort increase as well as
student learning. Some evidence exists to
indicate that absenteeism was reduced, both
student's and teacher's, due Iry lowered trans-
mission of germs and disease."

Perhaps a thermal environment will increase

students' achievement simply because students' attendance

at summer schools will increase. Reported Brantley:

Attendance is already better than last
year, and enrollment has increased by twenty-
five percent. The retention (better daily
attendance) rate is also expected to be higher.22

One of the country's foremost educational con-

sultants said, "All college buildings should be air con-

20 Ibid., p. 175.

21
Manning and Olsen, OD. cit., p. 23.

22
Harold C. Brantley, "United High School, Laredo, Texas,"
American School Board Journal, June 1964, p.
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ditioned for year-round use. "23

Although many writing in educational publications

'::plied that an ideal thee; al environment would improve

student achievement, they failed to identify research to

substantiate their implications.

in recent years nearly all newly constructed com-

mercial buildings have been ecuipped with controllable

thermal environments. Why has this happened?

:.any business finis actually figure they
save money 1)11 217.ves-zing in air conditioning
equipmet employees do better work
if they are co:.fortable. In the same way,
efficiency in icarninz may be the pay-off
for cooling schools.2'r

Ence7ineE,ring Literature

Why have so many in the private sector of the

economy air conditioned their factories? By seeking to find

the answer to this question it was necessary to examine the

literature of those who designed these factories

23 Engelhardt, Engelhardt and Leggett, "Educational Spec-
ifications for New College Facilities," A Study of
Bulter County Community College, Bulter County, Kansas.

24
McQuade, OD. cit" p. 186.
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Cliff Cornell, Plant Engineer of Industrial
Nucleonics, Columbus, Ohio, said: "Air Con-
ditioning has proved to be so beneficial to us
that we would not consider building a new plant
without it. "25

Eugene A. Sloane has done considerable research

regarding the value of air conc:tioning in a factory:

We found foramen, production supervisors
and personnel clirec'zors ravin; about the benefits.
We found forcme:1 sa7in7 like : I know
production de;:.r1:aent went up 25 per cent
after cooling,,, and that's conservative.

In cace after cae, we heard wcrk managers
say: I con't know how we ever got along without
air conditicnin in the plant . . but I do know
that we'c 1:..:ve to shut down now if it were shut
off.

With a L,0 year life, a payout period of 5.2
years resu.Lts. The a?":roximate rate on return
of in in air condi-dolling is 16 per cent.

X:. August R. Bonzo; Vice President of
Sul ova Watch Co., jacksoil Heights, New York, was
mos.: emphatic about the need for year-around
temperature and humidity control. "We'd go out
of business tomorrow without air conditioning. u26

Sloane then listed sixteen reasons why a factory

should be air conditioned:

25 Eugene A. Sloane,
Production Areas
1963, p. 35.

26
Eugene A. Sloane,
Production Areas
1963, pp. 22-44.

"Why It rays to Air Condition Factory
- ?art II, "Air Engineering , February

":!hy It Pays to Air Condition Factory
- Part I," Air Engineering, January
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It is of interest TO note 12:at at least ten of

these reasons could be a basis for 1..rovicinF a controlled

thermal environment in the classroom.

Hospitals as well as factories are being air

conditioned:

27 -
ibic., p. 26.
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_Foxhall J r, the Prchitcctur:._ -eccrc

- 1
.

in a...,The matter of students.

thermal environment:

-r.ccr._Lort is -ot r-,a reouirent the -,:174cso,hv cInc. : -,--1
effect4ve use of a cli-.ssroc:-.. ,

discomfort :acans iaattonzion,
poor Deilc..vior 1:e, arc- -%:":--

7. 1to raintain substainec. atIrr7:1on Ic env .nnt-1.

activity .41

r OV "a I

2J

to a lack of research ev:.6ence chowir.- -e icarn-

ire* of youngsters ;Ittenclr.: tnerr.-.1411, a

XanNT teachers are mac luctr_n: to
1effect of a -ood classrca; e. nvIrc.nr.ent on 17.-

. .
. .proving the rra:.es acnievec D:i o-zuciQnt ':,,-acause

of the dirficult of ca:17)riscr, t:ith tho:,e in
J2non-air coneitioLinc school-.....).IS

roxhall dic Doint out that due to 1F.cl: of rec.ec.re:1

concerning the effect of an ideal ther:_all enviro=en-z cn

learning, air conditioninz was be r. evaluz,tea by non-

scientific methods:

Dr. Johnson (Superintendent of Schools)
pointed out that the evaluation of air con-
ditioning as a factor in school enviroment
must be measured by the judr:ment of the teachc:r.3,
the staff, the counselors, and the adminiszrz-Itors.

31 William B. Foxhall, "Air Conditioning- for Schools,"
Architectual Pecord, July 1561, pp. 183-184,

32
Ibid., p. 184.



These judgments are based on many years of
experience and. seem valid although not
statistically conclusive:

1. Attendance at the Eunice Smith School
(which is air conditioned) is "a
little better" than in the rest of
thc school system during warn months.

2. Ac1-.ievement at the Eunice Smith School
connaes favorably with that in the
rest of the school district.

Some factual conclusions are:
1. The teachers are happier.
2. Students and teachers co a better job

in warm months.

,Writing in the Architectv.a Record :Ar...rolc B. Gores

approached the need for controlling the thenmal cnvironment

of the classrooms in terms of Cl) National Defense, (2) key

facilities of depresscd areas, and (3) the inc_,eased pro-

ductivity of the students:

Nowadays people have came tc ....'ec-arc. the

schoolhouse as the new arsenal of 4laticLal
defense where the :.:aximum possession of d,:cency
and knowledge by each and every pupil is its
chief weapon in trade. If this 5e the case,
then how the schoolhouse performs - how it

-

encourages and speeds learniag - takes prece-
dence over how indestructible it is and
whether it will live out its days in janitorial
ease.

The key facility for neighbor renewal in.
depressed areas is the schoolhouse, owned by
everybody and serving everybody; the young by
day, six days a week, and in the evening and
on Saturdays, persons of all ages will gather
at the school for educational, recreational or

33
Ibid., p. 185.



civlc purpose. Because this facil:tv w41 1 he
worAinc.; 4, r ;36 hours : year, comfort of the
ocamants is a necessary to productive use
as it is in anv industrial or commercial
..nronert,7

Controllinp the environment of thr2 new
- or the old for that InFltter. - makes

-lust as much sense for the school bo:.r;: iT
does for' any other corporate body conec-.2ped
with the productivity of the occur;_nts.-4

Cores concludec the article with a st:.tement of

why controlling the thel=z1 envirornent of the clar.sroom

was necessary:

learnin:: is "CC be mazdnur.., vcunr
scholar needs to protected from tne cnervat-
ini. and di:;Tract:ing discmforts of cr.i;nviron-
ment left to harsh and fickle nature.'"

:11-.h the excention of the Universitv of ic.)wc.

studies, only one study in which the effect of a controllec.

ideal thermal environment on students' achievement Z13 re-

ported. This study was not a tightly controlled research

study; however its results were of interest:

01111111111

Another area of the study dealt with
a'chievement of the students during two full
academic years and two summer sessions. Pre
and post tests were given for the various
sessions and a comparison of the means of tb.e
scores were then expressed in mean gains. The

34
:larold B. Gores, "The Case for Controllment of Lnviron-
ment," The Architectual Record, July 1961, p. 163.

36 Ibid., p. 163.
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cailmarisons included grade level, the different
schools, and results of the many subtexts yr the
pre and post test batteries. There were 193 dif-
ferent comparisons over the two year sessions and
those of air conditioned school.: h&c zreater mean
gains in 133 comparisons. :n no:c of t:le ;.e crate
comDarisons were there gains that the researchers
felt were statistically significant, yet in many
incidences the trer1>;s were in favor of the climate
controlled school."

The matter of students' discipl:ne w,.s also Qiven

a ctisory examination in this narticular stuv:

The research t:ILm did feel that throu7h ob-
servations there were more disc inline infractions
in the non-cliate co:trolled school ir,ut 'chat it
was more of a 17.inor nature, such as disturbance
and restlessness.37

The kinds end numbers of students illnesses were

also studied:

The actual difference in nur:.be- zArDes

of illnesses within the different school- were
very :Might. Therefore, there were no clec_r
relationships obtained between the heLlth of
students and the climate of the schcol - yet
this is not to say that there were not inter-
esting trends in the data that reinforced 9ther
findings about climate controlled schools."

There are those who believe, even though research

is lacking, that providing an ideal thermal environment in

=b,
36

2 "To Campact is to Air Condition," Air Conditioning
r.eatine and Ventilating, April 19642 pp. .6-67.6:).

37
Ibid., pp. 66-69.

38 ,
Ibid., pp. 66-69.
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.

.00ls increase stunt acriave::.ent. Swe architects

have sole bcc:rds c: ez!uz.,:tion on 1"..:C value of r condition-

.
4 - .school ., the v-ude-t-' learning

such buildin;-s %oulc".

C':: with cchoo' beards, Earfstern
1 :

.e t anv headwrty at all until wesaid
started to them about w,lat condition-
ino would co to the leLrnin -)rocess."-39

:icwevcr, a.1.1 school boacs ,7-;rovinr air condiion-, -

_ buildingin their (..ic not tv.ate such Dui. ing

will in--cv- achfeve:.,nt.%.1.4 L.., .-,ne of the largest air

conc....6icned scnool evar built in Yerk City

contained 319,333 scuar, :,et . cost of $7 r,00 000.2 s' he
.reasons given for air colciLio.:._. school DLI.Lcing did

1not inciuce increase,. ,;(..nt

They ( chool T3oard and Superintent)
. .

rez.sc ne tho.t it mi;-.11. become ecually prevalent
in school that a cc.i.col built today without air
coneitioni cr 7.reparation for it may

osolete lonl before it had served its
expected useful life of 50 years or more.

Audit4onal a-gumen'zs for comr)lete a;r con-
vcre the trend toward increased Lae of

schools durin the summer months for special
and makeup classes ond the possibility of a 12
month curriculum eventually becoming quite

39

I

, "Symposium on Schoolroom Air Conditioning," Air
7.71-fieerin-, .ay 1962.
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camnon.
40

School districts that have school buildings

with an ideal thermal environment have continued building

hem:

This school (fully air conditioned) has
prompted our office to take a careful look at
air conditioning. We believe it will be the
rule rather than the exception in the next
few years. 41

Health and zne Scnool Env-ronmen-7.
Orm.m.mo

Since this stuav was primari.y concerned with the

errect or an ideal thermal environment or z.:-.;:d.:-nts, it was

-necessary to of a tree al environment on

student health. :t is E.enerally acce-Dted that the child

who is unable to aty.end scnool regularly whether due to

illness or of.ler cauL;es usually does not achieve well in

schoo... ' 6-: 6--cral .,:ted to a survey team as they studied

approximar...ly 160,CO0 elementary Texas school children was:

"If you want to keep your child healthy, don't send him to

40 Lewis auith, "Why and How a New High School is Being
Fully air Conditioned," HcatinF Piping and Air Condition-... fasamoNNIM

41

ing, Decer.ber 1962, p. 93. "1

"Sc:lool ;:ith Heat Pump, Fixed Glass," Architectural
MiCal July 1961, p. 172.
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42

ihermal enviroment does "ave an on

29

health of indivicuals. T.C. szatec: "'-'rom the hPlth

angle, the incidence of respiratory disease is assumed to

be related to the kinds of venti1ation."42

Dau-:', ctny wrote cirectly o-," _ A...

mal environment and he,:11...r.:
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cle-rcs

!%esc.;Ircn stucaeL; on :;-..:.umoccocc-,:::
the 4; causes

and S::re2tococcu., C by
.

T.P.0 cf anc Dlochemistry at
thc; University of

Chica

0 :.h owed that re.az4ve

IMMIN

42
.,.. "-Darrell Body Earno. nT .ne The

Amer.Ixan Seating Company, C :ancl L.%_41.117an,

43
T. C. Holy, "Location, Construction and 2quipmenz of
Schoolhouses for Health," AmerictIn School 3oard Journal,
January 1942, pp. 19-20.
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as school administrators and boards well know.
They also know, if there is a way t achic:e
acceptable classroom comfort the installation
of any equipment that falls short of that .,!oal
is the poorest kind of dollar economy in first
cost and in the cost of operation and mainten-
ance."

Historical Concern for Schcolreoz.

Controlling the thcmal environment of a school

building has been a rather recent development; however,

concern over the thermal environment of the classroom is

not. As early as 1832, William A. Alcott wrote an essay

on the need for proper ventilation:

Holes or windows should be made in the roof
of every schoolhouse, that the impure ail7t r.ay
sometimes be suffered to escape in that direction.

At the present T will only add, that after
every precaution in regard to vc_ntilaior., which
human wisdom can devise, every pupil shou1,1 be
required, and, if necessary, com::elled to go
out into the open air, at least once In an hour.
Probably once in half an hcur is not too often."

Mr. Alcott also reported feature to provide

proper ventilation in classrooms as the great cause for

45 Edward V. Dostal, "Providing for the Thermal Environ-
ment," American School Board Journal , January 1062,
pp. 34477-----

46 William A. Alcott, "Essay on the Construction of School-
houses," Hilliard, Gray, Little and Wilkens, Boston,
1963, pp. 14-15.
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teachers leaving the profession:

In lookinr back upon the languor of fifty
years of labor, as a teacher, reiterated with
many a weary (lir, I attribute a great proportion
of it to mephitic air; nor can I doubt that it
has compelled mnny worthy and promising teachers
to quit the employment. arTher can I doubt,
that it has been the great cause of their sq..;
sequent sickly ha its, and untimely disease."'

In the essay, Mr. Alcott expressed the feeling

that it is inexcusable to make a child live in a poor class-

room thermal environment:

How preposterous and inexcusable would
every one regard it, to give them (school children)
their food constantly mingled with poison, or
their drink with pernicious and loathsome insects.
Yet it is not less inexcusable to furnish them
with half corrunted air, or that which contains
poisonous EgUgg;ETThe food is given but three
times a day; while the air is administered every
moment. The child is at riberty to receive or
reject food; but he is forpgd to breathe the
air in which we place him."

T. C. Holy took the following statement from the

journal of Samuel Lewis, Ohio's first State Superintendent

of Common Schools:

The grounds on which the (school) house is
built should be high, dry, removed from marshes,
and stagnant water, not too near much traveled
highways, yet having convenient access to it
from every direction.

47 Ibid., p. 40.

48
Ibid., p. 27.
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In towns and cities a lot should be select-
ed, perhaps in the outskirts of the plat, cer-
tainly an open air situation, affording unob-
structed light and air on all sides. This is
much more necessary than is commonly supposed.
If the house is dark, and ill ventilated, the
children may be expected to be dull, and care-
less, and disorderly, and probably unhealthy."

The above statement was written in the year 1338.

During the years that followed a great deal of attention

was given to providing the proper ventilation in the class-

room:

In the surge of school buildini: that follow-
ed World 'Jar I much progress was in improv-
ing thermal conditions in the classrooms. By
1929 the unit ventilator was the accepted
standard.S°

However, when the great depression settled over

this country, schoolhouses were no longer constructed with

unit ventilators. Unit ventilators were considered too

"costly" to install in schoolhouses constructed during the

depression.

Unit ventilators began to reappear in school-

,houses constructed following World War II. Beginning with

the sixties, a few school buildings were air conditioned;

49
OD; cit. , pp. 19-20.

50
W. D. Foutz, "Comfortable Climatic Conditions in School
Buildings", National Council on School Construction,
Procedines of theMartyWinWwer,
Colorado, October 1962.
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most school buildings being built without complete thermal

environment control had provisions for adapting the build-

ing to air conditioning should the need arise.

There appears to be a definite trend in
educational building toward providing more
desirable environment air conditions whenever
possible. This trend is growing out of a con-
viction on the Dart of educators that an atmos-
pheric environment attuned to the student's
needs pays indirect dividends in the form of
better student-teacher relations, greater
student satisfaction and comforls and increased
student efficiency in learning."

Heating the schoolhouse is not the main problem

in providing the ideal thermal environment in the class-

room:.

Authorities are now in agreement that
heating is no longer the central problem. Vent-
ilation and cooling are the prime consideration
in maintaining an optimal thermal environment.°4

Mechanical Units Necessary

This section of the chapter presents the thermal

conditions that are desirable to be maintained in a class-

room. In the previous section it was stated that heating

is no longer the central problem in providing the ideal

thermal environment:

51 Slote, off. Cit., p. Cl.

52
Manning and Olsen, 211.. cit., pp. 22-23.
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to 1.e that 7.he ;r"o:;lrm c± unat
7.1,e ces--r. criter?.c y:11 :-.1a5ed around should

o7ten as aculzs, we listen to
(7. tz.J.cher'.s. cr -)-4::k.r1.-s remarks ;Ind are
z.f"ected ir.octiv s-,:atv:.er.ts that we derive from

convercations w:,en actually our desir.,n
c-,4teria *De entirely on the children.
T thP.t ar.c.vcr the cues tier: 1:y this
statenlent: "The chi-c :-..heule. not bo distracted

she condition st.rroundir-

The 1935 edition c-F on SC:tool -

Ccnctructio-. s.:elled out

an iceal sc:.00l.lousc environment an the recessity

for such an environ7..en':.
(

"711e. .,7ev T .-.or(: than a tn c"rlometeln

that seas' .s the tarn. -)e :: ture of its environment
cnd reacts, to 27. in temporatur, air
flow. or :11_7(L:iti7 calls for ac,-.usli.ents in
eIabor;7e -.c.-.7erature wit11 c.miazinz- accuracN7.

afTree on exact co.:1;.n-..
atio.1 ter.1-,crature, te:-.:erature,

-re2:__ve ell:: air z.ovement that con-.

c-eneral cptir...um ran7csST_Ld7es 1".:1C-0-71MUM.
suzuested arc: ca.:.anco. mean radiant te:aneratures.
0. alr ta.Deratures ranginel.. "from 6 to...

74° T., relative aluLtidity between 40 per cent and
60 per cent; and air novement of 20 to 40 cubic
feet ner

tt:r.,encv to rf.ake errors increasPs as the
v.:a:et of the warmer surroundinFs :put a sircater
str'zs on nu7nan aa.;ustment.

53
R. P. jchnson, "Plannin7 Thermal Comfort, in

chooli n; N:ttion::1 Council on Schoolhouse
Conr,trucrion, Proceedings of : Annua
Meeting, Kansas City, Missouri, October 1959, pp. 27-30.
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11.. L. t. %A.... . ..co:
Li cf :ic_ ,..:r.dt7 is the

Co!ieet Of 4: PCCL environ:nent.

e. -r LS.
Gt-

7 4 11.Cr CT_..-.r.

s .var.: :-.ccorc....nr to '07/ , Cl/C1 Or
- - 1- "

5 and.. Al .6 L. ..:

aca:t.ltion to cup c .a

. the, T 5--,e room

. air tcmper ONO

atUr.
0 ire - !

_ .
.

. s c-zpor: ; : COM
r.or.c.cc o' 7.° be main -

tainc.d 7 tec:-.7den.turc (averac,P

teaDe-ature o; sur-rac3s) is at The
same r eve' as -,.hk:! a;- tem7crature. 'aJeviations in
the ilvercv-e s1:1,1'ace t=--derature below (Cr above)

_ .
air tem.)era=Lts :1:..al_. :;c. cc:1Inensated ...70-' by

.
. .

increasi-.1:- (o- c..:-.:.!--cc:::,in.,-) the a41" tni-:e-zture
. _ . 0

-,::.e .a-,--.:_c, o. .e'T .* chan.-Tc in air te=perature
_

:or ev.,r,. .° i". -:Ir.11:.::,; in averape surrace teRD--

. ft
Inii,unnce co; fort DUI: which are

. .
me. .) - 1 n ,71 .1 1- Ys C 0., WetV v. 1 . K.% .1. . s. v .6.

-v-0.0va. f.eat ociors, curt, dirt, and
other c.-1.-.moz.:7;.--.3ric contaFILnc-:nts such as s;..o!ce,

_
e::hause fumes These environmental
Lnd relate(' :actors should sle. oontro'led to the
hic-,h(;st c;:tent possible in or;:er to D;OV'OC.

