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PREFACE

This thesis is a sequel to the author's qualifying paper, "Space
Requirements for Science Instruction: Grades 9-12." The qualifying
paper presented and analyzed some key issues in the design of science
facilities used by most science courses in grades nine through twelve,
Not all aspects of these facllities for science education were dis-
cussed, The paper concerned itself with the immediate school environ-
ment -- where the student would study under the science faculty,

From a survey of the literature, the need for a comprzehensive
volume presenting the options of goals in science, various methods, and
theoretical implications for school design was apparent. However, st~

a paper was still in the realm of logical opinion in two, completely

different levels of theory. The first level of theory held that facili-
ties do influence teaching methods, an assertion which many administra-
tors questioned. This assertion has been teken as the '"general hypoth-
esis" in this thesis. The second level of theory involved many ''speci-
fic hypotheses" which associated specific architectural design with de-
finite instructional methods. This study investigates the extent to
which evidence gathered on the sﬁecific hypotheses, taken as a group,
might serve as evidence for the general hypothesis. The thesis is an
attempt to gain empirical support for the rationale stated in the

qualifying paper.,

The research was made possible by the financial help awarded the
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author as a trainee under the Education Research Training Program of

the United States Department of Health, Education, and Welfare. Addi-
tional funds for the majority of secretarial, travel, comunication, and
computer expenses were obtained from the General Electric Foundation
Fund at Harvard Graduate School of Education and from that school's
liberal underwriting of computer use. The author 1is greatly indebted
to these sources of funds.

The cooperation of the superintendent., principals, science co-
ordinators, science department chairman, and teachers was outstanding.
Evidently, practitioners in the schools are extremely willing to help
when they feel that research can yield answers or give guidelines to
their pressing problems. Many thanks are due to those who willingly
gave as much as several hours during the survey of their science depart-
ment.

Other groups and individuals also participated in the introductory
phases of the research -- namely the State Departments of Education in
New Hampshire, Massachusetts, Connecticut, New York, and New Jersey,
and the educational consulting firm of Engelhardt, Engelhardt and Leggett. :

Through the planning stages and execution of the research, Harvard's v
personnel were available and often gave freely of their time in consul-
tation. The ability to design the research rationale was undoubtedly
a product of my general tutelage under Dr. Fletcher Watson, my faculty
advisor. He and others of my thesis committee, Dr, Donald Davidson and

architect Walter Hill, reviewed and gave valuable advice concerning the

design and reporting of the research. Drs. Marshall Smith and Richard
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Light lent specific advice and comment on the sampling and statistical
procedures used during the study, although the author claims full re-
sponsibility for any procedural choice. Many decisions rested on back-
ground and advice given in research design courses and statistical courses
given by Drs, Philip J, Rulon and Kenneth J. Jones, Through the latter,
I became acquainted with the use of the computer, Invaluable instruc-
tion in the use of IBM equipment was given b - Robert L. Stryker, Dr,
Douglas Roberts, fo.merly on the Harvard faculty, deserves many thanks
for his critique of the rationale presented in the qualifying paper, He
spent many hours acting as an editorial advisor for the qualifying paper,
Mrs. Sylvia Kovitz also gave her time as secretary to the department do-
ing innumerable small chores and relaying messages to my home.

Mrs, Elisabeth Abrams has done an outstanding job as the typist
for the thesis. Her abllity to work fruﬁ hand-written copy has speeded.
the publication of results,

The research has been @ family affair. My father, Nickeclaus L.
Engelhardt, Jr., has given mich advice as to the needs of practitioners
in the field of school construction. His experience with educational
research and in the fields of curricular and school building planning
has made him my second "faculty advisor," My wife, Patricia, and our
two children, Charlotte and John, have felt the day to day strain in-
volved with a study of this magnitude. During the visitations I saw
them only for thirty-six hours a week, over the weekend - even this

time was mainly spent in thesis correspondence. The strain was lessened
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by having my home act as a message relaying center. The contact with
them nightly compensated for the extra job given my wife. Without the
home office coordinating secretarial work and messages, this survey
could not have bcen done in four months. Throughout the design, execu-
tion, and reporting phases of this thesis, I have necessarily not had
as mich time as I would have desired for family activities.

To all these people and others comnected with the research, I ex-

tend my deeply felt gratitude und appreciation.

David Engelhardt
Bureau of Curriculum Innovation

Massachusetts State Department
of Education

March, 1968




TABLE OF CONTENTS
Page
PWACE. [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [} [ ] [ ] L] L] . L] L] [ ] [ ] [ ] [ ] [ ] [} [ ] [ ] [ ] [ ] 11

LIST OF TABLES [ ] [ ] o o o [ ] [ ] e o o o ] o o L] L] o o o o o o o

LIST OF ILILUSTRATIONS, . ¢ o 6 6 0 06 06 6 06 06 0 ¢ 8 06 c 8 8 0 s oXxiv

ABSTRACT [} ] [ ] [ ] L] L] o o L] L] o o ] [ ] L] ] e o o o L] [ ] [ ] L] ] o o [ ] [ ] xv

Chapter
F ' X. INTRODUCTION: BACKGROUND FOR THE STUDY:. ¢ o ¢ ¢ o o o o o 1

The Strategy of Research « « ¢« ¢« ¢ ¢ ¢ 2 06 ¢ ¢ 0 0 o o

E The selection of the topic ¢ o ¢ o o 0o 8 0 ¢ o 8 o @

i The provision of a rationale « « « ¢ ¢ ¢ ¢ ¢ o ¢ o o

Suggestions from practitioners . . ¢« ¢ . . o ¢ o o o

Design and accomplishment of the researche « « « ¢ &

The Model Being Evaluatedes « ¢ ¢ o ¢ ¢ o ¢ o

Method of planning facilitiese o« ¢ ¢ ¢ o o ¢ ¢ o o o

Assumptions inherent in the plamming method. . « . « 10

3 Inferred reverse model ¢ ¢« ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o 10

Selection of variables « o ¢ . ¢ ¢ ¢ ¢ ¢ o o o o o 11

ACCOMPlishment of goalSe ¢« ¢ ¢ ¢ o o 5 ¢ ¢ ¢ 0 o 11

Method ¢ ¢« ¢ o ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ 0 ¢ ¢ 0 ¢ 00 o 12

Facilities ¢« ¢« ¢« o o ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o ¢ ¢ o o o 15 {

Influence on methods « ¢« ¢« ¢ ¢ ¢ ¢ ¢ ¢ ¢ o « o 15
Spatial independent variables: ¢« ¢ ¢ ¢+ ¢ ¢ o o 17

Non-gspatial independent covariables, . « « « « o 18 ~
Rationalees o o ¢ ¢ o ¢ o ¢ v ¢ ¢ ¢ ¢ ¢ o ¢ ¢ ¢ o o o 22
General hypoth9818 ¢ o6 o6 o o o 0 0 06 0 0 0 0 e e > 22

sp801fic hypotheseS. ¢« ¢« ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o 25 )
Hypothesis ONE o o o o ¢ o ¢ ¢ o o 2 0 0 o o o o 25
Hypothesis tWO ¢ ¢ o ¢ ¢ ¢ ¢ ¢ ¢ 6 ¢ 06 ¢ 0 0 o o 26
HYPOtheSis three ¢« ¢« ¢ ¢ ¢ ¢ o ¢ 5 ¢ ¢ ¢ 0 0 o o 28
Hypothesis fOUr'e ¢ o o ¢ ¢ ¢ ¢ 5 ¢ o 0 0 0 ¢ ¢ ¢ 29
Hypothesis fives ¢« o o o ¢ ¢ o o o 06 0 ¢ ¢ ¢ ¢ o 30
HYPOtheSis BlX ¢ o ¢ o ¢ o ¢ o ¢ 0 06 0 0 0 5 0 ¢ 31
HYpOthQSis.seVQn o 6 06 6 © © o o ® o © ° 9 ® o @ 31
Hypothesis eight e o ¢ o 0 o 8 o 8 06 0 0 0 0 0 o 32
Hypothesis nineo o 6 8 © ® © © o ® © © ® ® o o @ 32
Hypothesis téN ¢ ¢ ¢ ¢ ¢ ¢ ¢ 6 6 ¢ 6 6 6 0 8 s ® 33
Hypothesis elevene ¢« ¢« ¢ o ¢ ¢ ¢ ¢ o ¢ ¢ ¢ 0 0 o 33

R
[ ]
[ ]
[ ]
[ ]
[ ]

OO~ N\ W

-

vi




II.

I1I.

IV,

Hypothesis
Hypothesis
Hypothesis
Hypothesis
Hypothesis
Hypothesis
Hypothesis
Hypothesis
Hypothesis

RESEARCH DESIGN. .

twelve.
thirteen.
fourteen.
fifteen .
sixteen .
seventeen
elgi.*-en,
nineteen.
twenty. »

Ex Post Facto Design Limitations

Sampling and Nomination Procedures
Interview Technique. e 5 & o o o o

Reason for the methode ¢ ¢ ¢ o
Persons involved « ¢« o o
Mode of data gathering .

The interview itself , . .

Analytical Procedures. . «
Applications of Conclusions.
Use of formal analysis . .

Use of anecdotal remarks «

REPORT ON THE INTERVIEW PHASE,

Trial SUI'VeY ¢ o ¢ o o o o o
Arranging Interviews « ¢ ¢ o
Sequence of visitations. « ¢« ¢ ¢ &
Completion of Visits and Interviews.
AbsenteeSe. ¢« ¢« ¢ ¢ o ¢ o ¢ o ¢ o o
Junier high visits incomplete, « «
Coding and Card Punching for Analysis.
Code adJUSthnts e o 6 6 o s o 3 o @
Periods per week, X(15) - X(16).
Predominant organism, X(36). . .
Cost of a lab peried, X(8) . . «
Size of SIHkS, X(39) e o o o o @
Average departmental budget,
Card PunChingo ¢ o o 0o o o o o

ANALYSIS OF DATA L ] ] L] [ ) L] * o [ )

Characteristics of the Sample.
Statistical definitions.

Skewness . .
Kurtosis .

e o & o S

Normality test + « ¢ o

vii

[ - [ ] L [ ] [ ]

X(6)

[ ] [ ] . [ ] [ ] [ ] [ ] [ ] [ ]

[ ] [ [ ] [ ] [ ] [ ] [ ] [ ] %

- [ ] [ [ ] [ ] [ ] [ ]

[ ] [ ] [ ] .




82

SchoOlSe ¢ ¢ ¢ o ¢ o 0o o 0o s ¢ o o o 0o o o o

Average departmental budget, VAR(3)e ¢« - s ¢ o o «» 83

Budget per pUpil, VRR(9) o o o6 o o o o o 2 0 s o o 83

Cost per Iab, VAR(6) C 8 e ® & 8 6 « 8 e o * ° @ 84 ;T."ﬂ’
Total college entrants, VAR(IO). ®» o 5 o o & ¢ o 85 -
School enrollment, VAR(16) ® o ¢ & o o o o o o o 86

Mean years in department, VAR(21). « « « & . 87
3 . Availability of late bUS, VAR(65). e o ® 3 o e o »® 88

: Teachers . ¢ ¢ o 8 ¢ o ¢ ¢ o « o 5 o o 5 o 8 0 o 88
SUbJect experience, VAR(I) ® ¢« o o o o 8 © o 0 o 0 88
First course level, VAR(AO)O » o 8 o © o‘o * s o o 89
‘ Second course level, VAR(41) o« « « o o o o o ¢ o« » 89

Grade, VAR(AZ) ® 5 8 5 8 % & 9 0 o ® v O o B e s 0 90
Course Eubject’ VAR(43)0 ® o 8 o 58 9 o o 5 8 8 0o o 90
[_ Laboratory~-classroom relationship, VAR(47) . . « « 90
- Number of students in the
laboratory, VAR(SO). e o ® o 8 ® © 85 o ©° 8 o o ® 91
Number accommodated in individual '
lab space, VAR(56) e © ® ® 8 & ® 3 ® & © o o 2 @ 92
Teacher has own classroom-
3 Iaboratory, VAR(63)0 @« o » o ® 9 3 8 o 8 ® o & @ 92
Number of years in the system, X(lo) T -
Dependent variable distributions . . « o . o o o o o 93
Specific Hypotheses. e & 0 8 O ® e & ® 9 ° ° o 0 9 9 O 96
Hypothesis ONE ¢ ¢ © o ¢ ¢ o & o o © o 0 o o 5 o o ¢ 98
Hypothesis tWO ¢ ¢ 2 ¢ ¢ ¢ o o o o o ¢ 8 0 o o & &+ o 101 .
Hypothesis three ¢« ¢« ¢« ¢« ¢ o ¢ ¢ s o o o o 0o o 0o o o 104
Hypothesis fOUrs ¢ ¢ o 5 ¢ 0o o ¢ 2 o o & o o & o o o 107
Hypothesis fivees ¢ oc 6 ¢ ¢ 6 o ¢ o o o o o o o o o o 108
Hypothesis five prime. 2 8 ® & 2 ° 8 8 ® 9 o o & o 0 110
Hypothesis SIX ¢ ¢« o ¢ o ¢ o 06 0o 0 0o 0o 0 0 v 0 0 0 0 111
Hypothesis SeVvelN ¢ ¢ 8 o o o ®» & 3 6 8 8 @ & o o o 0 113
HYpOth981s eight ©o 86 5 © 0 5 9 5 ° o o ® & 0o & 0 o 117
Hyp0th9818 Ninee ¢« o o ¢ ¢ 6 6 ¢ ¢ o ¢ ¢ o o 0 s o 0 119
Hypothesis ten ¢ ¢ ¢ o 5 o o 6 8 0 o 0 0O s s s e e s 119
Hypothesis elevene o o ¢ o o 8 ¢ o o o o s 0o o o e 0 120
Hypothesis twelves ¢ ¢ o o ¢ 0o o 0 0o o 0 0o 0 2 0 o » 125 1
Hypothesis thirteeno o« ¢ o o o ¢ ¢ o 5 0o o o o s o o 127
Hypothesis fourteen: ¢« ¢« o ¢ o o ¢ ¢ s o o o o o o o 128
Hypothesis fifteen o+ ¢ o ¢« o ¢ ¢ o o o o o 0o o o o o 129
Hypothesis sixteen o & 8 9 © & 9 8 © 8 ® o 0 v O o o 133
Hypothesis seventeen ¢ ¢« o ¢ o o ¢ o o o o 0 0 0 0 0 133
Hypothesis eighteen and eighteen prime . « « ¢ o o & 135
Hypothesis nineteene ¢« ¢« ¢ ¢ o ¢ ¢ o s o 0 o o o o o 136
Hypothesis nineteen prime. . « s o o o ¢ o o o o . o 137
Hypothesis twenty. ® o o 5 o o 8 8 8 ® 8 o 0 o 5 o 0 139
General Hypothesis e 8 1L 8 8 8 8 ® ° ® 8 ° 8 e O 0 0 0 139

viii




V.

vVi.

Hypothesis
Hypothesis
Hypothesis
Hypothesis
Hypothesis
Hypothesis

(type of
Hypothesis
Hypothesis
Hypothesis
Hypothesis
Hypothesis
Hypothesis
Hypothesis
Hypothesis
Hypothesis
Hypothesis
Hypothesis
Hypothesis
Hypothesis

(student
Hypothesis
Hypothesis

CONCLUSIONS AND ANECDOTAL DATA. « .

General Hyp0the818. ¢ o o o @ 2 O o o 0
Specific Hypotheses ¢ o o o o o 0 o o 0
one (library usage).
two (wet inquiry lab

2

L]
L]

modal). o o

three (cooperative assignments).
four (lab team approach) « « «
five (outdoor individual projects)

five prime

area -=- projects). e o o o 8 o 2

six (type of outdoor classroom).
seven (indiyidual lab space) .
eight (ninth grade biology).
nine (film showing). « « o
ten (teleViBion) o o o o o
eleven (central storage) .
twelye (greenhouse). « o
thirteen (growth chamber).
fourteen (own room). « « o
fifteen (sink size). « « o
sixteen (optics exercises)

seventeen (undirected wet lab
eighteen and eighteen prime

)

accels). e 6 6 6 o o o o o o o

nineteen (teacher access). .
nineteen prime

(acce88-1HQU1ry). e o o o o o 5 o o
Hypothesis twenty (modal organism). .

Educational Specifications.

Inquiry teaching. ¢ ¢ « o«
Wet laboratory teaching
Miscellaneous methods .
Use of the library. .
Use of teleVision o o
ShOW1ng of films. « o
Stimulation of individual
Lower equipment and supply costs. .
Optics experiments. e @ o o o o o @

ix

APPLICATIONS AND INTERPRETATION « ¢« ¢ ¢ o

projects.

Consequences of Architecture. « « ¢ « &
SUMMATrY o« o ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o o o o o
A New Area of Researche ¢ ¢ » ¢ ¢ o o o

v

L] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] ® (9

o o 14l

141
145
143
147
149
149
150

150
151
151
152
153
154
154
154
155
156

. 157
o 157

158

158
159

160
160

151
162
164
166
166
166
166
167
168
169
169
170
171

161




Appendix
A. Tl{E INTERVIW scmm‘E. [ ] [ ] [ ] [ ] ) , [ ] [ ] [ ] [] [ ]

B. VARIABLE LIST AND DEFINITIONS , o > o o « o
C. KINDS OF LETTERS SENT TO ARRANGE INTERVIEWS
D, ANALYSES USED FOR CROSSBREAKS , s o ¢ > o o

BIBLImRAPHY ® © o o © o o o ®v o @ o ©o o o 0o o 0 o

VITA. o e 0 o o o ® o & © o ® o o o 0 0o O 0o & & o o

173 |
192
2u4
213
229

234




LIST OF TABLES
Table Page

1., Number of Schools Nominated by Each State. ¢« ¢« ¢« ¢ o ¢« ¢« o« « 48

2. Ncminated Schools and Visitation Recorde « ¢ ¢ ¢ ¢ ¢ ¢ o o & 69
3. COStPerLaboratory,VAR('?);................ 85

lt. School&‘lrollnent,VAR(17)................. 87

5. Grade Distribution of Teacher Situations
PrOdu01ngDataoooooooooooooooooooooo90

6., Teacher-Subject Frequencye o e« s o o« o« o o« o o o ¢« s o o« o o 91

7. Frequencies of Teachers Using Certain Methocs in
Specific Courses and with Specific Levels of Students., . . 94

8. Contingency Table for HYF-OthEBiS One « « ¢ ¢ #» ¢ 0o ¢ 0 060 ¢ 99

90 Hypoth9818 orte""’spe(:ified C!‘OSSbl‘eaks. ® 6 o © @ ® ® 2 e e o 100

10. Contingency Table for Hypothesis TWo « ¢« ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o« 102
11, Hypothesis Two--Specified Crossbreaks. . o« ¢« s o o o ¢ ¢ o o lé§\~;
12, Contingency Table for Hypothesis Two Modifiede « ¢ o o« o« « o 104
Vie Mapeitoata e Mt ctel SpoctClod Covnshttoaka o o o 6 o o o O
14, Contingency Tables for Hypothesis Three. « « o« s ¢ o o ¢ o o 106
15. Hypothesis Three--Specified Crossbreaks. « « « o o o o o o o 107

16, Hypothesis Four--Kolmogorov-Smirnov Test
Frequency Comparison of X(46) Responses. « « ¢« ¢« o o o o o 109

17. Contingency Table for Hypothesis Five Frime, ¢« ¢« ¢« ¢« ¢ ¢ ¢« o 110

18, Hypothesis Five Prime--Specified Crossbreaks o« « o o » o o o 111

19, Contingency Table for Hypothesis Six ¢ ¢ ¢ o ¢« ¢ ¢ ¢ ¢ ¢ o o 112




LIST OF TABLES--Continued.

Table ‘ Page
20. Hypothesis Six--Specified Crossbreaks. « « ¢« o« ¢ « « ¢ ¢« o« 112
21. Contingency Tables for Hypothesis Seven. « « ¢« ¢« ¢« ¢« « o o 113
22. Hypothesis Seven-~Specified Crossbreaks. . o « =« « « ¢ » o« 115
23. Contingency Table for Hypothesis Eight . « ¢ ¢ ¢ ¢ ¢ « « « 118
24, Hypothesis Eight--Specified CrossbreakBe « « « « o « o o« o 118
25. Centingency Tables for Hypothesis Nine . . . . ¢« ¢« ¢ « « « 120
26. Parametric Tests for Hypothesis Nine « ¢« « ¢« ¢ ¢ ¢ & ¢ .. 121
27. Hypothesis Nine--Specified Crossbreaks « o« ¢« o ¢ o z o ¢ o 122
28, Contingency Table for Hypothesis Ten ¢« « o« ¢ « ¢ o o « > o 123
29, Hypothesis Ten--Specified Crossbreakse. « « « o o o .« e o o 124
30. Contingency Table for Hypothesis Elevene ¢« ¢« o« ¢ ¢ ¢ ¢ ¢ o« 123
31. Hypothesis Eleven--Specified Crossbreaks « « « o o o ¢ o o« 126
32, Contingency Table for Hypothesis Twelvee o ¢ ¢ o« ¢ ¢ ¢ ¢ o 125
33. Hypothesis Twelve--Specified Crossbreaks « « ¢ ¢« o ¢ o« o o 127
34, Contingency Tables for Hypothesis Thirteen o , « o« 5> o » o 128
35. Contingency Table for Hypothesis Fourteen. « « ¢« ¢« ¢« « o o 129

36. Contingency Table for Hypothesis Fourteen Using
LabCenteredVariable............a..... 130

37. Hypothesis Fourteen-—Specified Crossbreak Using
LabCentet‘edVariable.;................ 131

38. Contingency Table for Hypothesis Fifteen . « ¢ ¢« ¢« ¢« « o o 131
39. Hypothesis Fifteen--Specified Crossbreaks. « « « ¢« o o« o o 132
40, Contingency Table for Hypothesis Sixteen « « ¢« « ¢« ¢ +» o « 133

41, Hypothesis Sixteen--Specified Crossbreaks. « « ¢« ¢« « ¢ + « 134

xii




- LIST OF TABLES~-Continued. :

Tablie ‘ - Page
42, Contingency Table for Hypothesis Seventeen., « . + « o . o o« 134
43, Hypothesis Seventeen--Specified Crossbreak: « « + o« o ¢ o« o 135
44, Contingency Table fof Hypothesis Eighteen « « « ¢« ¢ s o o« o 136
45, Contingency Table for Hypothesis Eighteen Prime o ¢« « « « « 136
46, Centingency Table for Hypothesis Nineteen « « ¢« ¢ ¢ ¢ o o » 317
47. Hypothesis Nineteen--Specified Crossbreaks. « « - ¢ o ¢ o o 138
48, Contingency Table for Hypothesis Nineteen Prime . « « + « « 138
49, Summary Results of Specific Hypotheses. . « « « .‘. e« o o o 140
50, Significant Findings of the Specific Hypotheses « « ¢ « « . 14k

51.MuimvaluOSforCQ0000000000000000000218

xiii




LIST OF ILLUSTRATIONS
Figure Page

1, The Procedural Model for Drafting
Educational 8p6°1fications. e © ® ® o © ® ®» 2 o ® ® @ ® O ® 8

2. The Inferred Reverse Model Demonstrating
Underlying Assumptions of the First Model + ¢ ¢ ¢« ¢ ¢« ¢« &« o« 10

3. Schematic Crosstab KGY. ® ¢ ® o 3 & 4 8 o © 0 8 o 0 o o @ 0 0 214

xiy

-




ASPECTS OF SPATIAL INFLUENCE ON SCIENCE TEACHING METHODS
by David F., Engelhardt

Abstract |

The existence of asseciations between characteristics of architec-
tural space and science teaching methods in secondary schools was 1;—
vestigated. Exemplary science departments from New Jersey, New York,
Connecticut, Massachusetts, and New Hampshire were included in the <\\
sample. Only science departments occupying facilities built or reno~
vated since 1960 were considered for nominations. By interview techni-
que, 496 teachers in 59 high schools (or associated junior high schools)
were questioned regarding their teaching practices. Responses were
statistically compared with the facilities available to the responding
teachers, Most teachers were given individual thirty minute interviews
i:: the spring of 1967. Characteristics cf architectural space were
found to be significantly associated with cercain teaching practices.
This finding should emphasize the necessity for proper drafting of ed-
ucational specifications.,

Since specific hypotheses were reasoned prior to gathering empiri- 1
cal data, a causal connection between architectural design and science
teaching practice was suggested where a significant association was veri-.
fled statistically, Other interpretations were acknowledged; neverthe-
less the highly significant findings, which may serve as empirical guides
for future design of schoel science facilities, have validity regardless
of their interpretation.

Assoclational measures were consistently weak, with some improve-

ment mnifested when contingent conditions were specified. The main




Abstract, p. 2
method ef testing the null hypotheses was by non-parametric analysis,
Crossbreaks were presented first without specification of contingent
conditions and then with up to three specifiers regarding non-architec-
tural characteristics, Anecdotal remarks were not fully analyzed and
did not influence the testing of originally stated hypotheses,

Twonty specific hypotheses were evaluated. Classroom-laboratories
were found to be associated with wet inquiry methods, proximity of the
library with usuage, large sink size with higher frequency of laboratory
periods in biology and earth science, undeveloped outdoor areas with
outdoor probilem solving, and individual lab space with frequency of
individual projects. Central storage was associated with higher cost
per lab period in small schools and with lower cost per lab period in
schools over 1,000 pupils. Greenhouses did not stimulate much experi-
mental work with plants. Except for energetic Jimior high schoel teach=-
ers, senlor high school biolegy teachers tended to be inquiry oriented
more often than ninth grade biology teachers housed in junior high fa-
cilities. Convenient after-hour access by teachers to laboratory facili—
ties was assoclated with more lab work when classes had the usual time
allowance for lab, Sunlight can be considered more a contaminant than
an ald in science facilities.

Scheduling and other administrative procedures had deep influence
on inquiry teaching. Subsequent publication of these results may be

labeled as part of the Facllities Research Project.
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CHAPTER I
INTRODUCTION: BACKGROUND FOR THE STUDY

The design of facilities for science instruction has been of deep
concern to school administrators and architects., Despite the expense
of laboratery construction and the recent stress on certain types of
lab-centered science teaching, little has been written which can allow
administrators and architects to decide among the various.poséibiiit;;;\‘\
for laboratory design. This study addresses itself to those who wish
empirical studies of some opiniors in science facility design. Such
opinicns and supporting theory are presented in the author's qualify-
ing paper,1 which reviewed various instructional methods in science and
presented some specific propositions about the influence of the design
of secondary school science facilities.

The major concern of this thesis is to evaluate the plamsibility
for the hypothesis which justifies concern for the design of schools.

This general hypothesis, stated in alternative form, reads -- the char-

acteristics of architectural space siggificantix Lnfluence.g.teacher's

e

1Dav1d F. Engelhardt, "Space Requirements for Science Instruction:

Grades 9-12" (unpublished qualifying paper for the Ed. D., Graduate
School of Educstion, Harvard University). A copy of this paper is avail-
able on interlibrary loan from the School of Education Library, Harvard
Graduate School of Education, Appian Way, Cambridge, Massachusetts 02138.
One should ask for "Space Requirements for Science Instruction: Grades
9-12" by David Engelhardt, series -- Qualifying Paper, October 1966,




basic methodolegy of science teaching. Most -~ hiiects and educational

consultants assume the general hypothesis to be true, but many school
administrators are skeptical. If one does believe that such a relation-
ship exists, then mere specific questions arise. Finding answers to
them is the secondary purpose of this study. Taken as a group, the
specific hypotheses (which were generated from specific questions)
should form a hasis upun which to evaluate the general nypothesis
stated above.

In the various sections to come, it will be apparent that the Fa-
cilities Research Project1 has been conducted with a desire to yleld
practical information for practitioners in education and architecture,
In some aspects, such as sampling, adopted procedures are not generally
valid for most investigations, Such procedures are usec to avoid anti-
cipated objections from those administrators who may be reluctant to
adopt the conclusions of this study. Although this statement may ap-
pear to show prejudice on the part of the investigator, the effort marde
in being an impartial data gatherer is apparent from the interview an-

alysis -- many null hypotheses were not rejected.2

lFacilities Research Project is a collective term for this study

including papers te be forthcoming.

2Anecdotal remarks were not included in the statistical analysis
for this paper; subsequen’ reports may show rejections of null hypethe-
ses when new specifying conditions are added.




The Strategy of Research
The Selection of the Topic

Why was the influence of architectural space1 on science teaching
methods chosen as a subject for investigation? In the field of educa-
tisnal research, new funds have been made avallable for research in
problems close to the classroom and for application of research find-
ings. Although these »roblems may not allew tight experimental design,
this study attempts to demonstrate a fruitful exploration of a strong
hypotPesis which may appear to be statistically supported even without
all pertinent variables being controlled. From acquaintance with the
educational consulting firm of Engelhardt, Engelhardt and Leggett, it
was apparent that disagreement existed among educators about the most
appropriate design options for instructional facilities in science,
Because the question seemed almost unexplored by any sophisticated re-
search, it appeared that any answers would be welccme,

The selection of this topic for study did not involve the assump-
tion that characteristics of architectural space were the major deter-
minants of teaching method, The premise was that, under certain cir-
cumstances, facilities are the deciding factor in conscious decisions
of teachers and are a subtle influence during the formulative stages

of teaching plans,

1
For an extended discussion of the term "architectural space"
see -- Dayid Engelhardt, pp. 2-5.
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The Provision of a Rationale
The rationale for the study was developed dur’ng several! months
and appeared as an independent volumel before the data gathering was

planned. This sequence of research gives greater strength to conclu-

sions based on ex post facto research or survey techniques. There is
less chance of predicting spurious relations existing 1n'an unknown .

sample, whereas finding spurious relations after gathering data is more

-—-.,v‘--.wu.—-q.....v._.),w;,.._......v_

likely when no limit is placed on the null hypotheses entertained.2

The importance of a predicted correlation of .0l significance should be
greater than a cwrelation of the same significance and magnitude found
without predicticn. The fact that a theory could lead to the same re-
’ lationship as found in nature lends more credibility to functional re-
lations between two variables. Such a characteristic in design is ad-,
vantageous to studies -- this study being an example -- which have ten-
uous causal interpretations because of their ex post facto nature, In
this :tudy relations are formulated after gathering data for one pro-
cedure; this is the selection of non-architectural factors3 for specify-
ing conditions under which spatial factors become limiting. o

The qualifying paper approached the topic of architectural design ‘A

1Dav:ld Engelhardt, the qualifying paper.

2The word "entertalned" is used to replace "tested" since, in this
instance, the sequence precludes testing -- other than a mathematical
test of significance.

3Hereafter referred to as "non-spatial factors"; spatial factors
on the other hand pertain to architectural space.
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by outlininy several examples of instructional goals that could be cho-
sen for sclence teaching, The paper pointed out that net ali such goals
could be accomplished, even partially, in one year and went on to urge
planned articulation of courses with various goals, A conclusion was
reached that the least costly, but still effective, “uilding would have
different facilities for the various course gculs, Methods were reason-
ed from.goalsl, and educational specifications were then given with four
basic determinants in mind:

1) gross activities and sub-group organization; S

2) number of students in the spacej

3) services, for example: gas, ventilatien, sighting;

4) location within the school and, to a lesser extent, the

site upon which the school is built,

The qualifying paper noted two emergent issues involved with the
discussion of the mudel drafting procedure2 for educational specifica-
tions of school science facilities: 1) Are facilities a limiting fac-
tor in permitting certain instructional methods to be employed? If so,
under what conditions does the architectural space become the limiting

condition? 2) Does the presence of some obyious architectural facility

1Some research on the effectiveness of methods to accomplish these
goals was presentedj but, in the main, the lack of educational measure-
ments left to administrators the decisions among theories,

2Infra, p. 8




suggest a certain instructienal nnthod?l

This thesis does net engage in a sophisticated study of the second
issue: suggestiveness ef space., This study is limited to examining the
degree to which facilities are correlated with teaching methods and to

specifying conditions where space may limit teaching procedures.

Suggestions from Practitioners

The last step in *he rationale, reasoning from methods to appro-
priate facilities, is tested here with empirical survey data. Specific
, statements from the qualifying paper were selected for investigation.

A few hypotheses were added later from suggestions made by practition-
ers in school building design,

With the aid of these practitioners, twenty hypotheses were chosen
from over ninety statements irn the qualifying paper asserting relations
that might be examined by survey methods. Two criteria formed the basis
of selection:

1) Could the hypothesis be tested within the duratien and cir-

cumstances of this study?

2) For the scheol designer, was knowledge about a certain rela-

tionship important?
Hypotheses selected did not have to meet both criteria. From this stand-

point, the various hypotheses have varying degrees of importance -- from

1An example of the suggestiveness of space might illustrate the
concept surficiently without reference to the quali:ying paper (David _
Engelhardt, pp. 7-9, 85-88): The presence of individual laboratory ,en
cubicles might stiimlate the undurtaking of individual projects, T




a study relating size of sinks and amount of lab work, to a study of
the effect of having separate laberatories and classrooms on the tend-

ency to use inquiry methods.

Design and Accomplishment of the Rescarch

Following the selection of hypotheses, the research was designed
with the aid of faculty members versed in statistics, sampling theory,
and factors influencing science teacher behavior., The interview sched-
ule was formulated, critiqued, and tried in a few schools in eastern
Massachusetts., While a final form of the interview schedule was being
made, requests for nominations of schools to be included in the survey
were being answered.

At first, schools were visited in the order which visitation per-
missions were obtained. As the list of schools became larger, areas
were visited to minimize travel expenses., From March 1967 until mid-
June 1967, the author gathered data through individual interviews with
teachers. Data were then transferred to punch cards, and analysis was
accomplished using Harvard's computatien facilities., Anecdotal remarks

remained on file for interpretation at a later time. A report to par-

ticipants and several journal articles are to be published in order teo .

fulfill the practical aims of the research.
Except for final editorial work, the aspects of the Facilities
Research Project reported in this thesis took a busy seven months of

full time work. Total expenses for travel, commnications, and
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1
secretarial work amounted to $2500. An estimate of useful computer
2
time” was sixty-nine minutes. Three months were spent in writing the

original draft of this thesis and in analyzing non-anecdotal data,

The Model Being_Evaluated

Method of Planning Facilitles

N. L. Engelhardt and ethers have found that commun1£ies are most
satisfied with school building programs when the initial planning phase
has been based on the "statement of philosophy" under which the scheel
would operate.3 After the basic purposes and goals have heen recog-
nized, the planning process continues with the next arecas of concern.

The curriculum and the general methods of justruction that will

be followed are discussed at length. Class sizes are defined,

the teacher and pupil needs are eutlined and the space requirements

are fully set forth.

This procedural sequence for drafting educational specifications may

be represented by the model in Figure One.

I GOALS —-—> METHODS -—% FACILITIES

Fig. 1 - The procedural model for drafting
educational specifications,

1Secretarial work does not include work connected with the prepara-
tion of the thesis proper. Of the above total cost, $150 was attribu-

table to secretarial work,
2Later sections specify the programs and model ef computer used.

