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FOREWORD

In 7additiq;1 to being a research undertaking in an important area of

curriculum, the study of Large Group Instruction in Chemistry represents an

innovation in the support and design of educational research, It is a succcgssfal .

demonstration of a thesis, vigorously encouraged by Dr. Lorne H. Woollstt,

Associate Commissioner of Education for Research and Evaluation, State

Education beparvtmeni‘: of New York, that cooperative educational research can
produce more significant and more far-reaching results than research limited
to single schools and single investigators. To be exact, the study shows that

several schools with comparable prc)grams prbvide 4 more diversified testing

| ground for educational researcfi than does a single school; that university

professors trained in research methodology muke a contribution to curriculum
research which can not easily be matched by school pé¥sonnel along; and that
given cooperative support, both finariciglﬂand morai; enough patience and good-~

will, and ‘a good 2mount of just plain effort, a lurge scale prnjeci can obtain

‘results which elude the less gensitive designs-of smaller studies.

~ Exactly where the idea for this cooperative curriculum research project
arosgé is unknown to the editor‘cf 'thi»s repbrt because he joined the pfoject after

some important early decisions had been made. (Anduh@il this day of reckéning,

when the report is finally being written, he was more cnnéerned with the present

and the future of the research than with its past.) His apologies to thosge whom

he might slight through ignorance. When he joined the project, the study of

Large Group ~ Small Group Instruction in Chemistry Compared to Conventional
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Instruction had been agreed upon, Drs. Gérald T. Kowitz and I;Ienry Hausdorff
of the‘ sfate Education Departmerit had assembled a group of twelve school
gystems willing to support it, and Dr. ;]'ohn D, Séhéller, of Amherst Central,
had agreed to serve as the coordinator for their cantrzbutmn. The pmncipal
mvestigators were asked to submit a propcsal for a research design which,
after careful review, met the approval of the Department. Tht;s, with the
leadership of Dr. Scheller and much help from Drs., Kowitz and Hm‘xsdéfff, the
study got off to the happy beginniﬁgs which' it wés able to maintain to the very

enci Pﬁrhaps the only unfortunate note that crept in during the three year? of

‘work was the realization, as damm followed datum, as punch~card box was

stacked on top of punch—card box, and as the camputer printed and printed and

printed, that in our mexperience with a study of this magmtude we had under-

estimated the wealth of material at hand, We had pfomised too little, too soor.
This report makes only réstricted ﬁses of the data; those that were fully

‘ planned in advance to answer the ciuesticns posed in the initial pi‘bposal.

The principal investigators for the study were Drs. John J. Montean and

John A, Schmitt of the University of Rochester and Ers. S. David Farr-and .

Stephen. S. Winter of State University of New York at Buffalof, Dr. Winter alsn
served as Project Coordinator and as editor of this report. Drs., Montean and

Winter had major requnsibilities for the cherxﬁstry~re1ated problems of the

‘research Drs. Farr and Schxnitt were chiefly concerned with evaluation,

research design and analysis. In all this, they-depended heavily for ideas and

personal evaluations on the teacgggrs in whose classrooms the étudy was

: ca.rried out:

Akron Central High School
Alden Central High School
Amherst Central Senior High School

Mr, George Martiny
Misgas Esther B, Tomlinson
Mr. Elton W, Petersen,
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Dr., Samuel W. Bloom Benjamin Franklin High School

Mr. Hargld L. Kruger Brighton High School
Mr, Lewis A, McCall | Canandaigua Academy :
- Mr, Arthur H. Root ( Clarence Central High School
Mr. Ben Varco R Eden Central High School .
Mr. Leonard S. Blake Kenmore East High School
Mr. Lawrence Gideon - Orchard Park Central High School
Mr, Albert A, Deney West Seneca Central High School |
Mr, Frank J. Tuzzolino Williamsville Senior High School ~

These teachers contributed items for the tests and provided-tables of

specification for them; they tried the instruments and criticized them; and

always, they were willing to work -sudden and difficult requests into their

teaching schedules. In the final year of the study. when the pacé became more

rapid but also somewhat more predictable, they were joined by:

Mr. Leonard Weiss  Cleveland Hill High Séhool
Misg Beatrice Elye . Cleveland Hill High‘School
Mrs. Camille Gilmour Hamburg Central High School

=

To all of them the principal investigators express their thanks, and also fheir
admiration for the good nature and good will maintained consistently throughout
leisure and chaos alike.

Theu study owes much to four research assistants, all graduate students
at State University of New York at Buffalo. Messrs. Ja;nes Blaydon, Jack
Du éy, Richard Egelston, and William Martinlikewise réfusedto get rattled or
upj:,t or even adzmt to b@mg tired when testing from 7 A.M. until- 4 P.M. at

/

schools mxles apart when sittmg in front of computers that were unable to

gtand ’the heat and humidity of a rmdsummer weekend midnight and failed to
compufe as sche_t}g}e_d, or when ﬁhe gapers piled high on their desks threatened
to crowd them out of their 'rooms, As répresentat:{ves ‘af the study ;ffise who
most f requenil y visited the' §éﬁools, they hélped maintain the happy
. eommunications, |

Much help was given also by a number of other persons: Mrs, Gail
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Hofmann and Mrs. Sandra Yarnes, our secretaries; the guidance gounselors,

principals, and their secretaries at the schools; Mr. Howard English, of the
computer center, Mr. Robert C. Kochersberger. To all of them our thanks,

. Fer financial support of the study we are indebted to the State Education
Department and the Boards of Education of the participating school districts.

The Department, and the chief school officers of the participating school

distriets: ,

Mr. Edward E, Allen Supervising Principal ° Akron Central H. S.

Dr, Wilson R, Conrad Supervising Principal Alden Central School

Dr. dJohn D. Scheller ‘Supervising Principal Amherst Central Sr, H. S.
Mr. Fred B. Painter Supt. of Schools Brighton H. S,

Mr. Robert Helmer Supt. of Schools - Canandaigua Academy
Dr. Arthur Shedd Supt. of Schools Clarence Central H. S.

Mr, Walter J. Heffley Distriet Principal Cleveland Hill H, 5,
Mr, Edwin C, Peck** District Principal - Eden Central School

Dr, Richard Burau District Principal Eden Central School

Mr. Harry H, Hatten Buperintendent Hamburg Central School
Dr, Carl W, Baisch** Supt. of Schools Kenmore Public Schools
Mr. C. Sherwood Miller  Supt. of Schools Kenmore Public Schools
Mr, Elmer D. Handel District Principal Orchard Park Central H. S,
Dr. Robert Springer* Supt. of Schools Rochester Public Schools
Mr. Herman Goldberg Supt. of Schools Rochester Public Schools

Mr, Alfred W, Goodreds Supervising Principal West Seneca Central School
Dr, William E Keller Supervising Principal Williamsville H. S,

*deceased = ‘**retired
provided much more than funds, howe*{rer, through their constant interest and
encouragement,

And finally, to the students who so.willingly participated in this experiment,
who subjected themselves cheerfuily, if not voluntarily, to several three-hour
* blocks of soﬁd testing, our most sincere sppreciation., We hope they feel that
their cooperation wil?l lead to better educatiaix for their younger brothers and
siéters, and for their children. |

This report has been writtenby allfour principal investigators. As editor,
however, I cannot disclaim major respongibility for inadvertent shortcomings.

Buffalo, New York | Stephen S, Winter
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Chapter 1
. INTRODUCTION

I;arge group instruction is a relatively recent phenomenon in American
secondary education, Its bfigins are not entirely clear from the Iiteratdre;
however, | there is little doubt that the work of the Commission on the
Experimerital Study of the Util;zation of Staff in the S.econda.ry Schooel, whose
director was J. Lloyd Trump, gave impetus to the spread bf this pattern of

~ instruction. The Commission’s report, GUIDE TO BETTER SCHOOLS (Trump
" and Baynham, 1961), gave the détailed rationale for the adoption of methods of
instruction whigh brought together gﬁoups_ of 300 pupils for purposes that could

be achieved as well with groups of that size and complemented this with smaller

s

groups that ranged in sizé down to superviged instruction of one pupil at a time
for purposes m which the sole learner had to be segregated. Among the
objectives of the report seems to have been an attempt to break the habitual
25-30 pupils per class which has stifled flexibility in the déployment of .
instructional resources in American gecondary schools,

| While the Trump repéi‘t drew upon selected explorations with large and .
small instructional groups, at the time of its publibation few empirical studies
of the results of such changed practices in the secondary schools had been | 3
completed. What little evidence existed wgs chiefly in 'thé form of tggtimonials
or of uncontrolled measurements of achievement. Such evidence is suspect,

and far short of desirable. However, these relatively unsopl;isticaﬁed studies

S R

invariably were favorable to the large group-small groﬁp organization on

o

1




'vv'rr Bt A o Ll = e U o S S Al I auwe
F ST e T ‘..m—f-—.v-w.,.-r—r—. B o g iail e G o R L s e A N TR o BT . - ’ N
o ! ’ . . i .

[ G vt e e e e . R e T & R0 bt b T 8. e s A o e i L A A g W Sl i -

‘<

one or anotherA criteridn. Thus there was good indication that large group .
instruction did not hurt foungsters’ achievement of content? that it was pieasaixt ("
to them, or at 1east not traumatic; and that it was viewed favorably also by the
teachers who tried 1t For mstance, Lisonbee (1962) reportezi the following

. personal ohservations concerning a large group cla.ss in chemistry disclplme

" was no px'oblem and rapport between instructor and students was excellent

_ throughout; student partmipatian increased as iime went on and it became
possible to have class discussions; personal help could be given to students in
;é;mall groups; 95% ofA the students liked the course, although ‘‘90% voted
equally for. the Ia.rgé cléss and a regular one.”” Finally, in the important area
of achievement 1t was indicated that the experimental group held their own
and showed a probabﬂity of doing slightly better than expected.’”” A dissertation
by Breediove (1963) generally confirmed these results adding that large group
students. gain greater undérstanding of the methods of science.

Ligsonbee and Breedlove’ 8 studies deal specxfmally w1th chemistry, the
subject of the present investigation They are fairly typical of other reports,
“however. Thus Jahnson and Lobb (1961) report onthe effect of class size on the

““achievement, attltudes, and behavior of the learners’ in Jefferson County,

Colorado:

As, a result of this stuﬂy it was determined that the
size of class did not in itself make any significant
difference. Specifieally, the experiment produced
th®se findings; first, there was no significant
difference in the, achievement -of pupils in classes
of 20, 30, 60, and 70: second, small groups of high
capacity learners were not academically or
economically feasible; and further, students had not
been harmed by participating in large group work.

Other researbh of simila.r nature, with the same kinds of results, has been

reported in the annual issue of the Bulletin of the Natiqz;al Association of
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+ . Secondary School Principals devoted to team teaching and large group
instruction. o
At the college level, where the lecture has been the traditional method
« of instruction, more extensive investigations of large group instruction have.
been éonductedf While some of these ‘were somewhat more adequate in design
than mos‘%ﬁigh school smdies,anexhauétive review of the literature by Fleming
{1958) came up with the so common, yet so discouraging, Iiesult in educational
" research: no significant gifference, To be exact:
‘Once again, therefore, it has to be said .., that
class size itself does not appear to be a significant
, factor in achievement, and further support is lent to
the (idea) ., . . that the secret difference between the
success of one teacher must be looked for in some-
thing other than the mere size of the group under
tuition.
Since 1961, additional reports have come in of the effectiveness of large

group instruction. In genersl, they reinforce the conclusions which were evident

S ‘ when this study was planned in the fall of 1961,

- The Advantages of Large Group Instruction

| | While large group instruction mhad not proved itself advantageous--nor
disadvantageous-~in terms of achievement, there are anumber of other factors
to be consideréd. Theée are given by Trump and Baynhé.m (1961, p. 30-31):

In tomorrow’s schools, more students will be
exposed to skilled teaching in all subjects because
the most capable and experienced teachers in
L specific fields will teach large classes. Every
L : teacher, inevitably, is more experienced in one

subject or one phase of a subject than in ancther.

So the students can be better motivated by contact

with the very best teacher available for that phase

of the subject. The large class will' avoid the

~duplication of effort required when teachers must
teach the same subject matter to a number of

-
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classes, as in today’s schoo]s.

Tomorrow’s schools will find a number of

- other advantages in large class instruction, It makes.

technological equipment more econamically feasible.

Many schools which can’t afford these aids for five

| or gix customary-size classes will be able to equip
‘\ a single large ¢lassroom.

Economy--in this case economy of time--will

- allow tomorrow's schools to schedule more
presentations by outside specialists, by teachers
from nearby universities who are experts in certain
fieids, and by community resource persons. For
example, in one of the experimental schools, a local

- . physician came to the school and talked at one time
to all of the biology students about the circulation of
blood. His experiences as a surgeon gave him more
background about the heart and blood system than
any teacher in the schoo))possessed. The crowded
days of most of these péople make it difficult for
them to leave their own work for more than an hour

or two at a time.

For students, large classes will offer another
particularly important advantage: They will serve
as transitional experiences for college classes and
for many other occasions of adult life. Students can
learn to take notes, hold back questions until an
approprxate time, and develop more responsibility
for planning their own learning, ;

Rationale for This Study |
The advantages cited by Trump and Baynham are indicated by logic and
supported by the testimonials which had been pdblished at the time this study

was planned., The principal investigators in this research felt, however, that

‘through an adequate plan for research, some of the indications could be
corroborated by firx"ﬁ evidence and some questions which had not béen raised
before could be explored as well, To be exact, it was felt that a massive and
carefully. ‘_planned Tesearch effort could go beydnd mthe gross me;ésureé of
'ach}eteméhf v'which ‘had typiéally resulted in “no signifiéant difference” to

éxplore relatianshipé between the competence of the learnér, the method of




instruction, and the cognitive outcome achieved (Bloom, 1956). Secondly, it
was thought that questions relating to affective leérningée—attitudes.
motivations‘--which had been explored chieﬁy in‘ the college z;étting and for
' which dif:feranées were recorded (Ggrberich and Warner, ,.1936; Ruja, 1954:
Bloom, 1958) could also be explored, and through more sophisticated approaches
than the direct \‘t;uestionnaire. Finally,' the clai‘ms‘ made for equal or less‘er o
cost under the large group - small group pattern while adding to the teacher’s
preparation time were felt in need of empirical verification. Thus the study was
planned to supplement wh“at had been repc)rted before and to seek evidence in
aspects of the large group organization which heretofore had been unresearched
A last dimension which required empirxcal study was the character of
large group - small group instruction. The term “large group‘- small group
instructicn” is too impregise to serve as an adequate description of the learning
simatmn. More accurate descriptions of the teach&ng tacticsused both under the
ccnventional ane} under the Iarge group - - small group pattern were felt necessa,ry
to explain any differences tha.n might be discovered Consequently, the study
included an gxtensive exploration of the methods usedin each of the classrooms
S0 that learning interactions as well ag group s1ze could be examined as
: correlates of achievement or motxvational results. |

~

Time Schedule

ot o S

-

The study was begun late in the f&.l of 1961 and planned for eompletion in
1964 Fortunately, no m&jor deviatxons were required until the very end when a
number of factors delayed data analysis and evaluation, and the prnduotmn of |

the final report.