. ..

satisry in theamai conditons

..
:al" motion witnir. occuDied s-Jace WL.L..L., at
sittin- nrovlc e velcd:.ties rang-

r1F- fron. 20 so air c. -iould be in-

troduced into cec:;-oiec.. space in such manner
th -)at ocz:ets of staF.-,nant air arc nonexistent.
There should not be hot or cold air movements on
occupa= uhich cause discomfort.

All air supplied to occupied space should be
passed trrouc cleanable or replaceable air filters
to reduce the air-borne dust.
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The relative humicit of a schoolroom should
not be permitted to no below 25 nercent nor above
60 percent.

Sudden fluc-Llations of heating or cooling in
room air temneratures due to ecuipment coin; or.
and off should not be more than -1° Z., and
preferably less.

Room air temperL.cure sho.c.ld not vary more than
+ 1° F., vertically horizontally up to the five
foot level and to within o:.e foot of extcrior
walls.54

If heating is no longer the central 7roblem in

providing the ideal thermal environment in the classroom,

at what temperature is it necessary to cool the class-

room air?

en outside air is above 60 derc.as class-
ro=s are sure to be u:lcunfortable: oven in
northern cities in moderate weather classroom
temperatures rise out of contro1.5

A study was conducted to discover when school-

house cooling was necessary:

According to a study by John J.
Inc., year round air conditionin:7 systems are
justified in schools only if there is to be
extensive use of classrooms at outside temper-
atures above 60° F., auditoriums at outside
temperatures above 55° F., and offices at out-

4
National Council on Schoolhouse Construction, on. cit.,

113-111.

55
Manning and Olsen, op. cit., pp. 22-23.



V .0

side tempc:ra.r.ures of 75° r."

Fowl re--)orc U-Vit -e- *--11t L. 4 ....

se k. standards on

G .1 Q .1.110 \a. %0 a j,
. a %A. el

In c

WheneveY% t :- v e...ign is

800 --
-

above du ._ ..kar "'
7,-ovf.c.c whezher

0.1

owned or ren-:%-:c

Research has C. lr.i cc.ac.".1c1.ec 7,..;r1ts a re.7,ort

on the percentage of classrc=s e.re outside

temperatures r:ses
7.-

4.., of ime

United States. z
..
ou.v.z

, . . C., *I-. -- r
.

e W w ki . C
- "-

co...7.7a7e o
=

1/4....

. 1 :
..:oulw. Lo:7e v,i-nv --n-,:c".--.:::;_nr ...1-2. ...:-..1 _OL:

ry .,. -.), ,-- - - .71. -, " " ' -I . n ..1' -.1 - ..- . . .. Y` "1 ' ''. ... , .... . . . . r r ..

z.nv5,.... 4.....,...c...,4_,....,.:. .....61....._,L7.-,,_:. __ .....,..,L,... ..:...r4 w .a.

L. . . Vo. i .t./ 1.4.. b a ...... czne.-.., wo-...L., ..:-.arc.1....y , C---..: :ca..: zy, .,.. ...

. .
,.., 1 ..1 -, ---,-. - - -,, - -s- - .-.- - .7, 1r n''''' --,ec.u..--,c.:.-- ;f

w.-1.E...r....7.ccr..............1,_,,,, ..... ....., _
.. . . . .

- -.---- . -, ,,-) - c- -c- 0,- 3 - -- -,- - e , . :.- .-4.---, , - ,- l ''''' i' , -' ''' `' ' ..".
)1... %al .0.. L. . . .. ,..1.. ko....4,,,,,..L.Adoe0 LILL, iv 1/4.0 . L. gloat* 44'''.

4...a..L0%..4w .:.... ..:a v..1... D.C. =...:Alaar.ica.:. r.:..:rIger-
._

... __N.: _ .

.

&72.0:. iv nclocc.:c -,-,-1., 3: .:IC ZI:"..Z. Lnc LI :.1....nc-:-
... , - ..,-c ..--

a-Jc_ls . UD Ln coax: no:::-..::. country - n',....:a-..--N' ..: 3 -
.

-
-

,

... -

-ceded 62 % of c.a.3.3roc::. hours - well

56
Cfla.".% C - 1 D -`0'"_, .41. %. 1 le ft N. 1 './=01r mum..

1,6 r sc
p. 21G.

57 rloutz, cit., p. b5.



of the school ve:"i.
r

1.1 . *AL..

93%.

roam hours ara shove CGS' anc.. _-
variably if the clast;roo= do
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One tne nation s k..s,- 0.

_ira and air conditionina ecuirment re-:-.ormed in f.-s 1 -
a t t i r e thitt students will profit greatly from an idea:. -cher-

mai environment:

S"-cmn-z- y a 2- --
_ e. 4

in learn ing ability for evc,,y cerrea the
temDerature rises above Th-
maxiaum learning efficiency, it is assen
that adequate cooling as well as hez.L1:ina
provided in the classrooa throughot:t the

.

rcom
"s, :cor

Air conditioning also izDroves attendance
and 11" -nr

isms results from The discw.fort associatek.
with overheating.59

As in other previous statements telling of -zhe

gains to be realized through an ideal thermal enviro:Lnen,

no reference was gi- a upon which the figus ware based.

Slote summarized the problem of sza-zing the cri-

teria for selecting the proper m:achanical units that are
111111.11MMIIMM71111,11

58
Ibid., p. 69.

59
The Chancing Paztera of Education and -_he,..

tmoution or .ir onolticnInP, UUhn 0. Aeszivc., Inc.,
PRIIEWIThia,m7E.



necessary to maintain the ideal thermal environ:Lent:

Set 0=2 air con-
dition

is imPossible to
dition standards for all sizu,Itions hecauze ,",
determinants which make up the ctzndards or so-
called comfort zone, are quite cubfcctive. These
determinants vary with aTe, sex, body build,
clothing, activity, attitur_es, an the adaptability
characteristics of the individual."

University of Iowa Studies

An. extensive review of the literaure revealed

only one source of written research that was c=pa-able to

this study. This one study was conducted in '-'-t co-

operation by staff members of Educational ?sycnc.Logy and

Educational Administration at the State University of Iowa,

Lennox Industries Inc., and the Saydel, Iowa School Dis-

trict.

Peccolo's Study

Dr. Charles Peccolo was the researcher for this

study. The study involved 44 matched pairs of fourth crate

students and were divided into four groups. :Jac!: ;Tour) was

in the study for three weeks. Two groups were taught- in

the model environment and two groups in the rer:u.er (called

marginal) classroom environment. Students in the =del

60 Slote, or. ci7. p. Cl.
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classroom were referred to as the experimental group. The

measuring tasks for study consisted of a repeated series

of ten paper and pencil tasks. The study was conducted fret

::arch 19, 1962 to Yay 1, 1962. The results of the study were:

On the whole, the experiment showed lc.rge
improvement on the na-mt of every child -caking
Dart in 10 tync;:: of work. In every task, how-
ever, the ex:;erimental group which occu...-)ied the
room with model she: a1 conditions, improved
more than the control group. The results of the
study were:

1. The significantly higher gains made by
pupils in the experimental group in-
dicated that the prescribed ideal ther-
mal classroom environment was superior
to the regular ti enmal environnent for
all reasonin3 and sm.e clerical tasks.

2. The :vaperiority of the experimental F:roup
on the new concepts task was not si:;nif-
leant and may have been a chance ciffer-
ence.

3 The interaction between trials ancl levels
and -.reams; ments indicated the prescribed
4dea1 thermal classroom environment
..7.1vcred the experimental group in all the
tasks, although the exDerimental effect
varied in some tasks from level to level. 61

wea-or-'s e--dv

A second study was conducted by Robert McCardle;

however, the findings of this study have not been written

as of this time. This eX;periment was conducted from

M11R,
61 Charles Peccolo, The Effects of Thermal Environment on

Learning, The Iow7Uenter 7or -Research in Saloilc-
ZEIZEIIcion, Iowa City, 1962, p. 29.
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'ea"ners made 1.1 errors. For the low-
ly

ab;14ty 1ezrne-e. the errors 4ncroased tremendous-
.1.v as you mcvec from the r.,odel to the marginal
room.

, . 03. . - 1 PSo C.4 ... L. 1 Lo ma 4. L4 4. 4

- 11.7 r- C'e e-7-1 .

in the modcl than in tr.e margin& rocz, that the
marginal envlronr::ent seemed to have a more ad-.

lea--e-verse tot.c-- o- on
. . .:-the sigh-ab.....iv learner. 62

S . . a. . *so . A. sm.

tri -7 -7-here -;s a cearzh c_ regarding tightly

controll,!d studies that have actually been completed con-

'1 le$ "1." `Ncerni..r -ate effect of thc. c4. lea,nincd.

1"11. 7):reas County, ...loida, year scudy did notThe

control thc. learnir- -x.nences to which students were ex-%-4

.
-nosed. A.cr.nou:-a the P.Incilas County study increasec our

knowlac.ge about various aspect; of a controlled thermal

environment, generalizations concerning the effect of a

model thermal envirc...ment on learning can not be made from

62

111101111,

Press Conference Report, "Two Studies on Thermal
;Iivironment and Learning," American School Board Journal,
December 1963, ee 22-24



this particular study."

!:ee-ed 1-tesAarch

14.4

Several authors have noted that research :.easur-

ing the effect of themal enviro.-....ent on learning is needed.

Concern over t:e abse.lce of empirical data on the subject is

apparent:

Nincy in his dissertation recognized the problem:

Research in the area of the affect of the
the=a1 envir=ment learning has been rather
lim,ted.*4

An article in ...,verwlz;w, author not given, said:

*71' c- _s one factor in
student e:riciency. Though research in the area
is limitedi cm-,irica:. observations bears out

- _Lnis sLa,eme.16. We know that school roam dis-
comfort breeas inattention, restlessness) Fiia
poor bel.avior Lnd results in a lessening of

statistical data relating air con-
dtioni:::, to 5t Aden efficiency is also needed,
not on-v to convince administrators of its
ir:.norzz.r.c,; but because the thermal-condi'zion-,

ing 6ys-cez best for a parTic.ular school depends
kind of buildlnz, The climate, and the

s-.:463.nts involved. All of these factors must be
weighec carefully before a thermal-comfort plan

63
Fred Stuart ancA K.A. Curtis) The Pinellas County Exper-
iment, Climatc Controlled SchOTOMT-Cooperative Research
Project J.L10/, :,A .1. AO. A. . 1964.

64
Mincy, on. cit., D. 5.

A
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The task of evaluating any school environ-
ment is admittedly very complex."

Wilson writing under the heading "Needs of the

Time" stated:

Educators are under greater pressure than
ever to provide optimum teaching programs for
gifted, average and retarded students. All this
at a time when enrollments are increasing fast,
taxpayer resistance is high and competition for
teaching talents is keen. The administrator must
search every avenue for efficient use of his
instructional staff, plant facilities, and teach-
ing aids. Air conditioning can supply the answer
to many plant problems."

Another reason why the effect of an ideal thermal

environment for schools needs to be measured is the growing

use of school buildings during the summer months. Carroll

and Bareither recognized the trend toward increased use of

school buildings:

The educational building of tomorrow must
be designed for year round comfort conditioning.
A fast-growing population of school age children
and education-minded adults means that the
physical plant will be open many more hours each
day and continuously through summer months."

66
"Current Study Probes Effects of Windowless

TFEEing," Audio-Visual Instruction, October 1962, p. 539.

67
Wilson, a. cit., p. C12.

68
J. Raymond Carroll and Harlan B. Bareither, "Comfort
Conditioning for Educational Buildings," American School
and University, 33rd edition, 1961-62, Cl.
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School systems that do have air conditioned build-

ings keep constructing them without the necessary research

as to their educational value:

The advantage of air conditioning is that it
provides a better environrent for the teaching-
learning proc!ess. Communities t:-.at have.ex-
Derience with air conditionkac, soho3is Izeep
building them.6

The value of providing controlled iceal thermal

environments in school buildings should be for the students'

benefit:

Schools and colleges are places of learning.
The first consideration of their plant desi:n are
the welfare of the occu7ants and improvement of
theirriMinc' C-75-ortunf=.7C-

A challenge has been given to those in education

regarding the value of a-.1 ideal thermal environment:

The challenge for education is to pile up
evidence on the contribution air conditioning
makes to an efficient ?earning environments and
then to guide architects and engineers to:;ard
the construction of air-conditioned buildings
within approved budgets.71

There are at least two persons, Pea and Thomas,

69

70

, "The Price of Better School Buildings," American
=751 and University, 35th edition, 1963, pp. 72-8-0.

"Air Conditioning and the Learning Environment,"
OWITIView, October, 1261, p. 50.

71 Ibid., p. 50.



who ;relieve ideal thermal environment schools will not be

built:

Despit all nis virtues, air conditioning
will still be consic:e-ad a "f-.411" by the American
.public and for many years to come. Ap:arently it
is easier to put a man on ;he moon than to air
condition all our schools./2

3um.Aa.ry

Eany statements can be found liTera-zure implying

that a relationship does exist in the classroom between an

ideal thermal environment and students' learninz. How-

ever, the research in t'ae area is too limited to base the

relationship upon scientific evidence. Apparently c.Audr- -.6)

ments have been made wholly upon subjective and nonscien-

tific evidence. This study does contribute to our knowledge

concerning the effect of environment upon learning.

72 ti
William Pena
Ventilation,"
edition, 1.63

and Joe B. Thomas, "Myths anc; Facts About
American School and University, 35th
9774-2-

a
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CHAPTER III

EXPERIMENTAL PROCEDUES AND CONDITIONS

Purtose of t. Chapter0111 411....0...

This chapter presents the experimental procedures

and conditions that were followed during the course of the

study.

Basic Procedure
41111% 011111.

Briefly the pr-icedures followed in the study were

as follows:

1. Twenty-to :a-cched pairs of fifth grade pupils
were selectd fro:, two classrooms.

2. A controlled thermal environment that was con-
siderd ideal was maintained in one classroom
and in a second identical classroom a deviate
...thermal environment was maintained.

3. From each ma-zched pair one student was placed
in the controlled ideal thermal environnent
and the other student was placed in the
deviate thermal environment.

4. The teaching of selected skills and subject
areas was closely controlled. The instruction
in the selected skills and subject areas was
the same in both classrooms.

5. The students' achievement in the selected skills
and subject areas was accurately measured.

6. Statis-tical tests were computed to measure
student learning ;.n the controlled ideal class-



room thermal enviro=ent as comf)ared to stu-
dent learning in a do;:trolled deviate class-
room theme al environment.

Lime of Year

50

The study was condue:cd for ei:ht weeks and four

days, September 7, 1955, through ::ovem'ser 5, 1905.. Schools

in Iowa traditionally 5,:gin :he last week in 211.:ust or the

first week in Sepzem'ser. Since the study was conduclzed

curing ordinarily wars Iowa school mor.trls it was necessarw. -

to use mechanical cooling, units in order to maintain the

desired ideal tier :«..l classroom environment.

The study beaan one wee.< after the Saydel School

District started their school year and extended for eiz,ht

weeks and four days (a7,proxi:.ately one-fourth of a school

year) By conducting study during this part;cular

period, not only was it possible to maintain strict control

over the desired learning tasks, but it was felt that the

motivation level of the two groups was more nearly ecual at

this tine than at any other time of the school year.

Students

The .e students that par l :ated in the suc%, re-v,ee.

fifth grade students of the Saydel School District, Saycel,
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Iowa. Fifth grade students were chosen for the experiment

since (I) fourth grade students were used in the first study

and sixth gradd students were used in the second study, (2)

the students were believed old enough to follow directions

used in the various tests, (3) the researcher was interested

in measuring pupil achievement in a concentrated period of

handwriting lessons at this '17,rad level, e.nd (4) the avail-

ability of adequate programed science material for this

particular grade.

Twenty-two matched pairs of students were selected

for the study. Th pclirs of ...,dents in the two classrooms

. were matched on the followinz characteristics for this study:

1. Intellience - based on the intelligence tests
previously adm:Inistarad to the students.

2. Achievert - based cn the results of the Iowa
Test of Basic E:dils. For matching purposes
the overall composite score, the arithmetic
composit. score, and the spelling score of
each pupil was used.

The results of the matching are summarized in

Table II. This table lists the student number in column 1,

the intelligence score in column 2, the overall composite

score of the Iowa Test of Basic Skills in column 3, the

arithmetic score on the test in column 4, column 5 has the

students spelling score on the test, column 6 lists the age

of the particular student, and the sex of the student is
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listed in column 7.
r column in Table IL contains

information about each -Lard:Ln's cccupation.

Also shown in Table are the means and standard

deviations of each of the characterlstics on which the stu

.

dents were matched. cuotient score

for :Grout) A was 104.5 and for Crsu- 3 the mean was 105.2.

Group A has a mean composite score on the Iowa Test of Basic

Skills of 3.65.
. .

_ne mea.1 test for G: o:.:, 13 was also

3.65. Group A's mean on -;he Ccm-)osite Score on

the Iowa Test of Basic , 0 ,:r*O%47) B's mean on

the test was 3.65. '21-1c remaininz score usctf: for matching

purposes was the sl-pcilf.nc score cn the Iowa Tk.:3Z of Basic

Skills. On the spellin,- score of the test t'-e -,2ar of Crouo

A was 4.01 while Croup 13 had a mean of 3.S8 on th,a

section of the Iowa Test.

Both Croups A and 3 were subdivice into two

levels. These two levels were (1) a high ability level and

(2) a low ability level. The students in L..e two Groups nad

been matched on the previously cited criteria; e.g., In-

tellegent Quotient Scores and :owa Test of Basic Skills

Scores. Students having the identification numbers one

through eleven were placed in the high ability level group

and those students having the identification numbers twelve

0



C

through twenty-two wen. placed in the low ability lcvel

group.

Selected statistics were computed followin the

placement of the students into the two 1,:vals; the groups

were called the high abili level c'''OUDS and the low

ability level groups. , o- tnese co=.tatlor-_

CO,

are reported in Table III.

From Table III it can 1-Ja se:_n 1:-.at the near. 'n-

telligence score for the high ability levl cr:cuns was 114.5

and for the low ability level groups she mean inze114-ence

quotient score was 5.2. The mean composite score on the

Iowa Test of Basic Skills was 4.C,2 for the high

level.. groups and 3.27 for the low ability level grou7ds. The

high ability level groups had a r.ean score of 3.S0 cn the

arithmetic composite score of the Iowa Test of Basic Skills

and 3.37 was the mean for the low ability level i,rol.12s. O

the spelling score of the test the mean- of the hif::h abilizy

level groups was 4.51 while the low level ability groups had

a mean of 3.47 on the spelling section of the Iowa Test of

Basic Skills.

Classrooms

Through the courtesy and cooperation of thc Lennox

Industries Inc. a Research School was made available for
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=1411111,0

GEHERAL DATA FC:. L-7VrTS
GENERAL LAVA FOR TH1: H7GH A37LITY LEVr1 C7.VOS

(Identification Numbers One thl:,ovth Eleven)

4msomemEl

v0

Sum 1241
Mean 112.8
S.D. 9.79

Experimental GI:o1.2 - Croup A

ITBS Arithmetic Snellin;::

3

44..6

4.05
.92

42.4
3.85
.83

53.0,".
. 3 9

111
1 ' 1

21..

Control G....2101.1D Grou71

IQ ITBS Arit-Imctic
IMEMOMEMEO

Sun 1277
Mean 116.1
S.D. 8.52

/HEM/IMMO

Snelling AFe

43.9 43.4 49.3 1"
3.99 3.94 4.43 10.3 ..--/
.98 .82 1.54 .44 F=4

Coml.linaticc of ElFh Ability Level Croupc

J.
marMZo

Si u 2518
Mean 114.6
S.D. 932

I'BS S-C14-.c7 Age

63.5 65.8 99.3 224
4.02 3.93 4.51 10.2 ::=13

.83 1.47 .3S F=9

ra

Id
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TABLE III (con'd)

GENERAL DATA Fa THE LOW ABILITY LEVEL GROUPS
(Identification Numbers Twelve through Twenty-Two)

.11.1.11.