3N. L. Engelhardt, N, L. Engelhardt, Jr., and Stanton Leggett,
School Planning and Building Handbook (New York: F. W. Dodge Corp., 1956),

P. 5.

l‘Ibid.
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The major premise of the model is that the educator who knows the
goals and intended instructional methods of the school system can par-
ticipate effectively with the architect in shaping the educational
space within the classroom and on the schoel site,

Use of the model produces educational specifications which are
highly flexible in the actual process of designing schools. The archi-
tect knows the basic educational needs and goals) this knowledge enables
him to modify specifics as the building plan develops. As a consequence,
fulfillment of the educator's desires is not so dependent upon other
design features. By utilizing the model and the four basic determin-
ants of spatial adequacy,1 the educator becomes a more effective con-
tributor to the final school plan than does one who only requests spe-_

Nl
cific architectural items. N

When educators are aware of the basic goals inherent in the use of

various methods, achievement of economy and efficiency for the total
school program is possible, The expense of laboratory facilities may
or may not be justified after examining basic goals. The model might
stimulate teachers and science educators to look for alternative re-

quirements for many objectives which formerly had only one method of

f

:

!

%

E

; being accomplished. The introduction of newer, more efficient methods
3

E of teaching -- from the use of growth chambers to computerized teaching

machines -- will be alided by a thorough analysis of goals, methods, and

1Supra, P. 5. The four basic determinants are mentioned through-
out the qualifying paper, David Engelhardt, pp. i-1i +.
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facilities. The model suggests such analysis,
Assumptions Inherent in the
Planning Method
1
The qualifying paper” was a demonstration in the use of the model
in Figure One; this demonstration raised issues which have led to the

present research and could lead to new insights in the realm of school

design.

Inferred reverse model

The medel expressed in Figure One involves several important as-

sumptions which become evident when the model is reversed as in Figure

Two *
Accomplishment
Facilities influence | Methods influence of
e — Goals

Fig. 2 - The inferred reverse model demon-

strating underlying assumptions

of the first model.
The reversal of the model is a method of revealing the justification for
the recommended procedure for drafting educational specifications., Such
justification would claim that methods do influence goals (assumption
one), facilities do influence methods (assumption two), and that facili-
ties influence the accomplishment of goals through an indirect influence

on methods (assumptien three). If one wishes to test the model, the as-

sumptions might alse be tested. Does the operation of schools appear to

1
David Engelhardt, pp. 10-79.
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support the contention that this method of planning schools is justified?

Selection of variables

If one examines the variables in the reverse model, it i1s apparent
that an investigation could measure facilities, method, and the accom-
plishment of goals., The reasons for selecting only a portion of the

model for empirical examination are given below.

Accomplishment of goals

Since the main objective of our school system is to accomplish
their instructional geals, it might have made most sense to evaluate
the effect of facilities en accomplishmert of goals (hereafter referred
to as "accomplishments"). Since others have been attempting to measure
the influence of methods on accomplishnentsl and have not succeeded in
evaluating many important educational outcomes, it seemed legitimate to
leave this field of endeavor for large scale efforts outside this thesis.
These efiorts will depend upon the development of new measurement tech-

niques and improved instruments. It is therefore assumed that instruc-

tional methods gg.influence accomplishments. This thesis does not con-

cern itself with assumptions involved between specific methods and cer-
tain goals, If a general relationship between methods and goals is
acknowledged, then attention to what methods are employed is justified.

If a factor influences methods in general, then study of that factor is

—

1David Engelhardt, pp. 21-47, 98-108. In this reference, a review
of method research is glven as an example of information and theoretical
foundations now available to aid policy-setting administrators in choos-

ing appropriate »:thods.

11
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Justified.
If accomplishments are presently too difficult tc measure for com-
parison with methods, direct comperison of facilities and accomplish-

ments would be equally impractical,

Method

In this study, teaching method is not taken as an i;dependent ver-
iable, but as a dependent variable., A wide variety of metlods were se-
lected with considerable diversity in importance., Diversity in answers
for the various teaching methods indicated that téachers were not reluc-
tant to answer candidly.

Teachers inevitably use a combination of methods and techniques.
This research attempted to classify a teacher's technique by his tend-
ency to adopt certain methods. His modal tecknique, his mast used ms-
thod, was generally taken as his answer for interview questions, In
other instances he was asked if he had ever used such a technique this
year., This procedure in measuring the dependent variable will intro-
duce error, but with a large sample it was assumed that answers would
tend to be valid =— with errors in responses balancing each other when
the teachers actually taught predominantly in another manner., When
given choices of two methods, teachers may have answered that both me-
thods were used equally., A forced choice was used to reveal the tend-
ency or at least to randomize the error. Such a design might yield low,
but significant,correlations., These correlations might improve in mag-
nitude 1f anecdotal remarks were used to eliminate the responses of

teachers having to make close decisions,




In order to construct questiens which seemed valid and proper, ex-
perience in teaching and awareness of the various views in science edu-
cation were needed. Certain contrasting methods were chosen te provide
over-simplified descriptions of a teacher's instructional approach; this
selection of certain methods involved an element of risk for the evalua-
iion of the general hypothesis since the selected methods. might not have
been closely associated with architecture. Value judgments were made
when deciding how often a certain activity had to be done to accomplish
goals inherent in each method.1

Since the laboratory is an expensive part of science facilities, a
large portion of the teacher interview was based.on a three-way classi-
fication of instructional methods for the laboratory phase of sclence
courses.2 The laboratory variations can be described by using three
groups of adjectives: 1) wet-dry, 2) verifying-inquiring, 3) directed-
undirected.

A wet laboratory occurs when actual apparatus, organisms, or chemi-
cals are manipulated by the students. A dry laboratory occurs when vi;

carious methods are used to simulate wet lab or when data are gathered

from a demonstration. Actual contact with the real subjects is avoided,

" o

1A specific example where such a judgment may have been in error is
where the teacher was asked if he usually used the class team approach
in laboratory, students pooling their data rather than being autonomous
individuals or small teams. few teachers usually used the approach, but
anecdotal remarks would probably show that this approach is used by many
more teachers for a s aller, significant portion of time.

zDavid Engelhardt, pp. 23-24, 92-97 gives a full discussion and

cites published examples of the various types of laboratory activities.
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but raw data could be given to students. Models can be used by students
in place of actual materials., A film -- or televised experiment -- could
also supply data. Students could ask computers or teachers, "What would
happen if...," and the reply would supply the data as if an actual ex-
periment had been performed.

A laboratory experience is a yerifying exercise when: there is know-
ledge of the outcome or gemeral trend of data prior to the experiment.

The stucdent is suppesed to arrive at a foregone conclusion from his data

—= the student could write the conclusion of his lab report before doing

such an experiment. In the inquiring (or inquiry) laboratory, the an-
swer is not known by the student before the analysis of data 1s complete.
Data cannot be fabricated with certainty, although the experiment can be

done with a prediction in mind.l

A A e kL e Ak e s okt

A directed laboratory is one in which the student is restricted in

his activity by printed or verbal instructions. In the undirected lab~-

oratory activity, the student may be given a problem, but he must de-

sign his own experiment. Directed labs may blossom into undirected stud-

ies.

The options for laboratory methods, vicarious and otherwise,

1In physics, labs were considered inquiring if the student or class
rigorously derived a relationship by machematics before going inte the
laboratory to see if his calculations were correct. 1f the teacher dem-
onstrated how the derivation was done, not giving the students a chance
to function as theoretical physicists, the laboratory would be termed
verifying. The approach -- theoretical or experimental -- that the phy-
sics teacher may adopt would be indicated by anecdotal remarks on the
interview records. Both approaches reflect what physicists do today,
which 1s one goal of the inquiry course. o
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classified by the three characteristics mentioned above are as follows:

1. wet verifying directed
2, wet verifying undirected
' 3. wet inquiry directed
L, wet inquiry undirected
5. dry verifying directed
6. dry verifying undirected
7. dry inquiry directed
8., dry inquiry undirected

The thesis is mainly concerned with each of the first four types and

the last four as a group.

Facilities

E Influence on methods. —— Facilities are but one possible influence on

teaching methods. The existence uf multiple factors makes it difficult
to measure the influence of facilities, although the facilities them-
selves are easily measured. Rationale has been givenl, and predictive
hypotheses have been made. The reasoning behind these hypotheses in-

volves the claim that characteristics of architectural space limit or

stimilate certain types of activities, The reader should be aware that
this study cannot fully support a conclusion based on the above reason-

ing, since alternative interpretations could be equally plausible with

-

™~

~

ex post facto research,

r* 2 ik Pl e

1Dav:ld Engelhardt -- The qualifying paper presented the rationale
} in full.

zFor discussions reflecting the limitations and standard terminel-

‘ ogy of ex post facto research, the reader may wish to corpult Fred M.
Kerlinger, Foundations of Behayvieral Research (New York: Holt, Rinehart
and Winston, Inc., 19655, pPpes 359-373 and Claire Selltiz et al., Re-
search Methods in Secia. Relatiens (New York: Holt, Rhinehart and Winstonm,

; Inc,, 1959) pp. 50, 65-78, 80-88. In some cases, alternative hypotheses
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Without randomization or manipulation of students, teachers, and
environments, the investigator can only gather circumstantial support
for hypotheses -- increasing the plausibility of the hypothesis from
opinion to an acknowledged phenomenon.1 Of course, the potential con-
sumers of this research could make use of a correlation, no matter what
the causes of that correlation.2 An example of an alternative inter-
pretation is that teachers may be attracted to those facilities com-
patible to their methods of teaching. Either this interpretation or
others cited in the qualifying paper will result in the same action
during the design of the school building, and the methods used in that
school would probably be the same.

In summary, although no causal connection can be 1nferredlfroy'thg\
data obtained in the Facilities Research Project, the hypothesized re-

lations between architectural space and teaching method will serve ad-

ministrators and school designers. The finding of no correlation has

-
)

can be examined in the same study. Nevertheless, control in ex post
facto research is not as rigorous as in experimental investigations.

1If no significant correlation is found, the plausibility of the
hypothesis 1s lessened. One cannot say the correlation does not exist
in this case; the phenomenon may have been hidden by some unknown co-
variable not studied. Negative research (where the null hypothesis was
not rejected) rarely proves anything. The support of null hypotheses
is best left only as a statistical technique for verifying assumptions
of distribution to meet parametric test requirements.

21¢ such decisions do not yleld expected results, faise hypotheses
of causation can be modified with knowledge of fallure conditions. 1In
this situation, the consumer has been able to manipulate the environ-
ment and in the process has revealed another pertinent variable.
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dubious interpretation -=- a reason why negative findings should rarely
be publicized., If correlations are found, more research should be con-
sidered. The ex post facto design is really an exploratory or descrip-
tive phase of research, At present it is difficult to design controlled,
experimental research in the area of architectural design,
Spatial independent variables. ~~ The term "facility" is Aften.takeﬁ—fix
include persemnel and equipment outfitting the department (as indicated \
by the commen usage ef the phrase, "military facility"). This study cen-
cerns itself with large equipment items having bearing on original spec-
ifications for a new scheel and on the overall design o the science
facilities, For this reason the architectural term "space" is often
more appropriate than facility.

Each hypothesis and its variables differ in their significance for
architects. In no way could each specific hypothesis be given a weight
to be used for statistical inference to the general hypothesis. This

inference must be made subjectively.

The spatial independent variables are indicated in the interview
schedule located in Appendix A. Their answers have colum code numbers
forty-two through sixty-eight in the nSpatial Factor Assessment" section.
Anecdotal remarks have indicated that some administrative procedures can
also act as limiting architectural facilities. For instance, if students
ere scheduled for laboratory work in classroom labs in different groups
or with different teachers, the occurrence of lab work is rarely flex-

ible. With this administrative procedure, the situation is as inflexible
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as separate laboratory and classroom., Such complications have not been
taken into account for analyses of hypotheses not predicting such pro-

cadures, Later reports will dc¢ so, but only informally,

Nen-spatial independent covariables

Tf one assumes that the rationale does make the hypo@heses tenable,
the problem then becomes that of controlling the "1on-spatial variables
so as to speciry conditions under which space now becomes the limiting
factor.1 Absolute specification 4is obtained when a certain character-
istic of space ism the cne factor determining whether or not a method is
used. The goal of abselute specification is impractical, if not im-
possible vhen dealing with complex human actions — it would set a sta-
tistical goal of r = 1,0 with no allowance for random error. Instead
of electing such a goal, the investigator has tried to improve reported
correlations or assoclational values by selecting a few pertinent non-
spetial factors to be used as specifiers for conditions making the

the influence of spact¢ wre clear.2

1The act of stating under what conditions a variable is a signifi-
cant correlate 1s called "specification"; the conditions will be termed
"specifiers'" in this thesis. (See Kerlinger, p. 638.) With some varia-
tion in connotation, specifiers are called contingent conditions in
Selltiz st al, p. 82.

zFor instance, architectural influence is negated by budgetary

reasons when money is nnt available for equipping laboratories. Even
though some specifiers may be justified on correlational and logical
grounds, their use is dependent on the number of teachers in that spe-
citying condition. Even if specifiers with small sub-group populations
had to be dropped from consideration, this method of specification is
still legitimate, The legitimacy is due to the fact that this study is
not investigating the logical network of non-spatial variables, Non-

e .
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Non-spatial variables will be discussed as they are used in the
chapter on the analysis of data; varia*le selection and intent of use
will be sketched here.

1) Information was obtained as to the number of years the teacher has
taught the subject. It was thought that seme variation might occur be-
tween young and experienced teachersy the former might be mere willing
to overcome obstacles and improvise. Since ne dependent variable cor-
related with this variable, it was not used as a specifier,

2) Data on the average budget for the .cience department was also
gathered — with surprising difficulty. Several systems did not keep
separate accounts for their departments and great differences of re-
ports from actual expenditures was anticipated. Such errors in report-
ing would conceivably scatter the distribution of cost per lab period,
Unexpected agreement among school= regarding the cost per lab period
suggests that sclence department chairmen and administrators outdid
themsleves 1:. obtaining accurate information. Various measures of fi-
nancial support were calculated to make the measure more meaningful
these were cost per lab period and cest per pupil (total enrollment
figure used).

3) Because the general tone of the school's curriculum might have bear-

ing on instructienal technique, the percentage of graduates going to

spatial variables are used logically to raise correlations of spatial
variables and instructional methods. This will hepefully aid decisien-
making under these various conditions,

To aveid the problem of small sub-group size, the technique of
sawpling weuld have to have been stratified. This was net possible
since no readily available data gave information needed fer such
stratification.

. s A
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accredited colleges was obtained on recent classes, Since the various
guidance departments usually compute this statistic for other purposes
in different ways, some schools could only give the percentage entg@pts
into four year colleges or both junior and four year colleges (total
entrants). The junior college percentage involved error since some
figures had to be subjectively altered to account for technical schools
and nursing schools. 0ddly enough, junior college entrants often gave
better correlations than total or four year entfants. Since using the
variable of "total," rather than "junior," college entrants would yleld
eighty-two more teachers for analysis, the lower correlating variable
was sometimes used to increase cell frequencles in analyses.1

4) Upon the suggestion of one school designer, the total enrollmcat of

the school was investigated as a non-spatial variable.2

1A high junior college entrant percentage may have indicated a

school which was trying to upgrade the aspirations of its students and
the commnity. The use of "total percentage" would mask the influence
of this factor on instructional methods. If this factor is correlated
with cost per lab, which serves as a dependent variable in one hypothe~-
sis, those schools supplying a junior college percentage could be keep-
ing better records -- enabling better breakdown of expenditures and
guidance statistics. Cost per lab (VAR 6, Appendix B) does correlate
with junlor college entrant percentage (VAR 13, Appendix B) signifi-
cantly at the 0.0l level with r = 0.406.

°This 1is actually an architectural variable, but most other arch-
{tectural considerations in this research were speci’ically of science
facilities. Because of the interest expressed in this covariable, a
brief report on jts correlation is in order. The size of school (re-
gardless of the mumber of grades included) did significantly correlate
(p<.01) with opportunity to do undirected, wet laberatory experiments
during class time or as assigned prejects (r = +.129)s It was used as
a covariable with this method. Larger schools also averaged less cost
per laboratory perioed (p(.001, r = -.21 with a maximum r less than one
due to a skewed distributicn).
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5) General information about student time available for classwork was
gathered. The number of double periods per week, single periods per
week, and length of a single period served as variables and data, Var-
ious manipulations of these figures were used as non-spatial variables,
such as total time spent in class and lab, number of single periods whemn
no double periods were used, and total time of double periods. When
modul ar scheduling was encountered, up to two modules (usually twenty

to thirty minutes each) were counted as one neriod. Three and four mo-
dular periods were counted as double periods.1

6) The students in the teacher's classes were classified first as to
introductory or second course and then as to rough ability -- high,
average college, low terminal (first course only), and advanced place-
ment (second course only).

7) Another non-spatial variable was the nwaber of course preparations
per day that a teacher had, including courses not germane to most of the
dependent variable answers on the questionnaire. ' This non-spatial vari-
able probably had significant correlations since it takes much time to
prepare for a lab—oriented course.

8) For some dependent variables, the course subject would be a perti-
nent non-spatial variable, For instance, films may be more easily ob-

tained for biology than for other sciences.

1This resulted in some inaccuracy since a triple modular period was
counted as a double period, whereas some schools had sixty minute single
periocds. This error was considered slight in the analysis, Anecdotal
remarks would contain specific information for further analysis.,

H i

!h’-




9) The modal grade for a course may be pertinent to some analyses. In-
struction or help in library usage may not be needed every year in high
schoel. Independent research may vary with the student's age, which is
reflected in the student's grade level,

Appendix A indicates other information obtained, but not included
in the final analysis nor in the proposal for research, In some cases,
the information proved to have little correlatienal valuej in other
cases the variables were not intended for immediate analysis. The capy
of the questionnaire is self-explanatory as to what information was

collected.

Rationale

General hlnothesis

If an educator assumes that activities within the school influence
the child, the educator may then seek the causes of certain types of be-
havior in order that through understanding he may gain control of the
influential activity. The obvious cause of most school activity seems
to be student or teacher intentions; often the student responds te the
teacher's wishes, which need not be voiced overtly. There are many fac-
tors which give rise to those intentions, such as training and past ex-
perience of the teachers, available time, readiness of the students,
availability of equlpment and tools, and general supportive nature of
the environment, As a homely example of the last factor, rarely does °

one find a student drinking water where there is no access to water.

(Here the lack of a facllity serves as a constraint upon activity.)

o
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Conversely, the presence of a water fountain may well suggest to the
student a need for a drink, (Here a facility is doing more than allow-
ing an activity to occury it is suggesting the activity.) It is not the
purpose of this thesis to distinguish between the suggestiveness and
constraining influence of space; the data obtained reflects beth in-
fluences.1

Another explanation for general spatial influence on actions can
be based on a soclolegical analysis of the cost and gain for personal
action. This explanation involves the assumption that for every action
the actor is subject to a cost (for example, in effort, time, or re-
spect) and a gain (for example, in savings of effort or time, in devel-
oping stature, or in student achievement.) The choice will be for that
activity (or inactivity) which gives the most net gain or the least net
cost.

Many architects and some educators2 would agree with the assumption

1Wh:lle conducting the analysis, the investigator was alert for me-
thods by which such distinction could be made in future research. Some
methods may occur to the reader after retflecting upon some of the cross-
breaks presented here,

%¢1111am W. Caudell, Toward Better Schaol Design (New York: F. W.
Dodge Corp., 1954), p. 24.

Council of Chief State School Officers, 1965 Purchase Guide for
Programs in Science and Mathematics (Boston: Ginn and Co., 1965), p. 323.

Educational Facilities Laboratories, Inc., Design for Educational
TV: Planning for Schoels with Television (New York: Educational Facili-
ties Laboratories, 1960) p. 5.

Paul DeH, Hurd, Science Facilities for the Modern High School (Mon-
ograph No. 2, Bulletin of the Scheol of Education, Stanford University;
Stanford, Calif,: Stanford University Press, 1954), p. &.

W. E. Martin, "Report of Recorder for Group III -- Unresolved Is-
sues and Problems in Science Education Research and Next Steps for

’




that space can be a limiting factor1 for instructional methods. For
example:
The educational plant is a means to an end. Its major contribution
is to help create an environment which is most advantageous to the
success of each child in accomplishing the desired learning out~-
come planned in the program on {nstruction.® '
Drafting educational specifications in accordance with the model in
Figure One and in accord with the above statement, denands much time on
the part of educators., Some educators would disagree that this demand
on their time is justified. These educators might object to placing
the teaching environment in such a crucial position as a limiting fac-
tor. Possibly this reservation has contributed to the plethora of poor-
ly prepared educational specifications., One of the purposes of this

thesis is to test the assumption that facilities significantly guide

the actions of teachers and stimulate the thoughts of students.3

NARST" Science Education, XLIV (February, 1960), 31.

Natlonal Research Council, Guidelines for Development of Programs
in Science Instruction (Publication 1093; Washington, D.C.: National
Academy of Sciences, 19€3) p. viii. '

John S. Richardson, School Facilities for Science Instruction
(Washington, D.C.: National Science Teachers Association, 1961) p. 8.

Merle R, Sumption and Jack L. Landes, Planniggg?unctional School

Buildings (New York: Harper and Bros., 1957) p. 155. - '

1The biologist designates environmental factors which act upon the
yital processes of an organism as "1imiting factors." The state of one
such factor when at a critical level is termed a "1imiting condition."

zhational Council on Schoolhouse Construction, Guide for Planning
School Plants, (East Lansing, Michigan: Natlonal Council on Scheol-
house Construction, 1964), p. 1.

3A call for such research was given by C. W, Brubaker, "Relation
of Learning to Space and Vice Versa," National Association of Second-
ary School Principals Bulletin, XLVI (May 1962), 197-200.




In null form, the general hypothesis can be stated:

Characteristics of architectural space are not siggificantlx

assoclated with any instructional methods in science courses of

grades nine through twelve.

Stated in altemative form:
Characteristics of architectural space are significantly
assoclated with some instructional methods in sclence courses

of grades nine through twelve.

Specific hypotheses

The specific hypotheses, taken as a group, have bearing on the gen-
eral hypothesis. However, each specific hypothesis does have value in
{ts own right for use as feedback to school designers who feel that
specific relations should exist., Designers have had little statistical
feedback regarding their hypotheses. Below the rationale is briefly
given for each hypothesis. A more complete and logical treatment is

given in the qualifying paper.l

Hypothesis one

Direct classroom or science department access to central library

facilities does not significantly correlate with any class time

being devoted to the use of the library.

A major architectural problem centers around the relationships be-

tween various instructional areas in the schnol. The library is an

1David Eng=lhardt
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esezential part of some instructional techniques. The theory leading to
the alternative hypothesis1 centers around two thoughts., First, a teach-
er may be more aware of the library and see the librarian more often if
the library is adjacent to the department. The teacher could use the
library immediately, when the need arose, by sending a student or group
from a laboratory or discussion activity; most important, he would get
his answer quickly. Second, if the library were far away, the teacher's
class while passing in the halls could annoy other teachers conducting
classes, Such annoyance wounld cause a loss of esteem from the teacher's
colleagues, since he could not keep his class quiet on thé way to the
library. However, it was felt that teachers within the same department
are probably more talerant of each other, if only because they know each

other closely.

Hypothesis two

The frequency of teachers using wet inqpitlflaboratoglgpsgggposed

to any other method as their modal activity2 does not differ

1In this section all hypotheses will be stated in the null form,
The alternative hypothesis form states that there will be a difference
when a crossbreak is analyzed,

2Here, modal activity means at least one period per week in wet
laboratory on the average for the year and introduction of a topic,
rather than verification of a known relation, as the purpose of most
of the labs, Introduction of a topic can only occur when students do
not know the general relation being studied., Background for character-
istics of an inquiry (or enquiry) laboratory can be obtained from Joseph
Jo Schwab, "The Teaching of Science as Enquiry," The Teaching of Science,
jointly bound with a lecture by Paul F, Brandwein (Cambridge, M., :
Harvard University Press, 1962), pp. 52-56, also 17, 24, 29 and 46,
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significantly between separate la.oratory facilities and combina-

tion classroom - laboratory facilities.
This specific hypothesis is probably the most significant of any

in this thesis. New sclence courses developed with financing by the
National Science Foundation harve tried to present science as an active,
inquiring process where the student goes through some of the same in-
triguing types of laberatory endeavors as actual scientiltsol This re-
quires that answers be unknown before laboratory work is done and alseo
requires that development of manipulative skills not be the sole pur-
pose of every exercise. To enter into such an inquiry laboratory ex-
ercise, a student must be on the verge of hypothesis testing. If the
lab is done too far ahead, the student sees no purpose in the lab and
cannot exercise the skills that scientists employ. If the lab occurs
even a day too late, the student will know the result as an accepted
conclusion, The alternate hypothesis rests on the thought that unless
the teacher has a classroom-laboratory (or vacant laboratory adjacent
to the classroom), scheduling of an effective wet inquiry lab becomes
nearly impossible, In many ccurses, several days of laboratery wecrk
are needed -- indeed several weeks with the Blological Sciences Curri-

culum Study Laborateiry Blocks.2 No acheduling of ccmmon laboratory

1For a statement of the adoption of this goal by the NSF, see Na-
tional Science Foundation, Science Educaticn in the Schools of the United
States (Washington: U.S. Gevernment Printing Office, 1965), p. 26,

2These laburatory blocks are described in Biological Sciences Curri-
culum Study, Laboratory Blecks in Teaching Bilology, edited by Addison E.
Lee, David L, Lehman, and Glen E, Peterson (BSCS Special Publication
No. 53 Boulder, Colorade: Biclogical Sciences Curriculum Study, 1967).
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space would permit one teacher to use it for six, solid veeks.l Several

national science courses have several days of lab work at the beginning,

end, ar during some common segment of the school year. When teachers X
shars a common lab, demand for this space may become too great at these

peak periods of laboratory utilization, It is therefore thought that

the classroom-laboratory is far more flexible in critical’ timin, than

the separate laboratory facility, It was also felt that the envirca-

ment of the laboratory would stimmlate more laboratory work and more

experimentally oriented thought.2

Hypothesis three

3

The number of cooperative teaching assignments ix not signifi-

cantly greater then the number of solitary teaching assignments,

1One exception is notewortbhy., Modular scheduling with open labora-
tories permits common laboratories to function with Inquiry methods
since no formal scheduling occurs.

2For a more detailed explanation of the rationale, the reader can
refer to the questions in the interview schedule, Appendix A, and to
the yualifying paper, David Engelhardt, pp. 1%-16, 21-24, 34-37, 49, 54,
62. References outside of the author's writings include the following:

Je A, Campbell, "Chemistry -- An Experimental Science," 1lne School oy
Review, LXX (Spring, 1962), 55. I

G. C. Finlay, "Physical Science Study Committee," The School Re-
view, LXX (Spring, 1962}, 70.

Paul DeH, Hurd, "The New Curriculum Mcvement in Science: An Inier-
pretative Summary," The Science Teacher, XXIX (February, 1962), 9.

National Research Council, p. 7.

L. E, Strong, "Chemistry as a Science in the High School," The
School Review, LXX (Spring, 1962), 46.

J. H. Woodburn and E. S. Obourn, Teachinc the Pursuit of Science
(New York: Macmillan Co., 1965), p. 369.

3A cooperative assignment is where iwo teachers meet with the class
or lab at the same time. This does not include team teaching where var-
ious teachers meet with the same class at different times.




in rooms having,over fi{gx students versus rooms hav{ngﬁfewer

students,

School designers have proposed that large rooms with two teach-
ers might allow students more individual attention than small rooms
with one teacher, Hypothesis three tests to see if such large rooms
are used with two teachers or if there is a trend to increase class
pupil-teacher ratio, thereby saving salary expenditures or relieving
teachers for other duties. Iwo analyses were done: one where the
teacher usuaily meets with the large class, another where the teacher

infrequently meets with a large class, usually on a team teaching basis.

Hypothesis four

Laboratories taught by team methods1 have the same distribution

concerning number of asa;gned student> as do laboratories tqghyt

by solitary methods.

A current architectural trend may increase the size of the typical

iaboratory by combining several classes under the direction of latora-
tory assistants.z Som~ teachers have found that solving problems as a
class, through team research, not only reflects the current methods of

research in industry and govermment, but also excites stiudents and

1The tear wiethod laboratory is vhere an entire class divides its
effort on cne large problem. Different groups investigate various as-
pects of the prohlemj at the end of the iab, data are combhbined. This
does not include rotation of experiments to conserve equipment expendi-
tures, nor small team effort where many teams are doing the same ex-
periment with fdentical manipulation e¢f variables.

2Natlonal Council on Schoolhouse Construction. p. 58, cites this
trend,

/\
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develops abilities necessary to functiorn effectively as a researcher,

The Biological Sciences Curriculum Study Laboratory Blocks are excellent
examples of lab activities lending thiemselves to team research, Outdoor
ecological surveys are also more easily done as team research, Hypo-
nesis four is based on the assumption that the larger the group, the

more difficult discipline becomes and the harder it is for each student

to know what the other is doing. Safety consideratione would probably
encourage teachers to do a strictly directed lab exercise so that any
student doing something unusual would stand out ameng the‘crowq. ydrcq\\\
numbers in a laboratory might prevent teachers irom taking several op- A

tions in teaching metheds.

Hypothecis five

The availability £ an outdoor classroom is not significantly asso-

clated with the percentage of stiudents doiggvindividual‘pggiggts.

Hypothesis five prime (5') states that undeveloped outdoor areas

are not significantly different than developed or landscaped out-

. door areas in fostering individuri projects.

Since phfsical room for experimenia! sei-ups is often considered ) ,
to be a limiting factor for individual prujects, outdoor arcas appear
to be ideal for such work. Easy student access to the latoratory, after
school time, would alse be provided if students were doing outside work.
Uncdeveioped wreas could be more protected and iess likely to have van-
dalism, since access would be difficult and projects hidden by natural

cover., Furthermore, undeveloped areas might present a wider range of
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problems for student investigaiion.

Hypothesis six

The occurrence of at least one outdoorlfinqpigy study is not more

frequent with those teachers having undeveloped areas for instruc-

tion as compared with those having only developed or landscaped

sreas.

The investigation of this hypothesis will reveal if teachers re-
spond to opportunities on school sites. It was felt that problem-
solving, inquiry studies could be done more easily in undeveloped areas.
Other than using outdoor areas for inquiry, teachers could respond that:
1) they held only verifying nature walks, 2) they did not use the
outdoors at all, or 3) outdoor work was not relevant to the course,
The interviewer would automatically assume that outdoor areas could be
relevant for iatroductory earth science and first year biclegy courses.
Some advanced biology courses in anatomy and physiology or courses in
non-biological discip’ines could respond that it was not relevant, but
such second courses were not common. The analysis will not inciude re-

sponses claiming irrelevancy.

-
~—n

Hypothesis seven

Individual study does not occur with different frequencies when

spaces are avallable and when spaces are not avallable for re-

taining experimental set-ups.

Architects and educational consultants have long heen advocating

separate cubicles or areas where individual experiments can occur in
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undisturbed fashion. Hypothesis seven tests if such spaces are utilized
and 1f they stimlate project work. Some analyses will omit responses
of one hundred percent frequencies to avoid the dubious interpretatien
of compulsory, often poer quality science feir preject work. Of course,

other analyses will include such responses.

Hypothesis eight

There is no significant difference in the frequengxﬁwith which wet

inquiry tgghnigges are gracticed as_the modal method in ninth
systems hoving
grade biology when the class is given inAthrae or four-six year

high schools.

A trend exists in sclience education that offers twelfth grade elec-
tives. For a student to take biology, chemistry and pnysics, this
twelfth grade course often requires the science-prone student to take
biology in the ﬁinth grade. Because biology laboratory instruction
often makes use of expensive ancillary facilities or outdoor areas, such
facilities might be too expensive for junior high or middle schools to
furnish for a small group of ninth grade biolegy students. Therefora,
it was predicted that students taking biology in the ninth grade away
fron senior high facilities would get an impeverished inquiry lab pro-
gram. This is particularly significant when one considers that the
academically best science students get the impoverished program. The

nypethesir tests to see if this is what is actually happening .n schoels.

Hypothesis nine

There is no s;gpificant difference in the frequency with which films
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are shown in classes normally meeting in rooms equipped for sub-

1
dued light™ and those providing no darkening whatsoever, { This

was modified following triels to include a third, intermediate
category, "poorly darkened," to give an ordinal scale,)
It was fel . that the considerable effort involved in changing
rooms for the showing of a film would deter a teacher from showing films.
The pocr quality of the image in a well-1it room would probably de-

crease the benefit students obtained from a film.

Hypothesis ten

Teachers haying closed circuit television facilities use tele-

vision no more than those using broadcast television.

One educational consultant wished to know if the expense of closed

circuit television was "justified" by its use. It would appear that
closed circuit operation offers much versatility through delayed broad-
casting, showing of films in well-1it rooms, and in giving de-nnstrafl\‘\

tions to large groups. Broadcast television would seem to suffer from

a lack of pertinence and difficulty in synchronization with class

schedules.;

Hypothesis eleven

In schools having more than one science classroom, there is no

significent difference in cost per lab period for central storage

1This does not mean rheestat regulation of light. The intention
of the phrase is to allow classification, under this option, of those
rooms not having complete darkness, but where color films can be seen
well., Color films wesre thought the most difficult to see.
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gggparod to classroom ntorgg_.

The duplication of equipment because of artificial distinctions be-
tween subject areas and the tendency of teachers to hoard precious
equipment cou%d tend to raise departmental expenditures., It was sus-
pected that centralized storage would elimina - the need for duplica-
tion of inventories in items such as chemicals, balances, glassware,

ring stands, and glass tubing.

Hypothesis twelve

There is no significant difference in the modal use of plants for

Egrgyiunntatianl when students have access to a greenhouse,

This hypothesis reflects the notion that greenhouses, especially
economical ones, are too difficﬁlt to maintain and are generally in
disuse. Furthermore, where greenhouses are in use, they are probably
poor places in which to conduct an experiment. It is difficult te con-
trol conditiens in a greenhouse., Feor better environmental contrel, ar-
tificial illumination can be used in place of sunlight for tne grewing
of plants.2 Data collected under this hypothesis could be used to sup-
port the recommendation that schools construct artificially illuminated

growth chambers rather than greenhouses.

1In other words, when plants are used in a course, are they mainly
used for experiments? Modal use does not refer to all organisms used.

2Homemade growth chambers are urged as equipment in Arnold B. Grob-
man et al, BSCS Biology — Implementation in the Schools (Biological
Science Curriculum Study Bulletin No. 3; Boulder, Colorado: Biological
Sciences Curriculum Study, 1964), pp. 21, 35.
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Hypothesis thirteen

There is no significant difference in modal methods of dry lab

demonstration versus wet lab when a movable, commercia1<g§owth

chqpber is available for use.

The tendency te rely upon a small commercial grewth chamber for
growing living plant material was thought to encourage demonstration or

dry laberatory techniques since a class could rarely do all of its work

in one expensive growth chamber. Various analyses were done since some

E chambers were present where a greenhouse or large homemade growth arna

existed,

Hypothesis fourteen

Teachers not hatggﬂﬁpheir own laboratory rooms do not teach dif-

ferentlx}ragardingfprocess-inqn;gxftechniques as a modal method,

in comparison with those who have their own laboratories.