& 1 ) Durmg 1961-62, it w'as planned to 1dent1fy the mstruments needed for the




- [ O N

e o b i it i sl

e

S
™

- in June,

e Y o RS I o It 0 S a4 o i ksl - i it

33

study and to begin their -construction, testing, and évalﬁation. TLe year was

also used to develop -the communications 'prdCEsses needédfor this study which

" involved tea.‘chgrs at 14 schools and two univeréiti?s‘ 1962-63.was set aside to

co;npleie instrument production and to test research methodology and

érocedurea with a fraction of the schools and a small block of chemistry

content and teaching time. Finally, the complete study was carried out during

the entire school year 1963-64, beéinn%ng with a teacher administered pretest
on the first day of instruction and ending with the Regents Examination late
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Chapter 2 |
DESIGN AND INSTRUMENTS

; | : . | N
i o " The empirical investigation of the results of large group-small group

instruction %n Regents chemistry as compared {o conventional instruction set
itself the following goals: | .
4 : \’;1. To determine which organizational'pai:tern produced greater achieve~
“? | meut after allowance had been made for diffzrences among the pupils through
an analysis of covamance treatmen‘c'

a. In content as meagured by the Fgégents Exgiminaﬁén.

b. In content as measured on tests of six common units,

c. In content as aifferentiate»d according fo a clasgification scheme of

competencies in the cognitive domain following thzat of Bloom (1956).
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' d. In science interest.
e. In science reasoning and understanding.

2, To identify the kind of learners for whom the above achievement

JE QUSSR PRSP

statenients ’might bé true, This part of the study attempted to answer questions

STIIRE. - SR

such as: Do giris aehie've more highly on memorative content materials when
taught in large groups? Do students with greater critical thinkmg ability change
toward greater science interest when taught by convenhonal arganiza.tion? Do
students with a poorer academic record achieve more highly in one or the other -
organizational pattern?

8. To ‘ascertain whether organizational pattern also identifxes

instructional procedures, or whether instructional tactics with each pattern

-
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vary so much that teagher characteristiés are more important than
organizational pattern. - |

4 To assess whether there are cost differenfwls that might preclude
adoption of the large group pattern~-even if 1tproved educatlonally desirable~~

except in the most highly suppcrted sc:hool dmtric.ts.
The design of the study, therefore, requlred ‘a large number of

= measiurgment instruments some of which were available among the published

tests, some of which, however, had to be produced for the study.

Criterion Instruments

g

The féllczwi.i;g tests were used as criterion iynstruméntszr )

1. The Regénts Chemistry Examination for 1964, fomeasiure aéhievement
in ac'cqrdance”with the Regents Chemiﬁi:ry-Syllabus" | Q

2. The Kuder ‘Prevfereﬁce Record; «Vc;c;a,tional Form' CM, which has a
-sciénce intexest scale, to measure changes in science interest.

3. The?[‘est of Scienée Reésoﬁing and Undersiandiﬁgpmducedby Dressel
for the Cooperative Study of Evaluation in éeperal'Education of the American

| Cauncil onv' Education to measure changes in science reasoning and .

understanding,

These three instruments were used as available, In addition, achievement
on six units of the Réggnts»chemistry course was determined by six unit tests
devised B_pecifibally for this studfy. Moreover, the items for these tests were

constructed in such a ‘manner that thej;:‘r‘épregtentied the varicus categories of -

competencies in the cognitive domain so that the unit tests served also as

measures of the different intellectual competenciés.
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meamngful groups, the smdy employed a large number of ngtruments covering

In order to charactemze students and tosegﬁgateth Tucationally ’

attributes presumed independently influential in deﬁgermming success on the
crit?rién variaﬁleé. Aimong the din;ensiops explored, most 6f:v§1hio®bsequentiy
were shown to  result in relatively independent scorés, were intellec&al
competence and aolnevement science interests; pmor knowledge of chemistry
and ohem:tstry aptztude, study habits; crltxeal thinking; science reasoning; and
some . socio-economic factors. Most instruments needed for these purposes
were available aﬁong published tests: ﬁ

1. The Holzinger--Crox{;dexj Unifactor Tests, whichhave four parts (verbal,

spatial, numerical, and reasoning), characterized the competencies usu'ally

- associated with 1IQ. T

2. Students’ grades in academic courses from grade 9 onward, obtained
directly from records on file in the schools, characterized their generéi
scholastic achievement. |

3. Students’ science interests were characterizedby the Kuder Preference
Record admiz;istered as a pretest ~(as well as a pos't'test See abové)

4, Chemistry ap titude was characterized by the Towa Placement

Examma’cmns, Chemxstry Aptitude, Form M, Since this test was published in

1942, 1ts part 4, dealing with chemical "facts, was replacgd by a Chemistry“ "

Achievement Pretest constructed especially for this study,

5. Study habits of the students were charactemzed by the Brownwﬂoltzman
Survey of Study Habits and Attitudes,

6. Critical thmkmg was characterized by the Test of Critical Thmking,

Form G, developed by the Cooperatwe. Study of Evaluation in General Education
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of the American Council on Et}ucatidn.
7. Science Reasoning Ability was lchérac.teriz'ed by the Test of Science
Reasoning and Understanding (See dbove) given as a pretest,

B. Soeio-ecbnOmic factors Were characterized by information supplied

by the subjects of this study regarding their parents’ education and cccupationai -

gtatus, |
It w'as found that not all of these instruments gave information regarding
student con{xpetences which was sufficientlyindepenﬁex;tpf the other instruments

to serve as a useful characterization, The Iowa Placement Examination, The

Survey of Study Habits and Attitudes, the Test of Critical Thinking-and the

LS

" socio-economic data were not subsequently used in the analysis. An additional

characterization, of 'course, was sex of the student,

Other Variables

The achievement vof the third goal of this study, the description of

teaching tactics used by each of the ‘teachérs» throughout the year, required
the construction of still another, insfgrixment. The literature cr;}nta,inshplenti'ful .

suggestion concerning the construction of check lists of teacher performance. B

These, howev.er; havga supervisory and evaltiative purposes which were contrary
to the cbjecfives' of the description instrument nee&ed for this study. On the
other hand, Flanders has deviged a method for desprabmg the classroom
behaviors of teachers {(Flanders, 1960) His method however, requires an

observer. This eliminated the Flanders instrument. A measure was developed

for this study on which each teacher recorded his behavior in categories

important to the description of teaching tactics and which he could fill in daily
w:th relatively little difficulty.

10
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Finally, an analysis of teacher time use and space use served as the

- basié for the determiriation of tea.ching costs of tﬁe two pmgrafns. Professozf

Milton Pullen of the University of Rgc?xester gerved as consultant to this part

~of the study. The cost analysis went, in paz."t,k beyond the participating schools
in order to extend the sample. b

The Unit Tests

At one of the first meetings of groups involved in this study, principal

- investigators and teachers, it was ascertained that each teacher teacheé;as a

PR

discrete unit the material in the Regents Syllabus related to each of the
following topics: | |
1. The Periodic Table and the Properties of Atoms,
2. Water, Solﬁtions, and Ionization,

3. Principles of Reé.ction.*

4, The Halogen Elements.

5. Elements of the Sulfuﬁ and Nitrogen Families,

6. Organic Chemistry.

*Silbsequenﬁy' it was discovered that Principles‘ of Reaction were not -
faught as a unit but merely reviewed as such, See Chapter 3.

These six were therefore chosen as the units which could give partial
inférmatibn on étudent achievement and for wl.zich&tests_ é:ould be developed
with questions that contained items wriften épe.c’ifically in accordance with all
categories of Bloom’s taxonomy (1956). Teachers were invited to submit old
tests on these units to the principal ihvestigatprs to serve as the source of
items for the unit tests. With these tésts and the Reéents- Syllabus as guideg,

tables of specifications were prepared for each of the unit tests. These were

. R 11 '
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submitted to the teachers for an ind:ica'tion of the relative emphasis on each of

the topics within the unit tests. Responses were averaged for the final

distribution of items in accordance with the table of specifications. The tables -
‘_Qf specification for the unit tests, with an indication of the relative emphasis
: within_each test, are given in Table I
., The principal inveatigatcré then Mote about 100 items of multiple choice
N type for each unit. The items were adapted from the items submitted by the

teachers and roughly approximated in numbers the distributions vnﬂ‘t{n the

T

tables of specification. Particular care was taken to include items which lcould

be rated accordin’g to each of the iniellecﬁml competencies of Bloom,
Several cdn*z;?'omises ‘had to be made ix} adapting Bloom’s‘taxonomy to
the study. In the first place, the ‘téxonomy i8 quite detailed, It was reaégnized
that only -the major subdivisions of the taxoﬁqmy could be represented by a
sufficien.t number of items to provide an adequate sample of thatvcompetence
among the tests. Secondly, it was found that items reguiring evaluation,
analysis, or synthesis are extﬁ:'emely difficult to construct within the multiple
; ) choice style required for the reliable handling of thé data in this study. Thirdly,
Bloom’s definitions of éateéories are relatively cuﬁbersome and attimes
unclear. A simpler scheme for classifications was required. Accordingly, the
Jfoliowing four categories were established for the purpoée of this study:
Type I.  Recall: Any‘ item which had been taught in substantially identical
form, and which required merely the recall of that bit of
information, Rephrasing, inversion of sentences, and similar changes

of form were considered not to change an item from the recall
! category. Examples of recaill items, from several of the tests, are:

Which of the following . water solutions does not conduct electric -

-~

current? ’
a) CuSO . d) C,H.OH
. ~ b) \”Al.z(soé)s &) KNO"s

¢) HCI
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TABLE 1 - o : !
TABLES OF SPECIFICATION FOR THE UNIT TESTS

Periodic Table

1, History o | : 4%
2, _Principal sub-atomic particles, including atomic structure,
atomic number, atomic weight, isotopes - 17%
3. Electron levels (orbitals and spectra) , 10%
4. Bonding--jonic and covalent bonds, characteristics of
compounds, electron-dot diagrams of simple compounds 15%
5. Valence, metals. non-metals, activity and electronic
* structure, activity and size 20%
6. Periodic Table, families, periodic variation, other -
" relationiships 16%
7. Symbols, formula writing, molecular weight from formula - 16%
3 o o :
. " Water, Solutions, and Ionization ‘
r ;
: 1. Solutions--definitions, rate of solution, solubility, satu-
ration, solvents ' ‘ ‘ ‘ _ © 18%
2, Water--crystallization, water of crystallization, dehy-
dration, purification and distillation -, 10%
* 3. Theory of ionization, water solutions of electrolytes, molten :
. ¢electrolytes, non-electrolytes, electrolysis 25%
_ 4.. Concentration (molar) and other 18%
% . 5. Boiling point, freezing point changes, vapor pressure %
6.

Acids, bases, neutralizing action, pH, hydrolysis | 25%

+ Principles of Reaction

r 1. Factors causing completion of ‘reéction (precipitate; gas,
) oxidation, etc.) ‘ 20%

2, Activity of metals, displacement series; displacement of 7
some non-metals - _ . 16%
3 3. Redox, agents, oxidation number - | 20%
4. Energy changes, stability, exo-endothermic 9%
5. Types of reactions ’ 16%
6. Equilibrium and Le Chatelier’s Principle, Common Ion

Effeci (no numerical problems)’ 11%

7. Veloeity of Chemical Change and factors affecting it, '
catalysts : o | 6%,

13
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TABLE 1
TABLES OF. SPECIFICATION FOR THE UNIT TESTS
(Continued)
The Haiogen Elements
1, Family in periodic table,changes of properties inthe famﬂy 1:‘2% '
2. Occurrence and production of elements 1 12%
3. Properties and reactions of the elements o - 3%
4. HX compounds, pfoduction, uses; MX salts ' L 19%
5. Oxy-acids, names, oxidation numbers; etc. 12%-
6. Redox in the halogen family and review of redox 13%
7. Review of weight, volume, composition prohlems 10%
" Sulfur and Nitrogeﬁ‘-FamiH,es’
? 1. Sulfur, forms, Ffasch, reactions : 3 %
_ 2, SO, and H,S0,, preparation and reactions . - 11%
' 3. H,S, preparations, reactions, acidity, test for 12%,
4, HZSO 503» reactions, identification, Contact process 11%
5. Nz, sources, uses in combined form 7%
6. N-fixation, including Haber, Ostwald _ 8%
7. Chemical equilibrium, review 8%
8. HNOé--properties, preparation, reactions _ 13%
: 9. NH3-~properties, preparation, reaction‘s, weak base _ 12%
10. Oxides of N- ‘ | : ‘ 1%
-11. Other elements in famxly (P, etc.) T 5%
Organic Chemistry
1. Definitions, tetravalent C, difficulty of reactions, etc. %
2. Homologons series, series formulas, names 16%
] 3. Structural formulas and isomerism 149,
4. Unsaturation, saturation, and simple reactions~-double, -
triple bonds _ 14%
: 5. Benzene, simple reaction, simple derivatives 6%
[ 6. Functional groups (OH, RCOOH, RCOOR) . 16%
7. Ethers, aldehydes , 6%
8. Organic fuels--petroleum, gasoline, octane, etc. ' 10%
; 8. Polymerization, and other reactions %
g 10. Other (biologic applications, plastics, etc.) 4 4%
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Type 11,

| Type III.

Type 1V,

‘The reaction between ‘Ba(OH)2 - HNO

Which of the following is a good reducing agent?
a) 85 b) Brz c) 02 d C e .1*,"“,,‘i

Compreherigion: Any item which required the applicationof a principle
under circumstances not identical with the context in which the

principle had been taught, but in such form that the necessary

principle is implied in the question. Examples of comprehension
items are: : ' ’

The ion in which chlorine has an oxidation nuiiibe;f of -1 is

a) CI” b ClO” ¢ moz”' d) cxoa” e) 0104'

The atomic number of a certain element is §3. An-atom of this.
element must contain | -

a) 53 neutrons

b} 26 neutrons and 27 protons

¢) 1 neutron, 26 protons and 26 electrins
d) 53 protons
e) 53 particles of all kinds

Application: Items as.above except that the principle needed is not
implied in the question, and the student must choose the needed:.
principle as well as apply it for the solution. Most numerical problems |

were considered in this category, Examples are: ‘

3

a) - approaches completion because a precipitate is formed.

b) approaches completion because a gas is formed. o

c) approaches completion because anun-ionized substance is formed.
d} approaches completion because two of the above both occur.

e) does not approach completion; none of the above applies.

A1203 and 0014 are the correct formulas of the oxide of alumim;in

and the chloride of carbon. The formula of the compound aluminum
carbide is therefore

a) A14C2 b) A1,304 - e) Al4C d) | Al493 e) A12c3
Higher Competencies: This category included items which required

analysis of a complex situation and the subsequent drawing of

analytical, synthetic, or evaluative inferences. Examples of this kind
of item are: :

The following equations describe the reaction of Fe with HCI and
with Cl, Fe + ZHCl—> FeCl, + H,

2Fe + 3Cl,— 2FeCl,

16




This proves that
a) 012 iz a good reducing agent

- b) HCI is a good reducing agent
o : ¢) HCI is a good oxidizing agent '
d) 012 is a better oxidizing agent than HC1

e) 012 is a better reducing agent than HCl

As a 6N solution of éu}furic acid is diluted to 0.1N, the pH

8) increases d) may increas“\Te or decrease |
b) decreases e) cannot predict the answer
¢) remains the same .
it was recognized in the construction of these iiems, ag Bloom already

pointed out, that all items require an initial recall of information so thaﬁ? in

-

|

|

|

|

|

|

| this sense, they depend initially upon rote memory. The distinction is between

L memory alone and xﬁemory plus other intellectual behaviors. Secondly, the

f distinction betweex{ categories is heavﬂ}; ?dependent on judgments on which

k consensus is not perfect. Thirdly, any itom, whatever the ingenuity in its

{ construction, can be turned into a recall item if the teacher chooses to teach
its conte_nt\ in "that manner, Neivermeless, the length of the sequence of
information which has to be memorized differs for the various items and, even

; ' ' ot 2 .