To

Sua 1057
Mean 96.1
S.D. 4.66

I0

Experimental Croup - Croup A

:ETBS Arithmetic Soe1 i~

35.7 37.4 33.2 103
3.24 0.4/ 9 0 v-,

.61 .72 1.30 51 F-5

Control Oro::: - Group 3

Arithmetic Spellin:, Ae

Sum 1038 .10.0 36.8

IV 1.

38.2 115
Mean 94.4 5.30 400" ". 3.47 10.5 X=5
S.D. 10.79 .59 .54 .91 .50 F=6

IQ

Combination of Low Ability Level Group

ITBS Arithmetic Spelling Amed.

Sum 2095 72.0 74.2 76.4 224
Mean . 95.2 3.27 3,37 3.47 10.2 M=11
SD 8.36 .60 .64 1.12 .57 F=11
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this study. This Research School iodated in Des Moines,

Iowa, .-- -4s for the s7;ee....:Ic purpose of finding new, improved- finding
-

and economical methods of providin different-thermal class-

roaa environment.

The floor plan of the school is shown in Fic:ure 1.
,,

The school has two classrooms. Each classroom has

exactly the same square feat area (930 square feet). Both

rooms are identical with one exception; one classroom's floor

.-co ceiling height is eizhtaen inches greater than the other

roam. In the two previous studies carried out by the State

University of Iowa the Qifferences in floor to ceiling dis-

tance had no effect on pupil achievement and consequently

both claasrooms could be treated as though they were ident-

ical.

As previously stated, the school was not built for

the Pspecific urpose of car ---,carrying on re classroom ec:u-.

cation.
"
c owever 2 tae school was c esi .:-:) r ed by the architectur-

al firm of Perkins and Wills of Chicago, Illinois. .....1/4.) L:.

classrooms were so designed that each classroom was self-

contained in all respects. Each room has its ow:. book

shelves. Located at the rear of each classroom is a pupil

restroan.

0
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Also locates: at the rea.:. of each classroom is the'

necessary mechanical equipment th:t is used to maintain the

desired thaal conditions in either of the two classrooms.

In addition this area contains the necessary instruments for

measuring and recording the thermal environment of each

classroom.

For the scae of ccx.pleteness, the "U" Factors of

the school house are 1,e-Dor-cad: Ceilins Lnd Roof .IS; Ex-

DosedDosed Glass ..13; Exposccl ';:alls .30; Floor East Room .95.

Floor West Room 1.90. "U" Factor is simply a measure-

ment of the rate of :cat loss in a _ne

Factors of the Researc".1 School are quite nor; a1 for school

house construction n ..owa.

Lunch was servaa by a private catering service;

however, the students that partici.)ated in this study paid

the same price for their lunch as other Saydel students eat-

Llg the lunch serve:: by the Saydel School District. Each of

the two groups of students involved in this study were

served lunch in the hall at the Research School and brought

the food back to their own clas:roan for eating.

Thermal Conditions

The mechanical units in the Research School were
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capable of maintaininc the di.lsircd classroom thermal en-

-this study o...; ha:: a controlled

thermal environment that was considered as ideal. In the

second cia3sroem a deviate thermal enviro=ent was main.. ain-

ed. At no time during the study was the thermal environment

ln the deviate -nenmal %.0 a- u in the

controlled ideal -..hermal

Usin'I. the ey.De--e-c- -"te two ex-
.:. tm.

perlments an.i after z.n rev..ew of tne tera tune,

the follow n,7 -cheraal environ:.c.r.-c was =aintained in the

Idea' Classrom:

IL.

-

maintained te=er:-..tlx%.-.:

c of 70°F.
t in each
to within

or minuc one degree of the desired temperature.

to 74°F.
classroom
a plus

-.- . .1 .,
66.4 6-".'"41d; oc. per cent.

-
8...-ov-l-ner -4,- in .c..nge of 20 to 40 fpm.ado

All cl,:.ssroom =4-.T.cre a-

lan.,et-zypa .)erz P--7

Allowable te...:peratur limits of 7"" rv to 74°"7°F.

were established in the Ic.,%;d1 Classroaa; the lower end of

this range was considered optimum for the hefting season and

the 11.1)7,ell i :rigs considered opts um for the cooling sea-

son.

%r

son. The difference between optimum winter and summer temper-

atures was based on the results of a study conducted by the
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American Society o - A -h .
.10 %Am %EP 1.4. 1.4 4.6 air *. 94.4 6 .

_nls study -ndicatecl ere c.t a

higher tccrdeviature 4n L n _

e a

ie /e ^ c- c.- o c1 a. /el C... %. Si %0 6 :L. .6. a .0. .6.1 L. 41. Ita

dents' regular hoz.e sehcdo... were aisc rcorcea eve-w %-u- o:

the day duHng the s-cucy. This c.:a..,..;recm ch,-)sc:r. sr.ce

its location corrc2s:on,:ec TO t.-le ref-ulz.r

the students who wcre ' 2--

this study.
r. 0 tr''' 0 C a C' n:)al.. Oa* 10.6 kg. 4. .41. C *war _ _ 9/141 1.

are reported in App%.-.1c...x

L. to .1r V . 21%:/- 1. NJ 1 r oe6.e c

in the deviate

1 (.11 ,L. ,, .1. V V . . 7 0 *.".-IL. V C. C. %. %. 'ft.. 0.. 1, /

. .

9 1 -''-' -' /-- --i.: - 3 1:. 4..C ". "" 1 r 1.- c",...S. ,..... 1%. .. t...%,.. t..../ a. ./. s...0 4.em 0 . . ........... .1. ....i, .
ft . ...1.%?.... ... .."

'''.' .47.C.100::......,:..". e %. ....am %N. ... 4. ...

1,
ft

%O . 17 ...Owl V V...4 v.. I., , 0%. W. N,.* was- , .4 ...1
""

gee (Mb '7 I.

4 The Teace of 4lass-.2icr. z.s
to oocn winccws,
z.s she mluo. rw-ular clasroo7a.

rrna-rev,-.1le ....h. . t. .T. a. an 6.1

-^ .)1 4' ts were used o Lat.Seyera.

thermal data used in the study. .,...611C ''.eaf11.1"'nr7_ - 4 4 tgo 44.CO

ments that were used are known to be highly accurate in
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in this study.
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1vide a continuous -)--7

and wet bulb 1"-.1.. .
- - ,

J...."

ina theriaocouple reLdinas fr.= tc Co.

corcer was calibrazed TO ar. cl on.72-hai: of 0:1,

degree. 4. -," -%.6. e CO - de_
%. A .

multicolor in a cycle e cne ever

The chart speed was 24 inc:les f. .
%v. S., So. ,

chart were four air
s72..c.cr.-:*s

desk level; one taraperat ea:.1.-.- was tc.kcr.

rant of the classrooms. ::-sc rcco,-,cac on nc ,-;;Irt was a

", . rcry and wet zu...b reading of -,:he s/c: c

For every minute between 0300 hours z:nz; '630 hours the

chart had 12 readings, six for eac:-. room.
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To insure the accuracy of the thermocouple read-'

ings, the Research Engineer checked the recorder two times

each day with the Taylor mercurial thermometer.

The mechanical psychrometer used to me,.zure humicity

at the student desk level had a standard wick and :Lave wet

and dry bulb readings. One mechanical psychrometer was

located in each classroom. The accuracy of the mechanical

psychrometers was checker wice each day with a sling

psychrometer.

A vane-type anenameter was used to =eazure the

velocity of the air discharged into the classrooms by the

mechanical equipment. Tha air movement a studen-: desk

level was measured with an Aneimo-cherm-Nocel 60 hot wire

anemometer. This is a theniaI-type anemometer and gives

a direct reading of temperature, velocity and static pres-

sure. It has an accuracy that is acceptable for most

laboratory work.

In the students' homeroom at the Horwoodville

Schools a Brown Instruments Thermo Hurnidigraph was the in-

strument used to record temperature and humidity continu-

ously on a.24 hour chart. This was a Model 612X21KL-X-86

instrument manufactured by the Brown Instruments Division

of Minneapolis-Honeywell Regulator Company. This instru-

0
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ment was capable of recording temperatures from 0°F. to

100°F. and of relative humidity from 0 to 100%.

A thermal condition of the Research School was

recorded every five seconds of the day during the study

from 0800 hours through 1600 hours. These recordings were

of the thermal conditions in the ideal thermal environment

classroom and in the deviate thermal environment classroom.

The actual thermal conditions maintained throughout the

study in both the controllecl idcc.: classroom and the deviate

classroom as well as-,he outside temperature and humidity

are reported in Table IV for the hours 0900 through 1500.

EaCh day during the study the ::ear temperature

was computed for the ideal thermal enviro=ent classroom,

the'deviate thermal environment classroom y and the out-

side temperature. For this commmation the readin3s re-

ported in Table IV were used. The results of these compu-

tations are shown in Figure 2.

Selection of the Control and Exnerimental croupsMINOW

The matched groups were placed in tne zontrol and

the experimental group by a flip of a coin. Using this

procedure, Group A students were placed in the experimental

classroom and Group B students were placed in the controlled

.49



t

I:-

.

(4;
C -

/-

,

t I
r
f.1

4
I., 4

i'"

-- 5.

t

j
,
.1
C

I.
. c_;)

:.-t

}-.-I

.4;1i

:.:
ce)
-i (

c

. ;

p .

C.. I

c ..
-
-_

5

C- 0)

_r
,f)

t.
Z". N

i

N r .

1.1 -)
t

r
Cri

. t I

,

I

1 .

t'' t :
e- i

. r-s Cl)
L - . . r .

0 c)+' t-/
c.,; rii f.;)
> 1-1
._) ;...1

CI C. )

.

C". 1.)

f

:t
Cs- Cs.. 0)

C' -4
0)

E.--:7- 1

,

'
Cs 1

r-- I

;
C

I

: C' C..)

. .

t S' '''
I

4.) C-- 1 I

i :- ! . . . ;

0.) 0
I-' '0

r i LI - -4
...I ri C".

(0 > -1I
A.I ;1 :.;
} r l C

,

tip C- rJ

(9 0) C)e 0) 0)

E 1

s4)

u*)
N W (.0

:r
IC)

.11

,
Zs ..

; ;

.....: r t ..-7-:

C** . *:: t T '

. a 1 t''
:7-- ". C - -

'..) CU

I) '0
r-1 C.; r-1; ri t)
ti) > -IJ
1'..: 0 .../
1-1 in (. . . )

J

(/)

. 4 .

...ills) (0

N
- 0) (0

C 0 )
In it,

C ; C 1:0
Cs- .' (..)

I )

c: : .

1. t
: 1 & ' ) C -

t'.

."" i.
C: r, .)

.;

, . , ' %

t4 t *. t2.

r 1 '..1 i 0
r - C - - s.)

0 0
4) ''):1 ry ri

rt; ri (..)
) > I -1

".3 C1) '.":
1 4 (-1 L.)

Cs)

4-) f

() .) C.)
r--

674
r-. ro

C1 CJ
C - I.

) t. J
C ,,

,

1 ,

) r.)

I. . Cl
(7

i :7.-
1.-

I I I..)
c-;

:* ( ) f..,
t' r' 7

--I

(1 ) '..d ; .5)0

c- ( I)

'7,) e)
3-) : i

s-4 ij .-4
,:' : i t)
0 "."-7 -4J
.3 (1.) -.3

t-1 r:: c)

1-4

(1)

7r1 c'J
::) D C)

te) tj)
Zs (.0

rI
(-1-) (L) 41-

'
Cs'.

cs-
:J

)

r )
: 5.) r )

:
'7) '..)

74 t :7)
7.-

.r) :.)
Cs- CO ;."..1

.1 r* 1 IL ..)

Zs- ::, (-)
r1

r 1 - C)

. ' :-' .:

t) 4)
; ' '1.)

1 I ,..1 :-4
fis. -; u)
0 > 1-$

',.: '. ..3
1 1 , ' (..)

r -1

Pi

(./3

.0

-I

tY1 r-i (7)
C*- 11)

41) _r

C) C2)
s C) :1)

c.';
c.;

7-,

t 1 Z.".

r : ( :
: ..)

-t:) 4--
N

; 1.0
Cs- )

74 c. ( 0
:I) .t, a)

..4. 1 <0
r i-- 1:3

0 rU.1' '0
r I RI .1.4
rj ..4 if)
G.) > .IJ

1,1 cij -1
I./ C, C.)

U)
r-i

1-44'

C7

* : % )
4-4

C- ts,

t
to Le) t.

r C) r. -
t t.)

r-4 I C.)
C.)

I' I

4.1

s- 4 f
t.)

C.) sr)rU)
C3 r)

t)
r

Is) )

C . * . . ' 4 : 7 )tr: _i rj
r -I

Os C) t )
C- - ( ' ) ' . )

r...1
r.1
,1)
'0
1-.4

4-3

(U
L i

IA) ;) (-)

Cr) C')
;-. Ci

t.) r i )
(..) (c) C)

C) C) C`1
Cs- es) '.t)

NC)
tf) t.;

c--

Is- C t.)

.r)

Cr) C) 0)
LI)

-4 r Cr)
; 1 C.)

c*)
4777- L")

( ) Zo. (:)
C') (,f) 41

4' I

r-i .:- C.--
is". r's LO

0)
1-0

r I r,',
r.; .. 4v; >
".: CD

1 -4 (-4

r-

3.)
(Ns

Ca



tC
':

1
4

Li
..

C(1..
-

.'

I
)

: ..
tf )

-
i

:
:1

--
i

to L.)
t.) r- C

's4

1')
(.

C
''

4
1:

(')
(

i
:

Z
i)

(40
C

)
-

)
-

'
t-- u)

C
- t--

V
-- es C

O
)

5)
;

.) .1*
V

) t.) .f.)
...

'3'
,..

I
. -,

'.:*
.

1
. )

.1
.j col

f)
....t

("---
C

'''..
LC

) C
.)

C
---

i--
(- 1

....)
) 121

:0 ..:** ..0
.")

C
) L.)

.)
.1.

C
-s

to tw
.)

c.))
1.13 V

) C
I

.7)
., :-.)

:..)
fl

.
.)

1. L.: .0
(.) (.1 .0

y) C
-.

..)
1 (.3 C

)
C

s: C
) C

N
1

(."%
c

t
I

t---1
C

') C
.) C

s:
.0 0) V

--
.J 03 C

s
V

s C
--

t..)
C

-- 0') i---
V

-. ,.3 03
V

-- C
O

 C
.;

V
-- C

. N
V

- ..t.)
1.I:

V
- to vl

C
-- C

l (Q
r- co co

1--)
1:) t--

i () .0 t--
(.D

 c) .1-
...,

r.; ,-1
.:.t*

.;J 8-1
...3 C

O
 C

T
)

r A
r c.-)

L..)
1) c,

r cs.; e--
(r) .0 C

)
Lc) 4- (..3

',C
) %

I) C
.3

u'') C
O

 03
r- c- co

r- c--
I.; )

U
./ C

'''
( "..)

al ( 1) (0
(-J ..0 r3

(-I

t . 7 : . _ ' .
1

C
, t - 1

4.
i

t.:) C
r") C

O
.N

.) C
., :.-

..,) se) c-)
:::- () ,j)

C
Y

3
r.-I C

I
C

-4
.r:) 0)

C
I) r-i V

)
C

- .0
'..L

.)
C

'- 0.) N
C

am
' (A

)
C

.:
V

- 0) C
O

r--
.:".) N

i's- 'X
k )

N
co ix)

N
 co it,

r- 0) co

t
t

i

1.),
'4,1

:
.

I.
1

tr-
..J'

-"

t
V

 -
"4-

1
(I)

c " , -1
V

r- 1 e; C
 s .

1 " - -
C

 . :
(0

1
(..)

la) r- 4 r)
t-.

L
s)

;
,S)

)
c- c- co

(A
) (.0 o

t
ir)

to C
I

r-4
r-1

; C
) In

kt ( S
;N

I
re) (

,;)
(:)

.:-
C

.) t-
C

--
t

0.) I)
C

--
t-

kA
J te,"

s
t

C
.) In

rs. U
J t.)

C
-

co (.0

1. I
C

: r
. +

 )
7

1
t.

4
c--

i (.;,
t

C
.)

(1) N
 C

)
C

 ..: t:;,
I.)

c
.

a
C

.
:"-

)
t.: a.) r-

C
J (

C
..")

((") (.. C
)

..)
t's

ts:
.

.
iJ

'I C
)

)
t-

::) C
',)

C
Y

) C
.) ()

V
-

1I:
is .;

"
re-

(;)
C

,

:
0)

:
)

t
( )

L
es-

( s
r 4 t

/-)
t'

,
,)

-
I

t ) (-1
.

)
)

.
t

r-
(..)

.t) 01
i

:..
.1

1
.

t
t

.
r

t
I,

C
.) II)

C
') C

)
)

:"
r-

'.)
I.1)

r--
U

')

:
V

s
:

c
i:) t-- V

--
C

-4
( )

-4
L

C
)

.
..)

t - .
.

N
t) -;'

L')
1.1

1
t

i
r I

t

t )
(-;

.)
i-;

.r
tc) (.)

f;')
c.;')

r--
,

.
-

.2
C

r)
C

-
t,)

t,
;

t.o)

r
;

.
1-.3

I
-)

(0)
V

- t,
r")

is-
1"

a..
t

I.:
r' C

".' 3
:C

 C
1

.) f, C
Z

)
t(:

t..)
t7 C

r) t-D
;

1-i
4

'
:` X

t
) C

--
r

1
.

;
r

"6) on
(I)

rl)
1)

c.)
I)

C
-

i N
-

C
--

.1
i -

()
.

v ..:
-

1)
)

(i)

'.)
L

'.)
a")

(1)
tl.'

cl)
I-'

1
' 'I.)

-1-.0 1.3
-4

t.i *.-1
a

1
.11-1

r I
t-tj

. r I
rI

' 7;
i

t)
tO

'i)
i,5 el

(C
)

Ii
.)

ej
..1

.3
'

.
$

1 -i ' '1
C

 .1
'

'
l

G
.) >

.1)
(1.1 j

'0



, Iv-

s

e I -. I
-- % I

SI

Daze
1

Sept.20

Se7Jt.21

Id-al
Dev4aze
Ozt3.:_de

SeT)t.22

Deviatc;
CL' tsicle

SeT)t.23

2z

Sept.27

I-en'
nov5E-to
0 r

V. Iv

r.

Sept.20
Dev4ate
Outside

I J v

v r

,
I10... I

r

el es

Iv
V

v

.

- .
v

rf.. r
I V v

.,
., 1.. ., -

: . 5 I.

I

,

y.......

N .

r

.

.. : .! ,
F-,,,

/ .. , FJ ..

..,

. V, e ...

. 1 ,,,0 0.1 1 r,
,.) U. o r.. I I J. V

0

N

5..0 I

J /73 r 604 :V
.07)

kr .
E

t.. , . 077S 1.1

Sept.30 Ideal
Deviate
Ouzside 49

Oct. 1 Diva 74

revLite ..)

Outsite 51

7e'

1'.
83 Ov

res

47
7L,

Cv
c

SEC. 1

:7
Z.'5

77

el 'Lk

I

N

V

'

" ' ?

. , v

.,
.4 .

NI

I

.

.1

4.7

/

v

N.

.

:.
.!

t

91V,
I



'
t

I
C

. )
r

r:
(7

)
r!

r
<

 0
r

<
 N

t <
rf

' p
t

cr
. I

- f
u

t'
' ;

11
: "

J.
 r

.:
f-

!
P

.1
1 

'
f

Q
.

i.
rf

ra
 N

0 
0

0 
0

C
.'

-
C

rI
".

."
I

i--
1 

C
.)

co
 (

r)
I
l

C
V

:
C

.
t. 

7
I

47
:

.r
c-

.1
:

I

C
A

.)
;

C
)

C
'

I-
 I

c
)

-
-I

-Z
.'