It appearr that many scheol designers have as a goal high percent-
ages of utilization of space. As more teachers are scheduled in var-

jous rooms in order to increase room utilization, there may be signi-

ficant reduction in the efficiency with which laboratory programs can
operate. The heart of any inquiry or process cemtered science course
is the laboratory. Any interference with conducting a large amownt of

laboratory will encourage teachers to revert to the less demanding pro-

duct centered curriculum,

1Product centered curricula present the end products of research
or the conclusiors of scientific endeavor. Teaching is concerned with

L ]
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Three general considerations indicate that having one's own room
would facilitate inquiry teaéhing. First, the inquiry laboratery temnds
to be messy and eften to have equipment left standing. This would anney
other teachers, especially non-science teachers, who would share the
room. Often science teachers and assistants would like to clean desks
and benches after a lengthy lab exercisec which left no time to clean up
during the period. One camist do this if another teacher's class cen-
Yenes in five minutes.

Second, logistics present such problems with inquiry lab courses
that teachers must be well organized. If a teacher had to carry his
orders, packing slips, lesson plans, experiment schedules, homework
assignments, texts, and references under his aram from room to room, )
he would be less able to prepare for laboratory work. At the verf ™~ #
least, an inquiry teacher needs his own desk in a room where he can work
without annoying other teachers.

Third, the atmosphere of an inquiry class is extremely important.
If science is to be presented as an act of inquiry, then examples of

inquiring should permeate the room with the smells, seunds, and sights

of experimentation. In desiruble mederation these will not be obmexieus

getting studesrts to master a bedy of facts or concepts. This distinc-
tion between preduct centered versus precess centered courses is dis-
cussed in the following references:

David Engelhardt, pp. 14-19, 21-45.

Joseph J. Schwab, "The Teaching of Science as Enquiry."

Oregon, State Department of Educatien, The Division of Educaticn
Development, The Structure of Knowledge and The Nature of Inquiry (A
Report of the 1964 Oregon Program Workshop for The Oregon Program: A
Design for the Imprevement of Education; Salem, Oregon: State Depart-
ment of Educatien, 19655, pp. 17-18, ‘

e
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for the students and teaciiers concerned with the activities. Hewever,
pressure from other teachers often prevents a laboratory from becoming

a stimulating place in which to do science.

Hypothesis fifteen

The number of periods devoted to_wet laboratory in earth science

and biolqg; is associated with the size of the largest sink in the

laboratory.

This hypothesis was made part of the study in half seriousness.
Neverthe}ess, the hypothesis was based on experience with small, inad-
equate sinks and with other teachers who complained that their students
could not clean after labs because of a shortage in sink space. The
hypothesis, if found to be rejected in null form, coulq show that even
a small feature of lab design might influence a teacher's attitude to-

ward lab work,

Hypothesis sixteen

When physics teachers are asked if they feel limited in the number

anc type of optical experiments, the frequen., of response -=_Yes

or no -- 1s not qigpificant{y different for those teachers teach-

ing in rooms which can be darkened from those teach{gg_in rooms

with no (er inefficient) darkening equipment.

The use of the hypothesis evaluates an aspect of the general
thought that sunlight is more of a contaminant, than a useful adjunct
to science rooms. The use of skylights and large windows may be a sig-

nificant fault in new science constructionj the prevalence of this

h '
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annoyance is being tested. The field of optics is being neglected
currently in many physics courses, and possibly any architectural trends
fostering this neglect should b» revealed. Note that if the teacher
does not desire to discuss optics, he is unqualified to answer "yes"™

in this questicn. The question attempts to reveal if the presence of

light is a limiting factor, but any unconscious influence on the teacher

to avoid optical experiments would reduce the correlation,

Hypothesis seventeen

The proportion of teachers having an undirected wet lab for most
students at least once per year is not significantly different

when groups of teachers are cempared regarding the existence of
- oy s
centralized storgggz in their science departments. A

Although scientific research often depends upon improvising new
tools, gchools do make heary, legitimate demands on these respoasible

for supplies and equipment. The logistics of undirected laboratcries

iz the most difficult of supply preblems since students may wish to usme
a wide variety of unanticipated equipment. Often this equipment 1=
needed quickly or a class perlod,; aftermoon, week or month may be

wasted while waiting for the equipment to be procured.

1The question might heve read, how many exercises de you conduct
using optical phenomena as variables? This wording suffers from the
prchlem of general disregard of optics in physics courses today.

2Centralized atorage refers to a stockroom shared by teachers or

lab assistants of chemistry, biolegy, physics and possibly earth sci-
ence. Specialized equipment and specimens pertaining to one discipline

may be stored in another room.
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Possibly, access to a contral supply of items would make a wide
variety of equipment readily available to a studen! who may need tub-
ing, a ring stand, a balance, or .ome other common item. The demand
for several of the same items may cume at tho same time from one classj
the central supply room could eupply in quantity since items would not

be thinly scattered *hroughout the department.

Hypothesis eighteen

After hour student access to facilitles is not significantlx;ps-

soclated with the frequency ot wet leb methods as the modal teach-

ing technique of thiose students® teachers. Hypothesis elgnteen

prime (18') concems itseltf with the frequency of wet, inquiry lab

methods under the seme conditions of student access.

The study eof this bypothesis seeks information cn the possible
effect of designing secusity of buildings so that "honor" studeits could
work on certain projects or maintain living organisms without teacher
supervision. Scientific investigation does not result in convenient
schedules., Vacation periods and weekends ray be important work periods
for some projects. Teachers, if not remnerated, should not be expected
to devote extra hours to supervision of such projects. It was assumed
that most schools would not pay teachers for this extira duty, and that
despite liability laws, it appesred that a few schools were allowing

students to work without supervision. It was hcped that the effect of

1After hour access also requires students to be unsupervised ex-
cept possibly having a custodian in the building.
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this student access might influence general class curriculum as well
as project work. The influence might be felt through the maintenance

of living organisms for use in clase,

Hypothesis nineteen

After hour access to facilitlies by teachers {s not significantly

associated with the frequency of wet laboratory methods as the

modal teaching technique. Hypothesis nineteen prime (19') states

that after hour access to facilities by teachers does not signifi-

cantly alter the frequency o wet, {Eguitgflab methods as the mo-

dal teachingﬁtechnigue.

With leiroratory oriented courses, especially inquiry courses,
teachers may have to devote long hcurs of preparation beyond ncrmal
school hours. The teacher may wish to choose his hours and not complete
all preparation before going home from the regular school day. Often
experiments nced tending, cr forgotten chores need to be done at odd
times when custodians may not be around. Having to sign out a temporary
key (or having to prearrange entrance wit.1 a custodian) does not allow
a2 teacher needed flexibility. Rather then making a difficult job ees-
ier, refusal to lssue keys to teachers, especlally to new teachers, may
make a lab-centered course neerly impossible to teach, The investigation
of the hypotheses attempts to see 1f the above ideas are significantly
accurate in reflectinrg the actual situation. Implications for archi-
tecture would involve separate security for the science department or

at least separate security for some areas such as the vivarium,




Hypothesis twenty

There is no difference between frequencies of wet, dry, and no lab

as modal activitiqal and grocess-inguigy techniques when biology

Eaachers use one certain type of living organism for the majgri_tl

of laboratquftine.

This is the only hypothesis requiring a three variable crossbreak ,
The third variable, type of organism, is divided into microorganisms,
plants, and animals as specified in the interview schedule.2 The
thought behind this hypothesis is that certain types of organisms are
easior to handle in laboratory work. If one is designing‘ancillary
biological facilities and cannot afferd a microbiological chamber, an
animal room, and a plant room -- which ona would foster mere experimen-
tation? It was felt that animals are the hardest and mcet frustrating
organism with which to work, It was also felt that microcrganisms have
not been used to tieir fullest possibilities, in part due to lack of
teacher training in microbiology. Plant physiology experiments done by
the author gave rise to the 1dea that plants are generally underestim-

ated as "interest getters" in high school biclogy.

All of the above hyputheses were proposed before the final surQey
work began. Only a few were changed following the visits involving the

trial interviews and these changes have been noted. Anecdotalﬁremgfké\\ \

~

1If any lab is done, it shouid be classified as to whether it was
wet or dry most of the time.

2Appendix A of this paper contains the interview schedule, the
pertinent colusmn saswer number is sixty-three,

-
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in the du .a files have led the investigator to modify some original A
thoughts, but such medification has not intluenced the strict adherence
to testing the original hypotheses. If additional correlational stud-
fes are done, this will be noted as an ex post facto hypothesis in the
analysis sectlon., Such hypotheses are only useful in that they suggest

opinions to be tested in future studies.
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CHAPTER 11

RESEARCH DESIGN

Ex Post Facto Design Limitations

The limitations of the basic rescarch design used in this thesis
have been previously described.1 A most important limitation is the
lack of contrcl over contaminating variables., Although some attempt is
made to hold certain factors constant when comparing spac§ with teach-
ing methods, many factors were not controlled in this manner, Further-
more, some alternative interpretations could never be ruled out by ex
post facto techniques. Witheut randomization of teachers among various
facilities no causal inferences are justif:led.2 Nevertheless, with
certain relations being predicted prior to the survey, it would seem
that causation may be plausible following the discovery of supportive

assoclations,

Sgggling and Nomination Procedures

This study involved schools from five Northeastern States:

lSupra, pp. 15-17.

2Randomization avolds the possibility that teachers had selected
facilities which appealed to them. More sophisticated designs -- e.g.,
rotating teachers among facilities -- could also be done if a few years
were taken for the research, It may be that only certain types of
school systems would ever permit randomization -- a facter which 1s
possibly more serious than the lack of control in the present study.

y
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New Jersey, New York, Connecticut, Massachusetts, and Now Hampshire,

D -

Generalization to other sections of the country may not be legitimate
since this region might have peculiar factors influencing teaching
style and student attitudes. The five states allowed convenient travel
and yet gave a wide diversity of conditions. Rural, suburban, and urban
schools were studied. The states often provided similar commnities
with various degrees of state aid and supervision. The nomination pro-
cedure involved several education officials from each state. Solici-
ting nominations from several states minimized the influence of any e
particular bias held by one state department's personnel.,

The purpose of this stucy has influenced the choice of sampling
technique. This research is intended to provide information for archi-
tects and educational consultants who wish to modify their practices
to design better schools. It was felt that judgments concerming future
construction of school science facilities should be based on experience
with schools that have been recognized as doing commendable work, con-
sidering their types of commnities and students.1 Therefore, this
study reflects asseciations between good science teaching and architec-
tural characteristics. It would seem foolish to’base recommendations
for sclence facility constructien on severely overcrowded classrooms,
regular first courses in sclence subjects taught without laboratory,

teaching under provisional certification, teaching under budgets that

1Although the intention was to study schools having exemplary
science departments, nominations could have been based on overall cur-
riculum standards. Such selection is justifiable since science should
not be stressed to the detriment of other subjects.

&
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prohibit regionally appropriate salaries, or instruction done by lethar-
gic teachers, In summary, tﬁe study wishes to gain understanding of
architectural influences under optimal conditions.

The testing of hypotheses under such conditions increased the task
of the investigator -- the rejection of the null hypotheses. It would
have been relatively easy to.as;ociate lecture type of teaching with
pvor laboratory conditions and indif.erent teachers who may not have
had training in science. Such teachers have practically no choice but
to lecture, The hardest test of the general hypothesis eccurs when a
teacher apparently does have the optien of teaching by any methods. .

Since 1958 our nation has spent large amounts of money in science
instruction. The design of science.facilities changed to reflect more
active student participation. It was felt that design studies shor'uld\\\
not investigate obyious impediments of old architecture, but should
investigate current architectural practices. ior this reason, visits
were planned to only those schools which had opened since January 1960
or had undergone major renovation since that date.

Another reason why schools were not selected at random still re-

mains. The reason is found in being prepared to answer the following

ey

objection to the study.
Your study involved teachers who were influenced by facilities, but
my school system hires only the pest teachers., My teachers will
improvise where ethers would give up. Facilities do not influence
teachers who are trained properly and who have enthusiasm.

The design of the sampling technique would allow the following reply

to the objection:
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It would be hard to find better teachers than were included in our
survey. The Project interviewed science teachers who, as a group,
one would expect to find in the best science departments of the re-
gion. The Project did not interview all of the region's good science
teachers, by any mcans. However, the nomination procedure greatly
limited the number of poor science teachers interviewed. Further-
more, the selection of schools to be visited was based on decisions

made by administrative personnel, probably using the same rough
evaluative techniques that superintendents use when hiring personnel.
The judgmeni of what is considered a good science department or a
good science teacher is very subjective. Since most teachers are hired
by administrative personnel, it was felt that such personnel should nom-
inate the schools. Although the criteria are vague, it would appear
that out of the many good schools in a state, approxilnteiy ten schools
could be nominated so that the Project weuld aveid mediocre teachers
and departments.
With the aid of each state's education department, schools were
selected from among the most exemplary high schools in that state. The
letter requesting nominations gave the following guidelines for selec- 1

tion.

Since this study may be used to guide the design of future archi- ]
tectural spaces, and since the findings should lead to improved

educational specifications, we are examining only the more success-

ful examples of school design in which we hope to find a variety

of teaching methods and facilities. It would be advantageous for

us to investigate a variety of urban, suburban, and rural schools '
as long as each high school may serve as an example for some others

to follow.

Other than being exemplary high schools in educational reputation, as
well as architectural reputation, the nominated schools were supposed

to meet two other criteria:

1) They should be three or four year public high schools.
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2) The building must have been built since 1960 or the science

facilities in older buildings must have undergone major reno- ,
‘vt: e §-

vation since 1960,

In some sparsely settled areas, six year high schools were nominated
and were included in the study. Although no junior high schools were
nominated, some were visited because they fed a nominated three year
senior high school. Criteria for what an exemplary school should be
were left up to the state department's staff, except as restricted
above,

All five states contacted replied with nominations, usually saying
they could supply many more names. The states were selected to give a
wide, but a regional range of communities, resources, and state con-
trol. The states included in the survey are listed in Table One with
the number of high schools each neminated.

All schools were included in the sample, although there were four-
teen more than anticipated. However, as will be discussed later, five

of these schools were not visited -- one from New Jersey, two from New

3

York, and two from Massachusetts. Only one of these resulted from a

refusal to'part:lc:l.pate.1

1Because the investigator would not reveal the sources of nomina-
tions, the Superintendent of Norwich, New York declined to partici-

pate,




TABLE 1

NUMBER OF SCHOOLS NOMINATED
BY EACH STATE

Number of
State Schools
New Hampshire. « o« « o« o s ¢« o o o o o 12
MassachusettS. « o« » s o o o ¢ o o o o 13
ConnecticuUts « o o o o o s o o o o o o 12
New YOrK ¢ o ¢ o o o o s s s o o o o « 15

NwJemeyooooooooooooaolz

Total 8schools nominated, . . o. e e 6‘!
. 59

Total schools visited. .

Interview Technique

Reasons for the Method

Persons involved : .

It was not difficult to devise a method for measuring the inde-
pendent variables, This information could be obtained by questionnaire
or by direct visitation, the latter pessibly giving more validity.
Teachers may not report avaiiable facilities because they have not used
them, or teachers may not know that facilities exist.

The cholce of a method for measuring the dependent variable,

1If a teacher d!d not feel that he could gain entrance to the
scliool or 1f he did not know a television was available for his use,
his negative answers were considered valid ever. though the burglar
alarm could be deactivated or a television was hidden in the audio-
visual stockroom. However, if the teacher denied the existence of an
obvious facility such as a pond, marsh or woods, the negative answer
was revised to indicate the presence of this facility.

.
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instructional method, was more difficult.
Oddly enough, asking teachers about their teaching methods is not

' the usual way to determine what is happening in a claasroon.1 In fact,
several teachers asked why I did not obtain my answers from watching
them. Certainly, observation could have been one alternative to the in-
terview schedule. There are, however, several disadvantages to the ob-
servational technique. First, it takes mich more time to gain any in-
formation by watching the slow development of a lesson. Secend, few
mechanical techniques have been perfectead that reveal significant but
subtle nuances in teaching techniques. Observers still must use in-
tuition and skilliful insight when determining what a teacher is trying

to do.2 Third, even given well trained observers, observations would

haye to occur for many periods throughout the school year in order to 1

get relevant data. These visits ought not to be random, unless they

occurred as frequently as two per week per class. One must realize that

teaching methods are not randomly scattered throughout the year; some

blocks of lab are followed by a long period of no lab at all. The

closest observer whe could do such constant observation is the sclence

\‘\‘ !

1The reluctance to rely on teachers for valid answers probably
stems from some supervisory practices where certain answers could bene-

fit a teacher.

25uccessfu1 or not, what a teacher attempts to do with a class is
the dependent variable. If, after a trying period practicing a dry, in-
quiry lab with a group of unresponsive students, a teachier gives the an-
swer to the problem -~ the class is still termed a dry inquiry lab for
this research. It is felt that teacher training and experience might
modify such an approach so that 1t becomes successful. The important
factor is that the teacher is trying such a method as his modal tech-

nique.
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department chairman (if he has no teaching load and few administrative
duties). Nevertheless, he 1? not trained in a standard fashion for
carrying out such observations. The chairman has much to lose and
little to gain in revealing his personal evaluation of his teachers to
a stranger,1 No matter .ho does the observing, such a method would be
impractical -- possibly only valid after exhaustive training and test-
ing of an observation staff.

Another alternative wethod could involve students as the respond-
ent to an instrument sr as the observer. Questions could be worded
possibly to avoid concepts which students did not co-prehénd, but this
does not guarantee valid perception of what was happening in class.
Interviews could probe when misunderstanding was evident, but to in- _
terview a large number of students for one teacher poses treléndods <
time problems. Furthermore, administrators probably would frown on
such a disturbing survey taking place in their schools.

It was decided that teachers would have little to lose if they

‘ cooperated in the survey; and that if they could be convinced of this,

teachers would be the best informants on'their own behavior and their

1ntents.2 It remained to decide how one could best elicit cooperation

lln two cases, teachers were excluded from the survey because
their answers were obviously fictitious. These suspicions were con-
firmed by the department chairman. One teacher asked the chairman what
he should say and proceeded to reply as if he were doing experiments
constantly, where only window sills and tablet arm chairs provided work-
ing space. Another teacher claimed he was teaching a course not as-
signed to him.

2To some extent, iliédiate intentions were considered behavior;
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from teachers.

Mode of data gg}hering

Teachers could have been asked about their teaching methods e!fhe(;\‘
by questionnaire or interview. A mailed questionnaire was not chosen, )
even though such a technique would have enabled the sa.ple to be larger
and have national distribution., The interview was chosen' for three
major reasons,

First, with many questionnaires burdening teachers from other re-
seaich projects, a low return rate could be anticipated with dubious
interpretations of data gathered. On the other hand, nosf teachers
would willingly talk with someone who spent time and money traveling
to see the-.1

Second, questions may be interpreted in a mistaken manner. The
interviewer, while remaining unbiased, could explaia the intention of
the question or prohe answers if epparent incousistencies occur. If a

teacher's situation is peculiar, the interviewer is in an excellent

position to decide if a non-reclevant blank answer would be appropriate.

if an inquiry lesson was poorly handled by the teacher, a student or ob-
server might thirk tha: it was just an ignorant teacher not knowing what
he was survosed to teach, Students may not respond to inquiry techniques
and may cause the teccher to eventually change his tcchnique. In this
case, it was the original teaching strategy for every class period which
would be considered valid for determining modal teaching method.

lA nickel is the expense a teacher sees connected with the mailing
of a questionnaire. Interviewing on a tight schedule shows effort is
belng expended -- often missing lunch or starting as early as 7:30 AM,
In some cases, it cost fifteen doilars to interview each teacher in an
isolated school because of air fare, hctel expenses and ground trans-
portation, )




Third, it was anticipatsd tiiat much could be gained from anecuotal
remarks. Such remarks could be more meaningful if gathered during a
discussion, rather than appearing as short rema:’ - -~ mailed form.
Anecdotal remarks certainly proved to yleld i1: - n¢ . uggestions for
future design, but formal analysis or even - w0 ef these remarks

will have to come after the writing of this thez;s.l

The Interview Itself

The 494 structured interview52 were conducted in semi-conversa-
tional style and individually with all but four teachers. The environ-
ment of the wnte:iew was dependent on available rooms in the various
schools, but mest administrators tried to provide private facilities.
Less than thirty teach.rs were necessarily interviewed in rooms with
others| some were interviewed in study halls or laboratory perlods;
many were interviewed on their own suggestion over coffee in the teach-
ers' lounge. None of these situations put any noticeable pressure on
the teacher to answer in any one manner.

Four teachers were interviewed in pairs; the department heads had

picked good friends for these pairs. To ease this situation, made

1Sign:lf:lcant trends and errors in ventilation were detected
through anecdotal remarks, The relationships of vocational agricul-
tural facilities and rural environments with science instruction were
also explored. Trends in science project work were also detected.
Equipment installation often revealed gross misunderstandings on the
part of manufacturers. Administrative procedures also were noted where
they might prevent certain modes of teaching.

zA copy appears in Appendix A.
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necessary by scheduling problems, the interviewer chose different levels
of students with which each teacher concerned himself. Since each teach-
er would be taiking about a different type of class, the teachers would
not need to compete for prestige by giving biased answers.
Each interview lasted iwenty to thirty minutes. A tour of the fa-
cilities usually followed the interviewz; sometimes a brief walk through A
the facilities preceded the interviews. Most teachers were interviewed
during their free "planning" periodsj never was a teacher kept after

school unless he usually stayed after school. Up to twelve teachers

would be interviewed in one day, Visits to schools were limited to

one day if all teachers of tenth thiough twelfth grade subjects and
teachers of ninth grade biology could be 1nterv1ewed.1 Some schools
were small ensugh that earth science teachers, regardless of grade,
could be interviewed. In some cases, general science teachers were in-
terviewed to avoid £1ighting these teachers when everyone else was in-

volved in the study;

1 Questions concerning non-spatial and spatial independent variablei

were asked prior to questions regarding teaching nethods.z This proce- ,

dure, along with a small introduction explaining the purposes of the ' i

CLael

1Interv:lews at Darien, Connecticut were not completed because of
limitations in time. Teachers of physics, advanced courses and one
biology course were intervewed.

2Only with two teachers was the order reversed in order to ask
questions not answerable through observation. This was done when in-
terviewing was behind schedule and teachers would not be available at
another time.
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research, put ‘he teacher a{ ease bvefore he was asked about teachiag
methods. Anecdotal remarks were recorded during interviews as well as
after school., Often department chairmen and some teachers would stay

a few hours discussing design and curricular problems. Although some
researchers would feel that such inte:‘course is not legitimate for in-
terview studies, this period of discussion was thought proper since it
returned the favor granted the Project by the administration. In no
way did these discussions influence answers to the interviews which had
occurred previously that day. When in conference with principals, the
interviewer was careful not to betray confidences assumed by the teach-

ers interviewed.

Anagxtical Procedures

The results of the statistical analysis wil} be given in Chap:cer
Four, The general procedure for that analysis will be discussed in this
section.

Analyses were mainly computed by International Business Machine
7090/94 programs operating under the standard Fortran Monitoring Sys-
tem, The programs are explaineqi in manuals for the Data-Text System1
and The Multivariate Statistical Analyser.2 The latter program, except

for its INCOMPLETE R routine, proved too cumbersomz to use except in

1Arthur S. Couch, Data-Text System: Preliminary Manual (Cambridge,

Massachusetts: Department of Soclal Relations, Harvard University,

2Kenneth J. Jones, The Multivariate Statisticael Analyser (Cambridge,

Massachusetts: By the author, 1964). This system is abbreviated "MSA."
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1
preliminary analyses,” One of the main advantages of the Data-Text Sys-
tem was that each variable was analyzed only on the basis of those teach-

ers of schools supplying information. Blank answers signifying irrele-

vancy or non-availability of information were ignoredy this gave rise .
to frequent changes in the population size. Another advantage of Data-
Text was that variables could be created easily by redefining old data
variables, This wax especially helpful in creating ordinal or nominal
data from interval scales of wide range.

Most analyses performed were non-parametric tests chosen prior to
gathering the data. Appropriate changes in procedures were necessary
to adapt for group sizes or unexpected distributions. Because some co-
efficlents of association, such as tau C, may not be familiar to some

readers, other tests may have been done with the data concurrently.

Usually the scales of associational measures have the same end points,

but have different intervals -- this fact makes it dangerous to judge

the value of a tau C coefficient in comparison to other educational re-
search giving conting.ncy coefficients.

The data wee screened first for significant associations between
dependent variables (methods) and non-spatial independent variablés. N
Although computer routines would calculate Pearsonian product-momcnt

correlation coefficients and match their significance levels at elther

.0l or .05 probability, the tests often would actually be a point

lMost MSA routines would count blank fields as zeros. This would
* distort most statistics involved with the present study.
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biserial correlation.1 Those non-spatial variables having a relation-
ship of .01 significance or Letter were selected as specifiers (non-
parametric covariables) in subsequent analyses involving that specific
dependent variable. In some cases, intulition or tetrachoric correla-
tions provided leads to significant specifiers which had violated the
assumptions of the Fearsonian prcduct-moment correlation -and had not
given significant coefficients., The continued use of a specifier de-
pended on its performance during the final analyses of crossbreaks2
betwren spatial and dependent variables. Therefore, the fulfillment of
all data assumptions involved in the selection procedures'of non-spatial
specifiers was not critical.

Following the determination of significant specifiers, these non-_
spatial variables (usually interval in nature) were divided logic;lly
into nominal and ordinal categories for use with contingency tables.
The specifier never appears as a variable on any one contingency table,
for the specifier states what condition a teacher must fulfill before
that teacher's answer is placed in the table, The specifier establish-

es the conditions under which the analysis is being made. Non-spatial

1Although their tests of significance do differ, the correlation-
al measures are identical. The tests of significance are so similar,
that for yreliminary screening of relevant non-spatial variables, com-
puter results were used,

2Kerlinger, p. 625, gives a definition of this term, "A crossbreak
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is a numerical tabular presentation of data, usually in frequency or per-
centage form, in which variables are juxtaposed in order to study the re-

lations between them." This refers mainly to Fisher exact test tables
or chi-square tables in the immediate case.
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variables form the third through nt dimensions in a specified crossbreak
table.

The size of the interval in the nit dimension would determine the
size of cell groups in the various contingency tables scattered along
the nt dimension. Some crossbreaks may have several pertineat non-
spatial variables., Small intervals in each one of these non-spatial
yariables would make group sizes too small for legitimate analysis,

Yet, other crossbreaks may have only one pertinent specifier, This
latter crossbreak could benefit from added ordinal information by hav-
ing small intervals in the non-spatial variable, So it will be seen
that the original data denoted in Appendix A by the value X(leeen) is
often redefined into new variables, denoted by VAR(I...n')u1 For the
purpose of maximizing cell size but retaining as many subdivisions as
possible, a variety of scales for the variables.has been made. Appendix
B gives the recodings of the variables, including some not used in

final analyses.

A serious objection can be raised to multiple subdivisions of in-
terval ranges, If the subdivisions are not logical, spuriously high

assoclational values may result. All variable subdivisions in this

1For example, the number of preparations per day (X-17) varies
from one through five. This small interval scale is correlated with
inquiring lab centered course work, rather than verifying work (X-55).
X(17) is correlated also with a course being inquiry-oriented (but not
possibly wet lab centered -- X-44), The latter item correlates with
three other non-spatial variables, whereas X(55) has no other non-spa-
tial correlates., With the same population, it is obvious that of the
two variables, X(44) and X(55), X(44) is more sensitive to subdivisions
of X(17). X(44) must have large group sizes for three remaining cross-
breaks,
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thesis have been made as follows: 1) with a priori reasons based on
teaching experiencey 2) by intuition prior to the surveyy or 3) at
accepted statistical points such as the mean, median, modes, extreme
tails, or at 0.5 or 1,0 standard deviation., Each appropriate variation
is tried as a specifier to see if cell sizes, significance levels, and
assoclational values benefit from one specific breakdown.. Furthermore,
the more elaborate breakdown of one yariable may yield higher associa-
tional values than dichotomous breakdown of two separate variables,

Each hypothesis is first tested with every variation of the in-
dependent spatial variable and the dependent variable without non-spatial
specifications, Even if this does not show a significant correlation,
yarious crossbreaks ar. tried next. Each non-spatial variable is added
to the "unspecified" contingency table. From the associational values
among various specified conditions for contingency analysis, the best
values are taken. To these three dimensional crossbreaks is added a
fourth variable (the second non-spatial variable). This selection con-
tinues until cell sizes drop too low for legitimate analysis. The speci-
fiers are then presented as conditions under which architectural space
becomes limiting. Actually, architectural space never becomes the one

limiting condition since teaching method is not perfectly predictable

from design characteristics.

Applications of Conclusions

Use of Formal Analysis

The formal analysis performed in this thesis has followed some

g
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statistical guide lines which may have limited the conclusions drawn
from ail the available data. This attempt at fulfilling the assump-
' tions, involved with tests or experimental design, has allowed stronger

conclusions ic be made without undue reservations. The purpose of the

formal analysis is to produce conclusions useful in four ways.

First, architects and others could use evidence, produced by this
research, to support their requests for more complete educational speci-
fications. The general hypothesis reflects the primary purpose of the q
research -- to establish that science facilities are associated with |
science teaching methods at the secondary school lievel.

With the rationale supplied, it is plausible that a causal comnnec-
tion underlies the significant associations found. Even with aiterna-
tive interpretations, there still remains an auociation.1 Essentially,
the establishment of a significant sssociation allowse an administrator

to predict what teachers will be doing several years herce in a build-

. ing which may last decades. Low associational values reflecct that other

factors also must be considered, but that these other factors need not

be known to exercise one's best judgement in the sphere of architectural

—

design. To delay exercising knowledge in the architectural sphere u;:\~;

til complete understanding is gained may well result in creating rather

1The term, "assoniation," is used since "correlation" is usually
reserved for parametric statistical analyses. Most analyses in this
thesis are non-parametric,




permanent impediments to teaching.l If architectural characteristics
foster certain types of teaching, administrators (and curricular pro-
Jects) might spend more time planning facilities in accordance with the
nodel2 for drafting educational specifications,

Second, science staff members in schools could use the rexults of
this survey to show -easons for their requests. During the drafting of

educational specifications, opinions of science staff members often are

not appreciated, Some of these opinions may have to be revised in light

e e n

of a larger sampling of experiencej otner opinions may find support in
this survey. This research should aid in the translation of education-

al specifications to architectural design. This translation, although

L primarily the architect's responsibility, should be aided by suggestions

3 from persons versed in science,

Third, architects and educational consultants can base some de-

cisions on at least the ex post facto research done here, rather than on
pure opinicn. One imnortant decision, which may be aided by the current
research, concerns the relationship of laboratory space and the class-
room,

The statistical nature of these findings overlooks th? exceptional
staff, For instance, one cannot say with absolute surety that a green-

house will not be used for fostering experimental work in biology -- even

1The flexibility fincluded in many designs was an attempt to skirt
this difficulty, however flexibility may necessitate impediments not
present in more specific design,

2See Figure One, supra, p. 8.
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though the presence of a greenhouse is not highly associated with the
experimental use of plants. Two schools, those in Wilton, Connecticut
and Keene, New Hampshire, stand out as examples where legitimate use is
made of greenhouses, It wouid be unwise to weigh conclusions of this
thesis as the only information upon which to base architectural deci-
sions, In this specific case, Wilton's programs would be hampered and
teacher morale lowered if future additions did not allow expansion of
the greenhouse. Nevertheless, the administrator mst realize that these
highly motivated teachers may have successors who will nqt use this fa-
cility. One purpose of this research is to alert administrators of
possible disuse of some facilities and to discover circumstances under
which use may or may not be enceuraged.

The previous example leads to the fourth use of the research ==
working toward better utilization of facilities. If certain facilitgel
are not being used as intended, substitutes1 or improvements for the
unused facilities night be designed. The need for acquaintance with .
utilizing some facilities may become apparent. Teacher training might

include specific instruction in technological details connected with

unused facilities.2

1w1th greenhouses, large, artificial growth chambers may act as
substitutes,

2Care must be exercised in the case of greenhouse training for
teachers, This instruction may result in non-experimental use of the

FER U XY
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Use of Anecdotal Remarks
Anecdotal remarks are not subject to the same safeguards as are
conclusions derived from formal analysis. One objectionable feature

{s that anecdotal remarks rarely are elicited from the entire sample.

Teachers at the start of a survey volunteer such remarks; then the in-
terviewer begins to question respondents on the same topic. The inter-
view schedule in Appendix A gives examples of anecdotal remarks men-
tioned so frequently during the trial interviews that the information
was coded on the questionnaire. Anecdotal 1 omarks will eventually be
analyzed in conjunction with each specific hypothesis ané probhably will

be published or circulated to participants as small mesoranda. Two

such topics will be concerned with ventilation and scheduling arrange-

ments,

E
E

Although anecdotal remarks lack statistical vigor, they have strong

rational backing and are the result of a few hundred teachers

1Anecdotal remarks, now on the interview records, iundicate that
gsome administrative procedures can impede the use of certain facilities,
One clear example involves scheduling of classes in classroom-laboratory
situations. If the same teacher and students do not meet together for
both class and lab, the usual effect seems to be non-inquiry teaching.
The coordination of discussion and lab, made possible by the combined
classroom-laboratory design, is not usually present when another teach-
er is scheduled as lab instructor or when students are mixed among dif-
ferent teachers' classes for double lab periods. With one chemistry
class, a sixth period during the week was given "back to back" with a
discussion period. However, the same students were not scheduled for
both halves of the double period! It is evident that some administra-
tive practices act in a way which is equivalent to having radically
different types of facilities. Such uncontrolled factors will tend to
reduce the associational value found between architectural character-

istics and methods of teaching.
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surgesting improvements for design of their facilities, At present,
there is often no better way to make architectural decisions than to
base one's choice on such wide and reasonable experience.

Since the interviewer sifts anecdotal remarks before recording,
the value of recommendations founded on sniecdotal remarks rests purely
on the investigator's ability and experience in the science facility
field. Until research, even ex post facto research, investigates
anecdotal recommendations, the reporting of collective opinion is the

next bast type of knowledge to be publicized.