; in that case, the categories distinguish st least among different complexities

in the material memorized, |

'Each of the {tems for each tést was identified according to the above type
by concensus between Drs. Montean and Winter after tabulation of ratings given

the items by the ” collaborating chexhistry teachers, The items were then split
into two tésts. one. typically somewhat iong but cansidez;ed “easy’’ hy the
- students ‘who took it and containing chiefly Type I itema«-sometimes
supplemented by a few Type 1I items~--and the other c:ontaininé all other i_tems.
As ‘each participating teacher completed the unit for which the unif test had

5
.
B

been constructed, he was given enough coples of each of the two tests for half

16
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of his class?s. He was not told which teét‘was “‘easy’’ and which “};érd“ but
asked to diétribute the teéts among his' pupils without any specific ordering.
Teachers were asked to use the results from these tests in their grading to
insure usual motivaﬁon and were pronfised, and subsequently aent, normative
and scaling data for each of the two tests. | T

The tests were returned to Buffalo Jfor grading and item analysis, Item

difficulties, item discrimmatmn, and point;~biserial correlation values were

computed (Gullﬂé’%en, 1950) All items were then reviewed in a meeting of all

teachers with the principal investigators to explore difficulties that might have
arisen during administmtion; problems ) with camprehe.nsion, applicability,
style of respbnse, etc. Only items which were agreed upon by all teachers,

which discriminated significantly, and " were answered correctly by

" .approximately 40-30% of the students were retained. From this aaceptable

group of items; a final 50~item test was construéied for the study, with items
distribut‘ed acéordmg to the table of apecificrations and containing approximately
40% of Type I items and 20% of items of each of the other types. It was difficult

to adhere to both sets of restrictions, and distribution of item type was

compromised in the final cox;struotion of tests (Table H). Two forms of each

~ test were preduced with identical items arranged in a different order.

The Chemistry Pretest

The Chémis,try Pretest was produced in essentlally the same fashion as
the unit tests, Since it was designed to measure prior chemistry knowledge,
items were chiefly of Type 1. Their distribution followed the topics of the

Regents Syllabus in chemistry. Items were written 'by the principal

investigators, sent to the schools for administration during the first week of

17




TABLE 1I
DISTRIBUTION OF ITEM-TYPES AMONG UNIT TESTS

"TE.ST NAME | | NUMBER OF ITEMS OF ‘TYPE

I 1 I v

Periodic Table : 15 | 12 100 13
Water, Solutions, and Ionization 17 15 | 12 6
Principles of /ggmtioﬁ .- 12 14 18 6
Halogens - | 15 18 8 9
_ Sulfur and Nitrogen | 22 10 . 8 10

_ Organic Chemistry 14 30 5 1
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the sC ool year 1962-~63, discussged in meetmg, and analyzed. From the result
of the trial administration, a 40 item test of it:ems with the requlred response
characteristics and following the distribution of the Regentsr. Syllabus was

constructed and called the Chemistry Achievement Pretest.; This test also was

" produced in two forms d‘iffei'ing only in the séquenqe of the items.

The Insiructional Process Report Form

The major imrpose of the Instruction?l Process Report Form was to
establish whether group size also ?mpli.ed a differencé in the style of teaching.
Consequently, the emphasis in the instrument was on the recording of the .
kinds of activ;ties which the students expezrlenced in each ciass oom, with an
indication whether the objectives of the instruetwnal activmes differed in the'
two organizational patterns.

The instrument consisted of a series of simple i'esponsde cétegories giving
time, place, size of group, subject matter covered, kind o’f’ses?ion,' length of
session, kind of homework, ete. Tﬁen, thére followed an opeﬂ-reéponse section
in which teachers recorded, also by code, the specific kinds of interactfons
that took place, whether teacher dominated, teacher-pupﬁ exchange, pupil
dominated. Also recorded was the planned purpese of the interactions and their
duration. There were 23 categories under classroom interactions and 10 under
objectives or. purpose. In addition, the form contained space for remarks or
aspects not provideﬁ for among the encc:ded ca.tegories, | |

This instriment, which proved quite functional when apprcpnately used,

was developed through a series of trials of short duration followed by analysis

of responses and discussion of results with the teachers who had ta use it,

For each trial, the pﬁ‘ncipal investigators prepared a direction hooklet for

B 19
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the completxon of the forms, with the stipulation tha.t the forms would be used

for one section ‘of Regenta ehemistry in all its scheduled activities--large

- group, small group, and laboratory; ~or conventional class meeting and

1abo£vatory~~ami in all non«scheduled» co;xtacts with sﬁdenfa which concerned
the‘ course, Among the latter were pt;pil-soliéited or teacher-suggésted help
to individuals or small groups; ;nakemup woik' help with projects; and other
similar non-scheduled contacts. Typicaily, each teacher used about three
report forms daily, one for classroum and twc for other teaching-related
activities or cantacts. The mstrument went thraugh three two-week trials
followed by aareful revisicns before categories vwere considered adequately
exclusive and the response form adequately simple to allow rapid ancf
unammguaus description Qf the teaching style. It was then used in the pilot

study of approximately six weeks duratxon in which it proved satzsf?.ctory for
extended use, |

‘ Pupil Achievement and Socio-economic Data

The gathering of data of pupil’s past aehievement,‘ surprisingly, proved
more difficult than anticipated. There is great diversity in the way schools
maintain their records, Consequéntly, it was necessaty toprovide the guidance

office staff ‘in each school with considerable detail regarding the needed

' information before it could be extracted from the ﬂles without undue difficulty

Through the experience gained in obtaining achievement. and socio~economic
- By

~ data for the pilot study, it was possible to design a form that met the needs
- although strange course {itles_or-occasional inversions in the order in which
the courses- were offered still presented some difficulties, The form that was

finally used allowed each student to check the courses he had taken in each

20
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academic area and in each grade from grade 9 on.;Grédes were later supplied
fozj the checked courses by the guidaﬁcé officials or their secretaries. Also
on the 'form, the students recorded parents’ occupation, parents’ education,

and personal vocational objecti\%es.

Cost

The assignment of specific costéx to Regents chemistry in the two
organizational patterns proved fo be the jmoét difﬁcizlt task confronting the
stgdy'. School budgets are not kept in a manner that allows the easy isolation bf
costs attrimtéble to one course, After thorough discussion of these mattei:s
with school business officials and principéls, Professor Pullen, the consultant
for this part of the study, recommended that the cost study limit itself to

determination of teacher time costs, space costs, and re¢orded supeMsaw

and developmental costs, While this eliminated a number of dost categories

from consideration because data were not ‘attainable, it .was felt that this
simplification of the study was justified because salaries make up the“ major

fraction of the school budgst, space costs also rank high, so that only lesser

/

cost factors were neglected., Moreover, no Iogioal bas1s was found for the ‘

amumptmn that laboratory or supply costs ahoulcf differ sigmﬁcantly under

the two plans. The 1gnoring of such facbors meant at worst, the 1gnormg of

small differences among small budget factors.

Periads assigned bo Chemistry instruction rather than teacher pay was

'used as the basis for comparmg teaching costs because the salary scales in -
the &rﬂeipﬁting districts were not strictly comparable and, furthermore, the .

exact cost of instruction varies with factors that are not related to large 'group -

small . group or to conventional instruction. Henge, it was consi;iered more

-




important to know that one teacher instrueted a total of 125 pupils per week

.than that a salary item of $7,000 performed such instruction.

| Ultimately, a very simple form was devised to attribute teacher time to

Begems_: chemistry and toc make corrections for the fact that the number of
exposufe:é\\to ch'emistxjy could be either six or seven periods per wee\,k" for both
kinds of schools. In addition to teé.cher-—puiﬁil ratios, the f;brm recorded
. spaces utilized . anci recent direct expendiﬁrea ,fpf de*qelépmental W‘and
superviso;-y costs. In order to extend the sémple, a number bf écht;qlgnot

otherwise in the study were added to obtain more broadly repreésentative data

for the cost analysis,

Lo
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Chapter 3

THE STUDY

While a total of three years was reqﬁirecl to complete the study of large
group - small é:roup instruction in Regents chemistry compafed to conventianal
instruction, the data for the. fmai compamsons were obtained durmg the year
1963 64 only. 'All earlier work was preparatory and was coneemed with
selecting and developing the measurement instruments neeﬂ;ad for the study,
?«iﬂsﬁting the efficacy of the instruments, with establishing the communications

L ’
procésses needed to collect the large amount of data easily and on time, and

with testing the data reduction capabilities of the computers with the avaitzble

R

. computing programs. Since .these preparatory activities had little direct

|
_ bearing on the conclusions of the study, they will be treated very briefly.

\
\
\K

1961-62

The first year was devoted only to instrumént selection and instrumerit

constructicn. It was found, as has been - reeegmzed elsewhere (Wa?;bon and

Ty .

'Cooley, 1960}, that there is a severepaucity of good instruments for measumng

' mterest motivations, and critical abilities in science. Moreover, there ara‘

no tests with vahdated; 1tems spemﬁoally categomzed according to cognitive

. ,dxffmulty. Thas, the construotmn of unit tests with items following Bloom’s

taxonomy was 1mmediately' ptanned, and a later decision to construet a special
Chemistry Achievement Pretest was based on the same reason.

-

During the firsi year, work was begun on all six unit tests, and the tests
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on Halogens, Sulfur-Nitrogen, and Orgénic Chemistry went through pretesting,
analysis, and evaluation. Thé: other tegts could not be pretested because the
appropriate units had been taught before the trial tests cduld be constructed
and had to be carriedover into the second year of preparation. The Instructional
Process Report Form went thrdugh two brief trials and revisions, The other
instruments were drafted, énd a detailed work» schedule was planned for the

subsequent years,

1962-63 -~ Pilot Study

The major activity of 1962-63 was the plarfbing and execution of a six~
week pilot run of lhe study. It was restricted to é.sgmple of six schools (one
later had to be droipped) and to thé unit test on Sulfur-Nitrogen only, but

| otherwise followed in complete detail ali the anticipated prdéédures of the full
3tudya Thus, pretesting with the conirol instruments was parried out during
the first weeks of school; students’ past achiévement dat};@ was‘gathered as
needed; during the teaching of the unit c;n Sulfur-Nitrogen,. which took about
six weeké, the Instructional »Pmcess Report F;Srm was completed daily; and
fina.i Regents Examination"grad;es were collected. The data were then analyzed
during the sumrder, althbugh'the analysis was limited to those aspects which
needed to be checked to assure the success of the final study. “

. There were two important purposes to the pilot run. It was, in the first
instance, a test of the data gathering and data handling prgcedures contemplated.
As a result %"-of .pilot4 run e#pefience, for instance, the pretest scheduie’”‘was
changed from two 3-1/2-hour blocks of time: on successive days d.urixig the
first or second week pf school to a pretest period of 3-1/2 hours in September

and a second period of like duration in late October. The use of two extended

9§ . A
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blocks of time eayly in the school year, when students are eager to get down
to work, proved detrimental to morale, and possibly led to dubious responses
because of that factor, in addition toproducing test weariness from seven hours
of testing in two days. Hence we decided to administer a numbei' of the COntroi

measures, like 1Q, later in the school year at a time when the youngsters

enjoyé‘&_a diversion from the routines of the sthool day. This change, of course,

had no begring on the validity of the study since the measures administered at

this iime wére no way infiuenced ﬁy the two months of instruction. Also, during
this period bf iry-—out, important revisions had to be made in the form used to
cdollect data on students’ prior achievement since &guidance information,
apparently, is ‘maintained in max"zy diverse wayé: and can bercollected egsily
only when adequate%y planned for.

" The second purpose of the pilof run was to check data processing
procedures, such as the computer programs, which had to handle the large

amb{mt‘ of data, and to explore whether each of the planned control measures

independently influenced the final outcomes, The conclusion of the latter small

investigation, which had to be carried out very quickly during the summer just

preceding the final study, was the somewhat abbreviated design mentioned above.

-

1962-68 -~ Instrument Construction

. Also during the second year of the study, the remaining instrument- had to
be developed and/or put into. fina,l form, Thus, coincident with the pilot
éxperirﬁent, the unit tests on Periodic Table, on Water, Solutions, and Ionization,
and on Principles of Reactii)r} were administered, analyzed, and evaluated.
The Instructional Process .Rep'ort Form went through another trial and revision

early in the academic year. The format that resulted from this revision was

25
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'therPx used in the pilot study and proved satisfactory for the k‘full study without
further changes, ‘The cost analysis procedures were explored with the aid of
Professor M. Pullen, who served as‘oonsulfént.on this part, and a preliminary

analysis of cost data was completed. Finally, the iietailed eohedule for 1963-64

 was ‘worked out after consultation with the of’icials of each of the schools. It

incorporated the featuree which reeulted from the pilot study experience, as
well as the limitations and concerns required by the location of the study
within operating high echools. The fmal effort of the year-was the writing of a
small, one—page description of the study to explain its nature to the youngsters

who were to become ite subjects, to their perents, and to their other teachers.

i
-

1963-64 -- Testing Sessions

*7 The full study got under way almost on the first day of mstruction in

Sepbembér 1963 with the Chemistry Achievement Pretest, a 15-minute test
&dlnimstered by the collaborating teachers before any instruction had taken
place. The other instruments m the prete;?t‘;atbery followed soon thereafter,
A battery consisting- of Science Reasoning and Understandmg Test (50 min,),
Parts I, 1I, a.nd I of the Iowa Chermstry Aptitude Test {40 min.), and the

Kuder Preference Record, scheduled for 60 minutes but for which time was

,all'owed until the students completed the entire test, was administered by the -

study staff in a_,_3«-‘1‘/2~hour testing period sometime during the week of
Septeﬁiﬁ'r/.‘)/ 1963. Other control data were obtained during a second 3- 1/2—
~ hour beetmg session administered by the study staff during the week of
October 28, 1963. This second set of tests consisted of the Holzinger~Crowder
Umfaotor Tests (90 min,) and the Cmtical Thmking Test (55 min,). The

mformation form which recorded certain personal data as well as the students’
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past course achievement and the parents’ education énd occupatibns was
‘inserted between these two tests (15 min.). The students were allowed excess
time to complete the /Critical Thinking Test, One control and two criterion
measures were obtained in a third 3-1/2-hour testing session, late in the
school year, at a time when all teachers ﬁad begun the customary pre~Regents
Examination review, In the period between May 21 and 29, the study staff
administered the BrownfiHb’ltzman Survey of Study Habits and Attitudes (20 |
min.) and readministered the Scienée Reasoning and Understanding Test and
the Kuder Preference Record. )

'All of the tests administered during the test sessioqs were scored b{r the
study staff and resuits were furnished to the guidance offiéials of ‘the individual
schools as well as to the teachers. The final cri%rion(instrument, the Regents

- ) L Chemxstry Examination of 1964 was scored by the individual teachers and the |

scores were obtained from them.,

. 1963 64 ~~ Unit Tests

F | Each of the unit tests was administered by the individual teachers at the )
time when they had cémpleteci work on that particular unit Since teac;ters

spent various times on the materials covered on each of the unit tests, this led

to a ratfxer diverse schedule. However, since the staff attempted to measure

outcomes of the kinds of courses which are typically taught by bhemistpy

s teac'hers, no restrictions were put on time, orn any 6tller)factors related to the

15 teachers’ individual teaching p]:ans‘ Table III shuws the wide ,variatmn in

the time for completion of the relevant units, Indeed, at least one school

inverted the order of presehting some of the unité, |

Teachers received keys to the unit tests and scored them for. their own
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records, "I‘hey were rescored by the study staff because for the purpoées of

| the study, breakdown of items by iteni type was needed. Each of the téachers
“ was also furnished with normative in'forma.tion Ojn the unit tests from the -
accuinulatéd data to translate thgir test scores into percentages, All teachers
used the unit test grades as a significant part of the course grade so that
motivation to do well on the tests was kept high, By and large, teachers “liked”’
‘the tests and found no difficulty in using them as major evaluation devices.
Both students and teachers recognized the presence of questions that required
cognitive competencies other than memorization for the tests through comments
that referred to them as ‘‘reasoning’’ or ‘‘critical thinking’’ tests. That was,
of course, one of the aims in theirconstr"uction*

The test on Principles of Reaction was anexception to the general plan to
adminis;;er the unit tests upon completioh of each unit, Because of an earlier
misun@erstanding, or because changes had occurred lin teaching plans betweeﬁ

' &e plé.nning year and 1963-64, it was discovered that the participating teachers
typicallyv do not teach a unit on principles of reaction but incorporate the
] ) contents of that unit mto thelr teaching programs as the oppurtumty arises,
Thus, it was impossible to find a block of content of some weeks duration after
which that unit test would ideally fit, nor, as mentioned above, was it desirable
to require changes in the teaching plans to establish such a block of content, |
Consequently, the participating teachers were directeci to teach their normg;
courses and to administer the Pi'incipkles of R‘éaction Test whenever they _felﬁ
that» they had adequately taught its contents, AS c’a;ﬁibe seen from the test

administration schedule which was actually followed, there was some

L= : hoinogeneity in fhe administraticn of that unit test also,

Teachers knew the content of each unit testfrom the tables of specification,
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and were sent the actual test booklets at lea,eft one week in advance of the day
for which they réquired the test in their normal teaching program. They were
asked not to revieiv unusually for these unit tests”thét is, not to “*teach for

the tests.”’