:

) 
t :

I -
i

: .
1

)
;

;
C

 D
 ' 

, 1
 I-

-(
C

) 
j '

I
' ,

 ;
.. 

) 
I

/
k-

-)
 k

.:;
...

(
c

(1
; 1

 .
c:

C
I c

 .
r:

r.
.%

;1
r 

r)
 n

r 
0 

;..
c:

ci
)

r.
i t

 G
 ,,

:,
rf

 <
)

cl
.

e.
:

al
.

r 
I-

 <
 C

o
rt

 <
 r

o
rt

. <
 0

c.
)

I
' ;3

C
')

1 
1*

 7
1

it)
%

 j.
 il

;
C

r)
1.

1
7 

!
C

) 
H

 7
C

)
i -

" 
co

,
./.

!
-

I 
' :

4
:-

.)
I
,. 

ni
i -

,
H

s.
 P

)
I. 

,
I-

 :1
p.

.8
i

ni
I-

4
-.

. (
i

0.
. (

-I
-

r-
r
t

r.
.. 

ri.
:-

.
f-

i
cl

. r
i

0 
(1

)
0 

0
0 

C
.)

G
)

r`
0 

C
.:

0 
0

--
4 

-
'

1'
;

.1
C

) 
-4

"
C

C
C

)
C

;
: J

.`
C

7
C

C
. 1

-

tr
; 4

.
(

(
. .. 

C
.:

z 
-)

C
r"

C
'

C
.

.r
 c

.r
-

cr
)

c.
)

c-
4 

I
'

)
t's

I
'

(.
..

f

(1
 C

 t
C

:0

C
. : s

(r
) 

cr
i (

J.
!

(,
) 

C
:

.r
:

(
:

.r
v

.1
"

t-
--

-1

C
l .

t.
)

--
 3

: .
3

C
) 

C
1.

C

1 
c

('7
t -

1
L:

C
O

 C
o

c
r

C
 )

C
'

c-
C

 '

-
.!,

C
I

f

(

)

I
:

)

I

%
'

I
:

.)
:

c.
;

C
.

1

L)
;

-.
!

'
I

.1
:

(;
I

c
)

:
'

'
rs

)
:

C
r 

re
)

c:
1 

0-
,

_
.r

..!
co

I .
11

,
vi

 4
- 

(.

C
am

) 
- 

.1
7

C
r)

4.
7

C
I,

 C
:1

 C
I'

C
T

, C
'T

.
C

)
-.

3
f',

-)
C

.-
)

N
-1

4-
I

c

C
Y

)
-

u)
 C

1-
.4

C
--

 3
C

O
C

.)
C

';
I '

C
) 

C
c"

.
-

(7
)

C
I

o.
 (

.5
 o

f
(7

/ o
l c

.r
-

)
c.

c)
-1

:
C

I
.

C
;

C
.

C
C

C
.'

--
.1

-
-

.!
C

I C
.,

C
:`

,.)
f 

)
C

) 
!
f

-
-.

5
I

I
C

.:
.3

 I
'

t
f

-4
C

t.
"

.)
 (

1
(:

i .
.5

17 r
.(

(I
c'

t c
.

C
i-1

,
1

r
:

"
:

(
-

'1
s

e.
.

t

.1 :
.!

:.
-1

!
C

 "
-.

.
.;$

(I
 :

.1
(.

 )
I 

-' 
C

n
4

tt
.7

1

:

..
"

"

C

)
(

I
'

"
I

I
'

C
..

C
 : 1

t
.

)
.

,'

3
.

'5

I
'

.
'

r.
I

'
c.

.

1
f 

a.
)

C

(
;

..:
.

-
:

(i'
 C

I:
t t

(
()

 C
'

4
C

)
to

m
)

t
(1

)
C

C
:

:

t
-

( 
1)

 C
)

Li

C
)

3 
el

J

:

;

C
7)

 .
C

I-

C
 :.

 4
. C

o
C

 C
" 

C
C

--
C

.1
1 

(
C

.
I

C
.!

.1

1.
)

C
17

r-
C

.
.r

-

.r
(^

..

(.
-0

C
r

Z
.

C
:

I 
7

C
4

C

O
C

;
C

'

C
Z

I-
'

t
1-

.3
4

)

C t :

I



t
. 4

U

i

It.
,

.)

1 1.

0)
riC(

et 1 C )
:. I

r .

t

C

)
:

0
ri
i

0)
4J

, ) (

Cs- .71) )

I ( _ )

.1' r

I

t

11

. .
C - )

t
C

'3r :)

U
.1"
Ce

it I 41
> 4-3
(,) :3

IA C-1 0

4-0
UU

)

t ) (`4

c-)
7 LI)

Cs I 13

I t
)

; i

( I

i ;.()
is C 1:)

f..) N
t

f -1 rj ri
(,)

Q >
c)

F-4 r.:1 0

4-I

U
CD

g ) I

Cs-

(.)
1'1 3

C) r i C)
op

P

t

.)

}

4

C-

I

) ;
'."- 0

) C ;)
13 '1 C-1

t r'1 C"-.
i;)

. )
1.

r

7,

.e

L."3

I 1

47.3

"Sii ri
>

:

4.3

.)
...

.),1

t' . -I 1.1

Co: t's
.")

01 Ls:
t-- gc tg)

C:

Z,J
. ; C') _;

; C
)

: ) "j
A'

'1)

g

) r ,r

C

C- t

;)

' I

I

, ) : 1 '
: )

1 s ( )

r )

i I
C)r)

I 111 A.

g. 1r -1

)
)

t I CJ

I

I C-

. )

. 1 :4 .,) : )

-" .,

'
;

r
:,

(.)

(-1. ;
i 7..> rs

(-.4
c 1

I J0
(.3

t t." t

3 I'.

r-- c.)

0 ) (31
t ) 4

to r- I C..)

t--- CO CO

)
) : )

. ( .:-
; )

A ) 5') )

I I )

"61( )
.) :)

7.0 r)

_4

' .
. : -

0 :j
i) ':.)

- I rd r-i
1 r I o

(1) > 4-1
e (I) ".$

1-1 r- o

C\J
r-i

irJ
U0

t

- (Y) r-i r
tT) (.D

-)
A ) ***,

Cyl
N (

:

. i t 1

1.-
t

I

I

) 4);

.
(t)

..3

er) C)
4-1 1.1ri c; r1

11 , I CI:

G. > 44
"CI 41I-Irao

Cy)
I-I4441
U0

r
t.1)

C.0 0
t. t, as`

'3 r
-

C -.
ti') (L1

C) r i L.")

- ..)

s.4

L.r) (1)

.; :.'r
C- '.13

3 r

) .3-

1i
.3

L`: C.) CV
C-- #31 (0

0 0
4-1 '0vi Ili r1

rtj .1-1 (
4) > 4-P"J 0Fic...o

.1'
r-4

e
44
00

C`s cs Lc)
r"*".

-1 0.1 r-i
(.:.)

CN CN

) (1)
, C.. t"

A's (7)

r ri N
O C...) 0)

) t^ U')

-4 03 (73
t el

C.) z.1"

-r)

r-i CV
V"- c)

(1) 4)
+2 V .

r4 t.5 ri
fd l t')
c.) > 4-1
':i 4) :.1
1-4 n o

Lt)
1-4

00



0 l i .-1 0 :. :, f.-I a t i I-I 0 ( I 1--i :: ; ; i I c ) ; I 1 --) t -; ; 1 O71.--1 0 t -.4 F-1r : 0 r t >~o r. z m f a , r : 0 r . 3 :: 5 cl. ; (. : . C C ' . . ...,, r.: 0 r:. r: 0 cl
rf- < C.) ft < (1) r-1- < 0 rt < 0 ri < CI t I ' ". r. rt < :- "". rd t f < C..) r- < 0
CI) 5-4 lat Ll P. r1J fi, } s n.. (.1 )J. :... --: t . :-1 c . .3 LI 1..1 ". . :II 0 ij. :1) 0 1 1. .
sa £'J Fs P. r&I 1--1 IJ f:J t-i 1-, iii 1 -; i- r- i--, I ' ; 1 ' I." P. , - :.. ,..-, p. f11 1-' 1--' n, i-ar-. rt ci, rt- ;A. rt fl e t ;. ri i ' 1'1 rs If i '.. r I r:. C. rt
M CD 0 0 0 e) el cD -., C.) c, co Co at r M C. (-3 0

C') OD J C) CC, --1 - 2 ;
N t-.3 TO r.) , .;

CO CI Cr C' 4". (.3 :1 0% Co (

CO PJ r 1-1 -1= 0) t. C. r J

.77: (; J r),) Cr CO r (.'"
4'7 c".., c i .r t".:* C. ) (.'

CO C:1 C .f" r. c c. ..r- C : (.., r c.s
C.) Co ("-- CJ (/' c' C C." , Ct., I.: 1

0) :) --.2 CT) -J -3 -2 -- .. a t t .1. - 2
(xi t'_) c.; ..r: c-.-, .. cr) 1 : :. , 1 (.., := I :

CO CT) 0")
---3 ! --1 1-J

(t.) C.I1 C.
1- t 47 r)

..7 ( .. (J)
(- co (...

C. C. (
:-.': C.: !..),

(.) ( :.:
-.3 r..: I .'

4.... ) C.C. .: C : t'..+ -..) C.: Cs ---:1 C) f. .--'
CC) I- J (-) 0-1 1 ' (...) I ' 1 ". 1 4... 1 I ' 1 ' 4

:r. c (T) Cr) CA" C C C

(11 .1:-. '. C.."1 (' (

-.3 C") -.4 C''') -.3 0) 0) J 0) CX, C
N.) N (0 0) CO C. 43 N.) CI Go v.)

C') cr. () (.. C r ) C :
3-8 N 1--, 0 4 Cri -.3 .f= (.9 CO Co C co C^ r

(:. ) - ,7 C. .1 (;) (:: ..!.3 I <1.1 ! ts)

.1 C...1 C. -1 t . ( CO
C.' t: 1." Cr) .r .

0-1 Cs. -4 . (11 C't ,3
r,. c Cs -; : .; t

1 (..% ( ." , 3) (.)
r- Col e I

(r. :. -4 - i .....' :(0 : , .- ...... t ) t .: .... , I'

CO t.' C. t t r .r -1 ... ,
t., Cr) '..."/ ..!-: : .1 ' , ' : :

(, . s : ('I .", f ,-1 :.) .."' 3

2.3 I ' --.3 ..". ' I -, - I 4.-7

: (' .1 C..
.x) ' C ' '

01 0) -.3 cr, (3) Co -4 Cr) -.4 a. C.)
0) C,1) 1--J CO 1..) c. 1-1 CO

C1.1 Co C.) r.1 r. co cr% .1 .;
Cr 0) ' C'' c:t) C...) C_")

0) cr) J a) CO (- 0.) co Cl Co --.1 0-1 -..3 CO J C"; -.4 CO -.4
Cr1 N N . ) C N tJ 4- 1-J 1--' CO 1-.1 t J c", ;) 1 I-I C. (.D t.) CO CT) C.) CO

C) Cr, 47 s-3 C.T1 (-;) Co 03 0.) N3 0) CO .r:
0) -4 ( CO C:. Os CO 1".) C.1

-3 0') --.3 C) C..; 14 C.". CO (T) CO
C:. r-.) 1 - I 1 - J C o !,) CO C../ C..) 4 C C.)

C,) C -1 C1 Ut C C ' C t.) (A) (A.," 1.) 01 C."
(:) r ,."1 .4 .17 (.1 c,..) 1 )

CY 0 3 (;: ...3 v. 01 -4 C:1 C.% -: (II (.1 - :
1---J - C.) -2 - (1.) I C)

CO C C:1 47 .....3 I., c".) P*..)

c...) C.; co (!. 47 C.,) .r: CY' .r
0) IV cn -r-: co I-, 1-J f..) J 0's )

C) 01 C.") -.3 -.4 C..) -.4 Cil Cr' -.4
1 -1 I 4 5 . ' ( . ) 1.1 f.) C.

C.: C." CAI CI CA., 0: C;I .!' CO
( . :

( ) C: t C: t C.' 3 2-) 0: (
I .3 C ; t-.3 !71 t . ' .; 1" C." ' CD ;,)

c.) C" C Ct, :.) I

0

C

C")
e

I

CD

I 3

f')

I,

I 1



9.--.

O
<

1.-1

c) 0 0 0 0 0 0 00 0 0 C) 0 0 0 0ri rt rt ri r 1 ri ri rt
N.) 1...3 N.) r..1 ts) KJ .) i-J
C:') 0 .....1 al (./1 i-a C.) CL)

C)
n
el
P-J
Cn

0 tl -i 0 U 1-1 C") 0 i--t ) ii 1-0. 0 .:., i- i r.) b.:) i-t 0 w-4 OUr-t 0-Z)4ir 0tjt-40 0 n. 0 0 n. r: ci 0. r; a) 0. r: 0 (1. r a) n, r: 0 0 r: (T) 0., r; rj r), r.: el (1,ri- < 0 rt < CD ri < ri rt < CD ri tz: e.) er < r) rt < CD ri < (? rt < f.) rt. < 0tr: N. cu (;) P. P o ; ;; 0 IJ fl) n P-i 0. t) 141.1 V) PJ Pi Cl) L. P o P. :!) LI P. PP- ri 1--0 P. :J I--' P. r i-' i i pi I- 1 '. r; 1--, s-.. r; ; , r-,. a. 1 -, p. r9 I-.' 1-J. P I-1 P. PI 1--,0. rt O. rt Cl. rt Cl rt r.., r 1 O. r4 0. ri Cl. r i 0. ri Cl. rt0 M CD CD CD 0 0 0 0 0 0 CD 0 0 0 CD (I) CD CD (D

CO --3 r.: -.3 C./1 . .: us -4 Cr) -4 .4 CT) .4r.p N IV cr) I-0 tr. Cf. iJ cr. cc r...) (C. C..) C..) ; C.22 rs.) C.)) -4 -.3 1.-.)

CA) CA3 4 C) CA) CT) c-) c.A.) .r cr. 0.) cn 1.1) Co u cn
CD CD CO CO 'I-, C.) p-a Cr) 1--1 CC C) t..0 1-' --.3 cr) c..1 4.7

u)1 -t (71
UP CO CD CO NI C) CO CA)

Cr) co
c7)

Cri cr --.3
C'.) C.)) C' ts: c,A) cr) cr)

C1

C. CC --!
Is)

CD C'

Cr) C o r Co t r i Cn .p cri co J r c, Lk: 4.- C.s CO Cr. VI Cr) C:1
1-1 Cr) co CP cf) --.3 .7 CJ: 41- c.1-1 0.) to 4 1_,

: co cr. Lfr) co (.0

Cr'. 0") --.3
C7) .)

Cr
C :. cc) c..)

-.4 -.3
(CI tO CO

(r. C': Z:7 -:,
.. C.) : tr) ).P..

4- .r -r Cr' Cr2 .1 .r" .f
CO 4: o..) -.3 CD CP -.3 1-..) 1 -2 C;) :

(r.
C)1 -)(*)

-r
Cr) co -i-

C4
J

N

C.

r..)1

(C) ce!. 47

PJ (7) --.3

)
1-.7) t J C .

Cl_, - --3
(r.

L.)

(r1
Cs (:.)

Cr. Co
C) C7 Co

co r : Co C. Cri
(:.*) Ca. Co us C.)

C

) ; -

.c' C.1 1. 1* C C.. :

4

.r"

-: Cs.) -.3
(7) p...N Co

fit -.3 cy EIJI .: C

Cr. --: r-.) '

Z -.': -.! t.") Ce- I
at-t Cr" Cis"C! - (

.r .t C., .r -Tr C2 :" tr; Cr )., cn
c1 ,!N C..) C. C-) 1-' Cr) Cr c,c 0. 1

C. .s .
c.. ::-) (,

i: co
) cri

C') (..)
C! t-

cr r.11
tJ C) Co

.17 Cr)
1 -'-MCP

(7% C.) ss3 C.1 Ce) -4 (Cl
C.): c...) 1.-1 Z IN..' C.. C...) CS.) C

C CO .

c-;

ty.
C. 17

rn co --3

.7.) C.) -.I
17) j

Cf.) (I L'l

0) C:
..) C

Co .17 r L. c/ CI.

LO
t.. tr.)

rz C.:1r) I

C' Co -.3
C.7) CO

r: ":

r,

P-J

0
CD

. :

. -.

CD

2 I s

I

: i
J-
CD



O tl 1-1 0 ILV 1-1 0 U L.:1 I- (1) -I C.) ti 1-1 Q..' 1.4 ; 4 r.".) t-4ZOO-. Zatri co (.1 r: ca Cr ,zi
et < r+ < ri < r H. < et < < < r.> r+ < 1-,U) P P) f.t) C') tn f)) t) P. A; 0 1-J Cl) P. Pi CA (;) ni

P., 0 1 i-o Pt 3 H I' t.-.J !-' t-1. P. 1- 4 H. r' 1-3 0n. rt >ti rt C1, c-1 rf C). ri CI. rt. r CD0 CD tD (D at 0 CO Co 0 0 0 cD ill at co CCD CD (D (D tD

1. 3 CO F.J
CO :t -tz

N.) t.) CfI -'

aft.) (.4.) CA) Cal C.A.1 CT) X: CT)
O 1=1 C><1 t11 CO -P" C-) 1-1 VI 1-' 10 crt

Cr
tt.) (C (A:

-4 Cl cn .4 cn j J
C:.) ; ts.) U) CC. Cr.)

01 CO 4= C11 LO 4= Crl 4.0 Cn (J. Cr Co Ln
C., C77. (:)) !C--;

C/1 -4 ...1
1-4 COW

(rl -.4 -4
C) Co to

4r .4 .4
C) CO CA.,

in CO trl %. cri Cfl -4 -4 C. cc
Co CD CD eD C'.) Cl' O IV t.0 Co C) (rt

(In
N C7, CA.:

(11 CA) g' A.= 0.) (J1 01 Co rr 1.4.1 4- (it C..0 X' Co 4 CJ-' -4 V) c.r1 () 71 c;-) G1
cn -4 .17- co :7 Cn Cr Go CO -4 1-1 :" Fo Cr. -2 c..") c.0

Cr. Cr) v tJl z3 3
CT) c:: (c) co

CI I t C7:
C«1 cO (.0 C) (: C) tr) :.17. (0

.r- Cr' ut .s
G., CO 4. GO -.3 C3 -4 1-' --3

Cr' CLa
C)I-'W

(A t CO
C) CO 4-

CA: 0'
CI)

in
CU C') 47

(rt -3
6.) CO (t)

cs) CC' -4
C) C ".

- .r 4- :),
N.) Cr) -4 CO .r 1--1 I I

) <0
t"-') I (.1

. 0
1.% C.'

C.11

CO t'D

co ( 4:
(C; CAN

:.21 :
C: :

4

.1" ( I.:.(r :11
CC Cr.

r.")

0)
Cl) C...) (A)

--3

C)
Cu ,3

CT) 0- Cr' Cl) C)
Cr. co -4. .s.1 N.) '

1" .: ; . 2 '7) 0' -
%.3 Cc C' to to

.t- (..) .r .r: C.. .r. -. :"r) :7.71 t-i r:" U.1

C! r* st. C, k%.*2 (.t (f C.: co
cA. C C.: C.) C.) (i2 0) 1 -' Co

CO o
Co .; 4.. ...! t-) (.1,: cr. c:1 Cit

C) 0-4 t --; c) -."- 4--

r. Cr) (:

-rz
C'1

- . 3 .1 (1 ) - ? c7t ) 01 0. I cr) (c% ( Cm Cc) 5-3 01 Ct v O. co -4
1/ C) 1--` Cr) 1 1 tJ C.'.) (CI cm N ..e. CD L) 1.-1 t..1 C.) GO 4'1 Co .r H ts.1 UI Iv Co CD 4.1 co

0.) C.) - .tz (.0 U1 CA, 0t
(1) 1-1 CC) Cc) C:1 tr

C.. (rt
ts.,1 1O

CI 01
I I .) 1-J

(.. (a' .r s cv .r
(a'

40.1 C

i

.) C.: .*
'

( I :A) (e.
(: A C' I

C-1 --a
t.;)

(,1
C -) C.1

co C.' -
c:1

CA, C.:
LD :;') 4,

C.' (-)
C L Cti' 4.0.1 C.)