CHAPTER III

REPORT ON THE INTERVIEW PHASE

Following the development of a suitable research design, a pre-
liminary edition of the interview schedule was developed., Some pre-'
liminary discussion on the acceptability of the researc was done with

; Mr. John Packard of the Massachusetts Department of Education, On Jan-
g

TN

uary 23, 1967, requests for nominations of schools were sent to the ‘\\\;

State Departments of Education.1 While waiting for replies, the in-

vestigator began the trial survey on January 30, 1967,

s )

Trial Survey

The trial survey proved to be of benefit in establishing smooth
administrative procedures ror the scheduling of interviews as well :=
a period in which to revise the interview instrument. During the trial
period, permission was being obtained for visiting the first few schoo.s
in the final intervicw phase. It appeared tiat schcol personnel would
be very cooperative when the visits began in earnest, February 28, 1967. .{.
Because inclement weather canceiled several school operations dur-

ing the month of February, only three high schools in the vicinity of

lThe states were New Jersey, New York, Connecticut, Massachusetts,
and New Hampshire. The reasons for selecting these states are given

supra, pp. L43-44,
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Boston were visited, giving a total trial population of nineteen teach-
eru.l The schools visited were 1) Mansfieid High School, Mansfield,
Massachusetts; 2) Phillips Acaaemy, Andover, Massachusetts;l 3) North
Reading Senior High School, North Reading, Massachusetts.,

Close attention was given to the performance of the revised in-
terview during the first three visits to schools in the final survey
population, Although no major changes were made, allowance for changes
was planned 11 this second group of schools revealed any inadequancy in
the instrument, These three semi-trial schools were 1) Watick High
School, Natick, Massachusetts; 2) Salem Hiah School, Salem, New Hamp-
shire; 3) Timberlane Regional High School (modularly scheduled),

Plaistow, New Hampshire.2

Arranging Interviews

Acceptances and Refusals fsr Farticipation
The state departments of education nominated schools to be ap-
proached for inclusion in the study. The first task was to identify
thé superintendent in charge of each high school and to request per-
mission for conducting the research., Various directories were used

from regional assoclations, professional associations, and the Office

1

Other extenuating circumstances reduced the trial school sample,
namely school vacations and an arm injury which prevented the investi-
gator's driving,

zThis effectively raised the trial population to forty-one teach-
ers, thirty-three of whom were from schools nominated by state derart-
ment personnel,




of Education, In two cases, superintendents did not reply. One super-
intendent was never reached because the wrong one was contacted and he
did not reply until too late in the survey.1 The other superintendent
did not reply to two lettersj possibly, they never reached the proper
1nd1v1dual.2 Since there was an oversupply of schools to visit during
the last month of interviewing, the pursuit of these contacts would not
have changed the final interview sample. Nevertheless, the directories
available for identifying superintendents left much to be desired. It
was a major task to locate information concerning current superintend-
ents, However logical it may have seemed to ask the Stéte Departments
of Education for this information, the investigator did not wish to
burden others with chorss that he could do.

Letters sent to the superintendents requested permission to ap-
proach the principals for approval to visit the high school and inter-
view teachers. Some information pertainiag to the entire school system
was also obtained from the superintendent's office., Upon receiving the
superintendent's permission, contact was made with the principal named
in the reply letter. The principal's permission letter supplied in-
formation including the name of the science coordinator or department
chairman who would be contacted by the Project for final arrangements,

The letter to the department chairman gave him enough freedom so that

1The school missed, because of this error on the investigator's
part, was the Whitman-Hanson Regional High School, Whitman, Mass.,

2The school missed in this situation was New Brunswick Senior

High School, New Brunswick, New Jersey,
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he could essentially refuse participation by postponing the visitation
date. About fifteen variations of form letters were sent to superin-
tendents, principals, and department chairmen., Variations were neces-
sary to personalize the latters so that some knowledge of their school
was 1nd1cated.1 Example coples of each kind of letter are included in
Appendix C. If arrangements were made by phone, entirely different
confirmation letters were sent. Appointments were made suffici=ntiy in
advance to allow department chairmen to alert teachers. A few schools
received short notice because of poor mail handling, but this was in-

frequent.

Sequence of Visitations
" Table Two indicates the schools nominated along with the schedule
and number of teachers interviewed from that school or feeder junior
high schools. The order of visitation may have some importance for
two reasons:
| 1) The interviewer may have unconsciously changed his style after

a few hundred interviews. The speed at which questions were stated

quickened as they became more familiar. Borcdom was not a factor,

1For instance, i1f the superintendent had indicated no ninth grade
biology was being taught, principals were not asked for the junior high
school principal's name and address, If the principal indicated that
there were only a few teachers in the science department, the chairman
was requested to include all, or at least earth science, teachers in the
interview appointment schedule. All letters tried to convey the impres-
sion that each school was respected as a distinct school and not a com-
puter code number. All letters were individually typed.




except in one school near the end of the survey. In fact, the traveling
was a stimulating experience and teachers always seemed to present new
opportunities to learn more about administration of science staffs. A
more natural conversational approach was cultivated during the course
of the survey, but all questions were asked verbatim as on the inter-
view schedule, Sometimes these questions were prefaced with, "Did you
say that.,.?" or "It's my impression that you..." Such remarks made
the interview less of a trial for the teacher and gained necessary
rapport.

2) Te@chers may have had better knowledge of the current year's
teaching style if all the interviews had been in May or June. Nothing
could be done to prevent this, unless a large staff had been trained
for an intensive, short-lived interview period.

No analysis was done to detect correlations with date of interview,
but no predictions could be made on logical grounds that certain types
of facilities were visited late or early in the survey. It is true
that covariance techniques might have been used to allow for changes in
response with time, but such methods could not be utilized with many of
the analyses made here. Using time as a crossbreak would have reduced
sample size before any relations could have been studied.,

In general, visits were spread throughout the survey period in
geographical distribution and types of communities., The first schools

to reply usually were interviewed before others, but this was not always
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the -ituation.l To avoid extreme travel expense, visits to seme schools
which replied early were delayed until one trip could include several

schools in the regien.

Cempletion of Visits and Interviews
Interviews began on February 28, 1967 and ended June 20, 1967 with
two interviews of absentees. The details for interview appointments
were left up to the department chairman or principal. Not all schools
gave teachers free periods; but even in these schools, the effort ex-
tended, in relieving teachers of duties while beiﬁg interviewed, re-

sulted in a smooth operation at almost all of the fifty-nine schools,

Absentees

Absenteeism could have been a serious factor, but very few teachers
did not report for duty on the interview days. This acceptance of the
interview may be attributed to three factors. First, teachers were com-
plimented by having their department nominated as an exemplary science
department. They knew this before the investigator came. Second, fa-
cilities are a deep concern to most teachers and they wanted to voice
their opinions. Third, department chairmen could choose the date for
interviews. A few postponed the interview to aQoid a Jewish Holiday or
field trips.

If absentees are defined as those persons on the senior high

1Schools nominated by New Hampshire usually were visited early
since those nominations and permissions were received with dispatch.

(4]
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teaching staff not interviewed but qualifying for an interview, there

o o

were only twelve such teachers in the sample.l All but five of these

absentees were eventually interviewed during other brief visits when

the investigator was in the vicinity of the school. Of these five,

two wanted very much to be interviewed but were seriousl: 111, The

)

third was a department head who doubted that such a young interviewer 4
could find out how ne taught. This department head thwarted the inter-

view with questions and anecdotal remarks so that the interview was

not completed. The other two were teachers who missed their appoint-
ments and could not be interviewod because the 1nvestiga£or was not re-
tumning to the area., Therefore, it appears that only three teachers,
from three different schools, could have had a common factor which -was \
not measured, The effect of these teachers among a sample number of\\\‘\

496 would be insignificant,

Junior High Visits Incomplete
As was suspected in the trial survey period, visits to junior high
schools were very time-consuming., For this reason, many junior high
schools had to be dropped from the survey. Schools were eliminated pri-
marily when coordination through the high school was non-existent, there-
by not allowing a schedule to be made for the same day of the visit to
the high school. Junior high schools were most often interviewed when:

1) the senior high school was so large that it required two days

-

1
Not all absentees reported sick, three were on field trips and two
missed their scheduled appointments (but were willing to be interviewed).




et 2 e e dh 3 hagal asatlh ¥

to complete the visit.

or 2) the junisr high school was located near Beston.
Therefore distant suburban schools were the main type of junior high
schools dropped‘frol the survey sallple.1 However, many such junior
high schools were included in the survey. Suburban and city junior high
schools included in the survey were from such places in New York State
as Flmira, Hamburg, Newburgh, Northport, Williamsvill=; in Messachusetts

as Hingham, Naticky; and Westport in Connectirut,

Coding and Card Punching for Analysis

After the gathering of all datz2 on the interview forms, information
was entered in the marginal space= oi the torm., This transfer of an-
swers to the margins facilitated key punching and allowed a check on the
correct coding of such answers as X(23) and X(ZS).2 Before margina.
answers were entered for X(6), X(8), and X(59), additional computations

were made from raw datu supplied by the teachers' answers.

Code Adjustments
After the raw data had been gathered, it was apparent that a few
of the categories did net reilect the natural range nor the natural cat-
egories of the answers. Adjustments were made, as described in this sec-

tion, to reflect natural categories or to foster accuracy in key punching

1Small rural high schools rarely had any junior high schools feed-
ing them.

2Data variable codes, e.g. X(23), can be understood by question re-
ferences given in Appendix A,
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with a minimum of distortion to the data.

Periods per week, X(15)-X(16) .

Some teachers had an alternating schedule of two double periods one

-

week and three double periods the next week. In weeks which had two
double periods, there would be three single periods; in weeks which had
three double periods, there would be two single periods. Such a schedule
averages two and a half single and double periods per week.

A complication occurred in coding because only one colum was al-
lotted for each answer.l To relabel colummn numbers throughout the in-
terview schedule would have been laborious and time—-consuming for 496
forms. Card punching would have been subject to many mistakes if valid
colusn numbers were not present on every interview form. Therefore, it
was decided to round all two and a half period answers to the type of
schedule which usually iz used by teachers having the alternating sched-
ule. Two and a half periocd schedules were classified as two double per-

jods and three single periods per week. This rounding may have reduced

the associational values to some extent.

Predominant organism, X(36) ;"3\

By the end of the interview phase, it was evident that the question

for variable X(36) was not worded in the most useful manner. This ques-

“

tion was answered affirmatively by biology teachers, in the mainj but a

1Doubling of all answers might have been the solution to this prob-
lem; but some answers were five or six periods per week, which when
doubled would have given a double digit number.
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few earth science and chemistry teachers, using living organisms, also
answered., Teachers answering that they most cften used microorganisms
were six times greater than those using plants or animals, For a more
informative question, answers were changed if they indicated ties be-
tween microorganisms and plants or animals., These new answers would in-
dicate the plant or animal choice only, It was this revised keying
which ylelded the answer ratio cited above, Most of these teachers
who indicated use of microorganisms did not do elaborate experiments or
culturing. Information was being sought on the use of plant and ani-
mal facilities, and even with revised keying, less than sixty teachers

ylelded data to be analyzed.

Cost of a }apfperiod, x(8)

Once again, the range of answers exceeded the column allowance
for answers. Actually only one school needed te have its teachers' an-
swers adjusted, since it spent more than $9.99 per laboratory period.1
The next highest school spent $8,95. In order not to create problems in
key punching, a maximum of $9.99 was set, thus avoiding the need for a
fourth colum. As stated before, the additi;n of a fourth column would
have resulted in more errors through punching of data in columns not
labeled correctly on the interview schedule.

The high $9.99 value had almost the same effect as ii it had been

coded by its actual value., Most analyses were conducted by ordinal or:

lActual cost per lab period was $11.29 for this school.
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nominal categories; these kinds of analyses would not be affected by
this change in coding.
The dollar decimal occurs between colum twenty-seven and twenty-

eight., This cost is expressed to the nearest cent.

Size of sinks, X(39)

The interview questions were formulatod without widé knowleddg 5f\ ;
exact equipment specifications. It later proved that sink manufactur- )
ers grouped their sinks in slightly different categories than the options
for X(39). In order to have choices reflecting the actual ;lasses of
sinks, dimensions of fifteen by eighteen inches were the minimal quali-
fications for class four, and dimensions of nineteen by twenty-seven
inches were considered the minimum for class five sinks, Extremely few
sinks possessed qualifications of the original class five. Even with

the revised standards, only 16 out of 226 teachers had sinks in class

five,

Average departmental budget, X(6)

No alteration was actually done with this figure. Space limita-
tions in colums made it necessary to round off to nearest tens of

dollars. This usually resulted in dropping a zero.

Card Punching
Cards presenting the basic data to the computer were punched and
verified by repunching on a v« ~ifier by the investigator. Such verifi-

cation by the same key-puncher is not recommended usually, However, in
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this situation the chance of systematic error is slight since the inves-
tigator does not touch-type. The desire for accuracy was greater during
card punching than would have occurred with hired key-punchers.

The verified deck of data cards was used to duplicate cards for
use in computation. Duplicate cards were verified intermally during
duplication by machine, There exists no doubt, in the investigator's
mind, about the accuracy of the data at the time the computational pro-
grams began the analysis. The original, verified data cards will be
kept with the investigator for a reasonable length of time following

the termination of the Facilities Research Project,
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CHAPTER IV
ANALYSIS OF DATA

Thi.s chapter will present some statistical characteristics of the
sample, then proceed to the analysis of each specific hyéothesis, and
finally discuss the general hypothesis.

Most of the analyses have been done with the Data-Text System.1
Whenever the Data-Text System has not been used, the source of computa-
tional results will be noted. If possible, this will occur in paren-
theses directly after the statistic. If this procedure is not feasible,
a footnote.will be used. Thfee abbreviations will be used to indicate
sources. MSA-R and MSA-D will refer to The Multlvariate Statistical
Analyser2 routines, Incomplete R and Datasearcher respectively. Data-
searcher treats blanks as zeros; because of this, four teachers were
eliminated since they had numerous blanks in pertinent data fields. The
program lists blanks so that no statistical procedure need be reported

without knowing that a blank distorted the data.

Characteristics of the Sample

Statistical Definitions

A few specifications of the formulae or tests used by the programs

1Couch ~-- supra, pPP. 54-55.

2Jones -~ supra, pp. 54-55.
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are appropriate for unusually labeled statistics.

Skewness
This statistic usually is computed by the Data-Text Statistics

routine., Skewness, 9;1 is calculated by means of the following

fornula:l N 7 _\J3
X X
91={K1- >/ N
‘ 8
i=1

where s is the unbiased estimate of the standard deviation of the pop+

ulation using the sample obtained. N equals the number in the sample
used for the distribution. The measure is an expression of the symmetry

of a distribution. For perfectly symmetrical distributions, 9, equals

Zero,

Kurtosis

This statistic usually is computed by the Data-Text Statistics

routine. Using the same notation as with skewness, the routine calcu-

lates kurtosis, 959 by means of the following fornula:z

4
N -
X X
i=1

The measure is a discription' of extent of variation from the central

tendency in a distribution. Normal distributions have a kurtosis of

Zero.

‘Formuls 1s given in Couch, p. 241,

zFornu} - is given in Couch, p. 24l,
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Normality test

The normality test reported in this "Characteristics of the Sam-
ple" section is computed by MSA Datasearcher.(MSA-D). The calculation
is the goodness of fit test provided by the Kolmogorov=Smimov one-
sample test.l The program diyides the population into categories, one
half standard deviation in size. The expected cell size calculation
is based on the mean and sample number. The observed cell size is .

then compared to the expected cell size. The critical D values and

observed D values are given with the alpha level of .Ol.

Schools
Since characteristics of schoolg appear on each teacher's data
cards, the statistics presented as school-wide characteristics have a
sample size of 496 rather than 59.2 The mean and other statistics have
an inherent weighting factor accerding to the number of teachers inter-

viewed in connection witﬁ the high school.3

1Th:ls 1s described in Sidney Siegel, Nenparametric Statistics for
the Behaviorsl Sclences. (New York: McGriw Hill Book Co., Inc.,

1956), pp. 47-52.

zExcept for data variable X(59), teachers are free to answer the
dependent variatle questions in any wayj this makes most samples the
size of 496 befure crossbreaks.

-
— -

~

3Excfept for data variable X(59), non-spatial variable weighting;\\\\
would include juwilor high teachers interviewed within the same school
system,
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VAR(3), Average departmental budget ’

The average departmental budget1 over the past few relevant yéaru
may indicate the wide range of financial situations visited., The fol-
lowing statistics describe the distribution:

1) N = 496

2) Mean = $6,609

3) Median = $4,750

k) Standard Deviation = $4,947

5) Range: $500-$21,500 (MSA-D)

6) Skewness = 1,208

7) Kurtosis = 0,441

8) The distribution is not normal at the 0.01 level, The D
value equals 0,1850, the critical D being 0.0735 (MSA-D), °
The curve appears to be bimodal, 77 teachers were observed

beyond +1,5 standard deviations in the second mode (MSA-D), ..

VAR(9), Budget per pupil

The science department budget2 divided by the entire sqhool's en-
rollment gives the following statistical distribution:

1) N = 496

2) Mean = $5.05 per pupil/year

3) Median = $3,76 per pupil/year

1Infra, P. 176 describes the expenses germane to this budget.

2Supra, p. 83 explains VAR(3) which is the average departmental
budgety see also infra, pp. 176, 192,
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4) Standard deviation = $4,05
5) nge: 3.80 - ’21.50

6) The approximate decile maximum values based on cumulative

percentages are as follows: 1/10 = $1,50; 2/16 = $2.004"
3/10 = $2,604 4/10 = $3.501) 5/10 = $3.80; 6/10 = $4.40
7/10 = $5.50; 8/10 = $7.20; 9/10 = $9.10. Cumulative par-.
tial deciles in the extreme range are 9.5/10 = $11.36; | \\\\\
9.7/10 = $15,80.

7) Skewness = 2,053

8) Kurtosis

4,828

9) A normality test is not available.

VAR(6), Cost per lab

This variable yields a bimodal distribution around the two and five

dollar values, Table Three shows the bimodal nature in a transformed
1 ordinal scale called VAR(?).2 Below are given the statistics for the
non-transformed data grouped by school.

1) N = 496

2) Mean = $2,70
i 3) Median = $1.52

4) Standard deviation = $1.87

1
Actually 47% of schools have $3.50 or less as their annual bud-
get per pupil.

ZSee Appendix B for transformation code--infra, p. 203.
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5) ng€3 '055 - 89099

6) Skewness = 1,888

7) Kurtosis = 3.845

8) The curve is not normal at the 0.0l level. The D value is

0.1545, the critical D value being 0.0735. (MSA-D)
TABLE 3
COST PER LABORATORY, VAR(7)
‘ 050" ’1026“ ’1076"' ‘2.26" ’2.76"'
Category 1.25 1.75 2,25 2.75 9.99
Frequency of Teachers 72 66 133 64 161 |

5 Cumulative Percentage 14.52 27.82 5,64 67.54 = 100
f Number of Schools? 7 1 10 13 7 } 21

8The number of schools 1s estimated from the number of groups
having different costs., Two schools had identical costs, thus reducing
the total number to fifty eight.

VAR(10), Total college entrants

The following statistics give a rough picture of the dominance of

college-oriented policy in the schools., The figures represent the per- : o

centage of graduates entering college immediately after graduating from
high school,

1) N = 483

2) Mean = 58.7%
3) Median = 6000“

L) Standard deviation = 16,7%
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5) Range: 30% - 98%
6) Skewness = 0,277
7) Kurtosis = -0,653

8) No test of normality is available.

VAR(16), School enrollment

The schools in this survey came from a diverse sampling of com-
mmnities. The following statistics include the total enrollment for
the schooly the maximum number of grades included is six. These six
year schools ofter had enrolliments under 800,

1) N = 496

2) Mean = 1435 studen:s

3) Median = 1407 students

4) Standard deviation = 593

5) Range: 226-2997

6) Skewness = 0,747

7) Kurtosis = 0,729

8) This curve is normal at the 0.0l level. The D value is 0,666,
the critical D being 0.0735.1 (MsSA-D)

Table Four gives the distribution of schools and teachers for the trans- '

formed ordinal categories present in VAR(I?).2

1VAR(16) has as its values the number of students in the school of

each teacher. 1In this case, normal distribution of school enrollment
probably indicates a dominance of small schools since large schools have
many teachers supplying data for VAR(16).

2See Appendix B for the transformation code.




TABLE 4

SCHOOL ENROLLMENT, .VAR(17)

SIZE Min. 226 751 1001 1251 1501 2251
Max, 750 1000 1250 1500 2250 3000
Frequency of
Sci. Teachers 54 75 82 87 153 45
, Frequency of
: Schools 13 11 10 9 13 3

Averages Based on Ungrouped Data

1

Sci. Teachers -
per School 4,2 6.8 8.2 a,7 11,8 15

Students per
Sci, Teacher 119 138 139 145 149 184

VAR(21), Mean years in department

Total the number of years that a department's members have accumu-

z lated in their present high school. Then divide by the total number of
teachers in the departmwent. The resulting quotient is the mean number
of years in the department. This variable may be termed "average years
of departmental membership." The distribution of this variable is des-
cribed below,

1) N = 496

2) Mean = 6,2 years

3) Median = 5 years

L) Standard deviation = 3.2

5) Range: 1-17
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6) Approximate decile maximu.a values are 1/10 = 2 yearas
2/10 = 3 years; 3/10 = 4 years; 5/10 = 5 yearsy 5.7/10 =
6 yearsy 7/10 = 7 years; 8/10 = 8 yearsy 9/10 = 10 yearsy

9,6/10 = 12 years.

7) Skewness = 1,204

8) Kurtosis = 1,889

9) The curve is not rormal at the 0.0l levels The D value is

0.0833, the criticai D value being 0.0735. (MSA-D)

VAR{65), Availability of a late bus

This anecdotal tabulation may reflect the desire of the sample
commmnities to provide extra opportunity for late aftermoon work. Late Q
buses were available for students working on individual projects accord- Sl
ing to 333 teachers, No late bus was a iilable for students of 119
teachers. Teachers living in metropolitan areas, with commmnity bus

service, were not asked this question.

Teachers
The following variables describe individual teachers, since answers

could vary within a school,

VAR(1), Subject experience

Teachers as a group exhibited the following.characteristics--re-
garding the number of years they had been teaching the subject, about
which they provided answers throughout the interview.

1) N = 496
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2) Mean = 7.593 years

3) Median = 5 years

4) Standard deviation - 7.141

5) Range: 1 (62 teachers) = 46 years
1,845

6) Skewness

7) Kurtosis = 4.082

8) The curva is not normal at the 0.01 level, The D value is
0.1586, the critical D being 0.0735. (MSA-D)
In many cases, these years of experience were gained at schools other

than the one now employing the teacher.

VAR(40), First course level

High ability students formed the classes taught by 85 teachers.
Average coilege preparatory classes were taught by 265 teachers,
Classes mainly comprised of terminal or possibly low ability students
were taught by 78 teachers. These figures all pertain to the first
course a student receives as an introduction to a specific science sub-

Ject,

VAR(41), Second cours: level

The figures in this section refer only to courses capitalizing on
one year's experience in the subject for the student. Twenty-three
teachers taught advanced placement courses geared for passing the exam
for college credit or exemption from freshman college courses. Sixteen
teachers taught second courses to high ability students, Seventeen

teachers opened their second courses to average college preparatory




students.

VAR(42), Grade

Grade levels were sampled as indicated in Table Five,

TABLE 5

GRADE DISTRIBUTION OF TEACHER
SITUATIONS PRODUCING DATA

Grade® Number of Teachers ]

) Ninth, « ¢« ¢ o ¢ ¢ o ¢ ¢ 0o o o o+ 89
Tenthe « o o ¢ ¢ o s 0 0 ¢ o « 5 o 154 . ;
Eleventh « ¢« ¢« ¢« ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o 1 14 . ]

Nelfthooooooooooo.ool38 ,

®reachers may teach more than one grade in the course supplying
data, The predominant grade was used as an ansvwer, Teachers may also
teach courses in different grades; only one course was chosen for the
mtmiewo

VAR(43), Course subject i

Although teachers may have taught more than one course, their re-
sponses were limited to one course in order not to contaminate the data
with correlated answers on any one variable, Therefore, ail tests ap- o :i
plied to the data are based upon independent answers. The teacher dis- :(:. A

tribution for each subject is given in Table Six,

VAR(47), Laboratory-classroom relationship

This distribution hindered analysis of a major specific hypothesis,
i Only 80 teachers had separate laboratories, whereas 384 teachers had

cambination classroom-laboratories, L
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TABLE 6

TEACHER-SUBJECT FREQUENCY

Subject Number of Teachers Responding

Earth Sciencee ¢ « ¢ ¢ ¢ ¢ s s s s o ¢ ¢ o o« 50
General Sclence. « ¢« s o« ¢ ¢ s o ¢ o ¢ o o o 10
Physical Science o« « « o« o o o o ¢ o ¢ o o o 18
Biologye o o o o o o o o o 0 0 0o 0 0 5 0 o o 205
ChemistI'Ve ¢ o ¢ ¢ o ¢ 0 6 0 o ¢ « 0.0 oo o 119
PhySicCBe o o o o o s s 6 s o 0 06 s 0 0 0 0o 76
Integrated Sclence « o« o ¢ o o 0o ¢ 0o ¢ ¢ o o 10
Anatomy and Physiology « ¢ ¢ ¢ ¢ ¢ ¢ ¢ o ¢ o 7 : “ “ o

Othere ¢ ¢ ¢ » ¢ ¢ ¢ ¢ ¢ 06 06 06 06 06 0 0 0 o9 1 %

VAR(50), Number of students in the laboratory

The average number of students in a laboratory may be indicative
of overcrowding. Nowhere did the investigator find evidence of the sup-
posed tendency toward very large laboratories, The distribution of lab-
oratory size is given below.

1) N =495

2) Mean = 21 students

3) Median = 22 students

L) Standard deviation = 5.7

5) Range: 3-35

-0 445

6) Skewness

7) Kurtosis = -0,110

8) A test of normality is not available.
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VAR!§62, Number accommodated in individual lab space

The following statistics describe the general availability of
indivfdual project space. { '”“<<\ .

1) N =435

2) Mean = 5 students

3) Median = 4 students

L) Standard deviation = 7.7

5) Range: 0-99 (9% decile = 12§ 99 percentile = 30)

6) Skewness = 5.173 1
7) Kurtosis = 48,919 |

8) No test of normality is available. ]

VAR(63), Teacher has own classroom-laboratory

Teachers haying their own classroom-laboratory numbered 131,

whereas 253 shared their rooms.

X(10), Number of years in the system
This variable was especlally tallied for this section; it was not

used in analyses as a variable, The following statistics may help to

describe the sample by indicating the number of years each teacher has

been in his present school system.

1) N = 496

2) Mean = 6,153
3) Median = 4

L4) Standard deviation = 6,229

5) Skewness = 2,174
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6) Kurtosis = 5,841
7) The distribution is not normal at the 0.0l level. The D

value is 0.1586, the critical D value being 0.0735. (MSA-D)

B o

Dependent Variable Distributions
The reader may be able to visualize the distributions of the de-
pendent variables (instructional methods] analyzed following this sec-
tion. For the most part, distributions of dependent variables will not

be shown completely for every variable. Only those contingency tables

having significant comparisons will be given; a few exceptions will be
made in order to present crossbreaks of each hypothesis without speci-
fying conditions. There are certain distributions with important speci-
fying conditions which may supply examples as to why certain cross-
breaks may lack enough responding teachers for significance. A few

such distributions are given in Table Seven.

Table Seven lists the frequencies of teachers using certain methods
in specific subjects and with certain levels of students. The table
represents two contingency tables, not a three-way crossbreak. Per-
centages are included with the frequency data for the first table, which

concerns student level, The contrast in methods for high level first 1

course students 1s provocative; these data are presented in this thesis
without discussion since they do not relate to any specific hypothesis

nor to the general hypothesis.

Table Seven may also suggest that teachers were candid in their

responses; various .ltermatives are well represented in the sample.




94

how ot

§309f01d TENPFAFPUL IUSIISd

(L%)X “(%E€T)uvA

qw] 398 TemFUTK Lzynbur
I = (€9)X JT (%)X *(6TIT)UvA

paJajue) qel
(%S)X *(SOT)uvA

gSolduIIeA Jwepuedeq

(**)°° |[(%0T)T | (%06)6 (%001 )€ A b (%06)6 | (%01)T | eoweTos *wep
(%21)9 |(%0%)02 | (%8%)%c (%Ls)€C (%€%)L1 (%%9)2€ | (%9€)8T | @OURTOS Yirxey
aoefqns mﬁﬁvx ‘(€%)UVA
(%1%)2 | (%%2)% (%S€)9 (%2%)L (%€S)8 (%S€)9 | (%S9)1T puodag °aAy
(%29)0T | (%61)¢€ (%61)€ (%0%)9 (%09)6 (%6T)€ | (%18)ptl puod3s YBTH
(%LT)% [ (%87)TT| (%5€)8 (%28)81 (%81)% (%2S)2T | (%8%),1T| °39°1d “ApY
(°°)°° |(%8S)L (%2%)S (%28)2 (%€1)1 (%S2)6 | (%s2)¢E ISITJ POXTH
(%01)8 | (%T2)9T | (%69)%S (%19) 1€ (%6€)0c (%09) 2% | (%0%)1¢€ ISITg MO
(%6 )%C | (%€€)L8| (%8S)UST (%€9)TST (%2€).28 (%19)T9T| (%6€)%01 ISITL *9AY
(%BT)ST | (%EH)LE| (%6E)EE (%42)12 (%€L).LS (%0%)%E | (%09)qlIS 38174 UYBTH
JWOPNIS JO [IA97] (€1I)X *(SETI)UVA

KiosIndmoy| ewmog [LAuw T ‘mag o 3ION jop Lafnbur OoN sox

2O8IN0)
9TIqeTIvA

yuspuadapur

1eF3eds-uoN

SINAANLS 40 FTIAT]

OIJIJAdS HIIA ANV SISHNOD IJIAIAdS NI
SAOHIAN NIVIWZD DNISN SHAHOVIL 40 SIIONINDIYA

L FTavl

k

IC

IText Provided by ERIC




M
-

i

\Edzouov 11 POpPNIOUT sOfI0B93wd §,9TqUIIVA STWI

-

7

spojuetI0 L1gnbuy ase sIayowe)l {1 983yl jo %TE
epajueTI0 LiTnbUuy aJe szayoeadl [T 253Ul JO %Sy
epojuatid0o AL1gnbur axe sxayoeal IS ISAY} jJo %.C

aouys sysAreue (SET)YVA uUo paseq S JuUN0d 0:80

9980 IpUT Awoﬂvm<>d
S93wOTPUT (9OT)UVA,
S23edTPUT (SOT)UVA,
* SUOT3FUFIOP IFOFIAXe J03 g pue Y sofpuaddy aeg

am
(%%7) (%EE) (%€S) (%9%) (%%%) (%6S) (%S%) sTe3jol
89 €91 £9c %e 987 cle %22 wmypo)

oSPOYISH TeuojidnIjsul Buysn SI9YOWd] T¥IGL

—~-
(%82)2 |(%62)C (%E%)€E (%011)Y (°°)°" |(%L9)% | (%€%)E *ofsAyd- °jeuy
(%02)2 {(%0S)S (%0€)€ (%s2)e (%SL)9 |(%0S)S | (%0S)S pa3jeabajuy
(%6 )L L?nnvmm (%8S) %% (%1%)62 (%6S)2y | (%29)L% | (%8€)6C soTsAud
(%6 )TT J(%€E)6E| (%8S)69 | (%29)99 (%8€)0% | (%€S)€9 | (%L%)9S K1yspeeyd
(%6T)6E J(%XHE)69 | (%L%)L6 (%6$)011 (%1%)SL | (%8%)86 | (%eS)L0T ABototd
(%9)T  j(%c2)% (%2L)ET (%7%)% (%9S)S Q«SQLFGS&K ¥os °sdud
3oelqng (TT)X (€%)UVA

Liosyndmo)| owog |Aue JT ‘meg og 3ION 3em Laynbur ON sax

i nonhzou
s3o9foad TenpPTATPULl FIUSII3d qe 3°a Tewruyy Larnbuy paaaIuwe) qul arqetIe;
(2%)X *(HET)UVA = (£%)X 3T (%)X ‘(6TT)¥VA| (¥5)X ‘(SOT)UVA juspuadapur

umwnndmhd> yuapuadaqg

1eT3eds-uoN

eponuIjuo) — L ATAVL




kol

lcaniadl

S

The table also demonstrates the fine distinctions made in some depen-

dent variables.

Sgeclfic Hxnotheses

The tests and measures of significance used in this section are
discussed in Appendix D. However, brief mention of conventions and
abbreviations will be made here.

Each hypothesis will be presented first for evaluation without
specifying non-spatial conditions. The number of responding teachers
will be entered in the appropriate cell of the contingency table, This
number represents the number of teachers who unswered two questions on
the questionnaire in such a way as to place them in a category repre-
sented by a cell of the contingency table. These cells are labeled by
a letter which 18 used as a colum label when summarizing cell distri-
butions with non-spatial specifiers. Such labeling will allow the read-
er to construct his own contingency table if he wishes.

Following the presentation of the unconditional crossbreak, a table
is presented which shows how associational values may be increased
through the use of non-spatial specifiers. These new crossbreaks are

the same as originally presented, but consider only those answers from

teachers whe meet certain contingent non-spatial conditioms. Up to three

couditions are specified; beyond this number, the number of teachers be-
comes too small for analysis. In order to save space, the frequency of
teachers in each cell is not diagramsed as was done earl..rj the fre-

quencies are presented in columns labeled as explained above.

96
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The labeling of specified cvossbreaks is done in abbreviated style.
The abbreviations are sufficient for tt. reader who is well acquainted
with the variablesz., At first the reader will have to consult Appendix
B for specific definitions of the variables. The most exact labei of
the variable is its number appearing in the colum labeled "VAR," This
number has a more lengthy label in Appendix B. The label’includes a .Q'f”:

data variable number preceded by an "X"; this number is keyed to a speci-

ey

fic question in Appendix A. Appendix A can supply operational defini-

tions for the variables being considered. The categories of variable

values are defined in the right hand parenthesis of the définition in
Appendix B, If the raw date are used as an interval variable of many
values, no parentheses will exist. This situation only would occur
with a few parametric tests.

Not every hypothesis has the same type of analysis. Tests and asso-

ciational measures appropriate for the data are 1pc1uded in the cross-
f break tables. The following abbreviations are used in the tables:

1) Test = test used for significance measure;

2) Fisher = Fisher exact probability testj

3) Yates = chi-square test with Yates' correction for continuity;

4) chi

chi-square testjy

5) K-S = Kolmorgorov-Smirnov test;

6) Tau CS = Stuart's method for determining significance
L using Kendall's tau cj

one-way analysis of variancej

7) F

8) t

Student's t-test

3
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9) Sig. = significancej
10) Phi = phi coefficient;

11) V = Cramer's V coefficient;

12) C = contingency coefficient;

13) Tau B, Tau C = Kendall's tau statistics, b or cj

14) G = Goodman-Kruskal gamma statisticy
15) D = Sommer's D statistic, when not specifying a frequency
in cell Dy

16) r = Pearsonian correlation coefficient;

17) robd - point-biserial correlation coefficient

and 18) Max. Fhi = approximate maximum phi coefficient.

Only those crossbreaks showing distributions significantly dif-

ferent from chance (alpha level being .05) are shown. Some statisti-

cally significant cressbreaks may be omitted 1f they are low in asso-
ciational value or are somewhat redundant considering other analyses

presented. Although most hypotheses were presented with a rationale

allowing one-tailed significance levels, alpha levels ar.: set for two-
tailed tests in all but the Fisher exact tests. Significance levels
presented in the tables represent two-talled tests except when "lisher” s

is specified as the test. One-talled results are computed by the Fisher

exact testy doubling of this figure will supply the reader with a two-

tailed test of probability.

Hypothesis One

Although the rationale presented for this hypothesisl may justify

1Supra, pp. 25-26.

"
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a one-tailed test of significance, two talled tests have heen used in .
the following analysis--except for the Fisher exact tests, Table Eight
presents the main comparison of departmental access to the library and
the giving of library instruction. No problems of scaling occurred for

the two variables, VAR(46) and VAR(79).