Instructional Procese'Report Form

Teachers were instructed to complete the Instructional Process Report

Form from the first day of teaching until the last day of teaching for out-of-

class contacts related to their chemistry courses as well as for their normal
assgigned clasges. In order to reduce somewhat the total_\ burden of reporting,
a4 sampling procedure was established for class contacts by requesting a
report for one section of Regents chemistry only in the conventionally organized

schools, although all of the participating teachers’ sections were part of the

study. The- large group-small group schools reported for ihe scheduled

lecture, discussion, and laboratory meetings of one student only, which
produced thé equivalent of h‘»‘pne section,’”” Since all but one school scheciuled,
Regenés chemivstry for six or seven periods per week, the sanipling procedure
resulted in at least one and someti;ziés two reports for scheduled classes each
day. With reports for the non-scheduled contacts, the average number of

reports per teacher per day rose o gbout three.

Sample Characteristics

Tables IV and V list the schools and give some of the characteristics of

the instructional groups vyhich were the sample for this study during November

1963. (Some changes in enrollment occurred duging the school year.) The‘

conventional classes all met for five class periods per week and had one or
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two additional laboratory periodas, \Class length was ,tjrpically 45-47 minutes,
with one school each with 42 and 52 minute periods; Class sizes varied quite

considerablﬁ, both between and within schools, from a lowof 12 to a high of

31 pupils, ,

Variaticn was greater among the large group - small group schools. One
school was exclusively large group, five periods per week, with small groups
meeting only for 'labqratory. Among the remaining schools two met for two

large group Ieémres each week, two for three large group meetings, and one

for four. One or two small group meetngg were typical although one school

aeheduled threa such small . groups each ‘week. Two of the schaols held two

labora’cory sessions each weak, four only 6ne. The size of the large group

varied from 78 to 153 anti the Iength of the lecture period from 45 to 50

minutes, The size of the small groups al»so varied considerably, iE/rom an

* atypical low of 7 to a high of 32. Thir’t’y percent of the small groups contained

20 or more students which raises some questions concerning their ““small
group®’ character,

It should he noted that the teachers in the schools with appa:rently very

low enrollments had other instructignal assignments and that an additional

teacher helped with some small group work in the two largest schaools,
While the study sampled sahaols which had chosen one of the tx;:o

organizational patterns by crlt&ria external to the study and were }14

: separ(a,ted by what mightbe terméd arecepnwtyto innovation in the organi/'éa’cion_

of instruetion, the schools were not otherwise eaaily dxstinguishab/l/ Both
groups contained large and small schools; both contained schools in urban,
suburban, small town, and, rural settings. The schools appear similar in

environmental and, presumably, school-climatic factors, They appear drawn

33
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from equally stratified populatibns.
| flgd populatior

Teacher factors . likewise did not introduce any obvious skewness. All
— "

teachers had extensive experience in teaching the Regents chemistry.course,
- . /

and their students had es‘ca‘a;lished good records on past Regénts Chemistrj;
Examin.aticﬁs, |

Finally, the ,\%mdents in the 11:‘.«;‘:;r groups" were distiy‘gui_,shable to a
statistical},y significanué extent only on two of the eighi: measﬁreé’used in the .
analysis of covariance (Table VI), and béth the significant and the non~significant ;

: /
differences in mean scores favored one group inhalf the cases and the other in

-the other half. Hence, no systematic distinction between students could be

identified. The two findings of sigzﬁficaht differences are difficult to interpret,
At least :one is sufficiently Iai‘ge (0.011evel) to be unlikely as a result of chance, |

Nevertheless, even unlikely events happen at times, -and this difference might

i*epresent such an unlikely event. Any effect it may have had on ouicdmes waé

corrected for by the statistical techniques used in the analysis of the data.
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Chapter 4
- PUPIL ACHIEVEMENT

o

Differences in thé effectiveness of the two organizational patterns for

achieving learnings of various sorts were evaluated by means of 15 different

measures:

4.
b,

C.

) N d’}

&

-The Regents Exammatmn, Parts I and II, andthe Regents Examination
total score, .

Six units tests;

Items of all unit tests sorted according to four different intellectual
behaviors required for their solution: recall, comprehension,
application, and higher order intellectual behaviors;

Kuder Preference Record, Science Scale; and

Test of Science Reasoning and Understanding. e

In order to faake' account, statistically, of initial differences among the Studen‘gs,

analysis of covariance procedures were used, with eight independent measures

as the control variables:

HE

C,

o

€.

These

The Kuder Preference Record, Science Scale, taken as a pretest;
“The Test on Science Re‘asoxiing and Understanding, taken as a pretest;
The Chemistry Achievement Pretest;

The Holzmger——Crowder Umfactor I‘esfs* Verbal, Spatial, Numemeal
and Reasoning; and :

The Pupils’ Scholastic Average for all academic subjects taken in
9th and later grades up to but not including courses taken during the
year of the study; 1963-64.

analyses determuned differences in achievement under the two

organizational plans without specific reference to the kind of learner involved,
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They cormpare mean sgores adjustéci for differences between pupils on control
measures.

Cwntro}_ measures make a maximum mdepenéent contribution the analysis
if the carrelatmn coefficients between them are small, Ta‘ble VII gives the

intercorrelations between the eight control vamable s. Except for the B

, mtercorrelatwns on the four scales of the Holzinger-Crowder test the

correlation coefficients were sufficiently low to justify their use as independent
control measures,

Covariance procedures do not permit the assessment of differences in
the effect of the organizational pattern anpupil‘s with different competenciés.
To ascertaih‘ whether brig’h‘t or slow students fared better under one plan or
the cherf regression anaiysis wés used, This _tec:hnique derives umathematical
relationships beﬁween the measures that describe the students and the measures
that determine their achievement.. The coefficients of these mathematical
relationships are then compared for signifiéaﬁt differenées, and if such
differences exist, the nature of the effect can be investigatéd‘

The sample of pupils to which these statistical procedures was applied

was dr;stically -reduced from thg-'h total number of pupils in the study since

each pupil whose data were used in the final analysis had to have taken every

test, Hence, pupils transferring out of the class, or into the class, or pupils

who were ill or truant during any of the testing sessions were necessarily

eliminated from the comparisons, Both the analysis of covariance and the

regression analysis, therefore, was based on data with *‘healthy non-truants,”

While these students generally differed significantly in achievement measures |
from the total group who took the examination, we do not believe that this

factor mmhd ates the results of the ‘malvaz%@ This particular problem 1s
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discussed in detail below,

Achievement ~- The Regents Examination
Tables VII ‘a-c¢ give the results of the analysis of covariance uéing the

Regents Examination as the measure of course achievement. Part I of the

Regents Examination is a 60~pomt objective test wrth items selected from all

parts of the Regents Syllabus. Usually recall is heavzly represented amcmg
these items;/ however, in Trecent years there has been a change in the
examination toward items rei;uiring other inteliéotual competencies, The report

of pupils and teachers regardmg the 1964 Regents Exammatmn was that it was

' a ‘‘harder” “thmkzng~type” exammatmn, that is, J.t probahly contained a

notzceable fraction of comprehenglon, apphcatzon, analys;s, synthesis, or
evaluatmn-type items although the constructmn of the test does ot follow a

deszg;n which wouid assure a desxred dxstmbutmn of dxfferent kinds of items,

- Part II of the Regents Examination consists of fewer, more extenswe questions

with a choice among the total number of ifems. The scoring of Part I is

(_ objec‘*tive also,

For boys, there are a small, though apparently non~chance dszerence in

the scores on Part I of the Regentb Examxnatxon and larger differences on

| - Part II and on the ’cotal Regents score. Both are in favor of the group that

received matructwn under the large group pattern. For girls, the differences
are not large enough to be statistically szgmfmant; however, they are in the
same direction ‘as for boys. The differences _afe' maintained for all students
compared regardless of sex and are large enoughto be statisticaﬂy significant,
Hence, based on our data and within the hmxtatmns of our sample and de.sxgn,

a demsxon fo instruct under the Iarge group small group orgamzatloml
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pattern is educationally defensible if l}igher achievement in the Regents

Examination is the desn’ed criterion. -/

The data also canﬁrm the generally accepted notzon that boys perform
better than girls in chemistry. Boys’ achievement was substantlally and

sxgmfmantly higher on Part I of the Regents Exammatlon, and this difference

carried over tfo the 'I‘otal Score of the Regents Exammatwn On Part II, the

' sex d:fference was not statistically significant. This fmdmg requires further

comment later since its 1mp11oatxons are contrary toothers found in this study.

o Achievement ~- The Unit Tests

7 Tables IX a-f give the results of the comparisons of achievement scores

on the six unit tests constructed fbr this étudy. Thé.sé tests are particularly
appropriate as measﬁriug instruments since their items followed the tables of
specifications of the teadhers who participated in the study. They reflected the
teaching Seqﬁence of the teachers in greater é‘etail than the Regents Chemistry
Syllabus. On .evéry test and for -eifery comparison. between large groﬁp and
conventially-taught studentss, there\m a sxgmfzeant difference m the adjusted
means of the aemevement scores in f;wm* of the large group students. The
dxfferences appma.ch one half standard deviation, leading to F-ratios of such
magnitude that a treaiment effect seems heyond quebtzam Agmn within the

¢ limitations of the present study, the achievement on each af the six unit tests

shows that a aeclsaon to instruct under the large group pattfarn is educationally

v g

defensible,
It is interesting that as With the results on the Regents Ghemisﬁw
Examination, only some of the unit tests show swmfmmt differences hetween

3 ‘ males and femalefa. On one unit test the d1fferenae is in favor of boys ut the
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0.01 level of significance; two tests produced éignificant differences at the
0.05 level; and three tests show no st:atisticallg significant differences between

L the sexes.

Achievement ~~ Intellectual Competencies -

N When ’the items of all six unit tests are grouped according to the
intellectual competencies required for their solution, the same results are
obtained as when’ the unit test items are grouped by topic. As Tables X a-d
show, the differences are very large and in favor of large group ins’cructed
s o pupils on all four types of items-—«-those requiring recall, comprehension,
‘ application; and higher ecampetenéies~~whether comparisons involve males only,
females only, or both sexes combined. As in the comparison with tﬁe unit t&st
items grouped acecording to topm, the differences approach one half standard

deviatmn and strongly suggest the existence of a treatment effect. Again within

the limitations of the current study, adecisionto instruct under the large group

pattern is educatfionally defensible whether the objective is the learningof

o

recall, -comérehension, 'applicaﬁoa, or analysis, synthesis and evahiatién.

It 15 of extreme mter&ast that when the compamsons are made 'by sex
valone regardless of the orgamzat;on of the mstructmn, there are no significant .
differences on recall and camprehensmn items’ but significant differences in
favor of males on application and higherlaompﬁte;nce items. These data might ‘l

be interpreted .as a male. ’. superiority on those intelleotual‘ compete‘ncies
specifmally needed for the problem solvmg tasks that are mtegral to chemistry
and whmh are rated “hzgher’”’ in the hierarchy of intellectual behaviors. We -
feel that such an inference would be rash, We accept as incontrovertiple the -

data that show superior male achievement; however, the observed differences

L 50
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are probably caused by factors other than a male superiority on complex

intellectual behaviors with no difference between the sexes on szmpler

mtellectuai tasks, We reach thxs conclusion for at least two reasons, The data
on the Regents Examination were exactly converse to thoge obfained here. On
the Regents Exammatmn hoys excelled on Part I, the more rote part, and did

not achieve significantly h1gher scores than gzrls on Paxt II the pmblem solvmg

g 4part Mereover other data that arose from this study strongly imply that the
| fsepqrate mtellectual competencxes that emerged from our categamzmg scheme

~are not psychologically different from each other. As we discuss below, their

differences seem to reside in a priori logic, not in empirical fact,

Achievement -~ Science Reasoning

In order to determine whether any of the gains achieved in the chemistiry

course could be considered transferrable rather thanyspecific for the syllabus

7 . content, the Test of Science Reasoning and Understanding was ingjuded among -
the measures of achievement, It could be assumed that any differencés on'this

instrument indicate change's.‘ as a result of instruction, in the ability to apply

intellectual hehéviors in are‘as relevant and related to the chemistry' course,
a minimum psychclagiq:al, distance from the content of the course, yet not
specifically related to chemistry. Unfortunately, the Test of Scienée Reasoning

and Understanding is dnly vaguely defined and is no longer generally dvailable,

Generalized science reasoning is probably a fictitious intellectuaﬂl'bategory A

(Guilford), and there are few good méasurement instruments that remain from

the time when its existence was postulated without question, Thus in the time
si'r;ce the initial planning of this study, evidénee has come to light which throws

some doubts on the interpretation of data on this test.
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Table XI gives the results of the covariince anaiyéis with the Test of

- Science Reasoning and Understanding, No sxgmfimnt differences can be found

on any of the comparisons, Neither method of orgamzmg the instruction differed
in astatlstzcally significant way from the other in inducing generalized reasonmg
with respect to science problems. This does not imply that the ;year of

instruction had no effect, A comparison bptween medn scores obta,ined in

September and in May (Table XII) clearly shows substantial gaing‘ for both

groups. But the groups were not affected differential’ify when corrections wére
made for initial differencéé, |

The data on the Test of »Sci'ence Reasoning and Understahding require
additional consideration, The analysm of covamance procedure used the same
measure to correct outcomes for zmtml chfferencés among the pupils, While
the correlation coeffwzﬁnts between pretest and posttest were small 0.30 and
0.29 for conventxonal and Iarge group pupils respectwely the analytical
teehmque ;s extremely sensxtwe and reqmres very large treatment effects
before statistical significance would appear Perhaps the analytical procedure
obscures a real effect. This speculation receives some suppert from the raw
data t;sed without covariance adjustment which, however, suffer from the defect |
that ths students who took the test in September differed somewhat ‘frcm- ihe

students who took the test in May because ot; in-migration, out~migration, and

‘absences on the two testing days. If the uncorrected data for all pupils are

representati.ve of the actual results of instruction under the two Grganizational
patterns, :’then science reasoning ig the orﬁy measﬁre in this smdy in which
canvertionally taught pupils achieved sigmfmanﬂy h}ghev; ‘scores at the end of
mstructmn than large group - small group taught pupils, |

The various ways in which our data can be interpreted suggest that ths
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pattern, the “healthy non«truants\,” t:nose pupils for whom we have data on
every ‘cest adminisbered, are not a.random sample of the total students in the
study. Tables XV a,b shcw that for the large group taught smdepts on every

measure except the Kuder Séience Scale, and for the canventially taught

stuc’i"ents on about two-thirds of the measures,' the restricted, covariance

a.nalysis sample dlffered sigmficantly from all the studentg who took the 3ame
tests. It suggests that st:ude‘nts who are mare diligent in their .attendance

l

|
ach:eve more highly, or that fstudents who are migrant or ill are penalized in

theif achievement. That finding is not m*pr-iﬁings and since covamance analysis_

adjusts the data to offset pronlems arising from  this saurce, it daes not

;mvalidate the conclusions we have drawn regarding achievement differences

1

-

amang the two kinds of teachmg But these data led.us to examine the results

\
cbtained on each test for’ all students and to compare the data to see whether

we could get any additinnal insights into just exactly what was happening to'
different students under the two organiza;,ional patterns{ The fact that the

initial samplea appeared indistinguishable, with eaeh group excelling on half

the control measures and significantly higher on one, gave some justiﬁcation

\r
o

for this unplanned analysis.