C.) (a
(2,

(AA C.A
.4 A-) :0

c:' r-- (C) C./ cr
co c.:) v CD (7..)

(71 ...A.)

Cr.

:31 ;a'

L
CO CI 1,..)

( C11

(11 .--.1 --.', Cr t'e ...2 "' ' --2 1 ." ; (1 . -2 .2 -.2 (I' ....1 :C Y ' s) 2 C") :) ..: ., .7) el c:* Cu C.11 cr. 1-% }- ( :.: F 1 s 1.1 C" " :
4 4 '

t . . 2 Cr' 1 . , ts,) : t . I . , i . . . C ' 1 - , ? ! ' F J C. i -' .: , 1 ( 1 . ..! ( ' ' -7. ? '

0) 0; 01
CI.' Cc?

(ft C'
1.) N.) 1

cl) C.)
C.: 1 N.) CAA) C.) ,t` )

c.
.r. (r. A 1

,.tt
I e..

:
J

I 1



cnrn
C)

Cl'
(A CO .r

6. I
6

0 ,r) C) 0
rt-

(7% CU N

C.) t-; ! -I 0 1 i 4 ) Z.) 1-4 C) t. r-t
t: (7.) ri f: C) f.l. r. 01 c. r: c. CI. -.1rt .4.; Cl) rt .:.", 0.' (1 < 0) ri < M I-1
CA ; '. c'l 0 : 1. :'.' to p. PJ Cl P. il; f%
I '. c 1 i I '. :. t -4 1-1 ::.' II 1.1* r.I )--1 0
rt. rt CI r! r. et Cl ri 0
(1.! 0 (I) r) M 0 (D M

' ) -.4
CO t*,) - 2 t..) Co

CC :3
Ca (C)

-.3 1\3 .V"
4-

CO
Cr.) ) "0

(r1 Lk,
.7 'r)

(;) to cre
!...1 CC'

Cr, Cr) .,7 C7) 0:)
t c.) 0, .r

( P J":
.r: C' 4- 1-1

C.,

t)

C) -.3 .--3 .: -.3 *...1 C) as ..3 rl Ct) ....)
N (-. (71 4- : '7'1 0.) GI t..) C.' <71 F.' to,: --) ).

iS
CD I-P.

cr, ... .r7 (J1 C.) .!" .r c. .:--- 01 4. (.) : c... :"'
--.3 V -.3 CO !..- C) -4 _:1 --3 C) 1 ' --.2. C'

C r,) (..) )

)

.117

!-' 1 . 1

C5) c:- - ) cr.%

t_ c. FJ CO i

Cr) C.' r.
(I C.

; r c," c co
(0.



I'

C
).

r

-

i"C
-1

7--1 -)

.::

,;1-

-. ; :
.r)

4,)
t-)

s-1.t.)

(") te-)
)

(,)

ci)
t1

C
1

s
1

C
.`

1
L:;,`

3
t)

.'t)
:t

..J'
C

D

7-
1- I r-I

1)
r'

1.1
C

'- II) C
O

1"
!

s-.
L)

,
co)

.*1'
to

rl 4.
r--; ("1

4: : '
(C

1
- C

s) .:)

:) .1
.-'

t-i
-;' C

')

;
:

(..
N

C
'. (..74

t
N

-
;

J
N

 IV
) Z

r
N

 vs: C
Z

C
)

0:
C

) tr)

C
')

C
O

 (.3)
.,)

i
N

 t- (.)

1)
:'.1
t
o

:C
lC

')I..)
.r-1" C

'"4

.:J
C

r;
A

- C
.) C

 1
-I-

L.
(Y

: cs:.%
N

 tc c J
N

 N
 t

N
 N

 1.11

sr')
V

'
Lt.

C
")

; C
I) r_.)

L) co
r t711,...)

(
) C

.,:
03

t--1 N
 0)

C
cs4

C
1 t!)

C
- 1.0

C
s- 7-- (;

r- :'
.

r-



90 85 80 75 70
= °. a g

65
o- 2.

, 0.6
so

c 0 1
55 50 45 40

A

11 /0 I 
li

I I
I k

I
i

I oo
41

°N
1/

4
ea

.\
_s

,..6
%
...

...
.0

"N
o4

,e
0o

N
.
./

, N
D

E
V

 IA
T

E

.0
1

1 
g

...
..,

...
so

p
...

o 
",

.%
I#..

."
...

..
I g I

g
1

g

S
it I I

ID
E

A
L.

e
I

t
1

1
i

fli
3

1
5
1

I
O

f
g

%
I

1
...

...
4e

5 1 I'1
g

t
I

,

//
1

I

.
so

I
/

if
i

S
i

r.
A

N
/

I
I

I
I L 

ai
IN

/ I
I s

eI
j

g#.iN i
C

 N
I I

t t g

O
U

T
S

 /D
E

IIII
eoII

I
I

I
s

o
\ v

1
t

s
1

s
I

1
V

i
j %

I
I

1
1

1 
1

O

5
1

1
1

1 
1

I 
1

1 1
11

li
\I

I 
o

1 f
i

I
1

If II
11

i."
%

1
so

v
8se e

9-
7 

9-
9 

9-
13

 9
-1

5 
9-

17
 9

-2
1 

9-
23

 9
-2

7 
9-

29
10

-1
10

-5
 1

0-
7 

10
-1

1
10

-1
3 

10
-1

5 
10

-1
9 

10
21

 1
02

61
0-

28
 II

-I
11

-3
11

-5
D

ot
e

F
ig

ur
e 

2
M

E
A

N
 T

E
M

P
E

R
A

T
U

R
E

- 
ID

E
A

L
C

LA
S

S
R

O
O

M
, D

E
V

IA
T

E
 C

LA
S

S
R

O
O

M
, O

U
T

S
ID

E



72

classroom. The experimental group was placed in t.le class-

room that had the controlled ideal thermal enviroxnen-: anc

the control group was placed in the classrocm the:c had the

deviate thermal enviroment.

Skills a.s.d F.:biec. Areas

The specific learning skills and subject areas

measured for this study were:

1. Spelling

2. Handwriting

3. Accuracy on an adding machine

4. Mathematics problems

5. Science

Four of these skills were selected as they involved

regular elementary school subjects. Spelling, handwriting,

mathematics and science are offered in nearly every elemen-

tary school. Accuracy on an adding machine was included as

it approximates typewriting as a subject.

These five skills and subject areas were also

selected as they involved a variety of learning aptitudes.

In addition to selecting the skills and subject

areas for the above reasons, they were selected because

student achievement in each area could be objectively
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measured.

The skills and subject areas were taught by an

73

Iowa certified elementary teacher. The teacher ant h6-r role

in the study is explained in grea-,:c Qetail late-: in this

thapcer. All shills and su'Jjeet areas measured for this

study were taught by the sa:ae teacher znd presented to ec.ch

class in as identical a method as humanly possible.

times the skills and subject area were present :c co 1,oth

the control group and t'ae expermental group using an accept-

ed teaching method. '2hs, s';cills and cub;ect areas were 1,re-

sented as follows:

SDe;linp z.,:thod used to %each ant to test

adhi,:vament w the mathod currently us:-.0 zha

State University of Iowa.';; Elementary School. Usin17 t is
method the students were given spelling lessons Xonday,

Wednesday and Friday. Each Monday the students wen: preLent-.

ed twenty new spelling words. A review of the words was

given on Wednesday. On Friday the students took a test over

the spelling words. This Friday test score was used for

measuring spelling achievement.

In order to insure control of instructional methods

in both classes, all spelling instructions to the students

were given via a tape recorder.
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The worc:s used in the study were taken

from The Xew icwa ST))1Lin7 Scale.
1

The words chosen were
411111111.

between the 35 percent to 60 percent level of difficulty

for the fifth grade. After the words were chosen they were

placed in groups of twenty for each lesson by means of a

table of random numbers. In order to insure the clarity

o the tape recordings, to 7.7.:::"Z fa:: word list, and the

validity of the methoc c2 in the first three weeks

lessons were first u.7.e :. in the State University of Iowa's

Elementary School is the spring of l'.)65. These tests were

conducted with fourth zraee pupils.

A weak by week spelling list of the words used in

this study is presented in Appendix B of this report.

- ..anc.writing system used for this

p.e". irisS e.study was the Zaner-Blozer yst Qi.a%.= was chosen

since it was the method in which the students had previous-

ly received instruction in the Saydel School. Handwriting

was taught twenty :ainutes daily during a four weak period

of the study, September 13 through Cctobell 8. Using the

Friday handwriting work, each student was given a handwrit-

ing score. All handwriting was evaluated using Feldt's

Harry A. Greene, The New Iowa Snelling Scale, State
University of IowiT-1TS-T.
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SLIcyr.gt..31tIvn..) 1.'%1 4;.. iN47 11-%. __.y .%.asurec of

.c.newriting
Si

,ft r _ _ _ u:seccow o. u.aed in the

.

saucy is presentee %:-371%. of this " epo-^ -.

As:ccuTacv - : :cc racy -zarout'a the use*

. . .

oz te-key 4..ca;..ng The zor this

v,-^Gmucy were nand ufth. 4~%0... to.

A ral-dresantative fro= -aye-aye an oral

1--, on t.le =c7)--% u.,e of the ten-key

adding =achine -zo o ;,rou.--; and the expel

1. given to the students on

teacher prepal-a uor:, usin,-, the ten-key add4 z

...achLne us_ng machine,;, it was possible to

ior.n_Vic:. e " r .., 4.. cozmarIng

,eaca on Lae

_-,worx:J::eet.

St,:dents worked on this accuracy ckz11 two periods

wei:k, Tuesday and Thursday, for exactly fifteen m'nutes

each period during the course of the study. For measuring

purposes, the first lesson of each week was consiLered a

2
Leonzrd S. Feldt: "Thc of Measures oz hand-
writ4n3," Journal of Ec......caticnal Psycholopv, Vol. 53,
No. c, 1902,
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Science - sci6:ncc used in T. :.a gait

by units ':sing ev.rcm"ared "" j::.:terials.

materials used were produced by Ccr net
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were taught by a special teadher. This special teacher was

a fully certified Iowa elementary teacher. This .special

teacher formerly taught third grade in the Johnston Public

Schools.

The regular classroom teacher:; were dssiu.ed to.

the control group and the cxperi:_ental group 1..dy the Prin-

cipal of the Norwoodville Elementary School. :1(1 specl
.

ai

teacher taught all the learning trills to both the students

in the controlled ideal thermal environment cic.ssroom

those in the deviate thermal e.:Ivironment classroom. The

special teacher was selected by ti rz:searcher the

Superintendent of Schools of the Saydel SC.hool District.

This teacher was repeatedly told of the neceLz,f_ty to be

consistent in teaching both groups. Fell lear:.in2

that were measured in this study were taught to bsth groups

of students by the same teaaer in the same way.

Each week the special teacher rotated the time of

day each skill and subject area was taught. This was done

in order that each skill and subject area would be taught

to both the control group and the experiment::1 group at

the same time of day. For exaiple, if spelling was taught



at 10:00 a.m..in the control group and at 10:30 a.m. in

the experimental group, the following wcek the experimen-

tal group would have spelling at 13:CO a.m. anc; the ccntrol

group at 10:30 a.m.

Table V lists 1:he at .crld time each of tne skill::

and subject areas were taught to the two groups.

Ameasures of r.cn:cvemenz!IP

I

The students' achievement scores were kept durinz

the entire course of the study. Lae metno... used to detcr-

n
mine students raw scores was explained 7,revicuslu under

the section entitled Skill and Su'Lject i.reas of this cha:ter.

.%nalvsis cf DLta
11111111M

Thia studv was concerned simnly With the c--;eation:

o students attending school for a given time period, under

a controlled thermal environment that is considered ideal,

do better, on the whole, Than students who attend for thz

same period of time under a controlled tIle-mal environment

that deviates quite markedly from the ideal? The statistical

null hypothesis that was tested in an attempt to answer this

question was: the achievement means for a given skill or

subject area are the same for both of these treatment
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populations.

An analysis was carricu out using the last week's

score collected in each skill and subject area in an effort

to assess possible differences between the two treatment

....-soups. In audition, each group was subdivided into a low

ability level and into a hid, :Level, using the in-

telligence test scores, in order to test for possible inter-

action effects - - i.e., trea:;.:.ent x levels. The statis-

tical test used for this analysis was an analysis of variance

(Lincquist Tpe :).5

A secsnu an vas :.,:.de in an effort to assess

possible dissimilarities between the progress (learning)

curve for the two treatment sroups. This test was based on

performance scores co.:,.ected weekly over the entire eight

week and four day time period; tr.e time period for hand-

writing was four we There were nine scores in spelling,

science, accuracy, and mathematics. Since the subjects in

the two samples have been mdtched cr paired, a treatment

(thermal condition) by week analysis of variance was used to

test for possible differences not only in the overall level

of the two learning curves, but more particularly in their

E. F. Lindquist, Design and Analvsis of Experiments in
Psycho lor.v and EdiTafirYn7TotialtaraTilinCO7557w ,2{0r
boston, 56-,-pN-TY7=Y73.
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slopes or patterns - - i.e., particularly to test for pos-

sible interaction between treat;:sent groups and trial weekly

performances. As in the second analysis, the Treatment

groups were subdivided into a low ability level and into

4 high ability level in order to test for possible inter-

action effects - - i.e., trials x treatment x levels. The

statistical test used for this analysis was an analysis of

variance (Lindquist Ty2e Vi).°

c:

A level of significance had to be chosen that

took into account the co:Isequences of rejecting a true

hypothesis and tat of rc.taining a false hypothesis. Re-

jecting a tr.;:. 1-.ypothcsis is called a Type I Error; retain-

ing a false hy2oThcJis is called a Type II Error. Setting

a very high level of siulificance would control a Type I

Error. Howaver, by se-al:az a very high level of signif-

icance a Type II Error is more likely to occur. Therefore,

in each experiment the lever of significance must be set

realizing the effects of both a Type I Error and a Type II

Error.

6
::yid., pp. 292-297.



The results of maAIg a Type TI ro- In this

_y,_ _study does not appear TO bc as sarious as a ' -e I

Error A 01 level of .D.0.1..1/4.:c.nce is uc,.a.L.v conslcarec" vo . 1.

a high level of con.o. ov;:r a Type I Errcr.

cT .
.

of significance is rarelv n educat'cn;__ rec;aarch..0

As a compromise odc.v.ee.. , aldove .0F, level

of significance in this study waL-; Lscd to t.%;.-J

potheses.
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data collected dur4m-Y 6_64- v6 .
P

!+0.1 Cara d C

dftthe scores of the students on tn ea

e various and su:,-

,ect areas. "T. = t . , « rg. e.---
11.164 v %.1; 41. C. 46. . V V Sai e. Now 116.0 *. V VI N alb atm Or*

6": 1.loject areas sel-daricly. _"- J 4v6

areas were spe.L1Ing, handwriting, accuracy, ;Aathemat;cs

and science. An ana.ysis was ::.ace to tne

there is no difference in ?upil icarnaz in a controlled

ideal theraal environment and in a controlled d,:viate

thermal environment.

'+:"""
Coft A. 1; ;ITC..

handwritir-7 ,.,,

: ;_ment scores were collectee: eac:-. skill and L;ub-'ect z:rea.

rour handwriting scores wera collcxted achievement

score was co.L.1ectec weekly for cach studcnt in each of the

skills and subject areas. mean score for eacn ;-,.

i
.

presented n -able

it can 'oe observed fraa Table Vi there were dif-

ferences ir. tne means ..ttween ev-,e-,---orte ---u- ald.fi.e. a 41. _
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control grou?. .:xwever, in orcer to test the hv-otaesis,

---
It was necessary Lo ex.1721ne these cll:erences mon:

A

wq, am.

Ana wt-Is variance -.)rocccur%.., were uses to sta6.......clliv

test the clrAerences two .

statec In tr.c prev-0-: -:=t 6.1.V.

ferences were examInec uzing two procecurcs. 4, 4111. ts

procedure reouired 1:-.o test sco.:.;:s L.z..de by children cn

tests in the last wc-za in each skill an sub'.ect

The c...4.4.ercnce In r.car. e: wee --ou-

-the coatro: croup was testae. us:.n: the Ar., ys'^ Vmr--nc

" T nc.:ur. c.Type v. oce

A second anc..Lysis was used In an effort to as:;ess

.. betwaen

This
4 -

curve for the two groups. n 6ec,. based on scores

collected weekly over the entire time period.

students in the two groups had been matched, a treatent

by week by subject analysis of variance procedure wc,s us%:d

to test for possible differences not only in the overall

level of the two learning groups, but more particularly in

their curve, i.e., particularly to test for possible int..: -

action between the two groups. The test used for this

analysis was the Analysis of Variance - Type Vi procedure.



gel

E8

:n each analysis both treatment groups were

divided into a and low ability level using the crl-

teria previously stated.

e f Spe.ing Scores

Va-;a-c.e, by vesir-n4. aim gm.

The means of the scores col lected on thc last

_

1n -SDe...0 li st re s ca .1c.. ..4.tzle V.I. Tile analy3is of

variance summary of w.ese do ti. is presented in T;;.blo. VIIa.

"
t : .atFro., -a.dle can DE observed TP.0

ference in means between the zwo ability levels was not

significant. The difference in can between the two treat-

0 A
ment groups was also not signIzIcant.

be anc

levels is shown i7raphically in Figure d. _ interactio..

waslet .6.010ft0 AW fti/ic,C14441,0

VI-1 e- es 11Zv%:e_ ilroe Deslcirt

The -)erforrlance of the students in all ne weekly

spelling trials is reported in Table VIII. Table VTi a is

t:le analysis of variance summary for the spellinz scores

for all weekly trials. The difference in the mean scores

for the two groups was not significant. The difference in

means for the ability levels was also not significant.
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111

the low ability level was 22.2.

The interaction on the last trial of treatments

x levels was not significant. This interaction is illus-

trated graphically in Figure 9.

Analysis of Variance la Type VI Design

Table XIV contains the mean scores of the math-

ematics trials for all nine weeks. Table XIVa contains the

analysis of variance summary of all weekly mathematics

scores.

From Table XIVa it can be observed that the dif-

ference between groups was not significant.

However, the difference between the high ability

level and low ability level was significant (F=14.3488).

The mean for the high ability level was 25.8. The mean for

the low ability level was 20.4.

Figure 10 illustrates the curves for the inter-

actions. The F values of all the interactions were not

significant.

Analysis of Science Scores

Analysis of Variance by Tie I Design

The means received in the science test for the last

Friday is presented in Table XV. The analysis of variance
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;

TABLE XIVa

ANALYSIS OF VARIANCE SUMMARY
MATHEMATICS SCORES - ALL NINE WLEKS

Source df ras F (df)

Between S 21 333.8978
Levels 1 2929.1152 14.3488* 1,20
error (b) 20 204.1369

Within S 374 55.3594
Trials 8 557.7099
Treatment 1 13.4570 0.0332 1,20
Treat. x Trials 8 33.8713 1.4689 8,160
Trials x Levels 8 57.8911
Treat. x Levels 1 121.1094 0.2986 1,20
Treat. x Trials x Levels 8 23,3455 1.0124 8,160
Error (w) 340 44.6685
Errori(w) 160 21.1631
Error2(w) 20 405.5904
Error3(w) 160 23.0587

F05 = 4.35
Fos = 2.00

df=1,20 *r Significant
df=8,160
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TABLE XV

GROUP MEANS FOR SCIENCE SCORES - LAST WEEK ONLY

Treatments x Levels

Groups High Low
(Treat. ) Levels Levels Mean

Exp. 21.8 14.5' 18.2
Cont 16.6 15.4 16.0
Means 19.2 15.0 17.1

TABLE XVa

ANALYSIS OF VARIANCE SUMMARY
SCIENCE SCORES - LAST WEEK ONLY

Source df ms F

Between S 21 80.1732
Levels 1 200.8181 2.7086error (b) 20 74.1409

Within S 22 84.2727
Treat. 1 52.3636 0.6151Treat. x Levels 1 99.0000 1.1629error (w) 20 85.1318

Total 43

Fos 4.35 df=1,20 *F Significant

(df)

1,20

1,20
1,20
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summary of the last trial of the science scores is pre-

sented in Table XVa. The difference in mean scores between

the experimental group and the control group was not sig-

nificant. The difference in mean scores between the high

ability level and the low ability level was also not sig-

nificant.