TABLE 8

CONTINGENCY TABLE FOR HYPOTHESIS ONE

VAR(79), Library Instruction

Yes No

Direct 68 | 105
VAR(46) als
Library Access clo

Indirect 77 | 245

Sig. = .00l Test = Yates c = ,159

Phi = .l6l Max. Phi = Q90

It is eyident from Table Eight that a significant relation does
exist which associates library 'se (as defined by the interview sched-
ule, Appendix A) with 61rect departmental access to the library. The .
associational coefficient seems low, but may be clarified by specify-

ing contingent conditions. Specifications for increasing the associa-

tional values are given in Table Nine.
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TABLE ©

HYPOTHESIS ONE - SPECIFIED CROSSBREAKS
vAR(46) x VAR(79)

Contingent Max Frequency
Condition |y .ol rest |S1g. | Pt | PRa| c | A B| C | D
Single Specifiers Supplying Variable Code.
Total College | 11
Low Yates|.012 | .283 | .62 | .272 |12 |27 5 |52
Aveoage Yates|.018 } .145 | .89 | (144 | 42 64 | 49 [42
Jr, Coilege 14 '
Average Yates|.016 | 196 | .73 | .192 |23 4s | 18 |89
High Yates |.032 249 87 | 241 18 16 16 41
Grade ; 42
Sophomore | vates|.010 | .223 | .82 .218 {27 |33 | 22 71
]
Budget/Pupil |128| Yates|.004 | .195 83).191 |40 |55 |35 {13
Course 1
Biology | 43} Yates 015 | .181 |1.,00| .179 | 35 Lo | 37 |92
Multiple Specifiers Using Variable Codes®
Low (Budget) |[128 .
High (Jr. C.) { 14|Fisher|.004 .629 | .92 | n/a 9 | o 5 8
High (Budget) |128
tve. (Jr. C.) | 14] Yates].005 | 321 | <55 .306 | 15 | 29 4 |45
High (Budget) |128 |
Low (Tot. C) | lltFisher ,004 | .567 | .83 n/a° | 6 5 1 |19 :
: !
Low (Budget) ‘128: .
0ld Ave.(Dept)l zzn Yates|.010 | ,250 | 85| .243 |18 | 17 | 23 68 |
Ave. (Tot. C.)| 11f ‘
Earth Sci. 43} al |
Freshman 4a|Fisher|.052%| Juk3 [1.00|n/a® | 7 | 3} 4 |12
Ave, (Tot. C.)| 11f
Biology 43),
Sophomore 42| vatesl.039 | .257 | .74] 249 |16 | 20 9 |35

= e e P s s e
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TABLE 9-~Continued

Contingent Frequency
Condition Max, X

VAR | Test |Sig, | Phi |PR4 | ¢ |A B | C ] D
High (Tot, C) 11
Biology 43 d
Sophomore 42 | Fisher | .041%].485 | .92 | n/a® | 5. | 3| 2| 11
Low (Tot, C.) 11
Chemistry 43
Junior 42 | Fisher | .019 |.548 | .65 | n/a® | & | 3| .. | 9
Low (Tot. C) 12
Biology 43
Sophomore 42 Yates | .025 |.302 | .87 | .289 |13 |13 9 | 34
Ave, (Jr, C.) 14
Biology 43
Sophomore 42 | Yates'| .030 |.346 | .61 | .327 ] 8 (13] 3| 29

aThe frecuencies of cells are keyed in Table Eight.

bFor definitions of variables, see the single specifier section
and Rppendix B.

CWhen a measure is not valid, the symbol n/a will be used.

dThese Fisher exact test significance values are for the one-
tailed te.it., Results are insignificant if the conservative two-tailed
test 1is uued,

Hypothesis Two
Although thre rationale presented for this hypothesis1 may justify

a one-talled test of significance, two tailed tests have been used in

—

the following analysis. Table Ten presents the main comparisoh between

~N

laboratory arrangement and inquiry teaching., There was no problem with

ISupra, pp. 26-28.
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TABLE 10

CONTINGENCY TABLE FOR HYPOTHESIS TWO 1

VAR(47), Classroom-Laboratory
Separate Class-Lab

Inquiry 18 168 ‘
VAR(81) Wet
AlB
Inquiry vs. Product o
Verifying 62 211
1

] j
Sig. = <:.001 Test = Yates C = ,166 - :
Max. Phi = 063 Phi = . 169

the scaling of the spatial variable; but during the interview‘pha§6;<§\\\
another dependent variable was recognized as a less ambiguous classifi- b
cat:lon.1 VAR(81) was the original dependent variable cited in the pro-
posal of researchy first, it will be fully compared with VAﬁ(47). Sec-
ond, the alternative dependent variable, VAR(119), will be analyzed.

It is evident from Table Ten that a significant relation does ex-
1.y the null hypothesis is rejected. The assoclational level seems
weak; by the use of specifiers, the relationship can be clarified to
some extent., Table Eleven reports the results of such specification.

The ambiguity of VAR(81) led to the identification of teachers who

’ did not use the lzb enough to be lab centered, but who did approach lab

1The ambiguity arises in that VAR(81) requires two conditions for
classification as wet inquiry. Some inquiry teachers do not hold, on
the average, one lab period per week.

e
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TABLE 11

HYPOTHESIS TWO -- SPECIFIED CROSSBREAKS
VAR(47) x VAR(81)

10}

Frequency
Contingent Max
Condition VAR| Test| stg.| Pai{Pnt | ¢ Al B8] c]| »
Single Specifiers Supply Variable Code

First Course Level] 40

Average Yates | {.001 | .266 | .69} .257 | 5| 80| 46 |115
Preparations/Day 38

Two Yates 001 0236 059 0230 7 86 36 101
Preparations/Day 39 |

Cver One Yates .001 0178 052 0175 16 145 lis 147
Mean Yrs. in Dept.| 22

Old Ave. Yates 006 | 205 { ' .56 | .200 5 73 28 100

Multiple Specifiers Using Variable Code”

Young Ave. 22
Over One 39|Yates | .,019 ].235| .57 ].227 | 71 68| 13| 35
0ld Ave, 22
Over One 19|{Yates | .035 |.179| .57 |.176 | 5| 58| 23 | 83
Average 4o b b
One 39|Yates | .035 |.265] .80} .256 j.. | 21| 15 | 49
Average 4o
Over One 39 Yates .001 0284 087 0273 5 59 31 66
Young Ave., 22
Over One 39
Average 4o|Yates} .008 [.380}1,00]|.355 | 1] 30} 10] 21
Two 38
Average LolYates <001 |.377 1 .71 1.353 | 1 41| 25 | 46

®For definitions of the variables, see the single specifier section

and Appendix B.

bThis contingency table had one out of four cells with an expected
This lends doubt to significance

frequency of slightly less than four.
and the contingency coefficient.
plotted as a contingency table.

The distribution is striking when

e
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exercises by inquiry methods. VAR(119) eliminates these middle ground
teachers by comparing only those teachers that average at least one lab

period per week. Tables Twelve and Thirteen present the data.

TABLE 12

f CONTINGENCY TABLE FOR HYPOTHESIS TWO, MODIFIED PR

VAR(47), Classroom-Laboratory

‘ Separate Class-Lab

Inquiry Wet 18 163 |
VAR(119) ;
Inquiry Minimal AlB J
Wet Lab Cip i
k Verifying 56 177

Sig. = < 001 Test = Yates C = .179
Max, Phi = ,55 Phi = ,182

Again the null hypothesis 1is rejected. Theré is doubtful signifi-

cance of increase in the phi coefficient over the phi of Table Ten.
Table Thirteen uses the same non-spatial variables as in Table Eleven.

3 Only those crossbreaks improving the phi coefficient of Table Twelve : .

—

are listed in Table Thirteen.

Hypothesis Three
As explained in the presentation of the rationalel, two analyses

were attempted with this hypothesis. The spatial independent variables

1
Supra, pp, 28-29,
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were 1) class size usually over fifty students, VAR(49), and 2) class
size occasionally over fifty students, VAR(48), Only eleven teachers
usually had classes over fifty students. As a consequence, no specified
crosshreak analysis was done for VAR(49), Table Fourteen presents the

two main contingency tables.

TABLE 13

HYPOTHESIS TWO MODIFIED -- SPECIFIED CROSSBREAKS
VAR(47) x VAR(119)

Contingent Max, Treaensy

Condition |y,p | Test| sSig.| Pna|Pni | ¢ alslc|p
Single Specifiers Supplying Variable Code

Average Lo |Yates| ¢.001 | .281 67 | 271 5 | 78 | 43 ]101

Old Dept. | 127 |Yates| .016}| .243| .90 | .236 L | 32 | 28 53

Two Preps. | 38 | Yates| .001} .248 ] .66 | .240 7 | 8& | 33 88

Multiple Specifiers Using Variable Code

Average - 40 a a
One Prep. | 37 |Yates| .028% .294| .80 ]| .282 .| 14 {20 | 40
Average Lo
Two Preps. | 37 |Yates| <.001 |.381} .76 | .356 1]23 |4l 43

aSee footnote b to Table Eleven,

Statistical interpretation of Table Fourteen is hampered by un-
even distribution of marginal frequencies. The null hypothesis is def-
initely not rejected when considering teaching assignments with usually
large classes. The presence of small cells usually gives spurious signi-

ficance; a significance value of .06 should be considered a lower limit,.
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The yuestion of occasionally teaching large classes involves team

Such large classes, which are usually lecture, do tend to have

teaching.

several teachers sitting in on the lecture. The significance of these

findings i3 not only statistically doubtful, but practically inconse-

quential, )
]
E TABLE 14
3

CONTINGENCY TABLES FOR HYPOTHESIS THHREE
Usualiy Teaching Large Classes
' VAR(82), Cooperative Teaching
No Yes

F No | 469 15
t VAR(49), Large Class, A
E Usual clD
i 3
| Yes 9 2
%
|
: Sig. = .060% Test = Yates c = .121°
i
E Ph! e .122 M&I. Phi = .80 -
i
; Occasionally Teaching Large Classes
? VAR(82), Cooperative Teaching
% No Yes '
i X
? No | 464 10 '
% VAR(48), Large Class,
5 lafrequent ALB
E c|D
é ' Yes 14 7

Sig. =<.001*  Test = Yates C = 3270
| Phi = .346  Max. Phi = .80

80ne cell out of the four has an expected frequency less than one.
This invalidates these statistics based on chi-square analysis,




Table Fifteen shows the results of specification attempts with

VAR{48).

ing the teacher respondents for cells.

less than five expected teachers,

HYPOTHESIS THREE -- SPECIFIED CROSSBREAKS

All crossbreaks have cells with

TABLE 15

VAR(48) x VAR(82)

It must be remembered that only a few schools could be supply-
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Contingent Frequency
Condition Max, '
VAR Test | Sig. Phi | Phi c A|lB{C|D
Single Period
Length 24-26
Short Ave. 24 | Yates <.001: .390 | .90 .36!*: 270 | 9 (10| 7
Shorter l 25 Yates | «,001 341 | .90 323 282 {10 |13 | 7

%rhese statistics are invalid since they are calculated with chi-
square statistics which were based on one cell out of feur having a

frequency of less than five.

The sample of schools in this survey did not yield any very large
laboratory groups as mentioned in the rat:lonale.1
evaluated on existing data with a limited range of the number of students
in a single laboratory class.

was used as a highly sensitive test for significance in distribution

difference.

Hypothesis FouL

The null hypothesis was not rejected.

The hypothesis was

The Data-Text

The Kolmogorov-Smimoy two sasmple test

1Supra, PP

29-30 °

R g W
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program isolated two frequency distributions defined by the following

criteria:

' 1) Team =-- Number in Lab: X(21) if X(46) = 1

2) Solitary -- Number in Lab: X(21) if X(L6) = 2.

Table Sixteen presents the data used in analysis and cumlative per-

centage frequency distributions.

The maxismum difference in cumulative frequency percentage was 0.09.

The significance of this difference was calculated according to procedures

; outlined in Siegel's text.1

| 1 = 41 teachers, n, = L48 teachers
| Critical D at .05 level = 1,36 /M1 * 72

py By

1'36/T%§%§- = ,222

Observed D = 0,09

n

Critical D

{ Since the observed D did not equal or exceed the critical D, the null
| N

hypothesis is not rejected. N

Hypothesis Five
The rationale for this hypothesis is given on page thirty. of ) _ ;

thoce teachers for whom outdoor areas were relevant, only seven did not

have walking access to an outdoor teaching area., No analysis was valid

with this small frequency.

1Siegel, pp. 127-136, 279.

A T
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TABLE

i6

YYPOTHES !5 FOUR ~- KOLMOGOROV-SMIRNOV TEST
FREQUENCY COMPARTSON OF X(46) RESPONSES
; . — '
Numb Team Approach, X(46) = 1 J Solitary Approach, X(46) = 2
er D
in Lab Frequency (f)| Cumlative f%| Frequency (f){ Cumulative %
3 1 .02 ] .00 .02
4 [ X ) .02 e .m .02
“ 5 .o .02 1 .00 .02
6 ve .02 3 .01 .01
7 1 05 2 .02 .03
i 8 oo ,05 [ .02 +03
9 oo .05 [ +03 .02
10 3 i b 8 .05 .07
11 1 .15 5 .06 ,09
12 e 015 20 011 .0‘}
5 13 .o .15 10 .13 .02
F 14 1 17 13 .16 .01
E 15 1 .20 20 «20 .00
16 1 022 18 24 .02
17 .o 022 19 «29 .07
18 1 2k 20 33 .09
20 3 036 l*o 045 009
21 3 ol 17 49 .05
23 4 .61 38 .68 .07
24 6 76 26 o7k .02
25 5 .88 30 .81 .07
26 1 .90 22 .86 <Ok
L 27 1 .93 21 «90 .03
; 28 2 .93 16 9k .04
29 1 1,00 10 .97 .03
30 oo 7
31 .o 2
32 e 3
33 oo 2
[ 34 .o oe
‘ 35 .o 1

©

ERIC

Aruitoxt provided by Eic:




I G

110

Hypothesis Five Prime

The rationale1 for this hypothesis may justify one-taliled tests of
significance, but two-tailed tests were used. Table Seventeen presents
the main crossbreak. The spatial independent variable presents no prob-
lems in classification. The dependent variable, percent of individual
projects, was interval-ratio in nature, but the variable.did not have a
normal distribution.2 This necessitated ordinal or nominal, non-para-
metric analyses. The curve was not normalized since the population

distribution was not assumed to be normal,

TABLE 17

CONTINGENCY TABLE FOR HYPOTHESIS FIVE PRIME

VAR(87), Percent of Individual Projects

None Few Several Compulsory
Developed | 49 22 42 9
Out;v:ﬁ(iﬁ:a T A B C DeooF
° ype G H T sl
Undeveloped | 147 43 123 58

Sig. = 057 Test = Chi V = 124 c = .123
Tau C = 055 G = ,107 D = .074

Although significant for a one-tailed test, the main crossbreak is

1Supra, pp. 30-31.

2por the distribution of VAR(84): mean = 20%, median = 3%, stand-
ard deviation = 34, skewness = 1,684, and kurtosis = 1,110 (definitions,

supra, p S1.)
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not significant for a two-talled test. A Kolmogorov-Smirnov test does
not reveal significant differences between the two rows. In fact, sev-
eral Kolmogorov-Skimov tests done ch specified crossbreaks never re-
vealed any significant difference. Table Eighteen gives the results of
specification with non-spatial variables.

It is apparent that the null hypothesis can only be rejected in
reference to average students in first level science courses. It is the
genersl iapression of the investigator that very few outdoor projects

were being done by students in science classes.l

TABLE 18

HYPOTHESIS FIVE PRIME -- SPECIFIED CROSSBREAKS
VAR(54) x VAR(85, 87)

Tau Frequency
Test |Sig.} V c c G D aTelclplEelFlGl H| I| J]K]|L

One Preparation Per Day, VAR(37) — VAR(85) versus VAR(54)

Tau CS| no {.238| n/al.101}.201|.268 12| &| 4| S]ec |- 36| 7{20{11} 7 |6

Average First Course Level, VAR(40) — VAR(87) versus VAR(54)

Chi .036l:180 .1771.057 .108J[074 271171231 1 81} 29]|64j 22

Hypothesis Six
The concern for the utilization of school sites now shifts to a

different aspect. Does minimal class use of the outdoor area increase

1Sone students were working outdoors in connection with vocational
agriculture classes, but science classes were rarely integrated with this
work.

b AT N P T M
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1 for outdeor inquiry study when undeveloped areas are present? The ra-
tionale is presented on page thirty-one. No classification problems
occurred for the spatial or dependent variables. Table Nineteen pre-

sents the main crossbdbreak.

] TABLE 19

CONTINGENCY TABLE FOR HYPOTHESIS SIX

g VAR(90), Outdoor Problem Solving
Yes No

Developed 22 66
VAR(54) \ “als
Outdoor Area Type clD

Undeveloped | - 99 149

Sigo = 0018 Test = Yates C = 0135
Max. Phl = .79 Phi = ,137

TABLE 20

HYPOTHESIS SIX -- SPECIFIED CROSSBREAEKS
VAR(54) x VAR(90)

Frequency

ooy e

ondition |, ,pol Test |Sig. | Phi | Phi c Al B| c{ »p
Mean Yrs,

in Dept. 22

Cld Ave. Yates | .042 | .183( .70 .180 9 | 28] 50| 61
Prep/Day 39

Over One Yates | .026 | 145 | .77 4k {20 | 531 84} 110
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It is evident from Table Nineteen that the null hypothesis is re-
jectedy a small assoclation exists. The associational values weve dif-

ficult to improve by specification, as shown in Table Twenty.

Hypothesis Seven
Although the rationale for this hypothes:lsl may justify a one-tailed
test of significance, two-tailed tests have been used exéept foi- the
Fisher exact tests. The spatial variable, VAR(55), presents no classi-
fication problems. The dependent variable has numerous classifications
used throughout the‘analysis. Table Twenty-one presents the main cross-~

breaks and ene which eliminates those teachers requiring individual preé-

Jects,
TABLE 21
CONTINGENCY TABLES FOR HYPOTHESIS SEVEN
VAR(85), Percent Individual Projects
None 1% Few 10-20% Heavy Compulsory
]
A 107 22 60 ok 313 49
VAR(SS) Va.ilable
Individual A D E FeoooGl
Lab Space K N ) P...q
Not 90 4 29 15 3 19
Available
Sig, = <C.001  Test = Chi  V = .270  C = .260
Tau C = .225a G 0343 = 0257

lSupra, pp. J1-32.
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TABLE 21 == Continued .

The Table Most Used

-

VAR(87), Percent Individual Projects
None Few Several Compulsory

. ,
VAR(55) Available 07 45 134 L9
Individual A B Cc - D
Lab Space Not K L M N
o
1
Aveailable % 20 3 9
Sig. = <0001 Test = Chi V = .248 C = .241
Tw C = .219 G = ’353 D= .250
The Table Not Including Compulsory Category
VAR(B9), Percent Individual Projects
None Some
VAR(55) Available 107 179
Individual A|B
Lab Space Net 5 K|L 51
Available o -

Sig. = .00l Test = Yates C = 242
Mu. phi = .77 Phi = .2"9

8nau C on the longest dependent variable for this hypothesis,

&~

VAR(126), was 0.234.

It is eyident that the nuil hypothesis is rejected and that low

assoclational values do exist. Table Twenty-two shows the results of

attempts to improve the assoclational values by specification of con-

tingent conditionsj orly the crossbreaks producing the highest asso-

ciational values are shown.

-
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Hypothesis Eight

Althouqgh the rationale1 for this hypothesis may justify a one-
talled test of significance, the variation in age of junior high scheol
buildings caused a wide diversity i. opportunities for blology teaching
—- thereby indicating the appropriateness of o two-talled test. Some
junior high schools were well iocated for ecology field trips and often
had well stocked suppiy ~ooms. Rarely did the junior high school have
the large ancillary facilities justified in high schools. This latter
point provides justification for one-tailed tests, although the risk is
high.2 |

The small numbers involved with this hypothesis often made it
necessary to use the Fisher exact test. It is difficult to attain a
two-talled alpha of .05 with low frequencies. As usual, one-~talled
tests are reported with the Fisher tests.

Table Twenty-three presents the obviously insignificant main com-
parison. Associational measures are not given because of the lack of
significance. The null hypothesis is not rejected by the comparison in
Table Twenty-three, but specification may ei’minate masking factors.

Table Twanty-four presents one significant crosabreak3 and two insigni- o

ficant crosshreaks useful in showing the variability in junior high

1Supra, pP. 32.
2The involved risk pertains to the possibility that a significant

opposite relationship could be found. With one-tailed prediction, the
investigator is obligated to ignore such significant results.

3A one-talled Fisher exact test was used.
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biology teaching.

It appears that under certain circumstances, the location of ninth
grade biclogy does make a significant difference in teaching metheds.

This phenomenon will he discussed in the next chapter,

TABLE 23 . ‘

CONTINGENCY TABLF FOR HYPOTHESIS EIGHT |

YAR(77), Junior or Senior High School Biology

Junior Senior

Inquiry 10 17
VAR(81) Als
Inquiry vs. Product clb
Product 10 15 ;
Test = iates Not significant
TABLE 24

HYPOTHESIS EIGHT =— SPECIFIED CROSSBREAKS
VAR(77) x VAR(81)

Contingent Max g
Condition VAR | Test | Sig. |Phd |Pni | C | A | B | C | D

Preps/Day 38
Two Fisher 0032 0412 080 l'l/a 1
One Fisher| 1.00 {n/a |n/a] n/a |..
Above two |Fisher A4oh|n/a |n/aln/a|9 | 6] 2 |..
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Hypothesis Nine

Although the rationale1 for this hypothesis may justify a one-
tailed test of significance, the conservative usme of tvo-tailed tests
proved tc be of value when conditions of darkening were trichotomized,
Table Twenty~five gives the main crossbreaks for the two variations of
the independent spatial variable., Since the mumber of iilms shown ner
year was normally distributed, division of this variable at the mean
was equally justified as that at the median. Paranotric tests were also
done, as reported in Table Twenty-six.

There appears to bhe little relation between ability'to darken rooms
and the number of films shewn. If first year teachers are eliwminated
from the analysis, results are still essentially the samc, Table éﬁ‘f\*

Twenty-seven presents the significant results of specification attempts,

Hypothesis Ten
Although the rationale2 is stated so that a one-tailed test of
significance would be proper, a two-tailed test is being applied., Table

Twenty-eight presents the main crossbreak. The null hypothesis is re-

Jected; closed circuit television does lead teo significantly more use
than broadcast television, However, disuse is high and the association-
al values are low. Table Twenty-nine presents the significant results

of specification.

1
Supra, pp. 32-33.

F 2Supra, p. 33.

[SURROP™/ IS
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TABLE 25

CONTINGENCY TABLES FOR HYPOTHESIS NINE

Trichotomous Spatial Variable

VAR(136), Films/Year
Below Mean Above Mean

Yer 213 145
Al8B
a
VAR(57)
Darkenable Poorly 4O 32
fo!‘ fil” ) C D SH "e ’.
No 52 13
EIF
Sig. = .004 Test = Chi C = .148
Tau C = ,080 V = .,150
Dichotomous Spatial Variable
VAR(136), Films/Year
Below Mean Above Mean
~1 14
VAR(140) Yes . >
Darkenable AlB
for films E|F
No 52 13
] :
!
Sig. = .003 Test = Yates c = .151 ¢

Max. Phi = .55 Phi = .153

Hypothesis Eleven

Once again, the conservative practice of using two-tailed tests

(except with Fisher exact tests) alluws the reversal of the original
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thinkingl leading to the hypothesis. The main crossbreak is prosented
in Table Thirty. When subsequent crossbreaks lacked sufficient ceil

size, the distribution of lab cost was split at the median (VAR 8).

TABLE 26

PARAMETRIC TESTS FOR HYPOTHESIS NINE
VAR(57, 140) x VAR(94)

VAR(57) Value Films Shown Per Year, VAR(Q4)
Mean Standard Deviation N
1 Yes 14.4 104 358
2 Poer 17.9 12.2 72
3 No 12.0 9.7 65
Total 1, 24 3 14,59 10.7 495
Total 1, 3 14.0“‘ 10.3 423
Trichotomous F-test Variation:
Source Mean Square DF
Between Groups 609.16 2
Within Groups 11,636 492
P-test = 5,452 p = 005 r = n/a
Dichotomous F-test Variation:
Source Mean Square DF
Between Groups 318.94 1
Within Groups 105.30 421
F-test = 3,029 p = .083 rpbi = -,085

ISupra, pp. 33-34.
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TABLE 28

CONTINGENCY TABLE FOR HYPOTHESIS TEN

VAR(98), Television Per 10 Weeks

None Once Some-much

|
Closed Circuit | 62 11 9

VAR(58)
Type of T.V.

Broudcast | 224 17 4
D E F
Sig. = £.001 Test = Chi V= ,236

Tau C = 123 G = .,550 D = ,164 )

TABLE 30

CONTINGENCY TABLE FOR HYPOTHESIS ELEVEN

Cost Per Lab Period

$ .50 1.26 1.76 2,26 2.76 min,

1025 1.75  2.25  2.75  9.99 max, 'AR(7)

L}
.

Yes s 6 31 10 31
VAR(59)
Central Storage

No| 65 58 101 50 127 -
F G| H | I J ¥

$ .50- over |
2,05 2,05

VAR(8) frequencies not
given here,

VAR(7): Sige. = 045 Test = Chi C = .140 V= 142
Tau C = -,070 G = -,162 D = =-,122

N
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It is evident that central storage is significantly, but weakly, asso-
clated with increased cost per labk pcriod. The crossbreak with a split
at the median (VAR 8) also reflected the same conclusion, Specified

crossbreaks are shown in Table Thirty-onej certain conditions have an-

tithetical conclusions,

Hypothesis Twelve
The rationale1 for this hypothesis does not predict a rejection of

the null hypothesis. Table Thirty-two presents the main crossbreak,

TABLE 32

CONTINGENCY TABLE FOR HYPOTHESIS TWELVE

VAR(110), Use of Living Plants SRR .
Experimental Not So
Yes 52 Lo
VAR(75)
Greenhouse AlB
Available C|D
No 59 64

Sig. = .270 Test = Yates Phi = ,085 o

Without the ald of specifiers, it appears that the presence of a green-

house does not affect the use of plants by biology and earth science

teachers.2

lSupra, pe 34.

2The question for data variable X(38) limits responses to these
teachers as far as VAR(75) is concerned.
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The use of grade as a specifier produced one significantl rela-~
tion out of all those screened. The sophomore level (mostly biology)

teachers produced the crossbreak presented in Table Thirty-three.

TABLE 33

HYPOTHESIS TWELVE -- SPECIFIED CROSSBRZAK
VAR(75 x VAR(110) .
SOPHOMORE GRADE, VAR{42)

VAR(110), Use of Living Plants
Experimental Not So

VAR(75) Yes 35 19
Greenhouse
Available

No 38 Ll

Sig. = .053 Test = Yates cC = .178
Yax, Phi = .88 Phi = ,181

Hypothesis Thirteen
This hypothesis2 was tested with three variations in the spatial
variable. Although none of the variations produced a significant cross-

break, the three main contingency tables are shown in Table Thirty-four.

-

The use of specifiers did not produce any significant crossbreaks,

1Since the prediction was that the null hypothesis would not be

rejected, the investigator conservatively rounded the significance level
to the nearest hundredth.

2The rationale is explained supra, p. 35, infra,
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TABLE 34

CONTINGENCY TABLES FOR HYPOTHESIS THIRTEEN

Frequencies of Teachers

Spatial Condition VAR(101) Statistical Report

Demo-Dry Lab' Wet Lab

Spatial VAR(72), Commercial Growth Chamber Availability

Yes 1 b, Test = Yates
No 14 166 Sig. = none

Spatial VAR(73), Commercial Growth Chamber Availability

Yes 1 55 Test = Yates }
No 15 199 5190 = 0248

Spatial VAR(74), Commercial Growth Chamber Availability

Yes 2 88 Test

Yates
o121

Hypothesis Fourteen 3
o
Although the rationalel for this hypothesis would allow one-talled '

tests of significance, two-talled tests are used in thiy analysis. The

original hypothesis was comparing VAR(62) with VAR(103). Reference to

the data variable X(52) in Appendix A will show that all phases of the '
course were considered. Table Thirty-five shows that no significant
results are gained by using VAR(103), which includes dry laboratory ex-
ercises. Specification of contingent variables failed to reject the

null hypothesis.

1Supm, pp. 35-37.
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TABLE 35

CONTINGENCY TABLE FOR HYPOTHESIS FOURTEEN

VAR(103), General Approach

Inductive Deductive

VAR(62) Yes [ 59
Teacher Has
Own Lab

No 154 168

81g. = 0080 Test = Yates Phi = 0086

An interesting finding vesilts vhci another dependent variable is

used. VAR(81), which concentrates on the laboratory phase of the

o P TR B T R R T g R e R e

course, measures the same axis in metrodology as did VAR(,03) -- the
axis of product (verifying lab) versus process (inquiry iab). Tables
Thirty-six and Thirty-seven present the main, insignificant ciwssbreak

and the only specified crossbreak which is signif{i-.ant.,

Hypothesis Fifteen
The rat:lonale1 presented for this hypothesis is test evaluated ,
with two-talled tests. Frequency distributions wera such that the in-
dependent variable, size of largest sink, was utilized in two forms.
VAR(76) includes the category, no sinky VAR(138) does not irclude this

category. There are also two forms of the dependent variable:

1
Supra, p. 37.
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1) VAR(109) which is an extended categorization and, 2) VAR(129) which
is formed by a median division for condensing cell frequencies under
specification. When tau CS or chi square statisf!cs do not yleld signi-
ficant r;sultl with VAR(109), the Kolmogorov-Smirnov Test can be applied

when VAR(129) is used. Table Thirty-eight presents the general cross-

bre*o
TABLE 36
CONTINGENCY TABLE FOR HYPOTHESIS FOURTEEN
USING LAB CENTERED VARIABLE
VAR(81), Process vs. Product
Inquiry Wet Verifying
VAR(62) Yes 62 76
Teacher Has
Own Lab
No 124 196

Sig. = .258 Test = Yates Phi = ,058

The null hypothesis is rejected, but weak assoclational values
may be the result of table condensation for significance tests. Table
Thirty-nine presents a few crossbreaks with specifications. Some cross-

breaks have no sensitive significance tests that are applicable.
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TABLE 37

HYPOTHESIS FOURTEEN -~ SPECIFIED CROSSBREAK® ,
USING LAB CENTERED VARIABLE |
VAR(62) x VAR(81)

VAR(81), Process vs, Product

Inquiry Wet Verifying
j
1
VAR(62) Yes 28 14 ) ;
Teacher Has i
Own Lab ' :

No 54 64
<;;\ . |
Sig. = .032 Test = Yates Phi = ,184
Max. Phi = .60 c = ,181

g

%The non-spatial condition for this crossbreak is that responding
teachers belong to a young sclience department -- VAR(22), Young Average
(Mean Years in Department). i

TABLE 38

CONTINGENCY TABLE FOR HYPOTHESIS FIFTEEN

VAR(76), Size ~f iargest Sink

Extra ;
None Small Medium Large Large
VAR(129) Low 6 8 78 56 6
Labs/4 weeks
in Biology and A B : D E
Earth Science High | .. A 39 54 10
F G H I J
Sig » = 005 Test = K"S V = .226
Tau C = ,218 Gamma = ,360 D = ,177
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Hypothesis Sixteen

ale1 for this hypothesis allows a one-tailed test of

The ration

aignificance, but two-tailed tests will be done conservatively. Table

Forty gives the main crossbreak.

TABLE 40

CONTINGENCY TABLE FOR HYFOTHESIS SIXTEEN

VAR(78), Optically Dark

Yes Other Room No

VAR(114) Limited 10 \ L 8
Limited with
Optics——Physics

O.K. lfl 4 9

Sig. = .037 Test = Chi C = .283 V = 295
Tau C = .2‘*8 G = .519 D = .25“

The null hypothesis is rejected with weak association. Table

Forty-one presents the one significant relation from specification

attempts.

Hypothesis Seventeen

Although the rationale2 for this hypothesis might allow a one-

tailed test of significance, two-talled tests are used. The main cross-

break is presented in Table Forty-two,

1Supra, pp. 37-38.

2Supra, +) + I 38"390
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TABLE 41

HYPOTHESIS SIXTEEN -- SPECIFIED CROSSBREAK
VAR(139) x VAR(114) x VAR(26), "shorter period"

VAR(139), Optically Dark

Yes No
oy
VAR(114) Limited 1 17 PR
Limited with
Optics--Physics
No 6 7
]

Sig. = 012 Test = Fisher
Max, Phi = .67 Phi = 479

TABLE 42

CONTINGENCY TABLE FOR HYPOTHESIS SEVENTEEN

VAR(104), Undirected Laboratory Minimum

At least
One None

Yes 39 46

VAR(59)
Central Storage ' i
E

%

No 184 217

Test = Yates Not significant

The null hypothesis was not rejected in the main crossbreak; at-
tempts to find a significant crossbreak by use of specifiers produced
only one significant contingency table which is given in Table Forty-

three.




TABLE 43

HYPOTHESIS SEVENTEEN -- SPECIFIED CROSSBREAK®
VAR(59) x VAR(104)

VAR(104), Undirected Laboratory Minmum

At les t
One None
Yes 17 12
VAR(59)
Central Storage
No %6 60

Sig. = ,012 Test = Yates C = ,247
dax, Phi = .75 Phi = 0255

®The non-spatial condition for this crossbreak 1s that students
involved have 181-240 minutes of class time weekly -- VAR(35), value II,

Hypothesis Eighteen and Eighteen Prime
The rat:lonale1 for the two variations of hypothesis eighteen justi-
fies one-talled tests of significance, but two-tailed tests will be used,
The dependent variables are chosen so that the modal methods of teaching
are examined.2 No significant results were found with these hypotheses.
Tables Forty-four and Forty-five give the main crossbreaks. There was
a fallure to reject the null hypotheses. Specification did not unmask

any significant relations.

1
Supra, pp. 39-40.

2Dependent data variables are X(54) and X(55).

I J
4 s
'

|
3

|
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TABLE 44

CONTINGENCY TABLE FOR HYPOTHESIS EIGHTEEN

VAR(64), Student After-hour Access

Yes No
Yes 29 195
VAR(105)
Lab Centered
No 27 | 245
Test: VYates Not significant
TABLE 45

CONTINGENCY TABLE FOR HYPOTHESIS EIGHTEEN FRIME

VAR(64), Student After-hour Access

Yes No
11 77
VAR(106) Yes
Modal Lab Effort
was Inquiry? '
\

Test: Yates Not significant

2)\ffirmative answer depends on an affirmative answer for VAR(105).

Hypothesis Nineteen

Although the rationale1 for this hypothesis allows the use of

1Supra, p. 4O,




one-tailed tests of significance, two-taljied tests are used.

Forty-six presents the main crossbreak.

TABLE 46

CONTINGENCY TABLE FOR HYPOTHESIS NINETEEN

Table

137

VAR(105)
Lab Centered

VAR(66), Teacher After-hour Access

Yes o
Yes 108 29
AlB
ciD
No 92 4o
Sig. = .115 Test = Yates

The null hypothesis was not rejected in the unspecified crossbreak.

Specification produced three significant crossbreaks presented in

Table Forty-seven,

The rationale for this hypothesis is essentially the same as for

Hypothesis Nineteen Prime

hypothesis nineteen. Table Forty-eight presents the insignificant main

crossbreak,

The null hypothesis was not rejected.

tempts also falled to produce significant results.