‘The effects foum:i with the analysis of covariance on t,he r%stricted sample

carry over to the total - sample (Table XVI). The large group small group

students surnasssd conventionally taught students on 13 of 15 comparison N

measures though the differences ware statisticaily gignificant- on only 9 of

them, Differences were significant at the 0.01 level on three unit tests, on

Type I items, and on Part I of the Regents Examination. Significance dropped |
‘to the 0.05 level for another unit test, Type v items, and Part II and total

score of the Regents Examination. On the other hand the conventional students
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scored hzgher on the Test of Scxence Reasonmg and Understandmg at thg d.01

‘level of significance, and non-—s:gmﬁcantlv on the Sulfur-Nitrogen (Lst

The uncorrected data generally support our initial. conclusions regarding

higher achievement in the large group - small group schools. But it is difficult
to see from the data just what is happening. The restrictéd Large' group sample

he

was somewhat more select than the restricted conventional sample and it also

was relatively smaller. Only 64% of the large group pupils who took the’ &B;egﬂentsl

Examinatibn were in the irest?icted ﬂamplein contrastto 75% of the conventional
puplls Attendance was apparently better in conventional classes. Perhaps

more 1mportant1y, persxstence inthe course was also greater m the conventwnal

‘ ‘classrooms (Table XVII), The net decrease in enrollment from September to
, . \ .

June, as detecmined by the number of students who took our tests, wes 10% for

conventional classes whereas the’ net decréase was 17% for the large group -

small group ¢lasses, While these figures need further study since in:migration, ‘

out«»migratioﬁ, and illness affect them and since counselors might hesitate to
place transfer students into large groups inmid-term, we feel that a significant
residual effect probably remains whiéh sunply drives z?/?carger fraction of

7
students from 1arge group taught chemxstry classeé The relative Josses

between October, by which time classes typically have stabihzed, and June are ’
2.3% and 10 8% respectweiy, The data slgmfy, we beheve, that students mthdraw :

from Ia;rge group - small group classes in 51gn1ﬁcant1y greater piumbers than

from conventional classes,

The last few*"paragraphs have thrown some light on & number of factors -

- /\‘ . B . ’ o .
which,are}' of great educational significance andwhichdeserve to be investigated

more fully Quite o’uvmusten thé exhaustive analyszs of acmevement

measures which was undertaken inthis study does not fully answer all questions ”

8
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from Ia;rge group - small group classes in 51gn1ﬁcant1y greater pumbers than

from conventional classes,

The last few*"paragraphs have thrown some light on & number of factors -
/\‘ 3 N . [ .
whichare}' of great educational significance and whichdeserve to be investigated

.

more fully. Quite 6bviousf;@Fe°ven thé exhaustive analys{s of achievement
measures which was undertaken inthis s‘mdy does not fully éhsiver all questions
B 6 . - ‘
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/’h achievement of non-specifxc scxence~related intellectual beh avwr. as -
represented by the Tes’c of Sclence Reasonmg and Understandmg, ig an drea in
which additional research would be fru1tfu1 The prehminary conclugions, in
view of the design of our study, is that neither group was affected differently

_from the other in the competencies measured by the Test of Science Reasoning

and Understanding,

Achievement -~ Science Interest

Motivation plays a:g‘l, important role in the advantages cited by proponents
of the large group Iorgaﬁization in the high school. Unfortunately, it is one of
the most difficﬁlt é)\ings to measire. The bés?: ine‘a.sure would be performance |
in later yearSm-college preparatmn for and actual persxstence into a science-
relafced occupatlon--but data could nc;t/be attained for several years. (We are
prepared for such. a follow-«up study in future years.) As an approxima’ce
indication .nf motivation toward science we chose’the Kuder Preference Record,

- Science Scale. | It was administered both before thé study, to &ifférentiate
pupil's, and after tﬁe study; to assess ehanges in outcome. As we indicated
earlier, ’the two groups appéared undifferentiated or‘x, this measure before the
study began. |

" The treatment apparently had little or no effect on science interest. The
correlation between scores *“measured. in Sépt'ernbef'aﬁd in May was near 0.65
for all groups and sub~-groups, showing‘asig‘nificant influenoe of injtial interest
on the interest score at the end of instruction.. Moreover, there were only!
small .L'gaihs on the scieﬁée interest scores befWeen pretest and posttest
(Table XIII) for the uncorrected samples. The resultpermsted in the covariance

analysis (Tsable XIV)
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One difference, however, stands out from the covariance analysis, There

. is & sigidificant difference between boys and girls ’in science interest at the end

of the year des‘pi’ce the fact that their scores were adjusted for initial differences

on the same measure. Durmrr the year they studied chemistry, whether Dy
conventmnal or large group -small group instruction, glrls became less

interested in sciénce while boys became’ morevmterested, at least as far as

this interest is measured by the Kuder Preference Record. This finding has

important unphcatmns for ocbupational guttdance and considerations of

manpower need gnd supply.

The Scxence Scale of the Kuder Pi'éferencé Record shows no differences

‘ between cbnventional and large group taught pupils, no gains of interest when

sexes are not separated but a gain for boys and a loss for girls of statistical

sigmfmance between the September and May.

T a ‘

Student Dxfferences ' e

- In the oompamsorxs we have discussed u;g to thzs point, we Used data

without regardmfor pupil differences é;xcept for sex. ’1‘0 determme whether two

orgamzatxonal patterns affect differeht sub-samples of, students differently,
| we used regression analysis. We were concerned with whether one or thé

other kind of instruction favored smdents who scored high or law on any or %

all of the eight control variables.

As mentioned in the beginning of this chapter. regre:sskm analysis
establishes mathematieal equations thau relate the control variablas to"f
- achievement variables. The terms of the resulting equations for the twc

treatmenj; groups are then compared and tested for 3tatiaticailv sig'nificantf

differencas. With 8 predictor variables and 15 criterion variables, 120 simple
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~ regression equations and rhore than 1000 multiple regression equations result.

Since the computer program required a score for every subject on each of the

23 measures, this analysis also was limited to the somewha:t restricted sample .

of students who were ‘nelther ill nor truant during the year.

The number of regressxon coefficients produced by the analysi‘s' is too
large to be . reﬁfoduced in this ,J.:epdrt. All simple and all possible multiple

regrg}zsion equations were computed and their coefficients c?ompared for the
N ' o o
large group-small group and conveniional students. Among the several

thousand comparisons, only ahandful gave differences that appeared statistically

ﬁsigmficant at the 0.05 per cent level. Since chance alone produces differences

of that magnimde in one trial of 20, and since_the actual data produced fewer
than that fraction of .apparently different regreésion. 11nés, we attach no
importance to the chfferences which appeared significant and ascribe them
entirely to chance, The fact that no pattern- could be detected among the few
results that seemed significantly different lends further suppcrt to that

" inference. We could not identzfy any subgroup of 8m,gients, with hfgh IQ or

lower IQ, with higher achievement records’ or lower achievement records,

with better chemistry preparation or poorer chemistry preparation, or with

‘greater or lesser science interest, for whom achievement results differed

fmm the results obtained with :the “entire sample, (The only exception, as

¢

noted previously are male or female subgroups.) Hence, we conclude that

there are no subgroups of students who are affected differently from 'the’ totél :

sample by either organizational pattern for instruction.

_ Nevertheless, among the wealth of data &ccumulated in the course of the
smdy. there are a number of indieations conceming different effects which

require further “attention. In the first place, reg&rdless of erganizational
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| pattern, the “healthy non~truants\,”' those pupils for whom we have data on
, every test administered. are not a.random sample of the total students in the
study. Tables XV a,b shew that for the large group taught smdepts on every
measure except the Kuder Séience Sca}e, and for the conventially tgught

students on about two-thirds of the measures, the restricted, covariance

analysis sample differed ‘sighi‘ﬁcantly from all the stud‘enta %0 took the same .:
tests, It wggesta that smdelnts who are mare diligent in their attendance
achxeve more highly, or that }s’mdents who are migrant or i1l are penalized in
their achievement That findiné is not surprising, and since covariance analyais_
adjusts the data to offset problems arising from this source, it doea not

;invalidate the conclusions we have drawn regarding achievement differences

-t

among the two kinds of teachmg But these data led. us to examine the results

| \

1 } dbtained on each test for’ all students and to compare the data to see whether
" we could get any addltienal insights into just exactly what was happening to
different students under the two organizaz,ional patternéi The fact that the

- 'initial samples appeared indistinguishable, with each group excelling on half

&7
) , the control measures. and significantly higher on one, gave some justification

» ~ . A

for this unplanned- analysis,

g

‘The effects found thh the analysis of covariance on the r‘estricted sample -
o o A carry over to the total - sample (Table XVI). The large group small group

| “ students surnassed conventionally taught students on 13 of 15 comparison’ |
! wk measures though t_he differences were statistically significant- on only 9 of | |
- them; Differences were significant at t’he' 0.01 level on three unit tests, on _ ‘4 -
Type II items, and on Part I of the Regents Examination. Signifieance dropped | , .
to the 0.05 level for another unit test, Type IV items, and Part IT and total .

score of the Regents Examination. On the other hand, the conventional students

’ [
i
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scored hxgher on the Test of Science Reasomng and Understandmg at th(e 0.01

‘ level of significance, and non- s:gmflcantlv on the Sulfur~N1trogen Qgst
The uncorrected data generally support our m1t1a1 conclusxons regardmg
higheér achievement in the large group small group sehools. But 1t is chfflcult
to see from the data just what is happemng The restmeted large group sample
was somewhat more select than the restricted conventional sampleﬁ and it also
was relatively smailein‘ Only 64% ef the lax_'ge group pupils who tf)ok the éB:egﬂentsx
Examinatibn were in the 'rest?‘icted nample incontrastto 75% of the c&wen’cional
pupxls Attendance was apparently better in conventional classes. Perhaps
more xmportantly, persxetence inthe couree was also g:ceate:c m the conventlonal
’ claesg*ooms {Tab}e XVII). The net decrease in enrollment from September fo
J une,. as determined by the number of students who took our tests, wis 109 for m
conventional élasses whereas the' net decrease‘ wae 17% for tl}e' vlarge gfoup-
sinall group elasses. WT;iIe these figures‘need furfher study since in;migretion, ’
out-—migratioﬁ, and illness affect them and since coueselore might 'iiesit‘ate to
place transfer students into large groups inmid-term, ‘we feel that a significant
residual effect prebably remains _whic¢h s1mp1y drives ef’:arger fraction of
students from large group taught ehemzstry classefe The relative losses

between October, by which time classes typically have stabihzed, and June are
2,39, and 10 8% respectively, The da’ca. s1grufy, we beheve, that students mﬂldraw -

from Iarge group smalil gyoup classes in mgmﬁca.ntly greater ptimbers than

_from conventional classes,

The last few?paragraphe have thrown some light on 4 number of factors -

-

which,are of great educational significance and whichdeserve to be investigated

more fully Qulte obwouSMVen the exhaustive analyeze of achlevement

measures which was undertaken in this study does not fully answer all questions '

¢
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TABLE XVII

| , | NUMBER OF STUDENTS WHO TOOK TESTS IN SEPTEMBER,
: : f OCTOBER AND JUNE

DATE AND TEST CONVENTIONAL | LARGE GROUP

N LOSS %LOSS - N LOSS %LOSS
Fi;*st week of school .
C e (Chem, Pretest) 673 | . 650
‘ ( : Late October
: ’ - (Holzinger-Crowder) . 621 52 7.7 609 41 6.3
Late June o .
(Regents Examination) 606 67 10,0 539 111 17.1 -

SIGNIFICANCE OF DIFFERENCES BETWEEN LOSS RATES
UNDER THE TWO ORGANIZATIONAL PATTERNS

' . LEVEL OF
DATES COMPARED | CHI-SQUARE SIGNIFICANCE
First woek of échool . 4
and late Ocutober 0.8 : NS
Late June and first
week of school 15.0 0,01

‘Late June and late S : - -
October 85 0.01 :




one musi raise with regard to large group - small gﬁoup instruction. Other
values enter the picture, We now know that the holding power of the large group
classes is poorer. We have some’ vague intﬁnations that it may work :
preferentially against poorer students ™ although our data are insufficient to _ ﬂ
clear up this point., But we do not know how poor these drop-outs are. Are
they so poor that they would hardly have profited from persistence, or were
they poor Imt generaily succesaﬁll stitlents? Further data would help answer'

N
some of these vxtal questions. ,

Classification of Intellectual Behaviors

Several times already we have cast doubts on inferences with regard to
e

different ‘intellectual competencies although, in geveral places in our initial

research design, we assumed that such competencies exist and can be measured.