The interaction effect of treatments x levels

was not statistically significant. This interaction is

shown, graphically in Figure 11.

Analysis of Variance !aim VI Design

The means of the nine weekly science scores are

reported in Table XVI. Table XVIa contains the analysis

of variance for the scores on all the weekly science

trials. The difference in means between the experimental

.group and the control group was not statistically sig-

nificant. Also not significant was the difference between

the ability levels.

The F value for the interactions (1) treat-

ments x trials, (2) treatments x levels, and (3) treat-

ments x trials x levels was not significant. The curves

of all the weeks, groups, and levels are illustrated in

Figure 12.
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.APTER V

u), .15.1 aaSUMMARY, CON CL: -0Ne P) r-rCOMYEvDP'IO"SI 1,0

This study tested the hvnothesis: there is no

difference in pupil lea:ning in a controlled ideal ther-

mal environment and in a controlled deviate thermal en-

vironment. A .05 level or s:.;-nificance was used to test

all hypotheses.

rn.inroucla 6.:e coone-a-- o.r. -a del. .4. of

School District Industrec- InctJ C4 ) V141.. a 1.4%1:

and the University of Iowa, the study was conducted using

the following procecures:

1. Two matched grouns of ffth rade students
were chosen from tl.e Savdel School District.
wenty-two matched pairs of students were

selected for the 1:wo prouns. The students
ery, r..atched by intelligence test scores,
achievement test results, sex, age, and
family packground.

5y the flip of a coin one group was desig-
nated to be the experimental group. The
second group was designated to be the control
group.

both the experimental group and the control
group were divided into a high ability level
and a low ability level on the basis of in-
telligence test scores. The eleven students
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having the higLest intelligence Test scores
in each group were considered high ability
level and the remaining eleven students in
each group were considered the low ability
level.

2 The Lennox Incluc.tris Inc. furnished a two
room schco: to cencuct the study. Both
clar..;roomL identical in all relevent
phyuica_ a.~..nec- I:r.v desirable thermal
environnt cc a c vc ma:ntained in either
clas5room.

3. one clo.sro.-4:. a thelc:Ial environment that
43 ic:eal was main;ained.

Tr.esc concitions were cst(.blished
cul extensive review of literature and

consulting with utnorities in thermal en-
viron::.ent c3ntrol. The students in the

TI-ou? were placed in the ideal
t:lcrmal cnvircnment.

M
.1644 61 0.; se,-;cnd c_assroom a thermal

T r" 4 ."" " "" CI? Net",env.1 4.6( A. % %./ *. IA.* 4. J.

environment
t.Ian that

C ..
tent.

1.. 1 /1 La. e 6 This
second cl,ssro.;; :nc:rm,.+ environment was
called ceviF.tk.. The students In the control
fi,rcou-; were ple.ced in the deviate thermal
environ:-ent.

4. P.e:11.1ar Savdel School tauitht the
students thcir eustc::.e.ry school subjects. A
certi:icc and %;xnc;ricnd ele::.entary teacher
Was emniovec to teach both i,roues of students
in certain selected ':shills aad subject areas.
'2his special teacher taught .1pelling, hand-
writing, accurL:cy, mathematics, and science
to the students. All instruction in these
areas was presented using an acceptable
teaching method.

5. In the selected areas all teaching instruction
to both grouns of students was identical. The
students in both groups spent the same amount
of time on each area. In addition, the stu-
dents performed each task on the same and,
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significant.

The spelling score means for the ex,77.criental

group and the control group were 16.0 and 15.C, resNetive-

ly. In handwriting the mean for the experimental grou7 was

74.6 and the mean for the control c-rot:n was 74.1.

accuracy skill tests the means were 20.3 and 2C.4

experimental and control proup7., respectively. ne.the-

i.atics the mean for the c.) -
,

the experimental group. I :zc mez:n for the ex7t.rim,:!nzal

group was 24.4 and for the control --roup it was

science the mean :core for the stucentf in the

group was 18.2 and those in t:-.e control f;rou--, cc:-.itwed a

mean of 16.0.

From Table XVII it was ceen nce
in mean scores between the high abflity levl anc the low

ability level was significant in mat:-..,atics, lavor of

the high ability level. The differences in the me ,n

scores between the two ability levels were not sIznIzIcant

in the other skills and subjects.

All Trials Summary

The analysis of all trials is presented in. Table

XVIII. The means were presented for the high and low ability

levels and for the experimental and control groups.
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values were presented for the differences in means between

the two ability levels and for the two groups. The inter-

action F valucs for (1) treatments x trials, (2) treatments

x levels, and (3) treatments x trials x levels are also

given in the table.

The means on all spelling trials were 13.9 for

the experimental group and 14.0 for the control group. The

mean for the experimenzal group and the mean for the control

group was 74.3 anc; 7L.6, reo2ectively, on all handwriting

trials. On all accuracy test trials the can achieved by

the experimental croup was 16.6 and 16.7 for the control

group. When all trials were considered in mathematics,

the mean for the experimental group was 23.3 and the mean

for tha control group was 22.9. A mean of 15.7 for all

trials was achieved by the experimental group in science.

The control group ac sieved a mean of 15.0 for all science

trials.

None of the F values for the differences between

the means of the two groups were statistically significant.

In two areas statistically significant differences

were found between the high ability level and the low

ability level. These two areas were handwriting and

mathematics. The high ability level students achieved a
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mean of 75.3 in all handwriting trials while the low ability

level students had a mean of 72.6 for tle subject. This

difference was significant at the .05 level. For all

mathematics trials the high ability level students had a

mean of 25.8 and the mean for the low ability level stu-

dents was 20.4. This difference was significant.

The only interacticn that was statistically sig-

nificant was that between treatments and trials in the

accuracy tests.

Conclusions

The test conducted was of the null hypothesis:

there is no difference bezwen learnIng in a con-

trolled ideal thermal cr.vironment crd in a controlled de-

viate thermal enviror.Tilent. The results of this study lead
to an acceptance o %. 11 oar %a null hypothesis.

The conclusion reached by this study was that

student learning is not affected by attending school in a

controlled ideal thermal environment.

Recommendations

At the conclusion of this study, it was evident

that measuring the effects of thermal environment on learn-
ing had just begun. Using the experience gained in con-
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ducting this study the following
recommendations are sub-

mitted as specific areas in which additional research is
needed:

Recommendation 1

The next researcher would be well advised to
duplicate some of the tasks, skl:s, ancl subject areas
that were used in previous stuc.ies. would help to
confirm or reject the Drevious s.ucles. it

may be found that pupil ...LamIr.; a;:ected the ther-
;;al

environment, ;-ut taz.T. our L.u.s.L.rcment rostra:: is are
too gross in sd:.00"... :,u:)fects to GeLect Le clifferences.

.s of this study corizracic 9 %.-o a
certain ex en, bnc o: stud? conducted

7

by Dr. Charles ?eccolo. finisnis researcher does not propose
that one study is rizi.t arid the other wrong. A careful
examination of the two studies will reveal several dis-
similarities in the procedures in the two studies.

F:ecommendatica 2

ruture studies might prove more valuable if con-
Jucted over a longer time period than was used in this
research.

All individuals associated with this study
realize that research has only begun to scratch the surface
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9measuring t,.e e;Iects of 6acr"4a1 enviromlent on pup.ls.

Education is a loni; term experience, and perhaps a nine week

time period is tco short a period in which to measure the

effect of an ideal thermal environment.

Recommendation ;:o. 3

Future studie,; ought to be conducted jointly with

a Department of Eo::,c :eencaics to measure nutritional effects

-of the therma.l. env.- rc,:-.;..ent.

The private caterin; service observed that they

could tell which roo;.. the ideal thermal environment as

those students had hear tier aT.2etizes. (The same caterers

had been used in previous studies).

Recommendat:len

luture studies Shoup: make a" attempt to measure

the effect of thermal environment on student attitudes

towaru school.

The teachers involved in this present study

noticec that the students in the ideal thermal environment

were not as restless as the students in the deviate en-

vironment.

Recommendation No. 5

Future research should make a conscious effort to

involve a greater number of boys and girls covering a wider
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range in socio-economic backgrounds.

Forty-four boys and girls were involved in the

current study. By chance, these particular students were

from a relatively low socio-economic level.

Recommendation No. E

Future research should be conducted usin2 students

from all grade levels.

Recommendation No. 7

Future research micht prove valuaLle if conducted

during meteorologically contrasting months of the calendar

year. (In this study heated air was never added to the

ideal classroom while the younsters were in the classroom) .

Recommendation No. a

Further research should be conducted to examine

the effect of an ideal thermal environment on teacher

attitudes. (Students involved in this study filicc out a

form indicating their level of comfort five times daily.

This data will be analyzed in a separate report).

Recommendation 9

Future studies should be continued in order to

determine if there is a comfort zone at which students do

learn best.
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Recommendation ::o. 10

Future research ought to be conducted to determine

if, after an intensive period of physical activity, an

ideal thermal environment shortens the time necessary for

a return to usual classroom routine of the students.

C
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APPENDIX A (Continued)

Time

Date
0900
T H

1000
TH

1100
TH 1200

T
I-

T
1 ,

1300 -1400
T

1500
.

Oct. 28 78 29 84 30 90 27 91 27 91 22 91 24 01 25
Oct. 29 78 26 80 27 84 27 8/ 25 85 25 85 28 85 3C:

Nov. 1 78 31 83 30 89 25 92 23 90 21 91 22 57 21
Nov. 2 81 32 86 35 88 35 90 35 92 34 88 34 53 32
Nov. 3 81 36 82 37 84 38 83 38 84 38 84 40 86 40
Nov. 4 78 31 82 30 85 26 88 26 88 24 88 25 89 26
Nov. 5 76 31. 81 32 85 33 86 38 85 41 89 43 88 44



APPENDIX B

SPELLING LESSONS

FIRST 'WEEK

1. alley

2. choose

3. naked

4. stare

5. escape

6. happiest

7. terms

8. swear

9. aware

10. tocay's

'11. gentle

12. stunts

. _..1..Je abuse

14. population

15. remembered

16. damage

17. threw

18. pity

19. except

20. reduce

139



SECMD WEEK

1. device

2. seek

3. there's

4. sleeves

5. blankets

6. rare

7. suppose

8. hurried

9. decide

in crawl

11. treatment

12. de free

13. broac

14. causes

15. sole

16. proof

17. nickel

18. depth

19. insects

20. compare,

140



S

1. mistaken

2. consist

3. fetch

4. lease

5. moss

6. artist

7. clerks

8. folio

9. amusing

10. adjust

11. impress

12. mighty

13. conduct

15. hither

16. cottage

17. bridge

18. double

19. burnt

20. campus

RD WEEK

141
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FOUnil WEEK

1. mayor

2. worship

3. average

4. headquarter

5. watermelon

6. the crier

7. canal

8. cliff

9. empire

10. catalo

11. peanut

12. noticed

....,. abroad

14. tunnel

15. men's

16. hire

17. quarter

13. expected

19. palace

20. oversight

a

:.42



FIrili WELK

1. furnish

2. chamber

3. regards

4. wages

5. admire

6. eager

7. beyond

8. chasec

9. passage

10. written

11.. pertaining

12. barrel

13. diJtant

com;)lain

15. weigh

16. contact

17. steer

18. zebra

19. insult

20. comment

S
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SIXTH WEE:;

1. grandma's

2. soul

3. fitted

4. shone

5. convention

6. slight

7. salEd

8.
.

col,er

9. Invest:ient

10. how's

11. burst

12 Lo,3t3

rctten

14. clyllk

1J addressed

16. knit

17. captain

18. pumpkin

19. verses

20. management

a

144
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SEVLNTH WEEK

1. potato

2. brake

3. beautiful

4. wherever

5. dropped

6. requested

7. allow

8. Bible

9. retdly

10. a:,3ents

11. afterward

12. organ

13. comply

14. lying

15. restless

1C. eighth

17. gotten

18. bleeding

19. angel

20. one-half



EIGHTH WEEK

1. figure

2. action

3. signal

4. presents

5. breaking

6. problem

7. colored

8. captured

9. largely

10. shade

11. forwarded

12. factor

13. scrap

14. liberty

15. bathe

16. sane

17. locate

18. journey

19. freshman

20. sentence
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NINTH WEEK

1. chores

2. useless

3. strain

4. inclucing

5. growth

6. entertain

7. tracer

8. o.....:ilcers

9. conies

10. arriver,.

11. cisas'...cr

12. here's

13. wisdom

1. union

15. collar

16. neeule

17. pleasure

18. telephone

19. crush

20. bookkeeping
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APP1=IX C

:Thkirl;*

FOUR WEEK PROCRA:!

September 13 - 17

148

!:otivation and Scale Ev.aluation Characteristics of
Letters

September 20 - 24

Form and Speed

September 27 - October 1

Slant and Spacing

October 4 - 8

fw Size - Line :.Ac.amity Pc-ewIluation

r"ihe follovin- toa- u-ec 10" evaluation:) J .

I live in L: Erica. It is good to live whcre you

have freedom to work and play. ;.o an American, I support

my country and what it stands for.
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APPENDIX D

AccunAcY

September 7, 1965

The Monroe Acdini, :'achine Company representative

gave a twenty minute demonstration to both the experimental

and control groups. The demonstration was a lesson in the

proper use of a ten key hand ol.crated adding machine.
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Subtract:

1- 4833 2919
1246 2437

2- 1655 5000
687 2465

3- 5018 7188
4568 3759

Add

1- 334 532
286 378
412 466
293 576

2 173 343
216 850
835 9.79
637 468

3 713 132
258 275
524 807
465 355

September 16, 1965

6534 73146 7CGCC
2635 57457 4 ..1 .. . id

4288 16276 3;, 1.3
1535 8628 17(.:.e.7

4000 91421 14932
2152 72394 C1C5

376
617

275
552

1;1.8
:SL,

343 299 (3t,8
464 507 354

897 ..1 -_,-..)

, -.
i .a, 128

923 417 694
654 241 145
149 603 744

534 4C1, 174
176 .1.4,;., 527
665 654 9S3
436 283 306

152



September 21, 1b65

Find the missing answers

34 S 28 64

+S +46 +94 +5

76 A 62 S

-S -15 -s +39

153

95
+72 -56

43,

41 55 73
-s +5 +57

'TT TUT NV

A 611 5255 0 37

-97 S +35 +' +576 +S

17T nor 883 '7u0 Z(..$5 7/7.,7

915 r.
-S -784
rg7 b4.5

582 573 I.

-379 _.s -1S5
rY7 TUT

S 881 517 S 134
+415 +367 -S +234 +S

TST 117 rGT

3



Subtract

1- 81
-37

2- 63
29

Add

3- 3536
4658
1943
2206

Subtract

4- 5402
3865

September 23, 1965

113 417 871
87 283 236

146 626 600
29 491 417

723 700 4000
189 234 1275

814 562 2206
297 129 997

154

4715 1485 4382 3065
7863 8276 6644 656

935 6533 3600 274
1487 773 3579 3705

5325 60001 90258 4367
4695 28423 63699 2369

5- 7674 43817 60000 259 950
4837 16325 39753 239 431

Add

6- 146 845 156
672 989 692
759 417 526
283 983 384
314 755 627

968 376
171 539
420 432
407 571
819 248



S

o

Add

1- 628
499
714
362

924
534
796
818

Subtract

2- 5689
1462

3306
1737

September 28, 1965

683 296
807 534
965 887
545 128

238 312
725 493
754 341
459 457

8793 8761
2649 1896

3476 7204
1219 5244

Find the missing numbers

18
+12 + +17 -15
-nu

155

703 957
455 C36
677 738
907 449

826 551
141 467
122 301
273 383

4080 5545
3245 4'06

6458 4000
5569 7496

-10 .. I.
....,

"ZT -yr "TT "Sr

22 33 28
+ + + -28

7T 7T 77

71



0

156

Subtract

1- 35488
152514

September 30, 1965

58194 43317
25475 24654

80000
3086

32443
22578

2- 62385
47426

30000
14175

68230
23631

91554
23476

70002
49257

Add

3- 3314 532 376 275 468
286 376 817 552 154
1412 1466 3143 209 968
293 576 4E4 507 354

4- 173 343 . . 301 128
216 85C . :

. 417 694
835 979 r

1. 241 149
637 46'6 0 603 744

Subtract

5- 86565 50923 73873 66925 8060
67078 33053 3E986 10380 7935

Add

6- 713 132 534 486 176
258 275 176 146 527
524 807 665 894 993
465 355 436 283 306



0

October 5, 1965

Subtract

157

5698 9795 7003 5864 6542
3646 9539 3835 4368 965

3817 9325 5368 6000 32383466 4657 928 5265 2899

Add

509
86

221
74

122
637

Subtract

9182
5898

5546
1448

8003
2987

193 r.3.. 353 3689
741 1,;57 29 545
436 i 43 1331

86 52 i)rn4,, 177
79 itC:.; 490 148 5

298 1.:i 427 3642

i1 5Q 7784 5562 5000
2866 797 3583 2517

9221 7692 6785 3000
234 7424 3135 1353

8926 $52.12 $60.56 $29.61
8171 37.23 4.46 19.79



0
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October 7, 1965

196 232 466 611 734 615
+147 +563. +123 +436 +861 +720

-205 -344 4-377 -410 -943 -306

Subtract

2869.45
984.68

6000.00
1572.43

67148 29784
25025 16995

12547 70034
10868 56229

Add

1200.50 6151.55 8000.60
Li 6 '3 . 5 6 4121.69 7639.74

25394 14570 62700
16875 13868 28469

80000 85136 33959
40259 53854 17066

2217 3007 1589
482 8757 1622

3453 3686 963
2248 2850 747

574 3469 1944

1032 32140 2516
281 5385 967

9691 764 3945
569 2395 657

71453 345 1438

2669 3249
874 456

4357 4477
2396 1576

253 1032

3702 9976
3589 434
1299 6447
1865 668
2599 8089
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October 12, 1965

+467183

+249
1- 146 433

+610
732 611 710

+232 +490 +135

-104 -573 -467 -782 -463 - 10

2- 19.6-14.7= 1.82-44= 454-274=

3-

4-

5-

6-

7-

8-

500.00-375.39= 52.8-44.2= 5.13-2.50=

79.0-25.5= 6.54-.58= 640C0-494.26=

16.18 36.75 14.:,2 .:Ci,-,8 32.47
49.00 79.77 9.80 7.:,4 :01.26
56.86 74.43 33.55 Di .:.,7 67.94
146.05 5.63 25.:18 76.54 31.04
47.37 21.34 16.66 :)4.44 36.39

4216 5572 4353 8428 7413
-2384 -4853 1495 -4360 -2436

3122 5000 8528 8387 (;271
-1999 -2327 -2662 -1597 -5795

149 673 833 927 100
+633 +542 +651. +433 +50C

-123 -411 -504 -344 -146



1- 432
+698

-123

2- 2407
-135

3- 7593
-5259

4- 1652
789

2203
937
756

5 2217
482

3453
2248

574

6

160

October 14, 1965

545 984 412 376
+499 +236 +378 +C,C5

-162 -650 -111 -407

3586 1946 5687 0613
-803 -217 -693 -450

2018 6874 3502 5280
-1893 -1974 467 12r15iii

6478 1549 3675 14527
749 429 7077 98552

4375 6984 7443 3335!;
343 262 5f3 25382
310 677 2134 16266

3007 1509 26693 32402
8757 1622 87464 45620
3686 968 43571 44727
2850 747 23936 15760
3469 1944 23545 10323

G59 454 849 214 873
+322 +949 +326 +733 +565

-233 -261 -506 -997 -707



October 19, 1965

436 598 711 833 1354

+614 +266 +636 +467 4.1101

-406 -189 -366 -674 -:347

433
688
768
943
176

544 989 673 t-,1;

787 134 445 133

138 464 S98 74e

494 . 555 342 C2F,

886 198 712 1044

'Cl

349 986 683 1055 1,93

+688 +737 +405 +W,33 +3648

-404 -198 -176 -G353 -6854

565
492
874
435
712

939 714 613 933

474 826 432 021.