Specification at-

/N
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TABLE 47

HYPOTHESIS NINETEEN -- SPECIFIED CROSSBREAKS
VAR(66) x VAR(105)

Contingent Frequency
Condition Max
VAR| Test |Sig. |Phi |Phi| C G D| A|] B} C}| D

Single Per/wk 31

4—5, Modal Yates | .023 }|.191].65].188 .409|.211164 |16 52 31
Double Per/wk 29

One Yates | .019%}.346] .38| n/al1.00|.645/40 | .. | 22| 5
Double Per Timej 130

40-120 Yates .02134.337 .34| n/al1.00].635/40{ .. | 23] 5

aMarginal frequencles actually invalidate the significance test.

TABLE 48

CONTINGENCY TABLE FOR HYPOTHESIS NINETEEN PRIME

VAR(66), Teacher After-hour Access

Yes No
VAR(106) Yeu “2 | 14
Lab Centered
Effort is Inquirya
No 71 15 .
l !

Test = Yates Not significant

®An affirmative reply on this question must have an affirmative
reply <o VAR(105).
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Hypothesis Twenty

The analysis of hypothesis twenty yielded no significant results.1

The presentation of the data is not warranted since the table would be
very involved for a three dimensional crossbreak. The most likely source
of problems with the hypothesis is in the choices presented during the

interview. Most teachers elected the microorganism or non-living choice.

General Hzggﬁhesis

No formal inferential analysis can be done on such a diverse group
of specific hypotheses. Table Forty-nine !ists the hypotheses with the
significance of the main crossbreak test and the highest, significant
assoclational value2 attained by specification.

Of the ten hypotheses found statistically significant, at least
three can be considered important. The general null hypothesis is re-
jectedj in some circumstances, facilities do correlate with instructional

method., There was a predominance of low associational values.

1Rationale is given supra, p. 4l.

zGamma was not included since maximum value is attained easily. o
Phi is given for all 2 x 2 tables. i




TABLE 49

SUMMARY RESULTS OF SPECIFIC HYPOTHESES

140

Crossbreak Results

2

Specified- a
Hypothesis Supra | Unspecified (Main) | Highest Value
PP.
Test Significance | Test Association

1, Library 98-101 | Yates <001 Phi +629
2., Classroom-Lab 101-103 | Yates .001 Phi .380
2', Minimal Wet 104~105 | Yates .001 Phi .381
3. Large Classes 104~107 | Yates .o Phi « 390
4, Large Labs 107-106{ K-S .o not done
5. Outdcor Area 108 not done not done
5'. Type of Area 110-111| Chi 057 v .180
6. Outdoor Problem 111-113 | Yates .018 Phi .183
7. Indiv. Lab Space 113-116] Chi <.001 \ «509
8. Jr. H.S. Inquiry | 117-118] Yates . Phi 412
9. Films 119-122] Chi 004 \ 253
10, Television 119-124| Chi <,001 Phi JA48hL
11, Central St. Cost | 120-126| Chi <045 Tau € -.434°
12, Greenhouse 125,127 | Yates «270 Phi .181
13. Growth Chamber 127-128 | Yates .121 .e e
14, Own Lab 128-131 ] Yates .080 Phi .184
15. Sink Size 129-132}{ K-S .05 \ 231
16. Optics 133-134| Chi 037 Phi ;42?
17. Central St. =Lab | 133-135| Yates .o Phi 255
18. Student Access 135-136 | Yates .o not done
18!, Student Access 135-136 | Yates .o not done
19, Teacher Access 136-138 | Yates 115 Phi 191
19', Teacher Accessr 137-138 | Yates oo not done
20, Organisms 139 distribution did not allow analysis

2A11 associational values have met an alpha condition of 0,05. Tihe
assoclation yielding the highest legitimate value is listed.

b'l‘he direction of the association varies with conditions,

P
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CHAPTER V
CONCLUSIONS AND ANECDOTAL DATA

This chapter will discuss the findings presented in Chapter Four.
Although no search of the anecdotal records has yet been conducted,
mention of anecdotal remarks will be made from general impressions re-

maining in the investigator's mind at the time of writing.

General prothesis

. It appears that architectural design does influence teaching meth-

ods in high school science, and that educational specifications deserve

thought so that school plant design does not conflict with the intended
curriculumo1 Architecture may not be the major influence on teaching
method, but in certain situations it can be a limiting factor. Teachers

mst not be expected to overcome obstacles created by poor plant design.

Rt hesia)

Furthermore, te.chers may be unconsciously guided by ccitain architect-

utal characteristics so that they see no need to change their methods.2
The strong conclusion voiced above should ot be accepted without

some reservations. Does the rejection of the general null hypothesis

v
reflect a composite of errors, or is it reasonzvle that chance could

1This i{nference is supported by the data presented on page 140
and by rationale provided before the gathering of data.

zﬂypothesie one might involve such an unconscious influence of
architectural arrangement of school components.
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account for the apparent relation between architectural design and teach-
ing methods in science? Because positive results require one peculiar
alignment of data from mltifarious possibilities, it is unlikely that
previously hypothesized relations would be supported fortuitously to
such a large extent as in this study.1 Many null hypotheses not re-
jected were evaluated by poor samples because of a miscalculation on the
prevalence of certain designs or practices. Furthermore, the failure

to reject a null hypothesis does not indicate strong support for the
null hypothesis. The crude attempts at specifying relevant conditions
of non-spatial concerns gave surprisingly good results. The fact that
all variables increased, rather than decreased, their associational
yvalues when specification occurredz, gives further indication that a
reasonably significant relation does exist between space and teaching
method.

If the apparent relation is not due to chance, what could be its
causes? First, it is highly likely that this rasearch design would lead
to interviewing bias. However, 1t is unlikely that this blas would opef-
ate only with certain hypotheses. Blas is not indicated since some alter-
native hypotheses were not supported. In addition, some characteristics
of design were found to have the opposite influence as hypothesized.

Second, spatial variables could be assoclated with other attributes

of the school. The size of sinks, for instance, might be assoclated

1See supra, p. 140,

See supra, pp. 98-139.




143

with the wealth of general equipment. This associative characteristic
may have been the causal agent of the tendency to spend certain amounts
of time in the laboratory.1

Third, teachers may have been attracted to the facilities, rather
than have been influenced while serving at the school. For administra-
tors, this interpretation is at least as uszefu) as any hypothesis pre-
sented in this thesis.

Fourth, administrative practices could have forced utilization of
existing facilities. Anecdotal remarks almost invariably indicated the
contrary tendencyj administrative procedures usually impeded the usé of

facilities (or allowed the teachers to do what they wished).

Specific Hypotheses : N

Table Fifty presents a summary of the findings for the various

specific hypotheses. Each hypothesis is then discussed at length.

Hypothesis One (Library Usage)2
The library can be adjacent to the science department or separated
from the science department by non-sclence classrooms.3 When the 1li-
brary is adjacent to the science department, a significantly greater

proportion of science teachers take (or often send) students to the

1The number of periods per four weeks devoted to laboratory work
is the dependent variable of hypothesis fifteen, supra, pp. 37, 129-132.

2This hypothesis was discussed supra, pp. 25-26, 98-101,

3"Adjacent" includes the condition where a corridor, but no non-
sclence classrooms, may be interposed between the sclence department
and the library.
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library during classtime.

There is stiil a iarge number of teachers who do not give library
instruction. Teachers commonly thought that the English department
should give such instruction. The low associational value may reflect
that some indirect access routes provided llttle chance of annoying
classes because of the nature of the classes.

If only teachers of introductory science subjects in early high
school grades reply, the relation is stronger. Library skills are often
assumed by junior and senior class teachers, unless the school has a
low number of entrants into co'lege. For those schools placing a
large number of students in junior colleges, or having a lew to average
number of total college entrants, the response to proximity of the li-
brary is strengthened. A high budget for the science department also
strengthens the relationship, possibly by correlating with a high bud-
get for the library which makes library visits more profitable because
of an abundance of resource materials. However, a high budget for the
sclence department tends io raise rewards for staying in class or lab-

oratory, making a visit to the library less rewarding. If the library

is distant, high budget teachers tend to stay away.

Hypothesis Two (Wet Inculry Lab Modal)1
This hypothesis concerning the assoclation of wet inquiry methods

with the classroom-laboratory is most important. Teachers working in

1This hypothesis was discussed supra, pp. 26-28, 101-104, 105,




ed o aman LN o L
. aa a0 cuedd o 4 |

148

classroom=-laboratories significantly tend more toward wet inquiry tech-

niques than those using separate laboratory facilities,

The low associational value may reflect several factors revealed
by anecdotal remarks. A few schools have over-built facilities so that.
a laboratory is usually free for a class if the teacher wishes to have
an impromptu lab. The vast majority of teachers' remarks related to
the classroom-lab being used for verifying study. If labs are not taught
by the discussion-lecture-recitation teacher, coordination available
under one teacher in a classroom-lab facility is usually lost. If labs
are still scheduled once or twice per week, classroom-labs may be as in-
flexible as separate classrooms and labs. Some laboratory schedules are
determined by assignment of a special class of students to a double per-
jod. If a teacher conducts the laboratory for some of his students
mixed with another teacher's students, the teacher would rarely break
the schedule of experiments to give lab experiences to his students at
appropriate inquiry times. The most appropriate administrative practice
for inquiry teaching in classroom-laboratories is to give one teacher
charge of discussion and laboratory. Short periods usually prevent
™~
chemistry labs from occurring except in double periods.1 Biology; prog;\
ably, could be most responsive to opportunities with single period labs.

Modular scheduling with open labs (students elect time for lab in their

free mods) allows teum teaching without the coordination difficulties

1One school's schedule was centered around especially long perlods
for chemistry and physics -- Ithaca digh School in New York.
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previously mentioned.

Specification attempts reveal some factors which intensify the as-
soclation between the variables, Because many second or advanced courses
are not inquiry oriented, the relation holds more for first course aver-
age students. If teacher load puts a premium on organizational effici-
ency with two or more preparations, the advantage of a classroom-labora-
tory is more apparent. Young departments also tended to have less veri-
fying classes being taught in classroom—-laboratories. The mood of the
department, not the length of individual experience, 1nf1qenced the as-
soclational value.

The modified statement of hypothesis two was also significant.

The statement was revised so that those teachers holding fewer‘thag”OQQ\ ‘

AN

wet lab per week were not censidered in the analysis.

Hypothesis Three (Cooperative Assignm.ents)1
The occurrence of team teaching usually enables teachers to meet
together for occasional large classes., The results of the analyses
could pertain only to large classes under team teaching since the nom-
inated schools rarely had large individual loads for their teachers, The

analyses were handicapped by highly skewed distributions,

Hypothesis Four (Lab Team Approach)z

Very large laboratories were not found in the nominated schools.

]This hyﬁothesis was discussed supra, pp. 28-29, 104-107.

)
“This hypothesis was discussed supra, pp. 29-30, 107-109.
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within the limits of variation found, there were no significant results.

Anecdotal remarks indicated that teachers often introduced a few team

approached labs into the course, but rarely felt that the team approach

vas justified as a modal method. Those teachers who did practice the

team approach, in good faith, did see its excitement and advantages.
Hypothesis Five (Outdoor Individual Projects)1

No analysis was possible for this hypothesis. Greater discrimina- ;

tion as to what was available in the outdoor area may have led to signi-

ficant conclusions. There was an apparent lack of awareness of oppor-

Late spring and early

* tunities for outdoor study in many situations.

winter were given as factors for lack of school woodlot utilization in

rural New Hampshire.

Hypothesis Five Prime (Type of Area---Projects)2

There is general difficulty in finding significant assoclations

between type of outdoor area and number of individual projects. Even

when a significant relation is found, the associational values are ex-

tremely low. Evidently project ase of undeveloped outdoor areas is not '

a prevalent practice. Only in a few schoels was outdoor utilization i
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thought to be relevant to the curriculum. Evidently, teachers and stu-

; dents lack an awareness of the potential of outdoor projects. It may be

legitimately contended that for certain types of courses, outdoor

1This hypo%hesis was discussed supra, pp. 30, 108.

2This hypothesis was discussed supra, pp. 30-31, 110-111.,




151

projects may not be appropriate. Nonetheless, most teachers do not re-
quire individual laberatory projects to be in any certain subject area.
In fact, such a requirement would preclude many long range projects of a
high calibre, If students are free to choose outdoor projects, they are

neglecting the challenge of outdoor research,

Hypothesis Six (Type of Outdoor Classroom)1

Of teachers who have undeveloped outdoor areas, rather than de-
veloped areas, a significantly greater percentage conduct at least one
inquiry field trip. The associational value is low. The question
supplying answers for the dependent variable X(48), is answered by only
thorse who feel that the outside can be utilized with the present curri-
culum, Associatiecual values are raised slightly when teachers belong
to & department having five to eight mean years of membe 'ship or when
teachers have mere thLan one preparation per day. Under the first con-
tingent condition, a greater percentage of teachers take advantage of
the undeveloped area than in other crossbreaks.

Outdoor problem solving activities that occur with developed out-
door areas may involve physics cxercises or certain biology labs. The

common bilological exercise was a population study of dandelions.

Hypothesis Seven (Individual Lab Space)2

This hypothesis tests whether or not the percentage of individual

lThis hypothesis was discussed supra, pp. 31, 111-113.

2This hypothesis was discussed supra, pp. 31-32, 113-116.

;
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projects is assoclated with available space for housing these projects
in undisturbed tashion. There may have been a tendency to stretch the
truth in replying, especially at the lower end of the percentage range.
This is why some scales combined zero and one percent answers, Compul-

sory science fair projects may be carried out under administrative pres- ,

sure without regard to available space for project work.. Some scales !
eliminate the compulsory category when comparing percentage with avail-
able space. All non-specified crossbreaks were significant with low
assoclational values. The availability of individual lab space is as-
socliated with more students doing lab projects.

When the compulsory projects are not included in the set of replies,
the highest associational values are found with schools having high total
college enrollments and with classes having low or high ability students.

When teachers have two preparations per day and teach low ability young-

sters, space becomes highly assoclated with the undertaking of project

work by low zbility students.

Hypothesis Eight (Ninth Grade Biology)1
A consequence of placing advanced junior high school students in
ninth grade biology is being evaluated with this hypothesis. Junior
high schools presented a great variation in design and resources. With-
in one school system it may be that two different junior high schools

present biology in opposite ways. The unspecified c-ossbreak was not

1This hypothesis was discussed supra, pp. 32, 117-118.




153

aignificant.

Upon specification, it was found that junior high teachers who were
not "super" teachers (teaching three or more different courses), did
tend to teach a product oriented biology more than high school teachers
who had two preparations per day., It is interesting that all six teach-
ers who taught nothing but ninth grade biology in senior high schools

taught with product orientation.

Hypothesis Nine (Film Showing)1

The ability to show films conveniently in one's own classroom was
slightly associated with the number of films shown. (Specification in-.
creased the associational values to some extent,) When answers indica-
ting poor, but adequate conditions were included in the.analysis, signi-
ficantly more films were shown under poor conditions. This strange
finding can be explained if the "labeling of conditions" is considered
a dependent variable of the number of films shown. That is, teachers
* who showed the most films voiced the most dissatisfaction with conditions.

If all teachers felt that films could be useful, this hypothesis
might have had higher assoclational values. Many teachers did not show
films although excellent viewing conditions existed. Most complaints
dealt with poorly constructed venetian blinds, inability to ventilate
darkened rooms properly, or with light contamination from high hall

3
windows.

lThis hypothesis was discussed supra, pp. 32-33, 119-122.
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Hypothesis Ten (Television)?

Broadcast television was not used by teachers to any great extent
since scheduling of show time was rarely coordinated with their classes,
Closed circuit television was used to a greater extent than broadcast
television, but utilization was still low. Probably the most use tele-
vision received was in showing films in well-lighted rooms, A few pro-
jects were being carried out with television in the ninth grade. The
use of closed circuit television increases with high scien:ce budget per

pupil and ninth grade contingent conditions.

Hypothesis Eleven (Central Storage)®
It appears that high cost per lab period is weakly associated with
centralized storage., Upon specification, there are certain conditions
under which the cost per lab is lower in association with centralized
storage. These conditions are when the school enrolls over 1000 stu-
dents or when a young science depariment exists in a school of 1001-
1250 enrollment. Very strong association with higher costs occurs with

young departments in schools of 751-1000 enrollment.

Hypothesis Twelve (Greenhouse)3
This hypothesis is stated only as the null form; it cannot be sup-

ported in the same sense as the other hypotheses, rejection of the null

—

S

1This hypothesis was discussed supra, ppe. 33, 123-124,

2This hypothesis was discussed supra,; ppe. 33-34, 123, 126,

3This hypothesis was discussed supra, pp. 34, 125, 127.
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hypothesis being the only possible conclusion. In its unspecified for-}
the null hypothesis was not rejected, Only bilology and earth sclence
teachers answered for data variable X(38) which is VAR(75), If the
crossbreak, comparing the use of %1ving nrlants and availability of a
greenhouse, 1is limited to the sosphomore grade (predominantly biology)
then the relationship between the two variables does become significant,
The assoclational value is one of the lowest for specified crossbreaks.
Anecdotal remarks reveal that plants used do not come often from the
schoel's greenhouse. Close cooperation with local greenhouses has re-
sulted in excellent fulfillment of biological needs in some schools.
A few schools have used their greenhouses with amazing success. Other
schools have hired personnel haring greenhouse managerial experience,
however there is a tendency under these situations not to usé thé g;;;ﬁ-\
house for plant physiology experiments.

The main problems with most greenhouses were poor heating, inad-

equate ventilation and humidity control, and too small a size to pre-

vent overheating by the sun.

Hypothesis Thirteen (Growth Chamber)?
An altermative or additional facility for greenhouses is the arti- "
ficially illuminated growth chamber. Expensive commercial units with

fine tolerances have been on the market, and only recently some schools

1See Table Thirty-two, supra, p. 125.

2’l‘his hypothesis was discussed supra, pp. 35, 127-128.
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within the sample have begun to explore possibilities of large home-
made units. The presence of a commercial growth chamber falled to af-
fect the frequency of biology and earth science teachers using demon-
strations, instead of wet labs, as a modal laboratory technique. Anec-
dotal remarks indicatad that in all but a few cases, the growth chamber

was far from the focal point of any large section of laboratory work,

Hypothesis Fourteen (Own Room)l

This hypothesis considers the effect of teaching in one's own room
rather than sharing a room. The relation was not significant. Anec-
dotal remarks reveal that an all important factor may be the compati-
bility of teachers sharing the room. Another factor to be considered is
the possibilitv that one teacher considers 1t his room, although it is
shared, The floating teacher who had no room of his ewn, often com-
plained of that situation.

As suggested in the rationalez, the teacher's office should have
access to the hall without annoying classes which are in session. Anec-
dotal remarks reveal that quite a few offices have classrooms as thelr
access passageway. As u result classes must hecome accustomed to con-
stant interruptions or the office (and often assoclated prep rooms) will

be unused.,

1Th:ls hypothesis was discussed supra, pp. 35-37, 128-131,

2Supra, p. 36.
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Hypothesis Fifteen (Sink Size)1

The null hypothesis is rejected for this hypothesis; the size of
the largest sink is significantly associated with the number of labs2
in biology and earth ascience. The association becomes more dramatic,
with unknown significance, when only considering teachers having ten te
thirteen years of experience. Blology, alone or in conjunction with
the previous specifier, also improves the assoclational valne.3

One should realize that the size of sinks may be correlated with a
third variable having greater significance, or the asseciation found

significant in this analysis may indicate even small f.ctors azlso in-

fluence teaching metheds.

Hypothesis Sixteen (Optics Exercises)h
This hypothesis tries to see 1f the presence of unavoidable sun-
light or hall light is a limiting factor of which physics teachers are
aware, A significant assocliation does exist between the inability to
darken the room and physics teachers who feel limited in the selection
of optical exercises dealing with any phenomenon of light., Factors
which lower the associational value are the lack of equipment or use

of standard courses not requiring dark rocoms. The relationship has a

1This hypothesis was discussed supra, pp. 37, 129-132,
2Number of labs is expressed in single period equivalents,
3See Table Thirty-nine. supra, p. 132.

QThis hypothesis was discussed supra, pp. 37-38, 133-134.
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higher associectional value when considering physics classes with short

periods.

Hypothesis Seventeen {Undirected Wet Lab)1
The main crossbreak did net find a significant relation between
the presence of centralized storage and the use of at least one un-
dire~ted laboratory exercise, When considering only cla;ses having
181-240 minutes per week, a significant relation is found. The absence
of centralized storage tends to be significantly associated with teachers
pot utilizing the undirected technique. The associational value is only

moderate, probably because of small cumulative factors not appearing 1i..

the crossbreek techniques used in this thesis.

Hypothesis Eighteen and Eighteen Prime (Student Access)>

The problem of the effect of after-hour student access on the
manner of instruction is over-shadewed by the fear of unsupervised
student accidents or misconduct on tha part of poorly selected students
given the trust of the administration. Extremely few schools permitted
even o.ie student to come in and maintain 1living specimens when just a
custodian was in the school. Anecdotal remarks did indicate that in
past years, individual projects were stimlated by teachers supervising
students late afternoons or on Saturdays. It was the unusual department

which maintained supervision until 5:00 P.M. Although extended field

1This hypothesis was discussed sﬁpra, pp. 20-39, 133-135.

2This hypothesis was discussed supra, pp. 39-40, 135-137. - N
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trips are currently taken with enthusiasm in some schools, projects are
no longer attractive to the vast majority of students.

The lack of effect on class procedures in science may be a tribyte
to the organization of teachers. The insignificance of the crossbreaks
may also indicate that custodians and teachers are adopting the chores

—

that might be accomplished by students. SN

Hypothesis Nineteen (Teacher Access)’

The effect of after-hour accees by teachers to thelr laboratories
was felt more strongly in anecdotal remarks than in the cfossbreaks.

The main cressbreak falled te reject the null hypothesis concerning 2
relation between teacher access and lab centered class activity. When
only classes having the usual pumber of periods per week were consideredz,
the relationship did become significant. Evidently, a lack of time in
class or an abundance of time in class was masking the relationship in
the main crossbreak.

Some teachers disliked the responsibility of having keys for the
school. Female teachers revealed, in anecdotal remarks, a dislike for
deactivating burglar alarms to gain entrance to school. In some cases
the inconvenience of ebtaini-g a key or permission for entrance has
antagonized laboratory oriented teachers. In rural situations, the ease

of getting a key from the principal's home (or department chairman's

lThis hypothesis was discussed supra, pp. 4o, 136~138.,

2rable Forty-seven, supra, p. 138.

U\
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home) alleviated the need for individual keys.

Hypothesis Nineteen Prime (Access-Inquiry)1
When teachers who taught a lab centered course were asked if their
lab was inquiry oriented, a large number of teachers having after-hour
access answered, "no." This had the consequence of making this varia-
tion of hypothesis nineteen insignificant. (A smaller p;rcentage of

lab oriented teachers without after-hour access answered that they were

not inquiry oriented.)

Hypothesis Twenty (Modal Organism)2
Because microorganisms were, by far, the predominant organism used
in lab, too few replies regarding the use of plants or animals weie
available for analysis. Anecdotal remarks reveal that all types of

organisms seemed to be used with equal enthusiasm.

1This hypothesis was discussed supra, pp. Lo, 137-138.

zThis hypothesis was discussed supra, pp. 41, 139.
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CHAPTER VI -

APPLICATIONS AND INTERPRETATION
Educational Specifications
Evidence presented by this study might convince some administra-
tors to devote more energy to educational specifications. The trans-
lation of these specifications into architectural plans is primarily

the duty of the architact.l However, it would seem appropriate for edu-

U o

cators to supply feedback for architects who feel certain designs em-
body the intended educational uses of the space and collective aspira- 3
tions of the institution. Apart from supplying general indications

that architectural characteristics might influence teaching, this sec-

tion attempts to show that data presented in this thesis can be used in
translating educational specifications into school plant design.

It must be remembered that fallure to reject a null hypothesis
proves nothing. Failure to find a significant association does not mean

a lack of significant association. Therefore, only the positive results

allow conclusions and application. This section will mention only . ﬂ

1Two national authorities who mention the appropriate limits of
educational specifications are cited below.

William Caudell, Toward Better School Design (New York: F.W. Dodge
Corp., 1954), p. 28,

W. E. Martin et al, "Facilities, Equipment, and Instructional
Mater’als for the Science Program," Rethinking Science Education, Fifty-
ninth Yearbook of the National Socliety for the study of Education,

Part I (Chicago: University of Chicago, 1960), p. 233.
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applications derived from significant assoclaiions,

As explained earlierl, the application of this survey's findings
serves as a test for the causal interpretation given for the assocla-
tions found in the data. If architects follow recommendations found

here and 1f the desired influence on teaching is not achieved, then the

P P S Sy

causal interpretation must be modified. Architects and educational con-

sultants need not ignore data found in this survey because a causal con-

nection has been left untested. This survey presents the best evidence

yet given as feedback on architectural influence in science teaching.

Ipquiry Teaching
Inquiry teaching can involve both dry and wet laboratory ex-
periences. The modified hypothesis fourteen indicates that for young
science departments, giving a teacher his own lab room will enhance the

chances of inquiry teaching method.2 This is only true if one believes

that wet lab is a necessary ingredient of the inquiry approach. Put

another way, forcing young teachers to share rooms significantly lowers

the chances for an inquiry program utilizing at least one wet lab per-

iod per week. : '
A major architectural influence appears to be the separation of the o

lab space from the classroom.3 Teachers should be able to conduct

‘ISUpra, p. 16, N

2For supportive data and conclusions for the modified hypothesis
fourteen see supra, pp. 35-37, 128-131, 156,

Jsupra, pp. 26-28, 101105, i47-149.
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laboratory exercises at any time. For the influence of architecture to
be felt, a teacher should be assigned to his group of students for all
phases of the course. The length of periods may restrict chemistry
teachers from utilizing single periods, but blology teachers often can :
take advantage of even forty minute periods. If wet inquiry tcaching
is desired, an introductory course with average college preparatory
students taught by a teacher having more than one preparation should be
held in a classroom—laboratofy. This 1s especially true if the depart-
ment has not functioned long as a team. The relation also is signifi-
cant when specification is limited to slightly more mature departments,

The general assoclation of classroom-laboratories with wet inquiry
teaching declines when the class of concern is of low or high ability,
is a second course, is the only class taught by the teacher, or is given
in a school having an exceptionally mature department.

The survey ylelds some significant data regarding the modal use of
wet inquiry methods in biology. It appears that four year high schools
are more conducive to wet inquiry methods than are junior high schools.
This generalization is only true when speaking of teache s having two

<

preparations per day. Teachers who can handle three or four prepara-

/

tions per day will teach wet inquiry with the same probability in either
type school. The heavy-load teachers were often energetic, young, ef-

fective teachers. With perimeter storage in junior high schools, there

1For supportive rationale, data, and conclusions see supra, pp. 32,
117-118, 152-153.
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is a possibility that preparation for lab work is more efficient and

takes less time than organizing formal lectures. This explanation is

peculiar to junior high schools where equipment supplies only one class
of advanced ninth graders.
The presence of only developed (landscaped) land accessible for
period length field trips significantly limits the use of the outdpbr<g\
area for inquiry exercises.l The assocliation becomes somewhat more
pronounced when a teacher's colleagues in the science department average

five to eight years of experience in the same school.2

Wet Laboratory Teaching

If a large amount of time is to be devoted to laboratory work,

adequate time must be allowed for organizing the laboratory period.

For extensive wet laboratory activity, the lack of after-hour teacher
3

e

self-access to the school becomes an impediment.” Anecdotal remarks
revealed that arranging for custodians to let teachers in the school or

signing out keys for specific access privileges usually does not suffice

as an altermative for the issuing of keys to teachers. If security

precautions are needed, separate access to science facilities could be

—_

designed into the bullding. The practice of having numerous keys for

various stockrooms and cabinets throughout a science department is

1For supportive data and conclusions see supra, pp. 31, 111-113, 151,

| 2For definition, see X(7), infra, p. 176,

3For supportive rationale, data and conclusions see supra, pp. 40,

- 136-138, 159-160,




annoying to most teachers who increasingly find cross-disciplinary needs
in eguipment and chemicals.

Evidently, equipment does make a difference with biology and earth
science teachers in regard to the amount of laboratory they conduct.
Even among excellent sclence teachers, improvisation does not mask the
effects of an improperly equipped laboratory. The data for hypothesis
fiftecnl shows that there 1s an assoclation between the size of sinks {
and the amount of laboratory work done in earth science and, especlally,
biology. Earth science laboratory takes many forms, including a large
amount of map reading. If minerology and model erosional systems are

to be subjects of lab work, sink space and large spaces with natural

drainage2 may ald the teacher.

If the deeire for undirected wet laboratory exercises appears in
the educational specifications, problems may arise with the Juogistics
of complex experiments. Small amounts of time allocated for the class
probably prohibits undirected lal: workj however, the average time spent
in class (including lab work) evidently mckes central storage ~ valuable
asset for undirected work.3 It may be found that the prezence of a lab-
oratory assistant and high cest of equipment per lab period. boti: being

assoclated with centralized storage, are additicnal facters allowing

oo
1 .
Rationale, data and conclusions appear suprz; OD. 37, 129-132,

157.

2e.g., sand plles.

3Rationale, data, and conclusions supporting this statement are
found supra, pp. 38-39, i33-135, 158.
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at least one undirected lab exercise per year.

Miscellaneous Methods

Use of the libragx i

If training in library research techniques is desired in connection
with the science curriculum, the library will more likely be used during 1
class if it is adjacent to the science department.1 Teacgers may tend
to give more library instruction when the library is near and when l‘he
general student body needs counseling in study technique as indicated

by high junior college admissions and low four year college admissions,

If the science department budget is high, the influence of the proximity

of the library is pronounced.

Use of television

jecuuse broadcast television possesses such large scheduling prob-
lems, it was rarely used in the schools visited. Closed circuit tele-
vision was used more frequently than broadcast television, but overall
usage of this expensive equipment was low.2 Use was highest in the

ninth grade and was associated with a high departmental budget.

-

Showing of films

The convenience of being able to darken a room adequately for

1Rationale, data and conclusions for this statement are presented
supra, pp. 25-26, 98-101, 143, 147.

2Previous discussion and data on television usage occurs supra, pp.
33, 119, 123, 124, 154,
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showing color films increased the tendency to show films, especlally in
earth science. Other specifications improving the association were the
average student level and extremes in number of double periods per week.
There seems to be little excuse for poorly operating venetian
blinds or high interior windows not being darkenable. Teachers tend
to show films even under irritating circumstances the more films shown,
the more annoyance 1is generated. In general, adequate allowance for
cooling a darkened room has not been made. Opening windows with closed
venetian blinds often creates distracting rattles and may damage the

blin&s.

Stimulecion of individual projects

The provision of space for individual projects significantly
raises the percentage of students engaged in individual laboratory pro-
jects.2 However, individual projects are not as popular, with students,
as they were several years ago. The association between project work
and individual space increases with the school's stress on college en-
trance. Low and high ability students take greater advantage of the
spaces avallable and are discouraged in project activity by the lack of
space.

If locked individual lab spaces are to be constructed, other aids

1Rationale, data and conclusions are found supra, pp. 32-33,
119-122, 153. The non-specified test is cf doubtful importance.

2Rationale, data and conclusions are found suria, pPp. 31-32,
113-116, 151-152.
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to individual projects must be planned té insure the use of the spaces
which are quite costly. Financial aid for student equipment, resource-
ful teachers, and after-hour teacher access with possible financiel com-
pensation might stimulate better use. Many schools had unlocked space
which was not being used. Disinterest on the part of students was the
main reason for space not being utilized. Schools might' well reconsider
their commitments to individual projects before designing spaces for in-
dividual projects. Group project work in conjunction with science sym-
posia may attract more gifted pupils to project work than are now being
attracted by individual work. |

The provision of undeveloped outdoor areas had very low, but signi-
ficant, assocliation with percent of individual projects done in average
level first courses.,1 The implication of this finding may reflect a

lack in teacher training for the use of outdoor areas for research.

Lower equipment and supply costs

If the school contains a young science department and enrolls be-
tween 751 and 1000 students, higher costs are associated with sentral
science storage. When schools have over 1000 students enrolled, cost
of equipment and supplies per lab period is reduced with centralized

storage. The management of the storage area may rcquire the hiring of
*H

a lab assistant, which may offset the savings in lab expenditures.2 ol

ISupra, p. 111,

zRationale, data and conclusions for centralized storage are found
supra, pp. 33-34, 123, 126, 154,
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Optics experiments

If physics classes are to study optics, physics teachers feel less
restricted when they can darken the room. Only one fifth of the physics
teachers in rooms having proper darkening ability felt limited by othenr
factors. One half of the teachers in underkenable rooms felt limited
by some factor.

In the design of any science classroom or laboratory, sunlight
could be considered a contaminant. The ability to darken a room is ad-
vantageous not only for optics, but for experiments in photochemistry,

plant physiology, and animal physiology as well as for film showings.

Consequences of Architecture

The findings of this survey need not be interpreted only as a gulde

for translating educational specifications into architectural reaiities.
One other usage, illustrated here, examines the consequences of archi-
tectural practice.

What liappens when schools have greenhouses?2 When limited to the
sophomore grade (predominantly biology), there is a slight tendency to

use plants experimentally. This is disappointing considering the cost

—

of constructing and maintaining greenh-uses. Consideratiocn should be
given to large, fluorescently illumirated growth chambers or at least

to more expensive greenhouse models with automatic facilities.

lRationale, data, and conclusions are found supra, pp. 37-38,
123-134, 157-158.

2Hypothesis twelye 1s discussed supra, pp. 34, 125, 127, 154-155,

3
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Summary -

The work of the Facilities Research Peniact has shown that archi-
tecture is one of several significant influences on teaching methods
used in sclerce instruction. The gpecific information galaed may sefve
ss a gulde for decisions to'be made in designing new schools. Anecdotal
remarks may be of help in pointing out possible improvements in archi-
tectvral practicey further tabulaticn of anecdotal remarks remains to
be accomplished.

Major findings are enumerated below:
1., Teachers working in clcssroom-laboratories tend more toward wet
inquiry techniques than those using sepa-ate laboratory facilities.1
2. when the library is adjacent to the science departnent, a greater
proportion of science teachers take or send studentz to the library
during class time.2
3 There is a general disuse of outdoor areas, individual project.

3 N

space, and greenhouses.” This fact is accounted for by various reascns,
sowe may involve teacher training.

l,, Microorganisms are the predominant living organism used in second-

ary school sclence, and yet neither teacher training nor design of »

1This 1s a summary st:atement of the analysis of hypothesis two.
2This is a summary statement of the analysis of hyputhesis one.

3This statement 1s based on the analyses of hypotheses five piime,
six, seven, and twelve.
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laboratories takes this fact into consideration.1

5. Under normal circumstances, self-access by teachers to lab facili-
ties is desirable for lab centered classes.2

6. There are many situations where advanced ninth graders in junior
high schools have less of a chance being taught biology by wet inquiry
methods than if they took tenth grade biology. In these cases, the<3?st
talented science-oriented students get the least authentic, often ba.4ing,

science :lnstruction.3

A New Area of Research

To some researchers, the design of this study may have seemed loose
and unsophisticated. Such critics would argue that the general hypoth-
»8is was too broad; control of its study was too problematical. They
would argue that, at best, only one s,ecific hypothesis should have been
investigated so that all conceivable non-spatial variables could have
been taken into account. In fact, some have argued that good research
concerning the influence of architecture is not possible with our pre-
sent state of knowledge about teacher behavior and other relevant
variables.