‘Subsequent' experimental results, however, have caused a change in our

assumptions, . |
In the first place, /there were contré,dictory results from the Regenfs

Examination, on which males surpassed females only on tke memory part, and

from the various levels of mtellecmal complexzty on the unit tests, on which
males surpassed females on applmatzon and higher order competencies but

not on memory. Secondly, there was the Test on Science Reasoning and
Understanding which did not corroborate the significant differenc’ea in favor of

large group - small group students foundon suppesedly comparable higher order

competency items, Finally, there isthe recent work of Guilfoi;'d on the siructure

of creative intellectual processes which shows them to be quite complex,

~ more complex( than the theoretical structure developed by Bloom and used as

e e oA T e s
=

the basis fGI‘ our differentiations., But, we have direct evidence that our

%
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adaptation of Bloom’s categories has no empiricai basis, Intercorrelation
qcoefficients, betweén the items'of Types I, II, I, and 1V, for both convéntional
and large gfoup pupils, are not less than .80 (Table XVIII), Hence, the items
reach nearly the hrmt of reliability of any set of related items and
differentiations among them “hardly. QXlSt Correlations between the items of
various types and other measures, hkemse, do not distmguish among them,
The correlation coefflczents are almost identical for 1tems of Typal I, I,
-and v and each of the control measures used in this study (Table XIX),
Indeed, 1%. seems partmulariy significant that the correlation between the
‘ -Holzinger-—Cr‘owder Reasoning Score and our item Type IV is non-sz.gmfxcantly
larger than the correlation between that score and our 7item Type I |
| There can be no question that our items do not empirically differentiate
the presumed intellectual behavior categories adapted from Bloom’s taxonamy
There are several différent interpretatmns possible, however. It may be that
our items were incompetantly constructed for the purposes- at hand. This is
possible, though a jury of 14 teachers agreed with little dlffxculty to distinctions
between recall and the other three item types (if not as easily dxstmotxonsv
among the other item types). Yet, wefindno emp1rical mstxnctxon even between
vxtems of Type I and the other types. Another explanation suggests that there is
a -general factor operative among all items in addition to the distinguishing
mental cl:ompletencies of the more compléx types. Récall is admittedly required
for all items and it may affect them to an overriding extent, or some other
gene.al factor may affect them to an bverriding extent, This is quite likely.
However, it makes the categories operationally indistinguishable and therefore
theorehcally uselesa. Whatever the reason for the high intercorrelations, we

feel that our data. demonstrate very clearly that the categories we used are '
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TABLE XVII

APPLICATION, AND HIGHER ORDER COMPETENCY ITEMS

Item Type I
Recall - : : 87T .84

Item Type II
Comprehension , - - : .84

Hem Type II | , |
‘Application | | ' -

Item Type IV
Higher Order
Competencies

72
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.81
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TABLE XIX

COBRELATION COEFFICIENTS BETWEEN ITEM TYPES
AND OTHER MEASURES

| " ITEM TYPE ITEM TYPE

OTHER MEASURES LARGE GROUP PUPILS CONVENTIONAL PUPILS
I I O Iv I o m IV

Chemistry Regents B4 .69 .70 .60 5 .17 14 .T1
Scholastic Average .49 .51 .55 .50 .5¢ .56 .55 .56
Kuder Science, - | |
Pretest 09 .10 .10 .09 25 .23 .22 .24
Chemistry Pretest .37 .35 .39 .40 52 .55 .53 .52
Science Reasoning ’ b a
Pretest 21,24 .28 .26 37 .36 .39 40
Holzinger-Crowder | " | ‘” ~
Verbal 27 .27 .31 .28 47 48 .43 45
Spatial 18 .22 .22 .19 .32 .36 .33 .82
Numerical .29 .29 .32 .27 B9 41 42 .36
Reasoning 22 .26

31 .27 37 42 44 A2

N for Large Group ~- 609 or more

N for Conventional -- 621 or more

Type I. - Recall
Type IiT - Application

Type I -~ Comprehension

Type IV - Higher Intellectual Behaviors
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4 empirically indistinguishable and that their use in learning and curriculum

} theory pla"cea a psychalogically non-existent phantom into the discussions, We
C | would suggast that there- are, ‘1o doubt, intellectual competencies of various

orders but that the words recall comprehension, application, analysis,

f aynthesia, and evaluation are inadequate to describe them. This oo is an area

2 in which much valuable resea.rch remains to be done,
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Chapter 5
PREDICTING ACHIEVEMENT

The equations ralatmg pretest scores with achievement scores showed no
difference between 1arge group -~ small group pupils and conventional pupiis.

But, the carrelation coefficients were high in many caaes. This suggested the

.4 possibility of making a fairly reliable prediction of Regents Examinaticn scores

early in the school year from one or two test scores. Such predicticm, of

course, assumes that the difficulty of the Chemistry Regents Examination will
remain stable, Since the 1964 examination was judged to be relatively difficult
such an assumption is probably justified although if the difﬂculty level should
drop, predictinn based on the 1963-64 data wnuld tend to underestimate

- achievement, That could be considered an advantage since a final score higher

than pre;tiictad maybe considered'more desirabile in practice than the reverse.:
If the Regents Examinatian s;xo‘uld become more difficult, on the other hand,
the use of the data of this chapber would probabljr be unjustified. |

Anyone who attempts to. -make a prediction aboat individual behavior is
dealing with tenuous probabilities, and this is perhaps more true for a prechctxon
of a score on a single exami,nation that for a prediction of overall success in

high school, Nonetheless, teachers, counselors, and even pupiis and their .

parents have always made predictiohs about future ﬁerférmance, and they will

no doubt continue to do so. The very decision to enroll in a course like _Regents
Chemistry which is elective and which is known to be intellectually demanding

involves an- elefnent of prediction: the supposition that the pupil will be
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successful in meeting the" course requirements. The purpose of statisticsal
prediction, then, is to objectify prediction and, hopefully, to make it more
preeise and accurate tham the subjective implicit predictions upon which
important decisidns are generally founded, -/

‘Making predictioné' about the future performance of groups of _students is

. much safér, of course, tha.n making predictions gbout individuals, In group

predictions, substantial vgriaﬁons on the part of individuals bsalance one

another, and the mean predicted score will be quite close to the actual mean

~ achieved score. But systematic errors will still be reflected in the outcomes,

so that differences in the difficulty level of the criterion test, differences in

~ the students with respect to factors that are not considered in making the

predictions but still exert an influence upon the eriterion outcome, and
differences that may not otherwise be ‘identifiable all contribute to error.
In considerﬂing thé res{ilts that are presented in this chapter, we must

remind the reader that he is viewdﬁg‘ﬁxa results associated with 'students who

were enrolled in Regents Chemistry during the 1963-64 school year, and that

the results apply, directly, only to the Regents Examinatxon adminiﬁtered in
June of that year, The accuracy of predictions based upon this experience,
therefore, will be directly ralatedto the congruence between the characteristics
of pupils enréll{éd in chemistry during that year and in subsequént years, and
to the gquivalenge of Reganfs examinations admiﬁiat;éi’e-& that year and in

subsequent years.

Simple Correlation

Table XX, gives the equ ations for the regressien line connecting

achievement scores on the Chemistry Pretest and each of the six unit tests
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with the scores on the Regents Examination. We note that the coifelation,

coefficient is substantial between the Pretest and the Regents Exatnination

- and that the correlation coefficient increases mé;rkedly for the test on the

o

first unit of instruction, Pex’&iodic Table and then increases more gradually for

. the testa given later in the school year, The standard error of estimate changes

accordmgly, the standard error of estlmate from the Chemistry Pretest is
substantxally Iarger than the subsequent ones, and those decrease as the date of
iesi administration approaches the date of the Regents Exainination.

The mformation contained in Table XX can be given in another form
which is easier 1o interpret One can take the acore achieved by a pupil on
the Chemisiry Pretest or on one of {he unit tests and estimate his most likely
score on the Regents Examination, This is done in Table XXI, |

One entérs‘ ‘Téble XXI with the séore the‘fbupil achieved on one of the

tests in the column headed by the name of the test, Foi‘ instance, if a pupil

 scored 26 on the Chemistry Pretest, one would look in the column headed by

“CHEMISTRY PRETEST to the entry “26.” Then, reading horizontally

across to the column headed “REGENTS EXAMINATION, ” one obtans an

estimate of his most likely Regents Examjnation score, an 80 in this hypothetioal‘

case, However, this ig the most likely score only, Actual scores for pupils

’ with a 26 on the Chemistry Pretest distribute themselves about 80. To get an

estimate of how widely they will tend to rang‘e, we look at the last column entry

under Chemistry Pretest, the 50 per cent range entry. This tells us that 50

per cent of the pupils who score 26 on the Chemistry Pretest have Regents
Examination grades within 9 units of 80; 50 per cent have Regents Exarm_naticm
grades between 71 and 89. This hﬁypothetic&l pupil’“then has a probability of .50
of scoring between_/ 71 and 89 “on the Regents Examination, a probability of
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. .25 of scoring below ‘71 on-the Regents Exammatmn, ‘and a sxmﬂar prcbabﬁity <

of .25 of scoring higher than 89. ' ;

/‘"“"'

Or, as annther example, a student scores 27 on the Halogen test. Reading |

across from the entry in the ,“HALOGEN” coiumn predicts 65 as the most
likely Regents Exaxmnation score, For this pupil the data indicate a 50 per
cent chance of passing that examination. With a 50 per cent range of 7 for the

distribution of predicted Regents Examination, furthermore, the probability is

.50 that his score will b-e between 58 and 72, .25 that it will be below 58, and

.25 that it will be above 72. In constructing Table XXI, numbers were rounded

to the nearest whole number. For intermedi;w.te gcores, one nfu,st interpolgte

54

“

in both columns,

Multiple Correlation

Since approximately half of the totalr variance on most of the péirs of
prédictor tests appeared to be shared vafiance, the prospects foi' improved
prediction ihrough multivariate analysis seemed favgra‘ble._ This was born out
for pairs of predictor variables (Table XXII). The multiple ﬁorrelvatibn

coefficients are larger and the standard errors of estimate are reduéed.

Employment 6f additional predictor variables beyond two, hoWever, did not

increase correlation . sufficiently to justify the increased computational
- complexity. The table gives the multiple regression equations for successive
pairs of tests used in this study. As before, a substantial part of the variance

on the. Regents Examination scores can be attributed to the variances of the

<

earlier tc is and the common variance increases as the dates of test .

administration approach the date when the Regents Examination is given.
e

5
The informa?f%&&%ntmed in the multiple regression equations can also
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be given in somewhat simpler form. Foz&:‘ this purpose, we have constructed
the nomographs in Figures 1-6, The namogi'aphs are used as follows: | | |

1. Locate the two test scores to be used in prediction on the appropriate
coordinate axes, (Interpolation may be necessary.)

2, Find the point of intersection of these two coordinate in the nomograph,
3. Interpolate between the diagonal lines to estimate the most likely

Regents Examination score. (The numbers on the diagonal are the
most likely Regents Examination scores,) s
For example, a student scores 35 on the ‘xyc}hemistry Pretest and 30 on
the Periodic Table Test., In Figure 1, .the intersection of those coordinate
lines is very near the di&goiial which predicts an 80 on the Regents Examination,
However, we feel we mizst stress again that 80 is only the most likely score, |
A group of students with 35 on the Pretest and 30 on the Periodic Table Test
will obtain Regents Examination scores that ‘distribute themselves around 80
80 that any one student has a good chance of scoring higher or lower than
80. In order to simplify the nomographs, ranges were fot explicitly given,
They can be computed- from the multiple regression equations, However, all
pupils whose predicted scores are at least _70.6 have a high probability of
passing thg course, | |
Sihce-one of the chief uses of the ﬁomographs may bé in the early
_ identification of pupils who are likely to fail, the three bottom left diagonals
of f}her nomograghs contain estimates of the yrobability of passihg the course,

Thus a student with 4 score of 30 on the Periodic Table Test and a score of
25 on the 'Halogen Test (Figure 3) has only a 50 per cent chance of passing
the‘Regents Examination; with scores of 20'onb6th tests, his chance is slightly
less than 10 per ceﬁt. This informé.tion may be helpful in changing smdy.hal;{its ‘
or in early. recognition of probable failure, ) -

We would suggest, however, that if the information of this chapter 18
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3 ' shown to stydents, that it be used without direct reference to prediction since
the prediction is accurate only with groups of students, not with any single
5 case. It is probably‘preferable simply to stress the experiences of other

students who had similar scores on the predictor tests, and to point out that

a number of other facbors contribute . the determination of any paxticular

A i 5 e T e e s

student’s Regents Examinatwn score, It would probably b«e appropriate also

to point out that the Regents Examination measures something somewhat

SR A

different from what the predictor tests atfempted to mesasure.
A final word of caution is in order with respect to the possible use of

these regression data in districts other than those whiélrpa,rticipateti in the

i i b s 7 s e it o A ek

study. To the extent that other districts, their teachers and/or their pupils

s g

differ from those represented in the study, predictions based on these ﬂata
may be even less accurate than within the participant distmcts' there isno

j - way of telling this without empirical evidence, t
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Chapter 6
INSTRUCTIONAL PROCESSES

With the large and significari’t differences on most achievement measitres

between large group -~ small group students and conventional students, it is

,-

particularly important to determme whether organizational pattern alene

- produces the different results or whether more specific teacher behaviors can

be found to which achievement 'ﬂifferenée can be attributed. Consequently, we
carried out several different analyses of the data from the Instructional
Process Description Instruments in an attempt to discover commonalitiés

among the practmes of the 1arge group teat;:hers and of the conventmnal

‘teachers, The details of the crganizational patterns in the six large group
schools (Table V) differed to such an extent thiat the mere existence of 1arge_

groups and of small groups appaared as the only common feature among them.,

The first analy.ms. of variance attempted to determine differences in the
time spent by teachers in thc? fwo patterns on each of 23 different teacher,
pt}pil, or teacher-pupil interaction behaviors, These were the 23 behavior

categories of the vinstrument (Table XXIII). On none of the behaviors was there

_ a significant difference which could be ascribed to organizational ﬁattei'n. On

most, variations wi,thin‘ each organizational pattern vere at, least as greaf as

3

the difference between large group -small group and conventiuga}. teachers,

No distinct teacher behavior category could be identified which might be

considered characteristic of one or the other of the organizational patterns.

An analysis of variance was also made on the ten objective categories

90
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TABLE XXIII

BEHAVIOR CATEGORIES

Teacher does ... o ‘ . L

Teacher talked, while the students listened and/or took notes or recorded
~atatements verbatim; illustration, demonstration, student questions, etc.,
were only mc),dentally employed if at all (I) '

Teacher used chemlstry-laboratory materxals and/or equipment to illustrate
some principle directly related to a speelfic objective of the course (0.

'Teacher used other means of comxmmicatinn to transmit, demonstrate or
illustrate facts or prmcxples (e,g., films, filmstrips, recorde:rs) n.

Teacher administered a wmtten ti-3t, the students havmg at least one day’s
I'xU\.iCe or expecting the test on that day (1),

‘I‘oacher administered a wriiten test, the students having less than a day 8
notice (II)

The teacher discussed with and/or lectured to the class on some topic
having only incidental (or no) direct relation to any specific objective of the

chemistry course (e.g., segregation, the four-minute mﬂe, federal aid for
edueation) (I). :

Teacher and Student , . .

. Teacher directed questxoné and designated individual students of his own
selection to provide the answers orally. Students may or may not have
previously seen questions (e.g., homework) (II), /~

Teacher directed questxons. but restricted his selection of the student to
answer to those indicating thenir willingness (viz., by raising hand ete.) (I10).

i ‘ Students directed questmns to the teacher, and he answered them or elicited
’ the answers from other students (IV).

Teacher and the ‘studerits engaged in open interchange of ideas without
formalized structure (i.e., students did not withhold comment or partxcxpatmn
untzl recognized by the teacher) (IV)

Studem: ..

Students engaged in Gpen mterchange of ideas without formalized structare,
and the teacher’s participation was minimal, or he took no part at all in the
discugsion (IV)
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TABLE XXIII.(Continued)

1 | Indivnium or' small group of students presented a demonstration, ueing
; chemntry-laboratory materials and/or equipment while the other students ‘
{ | listened ‘and/or toek/nc?tes (1m). o |

N ,
Individual or smalﬁ group of students presentedareport or panel discussion
while other studenis listened and/or took ngtes. The presentation was

primarily verbal; illustration and demonstratmn were used only incidentally
,11’:‘ at all (III) ' : ,

R Students engaged in laboratory work (actual mampulatxon of ia‘n equipment)
: directed toward the fulfillment of a specific course objectlve. ’I‘eacher gave
normal supermszon V. ..

All students present worked at the blackboard solvmgpmhlems assigned by
the teacher (III). , _

Identical with above, except that only a part- of the class worked at the -
blackboard; the remaining students obsermng and/or solving problems at
their seats (II1), . ,

. Students selved problems or wrote verbal responses to questiens assigned
by the teacher. Teacher exercxsed general supervision and gave advice or
assistance as requested. (This may or may notbe a head sta_rt on homework
assignment.) (111) !, -

Students studied text or other materials for general learnmg rather than to
answer specific questions, Teacher exercised general supervision and gave

. advice when requested (VI). ' , ,

Students scored their own or another student’s test paper, under teacher’s
supervision (VII). «

< Students policed the 1ahoratory or performed other \tasks :more directly
related to maintenance of the classroom facility than to the achievement of :
specxfic course objectwea (vil), ; L

MiscellaneOus .o n

The teacher: engaged in some activity of & primarily procedural nat;ure '

{(e.g., taking roll, ‘reading announcements, handing our papers, announcing
homework or tests) (vin.