532 +147 +713 +05
163
764 -613 -414 -00-.au.,

13924 22183 46054 51122

-8697 -15613 28669 -7035

58334 35947 14200 59182

51385 8494 5234 35874



I
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October 21, 1965

b

431
420
813
196

724
904
861
354

827
684
758
866

4513
9754

267
755

9218
2370

567
9068

618 357 9419 4150 1352
+896 +883 +7656 +5241 +6135

-565 -343 -6073 -6112 - 404

1148 5085 3856 2.621 242
9386 8375 7867 6787 732
9989 7E68 8784 4278 6
4579 9737 497 6379 35
9068 755 101 101G 21

550 2734 8357 98765 12381
-431 -742 -3365 -86444 -3582

976 12455 985 32033 6318
+372 +8888 +632 +9999 +3475

-133 -7676 -100 -8686 -1123

6534 7998 8967 75442 8895
-4667 -2722 -6822 -65578 -4845
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October 26, 1965 a

436 9062 7677 6832 7063
+676 +1783 +1364 +4232 +6984

-143 -4242 -1232 - 838 - 615
11101

1323 9324 8613 9499 7172
6744 1363 4244 8613 6343
8723 4164 7361 4268 145
6832 7464 3208 1003 6876

7364 8601 4345 4368 6849
-1342 -7698 -1598 -2232 -5909

4144 561 732 7098 8989
+686 4314 +868 -1659 -6666

+681
-135 :568

-323

793 8436 6986 4341 7777
468 9365 4368 9062 6812
735 8060 5032 7362 3276
904 4323 7377 4089 4489

4689 56898
-1368 -23689

46861 7383 71012
-17893 -6869 -66130

1



1

1-

2-

164

October 28, 1965

7064 6045 9056 8093 6045
-3285 -1587 -7689 -3897 -2796

6010 8010 7004 9006 6007
-3784 -5491 -2929 -5307 -4419

3- 4375
6098
7254
2109
8175

4- 974
+

5-

1264 2989 $81.75
4796 5685 .59
2798 2507 6.43
3887 6706 79.87
7987 2853 21.09

58 499
+296 + +

3523
2501
2684
4999
5080

-1423
1002 "Sri 'MT 10117 4817

1264 2798 2989 2507 2853
+4796 +3887 +5685 +6706 + 88

-1030 -4213 -6847 -2031 -1492

6- 13864
+62932

-50673

84350 76132 11124 10321
+14683 +13683 +88686 +93201

-63604 -89815 -99810 -62163



November 2, 1965

Watch the signs

165

413 511 673 781 966
+ + +

nor IVUZ -77S' 'TUT :CTU

2653 942 7437 4638 92761
-895 -573 -6255 -2846 -65970

3742 4045 2493 6802 4975
8631 8628 384 2213 6105
1475 3791 4275 3729 4398

- 847 -5070 - 36 -4987 -9865

57390 20793 2:J653 18349 34765
-34857 -17621 -1217 -2673 -12786

32596 46728 21479 64047
+8371 +1596 +8521 -38659

71524 2730 9283 6793
37229 6002 6513 6535
36272 2791 9286 4786
60020 9703 9064 8365

68400
-62534

1625
5923
4876
3774



4)

1463
+6302

-4303

166

November 4, 1965

1684 7613 4748 325
+4971 +4414 +1070 +146

-1309 -6898 -681 -109

9083
-6135

7365
-4973

3892
-21475

5133
-3436

49580
-7321

7321 6748 325 5963 23750
583 7659 9685 835 4825

4932 85 3765 7532 673

468 8500 7895 2005 8967
-279 -685 -854 -347 -3425

+684 +135 +968 +1968 +5542

4132 875 1234 8977 4563
321 476 3412 4E75 2518
213 329 2615 1352 224
121 8720 3172 683 468

2653 942 7623 4638 9276
-895 -573 +492 -2846 -6597

+1792 +1638
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APPENDIX E

MATIIITATICS

September 8, 1965

Addition Facts

You learned 100 addit:Lon facts. You should know the
easy addition facts. Let us set if ,ou ',:row 36 of the
more difficult addition fc.cts.

Write the answers for these aaliton sentences.

8 + 4 = 7 + 3 = + 5= 7 + 5

4 + 8 = 3 + 7 .-.. , + C = + 7 ==110

8 + 3 = + 3 = 7 + 4 = + 6 =

3 + 8 = 3 + 9 4 + 7 r. 6 + 6 =

8 + 7 = 7 + 6 _ + = S + 4 =

7 + 8 = 6 + 7 = + 8= 14 + 9 =

9 + 5 9 + 6 + 7 9 + 8 =

5 + 9 = 6 9 7 8 + 9 =0
6 + 6 = 7 + 7=_ 8 + 8= _ 9 + 9 =

67 addend In the example, the numbers
+22 addend and are addends.
89 sum

When two or more numbers are added,
the answer is called the

Circle the sign for addition: + - x
Write the addends on the first line and the sum on

the second line.
1. Henry sold 42 .papers on Monday and 45 on Tuesday.

How many newspapers clic :le sell in two days?

2. Dale mowed lawns for neih".igoolie earned $32
during June and $43 during July. How much did he earn
during June and July?



September 8, 1965

Subtraction facts

You learned 100 subtraction
easy subtraction facts. Let us
more difficult facts.

Write the answers for these

168

facts. You should know the
see if you know 3G of the

subtraction sequences.

11
11

12
12

13
13

15
15

12

- 2 = 11
11

12
12

13
13

15
15

14

- 3

- 8

- 4
- 8

- 6

- 7

- 7
- 8

- 7

= 11
11

J."1

-4..

it;

14

16
16

16

- 4
- 7

... 5,.,

- 7

- 5
- 9

- 7
- 9

- 8

=

=

,m....

-,1=1.

=

=

=

=

=

11
11

13
13

14
14

17
17

18

- 5 =

- C =

- 4 =

- 9 =

- 6 =

- 8 =

- 8 -

- 9 =

- 9 =

- 9 = =

- 3 = =

- 9 =

- 5 =

=

=

- 8 = =

- 6 = =

- 9 = =

- 6 = =

847 minuend
-213 subtrahend

remainder

In the example, the number
is the minuend; the number
the subtrahend.

13

When one number is taken from another number, we call
the answer the .

Circle the sign for subtraction: + - x 4

Write the minuend on the first line, the subtrahend on
the second line, and the remainder on the third line.

1. Charles earned 75 cents during the first week of his
summer vacation and 50 cents the second week. How much
more did he earn the first week than the second?

2. Frank visited the navy yard. Yesterday he saw 36 ships
and today he saw 57 ships. How many more ships did Frank
see today than yesterday?



September 10, 1965

Addition of Tens and Ones

54 = 5 tens 4 ones
43 = 4 tens 3 ones

tens 7 ones
or

90
IT = 90 + 7 = 97

Write the addition sentence

Add the ones.
4 + 3 = 7.
Add the tens.
5 + 4 = 9.

for the exam:go.

1E,9

Put in the missing numbers.

63 = tens ones
36 = tens ones

Add.

48 86 73
31 53 45

63 95 60
74 80 47

Add ones to tens and ones.

74 =

=

7 tens 4 ones
0 tens 5 ones

= 7 tens 9 ones
or

70 + 9 = 79

15 33 28
4 5 1

65 2 11
3 73 8

Write the sums.

74 = tens ones
30 = tens ones

82 64 53
24 14 32

73

MMIIMMIP

8455
44 65 70

Add the ones.
4 + 5 = 9.
Add the tens.
7 + 0 = 7.

76 54 83
2 3 6

3 91 5

24 4 42



0
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September 10, 1965

Column Addition

Add from the top down.
To check, add from the bottom up.

5

2

7

8

1

7

14
22
23

Think: 7, 14,22,23. 42 Column one.
31 Think: 2,3,5,8.
52 Column two.
63 Think: 4,7,12,18.

TS The sum is 23. IN The sum is 188,

Add and check.

3 1 6 9 7 8
8 7 0 1 4 9
5 2 5 3 0 4
4 9 8 2 6 0

3 5 9 4 9 6
6 8 1 2 1 5
2 0 6 5 4 2

1 7 7 8 0 9
4 3 0 3 7 8

21 45 57 72 55 43
32 81 90 83 80 62
50 63 31 60 71 21
76 20 41 94 93 90

Add across from left to right. Check from right to left.

4 + 1 + 3 + 2 =
Li + 5 + 3 + 6
7 + 8 + 2 + 3 =

5 + 2 + 0 + 6 =

2 + 8 + 9 + 6 =

6 + 1 + 3 + 4 =

7 + 0 + 8 + 1 =

7 + 8 + 1 + 9 =

0 + 0 + 7 + 5 =

8 + 4 + 7 + 6 =



r

September 13, 1965

Addition with Carrying

1. Mr. Brown planted some trees in his orchard. He
planted 55 peach trees, 76 apple trees, and 24 pear
trees. How many trees did he plant?

2. Mr. Brown counted the apple trees in the first
three rows of his orchard. He counted 38 trees in
the first row, 27 trees in the second row, and 46
trees in the third row. How many trees did he count?

3. Mr. Brown then counted the peach trees. He
counted 64 trees in the first row, 75 trees in the
second row, and 59 trees in the third row. How
many peach trees did Mr. Brown count?

Add and check.

171

68 77 86 27 39 18
89 76 39 69 45 36
56 69 76 15 28 27

53 25 20 88 87 97
74 82 17 34 64 35
66 49 68 50 73 70

6 80 65 90 88 7
81 6 75 48 60 57
35 44 2 5 4 70
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September 13, 1965

A Bookstore

Mrs. Taylor sold 92 books from a shelf containing
148 book. How many books remained on the shelf?

148 books Subtract the ones.
-92 books Subtract the tens.
56 books 5 tens and 6 ones =

1. Mrs. Taylor sold 48 pencils from a box containing
128 pencils. How many pencils remained to be sold?

2. Mrs. Taylor had 115 packs of paper and sold 54 packs.
How many packs of paper were left?

3. Mrs. Taylor bought 135 new books on the first day of
the month. During the month she sold 95 of them. How
many books did she have left?

4. Mrs. Taylor had 124 birthday cards in her store.
Mary and her classmates bought 31 of them. How many
birthday cards were left?

5. The third grade class decided to buy adventure booksfor the library. They found 129 adventure books at thebookstore and bought 36 of them. How many adventure booksremained in the store?
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hundreds
752 = 7

436 = 4

TM = 11

1100 + 80

September 15, 1965

Adding Thrce-Place :lumbers

tens ones
5 2

3 6

8 8

+ 8 = 1188

Add the ones.
2+ G= 8.
Add the tens.
5 + 3 = 8.
Add the hundreds.
7 + 4 = 11.

Write the addition sentence for the example.

Put in the missing numbers. Wr!,te the sums.
hundreds tens ones hundreds tens ones

645 317
634 821

Write the sums for these examples.

45 61 30 45 61 84
61 84 95 80 47 21
10 23 44 33 60 78

421 624 704 345 210
134 350 154 421 367
541 113 131 213 312

451 652 840 741 524
406 314 126 541 351
341 723 233 215 502



II
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September 15, 1965

Problems

1. In Mr. Arnold's store there were 63 bicycles. :3ecause

of the Christmas holidays, he bought 36 more. how many
bicycles did he have then?

.number of bicycles he had.

number of bicycles he bought.

number of bicycles he had then.

2. There are 284 boys and 315 ;:rls fn the Franklin
School. How many pupils are there 7:n the Franklin School?

boys in the Fvc.:nklin Scl,00l.

girls in the Franklin School.

110 pupils in The Franklin Seaool.

3. John spent 20 cents for a colorinc 1.00k, 12 cents for
crayons, and 25 cents for a pen. How ;huch did John spend?

cost of the book.

cost of th' crayons.

cost of the pen.

total cost.

4. Lt. Hess flew 424 miles with his Army airplane. Capt.
Day flew 450 miles; and Lt. Col. Glenn flew 323 miles. How

i many miles did the three officers fly?

IMINIII1

miles Lt. Hess flew.

miles Capt. Day flew.

miles Lt. Col. Glenn flew.

miles the three officers flew.

1
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$3.37
.21

6.41
$9.99

Se:le;iLcr 17, 1965

Udted Stute :'oney

1 16

.114-7- ..,,. fi.. .....1

I

.; 25
-7=25

Be sure to put the dollar sign and cents point in each
answer.

Add.

$3.45 $5.61 $7.26 $6.20 $3.50
4.34 5.36 .72 6.45 .40

$2.31 $4.26 6.34 $7.30 $9.20
1.25 2.42 3.15 4.23 8.00
4.32 5.11 5.50 4.03 2.45

$7.64 $5.00 $6.03 $9.24 $6.21
.12 6.74 .83 .51 3.10

4.20 .20 8.10 7.00 .45

Subtract.

$9.84 $1.75 $6.79 $8.64 $9.00
8.23 .92 4.53 .33 4.00

$10.00 $12.35 $15.84 $14.75 $11.54
6.00 8.21 7.32 9.60 5.24

$18.07 $12.84 $16.27 $10.98 $18.87
9.07 7.00 9.27 3.90 9.35
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Septeilber 17, 1965

..Toney Problems

Be sure to put the dollar s 4-n anu the cents T.oint in
the answer. Show your work.

1. Henry bought a baseball outfit for $9.25 and a football
for $5.10. How much money did he spend?

2. George has $9.75. He wants to buy a baseball and a hat
that will cost $3.75. If he buys the baseball and bat, how
much money will he have left?

3. Alice bought a dress for $4.25, a pair of shoes for
$6.00, and a sweater for $5.20. Alice spent

4. Jack worked three days. The first day he earned $'.50,
the second day $5.00, and the third day $6.25. How much
did Jack earn in three days?

5. The pupils in Helen's class have a saving's plan. The
first week they saved '$3.54, the second week $4.10, and
the third week $5.35. The girls saved
in three weeks.

6. Mr. Davis earned $59.75 in one week. He paid $22.50
for food. Mr. Davis had left.



I

A

September 22, 1965

Missing Numerals

Put the missing numerals in each example.

34 23 64
+ +46 +94 +77 -IT 142

95 76
-56 -35

-Tr Tgr

+39
41 55

611 295
+ +354 +
926 -FFT -7CT

915 582
-284 -379

-Ma. -SW

+415
777

177

+72
DZ

-15
77 .

73

62

"Irg

+57 -97

587
+576 +

-175 979

973
- -185
827 509

881 517
-367 +234

:rsT -13T7

134
+

461

3
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SeDte:%bcr 24, 1965

Dollars and Cents

The dollar sir.n ($) aro! the cents 1.Dint (.) ?re used 5.n
writing dollars and cents. The name or the "cents :.,oint"
is "decimal point." It is used to show parts of a dollar.

Add.
$16.45

9.70
Add the cents first, the dimes next, and then the
dollars. Always 1-ee:. the decimal points directly
under each other :in addinr moncy.$26.15

$5.65 $2.67 " 41 t.", C/ ;00.46

1.25 8.52 J1.: 5.45 6.72

$17.80 $26.15 $18.05 ::;44.FS $16.30
6.09 8.90 C.77 5.80

$12.75 $34.45 $16.60 $18.03 $17.00
26.29 15.82 4.07 14.00

Subtract.
$14.25

6.12
$ 8.13

$5.25
2.10

$12.75
4.25

Subtract the cents first, the dimes next, and then
the dollars. Write the dollar sun and the cents
point in each answer.

$6.40
3.20

e'4 68J
2.54

$9.50
4.00

$8.66
6.46

$11.60 $13.78 $12.70 $17.80
6.40 7.50 5.70 9.30

$1.25 $1.50 $1.45 $1.00 $1.70
.25 .70 .82 .60 .90
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Sel)ter.ber 24, 1965

Buyin7, and Sellin2

1. Pete went on a two-day trip with his father. The first
day he spent $5.35 and the second day $3.70. How much did
Pete spend on the trip?

2. Lois spent $9.25 for a pair of shoes and $3.75 for a
hat. The shoes and hat cost

3. Russell earned $14.80 the first week in July and $7.50
the second week. He earned more
the first week than the second.

4. Connie had $10.75. She spent $9.50 for a puppy. How
much money did she have left?

5. fir. Pharo received $8.25 from the sale of laack
raspberries and $6.75 from the sale of red raspberries.
He received from the sale of the berries.

6. Lewis wants to save $27.50 for Christr.as. He has
already saved $9.25. now much more must he save?

7. Charles wants to buy a pair of ice skates that cost
$8.25. He has saved $4.65. liow much more does Charles
need to save to pay for the skates?



September 27, 1U65

The rissinF ::uber

In the examples on this par.c, the ;: stands for a
missing number.

N + 3 = 10 In this number sentence N stands for the
missinr, number.

N = 10 - 3 To find we sul-tract. 10 - 3 7

N = 7 The missing number is 7.

N - 5 = 4
N = 5 + 4
N = 9

N + 4
rd

N - 3
N =

5 + N

N

7

6

8

9

N + 6 = 14
N

12 + N = 16
N =

N + 5 = 28
N =

N - 9 = 35
N

To find in this exaLiple, we add.
5 + 4 = 9.
The missinc number is 9.

N + 5 = 9

1
1 4

is

=

- 2 7

6 + N = 10
N =

Ast. 5 7

N =

9 = 8

22 - N 17

N - 3 = 22
N

N - 7 = 43
A =

it

+ 3

6

180

5

3

7 + N = 12
ts- _,

_ 8 7

+ n = 15

- - 9 = 11

27 + = 34
N =

38 + N = 50
A _
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September 27, 1965

Problems

Use N in writing the number sentences to solve these
problems.

Work Space
1. There were 34 pupils in a class. Sixteen e: + 16 = 34
of them were boys. How many girls were in N =
the class?

2. George had 65. His father rave hin
30. George now has cents.

A e 4

3. Fay had 36 marbles in his bag. iiow many
marbles did Ray have after he Louyht 43 more
marbles?

4. The fifth grade bought 14 new books for
the room library. There are now 72 books
in the library. The library ;eau
books before the new books were bought.

S. There are 68 desks in the art room and
the music room. In the art room there are
32 desks. There are uesks in the
music room.

6. The fifth-grade pupils visited the
museum. Out of a class of 34 pupils,
8 did not go to the museum. How many
pupils went to the museum?

7. Sam sold 35 magazines one day. The next
day he sold 23 magazines. Sam sold
magazines in all.

65 + 30 = N
1..7 ....
1 4 '"'"

",.......
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Regrouping Twice in f.:u1.,tr;:c1::on

hundreds tens ones
764 = 7 6 4 =

578 = 5 7 8 =

186

30;-roui:(:

hundreds ten:: on3
1 f,J lq
0r 7

1 il, t: cr
100 + 80 + 6 = 186

182

By regrouping 764 into 6 hundreds, 1S 1:ens, and 14 ones,
you can subtract 8 ones from 14 ones and 7 tenr, from 15
tens.

Write an example. Solve it. :ec-roup if necessary.

Pe7rcup
hundreds tens ones hundreds tens ones

Solve these examples.

563 816 620 327
178 347 258 267

1224
418

1736
908

2824 9563
1536 5486

$9.50
5.73

$18.23
9.42

15C3 1500
786 327

7085 (5004

3095 5612

$32.36
68.48

$75.00



September 29, 1965

Number Sentences

In the examples on this page, the N stands for the
missing number.

N + 24 7. 49
N = 49 - 24
N = 25

To find N, we subtract.
49 - 24 = 25.
The missing number is 25.

183

N - 31 = 42
N = 42 + 31
N = 73

To find N in this example, we add.
42 + 31 = 73.
The missing number is 73.