The research presented here has been an attempt to explore a large

proslem without the complete control desired by other researchers., A

}This fact is taken from the data gathered for hypothesis twenty.
2See hypothesis rineteen, especially supra, pp. 137-138, 159-160.

3This is a summary statement of the analysis of hypothesis eight.
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new, fertile area of practical concern has been explored. Despite the
rather coarse measurement and control, significart results were obtained.
Hopefully, others will be stimulated to refine and utilize the rationale
and procedures proved useful in this example of educational research
concerning architectural space.

It appears that tle investigation of large somewhat nebulous, prob-
lems in the natural sclences often has given rise to more research,
These subsequent research studies frequently refine the theories origi-
nally presente(}..1 Possibly educational research strategies could in-
clude those proven to be of some worth in other disciplines. What may
be needed are some bold hypotheses, challenging fundamental beliefs

held by some educators. These hypotheses need not be controlled to the

extent that the population to which they pertain or the conclusions

reached become insignificant to practitioners. The research presented
here attempts to upset the belief that improvisation and teacher train-
ing can effectively surmount impediments of inappropriate school design.
Until more studies are done, the results of this study assumably per-
tain to a large geographical region and to all teachers regardless of

backgro''md or motivation. f

1Closely related to the problem of architectural space effects

were ihe problems confronting plant ecologists in the late nineteenth
and enrly twentieth centuries. The ecologists' search was for factors
whick yoverned plant distribut’on. Theories e=tablishing temperature
or rainfall as the main determinants were constantly challenge., until
today a multiplicity of {ntricete relations now forms the content of
ecology textbooks. The original studies, no matter how over-simpli -
ried, were the foothold. needed to launch fruitful investigations in
plant ecology.
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APFENDIX A

THRE INTERVIEW SCHEDULE

On the following pages of this appendix, a facsimile.of the data
gathering instrument appears. Some remarks have been auded to the ba-
sic form used during interviews; these remarks pertain only to the cod-
ing of the information for data processing. Varlables often take sev-
eral colums of an IBM punch cardj identification of these variables
was made by consecutively numbering each variable. The variable num-
ber is indicated by the symbol "X(l...n)" on the facsimile where the
answer to the question would normally be placed, Columns one through

four contain the identification number of each teacher. Teachers were

grouped by school since their first two identification digits are the
school's "1.D.#." (Schools were grouped manually by state before

punching.) Variable thirty (columm fifty-seven, card one) did not have

2 "O" answer punchedj this information could be obtained by using
X(19)=3 as a conditional statement. Such an alteration in punching

allowed coding of anecdotal information concerning non-laboratory fa-

GNPV TR PO RIEY Jewm—
——

cilities when no lab space was used by the teacher. No other changes
have been made in the facsimile.

The hypotheses numbers, located in parentheses after the column
nwuber, are keyed to the hypotheses numbers given in Chapter One.
These numbers indicate the hypothesis for which the response was used

in accordance with suggestions in the thesis proposal.




used to aid teachers in understanding my questions for variables

thirty-six and forty-four. This guide sheet was the only printed mat-

ter shown the teacher during his interview.

[}
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Following the interview schedule appears a teacher's guide sheet
|

e &
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School-wide Correspondence Data and Non-spatial I.V.'s

Date 1967 Mileage -

Tolis Lodging at the
: Meals, etc. (dates)
Appointments:
Superintendent: Principal: Science Dept. Chairman:
T1.D.#
i 1. SCHOOL'S NAME
1 2

f In key punching, now enter teacher's
| I1.D. number in cc. 3 and &

Sugerintendent's information:

g‘ 2. System's true real estate valuation per pupil. . . $ _ _x(1) _.o0
E (based on A.D.M.) 5 6 7 8 9
L
E 3. Percentage of graduates going on to accredited colleges
g
(If information not available, TOTAL: o o o o X(2) %
leave blank.) 10 11
§
; 2 year college: X(3)
; 12 13
4 year colleges: X(4)
14 15
4, Is it a three year high school?
Yes No
L', Is ninth grade biology offered in jr. high? Yes No
5. Abnormal year of construction: 6. Principal's address
Principal's information:
7. High school enrollment (grades covered: ) ,  X(5)

16 17 18 19
8, If 4' is yes, below are schools and principals to contact:

Name of school Name of principal
| 9., Size of school-within-school. . . . . not punched
; key: blank = no such organization 20

10. Number of science teachers, grades 10-12.
Library notes:
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Facilities Research Project Schoel-wide Data and Nonspatial I,V.'s

SCHOOL: N N.H,; Mass.; Conn.; N.Y.; N.J.
Science department chairman: 160-61 or 1960
‘61-62 or 1961
1, Does the science department have a definite 162-63 or 1962
budget for each year? yes no 163-6L or 1§65---
164-65 or 1964
2, What have yoir science department expendi- 165-66 or 1965
tures, or preferably budgets, been for the 166-67 or 1966

last seven years (or less i{f your scheol is
not that oid)? DO NOT INCLUDE COST CF TEXT-
BOOKS NOR RENOVATION EXPENSES. Lab bvok
purchases may be included if not purchased
as a package with the text. If a new policy
has been instituted regarding your budget
during the years 1960-1966, AND IF THIS
POLICY HAS INFLUENCED YOUR PROGRAM, only
state the budget fer the years under this
new program, (We are interested in estim-
ating the cost of various labeoratory pro-
grams in conjunction with certain aspects of
design. We are essentially asking for the
cost of equipment and materials.)

(Use school or cal-
ender year con-
sistently.)

X » X &« x % X % ¥ &

X(6)
21 22 23 24

Above spaces which
are numbered are
for key punching

average budget.,
X % ¥ x X x ¥ & ¥ XK

X ¥ # R = X ¥ X A *

3. What is the mean number of years that you and
your teachers have been in your science de-
partment? Count the time that other teachers

may have served before you came to this parti- ¥{7)
cular school, If the department existed before ten's units
moving to this school, count time spent in the 25 26

old school.

3', What is the maximum number of years one could have belonged to the
department? (Answer only if your department has been created with-
in the last 7 years.)

4. Please estimate the number of periods devoted to lab work per week .
in your science department. State the number in single period
equivalents, that is double periods should be counted as two lab
periods. If it is easier to state the total number of labs per
year, please do so.

single periods of lab/week year

5, How many weeks are available in the school year for laboratory
work? Do not count examination weeks, and combine weeks with few
days to an equivalent of a four or five day week.

weeks

o "
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TABULATOR: Cost per lab (Hypothesis 11), . « « X(8)

27 28 29
Length of a single period {in mirutes). . . . x(9)
ten's units
30 31
Is there central storage for chemicals and apparatus? Yes . No

Is such storage departmental? n/a Yes No

(For example, does biology use chemistry's stockroom for biological
chemicals?)
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Teacher Data Sheet (Non-spatial I.V.'s)

Teacher_ School
Date State N.H. 4 MASS. 9 CONN.' N.Yo, N.Jo
1. How many years have you been in this system? X(10)
ten's units
32 33
2, Subjects now being taught by you:
KEY:
Grade: Level:
1=9 11 = 3 High = 1 A.P, = 5 (all high)
2=10 12=4 Ave. = 2 (college) second = 6 (all high)
Low =3 second = 7 (average)
Mixed = &4
Subject:
Earth Science =1 Chemistry = 5 = 9
General Sclence = 2 Physics =6 ———
Physical Science = 3 Integrated = 7
Biology = &4 Anat. & Physio. = 8

List in long hand: (Give relative importance by number of
classes or students in parentheses.)

ESTABLISH WHICH ONE IS BEING USED AS THE RESPONSE SET:

Subject: x(11)
34
Grade: X(12)
35
Level: X(lz)
36
Years experience with subject: X(14)
ten's units
37 38
3, For above course, what is the
. number of single periocds per week (2 mods)? X(15)
39
b. number of double perioas per week (3-4 mods)? X(16)
Lo
4, Number of preparaticns per day x(17)
41

5, Room number(s) (remarks on back)

6. Report request: (check)
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FACILITIES RASEARCH PROJECT

Instructions:

1, When answering, consider the subject stated on the previous page.
All answers should pertain to this ycar's teaching, kut you may
make comments on other years if you wish.

2., Circle the numerical designator for the teacher's choice,

SPATIAL FACTOR ASSESSMENT
Colum # {Hypo #):

X(18) 42(1) Tf students are going from your classroom(s) to the
1ibrary, mmust they pass through another department or
do they only go through sclience department corridors?
(Corridore having no classrooms adjacent will be
counted as science department corridors since there
1s no chance of arnoying other teachers.)

1 direct access
2 must go through another department

X(19) 43(2) Do you teach in a combination classroom-laboratory or
E 1:1 seperate classroom and laboratory facilities?
Ciassrooms with only a demonstration desk do not count
as class-labs. Counters or desks must have at least
one service to count as a lab bench. The presence of
a lab hench defines a laboratory.

1 separate facilities (classroom can
i have dem. desk)
2 classroom-laboratory

classroom only, no lab facilities
although there may be a demonstration

desk.
(Interviewer: Is demonstration desk the only lab
bench?) yes no {
X(20) 44(3) Do you teach a class of more than 50 students at one

time? Do not include large group instruction sessions
E that are the lecture portion of team teaching.

-

1 no : LN
2 yes, regularly
3 yes, infrequently

What is your range of class size? -

What is the average size of your discussion class?




x(21) 45(4)

L6

|

7

x(22) 48(5)

.

X(23) 49%6))
S'

X(24) 50(7)

X(25) 51

X(26) 53(9)

180

When you have a laboratory, what average number of
students do you have in your room?

100's i0's units
45 46 47

Does your ochool have an outdoor area or facilities
for field work in science?

1 yes

2 no

3 only room for large experiments or
meteorological equipment-area may
be athletic field or paved.

Type of area: (e.g. habitat)

Answer only if answer to above was "yes" (1),

If you have an outdoor instructional area, is it
developed beyond the provision for paths and walking
surfaces in wet areas? (If tiees are labeled, speci-
mens are planted, the ground landscaped, etc., then
the area is termed "developed.")

O teacher says, "ask the blology teachers"
(enter 1 or 2 also)

(-

developed
2 undeveloped

3 both (to be punched as 2)

Is space provided for maintaining experimental set-
ups resulting from individual study? Enter yes 1if
some individual work has been done and there seems to
be no overload on even small facilitles.

l yes

2 no

How many students cen carry on such projects inside

the school at any one time - use space connected with
your class area for the answef? Would this answer >~
conflict with another teacher's use of the area? Y N °
(Departmental facilities are te be included if the

teacher Teels free to use such facilities.)

Is your clasaroom equipped for subdued light during
the showing of films? Can you show a color film well?




_X(27) 54(10)

X(28) 55(11)
(17)

X(29) 56

X(30) 57(14)

1 yes, room can be darkened

-2 yes, but poor conditions - many

light leaks
3 no, room cannot be darkened
Classroom=-lab? 1s this true of the laboratory
in separate facility spaces? Y M
N: 1 2 3

NDoes your school have facilities for allowing closed
circuit T.V., T.V. broadcast receiving only, or no
television?
1 closed circuit T.V. (not a micrepro-
jector) {possibly broadcast too)

2 broadcast only
3 no television
Is common apparatus or are chemicals used by mere .

than one subject stored centrally in one or two
storage rooms?

181

1 yes 2 no 3 n/a, too few rooms
Are supplies stored centrally for each subject? ™~
1 yes 2 no

Do you have a lab facility? (If no, answer O. Punch
operator ignores zero answer and enters snswer for
non-lab space. Use X(19)<3 as condition term for
hypothasis fourteen.

Is the lab facility in which you hold your lab exer-
cises FOR YOUR CLASSES' USE ALONE?

1 yes (Homeroom may meet there under
other teacher.)

2 yes, but I teach antagonistic subjects
there

3 no, but it is oversized to permit each
teacher to have his own area

4 no

If the answer is 4, are the other classes sclence
classes? yes no

Is this a classroom-lab arout which you speak? Y N

If you teach in separate facilities, do you have your
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own classroom with free periods in it and no other
classes using it?

yes no

X(31) 58(18) Do at least some students have after-hour &access to
(18') lab facilities when teachers may not be around, e.g.
evenings, school year vacations (not necessarily
also summer), and weekends?

1 vyes
2 no ' L.
. 1 \ &
X(32) 59 Do you have a late bus? 1 yes 2 no When?

Te what time can students stey after school?

X(33) 60(19) Do you have self-access to lab and science department
(19') office facilities on weekends, evenings and school
year vacations (what happens in summer is of no

concern)? 1 yes
2 no, but I can make arrangements for the
janitor to let me in except on Sundays
and legal holidays.
3 no
X(34) 61 Can you have access during the summer vacation peried,
or at least two weeks before the start of the school
year? 1l yes 2 no
X{35) 62 Do you only hold laboratory during double periods?

1 no or I have only single periods

2 Yyes

X(36) 63(20) Do you use any organisms at all in your class work?
If no, answer 4 and ask no more,

Indicate the organism you use most in your laboratory

work, 1 microorganisms, inciuding algae and

DO NOT COUNT microscopic invertebrates

PRESERVED
SPECIMENS FOR
TABULATED ANS.

plants, non-microscopic

animals, non-microscopic

IF preserved a0 organisms are used at all

specimensn were use all with equal frequency (only use
included, this choice after considerable probing)

o & W




X{37) 64(13)

_X(38) 65(12)

X(39) 66(15)

X(41) 68(16)
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If probing needed, ask what organism they would like
to use if they had only one type to choose?
Parts of organisms count. Indicate special sources
such as farms, slaughter houses, etc.
BIOLOGY AND EARTH SCIENCE CNLY
Do you have a movable, commercial growth chamber for
growing plaates under fluorescent light?
1 yes 3 no, but we have
2 yes, and also a & homemade appar-
bank of fluorescent atus to replace
lights in an in- sunlit vivarium,
terior room 4 no
BIOLOGY AND EARTH SCIENCE ONLY
Is there a greenhouse in your department?
1 yes
2 no
BIOLOGY AND EARTH SCIENCE ONLY
Do you have at least one sink in your laboratory
room? If not, answer 1 and ask no more,
If you do, is the sink which is biggest of all in
the room
2 less than 9 inches on one side?
3 medium in size?
4 larger than 18 inches on one side
and roughly square?
5 about 2 feet by 3 feet?
Take measurements if possible:
ROOM #
ONLY NINTH GRADE BIOLOGY
Do you teach ninth grade biolegy in a
1 junicr high school?
2 four year or six year high school?
PHYSICS, PHYSICAL AND GENERAL SCIENCE ONLY (chemistry
if teacher
brings up sub-
ject)
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Can you darken your lavoratory area (or classroowm
if ne laberatory) sufficiently for experiments
with light?

1 yes
2 a room is generally available
3 no
Thank you for answering these questions on your facilities. These

replies have pertained to:
subject: room:

Are rooms with other facilities available for your use without much
prior arrangement? Y N Is your school, or at least sclence
department generally filled to capacity? Y N

1 80 Card number

INSTRUCTIONAL METHOD ASSESSMENT

Tabulation on second ce:d. Space laft for 45 non~-spatial I.V.'s

Columm #

(hypo #)

X(42) 46(1) Do you give specific instruction in library usage
and/or often give class time to students for visit-
ing the library?

1 yes
2 no

(48=-1-5) Answer the first four questions and then summarize
your predominant type of teaching activity inm the
fifth questien.
(Interviewer: Place the teacher's modal actlvity in .
the proper category for the fifth question. The fifth )
quertisn is the only one used for analysis., If the o
ane. .. 5 to the first four questions do net clearly
indicute the uppropriate category, then probe more
deeply with specific situations regarding questions
48-2 and 48-3. Have the teacher make a forced deci-
sien in the fifth questien if he cannet decide.)

X(43) 47 Do you give students laboratory activities with actual

(48-1) materials about one single period (double mod) per

week or one double period per two weeks OR MORE and/or
do you have a BSCS Lab Block or similar solid block of
laboratory work for at least 10 days during the year?




(48-2)

(48-3)

(48-4)
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1 vyes
2 no

Cu:ments (if any) on type of lab block:

Do you usually talk about concepts before students
are introduced to illustrative phenomena in the lab-
oratcry? Do you give the students an idea of what

to expect in their laboratory exercise or experiment,
other than warning them about hazardous operations or
cautioning them about certain observations? Disre-
gard how some fast or slow students might counteract
your tactics. IF PHYSICS IS TAUGHT BY MATHEMATICAL
DEDUCTION, answer "mo'" or 1.

1 no
2 Yyes

0 n/a There is no correlation
between lab and lecture,

Do you usually wait until after the laberatory to

state a generalization or mathematical formula re-
flecting the phenomenen studied in the laboratery?
Hints given to prevent demoralization are allowed

under a "yes,"

1 yes

2 no

If you find the class behind schedule, do you usually
quicken the pace to caver material (especially at the
end of a semester or year) OR do you usually eliminate
some topics that would have been covered under other
circumstances?

1 eliminate topics (Even if those
eliminated were covered in an
earlier year, this answer 1s still
appropriate)

2 quicken the pace, possibly eliminating
some lengthy labs, {Lecture style is
adopted more; after-school labs may
take place of regular labs on option-
al basis)

—=Interviewer: Sum the 1 responses and 2 responses
1 R= 2 R=




X(44) 48(2)
(8)

(48-5)

X(45) 49(3)

X(45) 50(4)

50" (4)
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With which statement dn you agree?

1, In summary, my class usuaily centers around a "wet"
laboratory in which students practice being scien-
tists or are at least trying to experience activi-
ties of sclentiste, They are involved in inquiry
or enquiry, (This statement should agree with the
ni" answers for 48-1; 48-2; 48-3; 48-4)

2, My class usually centers around basic scientific
concepts which the laboratory will reinforce in
understanding and memory., I have a definite list
of topics that I value as important (or practical)
information to be learned by the student. (This
statement should agree with "2" answers in the 46
series).

3. After considerable probing, it was impossible to
get teacher to make a choice. The course may be
split at mid-year to reverse the philosophy of the
course. A small number of important topics can be
approached inductively with slow students, essen-
tially eliminating any conflict for time between
the product-inquiry approaches,

For this question. answer only in regard to your
classes having over 50 students when you have any such
classes. Those teachers never having any classes over
50 students will also answer this question.

Does another teacher meet with you and your class for
most days and/or always during a lab. DO NOT COUNT
OBSERVERS.

1 no (I have a solitary assignment.)
2 yes
(Interviewer: Just during class? Just during
lab? Both?_ -
During laboratory, do you mostly use the class as a
research team, each subdivision of the clase investi-
gating an aspect of the problem or contributing data
for the final write-up to be done by cach student or

group?
1 yes (team research)

2 no (soiitary unit research)
verifying question

Do you mostly leave the accomplishment of a lab exer-
cise to each individual student or autonomous team?




187

1 no
2 yes

(Interviewer: If the numeral of this question does not match with the
last question's answer, there is inconsistency. Probe for misunder-

standing.)
X(47) 51(5) What percentage of your students are doing individual
(7) lab projects at some time dvring the year? (Give the
53 cumilative percentage for the entire school year.)
1
This may include home projects known to-teacher.
j P3
1
f 100's ten's units
; 51 52 53
X(48) 54(6) Do you ever use outdoor facilities for genuine pro-
blem-solving (inquiry) studies where students cannot
find an answer to their specific problem without work-
ing in the field OR do you always use outdoor facili-
ties for natuve study identification trips and for
verifying phenomena discussed in class? A
E 1 problem-solving inquiry 3 not used at all S
| 2 verifying nature study L not used and not rele-
vant in opinion of the
b teacher,
; X(49) 55(9) How many films do you show per year? (If several
E 6 small films are shown in the same period, count as one
; 57 film,) Count films shown in the classroom and in the
X

lab, Slides and film strips do not count,

% 100's ten's units .
55 56 57 N

| X(50) 58(10) For this current year, on the average how often did
F you use television in your class during a ten week

f peried? Study hall use also counts. (If over nine,
% enter sxact number in margin and enter nine as the

| answer . )

E
E 58

1Only two teachers indicated nine or more as an answer, This 1i-
mitation of nine as a maximum was necessary because of a typographical
error in column numbers.

W\\'MWW‘VWWW‘“(VV@F‘ P A
By [T
H
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X(51) 59(13) Do you or your students usually conduct the laboratory
(20) phase of your course by giving quaniitative demonstra-
tions instead of, or in addition to, having all stu-
dents do their own work during lab? For instance,
Schwab's Invitations to Inquiry, TOPS or other simu-
lated lab work can serve as a contact with experimszi-
tation for the student. Talking about the rationale
of historical experiments also counts as a "dry lab”
, or the type of exercises described above.

1 yes, usual contact with experimental
method is by "dry labs"

2 no, usually all siudents do exercises
or experiments in a "wet lab"

E 3 my students have no lab
|

L time spent in quantitative demon-
strations and in lab is equal,

Interviewer: In case of difference between leve's,
indicate-

Level Answer

A At s A e o e o

5 (Interviewer: Answer above question in respect to plants IF YOU ARE A
; BIOLOGY TEACHER. 1 2 3 4

Do you have a growth chamber? Manufactured . Homemade None)

X(52) 60(14) In your class and lab, is your approach usually to
(20) tell a general principle or fornula and then to give
proof that the principle 1s true?

1 No, students are usually asked to come
up with the general principle by in-
ference from examples, laboratory work,
or simulated lab.

2 Yes, I use the lah and examples to ver-
ify what the students learn. The lab
may be hard to fake, but the general
principle is known.

| X(53) 61(17) Do most of your sgtudznts have at least one real un-

} directed laboratory experience per year? If the stu-
' dent follows instructions from a lab manual or pro-
ject book, do not count such a lab as undirected.
Following instructions for part of the experiment is
acceptable only if they are technical preparatory




(Interviewer:

X(54) 62(18)
(19)
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instructions.,
1 yes
2 ne

If the above ancwer was "1" or yes, find out if most
of the class has at least one undirected lnguizz lap-
oratory experience per year? Y N

Do you spend at least one-half of the student's time
preparing for, doing, or summarizing labs which en-
tail working with actual iaterials and phenomena?
For a class which meets three times per week, at least
one lab must be held per week in order to qualifsy
for "10" .

1 yes

2 no

If the above answer is no, then the next question must be "no," #.4.

X(55) 63(18')
(19')

X(56) 64(15)

65
(12)
X(57) 66(12)

Is most of the above effort connected with verifying
at least several of the laws, relationships, or form-
ulae previously discussed in class?

(REVERSE ORDER FROM TRIAL)

1 vyes .
2 no

3 1lab is not correlated

L

not applicable '"no"

EARTH SCIENCE AND BIOLOGY TEACHERS ONLY

How many single lab periods (or equivalent) do you
hold on the average per four week interval? COUNT
ONLY WET LABS, where all students work with the ma-
terials of your science, Give number of periodc per
class,

10's units
64 65

Do you use living organisms? If no, do not proceed
to this Q.
Is there a greenhouse available? Y N
Do you use plants for experimental purposes?
1 yes (controlled)

2 no (demonstration)

\

/




N 3 no, not used
Is your usual use of plants experimental? Y N
Are you using the greenhouse now? Y N

Interviewer: greenhouse survey

PRESENTLY: WHEN TEACHER USES IT:
a, experiment
going on

b, used for supply

c. supplying plants
for experiments
done elsewhere

EERT PN R T T TR TS

X(58) 67(16) PHYSICS AND PHYSICAL SCIENCE (GEN. SCI.) ONLY

Do you feel limited In the number and type of optical
experiments you can perform under existing conditions? N

o T TER AT T as TR e

1 yes

2 no
68, 69, 70, 71. Enter numler of labs per year in school's science dept.
‘ Classes:

. X(39)
68 69 70 units

71

=mOO®»

’ Labs/week, year for teacher -- ALL SUBJECTS INCLUDED

2 80 Card Number

|-

F
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Facilities Research Project--FRP
TEACHER'S GUIDE SHEET FOR QUESTIONS 63 and 2-48

63. When first answering, do not include preserved specimens,
Then give the answer if these specimens were included.

Indicate the organisms you use most in your laboratory work:

1 microorganisms, including algae and microscopic inverte-
bhrates

2 plants, non-microscopic
3 animals, non-microscopic

no organisms arc used at all

2-48 With which statement do you agree?1

Statement 1: In summary, my class usually centers around
"wet" laboratory in which students practice
being scientists or are at least trying to
experience activities of scientists. They are
involved in inquiry or enquiry.

Statement 2: My class usually centers around basic scienti-
fic concepts which the laboratory will rein-
force in understanding and memory. I have a
1ist of topics that I value as important (or
practical) information to be learned by the
student.

1Many teachers said that they did not agree with what they were
doing in principle, but they did feel one of these statements did
typify their class.




ADPPENDIX B
VARIABLE LIST AND DEFINITICN®

This appendix presents a list of non-spatia’. ;- 171, and methrd-

ological variables keyed to the X(1l...n) data fields given in Appendix A.

Non-spatial Tndependent Variables

Years subject experience, X(14):

VAR(1) = X(1%)

redefined X{(. ) = ({1 =
6-9 = II-Tenure/ 10-~13
others = V-Tenure)

VAR(2)

First/ 2,3 = New/ %~5 = Young Tenure/
= I1I-Temure/ 14-21 = IV-Tenure/

Average departmertal budget {in tens of deilars), Xx{6):
VAR(3) = X(6)

VAR(4) = redefined X(6) = (0-2,990 = I/ 3,000-5,990 = II/ 6,000-9,990 =
111/ 10,000-15,750 = IV/ 15,760-21,500 = V)

VAR(5} - redefined X(6) = {0-L,540 = Low/ &,550-21,500 = High)
C~st per 1aboratoryl, X(8)

Budget per pupil, X(6) / X{5):
VAR(9) == X(6) / X(5)

VAR(128) = redefined VAR(9) = (Under 0.376 = Low/ Others = High)

1VAR(6,“,’,8) are listed at the end of the u.ependent -ariable

section, infra p. 203,
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Percentage golng to college, X(2):

VAR(10) = ¥%(2)

VAR(11l) = redefined X{(2) = (1-42% = Low/ 43-76% = Average/ 77-100% =
High)

VAR(12) = redefined X(2) = {1~59% = Lowsr/ 60-100% = Higher)

Percentage going to junior csllege cenly, X(3):
VAR(13) = X{3)

VAR(14) = redefined X{?} = (1-10 = Lower/ 11~16 = Average/ 17-44 =
High)

VAR(15)

redefined X(3) = (1-13 Lower/ 14~99 = Higher)

School enrollment, X(5):

VAR{16) = X(5)

VAR(17) = redefined X(S5) = (226=750 = I/ 751-1000 = II/ 1001-1250 =
11X/ 1254-1500 = IV/ 15012250 = V/ 2251-3000 = VI)

VAR(18) = redefined X(5) = (0-750 = I/ 751-1500 = II/ 1501-2250 =
III/ 2251-3000 = 1V)

VAR(19) = redefined X(5) = (0-750 = I/ 751-3000 = II)

VAR(20) = redefined X(5) = (0-1435 = Lower/ 1436-3000 = Higher)

Mean years in science cepartment, X(7):

VAR(21) = X(7)

redefined X(7) = (C-4 = Young average/ 5-8 = 0ld average/
N-17 = 0ld)

VAR(22)

VAR(127) = redefined X(7) = (1-4 = Young average/ 5-7 = Old average/
8-17 = 0ld department)

Single period length in minutes, X(9):

VAR(23) = X(9)
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VAR(24) = redefined X(9) = (20-39 = Short/ 40-49 = Short Average/
50-59 = Long average/ 60 = Long)

VAR(25) = redefined X(9) = (20-49 = Shorter/ 50-60 = Longer)

VAR(26) = redefined X(9) = (20-46 = Shorter/ 47-60 = Longer)

Double periods per week, X{(16):

VAR(27) = X(16)
VAR(28) = redefinen X(16) = (0 = None/ 1 = One/ 2 = Two/ 3 = Three/
4-5 = Four cr Five) '
- VAR(29) = redefined X(16) = (0 = None/ 1 = One/ 2 = Two/ 3-5 = Over two)

Single periods per wesk, X(15):

VAR(30) = X(15)

redefined X(15) = (0-1 = Few/ 2-3 = Moderate/ 4-5 = Modal/
6-7 = Heavy)

, VAR(31)

Double period time, X(16) x 2 x X(9):

VAR(32) = X(16) x 2 x X(9)
VAR(33) = redefined VAR(32) = (0 = None/ 40-60 = I/ 61-120 = II/
121-240 = III/ 241-400 = IV/ 401-600 = V)
VAR(130) = redefined VAR(32) = (0O = None/ 4C-120 = 40-120/ 121-240 =
121-240/ 241-600 = 241-600) o
VAR(131) = redefined VAR(32) = (0 = None/ 40-180 = 40-180/ 181-600 = ( |

Over 3 hours)

E Weekly student time, (X(16) x 2 x X(9)) + (X(15) x X{(9)):

VAR(34) = (X(16) x 2 x X(9)) + (X(15) x X(9))

redefined VAR(34) = (61-180 = I/ 181-240 = II/ 241-300 =

VAR(35)
I1I/ 301-360 = IV/ 361-540 = V)

.

©
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Preparations per day, X(17):
VAR(36) = X(17)

VAR(37) = redefined X(17) = (1 = 1/ 2 = 2/ 3 = 3/ b-5 = High)

VAR(38) = redefined X(17) = (1 = One/ 2 = Two/ 3-5 = Heavy)

VAR(39)

redefined X(17) = (1 = Only one/ 2-5 = Over one)

Level of course, X(13):
VAR(135) = X(13) = (1 = High first course/ 2 = Average first course/

3 = Low first course/ 4 = Mixed first course/ 5 = Advanced
Placement/ 6 = High second course/ 7 = Average second course)

First course level, X(13):

VAR(40) = redefined X(13) = (1 = High/ 2 = Average/ 3 = Low)
Second course leavel, X(13):
VAR(41) = redefiiea X(13) = (5 = A.P./ 6 = 2nd High/ 7 = 2nd Ave.)

Grade, X(12):

VAR(42) = X(12) = (1,9 = FROSH/ 2 = SOPH/ 3 = JUNIOR/ & = SENIOR)®

Course subject, X(11):

VAR(43) = X(11) = (1 = Earth Sclence/ 2 = General Science/3 = Physical
Sclence/ 4 = Biology/ 5 = Chemistry/ 6 = " Physics/ 7 = In-
tegrated/ 8 = Anatomy and Physiology-Human)

Number of single periods when no douple periods, X(15) modified:

VAR(44) = X(15) IF X(16) EQUALS O

rhe classification of one response as nine ghowed in the fre-
quency analysis. This is presumably a coding error.
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(others disregarded)

Any other non-spatial information collected was not used fo:

analysis in this thesis but was saved for future Project work. .

Spatial Independent Variables
Direct access to library, X(18):

196
VAR(45) = redefined VAR(4L) = (4 = Four/ 5 = Five/ 6 = Six/ 7 = Sevem)

VAR(46) = X(18) = (1 = Direct/ 2 = Indirect)

Classroom -- laboratory arrangement, X(19):

VAR(47) = X(19) = (1 = Separate/ 2 = Clamsroom-laberatory)

Class size more than 50 students, X(20):
Infrequently large:

VAR(48) = redefined X(20) = (1 = No/ 2,3 = Yes)

Usually large:

VAR(49) = redefined X(20) = (1,3 = No/ 2 = Yes)

Average number of students in laberatory, X(21):

VAR(50) = X(21) v
i

.
‘ ."<¥\\ ‘
VAR(51) = redefined X(21) = (0-10 = 0-10/ 11=20 = 11-20/ 21-24 = 21-24/ - T
OVER 24 = Over 24)
VAR(52) = redeined X(21) = (0-24 = 0-24/ OVER 2k = Over 24) ’

Availability of an outdoor area, X(22):

VAR(53) = X(22) = (1 = Yes/ 2 = No)

Type of outdoor area available, X(23):
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VAR(54) = redefined X(23) = (1 = Developed/ 2,3 = Undeveloped)

Individual laboratory space available, X(24):
VAR(55) = X(24) = (1 = Available/ 2 = Not available)
Anecdotal record:

VAR(56) = X(25) = Number a:commodated in individual laboratory space.

: ‘ﬂ. /\’\ )
Room darkenable for celcr films, X(26): <
VAR(57) = X(26) = (1 = Yes/ 2 = Poorly/ 3 = No)

VAR(140) = redefined X(26) = (1 = Yes, excellent/ 3 = No)

Type of television, if any, avallable, X(27):
VAR(58) = redefined X(27) = (1 = Ciosed circuit/ 2 = Broadcast re-
ceiving only)
Central storage of supplies, X(28):
VAR(59) = X(28) = (1 = Yes/ 2 = No)
Anecdotal record:

VAR(60) = X(29) = Subject area storage (1 = Yes/ 2 = No)

Teacher has own room, X(30):

VAR(61) = redefined X{30) = (1,2 = Yes/ 3,4 = No)

Teacher has own laboratory, X(30):
VAR(62) = VAR(61) IF X(19) LESS THAN 3 = (1,2 = Yes/ 3,4 = No)
Anecdotal record:

VAR(63) = VAR(61) IF X(19) EQUALS 2 = Teacher has own classroom-lab
(1,2 = Yes/ 3,4 = Ne)
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Students’ after hour access, X(31):

VAR(64) = X(31) = (1 = Yes/ 2 = Ne)
Anecdotal record:

VAR(65) = X(32) = Late bus available = (1 = Yes/ 2 = No)

Teachers have after hour access, X(33):
VAR(66) = redefined X(33) = (1 = Yes, on own’ 3 = No)

VAR(67) = X(33) ; (1 = Yes, on own/ 2 = Must be let in-inconvenient/
35 = No

Anecdotal record:
VAR(68) = X(34) = Teacher can get in during summer vacation at least
two weeks before school formally opens = (1 = Yes/ 2 = No)
Laboratory held only during ¢ suble periods, X(35):

VAR(69) = X(35) = (1 = No, lab is held during singles/ 2 = Yes, only
during doubles)

VAR(70) = redefined X(35) = For those who have double lab periods,

do they use only the double period? (1 = No/ 2 = Yes)
= X(35) IF X(16) GREATER THAN O

Predominant living organism used in lab, X(36):

VAR(71) = X(36) = (1 = Microorganisms/ 2 = Plants/ 3 = Animals/ 4 = No

living organisms, except students) See actual question
for better definitions.