Interruption in the class (e.g., P—A announcement, fire drilL—-»objective code
X will usually be appropriate here) (VII). _ : '

Someth ng not classifiable. under any of the above qaté%ories (VII).
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(Table XXIV) of the Instrument, These were dgsigxled to elicit the purposes of
the instructional effort, Like on the behavior ca.’lcegories,; no distinction was

found which would divide the 15 teachers olealg'ly into the large group - small

group or conventional pattern, | Tlme spent .on vamous objectlves of teaching

also varied as much within each pattern as between the patterns,

Since no characteristics could be identified which clearly distinguished

all large group teachers from all conventional teachers when teacher behavior
<7 “ ‘ "

_ categories were examined for each teacher individually, we grouped data to

gee whetherk any distinctive patterns emerge for either organizational pattern,
Since many of the 23 behavior categories i‘equire only negligiblerfractions of
the teaching time, this prooedure failed to give an insightful description of

the range of tfeaching behavzors, and the data are not reproduced here, Not

surpmsmgly, conventional teachers spent three times as muchtime in directing

questions for voluntary pupil response- (156% vs. 5% of the teaching time},
Also not surprisingly, large group teachers employed common audioc-visual
A , X
i
aidswfilms, filmstrips, etec.--twice as much as convenltional teachers (8% vs.

4% of the teachmg time), But perhaps surprisingly, glemonstratmn—-lecmre

time differed only slightly between the two patterns, with conventzonal teachers

spendmg 2,7% of ‘their time on this aetzvity 'contrasteti with 32% of time for

large gr@up teachers. Our initial hypothes:cs that the details of teacher behavior

may dx,ffer less between the two patterns and that class size may be the ma;ofﬁ
operatmnal vamabte seems to be supported. »

- An expected pattem emerges when the 43 behavior categories are further
grouped into groups of related interactions, By combmmg the categorles as
mdxcated by the Roman numerals in Table XXIII, we arrlved at seven groups of

behaviors: teacher dominance (I); evaluatmr; (I}; teacher imtzated interaction
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TABLE XXIV
OBJECTIVE CATEGORIES

1. To introduce and/or develop a concept relevant to the chemistry courses.
This may involve specific facts, generalizations, reasoning procedures,
definitions, names of equipment or deseriptions of how equipment operates,
This category should be used when the primary reason for carrying out
the activity is the initial development of a new concept, even though
references may be made to concepts previously developed in order to
further the development of the new concept, -

2, To correct an erroneous concept acquired by one or more students in the
chemistry class, in some other class, outside of classes, or prior to
beginning the course in chemistry, This category should be used only when
some positive effort is made to correct; in some instances erroneous
concepts will be eliminated as the students gain an acquaintance with new
concepts, and in such cases Code 1 would be more appropriate, since the
elimination of the erroneous concept would really be incidental to the
primary goal of developing a new concept. . ‘

3. To review concepts previously developed for the primary purpose of
increasing retfention. This would be an objective only after the initial
development of the concept (as represented by Code 1) had been completed,
In ‘some instances, fests may be given for this purpose rather than to
gyaluate concept development, and in cases where a test is given for

- purposes of evaluation as well as to provide overlearning experiences, the
reporting teacher will have to base his selection of the appropriate code
number on his personal decision regarding the relative priority of the two
objectives, : : Lo

4. To develop a motor or visual-motor -skill to a degree of proficiency that -
makes possible its practical application, This category is appropriate for
all procedures for initial infroduction to the skill to the stage where
errorless performance first becomes posgible, Correction of performance
errors is included in this category,

5. To provide practice in the application of a skill for the express purpose of
enhancing the probability of its retention. (This category should not be used
when utilization of the skill is merely incidental to performance of a
laboratory exercise which has concept development as its primary goal,)

6. To develop ah attitude which is clearly a part of the'chemistry-caurse'
objectives, This category would be appropriate when efforts are directed
toward the development of a personal respect for scientific objectivity;
it is also appropriate when time is spent in attempts to motivate (i.e., to
create a positive attitude in) pupils toward chemistry.

L 7. To develop an attitude that is not directly related to the objectives of the
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TABLE XXIV (Continued)

courge in chemistry, Time might conceivably be spent in discussing

- attitudes foward minority groups, or in attempting to motivate one or

10,

more pupils with respect to school work in general, in which case this
category would be more appropriate. :

To evaluate the progress of one or more (or all) pupils in concept

develepment, ’I‘hé\ primary purpose here should be evaluation of progress;
if increased learning takes precedence, category 1, 2, or 3 should be used.

To evaluate the progress of one or more (or all) pupils in skill development,
The primary purpose here should be evaluation of progress; if improved
skill performance or enhanced retention of a givenlevel of performance is
more importunt than the evaluation process in the teacher’s planning for
the procedure being reported, then category 4 or category 5 should be used.

The objective of the reported activity was something different from any of
the above. (If.this category is used, a brief statement of the appropriate
objective of the activity in question should be made in the remarks section

- or on the reverse side of the reporting form.)
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(11); student initiated interaction (IV); laboratory work {V); superﬁsed study
{VD); and miscellanecus and administrative work (VII). Whenthese are compared
for the two organizational patterns, the expécteé '-gre.atef time spent in teacher

dominated aetivities in the'large group. classes oomesout clearly (Table XXV).

Large group teachers spend more than 43% of the txme Iecturmg, demonstratmg,

showing fiims, etec. Conventional teachers, however, also spend much tzme in

such aohvities, 33.5% of the time, (Modern ideas of indwiduahzmg instruction

have not reached chemistry classes.) Teacher directed interactions take up the

next largest time fraction, 33% of the conventional class time, 23% of the large

~group class time. With time spent on evaluation, these two teacher dominated

actwitzes take up 80% of school time in both kmds of sohools.

On activities- in which the student takesthe xmtiative only slight differences
were noted, La:{ge group students spent about 12.5% of their time in student

mltzgted m’?i-aotions whereas only 10, '7% of the time of the conventional

classroom,é was available for these actwmes. Large group students spent

a’bout 5% of their time in supervised study against about 6% for conventional

stu d/ents. Perhaps of some 1mportanoe is the fact that more than 4% of
coﬁventxonal class time Was devoted to administrative and miscellaneous

ﬁhores against less than 3% among the large group schools. It should be noted

that our sampling prooedu{i'e tended to give inadequate weight to the laboratory,

s

and that the negligible time reported for it is a produof. of this factor,

~

conclusive évidence, They confirm the notion that the personal characteristics

of the teacher are more significant in debermining his style of teaching than

the organizational pattern in which he finds himseis. They confirm that a

major fraction of the time is spent in teacher dominated behaviors in

96

Our_d acher behaviors confirm certain suspicions but do not give
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TABLE XXV
COMPARISON OF GROUPED TEACHER BEHAVIORS

| PER CENT OF TIME
‘BEHAVIORS f LARGE GROUP  CONVENTIONAL

Evaluation : ' 3.8 , ) 14_.-2,2
Teacher Initiated Interaction 2:28 . - 33.0
Student Initiated Interaction 125 101
Supervised smdy | A‘ 5.5 6.2

Miscellaneous and Administration 1.8 4.3

E
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ccnventional classrooms as well as in large group classes, They confirm
that a sizeable amount of class time is spent on administrative and
miscellaneous routines, The data also indicate that large group students have |
slightly better access to the teacher for student initiated behaviors, no doubt

in the small gi'oup sessions, and consequently spend somewhat more time

getting their problems and difficulties discussed. However, aside from these
slight, ihccnclusive indications, we did jot learn a great ‘deal about the teécher
behaviors under the two orgamzational patternsc Certamly we dxd not isolate a
reason, or even tham an mtxmatmn of a redson, for the ccnsistently greater
| achievement amcang students in the large group-small group organizatmn.
Unless Wé accept the exira few per cent of time spent m 'étndenig initiated
discussion as the :;*e'a.sen for higﬂer achievemenf;' direct teétching behaviors
apparently did not ihﬂﬁe&de the results of thé study, |
This leads to two hypotheses concerning our ffindix'xgs‘ Either our data are
inadequate and we found no differences in the instructional ppocgsSes because
our instrument was inadequate to the te;sk, or the differénc’es bétween ‘lf;rge
gtoupn small group and conventi 'n‘al cigSses result from the pattern of
brganization alone and “not from the instructional beha?riors under it, We are

‘3

tempted to accept both hypotheses, We fegl that o@f instrumént for recording -
teacher behaviors was not Zdequate to the needs of thle.‘-é.tudy. Itskfailure is
unfo;'tunate although not sui'prising. Researchers have labored for at least’
50 'years on the task of adequately defimng teacher behaviors with experiences N
and results similar to ours. In any case, we judge that our instrument was not *
incisive enough toelicit small dxfferential fa,ctors between the two organizatlonal’

patterns which might haxfe produced the achxevement dﬁferenees. But we also

feel that factors relaxed to' the orgamzatxonal pattern alone and mdependent of
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teacher characteristics helped produce the results, The change from the tedious
" routine of the academic classroom of 25 pupils, 5 times a week, we suggest,

produces a ‘‘Hawthorne Effect’” in the pupils; the demands for individual

respongibility on the part of the pupil in the large group lecture, we feel,

leads to somewhat more independent study which carries over into tested
achievement, Certainiy £he latter suggestion receives some corroborgtionfrom
the ‘greater dgop»,-out rate in large’ group - small group schools in which, we
think, more dependent pupils find inadequate suﬁ;port to sustain their efforts,
In sumﬁlary, our instrument did not s,how major differences in the instructional
processes that could - be attributed exclusively to organizational pattern;
however, we believe that the instrument was not adequate to elicit such
differences shcjulii they exist., On thé other hand, we propose that the

instructionq.i behaviors of teachers in the large group-amall group schools

—r
R

are not the sole cause for the achievement differences we observed and that
factdrs suéh as the novelty and relatﬁre impersonality of the large group class
contpi.’tgute to produce ”them. Finaliy, we want to poiht to ihe large differences
in preparatiox} time which are discussed in the next chapter. No doubt this |

influences the effectiveness of instruction.
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| | Chapter 7
COST

E&ucational decisions are neve;." made in terms of a single factor.
Educational value, cost, availability and readiness of staff, community factors,
and a numhér of other considerations influence them, Hence, our attempt to
"assign specific costs to chemistry instruction, or rather, to determine whether
there were cost differentials between instruction under the large group - small
group pattern and the conventional pattern. constituted a significant part of

" this study. But whilé cost would appear to be the most readily measurable
| aspect of instruction, it proved quite difﬁcultto pinpoint to an instructiona; area,'
School accounting does not assign specific costs to specific courses or
departments. Consequently, we had ta develop a procedure for estimating costs
related to instruction in Regents Chemistry,

In actual fact, we were unable to estimate the cost of instruction in

chemistry in any éingle school, The best we were able to _gchieve was a

reasonable estimate of differentials between schools using the two patterns

Fen b vt ees -

of organization. In order of decreasing amounts involved, such differentials
depend -on differences in the effectiveness of the use‘of staff, differences in
the space needs for the two patterns of instruction and the possibility of
integrating the chemistry space with other instructional space requirements,
differences in the need for capital equipment, and differences in tie use of

noxi—capital instructional supplies. Each of these was considered separately

L ¢ in our study. Other cost factors were judged too small and too diffuse and
il 100,
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were assumed inconsequential,
- Despite a serious attempt, the fiast item, supplies, could not be isolated
for comparison. Expendable supplies are typicaliy ordered for the entire

school or the entire department, Even when items are specifically purchased

for chemistry courses, they are typ_ically bought m quantities large exiough for .

several years, and in a period of expahding‘ enrcjﬂmeﬁts, tfime averages are
nearly impossible to compute, We could not isolate the relevant data, However,

we could see no a priori reason for any cost differentials since both

organizational pattetns were generally similar in their mamner of carrying '

out instruction and laboratory work. Also, supplies are a minor fraction of

the total budget. Thus, while we were forced to this decision by unavailability

of data, we feel that we are justified in assuming that any differentials in
supplies costs b%j;ween/tha tho arganizational patterns are n.egli'gibly small,

Among th‘eﬁ capitai items, we found no substantial differences. Most
schools in the large group organization had purchased overhead projectors,
but: s0 chd vmany conventional schools, These were used fci' the chemistry
instruction and for other instruction in both kinds of schools, The expgacted

’

period of amortization wégs long so that the annual cost factor became negligibly

small compared to other cost factors, In capital equipment items, also, we

could not isolate costs specifically for chemistry instruction and we saw nq

evidence for asSuming thdat appreciable differences existed betvs{een the schools
in the two instructional patterns.

Space utilization and space cost can be determined qﬁite accurately,

&

Building costs are omrecord and space use can easily be measured in square

feet and hours. We la,tter'npted anv analysis of this kind but found that local

“variables made our data mégningless. Building costs, quite obviously, depend

Y
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oxkx the year of construction, One school in the St;udy was opened in 1963;
another had ’built a science wing two years earlier. Other buildiﬁgs were built
in the 50's, 4!3’53, 30’s, and 20’s. Some buildings céynfained additions built at
various times. Tﬁis made comparisons useless. But much more difficult to
analyse are differences quite far removed from the cost of the'chemistry
space, An incisive study of space costs would have réquired far more time
and specialized skill than was available for this study. |

The space devoted fo Scien«:;é depends on many factors. Same schools

use separate classroom and Iahor-a.tory ‘spaces. Some have combined sp%tces.
S The most recently constructed schools, and one older one, h;d ampﬁitihéa’ce'r?
type elaﬁsraama specificanjr diesiéned for large grbup.s. Two used auditoria;
one adazated a room fgr this purpose. We weretforced to conclude that taste,
ax}ailabiiity of space, integration into the overall "' progrcam, and similar non-
meagurable factors determine "tﬁe space use in a school and that in our limited
study, it was impussible to assign specific dollar values to‘either instructional
pattern, Schools with relatively\ ample space for science instruction and |

schools with relatively little space existed among“bbth kinds.

Since -huiiding costs are a large bxidgetary factor, we could not assume
~ that. differentials are 'ne'gligible altlmdgh amortization of school plant reduces
this item also. But we can not expfess any differentials in more precise terms
than tbat spacie costs seem‘to rgzﬂect the overall philosophy of the school no

" matter what organization is employed for chemistry instruction. ‘
Only in the area of direet }nstructional costs and instructional overhead
costs could we proceed with our anihlysis to the point of obtaining teaningful

! data for comparisons. On instructional overhead--supervigion and planning--

iL ] | we found tiﬁat oniy two large group schools expended funds for. planning, and
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_ th‘ese we:):e eof the order of $300 spent only once, prior to setting up the program.
No school identified specific administrative ‘or sﬁpervisary césts that might
differentiate larg?fa group instruction from conventional instruction. While we
presume that some additiox}al supervisq:y,wc;rk was required in setting'iiﬂp

large group instruction in all six schools, it obviously was incorporated into

the normal supervisory and administrative routines. Administrators and
: supermsors, we sugpect, sxmply did not differentiate time spent on setting up
large group ins truction from txme budgeted for normal program development.’

~ This leaves the largest budget item, instructional salaries, as ‘the sole means

to differentiate éﬂ;?,ts uhg‘tvaaen the two instructional patterns.