N + 12 = 26 N + 16 = 24 m 17 = 35

N - 15 = 23 N - 19 = 36 N - 14 = 31

22 + N = 39 33 + N = 65 28 + N = 54

N - 28 = 67 N - 34 = 72 45 = 87

N + 56 = 71



October 1, 1965

Missing Numerals

Put the missing numerals in each example.

184

314

+46 +94 +77

95 75 62
C

-56 -.35 SO
.111M

MINENIONINIM

+39

Nickel

1 nickel
1 dime
1 dollar
1 dollar
1/2 dollar
50 cents
70 cents
300 cents
4 quarters
40 cents

$ 2.48 =

$ 4.98 =

$10.48 =
$18.74
$14.65 =

Dime
10

000011,

cents
nickels
cents
quarters
quarters
quarters
dimes
dollars
dollar
nickels

Quarter
25t

1 dirqe
1 quarter
1 rAlarter
1 dollar
1/2 dollar
50 cents
10 cents
105 cents
8 dimes
8 quarters

Dollar
50

cents
cents
nickels
c_mes
cents
(4=es

Collar
cents
dollars

dollars
dollars
dollars
dollars
dollars

quarter diLes cents
quarters dimes cents=amor

eal.
___

quarter
half dollar___
half dollar

___
dimes cents

011.11 dimes cents
.1111110.01=10 dime ___ nickel
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October 4, 1965

Multiplication with Carrying

Multiply the ones. 3 X 4 = 12.
24 Write the 2 in ones' place.

24 24 Carry the 1 ten to tens' place.
X3 24 Multiply the tens. 3 X V= 6.77 7'f The 6 tens plus the 1 ten carried

equal 7 tens.
Write 7 in tens' place.
The product is 72.

The multiplication sentende for this example is
3 X 24 = 72.

The tens and ones can also be multiplied in two separate
steps.

3 X 24 = (3X4) + (3X20) = 12 + 60 = 72.
Multiply. Check your work carefully.

26 47 28 35 19 18
5 2 4 3 2

79 57 36 19 5b 14
2 5 3 4 2 3

45 44 48 37 35 46
2 3 5 3 4 2

67 68 59 56 27 29
4 3 4 5 2 5

Put the missing numerals in each of these sentences.

4 X 38 = (4 X ) + (4 X ) = +

3 X 45 = (3X ) + (3 X ) =

2 X 96 = (2 X ) + (2 X ) = + Mb

411111111.

5 X 67 = (5 X ) + (5 X ) = +
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October 4, 1965

Problems

Write the multiplication sentences for these problems
in the work space.

1. There are 14 boys on each of 4 teams in a small base-
ball league. HoOmany boys belong to the league?

2. In order to fit the boys properly with uniforms, each
team owns 17 uniforms. The 4 teams own
uniforms.

3. At 49. each, what would 3 books cost Ann?

4. Allen has a stamp book. If 36 stamps fill a page and
he has 5 pages filled, how many stamps are in his book?

5. There are 2 pints in 1 quart. Row many pints are
in 75 quarts?

6. Charles bought 3 small airplanes. They cost 28t each
Charles paid cents for the airplane.

7. Wilson practices on his truapet 45 minutes each day.
How many minutes would he practice in 3 days?
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October 6, 1965

Subtracting with zeros

1- 300 500 700 900 400
137 396 362 425 284

0,

300 SOO 800 700 $15.50
76 45 92 84 2.50

Subtract - Check the remainders

2- 800 600 600
-135 246 236

Add

.3- 511
215
193

765
852
504

Multiply

4- 36
x4.

Divide

187

506 307 480
139 108 240

$26.00 $38.04 $18.00
13.57 16.27 17.75

643 431 623
512 728 750
383 648 738

$4.25 $7.40 $3.06
3.12 3.58 1.90
2.98 2.79 2.28

25 35. 64 53 61 40 27
x2 x3 x3 x5 x5 x3 x2

5- 2('24 31-37 3
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October 8, 1965

Add

1- 511
215
193
623

643
512
388
611

431
728
468
113

623
750
738
612

$4.25 $7.40 $8.06 $5.14
3.12 3e98 1.90 8.52
2.98 209 2.28 6.36

Subtract

2- 962
-643

841
-514

757
-238

472
-249

1157
-743

1064
-532

Find the Missing Number

43

Multiply

188

546 374 450 376
176 206 ,325 425
245 232 604 134
122 307 292 651

300 7-5 $7.52 $4.11
445 852 8.33 6.27
609 504 6.34 4.35
280 145 4.25 9.62

375 093 865 736
-149 -728 -426 -317

1238 1489
-727 -865

62 42
+ +53In ITT -IT

35 47 52 44
x6 x6 x5 x4
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October 11, 1965

Borrowing Twice in Subtraction

Regrouped
Dollars Dimes Cents Dollars Dimes Cents

$6.72 = 6 7 2 = 5 . 16 12
-3.85 = -3 8 5 = 3 . 8 5

17717 2 8 7
or

$2.87

By regrouping .$6.72 into 5 dollars, 16 dimes, and 12
cents, you can subtract 5 cents from 12 cents and 8 dimes
from 16 dimes.

Put the missing numbers in each group. Regroup If
necessary. Write the-answers.

Regroup
Dollars Dimes Cents Dollars Dimes Cents

$5.23 =

-3.77 =

$5.48 =

-4.69 =

Subtract.

$7.18
4.29

$7.42
6.77

88.25
5.66

$9.37
6.58

$37.23 $73.42 $47.27 $87.12
14.34 71.88 34.48 74.63

$54.76 $79.23 $65.34 $98.55
12.87 35.27 61.75 95.66
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October 11, 1965

Buying and Sellinp

1. Mr. Davis spent $20.50 for a tire, $4.75 for an inner
tube, and $2.75 for gasoline. He cave the dealer $30.00.
How much change should he have received?

2. Walter earned $ 33.75 in two months owin:- lawns. He
wants to buy a bicycle that costs $67.50. How much more
money does he need?

3. Mrs. Ranck has $9.42. She Lew:It meat .for X1.35, sugar
for $1.05, juice for $1.36, and flour or 52.48. Eer bill
was . Eow much money did she have left?

4. The pupils in Kay's fourth-zrade room have a ravings
plan. The first week they saved $4.65, the second week
$5.28, and the third week $2.95. How much did they save in
three weeks?

5. Dick weighs 67 pounds,.Eugh weir,hs 74 pounds, and Don
weighs 85 pounds. What is the total weight of the boys?

6. Grace had $25.00. She bought a new dress for $0.95,
new shoes for $6.50, and a new hat for $3.96. Crace had

left;

7. Mrs. Foose bought beef for $1.89, pork for 78 cents,
and bacon for 52 cents. Mrs. noose spent
for meat.
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October 13, 1965

Regroup
dollars dimes pennies

$5.32
-3.79

$7.11
-3.65

$8.06
-4.39

191

46 77 32 84 98
-17 -49 -23 -66 -79

56 70 63 60 95
-48 -53 -38 57 -67

278 532 401 812
-109 -366 -299 -631

132 + N =
N =

Add

562

476 243 113 301 ?CO 215
383 765 426 295 7'14 451
521 189 589 467 . 563 624

231 365 470 £17 820 800
845 406 554 760 742 900
126 534 137 125 139 300

Multiplz

43 57 94 101 67 43 88 73
x6 x3 x4 x 5 x5 x5 x8 x7
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October 15, 1965

Watch the Zeros

Write the number sentences for these problems in the work
space.

1. Lester sold 306 tickets at the baseball game. If 137
of them were adult tickets, how many tickets were sold to
pupils?

2. Earl and Carl together sold 1560 newspal-ers last week.
Carl sold 724 of them. Earl sold
newspapers.

3. Mr. Lontz planted 700 trees in two orchard!;. In one
orchard he planted 450 trees. How many trees did he plant
in the other orchard?

4. The Curtin School has
has 381 pupils There ar
in the Curtin School than

600 pupils and the Jackson School
e more pupils
in the Jackson School.

5. Sarah attended school 180 days last year. mace attended
167 days. Grace attended fewer days than
Sarah.

6. Mr. Ross sold 905 gallons of gasoline. Mr. Jones sold
750 gallons. How many more gallons of gasoline did Nr.
Ross sell than Mr. Jones?



October 15, 1065

Zeros in Subtraction

hundreds tens ones
600 = 6 0 0 =

236 = 2 3 6 =

+

Re ;rouged
hundreds tens ones

5 J 9 10

2 3 6

3 6 4

or
300 + 60 + 4 = 364

193

By regrouping 600 into 5 hundreds, :1 tens, ond 10 ones,
you can subtract 6 ones from the 10 ones e=nd 3 tens fron
the 9 tens.

Put the missing numbers in each exarpTh. ::rite the re-
mainders.

PeE'roup
hundreds tens ones hundreds tens ones

800 =
135 =

600 =
246 =

IMMIln

Subtract. Check the remainders.

300 500 700 900 400 506 307 480
137 396 362 425 284 139 108 240

300 500 800 700 600
76 45 92 84 33

$15.50 $26.00 $38.04 $24.50 $18.00
2.50 13.57 16.27 3.75 17.75

.
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Regrouping in Addition

965 = 9 hundreds 6 tens
486 = 4 hundreds 8 tens
151 =13 hundreds 14 tens

or
14 hundreds 5 tens

or

5 ones
6 ones

11 ones

1 one

1400 + 50 = 1451

You regroup the 11 on into'
1 ten to the 14 tens. 14 + 1 =

You regroup the 15 tens into
the 1 hundred to the 13 hundreds

Put the missing numbers ih th
if necessary. Write the sum. k.

194

1 ten and 1 one. Add the
15.
1 hundi4ed and 5 tens. Add

e example. Regroup the sum

478 =
254 =

hundreds
hundreds

tens
tens

ones
ones

Add. Check your work.

511 6_43. 431 623 765
215 512 728 750 852
193 388 -648 738 504

546 374 450 376\ 300
176 206 325 425 445
245 262 604 134 609
122 107 292 651 280

$4.25 $7.40 $8.06 $5.14 $7.52
3.12 3.98 1.90 8.52 8.33
2.98 2.79 2.28 6.36 6.34
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October 18, 1965

Indicating Processes

On the first line under each problem write an A if you
add to solve the problem: or an S if you subtract. Write
the answer on the second line.

1. Ted went to the grocery store for his mother. He bought
a pound of butter for 72 cents and a dozen eggs for 48 cents.
How much did he pay for both the butter and the eggs?

2. Ruth wanted to buy a book that cost 95 cents. She had
only 69 cents. How many more cents did she need?

3. Caroline has read to page 119 in her history bOok. The
book has 268 pages in it. How many more pages does she
have to read?

4. Hilda and Stella made sandwiches for a class picnic.
They made 38 peanut butter sandwiches and 42 cheese sand-
wiches. How many sandwiches did they make?

5. One Sunday morning John took 55 papers to sell. In two
hours he had sold 46 of them. How many papers did he have
left to sell?

6. Helen and Vivian ate lunch at the school cafeteria.
Helen's lunch cost 36 cents; and Vivian's lunch cost 39
cents. How much did they pay for both lunches?

p
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Subtract

October 20, 1965

300 800 400 500 402 700 300 200
107 448 394 129 359 292 65 172

900 901 405 700 306 800 907 651
816 608 239 81 7 98 489 289

946 305 955 967
79 268 256 469

f.dd

53 24t 9 25t 86
14 30t 407 19t 9
22 25t 298 43t 30

27

433 544 989 673 64a 349
688 787 134 1445 133 121
768 138 464 898 748 900
9143 494 555 343 626 134

349 986 683 1055 711
+688 +737 +405 +9033 +636

-404 -198 -176 -10088 -366
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October 25, 1965

Borrowing Tens in : subtraction

hundreds tens ones
751 = 7 5 1 =

423 T 4 2 3 =

TN

Regrouped
hundreds tens ones

4 11
7
.. 2 3

3 2 8

or
300 + 20 + 8 = 328

197

By regrouping 751 into 7 hundreds, 4 tens, and 11 ones,

you can subtract 3 ones from the 11 ones.
Put the missing numbers in each example. Regroup if

necessary. Write the remainders.

581 =

423 =

673 =

315 =

Regroup
hundreds tens ones hundreds tens ones

Wiite two examples. Solve each one.

Write the remainders for these examples.

962 841 757 472 375

643 514 238 249 149

993 865 736 688 556

728 426 317 239 329
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October 25, 1965

Practice in Borrowing

4

Write the number sentences for these problems in the work
space.

1. Roy and Join received 227 birthday cards. If 100 of
them were sent to John, how many cards did Roy receive?

2. Jack and Larry own 316 hens. Jack owns 107 of them.
Larry o= :1 hens.

3. Sue and Kay were in the garden. Sue picked 94 flowers
and Kay picked 85 flowers. How many more flowers did Sue
pick than Kay?

4. Mr. Brown had 243 television sets in his warehouse.
He sold 127 of them. How many sets remained to be sold?

5. Bess had $1.45 when she went to the store. She spent
$1.28. Bess had left.

6. The girls in Mary's class had 224 bags of peanuts to sell
at a school festival. If they sold 119 bags, how many bags
of peanuts remained to be sold?

7. Henry picked 44 tomatoes from his garden. He sold 18 of
them to Mrs. Jones. Henry had tomatoes left.



I

a.

October 27, 1965

Regvouping Twice in Addition

157 s 1 hundred 5 tens 7 ones
341 s 3 hundreds 4 tens 1 one
684 s 6 hundreds 8 tens 4 ones

1117 = ID hundreds 17 tens 12 ones
or

11 hundreds 8 tens 2 ones
or

1100 + 80 + 2 s 1182

You regroup the 12 ones into 1 ten and
17 tens + 1 ten = 18 tens. Rerroup the 18
hundred and 8 tens. Add: 10 hundreds + 1
11 hundreds.

Write an example. Solve the example.

2 ones. Add:
tens into 1

hundred =

199

hundreds
hundreds

tens ones
tens ones

Add and check.

476 243 113 301 200
383 765 426 285 794
521 189 589 467 568

215 231 365 470 617
451 845 406 554 700
624 126 534 137 125

820 800 293 405 520
742 900 240 689 940
139 300 607 570 860



October 27, 1965

Addition and Subtraction Problems

3

Write the number sentences for these problems in the
work space.

1. One noon 243 pupils in Eisenhower School went to see
the motion pictures shown in the school. There were 398
pupils who did not see the pictures. There were
pupils in Eisenhower School in all.

2. The fifth-grade boys
tickets for their school
The girls and boys sold

200

of Washington School sold 249
play. The girls sold 315 tickets.

tickets.

3. Mr. Howe took moving pictures in two national parks on
a trip through the West. In one park he used 275 feet of
film and in the other 355 feet. How many feet of film did
he use?

4. During the entire trip Mr. Howe used 580 feet of
colored film and 590 feet of black and white film. How
many feet of film did Mr. Howe use?

5. Mr. Hurff has two steers to sal. One welFhs 9G5
pounds and the other weighs 848 pounds. The two steers
weigh pounds.

6. Mr. Berger bought 575 dozen shirts one month and 345
dozen the next month. How many dozen shirts did he buy
in two months?



0

1. 6.14
-4.09

2. 8.56
-7.89

3. 4.68

Irmo

4. 2.75
8.45
5.96

5. 1.36
-1.27

+4.63

6.

7.

8

9.

10.

October 29,

4.77
-.90

6.57
-6.48

2.26

201

1965

2.53 9.67
-1.54 -6.78

8.68 6.81
-8.59 -6.75

1.45 4.86

17:113' -7711" -3701-

14.87 .06
9.55 7.53
3.07 .89

9.45 34.50
-9.38 -26.50

+9.78 +13.98

8.73
.17

9.10

17.23

+8.94

700 500
-563 -253

704 500
-629 -417

-289
-767

-482

305 300

400
-399

800
-72

-79
ITT

955
_

--77 -7T7 73T-
53
14
22

2160
300
25

.25

.19
4143

9 + 497 + 298
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0

1

45 -
37 =
86 =

nwir =

November 1, 196 5

Regrouping in Addition

4 tens 5 ones
3 tens 7 ones
8 tens 6 ones

15 tens 18 ones
or

16 tens + 8 ones
or

160 + 8 = 168

Put the missing numbers in
sums. Regroup if necessary.

84 = tens t,nes
37 . tens ones
25 = tens ones

Add the ones.
5 + 7 + 6 = 16.
Add the tens.
4 + 3 + 8 = 15.

Regroup the 18 ones into
1 ten and 8 ones. Add the
1 ten to the 15 tens.

each example. Write the

--Jor- -

29 =
36 .

Write the sums for these examples.

tens
tens
tens

ones
ones
ones

202

36 35 65 45 4453 18 80 93 8624 92 37 76 70

47 80 76 54 6630 46 92 25 2265 54 18 87 88

Fill in the missing numerals.

77 + 48 = (70 + ) + (40 + )

+

68 + 37 : ( + 8) + ( + 7)
al +
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November 1, 1965

Problems

Write the number sentences for these problems in the
work space.

1. Fred helps his father sell vegetables at his roadside
stand. He sold 48 ears of corn on Thursday and 56 ears
on Friday. Fred sold ears of corn in two days.

2. Mr. Wilson
bushels in the
and 43 bushels
did Mr. Wilson

3. Alice went
a bag of sugar
Alice paid

sowed wheat in three fields. He sowed 18
first field, 26 bushels in the second field,
in the third. How many bushels of wheat
sow?

to the store for her mother. She bought
for 55 cents and a dozen eggs for 49 cents.

for the sugar and eggs.

4, Dick joined the Cub Scouts. He paid a fee of 75 cents.
He bought a Cub Scout neckerchief for 65 cents and a slide
rule for 15 cents. How much did he spend in all?

5. The Cub Scout pack to which Dick belongs has four Dens.
In his Den there are 9 boys. In another Den there are 7,
in another 6, and in another 10. How many boys are in the
Cub Scout pack?

6. Mr. Jacobs had 59 ducks. He bought 8 more. He then
had ducks.
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$4.54
5.86

$10.40

November 3, 1965

United States Noney

In addition, put the dollar sign and $14.35
cents point in each sum. 7.46
In subtraction, put the dollar sign $ 6.89
and cents point in each remainder.

Add and check.

$3.56 $2.24 $6.03 $6.85
4.35 8.86 3.67 3.87

$5.23 $6.32 $7.28 $5.48
2.75 4.50 4.63 7.92
1.64 3.94 1.80 6.09

$2.41 $ .67 $5.26 $7.90
.38 9.95 6.58 .85

4.63 .18 .08 .38

Subtract and check.

$7.72 $8.48 $6.72 $9.98
6.49 7.05 3.47 8.74

$4.95 $8.43 $5.06 $7.54
2.96 2.67 3.28 4.65

$10.42 $8.00 $12.45 $9.00
8.36 5.42 9.38 6.51
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November 3, 1965

Dealing with Money

Write the number sentence for each problem in the work
space.

1. Sue had $3.75 in her savings bank. She put $.65 more
in her savings bank. Sue has in her savings
bank.

2. The fifth grade donated $7.95 to the Junior Fed Cross.
The fourth grade donated $4.86. How much more did the
fifth grade donate than the fourth grade?

3. Russell spent 15t for a ball, 30t for a whistle, and
25C for a bell. Russell spent in all.

4. Jerry bought a book for $1.75, some paper for 15t,
and a notebook for 20t. How much did he spend in all?

5. William is saving money to buy a new baseball suit.
He saw one that costs $12.95 and one that costs $9.49.
William can save by buying the less expensive
suit.

6. Terry bought a bicycle tire for $2.49. How much change
should Terry receive from a 5-dollar bill?

0



N

Subtract

November 5, 1965

384 294 834 654
285 107 287 129

468 8500 200
279 685 34

Add

8700 6764 2624 3456
1056 9105 4765 7831

302 701 216 524
204 492 321 130
60 231 105 206

180 387 132 400

Find the missing number

61

"Z

206

302
123

892
346

4597
6601

353
215
400
604

42
+73 +65 -17
1OTJ -110" TUT

44, 65 73
+66

77

Subtract and check.

772
-649

100

99

848 672
-705 -347
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