Commercial growth chamber available, X(37):

VAR(72) = redefined X(37) = (1 = Yes/ 4 = No)
VAR(73) = redefined X(37) = (1,2 = Yes/ 3,4 = No)
VAR(74) = redefined X(37) = 1,2,3 = Yes/ & = No)

See actual questions to see difference in situations 1,2,3
and 4,
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Greenhouse available for use, X{38):

VAR(75) = X(38) = (1 = Yes/ 2 = No)

Size of sink in biology or earth science rooms, X(39):

VAR(76) = X(39) = (1 = None/ 2 = Small/ 3 = Medium/ 4 = Large/
5 = Extra large), see question for measurements and the
analysis section for slight revisions in category definitions.

e VAR(138) = X(39) = (2 = Small/ 3 = Medium/ 4 = Large/ 5 = Extra Large)

Type of school in which biology is taught, X (40):

VAR(77) = X(40) = (1 = Junior high school/ 2 = Four or six year
high school) ‘

I it g

Room can be darkened sufficiently for experiments with light, X(4l):
VAR(78) = X(41) = (1 = Yes/ 2 = another room is available’/ 3 = No)

VAR(139) = redefined X(41) = (1 = Yes/ 3 = No)

Methodological Dependent Variables

Library instruction is given, X(42):

VAR(79) = X(42) = (1 = Yes/ 2 = No)

At least one period of wet lab per week, X(43):

VAR(80) = X(43) = (1 = Yes/ 2 = No) o

Course is generally inquiry-wet or verifying-wet or -dry, X(44):
For all teachers:

VAR(81) = redefined X(44) = (1 = Inquiry wet/ 2 = Verifying)

N R T R R R R R R T e s R e

For teachers averaging at least one lab per week:

VAR(119) = VAR(81) IF X(43) EQUALS 1

o
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Another teacher usually meetz with class at same time X(45):

VAR(82) = X(45) = (1 = No, molitary/ 2 = Yes, cooperative)

Team research organization in class - modal, X(46):

VAR(83) = X(46) = (1 = Team/ 2 = Selitary)

; Percent of individual projects, cumulative for year, X(47):
VAR(84) = X(47)
VAR(85) = redefined X(47) = (0 = None/ 1 = 1%/ 2-9 = Few/ 10-20 = Ten-
Twenty/ 21-90 = Heavy/ 91-100 = Compulsory)
VAR(86) = redefined X(47) = (0 = None/ 1-3 = Few, if any/ 4-20 = 4~20/
21-90 = 21-90/ 91-100 = 91-100)
VAR(87) = redefined X(47) = (0 = None/ 1-3 = Few, if any/ 4-90 = Several/
91-100 = Compulsory)
VAR(88) = redefined X(47) = (0 = None/ 1-100 = Some)
VAR(89) = redefined X(47) = (0 = None/ 1-99 = Some)
VAR(126) = redefined X(47) = (0 = None/ 1-5 = 1-5/ 6-10 = 6-10/
11-30 = 11-30/ 31-59 = 31-59/ 60-90 = 60-90/ 91-100 =
91-100)
VAR(132) = redefined X(47) = (C-20 = Lower/ 21-100 = Higher)
VAR(133) = redefined X(47) = (0-3 = Few, if any/ 4-90 = Some--high)
VAR(134) = redefined X(47) = (0-3 = Few, if any/ 490 = Some/ '

91-100 = Compulsory) »

Outdoor facilities used for inquiry, X(48):

VAR(90) = redefined X(48) = (1 = Yes/ 2,3 = No)

(1

VAR(91) = redefined X(48) Inquiry/ 2 = Verifying)

Ovtdoor use, X(48) modified:

VAR(92) = redefined X(48) = (1,2 = Used/ 3 = Not used/ & = Not relevant)
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VAR(93) = redefined X(48) = (1,2 = Used/ 3 = Not used)

Films shown per year, X(49):

VAR(94) = X{49) (normally distributed)

VAR(95) = redefined X(49) = (0 = None/ 1-5 = 1-5/ 6-10 = 6-10/
11-20 = 11-20/ 21-30 = 21-30/ OVEF. 30 = Over 30)
VAR(96) = redefined X(49) = (0 = None/ 1-10 = 1-10/ 11-38' = 11-38/
OVER 38 = 38+)
VAR(136) = redefined X(49) = (0-15 Below mean/ OVER 15 = Above mean)
VAR(137) = redefined X(49) = (0-12 = Below median/ OVER 12 = Above median)

Television use per class in 10 weeks, X(50):

VAR(97) = X(50)

VAR(98) = redefined X(50) = (0 = Not at all/ 1 = Once or so/ 2=9 =
Some -- much)

VAR(99) = redefined X(50) = (0,1 = None ——- once/ 2-3 = Few/ b9 =

Regularly)

VAR(100) = redefined X(50) = (0,1 = None ~ once/ 2-9 = Few -- much)

Dry versus wet lab as modal lab, X(51):

Wet lab)

(1 = Demonstration -- dry/ 2

VAR(101) = redefined X(51)

Wet lab/

(1 = Demonstration -- dry/ 2

redefined X(51)
3 = No lab)

VAR(102)

General approach to class, Inductive - Deductive, X(52):

VAR(103) = X(52) = (1 = Inductive/ 2 = Deductive, verifying)

At least one undirected lab per year for most students, X(53):

VAR(104) = X(53) = (1 = At least one/ 2 = None)

o
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One-half of students' time centered around laboratory, X(54):

VAR(105) = X(54) = (1 = Yes/ 2 = No)

If lab centered, then inquiry or verifying? X(55):

VAR(106) = redefined X(55) = (1

]
]
n

Verifying/ 2 = Inquiry)

VAR(107) = redefined X(55) = (1 = Verifying/ 2 = Inquiry/. 3 = Lab not

related to class discussion)

Average number of lab periods per four weeks
in biology and earth science, X(56):

VAR(108) = X(56)

VAR(109) = redefined X(56) = (1-2 = Few/ 3-4 = Regurar/ 5-10 = High/
OVER 10 = Heavy)

VAR(129) = redefined X(56) = (UNDER 9 = LOW/ 9-24 = HIFW)

Use of Living Plents, X(57):

VAR(112) = X(57)2

VAR(110) = redefined X(57) = (1 = Experimental/ 2,3 = Not so)
VAR(111) = redefined X(57) = (1 = Experimental/ 3 = Not used)
VAR(113) = redefined X(57) = (1 = Experimental/ 2 = Anatomical/

3 = Not used)

Limited in doing experiments with light, X(58):
All relevant courses, including chemistry:

VAR(115) = X(58) = (1 = Limited/ 2 = Not limited)

%This nominal scale is meaningless without labels; it was included
here to fill the array statement for the computer, Number VAR(112)
had been skipped during the writing of variable definitions,
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Just physics:
VAR(114) = X(58) IF X(11) EQUALS 6 = (1 = Limitad/ 2 = Not limited)
Number of lab periods in department per year, X(59):
(N = 59, since this is departmental)
VAR(116) = X(59)

VAR(117)

redefined X(59) = (1-2400 = Lower/ OVER 2400 = Higher)

VAR(118)

X(59)/ 100 = Labs per yesr in nearest 100,
(Expressed as an integer.)
Cost per laboratory, X(8):

VAR(6) = X(8)

redefined X(8) = (50-125 = I/ 126-175 = 11/ 176-225 = III/
226-275 = IV/ 276-999 = V)

VAR(7)

VAR(8) = redefined X(8) = (50-205 = Low/ OVER 205 = High)




APPENDIX C

KINDS O% LETTERS SENT TO
ARRANGE INTERVIEWS

The letters included in this appendix represent the. general type
of letters sent to the superintendents, principals, and department ;
chairmen., Letters varied in the details of arrangements, for instance:

1) to whom the investigator had previously written,

2) date of interview,

3) number of days for interview,

L) type of teachers to be interviewed,

and 5) arrival and departure times.,

Five usual kinds of letters were sent during the interview phase.
They were
1) the first request of the superintendent,
2) an April 28t reminder letter to eight superintendents not
answering the first letter,
3) the principal's request,
) the letter of arrangements to the department chairman,
and 5) a thank you note to the department chairman and also the prin-
cipal if the latter met the investigator.
The first four types of letters are exemplified by the letters placed

in this appendix.
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First Sugarintendent's Letter -

f

February 1967

Mr. John Doe
Superintendent of Schools
46 Main Street

Good Town, State 00000

Dear Mr, Doe:

~he Harvard Graduate Scheol of Education, with the cooperation of
an educational consulting firm and several state commissioners of edu-
cation, has begun a study concerning the influence of school design on
science instruction. The Good Town Senior High School has been nomin-
ated to be included in this study. We would appreciate your permission
to conduct a survey of science facilities and teaching methods in this
school. Through visiting scaools such as yours, it is hoped that some
information can be gained which will aid future school desigrners in
planning more functional and economical facilities for grades nine
through twelve,

The survey will be conducted by Mr. David Engelhardt, who will
hold an approximately thirty minute individual interview with each
science teacher and observe certain aspects of the science facilities.
It is anticipated that all high school science teachers and ninth
grade blology teachers will be interviewed in one day. In case of
three year high schools, the junior highs or middle schools will have
their ninth grade biology teacher and facilities visited, in addition
to the normal visitation comnected with the high school.

In your letter granting permission, would you please include the
answers to the following questions:

1) What is your system's true real estate valuation per pupil?

2) What percentage of this high school's graduates go on te
accredited junior or four year colleges? If possible, please
separately state the percentage going to each type of insti-
tution.

3) Is the school a three year high scheol? If so, is ninth
grade biology offered in any of the junior high schools which
feed this high school?

L) Is Mr. Simon still the principal of the high school? Please
supply the schoel's address with zip code so that we may
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Mr. John Doe February 1967

quickly contact the principal for permission to visit,

It is understood that Good Town Senior High School has been built
since 1960 (January 1, 1960 earliest eccupancy date) or that its science
facilities have been substantially remodeled since that date. If this
is not the case, please mentlon the date of construction or remodeling.

Thank you very much for your cooperation. Your prompt considera-

tion of this letter would be mest beneficial to us in setting up a
visitation schedule through the principal and department chairman.
Your reply should be sent to:

Mr. David F. Engelhardt

Facilities Research Preject

323 Longfellow Hall-Appian Way

Harvard Graduate School of Education

Cambridge, Massachusetts 02138

Sincerely yours,

David F. Engelhardt
Researcher
Natural Science Dept.

Fletcher G, Watson
DFE-FGW/ft Professor of Education
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Second Sugerintendent'a Letter
April 28, 1967

Mr, John Doe
Superintendent of Schools
46 Main Street

Good Town, State 0C000

1 Dear Mr, Doe:

On February 27, 1967 you were sent a letter requesting permission
to include Good Town Senior High School in our Facilities Research #rz-
{ ject. As of today, we have no record of your reply. It is possible
that we have lost your reply or that the post office has lost our
letters; but it may be that our request has been lost in the heavy cor-
respondence load commen to many superintendents' offices. Would you
please 1..Jicate by return mail or a collect phone call whether or not
f you intend to participate. (Area Code 617, 332-1946 is my home phone,
where messages can be left for me.) The final schedules for visits '
are now being constructed. Because of economical considerations we
have delayed visiting other schools that have replied in your area, but
we do not wish to wait much lenger for your reply since early visits
are preferred by most schoels. Weuld yeu please reply promptly so
that only one trip will be necessary to your region.

I will repeat the explanation of the project az presented in our
original letter. 1t would aid us if you would ask the principal of the
Good Town Senior High School to answer this letter for both of you at
the same time. We will then contact the science department chairman
to arrange a convenient visitation date.

The Harvard Graduate School of Education -- with the cooperation of
an educational consulting firm, several state commissioners of educa-
tion, local school administrators, and many teachers -- has been con- ot
ducting a study concerning the influence of school design on science .
instruction. It is for this study that I am requesting permission from _
you and the principal to visit Good Town Senior High School. My visit
will involve thirty minute, individual interviews with each science
teacher and some after school inspection of the facilities. It is
hoped, through visiting schools such as yours, that some information
can be gained to aid future school designers in the planning of more
functional and economical science facilities for grades nine through

twelve.

wWould you please supply the information requested below:

E
E
t
|
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{‘ 1) What is your system's true real estate valuation per pupli?
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Mr, John Doe April 28, 1967
2) Wnot percentage of your graduatee go on to .-~credited junlor
or fowm vear colleges? If possible, state separately the per-
centage going to each type of institution.
3) What 1s the present enrollment of the higk school?
L) 1If the Good Town Senior High School is a three year high
school, do you teach ninth grade biology in your school system?
5) How many science teachers do you have for the tenth through
twelfth grade subjects?
6) Who is the science department chairman for the high school?
Please aive the full address of the high schocl with zip code.
v) Kindly state any periods which sheuld be avoided, including

the final exam period.

Your cooperation in this matter is deeply appreciated.

Sincerely yours,

David F. Engelhardt
Researcher
Facilitles Research Project
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Principal's Letter

April 1967

Mr, Frank W, Simon, Principal
Good Town Senior High School
School Street

Good Town, State 00000

Dear Mr, Simon:

The Harvard Graduate School of Education -- with the cooperation
of an educational consulting firm, several state commissioners of edu-
cation, and many local school systems -- has begun a study concerning
the influence of schoel design on science inistruction in.grades nine
through twelve, Your superintendent of schools may have mentioned that
he has given us permissicn to apprvach you for the privilege of includ-
ing Gocd Town Seniecc High School in our survey. It is understood that
your school covers no more than four grades; please inform me if this
is not the case since the study is generally limited to three and four
year high schools.

The survey will be conducted by holding individual thirty minute
interviews with =ach science teacher and by observing certain aspects of
the science facilities. After obtaining your permission, I will ask the
science department chairman to arrange an interview schedule for a mutu-
ally convenient date.

In your letter granting permission to visit your school, would you
please supply the following information:

1, What is the present enrollment of your school? (If you have a
school-within-a-school organization, please give the size of
each "house" or sub-unit.)

2, If ninth grade biology 1s taught in any junior high school
which feeds your school, please send me the name of the school
and its principal's name for use in arranging interviews with
ninth grade bilology teachers.

3, How many science teachers do you have for the tenth through
twelfth grace subjects?

4, Who is the aclence department chairman for the high school?

5. Kindly state any perieds which should be avoided because of
vacations and also state when final exams start.
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Mr. Frank Simon April 1967

Thank you very much for your cooperation. Through visiting such
schools as yours, it is hoped that some information can be gained which
will aid future school designers to plan more functional and economical
science facilities for secondary schools,

Sincerely yours,

David F. Engelhardt

Researcher

Facilitiea Research Project
DFE/fc
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D_epartnent Chaimman's Letter

Mr, Joseph Smith

Science Department Chairman
Good Town Senior High School
School Street

Good Town, State 00000

Dear Mr, Smith:

A= your principal has probably told you, your science department
has been nominated for inclusion in the Facilities Research Project,
The Harvard Graduate School of Education -- with the cooperation of an
educational consulting firm, several state commissioners of education,
local school administrators, and many teachers -- has begun a study con-
cerning the influence of school design on sclience instruction. Schools
are being visited in an attempt to find if correlations exist between
facilities and teaching methods. Would you please confirm that Wed-
nesday, May 24, 1967, is a convenient time for your staff to have me
visit your school. If this tentative date is not convenient, please
feel free to ask for another time. (A postal card is enclosed for your
convenience in replving. If you mail the reply card within a week of
the above date, please also phone my home collect, and leave a message
which will be phoned to me while I am on the road. My home number 1is
glven toward the end of this letter.) In your reply, please give the
time I should report to your school.

Let me explain in somewhat more detall what is usually done when I
conduct the survey. Science teachers describe their instructional meth-
; ods and facilities during individual thirty minute interviews with me,
] Following the interviews, which are usually held during the free periods N
of the teachers, I often check on certain characteristics of your facili- !
ties which were not clear in the interviews, 'S

Lacs

o

I would appreciate your setting up an interview schedule for all
your sclence teachers of tenth through twelfth grade subjects and teach-
ers of ninth grade biology. If time permits in the same day, earth
science teachers may be interviewed also, regardless of the grade taught,
Usually teachers prefer to know a day in advance that their free period
will be occupied by an interview, It is hoped that all teachers con-
cerned can be interviewed in one day. Physical science teachers can be
interviewed in twenty minutes if need be, whereas biological sclence
teachers take the full thirty minutes. I can be at your school as early
as you wish and can stay a few hours after school is dismissed, However,
teachers should not be asked to stay after school for me if they are not
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Mr, Joseph Smith May 1967

accustomed to staying late.

Fnclosed is a list of questiunml which I will be discussing only
with you. The information requested may require some prior thought.
Do not allow mich time to be spent answering these questions, since
talking with me rdght save much time that might have been wasted because
of misunderstanding. ‘

Mail will reach me more quickly at homey please reply to the
following address:

Mr, David Engelhardt
33 Parsons Street
West Newton, Mass. 02165

If a limited time exists for replying or a very serious impediment
materializes for the survey. please contact me at any time through my
home by calling collect, Area Code 617, 332-1946,

I realize that eleven teachers will tend to fill the day. If, by
any quirk of scheduling, there does appear to be enough time to visit
the junior high blology teacher, you may feel that it would be proper
for you to ask the junior high if I could visit during the time avail-
able. If you are not in such a supervisory position, I will make the
arrangements myself, It happens that I will be visiting two neighbor-
ing commmnities Monday and Tuesday. Since they are smaller than your
school, I may have time to phone you about possitly meeting you after
school some time prior te the rushed Wednesday.

Thank you very much for the time you have taken from a busy sched-
ule for cooperating with this project; your active participation is
greatly appreciated. o

-
-

Sincerely yours,

David F. Engelhardt Mot
Researcher L
Facilities Research Project

-

DFE/fc

1The second page of the data sheets, supra pp. 176-177 was enclosed.
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APPENDIX D

ANALYSES USED FOR CROSSBREAKS

The tests used for specific hypotheses are discussed briefly in
the Data-Text Manual.l The general analytical procedure already has
been explained.2 It remains for the formulae and statistical comments
to be given in this appendix,

The background of analyses presented here is not intended to be a
full presentation of the various tests., Only those tests allowing ex-
planation ir. a small amount of space will be explained. Any tests not
discussed in full are explicated in numerous statistics texts,

For most non-parametric tests, which are the vast majority of tests

used in this thesis, the computations are based on the Crosstabs Pro-

'“ L S

gram of the Data-Text System. Figure Three3 gives the key to symbols

found in statistical formulae presented in this Appendix.

1Arthur Couch, pp. 305-334, 349-354, 371-380, Also see supra, o
P. 5’*.

2Supra, pp. 54-58.

3Th:ls schematic table is adapted from the Data-Text Manual ~-
Couch, p. 323,
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Colum Variable

M1 | M2 | ... ] Mc Ry
Row
Variable
n21 n22 ese ‘ n2¢ RZ
n1j Ri
W
nrl nr2 ses nrc Rr
Ll C2 CJ Cc
ng ;= Count in the (1,j)® cell r = Number of rows
Ri = Count in the (i)® row ¢ = Number of columms
CJ = Count in the (j)t column N = Total count of thz table

Fig, 3 - Schematic Crosstab Key

Nominal Comparisons

The Data-Text System provided a convenient and rapid method for
nominal analysis., Although many variables had ordinal scales, nominal
procedures were used at the beginning stages of analysis. Where no
significant nominal relations occurred and where there appeared to be a
relation, ordinal tests were done by hand. For the vast majority of
crossbreaks, the nominal test of significance was an adequate type of
non-parametric procedure,

Associational measures were expanded to include ordinal tests,

thereby taking full advantage or the information in the data.
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Unfortunately there was no way to see 1f a tau C ordinal measure ac-
tually improved the associational measure of Cramér's V.l This is one
reason why numerous measures of association are given in the crossbreak
tables.2

When a test of significance for ordinal comparisons was needed,
nominal comparisons were often done in preference'to the extremely
conservative test of tau C significance given by Stuart.3 The investi-
gator did not have access to Kendall's S statistic which could have
been used for significance calculations; the investigator was forced
to use a less precise calculation based on the tau C value as reported

by the computer.

Tests of Significance
The nominal tests of significance used in this thesis are 1) chi-
square, 2) chi-square with Yate's correction for continuity, and 3)

Fisher exact test of probability. The option of these tests is taken

1Table 22 gives an example of extremely low tau C, G and D measures
with a fairly high Cramér's V. The test i3 reported as the following
crossbreak: High First Level (VAR 40) versus VAR(87) versus VAR(55).
It is probable that a combination of low ordinal association and high
nominal coefficient is due to low expected frequencies,

2Including a selection of coefficients will also allow the reader
to select the measure with which he has had most experience.

3Allan Stuart, "The Estimation and Comparison of Strengths of Asso-
clation in Contingency Tables," Biometrika, :.(1953), 105-110. This
test uses the upper limit estimate of standard error of the tau C sta-
tistic to establish confidence intervals,
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by the computer according to criteria explained 1a the Data-Text Manuall.
uie Fisher exact probabliliity test could feasibly be doue by computer for
certain contingency tables having one extremely low expected score with
large expected scores elsewhere. Unfortunately, for the Fisher exact
test, the programmer's executed command was not functional at the time
of computation, Hand calculation for tables having over forty teacners
(usually over one hundred) is much too laborious -- taking at least
several days for each table. Hence, only the automatic opiion for the

Fisher exact test was used.

Chi-square test

The formula, keyed by the Schematic Crosstab in Figure Three, for
2

2 (Mij - Fij)
K= Z z JEij L

chi-square 1is

with (r-1) (c-1, degrees of freedom and where

N o DN e I
1] N

If less than 20% of the cells have an expected frequency less than
five but greater than zero, the chi-square is considered legitimate.
This limitation is not made by Data-Text which observes a more liberal

criterion.3 '

1COuch, pp. 325-326. These criter are based on ¥, G, Cochran,
"Some Methods for Strengtheniny Common - Tests," Blometrics, X(Dec.
1954), pp. 4i7-451.

2

Eij is the expected cell frequency.

BCouch, p. 326 uses the Mean and Variabie technique which is not
discussed in standard references.
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Yates chi-square

If the contingency table ir two-by-iwo and if the total count is
greater than forty, a Yates's correction for continuity 1is applied.
If a four-fold table count is greater than twenty aad less than forty-
cne, a Yates's correction is done only i1f all expected cell frequencies
are at least five. This correction adds 0.5 to frequencies which are
less than expected and subtracts 0.5 from frequencies greater than ex-
pected. This corrected chi-square is essentlall& the same as the un-

corrected chi-square with large frequencies.

Eipher exact test

The Fisher exact probability test is used when an expected fre-
quency is lower than five. It gives a one-talled probability of the
rull hypothesis being acceptable. This test uses the following form- .
ula based on the Figure Three schematic:
Rll Rz! C]! 02!

n

i NI nll' nlzl 21! nzzl

The test is only computed for two-by-two tables.,

Measures of Assoclation
The nominal measures of assocliation used in the thesis are 1)
contingency coefficient, 2) phi coetficient, and 3) Cramer's V co-

efficient.

Contingency coefficlent

The Data-Text program calculates the contingency coefficient from

/\
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the following formula: —
c= [ x?
N +'xz

Ferguson1 l1ists the following maximal values for square contingency
tables. For tables whe}e rows do not equal columns, the maximal values
would be the same as a square table having the smaller number of rows

or colums. Part of Ferguson's list is given in Table 50.

TABLE 50 :
MAXIMAL VALUES FOR C
Number of Categories for Both Variables Maximal C ]

2e o o o 0 s 8 s 5 5 s 8 s e« s e s s 0,707
Je o s o o s s s 0o s s s s s s s .« » 0.816
by o o o - s o 0 o s s s 5 v o s s o o 0,866
Be o « o s o s 5 s 5 s s s s s o s s » 0.8
Gc o o o o s s s s s 8 s s e o 0 s s 5 0913

Unfortunately, this widely used coefficient is not a sensitive measure

of most tables in this thesis, such as a two-by-six table,

Phi coefficient '

Although the phi coefficient is identical to the Pearsonian pro-
duct-moment correlation when marginal frequencies are evenly divided,
the phi coefficient is considered a non-parametric test in this thesigl

The maximal values of both the Pearsonian r and phi coefficlent are

-

lGeorge A. Ferguson, Statistical Analysis in Psychology and Educa-
tion (New York: McGraw HI11 Book Co., Inc., 1959), p. 196.
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influenced by the differences in distributions. When the two distribu-
tions do not have symmetry or are not skewed in the same manner, the
product=moment correlation does not reach its maximum, Maximal and min-
imal product-moment limits can be calculated on a computer, but exist-
ing programs will not ignoré irrelevant blanks as will Data-Text, The
choice of using phi, even on non-symmetric interval data.by splitting

at the median or other logical point, was in part governed by the ease
of calculating approximate maximum values by graph.1 Without quick
analysis of the several hundred two-by-two tables calculated, the pub-
lication of this research would be delayed considerably..

The use of phi coefficient for reducing tables once having dis-
crete, miltinominal or ordinal data in one variable is accepted but not
recommended.2 It is essential to realize that the assumptions under-
lying the alternmative procedures, tetrachoric r or point biserial cor-
relation, do not allow use of extremely skewed distributions. Inagyuch
as tau B3 equals phi in a two-by-two table, the non-parametric 1nter;;é-;

tation of phi does have validity. Furthermore, it has been voiced that

1The appropriate graph occurs in J, P, Guilford, Fundamental Sta-
tistics in Psychology and Education (New York: McGraw Hill Book Co._,

Inc., 1965), p. 337 and in William M. Meredith, Basic Mathematical and
Statistical Tables of Psychology and Education (New York: McGraw Hill
Book Co., Inc., 1967), p. 296,

2Ferguson, p. 196, mentions, "In practice it [;he phi coefficient]
is widely used when the two variables are obviously not discontinuous.”
Guilford, p. 354, suggests the use of the tetrachoric r or a formula
for estimating the Pearsonian r,

3Tau B, an ordinal statistic, is discussed in Maurice G. Kendall,
Rank Correlation Methods (New York: Hafner Publishing Co., 1962),
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small cell frequencies do not lead to spuriously high coefficlent values
as in the case of the contingency coefficient. This tendency to lower,
not raise, the coefficient values reflects the relation between phi and

parametric procedures,

The phi coefficient is calculated by Data-Text using the following

formula: o
Phi = !:
N

Cramér's V coefficient

Couch1 mentions that Cramer has suggested an adjustment for the
phi coefficient when a table is not two-by-two. The V coefficient i=
identical to phi in the case of the two-by-two table. The investigator
has failed to find a discussion of this coefficient in the open litera-
! ture. The Couch reference does give the following computation formula

based on the symbols in Figure Three:

v= /L2

' N (Min r-1 or c-1)

where "Min r-1 or c~1" means the smaller of the two values, r-1 or c-l,

Ordinal Comparisons
Ordinal comparisons occur when the outcome of analysis depends on

the order of categories of at least one variable.2 Ordinal comparisons

1Couch, Pe 329.

zlf one variable is not dichotomous, both variables must have a
natural order,
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o

in two-by-twoe tables are reduced, by definition, to nominal procedures.l
Most ordinal significance statistics are more powerful than nominal
statistics in attempts to reject null hypotheses, However, most ordinal
assoclation measures are not associated with any powerful significance
test. It is generally assumed that i1f a crossbreak is significant by
nominal tests, it would be significant for the ordinal test (if one ex-
r isted).

Many ordinal tests were designed for a low total count of ranked

subjects (teachers) and for few ties in ranking the teachers., In the
vast majority of hypotheses, information is grouped providing many tles.
Any ordinal test used in this thesis must cenveniently allow for tied
ranks, even if the ties were fortuitous. A second factor in choosing
non-parametric tests was their avallability in convenient computer pro-

grams .

Tests of Significance

Kolmoggrov-Smirnov two-sample test

The Kolmogorov-Smirnov test is a highly sensitive test which de-
) 2
tects any type of difference in distributions of two samples. The

test compares the largest difference in the cumulative distribution, D,

to critical D values charted for various levels of significance.

For large samples, over forty teachers, the count of each sample

k 1It is appropriate for tau B (ordinal) to equal the phi coefficient
in two-by-two tables.

2The tesi ‘s explained in full by Siegel, pp. 127-136, 279,

r
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need not be equal. However; for samples under forty-one the samples
must be of equal size. The test canmnot be made when one sample 1s under
forty-one and the other over forty. Since it would be difficult to ran-
domly discard the teachers' responses from a few hundred responses in
order to equalize sample sizes to forty or less, most uses of this test
have been for large samples.1 Cumulative frequencies for large samples
are not expressed as individual teachers (as with the small sample pro-
cedure); they are expressed as cumulative percentage. The difference

in cumulative frequencies, D, is expressed as the decimal equivalent

of the cumulative percentage distribution. For the .05 alpha lavel,

the critical D is found by the following formula
—
n n
Critical D,05 = 1.3i/ 1+ 2
n,n,
where n, and n, equal the count of the two samples.

The cumulative frequencies were requested from the Data-Text pro-

gram entitled, Frequencies. Other computations vere done by hand.

Significance of tau C, tau CS

Some ordinal comparisons do not possess the dichotomy on one var-
iable neceséary for the Kolmogorov-Smirnov test. Often these tables,
having a mlti-categorized independent variable, need an ordinal measure
of association. It seemed appropriate to test the sigaificance of an

associational measure on the standard error of that measure, rather

lBy happenstance, the test using a multiple specifier in Table
Twenty-two had small and equal samples.
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than by the standard error of another function, Stuart1 has devised
a conservative test of significance for Kendall's tau C2 based on the
upper bound of the sampling variance of tau C.

Calculations were done by hand after receiving the value of tau C
from the Data-Text program, The following formula was used to estimate

the variance of tau C based on the distributlon of cell frequencies,

size of sample, and the least number of cells in a row or column;3

2
m - Tau C2
m=-1 |

where n = total count in analysis and m = least number of cells in a

Variance tau C = i

row or colum.

The maximum standard error is the square root of this variance. For

a two-tailed test, the confidence interval at a .05 alpha would be

l.96jfvar1ance tau C

Measures of Association
A major problem of the analysis phase wvas finding a way to express

the strength of association. If all the variables could have been

1Allen Stuart ' \\\

“M, G, Kendall

3Stuart's article (p., 108) may have a typographical error, not ob-
served in the calculated example of the same article (p. 109). His form-
2 2

ula for the varliance .
VAR, 2| ( m -t \ ,
tc —— ———— Cc
n{ \m-1 S

appears to be in error since tau C (tc) can possess a negative or posi-
tive value depending only on the order in which one variable is listec.
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assumed to be of symmetrical distribution, phi or Pearsonian product-
moment correlatiens may have given well-understood magnitudes of asso-
ciation. With non-parametric teste, the scale values of various asso-
clational measures are not the same, On ordinal data, the relatively
insensitive Cramer's V test.yields a higher number than the more sen-
sitive tau C. Although both have 1,0 as a maximum value, tau C inevi-
tably looks weaker than higher valued measures.

To further complicate matters, no interpretation of the assocla-
tional values is helpful in judging the magnitude of assoclation, unj}zss
the reader is familiar with past studies involving the measuresl.

There is no logical way to convert the coefficients, and empirical con-
version tables would require tabulation of many variations in cell dis-
tributions. For this reason, several associational values are given

with the hope that the reader will recognize one of the measures.

Kendall's Tau statistics T
. . \\\
Tau B
Tau B is a modification of the original tau statistic described
in most statistics texts., Tau B is used where numerous ties in ranks .

exist, as in a contingency table., Tau B is valid for square contingency

tables, and it equals phi when the table is two-by-two. Except for the

1For instance, a Pearsonian r of .70 is an excellent correlation;
most readers recognize it as unusually high and accounting for 49% of
the variance in symmetrically distributed variables., But consider a
tau C of .25; what does it mean? Would the same data giving a Pear-
sonian r of .70 give a tau C of .25?
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two-by-two situation, tau B does not equal Cramer's V. The reiations

among the tau statistics and other correlational measures are discussed

at length in Kendall.1

The Data-Text System computes tau B by the following formula:2

2 (S-D)

Tau B =

2 2, 2
\/(N -X R®) (N-%CJ.Z)

i
where S and D are defined by the following operation.

Take every conceivable pair of teachers and determine if the first
teacher has a higher or lower ra~k than the second teacher on each of
the twvo variables defining the rows and colums of the table. (Do not
consider reversals of the teacher pairs, For instance, count AB oncej
do not consider BA as a different pair.,) Assign the value, +1, to a
pair in which the first teacher has a lower rank on variable one than
the second teacher., If the first teacher has a higher rank than the
second, the assigned pair value should be -l.3 Do the same for the se- N
cond variable., Now each pair of teachers has two values, one for each
variable. Multiply these values so that a resultant value, +1 or -1,
can be assigned to each pair of teachers. Now count the +1 pairs and

'
call this total count, "S." The total count of -l pairs will be

lKendall
zUse Figure Three as a partial key.

3The question of tied ranks becomes more mathematically involved
and is not included in the definition of S given by Kendall., Tied ranks
on both variable; are considered in the coefficient,




called, "D,"

Tau C

Tau C is an adaptation of tau B for use with contingency tables
which are not square. The formula for tau C, using symbols previously

defined for tau B and tau CS is

‘ Both tau statistics are computed by Data-Text.

Gamma

The gamma statistic concerns itself with the S and D counts of the
tau statistics. Ganma attains ite maximum, :1.0, under more conditions
than tau B, In a two-by-two table, any cell void of an observed fre-
quency will cause gamma to equal one. This characteristic of gamma is

. 1
due in part to the fact that gamma ignores tied pairs.” The formula for

Data-Text computation is
S -D
S+ D

Gamma =

Goodman and Kruskal originally defined gamma as "the difference between
the conditional probabilities of like and unlike order, given no ties." LA

If there is a greater chance of like order than unlike order, there is a

lR. H, Sommer, "A New Asymmetric Measure of Association for Ordinal
Variables," American Sociological Review, XXVII (December, 1962), 802.

2Leo A. Goodman and William H., Kruskal, "Measures of Association
for Cross Classifications," Journal of the American Statistical Asso-

ciation XLIX (December, 1954), 753,

L




positive association,

Sommer's D

Sommer's D statistic1 is related to Kendall's tau B and to the
Goodman-Kruskal gamma, The magnitude of the coefficient is usually be-
tween tau C and gammaj one reason for this is that Sommer's D does con-
sider the number of tied pairs of teachers on one variable, The formula
given by Sommer2 is

d = S-D = S-D

xy S+D+xo YU

where dxy = Sommer's D for the independent variable y and the

dependent variable x and

where XO = ties on the dependent variable and
where YU = pairs of observations not tied on the dependent variable.

In terms of Figure Three, Data-Text computes this statistic only when
the rows represent the dependent variable; the formula is do

2 (s-D)

N2-§c‘°‘j

Sommer defines D as '"the difference between conditional probabilities
of like and unlike order, under the condition that we ignore ties on

the independent variable..."3 The ignoring of ties on the spatial

lAn execellent discussion occurs in Sommer.

°Ibid., p. 80k,

3Ibidog Pe 804:
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variable raises the coefficient above the tau statistic.

Parametric Compafisons

Student's t-test, one-way analysis oi variance, and point-biseria!l
correlations are explained in most elementary statistics texts. These
tests are used infrequently in the analysis of specific hypotheses in
this thesis. The major hindrance to using these tests wés the presence
of extremely skewed distributions which probably representied the dis-
tribution iii the population (if one considers this non-random sample
representative of a population)., Normalization of distributions was e
not considered appropriate.

It is important to realize that no teacher answered more than once
to a questionj each unit in an analysis is therefore independent, in
the statistical sense of tests used., If te' ~hers contributed data from
several of their classes, giving different answers for various subjects
and levels of students, the analysis would be entirely different -- if LS

not too cuibersone tr. analyze,
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