As We .indicated  earlier in this report, an adjusted pupil-teacher load
rather than salary was ﬁésed as the basis fmE téaching cost comparisons because
of the éxtraneous items that dete;:mxne the exact compensation received by a

: partzcular chemxstry teacher, Salary schedule and fringe benefits differ from

district to district and in each case reflect the advanced education and

experience of the teacher. Yet the concern of a comparison of instructional

costs is with whether more of fewer teachers are required under one pattern
or the other rather than whether the ’ceacher happens to be high on the salary
scheﬂule and happens to have advanced degrees or education,

The adjusted pupil-teacher load was computed from the ;t‘ractxon of the
class periods acmally spent in chemistry instruction, the fraction of assigned /
preparatmn periods presumably devoted to chemlstryf/f)reparatmns, and tr}/
number of pupils who were instructed in ohemistry. Adjustments were rx}éde
for the total number of instructional periods per week in the school an/c/i the

. number of periods per week egch pupilr spends in chemistry instruction, An

illustration of the computation is given by an example:
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Pupils: Number of pupils instruéted in kegents Chemistry ...v.vvivive.. 78

Number of periods per week spent in Regents“Chemistry 8
™, :

Teachers:  Number of periods assigned to Regents Chemistry ........covv... 15

Number of periods assigned to other inStruction ......c..ceeeeress 5
Number of periods assigned, non~instruction

+

($00Y hall, €10.) vervreesssmrusnssnrrisssinsnrisssssessnierrinnns: 3

Numb‘er of perioﬁ:s assigned to prepara;tion Lo12

Total per week J -

The Leacher in this school spends 15 periods teachmg Regents Chemlstry.

If we assume that he divideshis 12 preparation periods 9roport10nately between
chemlstry and his other teachm!gasszegnment of 5 periods, three-fourths of the
12 preparation:peridds must also be"charged to chemistry, Hénce, he devotes

15 plus 9 or 24 hours to Regents Chemistry. This means that he devotes 24/35

or .685 of the school week to chemistry. At the same rate of instruction, if he

devoted the ‘entire school week to chemistry, he could instruct 78/.685 = 114
pupils -in %ﬁe 6 period per week chexﬁié;ry course. If the course met only 5
periods per week, he could instruct 1.2 times as many pupils, Adjusted for this

factor also, the pupil-teacher load becomes 137 pupils per week. (This last,

adjustment was needed to reduce 5, 6, and 7 period per week chemistry courses

to a common denominator.)

Computatwns of the type illustrated here were made far all large group

' 'schaols (supplemented by one school not in the study which also mstyg’cs

under the large group-small group plan) and for all conventmnal sehools in
the stuciy (supplementeci by 12 other schools). Data for the addxtmnal schools
came from returns received to a questmnnaxre sent to a random selection of

Western New York high schools. Table XXVI shows the results. The adjusted
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TABLE XXVI

~ ADJUSTED TEACHER-PUPIL LOADS AND
TEACHER PREPARATION TIME

*xot sigrificant at 0.5 level

**Difference significant at 0.0005 level
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- CONVENTIONAL

Number of Schcols s 20
“Number of pupils’ takmg Regents Chemistry
| . Range 18-340
‘ Median 63
‘Runge, Adjusted Pupil-Teacher Load 75-170
Range, Preparatiaﬁ Periods Per Week 2-11
nge, Percent of Time Avaxlable '
for Preparation 6-28%
- {Preparation Periods/Total
‘Periods Per Week)
Mean Adjusted Pupil-Teacher Load 122%
Standard Deviation 21.1
Mean Preparation Periods 6.1%*
Standar& Deviation . 2.1
Mean Percent of Time Avaﬂable
for Preparation 16.5G%*
 Standard Deviation 5.2

LARGE GROUD

7
85-195
130
82-204
5-15

18—43%

130*
39.1 °
10.8%*

3.2

32,30**

7.5
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pupil-teacher loads do not differ significantly between the large group schools

-and the conventional schools, Neither organizational pattern is more or less

expensive to staff )tha.n the other because teachers' under both instruct just
about the $ame number of pupils. However,‘ in preparation time, the large
.grodp teachers fare significantly better. Neaﬂy oné~third of their working
time is a{railéble for prepa-,ratio;xs (which may be one important factor in the
higher achievement 6f their pupils) in contrast to one-sixth of the fime for

| conventional feachers. While the rangé. of preparation time dverlaps in the
-table because one of the seven large group teachers had much less preparation
time than his Vcanez_&gues, all remaining large group teachers had more
preparat;on periods than any conventio;xal teacher. (It should be emphasized
that the tests of significance are mere}y indicative, nat confirmatory, because
of sampling problems,)
| Our anaiysis of costs un‘der' the two instruétionai patterns leads to the -

. following conélus‘ions.. There is' no &ifferénce in the cost of instruction under
the Alarge group -~ small group or the ccnveﬁtiopal pattern. Cost of space ;seems
to be da‘céi*minéd by factors other than organizational pattern. Teachers under
the large group~small group organiza‘tién have substantially more time for

preparation without diminishing their service in terms of numbers of pupils,

Cost is not a factor which should influence toward or away from large group -

small group instruction.




Chapter 8

RECOMMENDATIONS

. The evidence gathered in this study is relatively self-explanatory. On |

- 13 achievement measures correetedl for initial pupil differences, pupils taught

-

under the large group-small group instructional patterns surpassed pupils
ta.ught conventionally to statisﬁiéélly, significant extents. This finding was
applicable to student;s‘ who initially scored high .on the control meé’sares as

well as to pupils who scored }nw on these rmeasxire& It a:pplied'to boys as well

- as girls (with some exceptions). On measures of jnterest, no significant

 differences between large group - small grbu.p taught fpupﬂs and conventionally

taught pupils were found. Also, no cost differences were found between the two

organizational patterns while large group teachers had additional preparation

~time. Hence, it appears that large group-small group instruction is an

educationally desirable pattern of instruction.

Nevertheless, we can not, oﬁ" the baéis of thig study, rééammenci that all
schools | adopt large g_rmp*small group instruci?ion without »'pointing very
specifically to a number of Iim‘itétions- of this study which reduce the general
applicability of its findings. |

3

Sampling Problems

The first limitation of our results is the nature of the sample. Schools

“which participated in this study did so on their own initiative. They agreed to

support the study financially which implies a research orientation among their

107




f S A D A L A c o i SRRe. N o At L A T . S 2
. + .

teachers, administrative staffs, and beards, They were primarily lsuburban
schodis. The assumption of random sampling of schools in the study is
definitely not tenable, | o

Sécondiy, the large group - small group schools had decidedon that_»pattem

of instruction independent of the study. Their teachers, administrators, and

boards were therefore distinguished from those in the conventional schools by

their prior independent decision to try ia.rge group instruction,

Thirdly; all teachers in the schools x;zhich partiéipa‘cedhad’heen identified
by the .State Educatian Dep\artment as having substantiai experience with
Regents Chemistry and havmg in the past had classes who did well on the
Regents Exaxmnatmn. Hence, the fzndmgs are definitely hgmzed to experienced

teachers who have successfuuy taught the Regents Syllabus,

| Bec;anse of the restrictions of the sample, any app};matzon of this study ig,

" in our view, limited to schools in which parallel condiﬁans hold, We feel that

: p |
the achievement results obtainedherehave ahigh probability of being duplicated
only. in suburban schools with experienced and successful ‘teaeherg after-the
staff, administration, and boards have reached the decision, on other bases,

t_r;i try large group - small group instruction,

- Presumed Success Factors

™A second sel of cautions relates to our inability to define precisely
differences in hehavior between teacl rs in the two organizational patterns.

This forces us to assume that the organizational pattern, in and of itself, was

‘the determining factor in the observed differences. Consequently we must

hypothesize about the importance of the large group-small group itself.

All the large group schools used that pattern of organization in"éourses
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other than chemistry, but in no scheol was the large group~ small group used
extensively, Most schools used itonly for one grade ievel of history instruction,
Hence, the fmdmgs, it seems to us, are dependent on the fact that ‘the large
group ~small group pup:ls found the pattern samewhat of a novelty\ We
hypothesize that this novelly was 1mporta,nt (the Hawthorne Effect) We would

be seriously concerned if our findings were generalized to other subjects w:xth

" the result that students experzenoed few or no conventwnally taught classes in

the later high school years. Entzrely dlfferen’c results nght then occur,
Secondly, we feel that theextra pr-epax*atzon tlme of teachers in the large

group - small group pattern has a causal rélation tothe higher achievement, We

strongly suspect that erogion of the extra preparation {ime by administrative

decision, after the newness of this organizational pattérn fades and it loses its
experimental designatioxi; would produce different results, We foundeducat‘innal‘

value to la¥ge group - small group instructibn, not lower costs. We fear that an

'attempt to add saving as a second vélue,f by .reducing the preparation ti:pe,

would lead to the sacrifice of its'educational values.
../Finaiiy, we assume that a reason for the higher achievement in large

graup - small group instruction was the fact that students could not depend as

mueh on thexr teaohers for mstructwn but had to rely on their own studies to

Ay

a\-greater extent, This is, of course, a double value: areater achievement and

greater independence on the part of the student, Yet, this factor had its negative

aspects as well. Some students withdrew from chemistry, presumably, becéuse/

they were unable to make the adjustment, These students constitute a loss of
undetermined magnitude, Regents Cheinistry is normally taught in 11th grade.

Pupils in this age group can be expected to show c&nsiderable maturity, yet

they are still late adolescents. We do not know whether the withdrawals were of |
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students who Iearned thexr limitations - early rather than later, in ccllege
perhaps, or of students who needed addﬁ:lonal timeto maMre into independence, |
We suapect both’ groups were represented and are concerned about the loss of

the latter.

| Reconunendations' .

In view of- these cautmns, our recommendatwns are conditional. If av
school staff, admx lstratmn, and school board reaches the decision to mstruct
. by the large group 2 small group organizational pattern, and it is in a suburban
area and has an ﬁelxgerienced and successful chemistry feacher, there is a high
proba}b?ﬁty that achievement in the Regents Chemistry course will increase
and“that the instruction will cdst no more thzin under the ‘clcmventianiala pattern,
However, the achievement gains will probably be accompanied by a greater
mthdrawal rate from c.hemlstry. The gaing wﬂl be hm;ed to academic
| aehzevement and will not mciude an increase in interest umerentxai gain
in science reasoning and understfindmg, Moreover, we feel that these gains
are predicated on the fact that the Iarge 'group teacher has substantially more
fime available for preparatmn. £ these condztions are met, we defzmtely feel

thai we can recommend the decxsior; tc adapt large group~-small group

instruction as an educationally soumi“ decision,
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Chapter 9
A NOTE ON PROCEDURE

The regearch described inthis reportisnotan experimen.’t in the classical

sense of the term. We.did not randomly choose and assign 'txzeatfnents and in

sevérai other respects we violated the norms of experimental design, It was

\z}h applied, not a theoretical investigation and we are well aware of its limited

-gharacter. Our study clearly reflects the complex factors that are involved in

the improvemen’c of“ edueaﬁon through research (Brickell, 1961). Clearly we

. operated in the realm of application rather than in the realm of fundamental

investigatioh. The character of the problem, however, demanded such an
appmac}{. '/
Large group - small »group instruction is a phenomenon of cgnsiderable

currént interest. It is“"b*eing apbiied in schools for ‘a number of reasons although,

as we indicated earliér, without adequate knowledge of its true funcﬁonihg. The -

first questions to be asked about it, it seems to us, is not why does it work or

I A A w*wvvwww—wmvwm” D At BEE S A . S s = ool A
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even how does it work, which would be questions that would require detailed

experimental investigation, but rather does it work? And 11: was to the latter

question that w&devoted all efforts. |
From thev pﬂrely practic:al pcint of view, from the point of view of either

encouraging or discouraging school administratﬁrs in the t;sé Sf‘ this pattern,

the latter question seems to us by far the most important. It would be redundant

to spend three yeérs on a detailed investigation of how large group instruction

works only to find out, at the end, that it is detrimental to the student. Obviously
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a school administrator wants to know first that it works before he wouid try it
in his school, |

It seems to us, likewise, that our research wguld have limited generality
and a;;plicability in schoolsk if our procedures had demanded a set pattern of
behavie;:'s amoné the wlarge group teachéré. From a theoretical point o% view,

it is ¢f course extremely desirable to know precisely what kinds of behaviors

are likely to lead to optimum results. ’Ehen, teacher training efforts can be

directed to developing these behaviors, (Although this goal has been pursued

in research for at least 50 years, it has produced extremely meager results,

We still do not know the behavior of a good teacher and indeed we do not even

know how to define him.) But to demand that large group teachers whé wish"to

duplicate our results change their teaching practices to a speoifi‘c"set of ’

behavior pgttérns, or even to train experimental teachers in these patterns

when we do not kriow which behaviors are likely to be effective, seemed to us

an impraetical procedure., In view of these circumstances, we felt that a

- restriction on the performance patterns of our large group - small group

teachers would limit the usefulness of our findings rather than increase our
understandings. |

The application of our résults involves at least three sets of probabilities
all of which must be fairly high or our gtudy is extramély restricted in its
usefulness, The first set of probabilities relates to the sta’czstxcal sigmfica.nce
of our results. Here we found that the probabilities are extremely large that
schoois similar ta those in our study wouldfind increased achievement through
'Iai'ge group instruétion. The next set of prohabili‘tiés relé.tes‘ to finding schools
mmﬂar to those in our study. In this regard our sam/p&e was rest“wted to

suburban schools with experxenced and successful chemistry teachers, The
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probability %;hat our findingé will be replicated/ is therefore restricted to

similar .schaols.. This fits a substantial fraction of the schools in New York |
State or in the nation and émnseQuenﬂy the probability of finding similar
schools is fairly high. The next probabilities relate to the instructional
behaviors of the expemenced and successful teacher in those. comparable
. schools, Because of the design of our study, this probablhty is exiremely high
also because we placed very few, if any, restrictions on the teacher behaviors.

3 Both-the ‘specific: school arrangements for large group instruction~-time and

| spaces pmvigied-wnd the teacher behavic;rs were 1éft entirelyto the discretion
of the particular school and the particular teacher. Consequently x‘ve cang .feeI‘
that most arrangements for teaching large groups of pupils, with associated
smkall» group and labo:aigory meetings, and most individual styles for teaching
~ which ‘do not deviate extremely far from the more or less customary patterns
represén*ted in our study would meet this éri'terit;ix\at an extremely high level,
Thus we feel vth_at our desigh maximized all thfee gets of probabilities governing
the reproduceability of our results and, as a ccnséquence, i;roduees finﬁings of
faifly high 'génerality and ;;sefulne‘ss. |
| We designed our . stady in order to ﬁrovide ‘maximum information of a
" practical sort to Schooi administrators desiring to try large group~ smallv |
group instruction in thelr schools. This design forced ug into, zm ‘empirical
proceduﬁe that violated some of the canons oﬁbasm research it pmcluded our
testmg of certain hypotheses regarding fundamenﬁal relatzons‘*ups under 1arge
group -~ small group pattern and, for that matter, of contrxbutmg much to basic
knowledge regardmg the learning process. On the other hand, it gives some
rel_atn{ely clean’ cu_t answers to the practical question: **What is the hkehhomi

__~that some spécifg:c suburban s~hool would benefit from the adoption of large
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\ group - small gréuﬁ instruction in chemistry?”’ The administration of that
school must judge to what extent teachers and school are like the teachers and

schools of our study, If the szmlla{itxes are large, they can have considerable'

b
[

faith that pupils in their school too, will attain higher achxevement under large :

group ~ small group mstructlon.
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